> N Code: NMSC/SCI/ATBD/SST
v S22 Issue: 1.0 Date:2012.12.21
o = TlA H File: NMSC-SCI-ATBD-SST v1.0.hw
2717|491 g Al E Z0E[E 7' 244 Page: 41 ) i

3 3717142 ME

National Meteorological Satellite Center

s
(SST: Sea Surface Temperature)
s 7' =44
(SST-v1.0)

NMSC/SCI/ATBD/SST, Issue 1, rev.0
2012.12.12

=7h7 1?1 dHH



Code: NMSC/SCI/ATBD/SST

=] AL

S22 Issue: 1.0 Date:2012.12.21

= TlA B File: NMSC-SCI-ATBD-SST v1.0.h
2dN2|F 718 24N P'aze. 41 ~/LEp

REPORT SIGNATURE TABLE

Function

Name Signature Date

Prepared by

Reviewed by

Authorised by

=7h7 1?1 dHH




Code: NMSC/SCI/ATBD/SST

Issue: 1.0 Date:2012.12.21

File: NMSC-SCI-ATBD-SST_v1.0.hwp
Page: 41

DOCUMENT CHANGE RECORD

Version

Date

Pages

Changes

=7h7 1?1 dHH




— L Code: NMSC/SCI/ATBD/SST
S22 Issue: 1.0 Date:2012.12.21
= TlA B File: NMSC-SCI-ATBD-SST v1.0.h
2717|491 SMES 2ie|F e 24M Plage: 41 B
X} g
1. 78 &

4.
o.

6.
7.

3.1. o]&Z<l wj7 9
3.2. A&y
3.3. A&=94

5.1.
5.2.
5.3.

—L
=

3.3.1. @AE A&44 M

3.3.2. 4Xd A8

3.3.3. 7&8& AARA

3.3.4. HFHE2E AF 4=

3.3.5. slFE2% At

3.3.6. dFHE2 ¥4 At

3.3.7. HAAEREE 7|2% ATHE AT
3.3.8. | HE Quality Flag A7

3.4. 2%

s

i
A5

7ke

3.4.1.
3.4.2.
3.4.3. 4
3.4.4. ATE

&A1

Ak YA WALE COMS3 ¢ d1aZE AA

SST A4 COMS3}

duzE AN

COMSst ¥ AFZE %

AR L A A

il

oY, oY

X

=

I o

H

>
olN off ofN ol\

oY,

al

o
i

0>
Ho

3

ox
=

2747 | A9 M MIES




>~ A Code: NMSC/SCI/ATBD/SST
frH2E Issue: 1.0 Date:2012.12.21
o = S|A File: NMSC-SCI-ATBD-SST v1.0.hw
27171 9|ME] 218l JlE 24 Page: 41 i

List of Tables

Table 1 : SST equation formula used for the derivation of regression
coefficients. The temperatures T3, T4, T5 are the brightness
temperatures of channels 3.75um, 10.8um, and 12.0um, respectively.

Table 2 : Information of collocation database on area, period, data numbers over
the East Asian seas.

Table 3 : Information of collocation database on area, period, data numbers for
the full disk region.

Table 4 : Contents for eliminating cloudy or partly—cloudy pixel of daytime

COMS data.

Table 5 : Contents for eliminating cloudy or partly—cloudy pixels of nighttime
COMS data.

Table 6 : Daytime SST Coefficients for MTSAT—1R data over the East Asian
Seas.

Table 7 : Nighttime SST Coefficients for MTSAT—1R data over the East Asian
Seas.

Table 8 : Daytime SST Coefficients for MTSAT—1R data over the full disk
region.

Table 9 : Nighttime SST Coefficients for MTSAT—1R data over the full disk
region.

Table 10 : Coefficients of split window MCSST using the response function of
each channel of MTSAT—1R and radiative transfer model (MODTRAN
4). SZA is satellite zenith angle.

Table 11 : Coefficients of daytime SST equations using the response function of
each channel of MTSAT—1R and radiative transfer model (MODTRAN
4). SZA is satellite zenith angle.

Table 12 : Coefficients of nighttime SST equations using the response function
of each channel of COMS and radiative transfer model (MODTRAN 4).
SZA is satellite zenith angle.

Table 13 : Information on available oceanic in—situ surface temperatures.

Table 14 : Coefficients of MCSST equations using each channel of COMS and
GTS buoy data.

Table 15 @ Statistical comparison between RTM based(old) and newly calculated

coefficients

=7h7 1?1 dHH



" ol N Code: NMSC/SCI/ATBD/SST
SfrH2E Issue: 1.0 Date:2012.12.21
(o) = P — | File: NMSC-SCI-ATBD-SST v1.0.hw
ppages|  SUEE ZIE AN | T P
List of Figures
Figure 1 : Conceptual diagram for SST estimation process.

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2 . Location of collocation data points between MTSAT—1R data and
GTS drifter data at the region of the East Asia.

3 . Location of collocation data points between MTSAT—-1R data and
GTS drifter data for the daytime and nighttime MTSAT—1R passes over
the full disk region.

4 : Threshold for the 11-12xm test as a function of the 11 xm BT.
Curve a) is for the nadir view within 50 km of the sub—satellite track,
and curve b) the same for the corresponding forward view.

5 ¢ An example of sea surface temperature distribution estimated from
the split window MCSST equation for MTSAT—-1R data (31 October
2005)

6 : (a) Visible (b) IR image, and (c) cloud mask image of
MTSAT 1R full disk data on 31 October 2005.

7 : Examples of SST images of AQUA/AMSR—-E used for SST composite

process.

image,

8 : An SST composite image based on simple average method

9 : SST image from OI composite technique using 8x8 window
(Lx=180km, Ly=180km)

10 © An image of SST errors from OI composite technique using 8x8
window (Lx=180km, Ly=180km)

11 : Positions of TIGR data points colored according to an observation
month.
12 : Response function of MTSAT—1R channels 2, 3, 4, and 5.

13 : Comparison of insitu SST and (a) daytime and (b) nighttime SST
estimated based on RTM and TIGR data.

14 : Monthly sea surface temperature climatology on February, May,
August, and November using 9km pathfinder SST dataset of NASA/JPL.
15 : SST quality flags.

16 : Comparison of buoy SST and SST estimated from MTSAT—-1R.

17 : Latitudinal variation of RMS errors of MTSAT—-1R SST to buoy

measurements.

=7h7 1?1 dHH



”

R A

off

g

il

e

=25
& 244

Code: NMSC/SCI/ATBD/SST

Issue: 1.0 Date:2012.12.21

File: NMSC-SCI-ATBD-SST_v1.0.hwp
Page: 41

Figure

Figure

Figure

Figure 21 : Comparison of GTS buoy SST and SST estimations using (a) daytime

Figure 22 : Comparison of SST estimations using (a) RTM based coefficients and

Figure

Figure

18 : Comparison of GTS buoy SST and SST estimations using (a)

daytime and (b) nighttime MTSAT—-1R data.

19 ¢ SST errors as a function of wind speed at low latitude area within

10 degrees from the equator.

20 : Frequency probability (%) of low wind speed (<6m/s) for the

period of 1999~2005.

and (b) nighttime COMS data

(b) newly calculated coefficients.

23 : Schematic plots of vertical temperature profiles of the layer within
a few meters from the sea surface according to daytime and nighttime.

Oceanic instruments of satellite—tracked surface drifting buoy and CTD

measures sea surface temperatures at different depth.

24 : Sea surface temperature averaged for (a) daytime ascending passes
and (b) nighttime descending passes of AQUA/AMSR-E
2002. (¢) is the average map of SST difference between daytime and

nighttime SST for the same day and (d) shows the maximum of diurnal

difference of each day for a month of August in 2002.

=7h7 1?1 dHH

in August,



4 ssBes fooue: 10 Date20121221
A, OEI-—T'— El% 7|% —E‘&l A_I EgzzeNmSC—SCI—ATBD—SST_vl.O.hwp
List of Acronyms
ARGO Array for Real—time Geostrophic Oceanography
COMS Communication, Ocean, and Meteorological Satellite
CTD Conductivity, Temperature, and Depth
IR Infrared
10T In—Orbit Test
JPL Jet Propulsion Laboratory
MTSAT—-1R Multi—functional Transport Satellite 1 Replacement
NASA National Aeronautics and Space Administration
NGSST New Generation Sea Surface Temperature
NOAA National Oceanic & Atmospheric Administration
MCSST Multi—Channel Sea Surface Temperature
NESDIS National Environmental Satellite, Data, and Information Service
Ol Optimum Interpolation
PESST PathFinder Sea Surface Temperature
RTM Radiative Transfer Model
SST Sea Surface Temperature
TIGR TOVS Initial Guess Retrieval
TOVS TIROS—N Operational Vertical Sounder

=7h7 1?1 dHH




p

M A Lo wEG sk

File: NMSC-SCI-ATBD-SST_v1.0.hw
[€)

Code: NMSC/SCI/ATBD/SST
Issue: 1.0 Date:2012.12.21

Page: 41
71 )

°©

=

=

SFaL of

[e}

sl

o O]é

o NFAFL

1
-

A3t

T

RN

s

Mational Matworological Satefite Canter

27|

iy
HE

—
fie)

i

Ftolth. COMS

¢}
2 999 wee A

P
T

X

HgelA Asig 7t

A%

=

e T

[e)

=

o 7k A A

ot ol

Uq{‘:’

=

=
=

R

] 37 el A

el

S

Fgat of

<
T

17

F71 w2l 7t

(A=A

=

o
=

°©

°©

s

=

=

S

ANMI= BloldAow Aol AY a9 grow FrkE e

o] 23

=

ol COMS ¢4 9

A <karg]

uhohe}
1

Il
El

o
=

Al

T

R

:rL

=

=
402 flags: TEF

A

713]

2

o] ol&H WA
Atz T Yok

BAIL 3080 AF B

L
L
l:_‘
L
=

=

ekt tr1e] Ay Ags

e di7]

"
I

=K
O

S|
2
S

°©

tal, COMS 7173 A 9]
, BAR G R E O] AlAbel A o] &
—th719] Az g B

%

°©

al

3
3
0

acs

°
pal

o A

=
a

i

LS

=1

°©

=717

bl BAASE T

°©

Q.

[¢)

o]
(skin) oAl Y Zo]7] o

=
=

=

[e)

deF o]

S

qrHes A8

m o] 9



>~ N Code: NMSC/SCI/ATBD/SST
o2 Issue: 1.0 Date:2012.12.21
o = A H File: NMSC-SCI-ATBD-SST_v1.0.h

7P| SIS el /s 24N Plaze: 41 B
© XWst bulk 259 A @)l whel gt o]z Stk il siveA WEd
EARE U7]E SHstEA ek TE, 7571 A Sl et FEo] AAl &kl
ARG e A3E b2 wEbA ol sk thr) 8] S aas) sjeke] zZlole] wE &
EHstE arestr] fleke] AR fEss W EYE ] bulk 2EE AL
=9 FE=% zpolet Hlwsh: A¥A v AL (MCSST; Multi-Channel SST) <
=8| Adgsta ut dd x5 FeTxe ] b W el wel thEr] wiiel
> Qs

/}E A

1 #5% A0999 ARns2 FH et
2 FHT F e deALIAIAPHMCSST;  Multi—Channel  Sea  Surface
Temperature) & ©]&4 HlAES AHFo=®: Akt o]F, o] WM& o]&-3fo]
McMillin (1975), McClain(1985) &°] <l
&ttt 1 ¥ Barton(1985)°] 1594 AlA e =23k sfdmAES @l
EAstE 75 SHshe AEAE F 3
7} (Satellite zenith angle) & =9& A& AQFstA 1L, o]F v]= NOAA/NESDISi= 3
HEE AFE2e] 4 d97zE st 7R S sk 734
o]%  Walton(1988)¥ Walton et al.(1998)e] <J3] H]
Non—linear SST)¢] o]&2] uj7o] #|tEar ofe] AAE 23} o] E7IA &g o
Qa1 Itk HESE NASA/JPLel 9sto] th7] &9 7] &% thax(split window BT
difference 0.7 7|3l wet AZ o8 AFsES FEske] 2= PESST(Path
Finder SST) o] &85 it}

COMS #FHes duaEFe 7184

Fri

4y o T

H
M
1%
rE
2
~N
P
QL‘

& A1gs

ok k]
" o
o
=
Ho

>
>
N
v
b
i)
>

EE

g e o o

flo _>|4_‘ et
X

o

Sy
r
s

collocation A&
foloF stz w4

Eahe B

¥ U
oX
i,
2
%0
iy)
o
o
feieu)
bV

o
e
ok
i
flo
(a3
2
:?L_‘,

0%, i

2

o~
(T

f{% I

=

rlr

i

2 o 2
= o
—

L

o

bt

2

= 4
of mt
ol

i
)

o

o
il

4 5 1o o
gl

\\)
o
@
=
)
g
w
[
N
e
Hu
>
1o,
of\
ko
o,
W,
e
oto
B
o )

o
ol
i)
;
kr
Ir
i
>
=)
o
%
0%

HpolBE COMS 3

rfo
krt
M
bl
i
)
ofo
ol
2
o
i
)
%
0%
lo,

N
il
o
folr
B
ofo
=
=
B
S
o,
i
ofN
™
>,
i)
4

:?L_‘,
o
k1
%
&
)
rfo
o
1
>
>
N yo

2
ke
i
L)
o
o b
0.
>,
~
=
> 1



—~ A Code: NMSC/SCI/ATBD/SST
u frH2E Issue: 1.0 Date:2012.12.21
= J|A o File: NMSC-SCI-ATBD-SST v1.0.h
pwenns| =2 1EF 7lE 24N P'age: a1 VRSP

1970dd) o] %2 v|=e] NESDIS:= #A7E s (SST) & ket
gtk NOAA 7357k WAL o] A7b4] sl a2 (SST) ¢1gE2 1lm JELEE 7]
o AAFE QT NOAA 9% o+ split window EE©°] AN oY, NOAA 105
12m Aol glolA 11 m FLAHEE AFEate] b3 2ol = =3ttt

°]% 1981 NOAA 7357} HAME Q= o] 942 11, 12, 3.7 mAdE 4] H3UaL
s Ads ARES £ o Age sedk daglsel NEHr] AlEsElth
Prabhakara et al.(1974)7} Q&9 A9 AuEs o8 dTHEsE F4T
T A= gL 3] HAEAH (MCSST; Multi—Channel Sea Surface Temperature) 2] ©]
= Agor Adslt o] WHlE o838t McMillin(1975), McClain(1985)
A AREFE ATHXEE S 22 dagFo R AEsH] AlZskolth

{
—

SST = 17; + A(7,—-1T}) (2)

o1 7] A of oJ&l Fojx|aL = 757 +FAFeIth
1 % Barton(1985)¢] A3 AA e Tt WA U7l 53 AR o)Esth
U= ARES A ZstEA, Ao §14d 372 (Satellite zenith angle) & =4 A5 A
o]% u]= NOAA/NESDISE 5% AtE2o AR ZIS 18ste] 7]
HAE ok thad 22 MCSSTY 7]24Q1 =42 254 =

SST = a+ BT+ e(Fi-T+ d(Ti-Tii(sec 8- 1) (3)
a8 wi7E w5 well= ghol dAskAl @Al Ho] SSTE eArh AAA P

Walton(1988) 2 o]zlst o] H|Agdow WAsk= ZAE sdstr] 915t ot 2

& CPSST (Cross Product Sea Surface Temperature) 2&ig]=g 7a-at9ich,

=7h7 1?1 dHH -3 -



" Code: NMSC/SCI/ATBD/SST
Issue: 1.0 Date:2012.12.21

0
= o
ol 3y
[N
rlo
ik
T
R

A H File: NMSC-SCI-ATBD-SST v1.0.hw
posgne =41 == Page: 41 B
(4)
o] 7] A
o]t}.

o] dFES F ¥y HA3 AHo] Walton et al(1998)2] NLSST(Non—Linear Sea
1

Surface Temperature) &ilg]Folil o3 o] 3 HT

(5)

o} v AR, th719) 5% el uket ol 0.7 7IFo®E AR & ¢

19 FS AHgsta vk

(6)

of duglFel A= A4 A2 AS5HQ AF-94 Matchup databases HFR O = v
2 AFEe] Ao R &85 M= F

AHEAE QAR 5S4 982 EE 14, 59,
109, & &2 Fvd sied2egds AAkstolof st dleFdes SIS UEs dHe
ofg] 7HA WS AFEE oy, O FelA 7P ded Ha e #H2ol 9bA
7V wol 851 3= OI(Optimal Interpolation) 713 o] 3t ¢4 Fo)z 314 9]
AALD A5 E ol gste] Altel diste] H-g ok WS thed Zol 8 F 9l

.

=7h7 1?1 dHH -4 -



p

Code: NMSC/SCI/ATBD/SST
Issue: 1.0 Date:2012.12.21
File: NMSC-SCI-ATBD-SST v1.0.hw

Page: 41

o g

gl N

<

10

(7)

ol

e

= ol

g st

o7 gt Zol

oY n

(8)

150l #Ze A x9} Aol o

S

4714 &3] 74

(9)

o
.

3

i)

x¢} n® covariance

7} #

3 ge B Pl o

©
=1

Rolmw v

s

:[L

I X=

9

el
i

0

(10)

T
R

3

o] 49

(11)

(12)

™

—

0

¢+

B

T

;OL
e

(13)

o
1Ho
&
J)
o

M-

=
i

o] 3] H&3(smooth)d 4 9lth.

B

X0
of
<0

MM
—

3

=747



—~ A Code: NMSC/SCI/ATBD/SST
u frH2E Issue: 1.0 Date:2012.12.21
= J|A o File: NMSC-SCI-ATBD-SST v1.0.h
2717|449 S MIES OEI-—T'—E|E 7|E I&lkl Plage: a1 VRSP

—?49] Ao o dlFslE BHLS Felo] SST A&zt stAdFow &85kt 2 (12)
+= Bretherton et al.(1976)2] W o=z ofgje} o] A 4 rt. 2 (14)2 A+
%ﬂrf‘ 2z ¥ E o] z}7] A& (autocorrelation) s§Holal, = 2 (15) 3 o] Akt

(14)

(15)

A7) o B A7 BAMES FRRe Aoelw, = Aztelth. FAFLA s

3 FHY Atz O S A ), 44 A 1+8 9 ¥3F R s A
A Folof sy, 7z FEE zF wreko 2o ek A - (decorrelation scale) ol
st A, EEEEe] ¥ 2 E 180 km=E A A A, UaE Al 9

=
9 9GS AA HHBPNA o BAAA FHEE YA,

3.2. AA=HH

ATrHE A AFES ASFAE- %“X}E{H’J matchup A5 & o] &3t 74
g4 IS 8 e A eSS Table 19 zZHz Jeldile. T3, T4,

T5% COMS AEE (SWIR3.75um, IR10.8m, 1R12.oﬂm)94 I Es 747 yehdth
T5 SR A clear® #HFE 3stAe] tisiA] COMS channel 2(SWIR 3.75um),
channel 4(IR10.8m), channel 5(IR12.0mm) 2] IJEEE o|ju] A=H FHEE A
£ ©°] &3t Table 19 oA 9 22 Arbs ot s Es AXrtsit AFRE
NE AlTES 1A B8 e Ad Ass9 &4 58 adste] tekstiA Akt
o] T}, o]Are] HPHoA 3.7 Az FA7F 9lS A+ dual, triple window W
< B5F AR 4 gltk(Bernstein, 1982). @A default® gallx WH2 split window
MCSST #elth. MTSAT-1R®] A9 27] &8713tel] 9144 A=g #ARd Aa5E o
AAA A feEeE AE AFE 25T NASA/JPL Pathfinderol A= PFSSTE
283t 31+ IR channel?] 25 0.7°C 7|22 247 & &gl FS AFEsto] SST
S AFES a9 o] WY AAto R Afsty QA o Atn FAIY SR
T 5 3 @ AERES Bokx AT E vt=th PFSST Aits 5o By Agso] €
G2 vy o ok COMS sl dud]F2 10T 7|7F B¢t 3% S A a5E
ol-§atol AA AAFAAH S AHEst] ATE E FH olF o] AF s
A T ol thdsto] ARE-ShT

mlﬂ
mlo
© o

2717|419 M -6 -



~
\‘ oF
AE| =

ol

off

2|

il

Code: NMSC/SCI/ATBD/SST
H2r Issue: 1.0 Date:2012.12.21
Il BEMA File: NMSC-SCI-ATBD-SST_v1.0.hwp
|§ ol -I Page: 41

Table 1. SST equation formula used for the derivation of regression coefficients. The

temperatures T3, T4, T5 are the brightness temperatures of channels 3.75gm, 10.8um,

and 12.0um, respectively.

Method Window Formular Condition
Single channel SST3 = Cl1*T3 + C2 -
SST without single ooy = C1eT4 +C2 -
satellite zenith channel
angle correction SST5 = C1%TH5 + C2 -
Multi—channel SST| dual SST34 = Cl*T4 + C2%(T3-T4) + C3 -
without satellite | pjit | SST45 = C1#T4 + C2+(T4-T5) + C3 -
zenith angle
correction triple | SST345 = C1*T4 + C2+(T3-T5) + C3 -
MCSST34 = Cl1*T4 + C2x(T3-T4) +
. dual | 5w (T3-Td)«(secsza—1) + C4 N
Multi—channel SST
with satellite split MCSST45 = C1#T4 + C2+(T4-T5) + 3
zenith angle p C3#(T4-T5H)*(secsza—1) + C4
correction icle | MCSST345 = C1T4 + C2¢(T3-T5) + j
TPI€ | C34(T3-T5)* (secsza—1) + C4
dual NLSST34 = Cl1%T4 + C2«MCSST45%(T3-T4) _
u + C3#(secsza—1) + C4
Multi—channel Lt NLSST45 = C1%T4 + C2+«MCSST45+(T4-T5) _
Non—linear SST spi + C3#(T4-T5)*(secsza—1) + C4
tripl NLSST345 = C1%T4 + C2+*MCSST45*(T3-T5) _
rpie + C3#(secsza—1) + C4
PFSST1 = C11%T4 + C12«*MCSST45%(T4-T5) T4—T5<0.7
PFSST it + C13#(T4-T5)=(secsza—1) + Cl4
) spli
(PathFinder SST) PFSST2 = C21T4 + C22+MCSST45+(T4=T5) | . o0
+ C23#(T4-T5H)*(secsza—1) + C24 ’
77| 29 -7 -
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Table 2. Information of collocation database on area, period, data numbers over the
East Asian Seas.

# of # of
Matchup Database Area Period matchups matchups
Day Night
MTSAT—-1R — GTS 10°S ~ 60°N 2005.7
) 19540 72451
Drifter 80°E ~ 180°E ~ 2006.6

T e e e,
=" 1 1 1 e

80 100 120 140 160 180

Fig. 2. Location of collocation data points between MTSAT—1R data and GTS
drifter data at the region of the East Asia.
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Table 3. Information of collocation database on area, period, data numbers for
the full disk region.

# of # of
Matchup Database Area Period matchups | matchups
Day Night

MTSAT—-1R = GTS 60°S ~ 60°N 2007.9

. 6,182 93,536
Drifter 80°E ~ 180°E | ~ 2008.6
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Fig. 3. Location of collocation data points between MTSAT—1R data and GTS drifter data
for the daytime and nighttime MTSAT—1R passes over the full disk region.
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Table 4. Contents for eliminating cloudy or partly—cloudy pixel of daytime COMS data.
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Table 5. Contents for eliminating cloudy or partly—cloudy pixels of nighttime COMS data
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Table 6. Daytime SST Coefficients for MTSAT—1R data over the East Asian Seas

Daytime SST Coefficients & Regression Errors ================

I. Single channel SST without satellite zenith angle correction ---------------—-
SST3 = C1%T3 + C2 , SST4 = C1%T4 +C2 , SST5 = C1%T5 + C2

II. Multi-channel SST without satellite zenith angle correction ----———-----—---—-
Dual : SST34 C1%T4 + C2%(T3-T4) + C3
Split : SST45 C1*T4 + C2%(T4-T5) + C3
Triple : SST345 = CI*T4 + C2%(T3-T5) + C3

III. Multi-channel SST with satellite zenith angle correction -----————----——--—-
Dual : MCSST34 = CI%T4 + C2%(T3-T4) + C3*(T3-T4)*(secsza-1)
Split : MCSST45 = C1%T4 + C2%(T4-T5) + C3%(T4-T5)*(secsza-1) + C4
Triple : MCSST345 = C1*T4 + C2%(T3-T5) + C3%(T3-T5)*(secsza-1)

IV. Non-linear SST -----———---——-—--——-——————
Dual : NLSST34 = CI%T4 + C2%¥MCSST45%(T3-T4) + C3%(secsza-1) + C4
Split : NLSST45 = C1%T4 + C24«MCSST45%(T4-T5) + C3%(T4-T5)*(secsza-1) + C4
Triple : NLSST345 = C1*T4 + C2*MCSST45%(T3-T5) + C3%(secsza-1) + C4

V. PFSST ---~——----o
T4-T5<0.7 : PFSST1 = Cl1%T4 + C2*MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
T4-T5)0.7 : PFSST2 = C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4

Algorithm : C1 c2 C3 c4 RMS Bias

SST3 : 0 0 0 0 0 0
SST4 : 1.101010 3.267147 0 0 1.471338 0.000220
SSTH : 1.102342 4.604476 0 0 1.990979 0.000144
SST34 0 0 0 0 0 0
SST45 1.115510 -0.410952 3. 505930 0 1. 655351 0.000219
SST345 0 0 0 0 0 0
MCSST34 : 0 0 0 0 0 0
MCSST45 : 1.037155 2.118685 0.457718 1. 684577 0.847684 0.000218
MCSST345: 0 0 0 0 0 0
NLSST34 : 0 0 0 0 0 0
NLSST45 : 0.978148 0.073093 0.819438 3.017323 0.839714 0.000218
NLSST345: 0 0 0 0 0 0
PFSST1 1.032548 0.033559 2.798520 2.265775 0 0
PFSST2 0.967750 0.075641 0. 744650 3.142197 0.834190  -0.000003
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Table 7. Nighttime SST Coefficients for MTSAT—1R data over the East Asian Seas

SST3 = C1%T3 + C2 , SST4 = Ci%T4 +C2 , SST5 = C1%T5 + C2
Dual : SST34 = Cl#T4 + C2%(T3-T4) + C3

Split : SST45 = C1#T4 + C2%(T4-T5) + C3
Triple : SST345 = C1%T4 + C2%(T3-T5) + C3

Split : MCSST45 = C1%T4 + C2%(T4-T5) + C3%(T4-T5)*
Triple : MCSST345 =

Dual : NLSST34 C1%T4 + C2#MCSST45%(T3-T4) + C3x%
Triple : NLSST345 = C1*T4 + C2%MCSST45%(T3-T5) + C3

T4-T5<0.7 : PFSST1

Algorithm : C1 c2 C3 C4 RMS

SST3 : 0.618372  13.834317 0 0 3.004241
SST4 1.109305 3.566514 0 0 1.431108
SST5 1.119503 5.014503 0 0 1.917330
SST34 1.242919 -0.510877 0.204503 0 3.037746
SST45 1.120677 -0.258814 3.731531 0 1.535777
SST345 1.499304 -1.276618 -4.021108 0 6. 542086
MCSST34 : 1.103189 0.190857 -0.251158 3.812083 1. 310965
MCSST45 1.025495 2.105861 0.317668 1. 950496 0.898502
MCSST345: 1.082864 0.1986568 -0.233103 4.010041 1.272329
NLSST34 1.140475 0.005283 1. 440987 2.780641 1, 317590
NLSST45 : 0.962003 0.071604 0.695688 3. 415856 0.904371
NLSST345: 1.128961 0.005973 1.574879 2.761372 1. 265849
PFSST1 1.018411 0.033853 2.067455 2.606112 0
PFSST2 0. 000000 0.000000 0. 000000 0. 000000 0.000000

Daytime SST Coefficients & Regression Errors ========
I. Single channel SST without satellite zenith angle correction --—----—-

II. Multi-channel SST without satellite zenith angle correction —-------

III. Multi-channel SST with satellite zenith angle correction --—--—---—-
Dual : MCSST34 = C1%T4 + C2%(T3-T4) + C3%(T3-T4)*(secsza-1) + C4
(secsza-1) + C4

C1%T4 + C2%(T3-T5) + C3%(T3-T5)%(secsza-1) + C4
IV, Non-linear SST ----—-——-—-———-—mmmm
= (secsza-1) + C4
Split : NLSST45 = C1%T4 + C2#MCSST45%(T4-T5) + C3*(T4-T5)*(secsza-1) + C4

= *(secsza-1) + C4
V. PFSST  —— oo
= C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)*(secsza-1) + C4
T4-T5>0.7 : PFSST2 = C1%T4 + C2#4MCSST45%(T4-T5) + C3%(T4-T5)*(secsza-1) + C4

Bias
-0.000171
-0.000281
-0. 000265
-0.000297
-0. 000281
-0.000342
-0. 000280
-0.000286
-0.000274
-0.000290
-0. 000257
-0.000284

0
0. 000000
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Table 8. Daytime SST Coefficients for MTSAT—1R data over the full disk region

SST3=C1%T3 + C2 ,SST4=C1%T4 +C2 ,SST5=C1*T5 + C2
Dual 1 SST34 =C1%T4 + C2%(T3-T4) + C3
Split : SST45 =C1*T4 + C2%(T4-T5) + C3
Triple : SST345=C1%T4 + C2%(T3-T5) + C3
Dual 1 MCSST34 =C1%T4 + C2%(T3-T4) + C3%(T3-T4)*(secsza-1) + C4
Split : MCSST45 =C1%T4 + C2%(T4-T5) + C3%(T4-T5)*(secsza-1) + C4
Triple : MCSST345=C1%T4 + C2%(T3-T5) + C3%(T3-T5)%(secsza-1) + C4
Dual : NLSST34 =C1%T4 + C2#MCSST45%(T3-T4) + C3%(secsza-1) + C4

Triple : NLSST345=C1%T4 + C2#MCSST45%(T3-T5) + C3*(secsza-1) + C4

Daytime SST Coefficients & Regression Errors =======
I. Single channel SST without satellite zenith angle correction -------

II. Multi-channel SST without satellite zenith angle correction -------

III. Multi-channel SST with satellite zenith angle correction ---------

IV. Non-linear SST ----------------om

V. PESST = - m oo oo oo oo oo o
T4-T5<0.7 : PFSST1=C1%T4 + C2%MCSST45%(T4-T5) + C3#(T4-T5)*(secsza-1) + C4
T4-T550.7 : PFSST2=C1%T4 + C2%MCSST45%(T4-T5) + C3#(T4-T5)*(secsza-1) + C4

Split : NLSST45 =C1%T4 + C2#MCSST45%(T4-T5) + C3%(T4-T5)%*(secsza-1) + C4

Algorithm : Cl1 c2 c3 c4 RMS Bias

SST3 : 0 0 0 0 0 0
SST4 : 1.118537 4.373433 0 0 2.211642 0. 000093
SST5 : 1.087934 6. 759830 0 0 3.027127  -0.000031
SST34 0 0 0 0 0 0
SST45 1.142775  -0.524149 4.829164 0 2.583136 0.000103
SST345 0 0 0 0 0 0
MCSST34 0 0 0 0 0 0
MCSST45 1. 039460 2.254069 0.827841 1. 356577 0.920695 0. 000084
MCSST345: 0 0 0 0 0 0
NLSST34 0 0 0 0 0 0
NLSST45 : 0.962569 0.073570 0.846559 3.280368 0.929144 0.000072
NLSST345: 0 0 0 0 0 0
PFSST1 1. 015200 0. 028266 2.588066 2.367115 0 0
PFSST2 0.953931 0.075317 0.829028 3.347202 0.919693 0.000069
NLSST345: 1.128961 0.005973 1. 574879 2.761372 1.265843 -0, 000284
PFSST1 1.018411 0.033853 2.067455 2.606112 0 0
PFSST2 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000

Table 9. Nighttime SST Coefficients for MTSAT—1R data over the full disk region

SST3 = CI1%*T3 + C2 , SST4 = C1%T4 +C2 , SSTH = C1%TH5 + C2

Dual : SST34 = C1%T4 + C2%(T3-T4) + C3
Split : SST45 = C1%T4 + C2%(T4-T5) + C3
Triple : SST345 = C1%T4 + C2#(T3-T5) + C3

Dual @ MCSST34
Split : MCSST45
Triple : MCSST345

Ci1%T4 + C2%(T3-T4) + C3%(T3-T4)%(secsza-1) + C4
Cl1%T4 + C2%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
C1%T4 + C2%(T3-T5) + C3%(T3-T5)*(secsza-1) + C4

Dual : NLSST34 = C1%T4 + C2#4MCSST45%(T3-T4) + C3%(secsza-1) + C4

Daytime SST Coefficients & Regression Errors =======
I. Single channel SST without satellite zenith angle correction -------

II. Multi-channel SST without satellite zenith angle correction -----—-

III. Multi-channel SST with satellite zenith angle correction ---------

IV, Non-linear SST —---=----——mm oo

=7h7 1?1 dHH
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Split : NLSST45 = C1%T4 + C2#MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
Triple : NLSST345 = C1%T4 + C2%MCSST45%(T3-T5) + C3*(secsza-1) + C4

vpPFST - —-—-—"-"-"-"-"-"""o-———""ooooooo oo oo oo
T4-T5<0.7 : PFSST1 = C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
T4-T5>0.7 : PFSST2 = C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4

Algorithm : C1 C2 C3 C4 RMS Bias

SST3 : 0.332760  33.623623 0 0 5. 822398 0.000421
SST4 1.139808 4.142020 0 0 2.192024 0. 000504
SST5 1.114067 6.617064 0 0 3.024306 0.001120
SST34 1.140771 0. 002094 4.220372 0 2.196253 0. 000573
SST45 1.167966 -0.447931 4, 453465 0 2. 506680 0.000478
SST345 1.140401 0.001488 4.196631 0 2.193992 0. 000567
MCSST34 1.003139  -0.181777 0.034983 -1.170931 1.986488 0. 000503
MCSST45 0.994029 2.491340 0. 357038 2.027301 0.948271 0. 000463
MCSST345: 1.028180  -0.142605 0.037031 0.439372 2.079351 0. 000464
NLSST34 0.642803 -0.007881 -0. 876466 4377641 1.575938 0. 000496
NLSST45 : 0.929538 0.079242 0.661543 3.760773 0.987222 0. 000478
NLSST345: 0.644384 -0.008108 -1.095006 4.554994 1. 666535 0.000521
PFSST1 : 0. 996325 0.045977 2.325685 2.587247 0 0
PFSSTZ : 0.915195 0.079351 0. 560849 4,087021 0.979372 0.000325

MTSAT-1R SST (°C)

Fig. 5. An example of sea surface temperature distribution estimated from the split window
MCSST equation for MTSAT—1R data (31 October 2005)
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Fig. 9. SST image from OI composite technique using 8x8 window (Lx=180km,

Ly=180km)
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Fig. 10. An image of SST errors from Ol composite technique using 8x8
window (Lx=180km, Ly=180km)
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Table 10. Coefficients of split window MCSST using the response function of
each channel of MTSAT—1R and radiative transfer model (MODTRAN 4).
SZA is satellite zenith angle.

MCSST45 = C1#T4 + C2+(T4-T5) + C3*(T4-T5H)*(secSZA-1) + C4
C1 C2 C3 C4
Day 0.9689 2.9475 0.0013 0.0356
Night 0.9690 2.9693 0.0034 0.0223
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Table 11. Coefficients of daytime SST equations using the response function of each
channel of COMS and radiative transfer model (MODTRAN 4). SZA is satellite zenith

angle.

Daytime SST Coefficients & Regression Errors
I. Single channel SST without satellite zenith angle correction ----———----—--——--
SST3=C1%T3 + C2 ,SST4=C1%T4 +C2 ,SST5=C1%*T5 + C2
II. Multi-channel SST without satellite zenith angle correction -----———----——--—-
Dual : SST34 =C1%T4 + C2%{T3-T4) + C3
Split : SST45 =C1%T4 + C2%(T4-T5) + C3
Triple : SST345=C1%T4 + C2%{T3-T5) + C3
III. Multi-channel SST with satellite zenith angle correction ---——-———----————--
Dual : MCSST34 =C1%T4 + C2%(T3-T4) + C3%(T3-T4)%(secsza-1) + C4
Split : MCSST45 =C1%T4 + C2%(T4-T5) + C3*(T4-T5)%(secsza-1) + C4
Triple : MCSST345=C1%T4 + C2%(T3-TH) + C3%(T3-TH)%(secsza-1) + C4
1V. Non-linear SST -------————--------————— -~
Dual : NLSST34 =C1%T4 + C2#MCSST45%(T3-T4)} + C3%(secsza-1) + C4
Split : NLSST45 =C1%T4 + C2#*MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
Triple : NLSST345=C1%T4 + C2+MCSST45%(T3-T5) + C3#%(secsza-1) + C4
vV.PPSST —iiiiiiiiiiiiii i i oo

Algorithm : Cl1 c2 C3 C4 RMS Bias

SST3 : 0 0 0 0 0 0
SST4 : 1.244006  67.558578 0 0 2.224829  -0.001258
SST5 : 1.263684 74.969238 0 0 3.171289  -0.029487
SST34 0 0 0 0 0 0
SST45 1.280421 -0.396898 77.692726 0 2.510136 0. 056822
SST345 0 0 0 0 0 0
MCSST34 : 0 0 0 0 0 0
MCSST45 : 0. 983029 2.994210 -0.062712 -4.886696 0.469934  -0.000062
MCSST345: 0 0 0 0 0 0
NLSST34 : 0 0 0 0 0 0
NLSST45 : 0.992674 -0.012223 -0.090130 -2.478041 0.494294  -0.000062
NLSST345: 0 0 0 0 0 0
PFSST1 : 0.992556 -0.008123 -0.322725 -1.663036 0 0
PFSSTZ 1.024593 -0.012589 -0.007421 5. 358628 0.446060 -0.000120
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Table 12. Coefficients of nighttime SST equations using the response function of each
channel of COMS and radiative transfer model (MODTRAN 4). SZA is satellite zenith

angle.

Nighttime SST Coefficients & Regression Errors

I. Single channel SST without satellite zenith angle correction ----————---——-——-—-
SST3 = C1%T3 + C2 , SST4 = C1%T4 +C2 , SSTH = C1%T5 + C2

II. Multi-channel SST without satellite zenith angle correction ----—-—-—---——-——--
Dual : SST34 C1%T4 + C2%(T3-T4) + C3
Split : SST45 C1%T4 + C2%(T4-T5) + C3
Triple : SST345 = C1%T4 + C2%(T3-T5) + C3

III. Multi-channel SST with satellite zenith angle correction ----——-————---——-——-—-
Dual : MCSST34 C1%T4 + C2%(T3-T4) + C3%(T3-T4)%(secsza-1) + C4
Split : MCSST45 C1%T4 + C2%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
Triple : MCSST345 = C1%T4 + C2%(T3-T5) + C3%(T3-T5)%(secsza-1) + C4

Iv. Non-linear SST ------——-------"--"-"-"-"-"-""""""""""+-6ico: i
Dual : NLSST34 = CI%*T4 + C2%MCSST45%(T3-T4) + C3%(secsza-1) + C4
Split : NLSST45 = C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
Triple : NLSST345 = C1%T4 + C2%MCSST45%(T3-T5) + C3%(secsza-1) + C4

V., PFSST - - oo
T4-T5<0.7 : PFSST1 = C1*T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4
T4-T5)0.7 : PFSST2 = C1%T4 + C2%MCSST45%(T4-T5) + C3%(T4-T5)%(secsza-1) + C4

Algorithm : C1 Cc2 C3 Cc4 RMS Bias

SST3 1.068117 19.775133 0 0 0.362724 0.019607
SST4 1.312248 85.103638 0 0 2.208658 -0.030031
SSTH 1.375620 103.933884 0 0 3.207777 0.006134
SST34 1.426230 -0.433452 115.867805 0 2.996922 0. 373096
SST45 1.356633 -0.452766 97.211502 0 2.530137 -0.150844
SST345 1.395405 -0.238079 107.611496 0 2.795779 0.087616
MCSST34 : 1.018311 1.237338 -0.001922 6. 542321 0. 159026 0. 000425
MCSST45 : 0. 987531 2.987707 -0.030238 -3.705343 0. 488966 0.000422
MCSST345: 1.005114 0.887679 -0.004679 2.411832 0.148573 0.000413
NLSST34 : 1.018823 -0.005025 0. 029409 6.647904 0.175099 0.000418
NLSST45 : 0.996328 -0.012199 -0.043112 -1.517478 0.521346 0.000427
NLSST345: 1.009309 -0.003606 0.060947 3. 420751 0.182597 0.000432
PFSST1 1.015329 -0.005061 0. 300644 4,529645 0 0
PFSST2 1.033278 -0.012769 0.009341 7.492883 0. 445236 0. 000227
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Fig. 16. Comparison of buoy SST and SST estimated from MTSAT—-1R.
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Fig. 18. Comparison of GTS buoy SST and SST estimations using (a) daytime and (b)
nighttime MTSAT—-1R data.

4. AEA3 A4

A dlrdR s ke vhkst S Al AL ek, tir]el o FF T
thFet eQlow AAl g w5 A9 Aolrt F F Uk ol d Aol o 5 glo]
DA A R 1 Ao gt o]s] 7t glojop ko w AbEE dFHEgo] AREAEe] H A
of Ag3sx Fdsr 4= Qltd. webi o8] 7FA] matchup database® RFEOE Q¥ A
o7 3t dleHEEe] @Ak SAS AEIH

2717 | AL9| K M - 31 -



P L Code: NMSC/SCI/ATBD/SST
u S22 Issue: 1.0 Date:2012.12.21
= TlA H File: NMSC-SCI-ATBD-SST v1.0.h
27714 AE] gaelE JlE =AM Plage: 41 S

NASA/JPL 59¢ %<Fe] NOAA-14 matchup database® rms 2x+= 1.02 °C,
biasi= —0.1097 °C=Z At¥ 911, ARGOAE 9 AQUA/AMSR-E #F=3he] 34 g<t
9] 3118709 matchup A&+ ascendmg pass©l] st 0.85 °C, descending passell
tiate] 0.71°CE] rms 225 7HA+= Zoz  FI7HEAT FHoAlol w7hE2] U ES
A5 539 FF oz YA NGSST matchup databaset: 1.0°C L9 x5 HS
=d, A9 Ad A7 Wgte] et siFHeE eAE A MEskgla, 53] viEol

ofstal dArfRFo] & & eaprt & Ao® YyEE T (Fig. 19). HEEo] 9‘,:3}74] = g5
= A 6 <9 QuikSCAT wigh A5 & o] &3t AAbs) ¥ A3 (Fig. 20), 4%

o okgh wgo] AF uEhlm WAZ A% RE, ALg § mAHow
Rl UERA wha el ME £EAe oA ARE & F Atk g
Aede] AFHLEdS AT Wels Fozk eFHth COMS G E HE
Arkolel A wkge] b o] 80 % oldololx] oW YAkl & Wl COMS $14
of BH Frte] AFULEAE AT B A2 sbsgol ok W ofzle
WO B ARl £ Exol BLAN LA Rk 4T AR AP A3

() Daytime (105-10N) (b) Nighttime (10S-10MN)
1 ’ 1 . .
08l 08
A
osH | 06
04l I 0.4
Szt | S 02}
E: B 5
5 3 B i
it + o AT
2 e A 2 R R b4
2 02 S I Y 20 =
s \ 3902y
: |
0.4 1 04F
06 06
08 08
A . \ : . 4l . . : .
0 2 4 6 8 10 0 2 4 [ 8 10
Wind Speed (m/s) ‘Wind Speed (m/s)

Fig. 19. SST errors as a function of wind speed at low latitude area

within 10 degrees from the equator.
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20113 4€oA 6€7FA 2] GTS Ho] #ze HEer 94 A= A85E 7HA 1 A=

MCSST AFE Fsto] Aol A g3stg o (Table 14), 71&9 RTMel 7]4kst A
A

of Hlal ASE} FREU AFE TE] A Ho| ARG o] AFERE T
SHers vusd e 2o Fig 21).

&

Table 14. Coefficients of MCSST equations using each channel of COMS and
GTS buoy data.

============= Daytime SST Coefficients & Regression Errors ==========
I. Multi—channel SST with satellite zenith angle correction
Split @ MCSST45 =Ci*Tby; + Cox(Tbi11—Thi2) + C3#(Tb11—Tbig)*(secd 1) + Cy

Algorithm Cq Co Cs Cy RMS Bias
MCSST45 : 0.985098 2.338343 0.545135 —0.321399 0.703923 0.000105

============ Nighttime SST Coefficients & Regression Errors ==========
Algorithm Ci Co Cs Cq RMS Bias
MCSST45 @ 0.975640 2.496965 0.353631 -0.031189 0.735682 -0.000010

* T3 1 COMS SWIR TBB, T4:COMS IR1 TBB, T5: COMS IRZ TBB
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(a)
Fig. 22. Comparison of SST estimations using (a) RTM based coefficients and (b)

newly calculated coefficients.

(b)

Table 15. Statistical comparison between RTM based(old) and newly
calculated coefficients
RMSE BIAS R N
OLD SST 2.757 0.730 0.920 296757
April, 2011 NEW SST 1.973 -1.081 0.964 268532
NEW SST(CN) 1917 -1.011 0.964 225789
OLD SST 2419 0.878 0.948 287883
May, 2011 NEW SST 2.097 -1.219 0.963 266580
NEW SST(CN) 2.037 -1.136 0.962 221556
OLD SST 2.599 1.073 0.926 307219
June, 2011 NEW SST 2.038 -1.06 0.945 281300
NEW SST(CN) 1.969 -0.965 0.933 234767
OLD SST 2.597 0.896 0.935 891859
ALL NEW SST 2.037 -1.119 0.96 816412
NEW SST(CN) 1.974 -1.036 0.959 682112
Target value 2.247 -1.052 0.94
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Fig. 23. Schematic plots of vertical temperature profiles of the layer within a
few meters from the sea surface according to daytime and nighttime. Oceanic
instruments of satellite—tracked surface drifting buoy and CTD measures sea

surface temperatures at different depth.
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Fig. 24. Sea surface temperature averaged for (a) daytime ascending passes and (b)
nighttime descending passes of AQUA/AMSR-E in August, 2002. (c) is the average map
of SST difference between daytime and nighttime SST for the same day and (d) shows

the maximum of diurnal difference of each day for a month of August in 2002.
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