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Creation of Multi—sensor Sea Surface Temperature Ensemble

using Bayesian Model Averaging

Kwangjin Kim

Department of Spatial Information Engineering, The Graduate School,

Pukyong National University

Abstract

Sea surface temperature(SST) is used with important parameter at
climate system. So measuring accurate SST i1s demanded. But SST
products derived from satellite—borne instruments. have some different
value because of different of retrieval algorithm and sensors. These
products are retrieved by algorithm so they have uncertainty. Also, each
product has different size of uncertainty.

To reduce 'the uncertainty, data assimilation based on ensemble is
needed. Bayesian model averaging is weighted averaging method using
posterior probability as the weight. Using training data, the posterior
probability distribution of each data are calculated and the mean and the
variance are estimated by Expectation-Maximization(EM) algorithm. The
estimated mean i1s used posterior probability as weight. The monthly
SST products of the Moderate Resolution Imaging
Spectroradiometer(MODIS) sensor and Advanced Microwave Scanning
Radiometer for EOS(AMSR-E) sensor of Aqua and Advanced Very High
Resolution Radiometer (AVHRR) sensor of National Oceanic and
Atmospheric Administration(NOAA) are used as the ensemble member

products. Advanced Along-Track Scanning Radiometer(AATSR) product

_VI_
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of Environmental satellite(Envisat) is used for training data and
validation. To create the ensemble monthly averaging data, AATSR
monthly data is preferentially made.

Using the BMA and EM algorithm that calculate the weight through
repeat process and likelihood function, the weight and weighted
averaging were created. To validate about the accuracy of the BMA
ensemble, reducing RMSE than the existing mean and median method is

confirmed using one-leave—out—cross validation method.
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AR onme S EAS Arlst
nAA "o =, 54 Ayl oigk RAgeke] o4l AFstele A
oln]gtrh(Bell. 2001). &2 9]

o dig Hlwrt Fadkt s % T =2%(Sea Surface
Temperature: SST)] BSAA ZHL =4 ol 0%, HA E=
A HAS vt (Minnett. 2010). Ly AAEEo uwel A
Al A=A Feke) Apol= = YEhd, webs mdl wel B34
o] A7) Apol7} EA A HU.

Hlo]xjel &l H 3l (Bayesian Model Averaging: BMA)E o] %
e Aol & arefste] BEl HYtskE Gggith. BMAC] WEk 7l
@2 Hoeting®] 3% (1999)9] Aol As] =]t thaol o]of
A= BMAS] 713 A1 w2 Hoeting et al(1999), Raftery et
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2.2 Expectation—-Maximization Algorithm

Expectation-Maximaization — Algorithm(Dempster et al. 1977;

McLachlan and Krishman. 1997)& 9]¢ A& s Z4st7] ¢l A&}

2Tt EM €385 missing data =& A W<(latent variable)

H-¢E=F4H Maximum Likelihood Estimator: MLE)S AAFsH71 93 &
)

o] WkE Az} o] tH(Bilmes. 1998; Frank. 2002). EM ¢1g]&&

o
Jud

AA 27FA @AIE WHE 8%ttt Expectation step(E-step)oll A=
Satso g dAAel FH EgE ol&ste] Al WaE FAICH
Maximization step(M-step)oll ETE AFAHTozH Hytd 4t
= AAA A Hil o]=A v RHEAd A AAEE BRYES fHolE g

.

. A(]) i w(kjil)g(yst|fkst’az(jil))
E-step: L=
Engfl)g(yst”ist’ 0? (jil))
i=1
S ey
M-step: ng) =i ,(fsi ’
n Syt
A() ~
Zk]st (yst Frst )’
OZ(j) _ st

EM eruelZze #ymgel ojzoxn Aqsiau theel Fig 2. 1.2
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Fig 3. 1. Example : updating of the clusters through iteration process(t}
£ HolHE Xasty] ¥sF EM Survey)

Imput : Cluster number k, a database, Stopping tolerance

Output : A set of k clusters with weight that maximize Log-likelihood function.
(1) Expectation Step

For each database record x,

Compute the membership probability of x in each clusterh =1,... k.

(2) Maximization Step

Update mixture model parameter (probability weight)

(3) Stopping criteria

If stop criteria is satisfied stop

Else set j =j+1 and goto (1)

Fig 2. 2. Process of the EM algorithm process(t-&= U|o|E]S A|2]|5}7]
25t EM Survey)
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At 2 ATolM = AA

S 7INte g AkEw SSTE FA4oz2 A9S 7l Fig 3. 1.2 SST
A gx ks dled ZolE Ul 2otk
sea_surface_temperature
SST.uin = SST1om (K) e
-0.17 0 0.5 1.0 1.5 2.0 2.5 3.0
10 -""H..‘I 1 1 1 L 1 1
B Esaa_sudaoa_s kin_temperature
1 mm - (S5Tskin)
sea_surface_subskin_temperature
1m - (SSTsubskin)
= sea_water_temperature
= at depth z CF1.3: sea_surface_temperature
a (SSTuepn + @8- SSTm) GHRSST: SSTint
_+_¢F'I.3: sea_surface_skin_temperature
GHRSST: SSTskin
CF1.3: sea_surface_subskin_temperature
GHRSST: SSTsubskin
CF1.3: sea_water_temperature
GHRSST: 83Tdepth
10 CF1.3: sea_surface_foundation_temperature
o E l GHRSST: S5Tfnd
sea_surface_foundation_temperature
(SSTfnd)
1. Night-time or strong winds profile in red
2. Daytime, strong solar radiation, and light winds profile in black
Fig 3. 1. Overview of SST measurement types used within
GHRSST.(GHRSST User Guide version9)
o714 el Sl ALgsE FHe] 2 AHE o] g3 wA e
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Fojopgitt. o7IA A2 EGAAGo] wAT S dviar ddsiglth
kA 2 AT AE AR G FH = SST oA 439 2 449
83 vlo| AR E o]&dle] SSTE 3 AEEwS s wn 2
Al H A AR 2 ALESIATE ARES AE AR R Aqualide] Al
MODIS¢} AMSR-EE &84 At=% Z=9F NOAAS AVHRR A&
o] &3l 4A=% SSTAREE dE HHE ARSIt . A5=E AR
¥ SSTAH:= Envisat 91449 AATSRAIAC] A5 Abga3ich A
7102 GAE HHE PSS 94 A dol”HE T

J3t7] A% 7 A ArE7Ize FEE RS ARl 2006H-E

20083 ] 31zt 3670de H- o AR S ARSI

focs

3.1 Ensemble members

3.1.1 MODIS and AMSR-E of Aqua

2002de) WALE Aqua AL NASA(National Aeronautics and

Space Administration)?] A7 #=  A]2Hl(Earth Observation

_‘|3_
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System: EOS)®] & RS AAshz el FEAL YuSS
93k 7|4 9408 705km AEoA BEEFe ZAE Aot} t}

A A Fo] SSTE ¥X3= MODIS( Moderate-resolution Imaging
Spectroradiometer)®}  AMSR-E(Advanced  Microwave  Scaning
Radiometer for EOS)E &34 T3li*+= F1Hdaytime) SST At==&
GAE HWHZ AFESISIY. MODISE 499 449 3% #hs ¢
o] Axts Sl SSTE AF=stal vk SSTE Ab=3st7] 98 o&

i
sk MODIS9] = 19 dfldsts M= 3(Band width)= Table 3.
1.9} 2
Table 3. 1. Channel and Bandwidth of MODIS for measuring
SST
e = Z(um)
20 3.66 — 3.84
22 8.920 — 3.989
23 4.02 — 4.08
31 .78 -+ 11.28
32 11.74 — 1247

o] &3ttt TN EE 0.0416 == ¢F 4.63kmol]| sHETh =3
MODISe] SSTA=EE deE =g AFsta vk AlFsh= A
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AT g ol&ste] FAErt 7MY w2 HolHERS o] &ste] AE WY
Hole = ARg-3tltt

AMSR-E AlA+= wlo]la=zsuE  o]&3t:=  AAME ascending¥
descending©® F3t3} of3h-S s ). wekA MODISAR 9} &
dstAl F3 ARE ARESE7] fsiA ascending ARE ARESEATH
MODISA}F 5.9} o] A A AaE AlFslar JA| T MODISe| H|&l &
ZHeiA =71 Atk AMSR-ES] A =9] s == 0.20%= ¢F 25kmol 3
FHET AMSR-ExF&9] 252 Remote Sensing Systems(RSS)o] A]
AFsta e ARE AFEE e, o] Rae A As, 3¢ AL, T3
B ARE AFsal v 7ML ARE ol&ste] d Ht ARE
Adste] AREsElth. Eg RSSol A Al&staL
vhek gk S ojup Agbell Firke A el oS

AAR A=E AEe

AE AT HY AL
<

HAE dstr] sl

3.1.2 AVHRR of NOAA

Advanced Very High Resolution Radiometer(AVHRR)<> National
Oceanic  And  Atmospheric ~Administration(NOAA)®]  National
Environmental Satellite o ©AE AlA ot} AVHRRS o] 8-3fo] -3
SSTE A5+ 71 4SS 71 1 8<l Alg=5 A48k 3

AHVRRe] AdE F 5WE &3t SSTE At&EstH 1 342 11.50 -
12.50 pym °f | Fgth. MODIS SSTAF=EI el d X8, 5Y Hf,

=
89 W, 4 WES TP ez AT Avh ARe WL A
)

A7 Aol B3t AAEE 0.044% olth, WlE Besk @A 9
onl, olF olgdtel AL} AY B ARE FEsel PyE WY
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s f% AREZ ARESINTh B AFdA= A7k slEste
NOAA-189 Aol A At&¥ 8= Pathfinder 5¥ A9 A5 E AE3IA

o

e WY ARE Fig 3. 2.9k o] 3671€9 9 A ARE HE
2 st 18 Fig 3. 3.2 20064 699 oJaE wnol 3719
Ao A AEE SSTo] zpo]E HolFE= Z1yoltl. MODIS

7o 2 7+ A AVHRRY AMSR-E9 A& A 7M4 7718 =
GRS VA JAS 5o EN HuE SIS 3719 AtEE 9
Ao gk}t A #olE B k. HY 6% o] ztolE e}

2006/1

o o :
~2008/12 H — 2

(monthly daytime SST)

Fig 3. 2. Ensemble members for SST ensemble
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Fig 3. 3. Difference among the three members on June 2006

3.2 Reference data
g dolgs s WY dojEleke] HaE Foke] ALFSES
EEstal, e T3 5T 2S5 A% AEE AR gy a2 ol
2 ARE3l (S =+ in-situ match-up database®}e] HlnL F& F3H
857t & Ao dHA A= AATSRAAE F3lA T84 SST
AR5 ARESEAT. AATSR AlM = 3 $144<%) Envisat $17 ¢ &5
o] A& AlA o]t} Envisate European space Agency(ESA)elA A}
T H5S AT AR Aol 8 4= U], @l

& A E a8z 5o gk #=5S sl Aotk AATSR AlAe] SST
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2 Al8%¥ WHEEE Cloud proximity confidence® ZF YeER &=

L ler, sk dow 12 mEA R QHA JheAde] w2 H

Holn, 2H2 moj== 3] #Axe s BAgd o gl dHolE

g a7dch webd CPC7F 591 A mRhS

Table 3. 2. Values of the cloud proximity confidence flag and
associated bias and std dev SSES(Stark et al. 2008)

oS walth(Stark et al. 2008). ¥ Ao A=
j

Cloud proximity confidence Bias(K) Std - dev(K)
2(bad) 0.33 0.6
3(suspect) 0.33 0.3
4(acceptable) 0.19 0.3
5(excellent) 0.19 0.3
6(suspect, cold skin, upwelling, 03

riverine input, etc)

_‘|8_
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Fig 4. 1. Process of BMA SST ensemble
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Table 4. 1., Table

Table 4. 1. Weight of each validation sets derived by EM

algorithm. (1-18 sets)

validation weight
set MODIS AVHRR AMSR-E
1 0.383 0.207 0410
2 0.386 0.203 0412
3 0.372 0492 0.436
4 0.378 0.193 0.429
5 0.378 0.212 0410
6 0.381 0.204 0415
7 0.383 0.207 0.410
8 0.385 0.206 0.409
9 0.382 0.206 0412
10 0.386 0.200 0414
11 0.386 0.208 0.406
12 0.39 0.206 0.404
13 0.385 0.213 0.403
14 0.385 0.207 0.408
15 0.388 0.208 0.404
16 0.392 0.202 0.405
17 0.383 0.206 0411
18 0.384 0.205 0410
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Table 4. 2. Weight of each validation sets derived by
EM algorithm. (19-36 sets)

validation weight
set MODIS AVHRR AMSR-E
19 0.384 0.204 0412
20 0.384 0.204 0412
21 0.383 0.204 0412
22 0.385 0.202 0413
23 0.391 0.211 0.398
24 0.396 0.206 0.398
25 0.397 0.204 0.399
26 0.388 0.201 0411
27 PR3 0.205 0.402
28 0.406 0.202 0.392
29 0411 0197 0.392
30 0.402 0.204 0.394
23 0.393 0.206 0.401
3 0.389 0.206 0.404
33 0.386 0.208 0.406
34 0.380 0,287 0.407
35 0.381 0.210 0.409
36 0.391 0:206 0.403
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g 7tEAE BF T o] ol IAANE TF AMEL dSUS A
=y

e olol o3k AFEEE TAo] FomM old] F A3

_24_

Collection @ pknu



=

=

= MODIS_RMSE
~— AVHRR_RMSE
~—AMSR_RMSE
~— BEMA_RMSE

o] AATSR3}e] ol

=
=

el
=

OFALE
O]—O]-E

T
-

[-£LB00E
-1L800E
|-0L800Z
[-60800€
|-80800€
L0800
|-90800€
-G0800E
[-F0800&
I-£08002
|-£0800E
[-L0800€
-€L200E
-EL200E
0L 2002
[-60200€
80200
|-10100€
90,002
I-50200¢
-¥0100€
E02002
-€0200€
102002
-Z1900Z
-EL900Z
I-0L900E
[-60900Z
|-80900€
|-£0900
[-90900&
-509002
F0900Z
-£0900€
[-£09002
109002

HoFE g Zo|u

0.5077
0.457
0.4077
0.357

Gk

0.30r

o

AstA

o]
=

Bt RMSEZF SA yskot.

=

SSTAH
- 25 -

CASE

Fig 4. 4. RMSE of each validation sets of MODIS, AVHRR, AMSR-E and

BMA ensemble SST with AATSR

-

=

T

o o

upel gho] 36719 R HS AlEClA BMAZE 7HE

R
R
b2

A
il

Fig 4. 4.914 H

MODIS SST

Collection @ pknu



3

I 7IRake] BMA

A
o

of

Fig 4. 5.2 t&

S
=

}E median

A
o

o}

)

—~
file)

32 AATSRZ}

S

al

S
=

E median

~

A
o

I
L

2 wag

°] RMSE

Islom, 36714

S

w5

RMSE=

kel
T

o] BMAS] SST otatEo] 714 ok

S

o nE HF AE o

— median_RMSE
— BMA_RMSE

— mean_RMSE

€1 8002
-LL800Z
[-01800Z
|-60800Z
[-B0BO0Z
|-20800Z
[-908002
[~S0800Z
|-F0800Z
[-E0800Z
-Z0800Z
-L0800Z
I-ZL200Z
L2002
I-0L 200
[-60400Z
804002
204002
904002
-G0200Z
-F0L00Z
|-E02002
-€04002
-L02002
219002
I-LL900Z
[-01900Z
[-609002
[-B0900Z
209002
|-90900Z
[-G0900Z
I-¥0900Z
[-E0900Z
|-€0900Z
[-L0900Z

S¥0

or'o

GE0

00

CASE

RMSE of each validation sets of other ensemble(mean and

median) and BMA ensemble SST with AATSR

Fig 4. 5.

_26_

Collection @ pknu



BMA<®} AATSR

S
T

I Fig 4. 6.

(<)
pul

ge AR

i

219, 49, 7€, 1029 99

-
It

o 7} A9 o)

ol

™, Fig 4. 7-10. ¥ Fig 4. 11-14.

£ Yehd Fig

v

Bolx] ¢k=t} E3 Fig

2 98 &

HRSE o] MEe] o] Aol

=

Fol 7} S5 @ ol

A

2}
4. 7-10. ¥} Fig 4. 11-14.°914 e

o

-

T
-

ol A 2]

o
=

4. 6.914 EH
A+ 3

o

i

el

ups}h ol ¢17e] wel A

T
-

)

B0 JREA=ERES

A5

—

[e]

_27_

Collection @ pknu



¥R
..,.ﬁ 1.k I %\_{lfh_
=gl V¥ e

wroonf] i
. e

}tm I‘r'

Iits i s Il""-. _7;f A S
B ok 1Y)
- of B wa i ),

w f 5 =Y -
ot ‘;" s l’]* h‘-"'""--k
- = ;ﬁ o
L bk .ﬁ r’ ]
; T RS T TR T TR T T et

€)Collection @ pknu

_28_

0.6~

06 ~ -0.3

0~ 03
0~-03
-03~-06

~= 06 °C
(AATSR — BMA)



L8

= i T N W |
Ll - .
ol -1 i
| | — r %
L] - 3
8 +

= 4 T £ Fl '.'.'I rie

= s : -_-". ]
1IN 5 i f s - - e <
gl o = L P e 3 g
A9 Mﬁ{ o £ = L e

at

WS : =)

\

=T 4l

apt
3K
Lds
Vi
L=

Fig 4. 6. Distribution of errors on January(a), April(b), July(c),
October(d), 2006.

_29_

) Collection @ pknu



60.000
40.000
L ]
20.000
s
£ 000 W o
I3
L ]
20000 . . .’ £°
:n '..f . : e .
Pl 1] . ¢ g e
. 1)
40,000 LT w
"'"".:’.’- v
60000
I 1 ] T T I I
-1.500 -1.000 =500 000 500 1.000 1.500

error

Fig 4. 7. Distribution of error according to latitude on January, 2006

£0.000-]
.
L] - W gfs o
40.000 et o L
. goe ® .
¢ eee o Wa® ahe 220 o...o
LY ¥
20.000 o . S
@
3
[ ]
£ o0 " N eriPTR R PPty tat Ju ot oo
s * 0
[ ]
L] = .. L] . .. o
20,000 . Sival o
L]
. -a&v-?fp.'.,'-'ﬂ' oo,
oy [ ]
40.000 %o P, L0 o
" g 00
50,000
I 1 ] 1 T I I
1,500 1.000 -500 000 500 1.000 1.500

error

Fig 4. 8. Distribution of error according to latitude on April, 2006

_30_

Collection @ pknu



60.000- e o o ¥ LI L a’uf, oot Fu, 0 . N
L 1] [ ]
40.000 % ) .o. .. ‘.
A " . '#..g ; .
RETR « & e
[ ] * ]
20.0007] = . :. ses " "® [T .:
s
2
g 0007 o L
L]
20.000-
.
40.000- .
.
£0.000
500 1,000 500 000 500 1000 1500

error

Fig 4. 9. Distribution of error according to latitude on July, 2006

60.000-

40.000-| .

20.000-

latitude

-20.000-

40.000-

£0.000-|

T T
-1.500 -1.000

Fig 4. 10. Distribution

2006

Collection @ pknu

T T
.000

error

T T T
500 1.000 1.500

of error according to latitude on October,

_3‘|_



1.500

1,000
[ ]
. s
- . ®
.500 ‘ i . ]
oy . .
5 . LI
H [} L
g ! . * o
5 o % * 3% ™
-
i . e - e %
] g b
° [ ]
500+ A e
. i % S
1.0001 |
1.000 eyl [
L 4
1500
I T I T I I I
“180.000 120,000 £0.000 000 60.000 120.000 180.000

longitude

Fig 4. 11. Distribution of error according to longitude on January,

1.500
1.000 o
¢
[ ]
Ok
500 [
e °
L ]
[ £y ‘
e ) u'{i
= L]
& oo o . -'\i‘
[ ) [ ]
L ]
* )
A hl .
500 o
-1.000
.
1500
I I I I I I I
-180.000 120,000 £0.000 000 60.000 120.000 180.000
longitude

Fig 4. 12. Distribution of error according to longitude on April, 2006

_32_

Collection @ pknu




1.500

1.000

5007

error

000

-500

-1.000-

-1.500-

T T
-180.000 -120.000

T T T T
.000 60.000 120.000 180.000

longitude

T
£0.000

Fig 4. 13. Distribution of error according to longitude on July, 2006

1.500-

1.000-

500

error

-.500-

-1.000

-1.500

T T
-180.000 -120.000

Fig 4.
2006

14. Distribution

Collection @ pknu

T T T T
000 60.000 120.000 180.000

longitude

T
£0.000

of error according to longitude on October,

_33_



5}

°©

A

=
L

5o

=]

1 B9ttt BMAE 29 )

0

1§

S
ax

T = B N ) Lm N < W3 T 9
o] — ) _
iy B o P KSR W g m No
. I I o N L
_ o M mr Mo o W o8
gy NTONe B T L e S L
ﬂb N < _foT EL —_ 10 X0 =~ I —_— O_
~ o~ g = = N O o0
9 _ - o X X X Nt = > © X
— N
U R a2 oie: e RN
rlBE XE 0D O_ S m EL ﬂor W_ m n_U MHA.H ,mﬂ
E%@%WMﬂﬁr%ﬂmm%#
T oo My B0 R, - G
—~ 9 = o] W ~ o B ~
% wom s 3 ﬂ = B % in . Ol B 4
\] ¢ -— wn ~ b, )
. ww @ Toy ow DT o M B o
O )
mox oo w8 HLE Ko
oy o A ~ o @r
T o o o N I T O i b A
TEErE A Pk
< ° T T TS\ B ienE ™
. . - _ »A . E ‘_LIL Z#U
o B P o T T o ©
= 9% M g % oW o @ o derM W % iz
v C = oo M o B = ¥ dh
B = i o o M 1
AR OT e Sk B R B
T RN E & 2 oy ongixor X AT
Nfy o 2 ¢ w B pp’, TR
o ew PSR T R D "
X H — e R fe}
EREEPE I 20l s
] b T W < T g o 5 %°
R < 9 o=E ox oW S
) ) R T ol o
¥R XN T S ol =
ol T o X % o =S W o S

Al 36709

o
=2

23}

A
ohet the B

T

o
R

, AL)E o] AATSRAFZ O T

& SST¢ RMSE

o

}JE SSTe] RMSEZ} 713 A

5% 7t A% AEe AslH o
o

HH
L

A

A

she] W)

sheich. el we

o
_34_

B

A=
T

A
=

A

=

o

]
=

7} BMA
2 36719 2= A5 AEo|A BMAS

=

=

]
=

le) n=1
3=

T

s
median 7|32 H]

Collection @ pknu



2= A AEC disiA BMAZE 78 W2 RMSEE YAl = A
Atk o] Ayt= BMAS] f1dAtE=C tidk #82 7t
v, A7zt 3E HHE o83l TisAR

AR = AREES A7 AA 35 ARl die ARE T |

il
it
il
w
%0,

540] glvba @

i

_35_

Collection @ pknu



A, -HlelEmteld 58 ®uAM- &= dlelEE Adsr] 9%
EM Survey

Anne G. O’Carroll, John R. Eyre, and Roger W. Saunders, 2008,
Three—-Way Error Analysis between AATSR, AMSR-E, and In

Situ Sea Surface Temperature Observations. J. Atmos.
Oceanic Technol., 25, 1197-1207.

Grimit, E. P., and C. F. Mass, 2002. Initial results of a mesoscale

short-range ensemble forecasting system over the Pacific
Northwest. Wea. Foreecasting, 17:192-205.

Corlett G. K., Barton L. J., Donlon C. J., Edwards M. C., Good S.
A., Horroks L. A., Llewellyn-Jones D. T., Merchant C. J.,
Minnett' P. J., Nightgale T. J., Noyes E. J., O'Carroll A. G.,
Remedios' J. J., Robinson I[.'S., Saunders R. W., Watts J. G.
2006. The “Accuracy of SST retrievals from AATSR: An
initial assenssment through geophysical validation against in

situ radiometer, buoys and other SST data sets, Adv. Space
Res., 37:764-769

GHRSST User Guide version 9(https://www.ghrsst.org)

Hoeting, J. A., D. Madigan, A. E. Raftery, and C. T. Volinsky
1999. Bayesian model averaging: A tutorial (with discussion),
Stat. Sci., 14, 382- 401. (Correction, Stat. Sci., 15, 193—

_36_

Collection @ pknu



195, 1999.)

Jeff. A. Bilmes, and Computer Science Division, 1998, A Gentle
Tutorial of the EM Algorithm and its Application Mixture and
Hidden Markov Models, International Computer Science

Institute.

Stark J. D., C. Donlon, A. O’Carroll 2008. Determination of AATSR
Biases Using the OSTIA SST Analysis System and a
Matchup Database. J. Atmos. Oceanic Technol.,, 25:
1208-1217

Stark J. D., C. J. Doenlon, M. J. Martin, M.-E. McCulloch, 2007,
OSTIA: An operational, high resolution, real time, global sea

surface ‘temperature -analysis system, OCEANS 2007 -
Europe, dol:10.1109/0CEANSE.2007.4302251

Raftery AE, Zheng Y. Discussion, 2003 performance of Bayesian
model averaging. J Am Statist Associate, 98(464):931-8.

Raftery AE, Gneiting T, Balabdaoui F, Polakowski M., 2005. Using
bayesian model -averaging to calibrate forecast ensembles.
Mon Weather Rev., 113:1155-74.

Seung-Ki Min, Daniel Simons and Andreas Hense. 2007,
Probabilistic climate change prediction applying Bayesian

model averaging, Phil. Trans. R. Soc. A., 365:2103-2116

Qingyun Duan, Newsha K. Ajami, Xiaogang Gao, Soroosh
Sorooshian, 2007, Multi-model ensemble hydrologic

_37_

Collection @ pknu



prediction using Bayesian model averaging, Advances in
Water Resources, 30(5) 1371-1386.

_38_

€)Collection @ pknu



	1. 서론
	2. 연구방법
	2.1. Bayesian model averaging
	2.2. Expectation-Maximization algorithm

	3. 자료
	3.1. Ensemble members
	3.1.1 MODIS and AMSR-E of Aqua
	3.1.2 AVHRR of NOAA

	3.2. Reference data

	4. 앙상블 및 검증
	4.1. Process of ensemble
	4.2. Validation

	5. 요약 및 결론
	참고문헌


