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A method for obtaining daily high-resolution sea surface temperature in the

KUROSHIO regions

Xuhui X1e™"?, Shizuo Iwata2, Masao NEmoto'! and Hideki NAGASHIMA'

In order to furnish daily high-resolution sea surface temperature (SST) to fishermen, who are always looking for data to
help in locating good fishing grounds, a method for obtaining daily SST for each 1/40° grid was presented and dis-
cussed. For this purpose, AVHRR SST is very valuable because of the high ground resolution of 1.1km. AVHRR SST,
however, cannot be obtained under cloud and this often leads to sporadic SST distribution. To overcome this, we pre-
pared a daily composite SST from SSTs collected in the past 5 days. If an SST was lacking, the SST was interpolated
from available SSTs at surrounding grids. The composite SSTs were often different from directly observed SSTs. Ac-
cordingly, in order to improve data quality, the daily composite SSTs were compared with SSTs observed directly from
boats and buoys along with remotely sensed AQUA/AMSR-E SSTs. Average temperature difference and standard devi-
ation between composite SSTs and the latter two SSTs were calculated. To select high-quality SSTs, composite SSTs
with a temperature difference two times larger than the standard deviation were eliminated. At the same time, all se-
lected composite SSTs were corrected by the average temperature difference. These selecting and correcting procedures
were reiterated until the standard deviation of the temperature difference became smaller than 0.5°C. Selecting high-
quality composite SSTs, however, resulted in a lack of data at some grids. Accordingly, they were interpolated or ex-
trapolated from those at the nearest grids. The composite SSTs were finally corrected using the temperature difference ob-
tained.
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72, (RL) SRS — ¥ 2 ¥ ¥ 4 —(JAFIC) T & 4 H {3
NIRRT — & 2 S IR AED, AR AR X 2 AER
LTW3, L2Ll, B E S I2FHDKEIZ X 2 E2 1
FIMER L THD, ZODRAKESMD/ N4 — &4
ABDZEIIITEETH 5 A, BIGTHIHTE 2SR E L
TEFFThHb LT AR, 72, B MEIRME LS
DT, WNRMIEAEIRDO AW A A PER T E L &S ]
BRI T 5,

FR BN, REZER 2 7 — L 3l < BRI T
3 B0, AARBTHIAN, 7 A BUHIKE Z& £ OSSR &
OENINA T AN D 5. ZOEEFMIE, FEARE2 L m
O bulk K A BHI L TV 3125 L, AVHRR KR (RoH
AU W~ um D skin K&, AMSR-EAE (=
4 27 oK) 23U ~$ mm O sub-skin K & B L T
W32 5 Tdh . Yokoyama et al. (1995)& Gentemann et al.
(2003) 5 (%, Z&JF (surface) Kl 43 1 2% J&F (subsurface) K &
m«,%@%#Ocui_&é;&%bb<tntfmf
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W5, LZh->T, EORXOKEBEMET 272K -T
MR R 20N ThH B, 72, AVHRR D%
AT 0.5°C, HRT03°CTHBZENnERMEh T3
(McClain et al., 1985; May et al., 1998; Reynold and Smith.,
1994; Reynolds et al., 2002). Z 9 & 5 12w R R0 Mla ik

SN2 K > T, WEKRRIZENET S. %7f,m¥%ﬁ
o L BRDL AR AKIRIEMEER T 2 7201213, WS
OEFEAEOBB AR (bulk K#) T2 BIHIAED S 4
T ARBIET ZBEND 5.

Zhang et al. (2004)i%, AVHRR KD /N4 7 Z 5321 4
DV %E L 5TH05°CEBAZTOHBEIIBAHD, Z0D
JRITIk D —2 T & % AL TFHEIL P Tk, HEAFEHO
NATZADRNTH 3 Z L EHMLTNS, 512
Zhang et al. (2005)i%, AVHRR KIED /N4 7 2 &#BI1ET %
DIZHEEBI T — 2 DBEIZONT, 1°X1°7 ) 5 F T
0.1°CARIBDREE 11 | X2 2 7291213 10°X10°7°) » F
ISR TR 2{HDEM 7 4 AR ETH B EBRT05S, L
72MoT, TOKD Bl 6 & FRARE M > THEAK
MAEMIET 2 ENEREICAS. 72, Reynolds et al.
@m@éiﬁﬂ%m@&fﬁm%ﬁ%“ii@é ~4
KR & AR AR A A D U 7= AT KU O J7 2RSS Al L
THIELAERLTND,

—J, BRI 6 RRIT, 7 A ) i (Rhodes ef al.,
2002), HAEA*(Guan and Kawamura, 2004)i3 H A7 DK
AR E AL TS, ZOHT, KETO H#I322 Mg
BREA025°TH D, WEEHENBEL L T2 KIERTHR,
AN 25 KA 7 & DIERI 22 2 A — L D FEA 75
WHERE N RN T35 &3 E WV, Reynolds
and Smith (1994)%> Reynolds e al. (2002)5 & Bl Al &
AVHRR Kl 2» & I WHfidk & AV T 1ex1° 27 ) » F D4
TSR by KR & A B L Ty B 23 (ftp:/ftpprd.ncep.noaa.gov/
pub/cmb/sst/oimonth_v2/), %5 é’lﬁfﬂﬂﬁﬁ?ﬁ‘ﬁ*ﬂ‘« 29Iz,
s & ORI IR IERE S 12 B i RTwa, 2

:ﬂbf,%%k%*m(wmﬁﬁﬁowﬂ,7xuw
WH.O NLOM Kl (22 M4 0.0625°) 13 55T KR IC
TR 2 <, FEllZABAERR ARBL S h T
5. oL, 7XA)ABEOHFIZ1IHAOERTH O,
WHELEPVEE LT RERHOBHR TR, F72, H
AERZFD Z IR T — Z NDIRIGFE N E 200, i
FHOBL AR TEGAKRE ORISR P DEND 5 L5 A
T3, ZO&S BBR2» S BlKEEHR T 58S
D=—2 mbt*ﬁ%ﬁl®¢mﬂmihé

A7 T, iTw%thﬁmmme%;jabt
FEHIARHR A FVN T, AMSR-EKiR &L L, Z DHfIE
L 72 AMSR-E Kifit & #EF2HIIKI & LT, AVHRRZk/ml % fili
ET 28 LOlBRHROMERFEIZOWTENS, &k,
MRS, —E R OWEEPEE L TS8O
PREZEEL, TR1310~14220 KM Rk E 5. 20D

ST km FEE D22/ 2 7 — L % & DEH FH O 25 8) 78
HEg LI Tns (IliEs, 1992; FHH, 1986; Ki-
tade et al., 1998) . VUGG CIX, WIHERICELS Bb -
TV B km L DR 2 r — L OBIR % KBl§ 3 LE
HBDOT, ZeIRERE3.5%3.5km TARIRK A ER$ 5 Z &
2L 7.

F—REFE

T — 2D

AR THH L7257 — 213, 30°N~36°N, 131°E~142°ED
HiPHA T 5 N7 FEHAR, KBTI, AT#ZEICK
% AVHRR Kl (ARFHEAKIR) , AMSR-EKiR (74 27 1k
K =2 ThHbd. ThoDF—ZOREIZOWT, L
TSR3,

() FEHPKET — %

HHALOT — 2L LT, BER~REWEO AR,
H~NALET7 ) =K, 74 BHAKE (HEE Wy B
PR, RREGH.  BENE -~ N R T
KA, rewpil - Kty , 186l (HUE#k, THER,
PRSI, RO SR, —EI ) R lIR) AKpERAER
T FEHERE 23 IAR 20 & INEE L T Bl kiR, (k) el
WY -2y 2 =PPUEL T BEHKER T 2 ) —K
WEERHTFENS.

EHAKRIEE AR I mPIROE S T, Bl 7 4 0K
I~SmOBEESTHEX TS, /2, 72 ) —0OKEIE
4~5mIEEDOWE X THLEN TS, KR IZEAR O K %
ét;ofwi%§ﬁ§¢§&éémm,%bpamwﬁ
STHUESN TS, XFICZRAEPES 55DT, 7
A8, 7<) —B, ﬁ#ﬁm&&f 5N 7= K & &
MM E DEIZ/NX W, UL, BRIEHENE - & %%
$57H Fa~9H Eaicid, e 3~5mEE O KR
WWAkEL LS, 77, Fo2IEe, 72 —Higk ki
3 EEIZH D, F— 2 DORMEA L DAL ASR
5.

(2) REITRAURT — &

RBRITTIE, 025°2°) v R TORKEEBFBHALL
T\ B (http://www.data.kishou.go.jp/kaiyou/db/kaikyo/ocean/
daily/dailysst.html). 2D F — & & » b i AVHRR K,
AMSR-EKi, 74 Kilin L2\ DT, B
WE RT3, KWL TIIFEHIKIET — 2 O EEEIC
W3, L2L, A7 =L 27kmTHh 5 7-8, Bk
75 L ONEEREVE L 3 2 H AU S 512139
fRREAVHLE ¥ 5 .

(3) NOAA/AVHRR Ki# 7 — # & AQUA/AMSR-E 7Kl 7 —
v 4

NOAA/AVHRR Kl 7 — 4 12 McClain et al. (1985)D 7 )L
Y XL K> THERENZMCSSTA Lz, 7—4
Yoy b OZRBBEE I L1IkmTH D, MOz,
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WTHD., LrL, BHETTET 2886 H0E0ND FRAKET—% { 1314'3,5,;-,{“5
REDBH 5. FHZEOZ MR RE S L <, i

AW ARX %G5 Z L IFHEL W, —

AQUA/AMSR-E KR 7 — % 13, A% 17 m/sec LI, # BIEEAHEE

Wis EOKRREMNTBENGAERL &, ZOREELZITT Jppap

BT A2 N TES, L L, ZHMEESEIR KEBT—%

40~50km &ML, WIS BI£R 3 B /BB 22 i <0 Hir issT EE%?
AN A ST L EEL W, 72, R TTIRBERO~ 1 o =E-2 (0<=10) Wg<=05)
TIEHHBRE D TT = 4 135 hisn, KR TIRSE Sl AMSR-EEi{&

H(1996)D 7L T ) X LIZ & - THERK & 4172 Level2SST D

AMSR-E K& L 7=,

1ERRFiE

B U7z & S Ic M H 2 B b LT 2 J2l K I (bulk & RE WET_5fiti
SSTY UK AL AN —TE KW, 22T, YHOKET i

ICHUS L 2 REKE T — 2 28 i, KTt 3
AMSR-E Kik(sub-skin SST)7 — & & AVHRR Kik(skin SST) WELE
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ek 2 PRI OWTHE L7, ER TR Fig. LIRS
k212, 3BT u v A bR XA T 5
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SN TEoTHHICK s, WEREICKS2E, HE HE2REREER
IZLBEEENEEINDZDOT, F— 2 OWEEMHBLEIZ
5%, ZZT, H-BREE LT, BEMEDESOKETOM —
WA &2 FHWT, S8ll7 — 2 OMEER 2175 7. AMSR-E
FRABRO B FEE L, WEENE > L EMEE LT
BIGHER 7 2 ) —Ofifg ETEL B->TW52, 20
O CIXEENEL , HHVIRRAMAASG RS, Z
DRI E D 5 72012, HHEEL TH 515 AMSR-E
KT — 2 #WHAT 5. 4 HZE&TEE3 HBED AMSR-E
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W7 — 2L WEEE L 23R A VT, AVHRR K
F= A EMIEL, 3.5km %) v F 45O SIS AR 346X
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IZDWTHEHEPKRE —H Z &Ik L, FlzE#mL TonN
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Figure 1. Flowchart for acquiring horizontal distribution of
high-resolution daily SST.
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Figure 2. a) Frequency distribution of AJSST that is temperature difference between directly observed in situ
SST(ISST) and SST published by Japan Meteorological Agency (JSST). These data are collected from 27 to 29,
April, 2005. b) Distribution of high-quality in situ SST (ISST) selected on condition that AJSST (=ISST—JSST)
is smaller than 2. Red star % and green quadrangle B stand for mooring and buoy observation stations.

BRI T — & Al L 7=,

9, FHPABASST) & K IT fE M K ISST)D 2%
(AISST) &R 7=, —fil& LT, 20054-4H27H~29H®D
AJSST O B J¥ /3 A % Fig. 2alZ/m L 7= . AJSSTD *F- 1y
(AJSST)iZ 0.53°C T, ISSTAJISST & W H <, HEHERZE (o)
X 1.32°0C L 5Tz, RIS, 20 B EodzilkdE & HLD
Br&, K AISST2HAISSTA#2E L&, HiLWAISSTE L
2. ZOHMEE 6=1.0°CIZB 2 £ THROEL, 5 EBRS
IZHWBISSTF—Z X v b #fER L 7=,

ZDO&SIZL T, 5K N=FZIAKIRD 22 53 46 % Fig. 2b
IR L7z, JEOT — AN 257312/ L, &k 7 — 4
Bix22m3 Lk, &kD87% TH - 72(6=0.95°C). TN
SRS P X M7= ISST % HIV T 0.001°X0.001° 7Y v K (D22
MRS D F — 2 #{ER L7z, KEBFE -2 v FAO
ISSTIX Pl &R 72, ZD &S BIRMEIZE D, BiKH
IZISSTOT =82 DH 570 v FEIZ3ICHD, Ihb
DF — & EWWEER XN HEZHART -2 L L.

¥, Fig LWIRT KO —PREOEEDH T8 =B
FEIZHIN S 6=0.5°CDISSTF — & & b 1K L 7=,
AMSR-EKBDFHIE (E_EXR)

Z 2T, AMSR-EXKiED 1/16°2°) v KD 3 HREA KK
%, UTFOFHE THERLZ., HEIERYH E Z0OR2H
MDEF3 Hr D AMSR-EAKE T — 4 &L, &2 v F
THOLN 24 Hmn)DAMSR-E/Ki#% ASSTE LT, 3HM
DF =426, BHOEAEMNT 2 KIRASST) %

ASST(n)=(2ASST(n)+ASST(n—1)+ASST(n—2))/4 (1)

ELTRD 7=,
RIZHHR U 9 FEBET 23302 v F (59

21 kmx21km) D/KiE % W TREREIN 2 b 17 - 72,
72, FT=EMMFELBEWT Y v KX Z ORI 3X3 o
7y FIZEB W 5 KET — 2 Ol & TR L 7.
—ffil& LT, Fig. 3alZ2005% 4 ] 29 H & AMSR-E Kifi
DABAERASSTA/R L7z, ZORNERIBL7Z&H 12, 4
A 27~29 HD 3 HED AMSR-E Kt & FHOTIER L 728 ©
Th5. WAL 5> T3, ZhiZ AMSR-EXK
ROMERRER A KDL TS, F7-, F— 2 DZWE
BRI 20 , FEll R AR AR L 5 20 B 25,

mEF = v 7 EN72ISST & ASST D 3% (ISST-ASST) %
AASST & U, Z D22 5546 % Fig. 3b1Z, AASST DHHE 5y
fii% Fig. 3c\SR L7z, &F — 2617 THY, 7~ 4%
FE PR CIMK <, BISEE, GHUEsS s oS
MAIZH T TEL & 5 T 7= (Fig. 3b). AASST D F-HMH
(AASST)iZ —0.27°C (ISST<ASST), 6=0.92°CT & - 7=
(Fig. 3¢). T Z TAASST=20l LD F -2 %2k L
AASST DFHIEA 0127 5 K 5 12 ASSTIZ Ml 2 & L
7o MBI B % Z KR HEZAIZ 0.3°CFE (G
BEIEA, 1972; FHH, 1994) LvvbhTnwadZens, Z
ZTiF0.5°CE —DDHRE LT AASST DFEHERZE (o) 2
0.5°CLIFIZn%FT, ZOFHEEFEVELZ, Z0BEE
TERDT — 2 HBREIh, BB - 727 — & 4941
D2 A % Fig. 3e iR L7z, 7 — 2138k T b 5 Ht
BRI ER LT, ZoXkS L TELME
AASST DHEJE 4347 % Fig. 3dIS/R L7z, 2D & O FH4fil
£ —0.02°C, 6=047°CTdH 7.

LI EOFNETRS 72 6=0.5°C D AASST % ffi 5 T, 1/16°
)y KO AASSTDZER T — 4 BAEK L7z, 770 » FOD
Iz T — 2 2fl Ll FAEET 2 54 13 P s ke, &
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Figure 3. a) 3-day composite image of AMSR-E SST (ASST) on 17, May, 2005. Color bar shows temperature range
from 12 to 27°C and temperature contour interval is 0.5°C. b) Distribution of AASST that is temperature differ-
ence between high-quality in situ SST (ISST) and 3-day composite AMSR-E SST (ASST). ¢) Frequency distribu-
tion of AASST that is temperature difference between high-quality in situ SST (ISST) and 3-day composite
AMSR-E SST (ASST). d) Frequency distribution of AASST afterAASST larger than 0.5¢ are removed. ¢) Distrib-
ution of AASST after AASST larger than 0.50 are removed. f) AASST interpolated every 1/16° grid by using on
AASST smaller than 0.50 as shown in Fig. 3b). g) Distribution of AMSR-E SST after correction by using AASST
as shown in Fig. 3f and also quality controlled in situ SST.
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)y RIZTF — 2 B85 WBAIZIE, 2R0CA 7 5 4 2V Hifill
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INSDOFIIET — 4 ZHWTASSTEHIIEL, 612
BT R BT KR (JSST) % IV T il 1E 3% A AMSR-E K il
(ASST)D B H B AT 572, 2D & ZIZISST & ASSTD
D FEUEMR 25 (0) 7} 0=0.5°CIZ & 5 £ TASST % & 5 T Hfi
Ebt.HW%'ﬁBhtAﬁT@ﬁﬁ%ﬁgguﬁbt.
FSIE T — 2 DR TH D, INHE A & )k
BRI L P AIED 3 7 T2 I A LTz,
EFREEKET — 2 DIER (B=ER)

BB CER L 721/16°2° Y v F O AMSR-E KR X 1&
WO AA D ZENTEDZEOD, &S P
P CHET A IMEZICE > TUE, KO EMBGEEDOEN
KBAMHBEHATH 5. 22T, ZRBMELE R E (8
1.1km) AVHRRAKHE T — & # vy, 1/40°2° ) v F D
AVHRR KB AKX 21K T 5. Z DA, AVHRR KR
?—&@%E%%&é%%ﬁb%tw,%'T5iv
5B TSR 72 ASST & ISST & B L 7.

WELAFRNZ D72 > TER & 72 AVHRR Hi§ 7 — 4 %
B L 7288, BRIk s HEZH 7z > Tlifg 7 —
ABRFENENEWI Z a7, £ T, HE4H
EZDORTAAMOESHADF — 2 % i TAKL, A%
DAKBA AR OIEREEL L 7=,

KIZ, ASSTELISSTA#ZM L TREMWEEZREL 2
AVHRR AT — 4 % & &1, YHAEEOLBRESHBO
T = 2 &5 T 1/40° 2 U/bmmﬁ B & AER L 72,
ZOABIZEL, XORXIZ & 0RO BRI E2175
EHIT, 3S5kmDZEBEEKL, T — 4 B{FELENWS
Vo N TN ET - 72, RIOEAMN TIE, DLTokk
DThs. HHMmMmODKENSST(n)id, AVHRR K %
NSST(n)& 45 & %,

NSST(n)=(4NSST(n)+2(NSST(n—1)+NSST(n—2))
+(NSST(n—3)+ NSST(n—4))/10 )

TR 7.

BB TREEB L 72 60=0.5°CDISST & 4 RS T
VBB PR U 72 ASST # HEFRHIKIR 7 — 2 dSSTY& L, 2
EXIE & IRk 72 7% T AVHRR 7K 2 #fliE L 72,

20054 20 HDOIGA %K E LT, 4A2572520H
T 5 HMBIZHE 5 72 AVHRR O KA B 1% (NSST) %
Fig. 4clZ/n U7z, 4 H 29 HDISST & NSST D 2% % ANSST
(=ISST-NSST)& L, ANSSTOHIT20Ll EDF — & %%
FU, N4 T 2EMIEL TH LWANSST & L7z, RIS
ZOFH LT — 2 OE M %EFNR, 20l LDOT —
a%%ibfﬂ47x%ﬁﬁbt.:@ﬁﬁ%oqw%
IZEBETHOELZ, ZOFTIRRENIZT — 280
15225, 6=047°C T, /34 7 1% —0.069° c&f;ot.

ZOESIZLT, mAEMITE S N7z ANSST D2 53 i
% Fig. 4alZ/m L7z, ZORIZA S B ANSST D22 Ikid 2
RICAT 74 VHIREIC K > THIFI L, 1/40°0D 42" v

ZB BT — 4 #ER L 72 (Fig. 4b). DIEOFIEIC
Ko TR LNIMILET — & &V, AVHRR KUK % fERK
L 7=(Fig. 4d).

Hili 1E i1 0D AR 53 A X (Fig. 4c)& Hol§ 5 &, koS
2= F XL PT0 B2, FEHIC A D & KR Al IS AHE 2
AEND. HlZIE, WIERTTIE34°N, 137°EA 5 31.5°N,
I3°EfF 304l L T 2 Bl kIgfric k> Tl Eh 7
18~18.5°C B DIEAKMEIK L, HHIEZ TIX18.5~19°CHER
R Eo T\, 77, 33°30'N~31°40'N, 139°E~
140°E DY TO KR AL, fHIEB D A% 0.5°C K <
%o Tz,

zZ =

2005 -4 H 29 H &, FZWIKIE & i 5T & A F % o
AWRR*E@%%%%h%hRgMJb;TLt.ﬁEm
@ AVHRR K & F2HAMED /S 4 7 213 —0.423°C, RMSE
130.847°CTdh 54, MIEHICIZ/ YA 7 Z£20.081°CIC,
RMSE 1% 0.370°C & 7 > T\ 7=, /54 7 %, RMSE & & #fi
FRINELS B5TWBZ ERbhr o7z,

KT, VR 28U TRRX Z1ER L, KiREEIZD0
THReET L 7=, Fig. 613220044F-10 A 1 H2*5 200549 A 30 H
F TO 1457 O AVHRR i 1IE K & VB BE & 7z F231K
WD ZED RMSE DR TH 5. RMSE X 2754 7RI/
GNAIZEAL, 04°CEBMA DR DS E DD, Hh
0.2~04°C DFEBIZH > 72, F/=, —4F-R D RMSE D
120276°CTH 72, ZDT &iF, EHIZED D 7 < 2l
AKAIZIED N 72 AVHRR KR IEE BN TH 5 2 & &R
LT3,

INFTHNRTEALDIT, KT THO 72K XIER
FiEIZAMSR-E~ £ & U(Ezmm%%thf'ﬂ W 3B O T
ETho7, LrLl, K0 kE LT, AMSR-EXK
i % i3I AVHRR 7K % FEHIAKE THIIES 5 2 &
NEZB5ND. ZZTlE, AVHRRAKR &S 7 — 4 ¢
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Figure 4. a) Distribution of ANSST that is temperature difference between quality controlled ASST (ISST) and SSTs
obtained by AVHRR (NSST), after ANSST larger than 0.50 are removed. b) ANSST interpolated every 1/40° grid
by using only ANSST smaller than 0.50 as shown in Fig. 3a. Color bar ranges from —2.5 to 2.5°C. c¢) 5-day com-
posite image of NSST on Apr. 29, 2005. Color bar ranges from 12 to 27°C, temperature contour interval is 0.5°C.
d) 5-day composite NSST on Apr. 29, 2005 corrected by using ANSST as shown in Fig. 4b. Color bar and temper-
ature contour are the same as in ¢). ¢) 3-day composite ASST on Apr. 29, 2005. Color bar and temperature contour
are the same as in c). f) 5-day composite NSST corrected by directly observed SSTs. Color bar and temperature
contour are the same as in c). gl, g2 and g3) Original image of NOAA/AVHRR SST obtained on 28, 29 and 30,
respectively, April, 2005.
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Figure 6. Time series of RMSE of difference between ISST and corrected NSST from Oct. 1, 2004 to Sep. 30, 2005.
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