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Abstract : Characteristics of skin-bulk sea surface temperature (SST) differences in the Northeast
Asia seas were analyzed by utilizing 845 collocated matchup data between NOAA/AVHRR data and
oceanic in-situ temperature measurements for selected months from 1994 to 2003. In order to
understand diumnal variation of SST within a few meters of the upper ocean, the matchup database were
classified into four categories according to day-night and drifter-shipboard measurements. Temperature
measurements from daytime drifters showed a good agreement with satellite MCSST (Multi-Channel
Sea Surface Temperature) with an RMS error of about 0.56°C. Poor accuracy of SST with an rms error
of 1.12°C was found in the case of daytime shipboard CTD (Conductivity, Temperature, Depth)
measurements. SST differences between MCSST and in-situ measurements are caused by various
errors coming from atmospheric moist effect, coastal effect, and others. Most of the remarkable errors

were resulted from the diurnal variation of vertical temperature structure within a few meters as well as
in-situ oceanic temperatures at different depth, about 20 cm for a satellite-tracked drifting buoy and a
few meters for shipboard CTD or moored buoy. This study suggests that satellite-derived SST shows
significant errors of about +3°C in some cases and therefore it should be carefully used for one’s
purpose .on the base of in-depth understanding of skin-bulk SST difference and vertical temperature

structure in regional sea.

Key Words : sea surface temperature, skin, bulk, diurnal variation, MCSST.
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Fig. 1. Distribution of the collocated points between NOAA/AVHRR sateliite data and
oceanic in-situ temperature measurements according to day-night and instrument
types. Oceanic in-situ measurements were classified into 4 categories of daytime
drifter (red circle), daytime shipboard CTD measurements (pink triangle), nighttime
drifter (blue circle), and nighttime CTD (cyan triangle). The background image
shows orography and oceanic bathymetry in meters.
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Table 1. Distribution of the number of the matchup database between NOAA satellite data and oceanic in-situ measurements for

arbitrarily selected months from 1994 to 2003

Year Month|  yan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec | Total
1994 2 2 38 42
1995 30 97 8 135
1996 1 64 75
1997 57 29 86
1998 4 4
1999 49 27 76
2000 63 20 83
2001 1 2 3
2002 7 46 11 23 78 25 36 226
2003 3 33 4 75 115
Total 15 70 4 57 46 126 171 72 52 78 110 44 845
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Table 2. Coefficients of the split-window MCSST equation (1) for NOAA satellites. The coefficients of NOAA-11, 12, 14 were derived
by the NGSST team of Tohoku University and those of NOAA-15, 16, 17 were derived at NOAA/NESDIS

Satellite Time a b c d

NOAA11 Day 0.994994 2.249194 0.485238 1.997911
Night 0.996243 2.019811 0.636677 1.768488

NOAA-12 ]Z?ay 0.976624 2.259260 0.505390 8.121809
Night 0.964344 2.250210 0.482484 10.525784

NOAA.14 D.ay 0.995297 2.141028 0.570288 1.440309
) Night 0.978227 2.080701 0.677174 6.392618
NOAA.1S Pay 0.993892 2.752347 0.662999 1.753027
Night 0.959456 2.663580 0.570613 12.120265

NOAA16 Pay 0.999317 2.301950 0.628966 -0.620000
Night 0.995050 2.536550 0.753291 0.000000

NOAA.I7 Pay 1.010150 2.531500 1.000540 -3.440000
Night 0.992818 2.499160 0915103 1.944000
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Table 3. The number of the matchup points classified into day
or night and instrument types such as drifter and
CTD. Percentage corresponding to each number of
the matchups is shown in the parenthesis

Time .
Instrumenis Day. Night Total
Drifter 232(274%) | 199 (23.3%) | 431( 51%)
CTDetc. | 250(29.5%) | 164(194%) | 414 ( 49%)
Total 482 (57.0%) | 363( 43%) | 845 (100%)
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Fig. 2. Comparison of in-situ SST and satellite-derived SST

for the cases of (a) daytime drifter temperature, (b)

daytime shipboard CTD temperature, (c) nighttime

drifter temperature, and (d) nighttime shipboard CTD
temperature measurements from 1994 to 2003,
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Table 4. RMS and bias errors of satellite-derived MCSST to
in-situ SST by measurement time and different
instruments such as satellite-tracking drifter and
shipboard CTD

Error RMS (°C) Bias (C)

Instuments \| Day | Night | Total | Day | Night | Total

Drifter | 0.5636 | 0.6747 | 0.6177 | 0.0416 | 0.1140 | 0.0750

CTDete.| 1.1257 | 1.0569 | 1.1047 | 0.3993 | 0.1451 | 0.2986
Total | 0.9168 | 0.8673 | 0.8967 | 0.2271 | 0.1281 | 0.1846
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Fig. 3. Distribution of SST errors (satellite-derived SST minus in-situ SST) as a function

of in-situ SST for the four cases of (a) daytime drifter temperature (red circle), (b)
daytime shipboard measurements (pink circle), (c) nighttime drifter (blue triangle),
and (d) nighttime CTD measurements (cyan triangle).
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3oL (a) Day Drifter

MCSST - In-situ SST (°C)
Fig. 4. Distribution of SST errors (satellite-derived SST minus
in-situ SST) as a function of in-situ SST for four cases ;
(a) daytime drifter, (b) daytime CTD, (c) nighttime
drifter, and (d) nighttime CTD measurements.
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Fig. 5. Location of matchup points in red asterisks satisfying a condition that SST errors
from nighttime CTD data show strong negative values of less than -0.5°C and in-situ
SSTs of less than 7°C. The background image shows oceanic bathymetry in meters.

-280-



Oceanic Skin-Bulk Tempeérature Difference through the Comparison of Satellite-Observed Sea Surface Temperature and In-Situ Measurements

3ol gl dleHes 2 Bt o] 4xAE
2 tiFolLt A bl YR8t Kot S2)9f P
S A o2 ol Wz FLolr}, mEkA sieHeE @
Zpof] Aro B RE A7t ofH G 7A =X AL
Bt Fig. 62 Y] 7H4] B579) SST 228 Ao s
HEl] A g2 UEhd ot} Ao 2HE Y
A9 100 kmE 7|E 22 34 & o A7 22 At
ZojAE FEHSE 0310 WEEo] IA Uehta,
100 km Er} Ha] HojA Sl= Rore AdFoR
BE Zo] Ao £1TWHY WHof BESIL Qit, ol
£ & v gk sl sty AoterRE | Ao
w2 A SST 2212 W55 Akst Fig. 7ol Uet
Ytk 100 km oyl Sl= AAEL dleH2T
o3 W] BF WAL 0.9~12CE 7MY £ H3E

| (a) Day Drifter

MCSST - In-situ (°C)
WL o aNn WA

MCSST - In-situ (°C)

MCSST - In-situ (°C)

MCSST - In-situ (°C)

10*

Distance from Coast (km)

Fig. 6. Distribution of SST errors (satellite-derived SST minus
in-situ SST) as a function of a distance from coast for
four cases ; (a) daytime drifter, (b) daytime CTD, (c)
nighttime drifter, and (d) nighttime CTD measurements.

=
M
¥

4

® -
*

#*

STDV of SST Error (°C)
S
*
%
*
*

o
s
%
*

0.2+ x Tk

%00 200 300 408" 500 600 700 308 so8 T 000
Distance from the coast (km)

Fig. 7. Standard deviation of SST errors (satellite-derived SST

minus in-situ SST) as a function of a distance from the

nearest coast.

15/ (@) Day Drifter ]

0
-4 -3 -2 -1 0 1 2 3 4

(b) Day Ship

Number
-
o

0
-4 -3 -2 -1 0 1 2 3 4

15L  (c) Night Drifter

-4 -3 -2 -1 0 1 2 3 4

L (d) Night Ship : |

% -3 2 -1 0 1 2 3
MCSST - [n-situ SST (°C)

Fig. 8. Histogram of SST errors (satellite-derived SST minus

in-situ SST) for (a) daytime drifter temperature, (b)

daytime CTD temperature, (c) nighttime drifter

temperature, and (d) nighttime CTD temperature

measurements.

-281-



Korean Journal of Remote Sensing, Vol.24, No.4, 2008

R Qa2 Uate we} s es 2ate] Wy
% F48] gasgld, detezReE 500 kmiEo W

100 km ool S QAF A2 SoIA] wik ol
ufeba] $14 S-0] @A Hol7h bt RS o
35171 $lstel Fig, 83} 2ol ] 74 5ol ate) 9
4 Senes ool s BEE AT, Fig
8% 8col LehW £3 Bohel 42 4RZ vlws) B
W wh e 49 B A WEgvh ofel ooy
wuglont ARAL h Hierstelnt i, Fig, 8b
o} 84} o] CTD B3l 23 3 Fote) Frees
QAH= 1T ol3te) %) WSl Be MESv} Bt
93, ol Frj W47t 05T 2HY 89 99
oA AT, & W F YA EFeliAE B
wg 7heste] sl4H ofstel E3 feurh oA,
el w2 i) /2 B A ol met 9
4 SST7L B3 40T} WA A2TE 2O AT
4 olrk, oleiE ARNL Y= AFEUOL S
ol £7 Prtolol 2 WATEE HE FBY T
sfeh. whebd $14 SST A9 453 a9l 52 sht
24 Qgrel Fee & 4 glgton, deklA Fokre)
Aol7t elafe] vlsh B of 2 sk Astri 2zt

[s N
£ 22 + A%t

3 U7l #5712 I

gi7] $9] $£57] g wekd AVHRRE 294
oo = Wi el 2w 7ro zjolrt gk & 7|
%9 £%7] o) o w245 Tium—Tigume 7
Ak, A SrE2Es AET of ARSSHe Y
2|Z9] MCSSTollA= of2igt th7]9] $=57] 2%t 4
FHEY zo|E Tt Yot X3 th7]of 9
3 2TE oEtA AAS) - Tium—Tioum &
o] 0ol 7IHE4E di7le ARE AEjolH o] Fhol
2T oAL 2 AA Aol trje &3 Aol o
23t AMLS 7122 YA SST A2 TiiumTigum®
42 Fig. 9acl TAlskEh =&k Aol7k 15T
ojalo wo] BE3}IL glojA YA AwTt £ H7)
Heh= AZ3 giz|oA wol FYHASE #5258 &

itk zt B7of oigt 925 AuE A, Fig. 9e9] oF

7HCTD B9 A% 44 SST 247t o7 371 %
of dfate] ool APAAE Kk oo 3
g A4 A ot 2,
MCSST - SSTcrp Night =
0.4708(T110m ~ T12pm) 04072 (3)

Z Tiym—Tigm?F 1T 018t 717k AZe A $oll=
A4 sieEe=r) WA AXE L BHEO Tiym—Tigum
7h 2T o1l &3 ASole 94 siEHRE BF
Z2of wla] A AbEEE Age] Ut ol A
A& Park et al.(1994, 1999)0l 84 B3l A= 2
At Fig, 9b9} 9doll TAIG £F E749] A9E=
71717k v ZR|eE vlegt FEdE Bl 3t
CTDQ] 4= AAH o2 ¢ 225 wol 7H3 ¢
I g719] £571% disiA Boldt deBAE 7HA
) = A P R b 1

N

on

for EE0| 45|

i

Xo| Hak

)

—L [=]
shaFe] S8 2ok 717180) AHT £4E £
AEhe AL A4 o] opth, B3 B/ EH7o|

O

20 cm Woll AIskar QlofA st et 282 3
o o= Ar A3 ZlolE FASHAEL 2, F
T e EHAA 24 LF0) TET o= dF
FAE 317 offeh CTD AR: Aw BATA|
A 5% 7itelolA BEE L BE ¥ 25 5
Lo dFete = m 2 ARE ARG nEA o
oA BRd AT s eate) geft 54
& ol #Z7|7I50] L& BESE Holt e
th= A3} sjeke) #2314 a2 F27t dHskE due
ol Frobkz 4= 3.

2 Ao U 2AEE EUR 93 W mE
oAbz =29] =214 L2 WIS Fig. 1090 AL
2 Uehfoltt, Wolli= Fig. 10a%t Zo] 95940} ¢
Z3l= 759 20| 7 £1 sAlo] HojAsE |
A3] Zaste] AT seof =gsta, Wl Fig.
100} o] B EH F2Q Wzto] o]Rojof mt
FHo| 7P 32 28 7HA Hi o] ZojAe
g p2o] Sk e Hole FREAGN &
ek, vt sk = Tto9f o] 4 A 27
HIEA] Fig, 10 T2& 2 ofyth, W vigo] §
o] & A9 w39 Efto] @Usla HFofN di7l2 @

b

-282-



Oceanic Skin-Bulk Temperature Difference through the Comparison of Satellite-Observed Sea Surface Temperature and In-Situ Measurements

5 T T 1]
@ Day Drifter
4 (a) & Day Ship
3k A a ® Night Drifter | |
& . a 244, ~a Ban & Night Ship
fon. @ Y I A
é g a 2 g a X

Sateliite-Insitu (°C)

41 4
S 1 2 3 4
T11p,m-T12um(°C)
& 4t (b) Day Drifter 4} (c¢) Day Ship
< 2o © ©
32 . 2 8 & »
2 g - 0
o ®
2 ®
& -4 -4
0 1 2 3 4 0 1 2 3 4
9 4} (d) Night Drifter 4t (e) NightSE‘jp
2 2‘ ad P
2o :
@ Py
%_--2
& -4
) 1 2 3 40 1 2 3 4
T11p,rn-T12p.m(°C) T11um-T12;Lm(°C)
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