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Temporal and spatial analysis of SST and thermal fronts

in the North East Asia Seas using NOAA/AVHRR data

Hye Kyung Byun
Department of Satellite Information Sciences, Graduate School.

Pukyong National University

Abstract

NOAA/AVHRR data were used to analyze sea surface temperatures
(SSTs) and thermal fronts (TFs) in the North East Asia Seas. Temporal
and spatial analyses were based on data from 1993 to 2000. Harmonic
analysis revealed mean SST distributions of 10~25C. Annual amplitudes
and phases were 4~11TC and 210~2407C, respectively. Inverse distributions
of annual amplitudes and phases were found for the study seas, with the
exception of the FEast China Sea, which is affected by the Kuroshio
Current. Areas with high amplitudes (large variations in SSTs) showed
"low phases” (early maximum SST); areas with low amplitudes (small
variations in SSTs) had "high phases” (late maximum SST). Empirical
orthogonal function (EOF) analyses of SSTs revealed a first-mode variance
of 97.6%. Annually, greater SST variations occurred closer to the continent.
Temporal components of the second mode showed higher values in 1993,
1994, and 1995. These phenomena seemed to the effect of El Nino. The
Sobel edge detection method (SEDM) delineated four fronts: the Subpolar
Front (SPF) separating the northern and southern parts of the East Sea;
the Kuroshio Front (KF) in the East China Sea, the South Sea Coastal
Front (SSCF) in the South Sea, and a tidal front (TDF) in the West Sea.
Thermal fronts generally occurred over steep bathymetric slopes. Annual

amplitudes and phases were bounded within these frontal areas. EOF



analysis of SST gradient values revealed the temporal and spatial
variations in the TFs. The SPF and SSCF were most intense in March
and October; the KF was most significant in March and May.
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e A7 dth(Deacon, 1982; Mavor and Bisagni, 2001; Wang et. al,
2001; Belkin and Cornillon, 2003; Miller, 2004). gHHF= S s o] sfoF A
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NOAA/AVHRR(National Oceanic and Atmospheric Administration /
Advanced Very High Resolution Radiometer) MCSST(Multi-Channel Sea
Surface Temperature) A5 & A&t A5 Az W= 1993~20001
o]a1 7} s+ 8Y H Axo|th ¥ AE+= Mcclain(1985) 2418 o] &3
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25 289 PFSST (Pathfinder Sea Surface Temperature)E AF-&38H# &
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Fig. 1. Study Area (o : serial oceanographic data station).
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Fig. 2. Validation between Serial Oceanographic Data(SOD) and Satellite




Table 1. Locations and correlations of validation data in Serial
Oceanographic Data (SOD) and Satellite MCSST

= Skl Ll
St. 103-7 St. 309-7 St. 205-3
91 %) 36.30°N 35.51°N 34.05°N
4 130.00°E 125.00°E 127 56°E
D Ty 17.26°C 15.31°C 18.61°C
a4 36.29°N 35.59°N 34.01°N
R
o 129.99°E 125.06°E 127.52°F
qiee 18.61°C 16.03°C 19.25C
A 0.89 0.92 0.89
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Fig. 3. Distributions of mean SST(C) by harmonic

analysis and Thermal Fronts (red dotted line).
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Fig. 4. Distributions of annual amplitude(C) by

harmonic analysis and Thermal Fronts (red dotted

line).
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Fig. 5. Distributions of annual phase(®) by harmonic

analysis and Thermal Fronts (red dotted line).
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Fig. 6. Distributions of semi-annual amplitude (C) by

harmonic analysis.



Table 2. Comparison between annual amplitude and phase
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Fig. 7. First EOF of SST.
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Fig. 8. Second EOF of SST.
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Fig. 9. First Time Coefficient of SST.
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Fig. 10. Second Time Coefficient of SST.



EOF 1st mode PSD

om

i
10* 10° 10° 10"
Frequency (cycles/day)

Fig. 11. First Time Coefficient PSD of SST.

5 EOF 2nd mode PSD
10
|
N
Fl
frmh e L
/ | [ISEANAR e
Lol LR ]
s R
Y
| '
] f
10°} i
i
10'E Al
10* ‘ 10° ‘ 107 ‘ ‘ 10"

Frequency (cycles/day)

Fig. 12. Second Time Coefficient PSD of SST.



32 5 A4

)

o
b
2
_I

Sobel Edge Detection Metho

3C oo A #HE 7HAe d9nts ddoew dAdsdvh(Fig. 12). o

o,
i
%
>
)
o
o
R
il
-3
X
oo
gir‘
2
s
é

sk ls o YAA 0.3C7F 7H A A4 s delA veues 5
AL 2A b A 2 ddol yetwed Wl 7hA e 2 dAde] 7H7
e T g dde Rl sidstd v (Fig. 13). AA, &

S FEdtH 59 39~40°0A4 57 130~140°¢ A o= A ol (Subpolar
Front), &4, T =alal el At 74 124~126°14 59 28~32°9
A4 A HE F2A QL A (Kuroshio Front), A A, Falad 5 34°,

7 125~129°0 A5t AR Fe]ldetd A (South Sea Coastal Front),
mpA ko 2 Bl E F A A dEbUA = AR Asja] e ol dhuirte] A g
z2o] 718t =474 (Tidal Front)e] WERSTh F2ZAIL ddelgt std
74 150°7kA FAE A dE G sl A H= FEAL el dn
Aolu, TFwala gl fAse FEALAD £ FERAL HFY TFH
o &2 Fyd o S AAE fo FAHAAE AP 2N ojHe
g ATFES 3 A3 (Qui et al, 1990; Akio et. al, 1993; Yanagi et

al, 1998), #s oA F2A A & 4 . ofFdAdd= &3l
ERAHor ZelsEolles 53 dF B F-AFY FHLFETd e T
FA(HL, 499 o5 4 : Subartic water)¥} F% 2] 22AvpdFo} #4435}
= UdFY (e, 199 oldti4 : Subtropical water)ol] ol a WA gt} )



AGHAS P At (cold water)$t et 3 (warm water)oll o] s &
A o] YEW T Yanagi (1987)7F

Adl= Y% (Open Sea Front)e] & Fejoji, FEZA HHLE U5

2 g A PR 2 o0 o

2L

ofr
2

A (Continental Shelf Front)% ol 4] %= Coastal boundary current Frontol] 39
st,  deldotd My Mz AAL AobH M (Coastal  Front)F ol A =

o~
OE]_ T )\/\}\}\I;}_.

Thermohaline Front®} Tidal Frontel Z+7t 3

ofl
et
o



93-00-Gra-Front

44°N
T
405
40°N
B g
36°N los

32°N

28°N

120 125°€ 130°E

135°E

T

Fig. 13. Distributions of SST gradient value () and
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Fig. 14. Classification of ocean fronts (Yanagi, 1987)
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