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Abstract @ A4 long-term trend analysis of cold water masses along eastern coast of South Korea was performed during summer, based on wind speed,
wind direction, and sea surface temperature (SST) data. Wind data collected over a 22-year period (1997-2011) were compared with another set of
data collected over the successive 7-year (2012-2018), highlighting a general decrease in the frequency and speed of south winds. However, both the
frequency and speed of these winds have been higher in June between 2012-2018, rather than between 1997-2011. The cold water season between July
and August was faster during the 7-year period; moreover, the SSTs registered around Gangneung (EN) rose by 0.5 C- 1.8 C, while those around
Yeongdeok (EC) and Gijang (ES) increased by only 0.1 C-0.3 C. The number of cold water days during the 7-year period, compared to those recorded
during previous years (1990-2011, satellite SST data by NOAA/AVHRR), decreased in the proximity of Yeongdeok and Gijang, but increased in the
proximity of Kangneung. Additionally, the number of cold water days around Kangneung, Yeongdeok, and Gijang increased in June highlighting a
geographical and temporal change in the occurrence of cold waters. These observation can be explained by variations in the pressure distribution that

should have weakened the East Asian monsoon, affecting the direction and speed of winds that regulate the flow of cold waters.
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Fig. 1. Location of AWS, ASOS, RISA and NOAA/AVHRR
data area of 30 km x 30 km.
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Fig. 2. The frequency of wind direction (dotted line) and its trend

analysis (solid line). (A) Jumunjin (523), (B) Yeongdeok (277)
and (C) Gijang (923). The color of blue, red, green and
purple indicate May, June, July and August, respectively.
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Fig. 4. The monthly mean sea surface temperature (SST) by satellite data from May to August. (A) 22 years (1990 ~2011),
(B) 7 years (2012 ~2018) and (C) difference between (B) and (A).
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Fig. 5. Time series of the daily mean SST and difference SST
on May to August for 22 years and 7 years by satellite
data.

Table 1. The monthly mean SST on May to August for 22 years
and 7 years by satellite data

[C]
5 6 7 8
EN 22 yrs 13.6 17.9 22.6 243
7 yrs 154 189 23.1 25.9
EC 22 yrs 14.4 184 225 24.6
7 yrs 14.7 18.6 22.7 24.9
ES 22 yrs 152 18.8 229 25.6
7 yrs 154 18.9 23.1 25.9
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Table 2. The number of days of cold water events on May to
August from 2012 to 2018

[day]
Station Kangneung Yeongdeok Gijang
Month 5 6 7 8 5 6 7 8 5 6 7 8
2012 o 0 1 3 0 4 3 8 0 0 6 5
2013 0o 0 1 0 3 3 21 11 0 0 21 24
2014 1 4 9 4 0 3 17 10 0 0 27 4
2015 1 3 3 0 5 1 14 9 0 0 6 12
2016 o 0 0 1 0 0O 1 2 0 3 16 4
2017 0o 0 16 0 1 7 231 0 0 19 5
2018 0O 6 1 4 0 4 6 5 0 4 8 6
Total 2 13 31 12 9 22 8 46 0 7 103 60
Fig 6 Yoo 724 &3 e 2 ageola FA
e B4 Adg dehiw Ade 24 e Y
=% FAE depdith 783 gde] gyt 71 da
T4 2dde AT 7d e AU AadHE FAE
Bl Wk, 682 3 &4 sgelA S7tHE FAE KAtk
53] Ao 790 Wl 74 2L SUHH = A
< Btk

- 586 -



w
S

++- Kangneung -~ Yeongdeok

Gijang July

Number of days of cold water events
R S G = S
Number of days of cold water events

2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018

June

August

ex of days of cold water events
o b MW A U oOO a B
Number of days of cold water events
e
&

10
Fig. 6. The Monthly total number of days of cold water events.
4. 42 % 0@
2 AT E 3 WFuE dovle FEAE vy
P WS AT BAan Q) LAl FeusE o
T3tk AWS/ASOSell A #5¥ 221 (19974 ~2018')7F 18
Fo 2R A7I5E ~8¥)9] uigre] W= A 154d(1997

W~2011d)y A AE, Do Aol o giAR oF

50% el FFAG vigte] Hlom npghe] ks 7t
FAZ Bk 28y T 790123 ~2018) Apo] H-A4
A7l A 698 ALsta FEAE v MET T FA
5 2o 793 8ol T2 HAsAH _5741031 v NE
7F 6€ll FolA AL lS-S &<l SIStk HE AL nigtel wh
E F5 WstE 9A A" 24 A6l A 471 15 B9 W
o A A|7]el Bt FEe] dEstkal Ao, 2012 ©]
T2 FHT A Ht FTEHES 089S A AFH PE

Btk Wad 2 A7)
A7 BEA3 Ay FHdo
4 /\_Qo] 74

NOAA/AVHRR 94 F&A= 5
v &) #H 2 7920128 ~20181)2] E3 At
4 8ol of 1T F5HA5S &l aF3lth

o ddel EN9 F& Ao
ECE 59 T+ ~64
U2 Yol S9ds
Z& o] Boro
HJAok ey H2 7
BAGAE 9493 7)H 94
doAor Ao Wl &3
W &4 sidd wshrt
Wt F2 HMEE]E 74
6de oy =4
Shin(2019)°] &1k A

ok &
>
=
e
e
©

& o
©
ol\
N
. —_
)
o
H
i
tilo

—E mg
oo
e
Lo
e
o

U
_?ﬂ
=
il
N
©
I
IS
3
Lo
2
=
b
ot
X
o
o 7

o 7] WE 2
A N SRR BT EFo] B7] A4stol %sﬁ
B oglje] Yool FAUe] F7hHa ek Avst

o AAE EFe wsks J1GuA ) WEG] e obA
o} Ez9] okgleli yhelo] Yt} Fig 7 19484 ~20174
9 69 ~ 89 9] FopAlo} B ARE ekl Hlolth 1948
H FolAlol BaARA 45t sgel FA1H o w
o AuHes A% oA 33

]

A7 0 A el A2 FobAlo

P_Oi —Zri A

oZ
ot
o
)

Q‘L
2
y
T

0
!

=
12
Q2
t
_?ﬂ
ol
:?g‘
N
1r
o,
of o (= ¥
4 to
=
O N oy ¥@ ofN ofy =2

(Lo = 1_—[.1

o L

2

e
!
1e
o

)
rlo
o

ox My o N

o = I
=
K
o,
32
v}

o b oy 2
Ko e[
oo 8

ofit -~

:Oé

N

il

o off
ol
3o 4

=
I
rlo
X
¥ 2
Koo
N
-101' &
5
B
=R

[t
oft
i)
>,
XS
>
lo,

r

ek o ok

Je) el vl
281} wpte)
og o

Ne
Ir
2,
odk
—E
2
o,
f o
-
Hn 1 ol 1%
= 32

9 =

]Z']

LIOJ
N

021 o

Azt 3 u)
Hl gk} AWS/ASOS HHghahe]
oftk. R ARH O nieel
Hstel o] W MERES
RV F7F ATF Aol

o

ol
At

Y

(2
18
=2,

b

ok
09;‘ oL
ﬂllo H—I

g 32

4
=
p
e
=2

B oATE 39714 Ba Ja Bggel vk as
% oo ek slelgo e, olgd Yy F4 1
£ ¥ oge FaE Hast shed 711 Ao AR
A},

Hmﬂ,ﬁﬂw% Ll |
y 7 W'W'W

3
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Fig. 7. The normalized time series of the East Asian Summer
Monsoon Index (EASMI) for the period of 1948 ~2017
(Ijp.geess.cn/det/page/65577).  The solid line
9-year Gaussian-type filtered values.

indicate

- 587 -



oy
N
re
%

(e}
oX,

At At

2 AT 20199 % FARAEATANG(R2019042) 0.2 5=
FEAFHTH

References

[1] Byun, S. K.(1989), Sea surface cold water near the southeastern
coast of Korea: Wind effect, Journal of Oceanological Society
of Korea, Vol. 24, No. 3, pp. 121-131.

[2] Choi, Y. K.(2015), Upwelling in the southwest region of the
East Sea in July, 2013. Journal of the Korean Society of
Fisheries Technology, Vol. 51, No. 2, pp. 212-220.

[3] Choo, H. S.(2016), Variation and Structure of the Cold Water
Around Ganjeol Point Off the Southeast Coast of Korea.
Journal of the Korean Society of Marine Environment and
Safety, Vol. 22, No. 7, pp.836-845.

[4] Hori, M. E. and H. Ueda(2006), Impact of global warming on
the East Asian winter monsoon as revealed by nine coupled
atmosphere-ocean GCMs, Geophysical Research Letters, Vol.
33, pp. 2-5.

[5] Hwang, J. D., Y. H. Lee, J. M. Shim, S. H. Youn, H. G. Jin,
Y. S. Kim, K. Y. Kwon and S. C. Yoon(2008), Physical
Oceanographic Characteristics in Hupo Coastal area during
Summer and Autumn, 2007, Journal of the Korean Fisheries
Society, Vol. 41, No. 6, pp. 505-510.

[6] Kim, J. Y., I. S. Han and J. S. Ahn(2018), Correlation
Analysis of UA Using Wind Data of AWS/ASOS and SST in
Summer in the East Sea, Journal of the Korean Society of
Marine Environment and Safety, Vol. 24, No. 6, pp. 773-784.

[7] Lee, D. K, J. . Kwon and S. B. Hahn(1998), The Wind
Effect on the Cold Water Formation Near Gampo-Ulgi Coast.
Journal of the Korean Fisheries Society, Vol. 31, No. 3, pp.
359-371.

[8] Lee, J. C.(1983), Variations of sea level and sea surface
temperature  associated wind-induced upwelling in the

southeast coast of Korea in summer. Journal of Oceanological
Society of Korea, Vol. 18, pp. 149-160.

[9] Lee, J. C.(2011), Upwelling-Response of the Cold Water off
Haeundae in Summer. Joumal of the Korea Society of
Oceanography, Vol. 16, No. 4, pp. 206-211.

[10] Lee, Y. H, J. H. Shim, S. W. Kim and J. M. Shim(2017),

Intensity of Water Temperature Fluctuation and its Effects on
Marine Culturing Farms Along the Southeast Coast of Korea,

. ObA) < . mbE B

ok

i =
the Korean Society for Marine Environment and Energy, pp.
188-189.

[11] Li, H., A. Dai, T. Zhou and J. Lu(2010), Responses of East
Asian summer monsoon to historical SST and atmospheric
forcing during 1950-2000, Climate Dynamics, Vol. 34, pp.
501-514.

[12] Seung, Y. H.(1974), A dynamic consideration on the temperature
distribution in the east coast of Korea in August. Journal of
Oceanological Society of Korea, Vol. 9, pp. 52-58.

[13] Shin, C. W.(2019). Change of Coastal Upwelling Index along
the Southeastern Coast of Korea, Journal of the Korean
Society of Oceanography, Vol. 24, No. 1, pp. 79-97.

[14] Yang, H. S., S. J. Oh, H. P. Lee and C. H. Moon(1998),
Distribution of Particulate Organic Matter in the Gampo
Upwelling Area of the Southwestern East Sea. Journal of
Oceanological Society of Korea, Vol. 33, No. 4, pp. 157-167.

[15] Yoo, S. and J. Park(2009), Why is the southwest the most
productive region of the East Sea/Sea of Japan. Journal of
Marine Systems, Vol. 78. pp. 301-315.

[16] Yoon, S. and H. Yang(2016), Study on the Temporal and
Spatial Variation in Cold Water Zone in the East Sea Using
Satellite Data, Korean Journal of Remote Sensing, Vol. 32,
No. 6, pp. 703-719.

Received : 2019. 06. 25.
: 2019. 08. 05.
Accepted : 2019. 08. 28.

Revised

- 588 -



