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Abstract — In this study, we investigated the occurrence of red tide along the coastal waters of Korea from 1981 to
2022, evaluated its influencing factors, and examined the relationship with El Nino/La Nina events. The primary influ-
encing factors for red tide occurrences in the coastal waters were identified as precipitation and riverine total nitrogen
concentration. In summers with high rainfall, diatoms gained an advantage in species competition, leading to an in-
crease in harmless algal blooms. Conversely, harmful algal blooms occurred frequently when summer rainfall was low,
as competitive species were absent, and under optimal water temperature conditions. The annual duration of red tide
occurrences showed a fluctuation pattern with a 14-16 year cycle and exhibited a strong correlation with the periodicity
of El Nino and La Nina(R=0.94). Through an analysis considering the lag time of El Nino/La Nina impacts on domes-
tic conditions, it was confirmed that if La Nina occurs between February and June, there is an increase in precipitation
and harmless algal blooms in summer of the year. These findings contribute to a deeper understanding of the relation-
ship between El Nino/La Nina events and red tide occurrences in the coastal waters, providing insights into the effects
of global abnormal climates on the coastal environment of Korea.
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* St. for p'recipitation and insolation
« St. for south sea surface temperature (SSST)
St. for river water quality
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Fig. 1. Location of stations for precipitation, insolation, south sea sur-
face temperature, and river water quality.

23 4™ BE Foff
AFANAME A
decomposition, EMD)<=
71’342 A kqlth EMDE v A3 A AIAIGA RS
2123 5h= A5 2] 2] W o] th(Huang ef al.[1998]). EMD 7|
e ts @AE AA dAEETEH A

(Empirical mode decomposition, EMD)
2

S| =

d2 m= & (empirical mode
© 7
S|

o]

=l S

T Ao Agste] 1

=
RUN

%

5 = 3<(intrinsic

mode function, IMF)E F& 3} 1) A5 x(1) 9] =14 HAFH A
UES AT 2) F4 HRUSEHH AR o x5
= TohaL, A2 o R 4 HUYPER A S
st} 3) A e T o e o] H SR NE xEhd
o] Ft m()E TEE 4) x()lA moFE WL E Ao AR
2 IMF $1.2 Fo3rh IMF ¥R IMF 248 W53 vz}

9
2] 1)~4) S v ste] A AE 74 (sifting) S ARtk IM
U b Ao =4 H A HYREe ok Al s
(zero-crossing) 2] 7<= 2Fo]= 10]™, 74 H 2 Qo] o of T}

T4t -8

o]

Z 710

i

nhek 25 2 HE IMFE &3 Folx YA ALt
E-IMF)7} ]33] v Fab AR FAE o] Sl A

AAE IS A Aol NHE A 8-8o] IMFE el otk

EEES

Rl

Y

Al 31

2.4 Y| /E b L) b T}

DY /e ke S Bt 915 AR E v
A% A5 (multivariate ENSO index, MEI)S A}2-3}91th MEI=
NOAA| A % &= Physical Science Laboratoryol| 4] ] 5-3}¢]
AFg-3191 THPSL[2023a]). MEI:= Do) B35 <k &) 9(30°S-30°N,
100°E-290°E) 9] #5=% S=-2(SST), A 715k, wheh, 123 A
T Z9 HALY] BE A g5l Ao R A& E Tk MEI
gholl whet Av o} ephuke] whgo] A4 Eth MEIZF +0.55.
o} ZW A, 055 2o ehuke (s, 1 A Yg
S5 dYw/ei e vt Adeke stk
A2 W) AL weh ) 49 & steksl) 13l MEI
o 971 B9 are] 4% SST AR ALSsth SST A5
+ NOAA OI SST V2 High Resolution Dataset= AF-8-3}31 U
(PSL[2023b]). SST A}5.9] 37t 3l == 97 = 0.25°] o}

o]

7} 50% o]+
2

e

CHKim[2015]). -3}

o5

Z3aE
polykrikoides= A
THKwon et al.[2014]).
AL v=2n, A, o
AFL e 4 QUtH(Lim er al [2021]).

Az WS C. polykrikoides©] 23+ -3l
polykrikoidess A 2] 8k ThE BLE Fofl <]
of 7423} SSTol whe 08 Az 24l
4R A 227004 a7
2 Ahgateleh. alokel A W) w4
Ha7) A E alAEe) SST Azl Ae st
Copernicus Marine Service2] 1993~2022', 0.083°2] 113}
1 SST 2482 2 AF-3+%] CHCMEMS[2024]).

d B 32 0

1o

N
_|>1z1, HU
BET o

Mro b

e

1 o|jo(o|O|OfO|O|O|jO|OfO|O|O|(O|O|OfO|O|(3|0O|1|(O|O|OfO|1(O|jO|1|(O|O|OfO|O|(O|O|1|(O|JO|1|0]|O

2 o|jofo|jo|OfO|1|0O|O|OfO|O)|Of(O|1|1|1]|]0|O|1|0f2]|1|0f(0O|O|O|O|Of(O|O|OfO|O|O|O|O|fO]|O|O|O]|O

3 glojf1jocjojofrjoti11jo]o|ojOojOofrI1]|ORENTE|OC|OCIENO|[0j0O|O)2|0]0]0O}j0]|O0O|7}0]|0[0J0]0]O0]|O

4 cli1mmoj1]0|0|O]|O]joj2]0|1]|1 |03 Al al112|0|1]3]|0|1]1]1]0]1]10]0|0|O0O}2}1}|1]1]0]1]1]0

- 5 Cl1|2|2FEa2 |1]0Ba11]1]3]2 4145 2 S50 3 [Bhiasiiad 1 |2 |2 (0211 (1280131232121
"E6024813911474555371271291065611665114036502210713
%7132497133 39945561471&613955764737607 10({5|1|2|11|0 |14| 3 (O
8 14| 4 |14|12| 4 |6 |11|7 |5 (4|6 |3 |8 |7 |6 [10({10 14 12(12|11| 7 |10 11| 6 | 0 PiERIEPLECIN13| 9 | 9 (13]|12|6 | 9
91348110460443011 11(12{12| 9 2|7|7|4|1|0|1]|8|2]|2|2|12|4 EL 0|0 |8 7 | 0 P§
10 C|0O(O|3 O |1|OBEBNO (3]0 1]2|0|0|4|3]12|1(1]0]1]0|2}3]|0}3|0]2 OFM2|0([0(1]1 1o
11 o|j1/0|jo0|jofojofojy1)0f(1j1Jj1(ojojofojofojt1|1f(ojo(2fojof1jo0j4f(o0j4|j0f0jo0fo0j2|0f(0|J0|6|2]|0
12 6|0|0|O0|jOfO|O|O|O|O|2|0)|0O|O|0O|O|O|O|O|O|O|fO|O|O|O|O|1|0O|O|O|1|O|O|O|Of1|[Of1|OJO|O]|O
TOANNTOONODDOD T ANNMITO~NO0ONDOO—ANNITUONMNODDO—ANMOTULONMNODOO N
VOV VWWVOVAOMOOOOOOOOOOOOOOOOOO0OOO0O T~ ANNN

Year

Fig. 2. Heatmap for monthly occurrences of red tide days from 1981 to 2022 in the coastal waters of Korea.
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river BOD
0.03

river COD
0.09

river TP
0.06

0.27

river TN

Insolation
0.10

Precipitation
0.36

SSST
-0.08

Table 1. Correlation coefficient (R) of annual red tide days with south sea surface temperature (SSST), precipitation, insolation, and concentra-

tions of river total nitrogen (TN), total phosphorus (TP), COD, BOD
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Fig. 8. (a) Precipitation from June to July in the southern coast. (b), (c) Heatmaps for monthly occurrences of harmless and harmful algal blooms,
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