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Abstract

The proliferation of algae blooms in rivers and lakes is increasingly recognized as a natural disaster, evolving beyond
a mere natural phenomenon into a pressing socio—ecological challenge. This study aims to develop a practical
method that enables practitioners to assess the current status of harmful cyanobacterial blooms and predict their
future trends using runoff and water temperature data. To this end, we propose the “Harmful Cyanobacteria Occurrence
Diagram” method that quantitatively visualizes the variability of harmful cyanobacteria occurrence under identical
hydrological and water temperature conditions using a window filter. To validate this approach, we collected historical
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records of daily water temperature, streamflow, and chlorophyll-a (Chl-a), along with weekly harmful cyanobacterial
cell count in the Paldang Dam in the Han River basin and the Chilseo site in the Nakdong River basin. Cross
wavelet analysis was applied to determine the temporal scales most strongly correlated with cyanobacterial occurrence.
The optimal water temperature and runoff conditions exhibiting the highest temporal correlation with the occurrence
at each site were identified. These findings were then integrated into the proposed Harmful cyanobacterial occurrence

diagram, and its applicability was evaluated.
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Fig. 1. Study area and observation sites
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Fig. 2. Concept of Harmful Cyanobacterial Occurrence Diagram

SREAISIE(R| A27 3%, 2025



- AU E4U- USE- U4 281

32°C, fF2 AALL HISG 500m' /502 o A Hig

274 AY 10%9] =z
fFallgzF AlZs=2 5T 5 9loH <>lE 7]1 o7 kx
2

=
& 4 & Aeltt

= T

R}

(o]

O
By
OgL_',

B ox 2 o
=2 oy of o
I,

N

o (I &
Az
S

oo
1k o

et gt £ 1o @ pZ do

3.

1 RellLZE, S
4
CE RIS e
AgrElo] glofof g},
. 94X, 9%, DO, BOD, TN, TP 5}

olxd HofA Aljtet

fl; r
ol
HJo ¥
ol

=),

1o
=)

o2
of,
Ju et
BN

o o
o rlo %

52
o

o 30 o8 o
e >

i

|o

u

o -

5

oft

1o

9 2
jus)
=
o
g
5 o

n Tt 4

OVPEH 3 sigem, o=
a(mg/m")e} SAlol ZAISHATE (Fig. 3
FRstd e, 2w g9l golA

o g
g
N

N

0,

oo
-9

2

> 3

i of

T

o o

e o T

Aolt}, wats, 7

21 SF 18,000 cell/mlE oA14F

N

0 0P
a

> MY
H

o
r
4]
Hr
x

0
M

It

_>‘~I_‘
:

Ol
du
e
oX
H1

El
)
1
By
)
o

N

N
)
N

N
N
Jo
ol
oL
BN
4
o
)
oZ
i
=}
i)
ol
el
2

i
re
ey
=2
2
:l
2
ot
N
A
=S
N
fo

b 2loert (Song et al, 2017),
AA| 5= AlSE L
Ng-g& Fot] {FFoR
2ot S 1ot
T o] o]Foj2 1L
olgt £2(1C), fdm’/s)&

-5l Az 9 Chl-
Z), Age o d9=2
T 9=

)

4|0 iﬁ

tlo o T
o nHN' ki

R

ol
>
ox

o%.

/\T:o]

-
,

o Oﬁo
ol
ot
BN

w &4
_O'L
2

o HZi‘

_4

gdoto] Ao Fig. 304 ARt o2 o540 o
2w sAog FAE fodxRvt =4 v Ae
o 4 Aok Fig. 3ol vrehd e ddd o] Aol 2014,
2015, 20249l 10,000 cell/mlol ZH3AY ZA5H=
FagEF7F Uehd vt glem, 20159 o534 9] oF 27,000
cell/ml7F Ztjolct. Fig. 3(b)2] Y5742 AA=3-2 2016,
2018, 2022, 20249def 100,000 cell/mlef Z8EsFAY
ZIsHe £2)7F dergen, 2016 o54d9] <F 135,000
cell/ml7b Zdjolt}, ot Fig. 39 AAE A=E 55t
HERt A= 5}015}7] ojfth 53], 71& Aol
AAE HEeE Zo] faligxF W2 o 4, 71, o=
17k} A A A-S E@@ ol EAfstal Ak <l
A AAE el webA [f3she Aoz AAIEL
QloE 2 (Zahiga et al., 2020; Misra et al., 2021), Pearson
oA 22 242 olHg A4S aelshA Xttt
(Garcia—Lopez et al, 2018). o]of] 7]&2] dAtoA =2 Zpzmo|
gk $71/487 A17FA S|l siAlof] ARt Ao = AAIE Cross
wavelet 242 A8t (Rajwa-Kuligiewicz et al., 2016).

FAGZRFY &, G diet AHAQ cross wavelet

242 2z A 2AD EAE Qlste] 459 Qe
wA40] o 23 G Aeole & E‘rﬁ(dally)i
AL Ao, FalgERo] Al F 18] e 23
AA A QlojA] AIREA Q] A Do) BEshA] gha=tt.
7|E8] AFlAE F E9jo] Bdle 2F Aol B
2k 3 IR Zol M HEste sa%t ade g
4 Q= Aog ANEJeEZ (Jung et al,, 2023), F &9
Byo HEH QL AWE T Esl] o8l Aoz woErnt

olof| thak tigte 24 F w92 AL JodRT AlESTt

~“weekly mean Inflow(m'/s)
——weekly mean temp. (Gur station)(°C)

° chlorophyll-a (Yangpyeong)(mg/m")
——Harmful Cyanobacteria cell counts(cell/ml)

()
10.000
o L000
=
g 100
<
S 10
=
1
&
=
o1

o B 1 l
By = — ) G T D S%Foa | S, B o, o &
%y g o " oo B 5%00‘ ﬁ@; W o B o (N
YAR® 11;9 °0%§‘;%8 L oby "t C 3% m%%g@a g
o O&E % o [5) <o o
(Y A - ¥ : ° :
o o b = o= = o = G o a o a = o= o= oo aom o
FrE R ERODERTERDCERGGCERDEROCEROCERCDERDCERDE B O
o -~ - - R - - - N - O O = - -
=R B AN S LA S B TP B B A B AT ST LA ST B
T A T AT T e T Lo TEE TR T ThA T AT A a4 T AT S
o oSS orSosSzsonzso®2zgc2zcecRggndgsadsgegsdg
SREZRSZRRZRRZRRZERZRRZRSISERERRERRIRRER
Time (YYYY-MMM)

(b)

~weekly mean Inflow(m’/s)
——weekly mean temp. (°C)

° chloxoijfh\ll a(mg/ m’)
——Harmful Cy anoEacrena cell counts(cell/ml)

100.000

10,000
1.000

100
10

Each value

|
1

s g
./“go
EER RS
&
P T S T
S E 8 ESEBESESEBEE&SE
T e i T B Y
f T P h
o= < R B TR B = S
= o = = = = =
= = =
Plﬂ,ol,.,?lﬁl,’?l.lgfl,’?l,.lgﬂ

o
B

o o 4 © 0045 o

BT T e T = T S i ST R
9 2 4O B 9 2 4o 0 @ a5 9 82 4 B 9 @3 a8
g = g = g = g = g =
R R S R R i T R
s ] a
dgsadataidanaddadadd
SSPIQSSPIQggr-loggrlogghlo
aag9aag9aagTaaa a8 agd

Fig. 3. Obtained historical data for water temperature, inflow, chlorophyll—a, and harmful cynobacteria cell count: (a) Paldang dam,

(b) Chilseo sits
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