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Abstract

Blue—green algal bloom, or harmful algal bloom has a negative impact on the aquatic ecosystem and purified water
supply system due to oxygen depletion in the water body, odor, and secretion of toxic substances in the freshwater
ecosystem. This Blue—green algal bloom is expected to increase in intensity and frequency due to the increase in
algae's residence time in the water body after the construction of the Nakdong River weir, as well as the increase in
surface temperature due to climate change. In this study, in order to respond to the expected increase in green algae
phenomenon, an algal bloom forecast system based on hydro—meteorological factors was presented for preemptive
response before issuing a algal bloom warning. Through polyserial correlation analysis, the preceding influence periods
of temperature and discharge according to the algal bloom forecast level were derived. Using the decision tree
classification, a machine learning technique, Classification models for the algal bloom forecast levels based on temperature
and discharge of the preceding period were derived. And a algal bloom forecast system based on hydro—meteorological
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factors was derived based on the results of the decision tree classification models. The proposed algae forecast system
based on hydro—meteorological factors can be used as basic research for preemptive response before blue—green

algal blooms.
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7o 7FAI9F T2 A|A 3]F](Gaussian Process Regressor,
GPR), RFR, SVM, Multi-Layer Perceptron Regressor
(MLP) 59 HAildd 7IH& Fsto] HEY el $14
gt AR 9] Chl-a FE ol RES AAstHoH,
Chl-a 5= 3719 4 gQlo 7 AJupd TR FF5go s
et FFEF S ASSHh Ly et. al.(2021)-2 74
279 HYPLs o &S flste] Adaptive Neuro—Fuzzy
Inference System(ANFIS) 71§-& Foto] =4z 2 7]
2, A7, 12 JA=RFE Chl-a 55 <SSk
Jeong et. al.(2022)2 RFR} Extreme Gradient Boosting
e Fokel Fuf 871 A4A) ol HEFE o501
on Sewt 314, 29 BEo} f9 G2 o] 2

H‘

0,
B

oo

n

)

)

i

ol

i ol
of rlo E o F
O 0, o o I

o 8 of md rio

SRERISIE|A] A26H AI3E, 2024

Algal bloom forecast system, Algal bloom warning system, Blue—green algae, Hydro—meteorological

& 7| QIR A HH 2k A5
02 Q5] g& e A oR HAPYHLt. Intergovernmental
Panel on Climate Change(IPCC)ol| 2™ 2|4 ZHO] 2
= At FFo= Qe 247 HjER Qlste] 1850~
19004 o]& 2021¥7tA] 2F 1.1C A535}9.2H, Shared
Socioeconomic Pathway(SSP) Alut2] % SSP1-1.9 ¥
SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5 AlLte] @ oA
FT 209 < Y fER W AT 2k dsEe 1
5C~1.6C& HYstAHIPCC, 2021). o]t A+ 2%
AsS 19 W 24 2 A5A9 fa 27 S4HHarmful
algal blooms)22 ol]ojx]7A] Hotx FHE T Uth(Paerl
and Huisman, 2009; Visser et al., 2016; Huisman et al.,
2018). 7] &Hat= Qg 7|2 52 obd € T4 Y A4
Sl 2% 5 8 259 ExF(Cyanobacteria)®] $H
< Z5F(Paerl and Huisman, 2008; Carey et al.,
2012: Visser et al., 2016), o154 A4 A% 717o] A%
o2 o]ojx]m(Anneville et al. 2005; Deng et al. 2014;
Visser et al. 2016), ©42] AZ3HLake stratification)S
fFste] B xdo] Jhedt FERFY 2SS =olA
Hh(Wagner and Adrian, 2009; Carey et al., 2012; Posch
et al,, 2012; Taranu et al., 2012; Visser et al., 2016).
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Sfd oz oide] et AR =2 55 T8 AAA
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& 7I7rE R 71 {5 AAE 7

2.1 25242x|(Algal bloom warning system) & &
0f|=(Algal bloom forecast)
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Table 1. Standards according to the algal bloom forecast level in South Korea

Algal bloom level Cyanobacteria cell count standards according to level
0 less than 1,000 cell/ml
1 1,000 cell/ml or more but less than 10,000 cell/ml
2 10,000 cell/ml or more but less than 100,000 cell/ml
3 100,000 cell/ml or more but less than 1,000,000 cell/ml
4 1,000,000 cell/ml or more

Table 2. Algae, climate and water level observation station in this study

) ; Climate station Water level station
No. Algal bloom warning station
Name Type Name Type
1 Haepyeong (HP) Gumi ASOS Gumi weir Reservoir
2 Gangjung Goryeong (GG) Daegu ASOS Seongju bridge River
3 Chilseo (CS) Uiryeong ASOS Gyenae—ri River
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Fig. 1 Study area and algae observe station
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Fig. 2 Visualization of polyserial correlation coefficient between
the algal bloom warning level and hydro—meteorological
factor(temperature, discharge)

Table 3. Polyserial correlation coefficient between the algal bloom warning level and hydro—meteorological factor(temperature, discharge)

Algae Polyserial correlation coefficient by preceding period
No. warning Temperature Discharge
station 1 day 1 week | 2 week | 3 week | 4 week 1 day 1 week | 2 week | 3 week | 4 week
1 HP 0.45 0.54 0.57 0.57 0.56 -0.09 -0.05 -0.04 -0.04 -0.02
GG 0.56 0.60 0.60 0.59 0.56 -0.14 -0.23 -0.24 -0.22 -0.19
CS 0.52 0.60 0.63 0.64 0.63 -0.21 -0.38 -0.42 -0.42 -0.39
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Table 4. The criteria value and frequency(3 or more time) of temperature and discharge factor from algal bloom warning level classification results

. ) Temperature (C) Discharge (m'/s)
No. Algae observation station S —
Criteria value Frequency Criteria value Frequency
20.8 3 144.2 3
21.1 3 2253 4
214 4
1 HP
223 3
228 4 }
26.2 3
19.9 3 58.0 3
21.9 6 59.6 3
24.1 3 63.0 3
26.9 4 723 3
273 3 87.3 3
2 GG
28.6 3 92.2 4
30.4 3 151.7 3
160.4 3
- 260.7 3
409.7 3
14.6 5 110.8 3
20.4 4 1443 3
20.5 4 144.5 4
20.7 4 176.3 3
25.5 5 184.1 4
3 CS
29.6 5 355.5 3
539.5 3
1030.9 3
) 11233 3
2945.7 3
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Fig. 3 Example of decision tree result between algal bloom
warning level and hydro—meteorological factor

)
b

v E

20165 € 20224d¢] SYRE 10¥97HAE 7]
(Training period), 2023 5¥5¥ 109714& AZ 7|
(Verification period) 2 A7ste] & A-LofA A AITE
7 AEAAE AST 2 Fig. 59 2oh HE Agk
= AA H5E 2% O A dib 5% 25 98 o
A7t dAlste A4E HlEE APSHAT Fig. 5 (a) HP
214 o5 0], 44 Normal @42 #H=H A(F 143
) F 27 AEAAE Foto] d5E Normal @A} 99
7, Attention @A7} 377, Warning @AI7F 749 2|0

BN A

SRERISIE|A] A26H AI3E, 2024

st, A Normal ¥5 74491 14370 ojd] 2/ o &4
AE F5to] Normalz AZ% 4 99719 Hl-&<l 69%
Normal &7 o]& gtz A, HFHo= 747}
BE gAE Ags] A5 A4 ved T 3
A 4stA o HP #1349 oh<5 7|3t o] & 3

63.6%2 Atgect. e 2H digt A&
St5717k0] HE T 63.6%~66.4%, AE717H
53.6%~76.9%=% 1= 3tt. ot5713H(Fig. 5(@a), (b),
I HF717HFig. 5(d), (e), (D) HAE HALLE H|
W, & 713t 2% Normal @419] 9= HgxE vHlwH
ot Aoz wadEdh Iy AdiHezm  Fach
Attention ©A9] ¢ HP 213 0%, GG A7 28.6%, CS
217 18.2%2 AAE 3 Warning A F$ GG AH
2 CS AH BE 0%8 A=rt tha BA A=A
ol & AFolA AR FE-71GJAA 2R/ AEAA=
Aol Agstrlol= AT Jlew Heto] et Aog
ootETh E35] AA Attention BAIS Normal A E, A
Al Warning ©AE Attention TAZ HAFH5H= 4
< RBohs Wete] dasth

H‘]
il
ol o o oX

N

Jo el ot
SR o~ KOSt
) RSN o = o R (O

Normal Normal Normal

Normal Attention

Normal Attention

(a) HP

Normal Normal Normal

Normal Attention

Normal Attention

(b) GG

Normal Normal Normal

Normal Attention Attention

Normal Attention Warning

(©) CS

Fig. 4 Hydro—meteorological algal bloom forecast system of
algae observation station
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HP Forecasted Forecast accuracy HP Forecasted Forecast accuracy
0o Normal Attention Warning | by level | overall Leficaticn Normal Attention Warning | by level | overall
result result
Normal Normal
99 37 7 69% 19 3 0 86.4%
(143) (22)
Observed [Attention Observed |Attention
16 12 7 34% 63.6% 4 0 0 0% 73.1%
(187) (35) (26) (4)
Warning Warning -
0 1 8 89% 0 0 0
9 (0) (100%)
(a) HP station in training period (d) HP station in verification period
GG Forecasted Forecast accuracy GG Forecasted Forecast accuracy
Eg Normal ‘ Attention Warning | by level [ overall Keicatien Normal Attention Warning | by level | overall
result result
Normal Normal
79 15 1 83% 18 0 0 100%
(95) (18)
Observed Attention Observed (Attention
22 28 1 46% 64% 5 2 0 28.6% | 76.9%
(191) (66) (26) (?)
Warning Warning
0 18 12 40% 0 1 0 0%
(30) (1)
(b) GG station in training period (e) GG station in verification period
Cs Forecasted Forecast accuracy CS Forecasted Forecast accuracy
VI Normal ‘ Attention Warning | by level | overall Vel Normal ‘ Attention ‘ Warning | by level | overall
result result
Normal Normal
76 4 0 95% 13 0 0 100%
(80) (13)
Observed i Observed |Attention
26 37 4 55% 66.4% 9 2 0 18.2% | 53.6%
(223) (67) (28) (11)
Warning Warning
8 G 35 46% 0 4 0 0%
(76) (4)

(c) CS station in training period

(f) CS station in verification period

Fig. 5 Forecast accuracy of hydro—meteorological algal bloom forecast system in training period and verification period
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