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Abstract

In this study, the main influencing factors of the occurrence of cyanobacteria at each of the eight Multifunctional
weirs were derived using a random forest, and a categorical prediction model based on a Algal bloom warning system
was developed. As a result of examining the importance of variables in the random forest, it was found that the
upstream points were directly affected by weir operation during the occurrence of cyanobacteria. This means that
cyanobacteria can be managed through efficient security management. DO and E.C were indicated as major influencers
in midstream. The midstream section is a section where large—scale industrial complexes such as Gumi and Gimcheon
are concentrated as well as the emissions of basic environmental facilities have a great influence. During the period
of heatwave and drought, E.C increases along with the discharge of environmental facilities discharged from the basin,
which promotes the outbreak of cyanobacteria. Those monitoring sites located in the middle and lower streams are
areas that are most affected by heat waves and droughts, and therefore require preemptive management in preparation
for the outbreak of cyanobacteria caused by drought in summer. Through this study, the characteristics of cyanobacteria
at each point were analyzed. It can provide basic data for policy decision—making for customized cyanobacteria management.
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Fig. 1. Multifunctional weir position of nakdong river.
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Table 1. Average summary statistics of input variables
Variable SJ ND GM CG GG DS HC CH
pH 8.1 8.2 8.2 8.1 8.0 8.0 8.0 8.2
E.C(xS/cm) 223 227.1 224 283.6 268.0 383.4 371.6 288.0
DO(mg/L) 9.6 9.1 9.5 8.9 8.8 9.8 9.9 10.5
. BOD(mg/L) 1.9 1.8 1.9 1.8 1.9 2.1 2.1 2.3
Water Quality data
COD(mg/L) 5.2 5.7 5.9 6.0 6.2 7.0 7.0 6.7
T-P(mg/L) 0.035 0.042 0.041 0.046 0.049 0.059 0.057 0.051
Chl-a(mg/m®) 18.4 17.4 17.7 17.1 15.3 21.4 22.2 27.1
Cyano.(cell/mL) 2,885 3,780 3,106 5,297 8,236 12,572 20,156 24,384
. Temperature(C) 18.8 20.1 19.3 18.8 18.3 17.8 16.7 17.6
Meteorological data
SPI -0.155 -0.219 -0.008 -0.059 0.007 -0.004 0.037 -0.070
Hydraulics data Outflow(m?*/s) 103.2 139.1 126.0 131.2 137.5 156.7 183.3 265.2
2 ¢Ato] o] 83t AFai= Outflow(H W), pH, E.Clelectric x5 W JFIAES 245
conductivity), DO(dissolved oxygen), BOD(biochemical oxygen
demand), COD(chemical oxygen demand), T-P(total phosphorus), 2.3 FHPZ|~E(Random Forest)
Chl-a(chlorophyll-a), Temperature(71%), SPI(standard precipitation WYL AEL BE 37 BHA Sof AFLEE AR 8}
index), &7 Z4(cyanobacterialcell/mL))olt}. Table 1 2 o) dxom sl oA LA T4 A4 Er
< 2012 8€7E 20199 497k 3% AAmEe] Wikt 3 BHE RS gL g7 dE22 Z283to 24 x5t =
o SAARE UEQIth GGAHRY stRrE Z4sE Hu AT AES ofa] o] AAHES WEY, Exe
HERAESE F435] S5, L9 8S HYeRd= BOD, A e AT ARse wolt). o]2gh Wy x|
COD, T-P&= &otd= Aoz LEpyt AEL W50l 2avs Wrlsiy rulEo] ALES WiE
N st o ASE 4 sl delisd B4 Fase
=71 Accuracy®t & Node Impurity 7H4 ol GatetE
ZRARAL SEES gHoE FFAL ASBE 7o opoa) ZHACG FohE o] Fag WAL Mean
Al 2REAREE 719 kS EHsH| o & & Accuracy Decrease®] o2 ©Witsl, 159 U4F o] g
BHAol] ZAste] Al Qlet, 2 & 287042 A L7t EHS AlA T AEEFLS o dasHE AR 2}
T Za 20, A o A, AedE A R olg wsEE gasld Aotk 2R AREE solid) 2
a2 FHE0] Itk WAAEL 28] A WER ARSI Qg £ Bhrs 1 WAE AANS ue] T 7
ge zAshY BPRG. Bo AL U D A eke Axs) Hoh LT Bew 0] FRE B Mean
7|l EEete AelE ¢ B § 71d%e 19 Gini Decrease®] Zto.2 woisie], 7t }27} 7122 ot
ot 2RAPEE TH B A g2 & o P ZF gjujth AEEl WS Ban 7laeks ZA5te] A
FOo2 WY, A9, dier F725H, IegE 2 A UR2HRE] 7 Hia] e Agsith = Euso)
T, fles FEEN(ung, 2019). 2FAEAY] 7|E Mean Gini Decrease #to] =th= 22 1 9g 11 H4E
< ol Table 290 2. @A) E 871 B 7MEH 27 san AASe BRep) HY Bens 2adse g
AEAE Aldst gl= AHE CG, GG, CHe = F 34 2 = o] Wzyla] BoEE shot] dZsH= AL o]
oot 2 Aolres 2RABEA AHT d=ol 983 g 2 7oA R Studio= o]4ste] 87 B 2 =
25 8l Be 2 AHe dder YR LES o8 YEYAE RES 71xste] RSl
Table 2. Algal bloom warning system in south korea(Jung, 2019)
Level Occurrence standard
Attention Twice consecutive cyanobacteria sampling; more than 1,000 cell/mL, less than 10,000 cell/mL
Water Source Warning Twice consecutive cyanobacteria sampling; more than 10,000 cell/mL, less than 1,000,000 cell/mL
Area Bloom Twice consecutive cyanobacteria sampling; more than 1,000,000 cell/mL
clear 2 consecutive cyanobacteria sampling; less than 1,000 cell/mL
. Attention 2 consecutive cyanobacteria sampling; more than 20,000 cell/mL, less than 100,000cell/mL
ngﬁ;;ri?jaly Warning 2 consecutive cyanobacteria sampling; more than 100,000 cell/mL
clear 2 consecutive cyanobacteria sampling; less than 20,000 cell/mL
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Fig. 2. Random Forest schematic.

Table 3. Input data composition and accuracy evaluation

Wi Input Variable Data set Dat A
1r I
stat?on Water Quality Hydraulics Meteorological - S e?ioad C((;(L;O)acy
data data data training validation p
SJ 107 32 0.813
ND 109 41 0.830
GM 124 59 0.746
cG pH, E.C, DO, SpI 143 37 2012/08 0771
oG BOD, COD, Out Flow Tem 1 3 ~ o7
T-P Chl-a p- > > 019/04 | 074
DS 149 64 0.813
HC 150 61 0.738
CH 139 77 0.753
3 7E=ljl_|. l;_l _Tl_iél- Table 4. Top three important variables of cyanobacteria selected
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by random forest models in different sites

Weir station Importance variable

1 2 3
SJ Temperature Out Flow Chl-a
ND Temperature SPI Out Flow
GM Temperature DO E.C
CG DO E.C Out Flow
GG DO E.C Temperature
DS Temperature DO SPI
HC Temperature DO SPI
CH SPI Temperature DO
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Fig. 3. Variable importance scatterplot for 8 different weir sites.
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Fig. 4. Prediction of the forest for different values of important variables.
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