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Abstract

Harmful cyanobacterial blooms (HCBs) are caused by the rapid proliferation of cyanobacteria and are
believed to be exacerbated by climate change. However, the extent to which HCBs will be stimulated in the
future due to increased temperature remains uncertain. This study aims to predict the future occurrence of
cyanobacteria in the Nakdong River, which has the highest incidence of HCBs in South Korea, based on
temperature rise scenarios. Representative Concentration Pathways (RCPs) were used as the basis for these
scenarios. Data-driven model simulations were conducted, and out of the four machine learning techniques
tested (multiple linear regression, support vector regressor, decision tree, and random forest), the random
forest model was selected for its relatively high prediction accuracy. The random forest model was used to
predict the occurrence of cyanobacteria. The results of boxplot and time-series analyses showed that under
the worst-case scenario (RCP8.5 (2100)), where temperature increases significantly, cyanobacterial abundance
across all study areas was greatly stimulated. The study also found that the frequencies of HCB occurrences
exceeding certain thresholds (100,000 and 1,000,000 cells/mL) increased under both the best-case scenario
(RCP2.6 (2050)) and worst-case scenario (RCP8.5 (2100)). These findings suggest that the frequency of
HCB occurrences surpassing a certain threshold level can serve as a useful diagnostic indicator of
vulnerability to temperature increases caused by climate change. Additionally, this study highlights that water
bodies currently susceptible to HCBs are likely to become even more vulnerable with climate change
compared to those that are currently less susceptible.
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1. Introduction

3l ==Z(harmful algal blooms)= A AA @<= AejA
A F7FekAL e FAF R B dAZE dAXT YTt
(Huisman et al., 2018). Y%7 %Xz 53 YA
(cyanobacteria) 48 GA] FU 9 #F Aotk YEAS
FEAFY A =AY F sHUH=E, <F 1,0005 179 A5
Aol e B35t F9 W 29 Al vAZE st 9 H5
9 frYolvt sPAGY FIFETF 299 Y= #28
g7t £23F Ao thWoo et al,, 2020). 71F#3}7} 7148
WA 7245 95 2 #Y9 Fre Nt FHE A
o2 FEHAL Utk 535, TR Qs F&o] FopAH
FA Y £F AE&S FoATE 4FSF EEH 5x 8
Aol R =7]% JFeKJshnk et al., 2008, Paerl and Huisman,
2008). U GA] o] dr1FY TR T A9 F
7F7F #Z =W (National Disaster Management Research
Institute, 2023), 4t A o] Fol FEZolA FAl 24
o2 Adrd 9 AFF BA BE I ALH e E St
st FAlolth 2022@ = GE5E A9 GAF FEE
T G Fhe FHIN Fh ooJ2F o|fdd H3
AR ARGA e ZFol ASEHEA ARSI AR o]
w37 =H71% stath

Al B ot vt 2 WA EFF wlo]aEA
(microcystins) ¥ Z2 A H4& ER
AAZL 71eH g Jtestl G5
A Agete BrAdGES
St gtk shAIRE 2014 TS o]
A daiA FeE FERE W 2RF5L7F AEHAA
T I T AEHE FH o|F 2 FAAAH &48 =
stol e "I =AY AR sk
dafA kAo G = gtk B4l olg 59 |
HopSa o2 Qs G rlo]AZA 2" &

S 2H}&Y=d(Cho et al, 2020), °l&
cellsymLé] FAl# T2 Tl E #RE =
9 G| & A & 22 do] U ®E B
£ WAE = gtk dFy 71FdEste] o
X AT £4 G5t ASEHed, St LEFSE A
Zat7] A FeAT FFAAM SdAEL] EF T2
(trihalomethane, THM)¥ Z2 AZRAE Wio] 718
9l thBernat-Quesada et al., 2020). ClEo] FFFHd)
A2 254 JEdez A8 9, ¥AL, #F
A5ggo] AgEol A FA g FH &5
At olf g Z1FRStel] YA FAlE LA
A& gotsta dd 73, AFAHA4L, AT
213078 A AAH & w4
§ dAE A e A
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A2

_1]?::1:' o
As HBFEE g50| Hoof s, weF 28X
A Z A =7 ZopAl= A7 JTHLI et al, 2013;
Xie et al., 2012). o]28]g &3 7|4t ¥ g oz QA
58 A9 GAF TS A99 4, 71, FF 2 75
59 AREZ A 7I¥old 714 gE 7S EAIA
A S5t HolE 7]u o] tiete R HZd A== F
A o] th(Kim, Cho et al., 2023; Villanueva et al., 2023). 73
F EFEPEAIZHE Y HolHE o|&A F5d AF9Y
Al F dE5S Y3 diold 7w BYPo] THHEHE
48 33 7w RPET A FEEE FS AT A=
BaE v QohKim, Jung et al., 2023). A7 HAL 4
of oz aglo] AT 712 2 F2o] AR G WAy
of 7}d & IS uvlFtHCha et al, 2017; Kim et al.,
2024). olEgt AT FFo 2t dlolEl 7|uke] V1A g
F(machine learning) 71"§S &&3te 7|53} Alvg] Lo
2 w# Y 72 sl GB5d AY AT wAel m A
FEFE ASs) Be A7 Zasith

o AN F B, VHE, SiTH A5, A Y AL
#HEo] 7|EWste] we} I Hl=v =7 JFH FUkska o
3L(Ministry of Environment, 2020), AAAs o 3 <FstAY
a3 o]go] Z2 Y & AlHdo] 7|FHst HFSE =
ATh(Bae et al, 2015). AAAH ] & Ad FAFTH 2
< 5Z2Y AFE 2 A NETL 53 52 AEY FU B
S5 71FHst A ALoR FS5E AT o] &
olg] Zlwteg ®el Al#7} glemg 71FWE Ay ed
2 A 7o B HNEE dSste] dA GAE T
e A GE FAoRgded m} 7]Fdste] o HoRRhs Role
AAAQ] AlEHlE A7V asith Fe AT wE S
2oyl mEA T B T F8 AId G574
715Hs Alug 9 72 wE
AdFEstes AL 2 A7 BXE= AF80 & d
G54 79 479 7 HAME A= O 4 AH
T g2 APt 71FHst Ay e dEsE
(Representative Concentration Pathways, RCPs) & 34
o8] 247E W& AU Lo et 7128
Al 4 AS5E VASE 7 BY Al Ed oA
A FFsRT 2 AT 71FAst] wet megel 7t
HAFY FFES FFskL A% AL vE geotsto] F
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2. Materials and Methods
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@ Monitoring station

A Weir

Fig. 1. Map of the study area, showing the four sites (HP, GG, CS, and MM) along the Nakdong River in South Korea.

1,000(3<= 4778, 20,000 2577, AA: 10,0004
A7), 100,000 5&573F); LA 1,000,000(L T+
7h) o149 &f{7F #AAstE FRE e B dTe I
ol 2FFE 23457t M 2220229 YEd =
AR P45 700Y, A ZRAR 2 7789) 3574
Foll 9 A4d 73 2FAERAFE NS e
TE FPsAHFig. 1). FFHEE F &4 b §
(HP), 273 - 1¥(GG), AA(CS), EF - WAMM)E= EF
Frdoz AgEHH B - wiE AFES AQdst 4td AL
doz AXE B X 10 km ool itk

dAd 2 F2 dolHE 2333 EA 2 (http://water.
nier.go.kn) &2 FEH 553 AFEE SX(EHPZEE
HH 13 E@AFE ogod 15 28 o8 )9 @
Ad &3 delHE, F233T2

o R ri

2ZRE 15 149 #32
HolHE R GATFS A9 g 5 FHe) 3
AL FAdA FE(FEHEE Tdeto 4 50 cm o)
FA9 173 2 23404 47 At F(EAFE ol Fd o
e Aol M A2 FHY A¥H 1 ARE FHeE F
2 FHES 25ES 44 AH(EF - F - DA 4
B 332 AT F) st dvF ATHez
= Atk HP, GG, CS AR A& 2016~2023'd, MM A
& 2020~2023d dolEE FHATE FAUoHEZE A
7 W AR”HP, GG, CS, MM 718 77k A58 34

N

34, 45, 8@, )M AESSHAE 2k 2 T FH(biochemical
oxygen demand, BOD), 22 Z%-a(chlorophyll a, Chl-a), /314
2H2= @7 (chemical oxygen demand, COD), &4 x(dissolved

oxygen, DO), A7]F%E%(electrical conductivity, EC), F420]<
SE(pH), F-7EZ (suspended solids, SS), 52 Axtotal nitrogen,
TN), Z<](total phosphorus, TP), F2& FR3ATE 31, 7 d
olHe  F7FA 3 S E EAI L (http:/www.wamis.go.kr)
oA ARE 3T 74 FALNE EESIY 4 AHAAA FF

= &= Hgsl Atk 4 ARY 7 7133
712 8A SN E D (https://data.kma.go.kr)oll FH7)FBESHP: T
"), GG: tI, CS: 9¥E MM: FiA) AE2RE $HITh

2.2 7|A st&=(machine leaming) 718

7IAISE g o7 53] H(multiple linear regression,
MLR), <AFE2UF(decision tree, DT), AEZEWEIFH
(support vector regression, SVR), #HEH AE(random forest,
RF)E AH&EITE o] 7IHEL 7|AISE geE T AT AN
H+ Bdo|H(Choi et al., 2012; Jung et al., 2021; Jung and
Kim, 2016; Moon et al., 2014), &4 parameter’} 5] &2
AI3AETE 75 2 itk 2717 o 2 oy NEE &
83179l A 75t Aggarwal, 2018). o] Ul 71| RdS& 2 HE
2 AFAA M 2 AT BEEE Hole RdE /|$Hs)
o] W& A& o)]AE sP3Uth DT SVRE] o] ¥ s2}w] g

— o«

(hyperparameter)+  7]&Zk(DT: criterion= “squared_error”,
max_depth= “None”, min_sample_split=1 &; SVR: kernel=
“rbf?, gamma= “scale”, C=1 &) 22 A1, RFY 3}
g e gES UF AT 1008 F 7HA o2 F¢
(max_features= “sqrt”, 5)Z W7o AH&3th V1A S5 2d
Y2 Scikit-learn ZHo|B& 2] & 8313 o] (Python) <101
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tlol e AA =, %} W 43 2ddy W22 Kim, Jung
et al. (2023)% fFAFSHAl =Pk FAH SH}E =2
(log cells/mL)3}od % T2, A AR #HE F
2 Aa ¥ #4& =84E(E 1170 BOD, Chl-a, COD,
DO, EC, pH, SS, TN, TP, # , T2 A5t g o
HZ 9= dojEe 4% 27 F2 445 4~11
ol 339 FAd SFFE AHgeH, GAF %ol
01 dlolElet SHHMS F & Al o] A dolHE AA
gt SVRE WS 3 B4 R &S @l o
2dg 5 iyt RE SHWS volEHE Ho] 0, 24

o] 1o] J== XF3} It

23 Y A5 U o= M5 H|m wY
wd A% A4 HoH 5 @ A4S AP dolHR e
33 UsA @ 7 dolEE dZahe Bge BA HolEe

MEehE 9HESh= leave-one-out WA F(cross-validation) =
o8 &3l AT AZ7Y FFA F(correlation
coefficient (r) 2l DE At AS9 &= A H(Xiao et
al, 2017)2 Btk E9, F7HHQ AE2A S5 diH|
dZzkel @345 YelllE 7 A F 2 XHmean squared error,
MSE, 4 2)2 AT 4 1, 2014 4= A2, y= y9
Bk, g, © AE5FE Jepd

1D

MSE= 335, ~,)* op)

24 7|FH3} ALI2|2(RCPs)2| 7| 2450 WE
AlEd|0[Md
EFEZZRCPs)® IPCC 524 FrHRIA A 247}
2 4% Frd wE 7]Fdst AU Lo|tHIPCC, 2014).

2 ATl HFY 7IFHs AU L2 RCP2.6, 329
AUl &2 RCP8.5E M3, 271X 715w s} Ajve] 2.9
sl 27k A138(2050d, 2100 )] taiA 22 x| EH o)A
S FP 5 HTable 1).

71FHs Alue Qo W2 V24E 20E e 2ol &
g3t9th 71593 Avke] 9 (RCP2.6, RCPS.S)Oﬂ E H
44 71 dolHE 7143 718 R XY (http:/www.climate.
go.kr/home/)oN Al AYEE (HP: AAEE FHAl, GG: 24
5 AP, CS: BEEE FEE MM: Z4EE A

FHEch d3" mH 712 dolHY FHUIE 2041~
2050 2 2091~21003 2 AAFT) o] A @
#TEE 717 7123 vaEA 7R FEEs ALdslt 7
2 FEES 72 wgs] Adl, A¥E 7l F2 3
A A (F2(°C)=0.8806x 7] 2(°C)+4.3015 (R*=0.901))<
E5td 74 ARQAA e 712E F20] e
gttt gt tlolEE 753 VAISE EEl V]
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3. Results and Discussion

31 7[AHES 7MY oS M5 Hlu

2 A7olA AREE 57EA1¢] Z1AIsE Bdo] ”’/‘ﬂ& TE 04]
she AeS HlwLsItH(Table 2). #2H ASX¢F 2 =
2}—4 +HeE E‘ﬂzb A ®Q! correlation coefﬁc1ent-4
HW RF 7|H S AHES B¢ AR 0.7 2o =2
B0]3 MLR, DT 718 & AH87 B9de E% 0.7
FHATE Bt BE Rl A& 9 2

9] A#ABAE FI8E B th(p-value < 0.001).

2 B o N e
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Table 1. Definitions of Representative Concentration Pathway (RCP) scenarios used in this study and projected temperatures

used for simulations

Representative Mean air temperature (°C)
Concentration Definition at the study sites.
Pathway 2041-2050 2091-2100
CO, emissions start declining by 2020 and go to zero by 2100. HP: 135 HP: 137
Lo GG: 142 GG: 144
RCP2.6 CO, concentration in 2100: 421 ppm. cS: 145 CS: 147
Global temperature increase in 2081-2100 relative to 1985-2005: 0.3—1.7°C. MM: 153 MM: 15.5
. . . HP: 13.8 HP: 16.5
CO, emissions continue to rise throughout the 21st century.
Lo GG: 145 GG: 17.1
RCP8.5 CO, concentration in 2100: 936 ppm. CS: 147 cs: 173
Global temperature increase in 2081-2100 relative to 1985-2005: 2.6—4.8°C. MM: 15.5 MM: 18.1

IS EHALS|X| H40H H3S, 2024
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Table 2. Validation performance comparison of cyanobacterial abundance predictions by different machine learning models.

Site Performance Multiple .linear Support vector Decision tree Randfm Eorest- Random forest-5
regression regressor sqrt
r 0.5081 0.5822 0.3211 0.5989 0.6109
HP MSE 0.3057 0.2700 0.5327 0.2610 0.2551
r 0.6273 0.6445 0.5584 0.7294 0.7251
a6 MSE 0.4737 0.4594 0.6538 0.3781 0.3751
r 0.7108 0.7406 0.5460 0.7636 0.7583
s MSE 0.4617 0.4200 0.7853 0.3966 0.3997
r 0.7615 0.8219 0.6620 0.8181 0.8111
VM MSE 0.3806 0.2978 0.5477 03121 0.3142
AEAG 5 e exE Uee SAAEYI MSEQ WS (max features Sto]F Fetul el A “sqit” e 5)2 F
e Y dutH oz RFY A% A7t A5 A A AR A& s Bt
Aoz ZAgE Ho

4 1931, SVRE A37h 7 AAZ ZAHY
o}. o= FEE & RF, SVRY Fgdxrno &
Asl ozl AL B4tk weEtA RF 7ol a4 i A
AEY GAF 4 dZol MLR, SVR, DT 7|HEtt 53
S B33 RFY AdFRI 5% SFATHEBAST > 0.6).
ol ma} RCP 7| FHst Ay 2o &3 7|45 &
Yg&5d @A & it d5E A ASEF V1M E RF

We Agatdnh 2 dFelA AHEE F 7HA ©E RF 7]
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Fig. 2. Comparison of future simulated cyanobacteria abundances

“simulated”) with current observations (“observed”).

32 7|ZFHE ALE[=2
Ol= AlE30|M

F ot 7]l Ay 2(RCP8.59] 21001 d)0l A ol &3
HAd 9 dolE e A FERE GAFE 79 vlolEE Al
AGZE Hlws] BkthFig. 2). Aol 47 71T ©]4)
A&ste] T A FF (1,000 cellsymL ©1%h) A& 4%
d& 71Edst AluE] oo gt V|24s dEd A

71240 ME M7

GG

— Observed
250,000 ... Simulated

200,000

150,000

100,000

Cyanoabacteria {cells/mL)

50,000

Yo16 2017 2018 2019 2020 2021 2022 2023 2024

MM
1,200,000{ —— Observed

- Simulated
1,000,000

800,000

600,000

Cyanoabacteria (cells/mL)

400,000

200,000

2021 2022 2023

under the worst temperature rise scenario (RCP 8.5 (2100),
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Fig. 3. Boxplots of current (“Observed”) and simulated future cyanobacterial abundances under two RCP temperature rise
scenarios (RCP2.6 and RCP8.5) for two different prediction times (2050 and 2100). Annotated asterisks indicate
statistically significant differences according to p-values obtained from Mann-Whitney U test (0.0001 < *** < 0.001,
0.001 < ** < 0.01, 0.01 <* < 0.05, and “ns” indicates non-significant difference).

7t A3 F7tete AEE BT ot 7| Fus Ave
20 wat GAF 9 HAZRES HP, GG, CS, MMA z
7+ 88,295, 250,506, 613,304, 1,200,578 cells/mL &2 o=
HAch G5AAA of7A] FEEHA LA tdAy FR
FE 5, 1 mL 3 1009 AX F o) FX7F 457 o
FQ MMOA BB Aog ZEHYT MMAAE FA)
FZ3gkel w8 mE) Aol Al < 38 Z7tsE Aol
sl UH R AR E o 2 2 A & 5~68 71 A
o2 g&HATt wHA, A AT HE FFl Y2 A
AN GAF AE FF0] B2 AFET 7| Fdste] 9
S 71 2dEe FAAE 4o g s e A
S AAEL Atk

71383 Aug 9 7|85 A% GATF 2 W
g% \@EsA #4357 faiA 71Es Alde 29 ¢
AR ZFER FAF § A Ao ARHY B
4~119)E 22 ZZ(boxplot) &2 Ha3] BSITHFig.
3). A ARE 71FeE BE, AF Ui 4EF ZE
AR @A FAF 5 vlolEe HsiA 7|FHst Al
20 2 yl2dsed HallA G G T B
Aoz Z7EIRIL, o] Ae dEAIH FREA L3
Ak vhE, A9 dolEe} AZH dHolH e BAH &

Fe N

i)

IS EAES|X| H40H R3S, 2024

ol XS $13F Mann-Whitney test 23= A A A3
d2 2ozt Atk HP AR H CS AHY A5, A dl
oo thH] RCP2.6 AU £ 2050 ¢1= A3} RCP2.6
Aluel 29 21009 o1& A, RCPR.S Ay 29 20509
A2 A M E 0.001 < p-value < 0.01 F9 FEANA &
A &7} E7beke ACSE Yelgil, RCP8.6 Alue 29
2100 o1& Ao A= 0.0001 < p-value < 0.001 2
FAAM AT 71 Fhete Aoz AZHATY. F HPY
CS ARlA 7IFHSE AU 29 7245 et d &
g @A = 37k BAF F9480 A JEstTh GG
Al e A dolEle thu] RCP2.6 Al 2.9 2050
A& A, RCP2.6 AU 29 2100 45 Z}, RCP8.6
Alygl £.9] 2050 AZ ZAFo A E p-value > 0.05 T2 F
Fo 2 EAF 4ol YA UElt, RCPS.6 Aue 29
2100 <= A3F}E= 0.001 < p-value < 0.01 72 FFlA
A F 7F Erkste AL d2HAT GG A”Y EAl
o 2 Z7hHe HP AR EoHE SAF F94do] dae
2 gAw Hoto] 71:ws Aue] 29 21009 oS A|Fo|
AFate 71250l dallA AT =Y FAd S/ A
ZEh B TS @ APz 4 HP, GG, CS
ARET 22 B9 gFo] F2 MM AH A= FHot9 Al
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Fig. 4. Barplots showing the number of incidents exceeding the three thresholds of cyanobacterial abundance (cells/mL)
currently ("Observed") and under climate change scenarios at the four study sites. The y-axis indicates the number of
days over a 10-year period or 521 measurements (i.e., data on a weekly basis).

2] £(RCP8.5¢] 2100)E A5t 7| FH3} Alye] 29
712350 wet d &g vH Ha FAE 7Y S A
Aoz FY3tA EAth(p-value > 0.05).

33 7|&HE ALE|2 7| 2450 ME Mo LM
|;|I_|_|‘:_0” |;||7-(|= A5k

GAd FIF BT E dAF B o drd £F
7 FHIT o 2EH Z2 F7 B nAE Fe] A
A = ATHLee et al., 2022; Wisniewska et al., 2019). =Uj
9 BY, AR A 5= 49 FA, R 5
< 47 Al 527} 10,000, 1,000,000 cellsymLZ, IS5
T B, A £ 242 20,000, 100,000 cells/mLE
A3kl 2t (Ministry of Environment, 2022). 433kl o
A AUaket AMARZAZ]F(World Health Organization,
WHO)SI A= 100,000 cel/LZ AR FF& Hsta gt
(Health Canada, 2022; WHO, 2021). |23+ 454 2 A5
7+ AAS ddAe dg Y 7EE 2Hse GAF
HA o g 7]FHs) Alurﬂgﬂﬂi o 239 thFig. 4).
HA Hoe 71w Ay e BF dAETE ded
9 AFFT BA & 2HsE %xﬂ& A W= 37}
s Bk Hoo 7|FHE AlvE] 29 RCP8.59] 2100
A& A7 AF AFEY 49 BA 71F(10,000 cell/mL)
23 HEE vws) 29, CcS(A 9.5F, dA div] A 355
Z7hH > MM(Q 72%F, @A diEl A 22F F7h > GG(%

2

2]

Z e

62%, A diH] A 3.5F 37hH > HP(A 1.55, @A iy
2% Z7h 0]tk RCP8.59) 210093 A& A3 7)F
if—_ Qg9 RAFEF AA 715(100,000 cel/mL) Z7
HEE AurE, (A 3.5, @A divl 4 34F 37h >
MM( 3.05, @A oy 1.85F F7h > GG(OE‘ 0.8, @A
g A 0.8F Z7h > HP(A 0.0, @A ¥ 0.0F) <ol
Atk ol AFEL 7|THs A drd 2 AFF
7+ AA wE 57t EUHA ol WE HE&R F7hE A
7 28 F7F o] AFERE A7t Y&E dSs 9l
ok CS AAY MM AHY FA 71&E 2FsteE NE7 715
HstE W e Zold 7HsAd o] GG AR olu HP A H]
A 2 Aoz AEHOIM AWt Yetgth ddAl 7E
(1,000,000 cel/mL)S ZFHste 2E 24 MM A H oA
Fokol Ay 241 RCPS.5 2100 oll=2] Aol vt et
Wtk HP X3 F9 Hoe 7$usiMe A433 3
A 71Zoly A 71Z2S 2FskA] gobA 4] AT A
% 71Fdstel disiA 7hg A 2FRE BT
Z1ZHste] 9gt mE e dAF WA FEe} Nz U}
7 B JFo] A dsy AR Aolghe M AF o
7Vsstth o] 7Hdg AZE7] flaiA] Bepe] ATt A
o2 779 B dFe] At AR AFEMHP, GG,
CS)F B g0l gtk AAX = AHMM) ol ZFE
s Hokth 2o AAHE Q7 THEE HEHOE F9)
&, FEUA ARAL S SeAHEAL A Bz
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=7k d =l
ok v A 2R FAE(FATE e BY FFRTE
& £ Aoz Bt Ad=zA, FHte
9 A 79 HAUgS HP
< GG < CS < MM (ZZ+ <F 100,000, 250,000, 600,000,
1,200,000 cells/mL) $=°] L 3L(Fig. 2), °l& AHA 7]29]
G54 =59 &A% AR THTable 1). B[S MM |
ol ®eote] Ayt "utE, T2 R Aol B AAd
wEl B2 FE MMl tigt B Ao mE o] 2 3}
o|7F §l& 7FEAE Utk B ATl ALES dlolE 7]t
9 2y AT A2 HHF 5 2 IAES F
g3 fEs7le 5L F7H A7V 2o Aol Aol
Y, 2o ggvtez s|Fwsle o HFEE Idd

P

29 2 A5EE 71 BA $5(10,000~100,000 cells/mL)
2 1= A2 (Schneider and Blaha, 2020)

485 H AU, S. EPA,, 2019) 9] thgol 7t&
GAF F7t FA S 2H8E =G5

g 2 A4 FEYNE #BE AT FHH v Lol
LSRR ol &S A% 7 Al F A= Fu7t 2

Q8] Bl GAld 2 AA 71F 23 =T AF A Y
o HAlE A gt HUEE YEEZ, 2 d7F9 7]
T3l Al ol dHo R o &3 uge dAF T F
A 7€ 23 REE 3FE 4oz 58 P4 54
A A 59 A g R olYg 2 29 §Y AL T
9o AMH A g S Aol DA rtESE Aol 7t A
olt}.
4. Conclusion

2 AFdAE 71EES AU & (RCPs)ol maF 20501 7
210090 GEZolA LT FAFe] S = E NEE
NASE BPoz APt AFHez AF U AFE
ESFoA 7]Ewslel 93t V23502 vy dAFE
o} BA 71E 2T =SV SR AR AT

2 Zx2 % #2 2 FAMHA 2A7 Aol He

Jojo] 71Fuste] wah FAF A FEe} Nl

718 Aoz A&7 otk 247tE wEe] AR

B A9 JFust Av e

(RCP8.5)% Yalire MM AH<9 FALAR FAd WP

Bt oA FE& FojMAx I8 = Utk 2050

A7A 458 2857 A AAPAA Hd3E o] F

ook Hotol 713w wHo GA o BA 2%

HNEE AAAIZE F Q3 GAF Rl Age A &
e JT 2 a79 gl Ao B

g, 7HE, SlE A, AAME 59 AR 2A 6l
2 BErt 71$dste) we Frlshe AAH, GAF 54

E
>
v
ACH
fo

39,
Yorlr o

_l

IS EHALS|X| H40H H3S, 2024

b 2R Aol AFasE Aokd Aolehs

A Aol B WA BHS B PAF BAL A
5% £4 09RY A2k 7% 74 5% L 958 B
3 59 SRR gao) Age] BA sAolof df. 2
AT 7 FAse] met AGEE G 15
A WE FINE Jlegs 24w wRche FA 3
o FWlA %2 A7t A AR dEF A9 =
A vie 99 F 24 NES o7 A% 42
Y s}
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