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Abstract

Climate change has increased the average air temperature. Rising air temperature are absorbed by water
bodies, leading to increasing water temperature. Increased water temperature will cause eutrophication and
excess algal growth, which will reduce water quality. In this study, long-term trends of air and water
temperatures in the Han-river basin over the period of 1997-2020 were discussed to assess the impacts of
climate change. Future (~2100s) levels of air temperature were predicted based on the climate change
scenarios (Representative concentration pathway (RCP) 2.6, 4.5, 6.0, and 8.5). The results showed that air
and water temperatures rose at an average rate of 0.027°C year' and 0.038°C year' respectively, over the
past 24 years (1997 to 2020). Future air temperatures under RCP 2.6, 4.5, 6.0, and 8.5 increased up to
0.32°C 1.18°C, 2.14°C, and 3.51°C, respectively. An increasing water temperature could dissolve more
minerals from the surrounding rock and will therefore have a higher electrical conductivity. It is the opposite
when considering a gas, such as oxygen, dissolved in the water. Water temperature also governs the kinds of
organisms that can live in rivers and lakes. Fish, insects, zooplankton, phytoplankton, and other aquatic
species all have a preferred temperature range. As temperatures get too far above or below this preferred
range, the number of individuals of the species decreases until finally there are none. Therefore, changes of
water temperature that are induced by climate change have important implications on water supplies, water
quality, and aquatic ecosystems of a watershed.
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1. Introduction
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2. Materials and Methods

2.1 Research site
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Table 1. Reliability evaluation (level of agreement) classification of climate change (ME, 2020)

Agreement

Reliability evaluation

Strong agreement .
g agr there is an expert’s consent

When there is a certain number of papers in a related field and there is no contradiction between them, or when

Intermediate agreement

When the number of papers is constant but it is difficult to judge the evidence based on a minority opinion or
when a small number of experts have different opinions

Limited agreement

When the number of papers is very small or it is difficult to judge the reliability of the papers due to differences
of opinion among experts or the contents of the papers
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Fig. 1. Han-river Basin and locations of the monitored watershed sites. Four streams (Namhan-gang, Bukhan-gang, Han-gang,

and Anseong-cheon) were obtained within Han-river Basin.

2.2 Collection of air and water temperature data
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2.3 Future climate scenario
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3. Results and Discussion

3.1 Overseas research on water quality change by
climate change
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3.2 Time trend of air and water temperature
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Fig. 4. Trend of monthly average air and water temperatures over the past 24 years (1997 to 2020).
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and Chung, 2018).

3.3 Change of seasonal water temperature

A ez A Uk gyl 98 19974
HH 202039 #FZ7|HE B(G~49), d5(5~89), 720
~109), AS(11~29)2 FE3t9, €8 dgH4 712F 5
25 Hn EAsYtHFig. 3). E3 dF9F 71 9 & 4
SE(CC year)9 €9 Fo|E B35l 24z 7245
B "X AZES IA5ATHFig. 4).

EG3~49)Y t7IeH F22 dsH S NHESH
FE3) S/ 399 22 Y FHF 72
ek 22°C %o, 442 1.2°C A #ZH 2 2
9] 2R ZAHJT EF, 399 FE, #HZ% B9
Vg e F2A445E(0.08°C year)S UEHon £33
2 71245(0.33°C year )T £245(0.33°C year)S
10:4(2010~2020)2F FA3HA F71etd, o2 do H]3)
71 w2 25 FSER #SHAT 492 19979 o] F
F2de 712dsd vl ds %t M 3A olu
£ A2 AZHUKFL H5E, 0.06°C year', 71245
&, -0.04°C year"). 0|9} 22 BH 712 L F245S AF
A, @3} 22 ZA FAA FAHAY 13 S =l
A& Aoy, AEZLIAEY HF £&d 4TS vd A
ojth g ZET 295 A= 52FY &9 A7Vt
4 ddT ZolH, FPAIE Z7)s 2 Jhedel ds
ZOIt(Yun et al., 2019).

AE(5~89)9 77t BXY 72 H 22 F3EA S
FAE Jehgon E3), 1997d0 o]F 543 6¥€9
X

o>

2:(0.08°C year)& 7]-244(0.04°C yearol H]3] &

go] FEAA F7tAn E3, 89 ABF T

016l HIAXE 7|55 Ho o]of, 2010d el ZAA
0 7128 ZAASAT 201839 89 22 9

oy

He
T
=
o] 2
LI =
HAZ 71553, 89 dFd T2 oA MAZ 7HE =
e o] 201643, 2018'd, 201939 HFFH o2 Yeh, 7]
TRt g AFHY 2 FVhe FAAE AR &
ZHh ols ST 7129 12 A W=7 199080 F
gk o] %, 53] 2010 Syt o] F & waA F7he A v
5o Aot} F23 t7] 7129 2xx= 593 69l
1.7°C3 0.3°CL2 7] "3 o] & v, 793 8

9] 22 712 Hla 7 04°C, 14°C HoHAHA 2=
27 AP w2tA AFE £ AEH Fso
3 23 A FAIZ ARG GxFe E2E =S A
TVt FElsld o2 ALsE " kElliott, 2010). S4F

A28 oFo] ZoAHA Y38 7 et A
of A9 ETF HFs AltE oA H, old] me}
7 &8l A&E 7sAel AXA 2 Aolth. &9,
9l Microcystis sp.= 25°C ©]A+ell A 10,000 cells mL™!

BN oEg b Ho

5
=
=
£

Z2331H, 28°C ool A dAs F7kste Fatddol v
ByE= Aoz &3 A 9JthPaerl and Paul, 2012). WabA,
AEA AsH F23 7 AFAL EAse FHdAM=
Microcystis sp.2] W/go] 71&std Ao oA THYu et
al., 2014). 9 ok, Microcystis sp.= AFE Al Bt - @A)

22 2 5AERS FEsy] g ¢ XHPesd g
E F29 9F&S uE RAo|thPark, 2007). vlAIH O 2 oE

A F2o] FolxA H¥ BOD 5=/} 712 AeE B
A THHan et al., 2010).

7H2(9~109) 717 7123 £ Weles 5% A5ETS
02 3goR, 7] 7122 SR A
(e, €9 FA=Z dhoz FZHYROL F2 T2e
-0.04°C year', 109 2 Z4& -0.03°C year"). 987 10€
9] AdFF F22 7] 7IET 0.62°CT 2.77°C E2 AL
2 Ugston, 453 g7 7|20 F2EY & Y
OA] dHEo] 20 7] 7]2Hth Fopx]7] A &St

AL(11~29) 7178 QB T2 7HeE 59 FA=

==

" o] £ 2 12974 FAHe AFE et &9,
24482 1197 1299 712 FEAA FSHPTHI1L
2 ZA2g -0.04°C year', 129 & ZAE -0.02°C year™).
F23 7129 d¥d 2EAE B AE HE & Ae=
Uetstow, &2 di7] 7129 H§) 119 4.21°C, 12€
5.47°C, 1€ 5.44°C, 2€ 3.81°C =2 Aoz #H=Ho], 12€
3 (€0 993 F /HF Z 2238 Jeiid. e A
Ao o] sHFFe mt AF7)d Fste FERY
Stephanodiscus hantzschii, Synedra e< &3 1717} @&t
3, A e 71 Aoz G FFH, oz Qs FFAE
F4Y ARA AN g ¥ FANE 2T o=
AIEETHKim et al., 2014; Son et al., 2018).

3.4 Prediction of temperature change in the Han-River
Basin by future climate scenario

A 3ol e HA e EAMFLRE 24 JtE FEE
71 R dFHE HY 71F Wk AlUE] 2 RCP 2.6, 4.5,
6.0, 8.58 2 1 80d(~2100s)9 A9 (Fig. 5)F FY
W FAERME, B, @9, 8 ) dd e 7I=2Ws) o
Z35 9 h(Fig. 6).

AFHE SA 247 75 S
22021 ~2100d) 399 A
7h, 247k Az A o] A3
£ FY 1.18°C F7f, 247t~
(RCP 6.0)5 %S FF A 2.14°C 371, dA A
7}27F Wl E(RCP 8.5)E F, 3.51°C E7HH & A
= ATHTable 2). Wety FZ-FHAA Y 71235
2 &SP o5 w 3°C o9 2EAfo|7t
2 UeERthFig. 5). 712 45 E2 RCP 2.6 AlUg] Lol 4]
0.0042~0.0044°C year', RCP 4.5 AU 214 0.0249~
0.0271°C year', RCP 6.0 AU 24 0.0388~0.0410°C
year!, RCP 8.5 Alu&] 24 0.0575~0.0597°C year's] &
52 g5d Zez &9 &S 9571342021 ~2100
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Fig. 5. Time series of air temperature under each of the extended RCP scenarios for RCP 2.6, RCP 4.5, RCP 6.0, and RCP
8.5. Historical air temperature (black) covers the period 1997-2020, and the RCPs and extended RCPs are continued
from 2021 and 2100. Time series of the annual global mean surface air temperature for RCP 2.6 (blue), RCP 4.5

(green), RCP 6.0 (orange), and RCP 8.5 (red).

Table 2. Predicted air temperatures for the period of 2021~2100, for four scenarios driven by CO, alone

Scenarios Description CO, conc. (2100) yearly air temp. (2100s)
RCP2.6 Instantaneous greenhouse gas reduction 420 ppm + 0.32°C
RCP4.5 Substantial achievement of greenhouse gas reduction policy 540 ppm + 1.18°C
RCP6.0 Fair achievement of greenhouse gas reduction policy 670 ppm + 2.14°C
RCP8.5 Greenhouse gas emission as current trend 940 ppm + 3.51°C

LY

d) B¢ FAEY AdF 7|2 EE AU oA 3
A, R A, FFF FA, EXF FA £22 729

S Aow oAEYTHFig. 6). kAT, 2 FAE 7] eads
ES vy, EHFFAY 7RGSES HL(RCP 2.6)
0.0044°C year', ZH(RCP 8.5) 0.0597°C year' & 3G F4|
oA 7HE Fe& = #A Jetsith Wi, P AA 9
7124558 HA(RCP 2.6) 0.0042°C year”, HTH(RCP 8.5)
0.0575°C year'2 7}d 9A F5de RS2 dFHnh
JHBE 7|EHES Y 2 J|24Ed RS FAe 5
7 FAR AClBR olo] digt FH#E I ZoF O =E A}
i=R20=

LN

3.5 Future water quality in the Han River Basin
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(Hypoxia) @422 JLEF &&0| 371 2 7Fs4ol
(Boyce et al., 2010; Sahoo et al., 2011). ¥ FHF(TN, TP)&
E EIF sk 71749 Ao2 BuE A 9t Bouraoui
et al. (2002)3 Bouraoui et al. (2004)2 71& W3} AU Q.9
SWAT B3 & A&t 7|FHste] iE §9 W TN TP
9 o FIFE dSd A, 7|FHstd g5t TNS 6%
ANA 27%74R], TPE 5%NA 34%74A S718 ZoiH, AL
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Microsystis sp. &9 B&F WG A717F w&td Rolw, hF
27 7713 4ojd Aol th(Yun et al, 2019). 53] &
79 dF FLS Geosmin} 2-MIB(2-methyl isoborneol) &
gt - WA 23 Microcystins 9 F4EES TAAA
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Fig. 6. Predicted air temperature under each of the extended RCP scenarios for (A) RCP 2.6, (B) RCP 4.5, (C) RCP 6.0, and

(D) RCP 8.5 of the four streams (Han-gang (blue), Anseong-Cheon (red), Namhan-gang (pink), and Bukhan-gang

(green)) obtained within the Han-river Basin.
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AAE FHA 713, o o] HAES F9 Jdd At 7Hs4 ol
A& Aol tiKlapper, 1991; Yun, 2016). 7]AF7F o] R&
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