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Abstract

Global human activities associated with the use of fossil fuels have aggravated climate change, increasing air temperature.
Consequently, climate change has the potential to alter surface water temperature with significant impacts on biogeochemical
cycling and ecosystems in natural water body. In this study, we examined temporal trends on historical records of surface
water temperature, and investigated the air temperature/water temperature relationship and the potential water temperature
change from an air temperature scenario developed with regional climate model. Although the temporal trends of water
temperature are highly variable site-by-site, surface water temperature was highly dependent on air temperature, and has
increased significantly in some sub-watersheds over the last two decades. The results presented here demonstrate that water
temperature changes are expected to be slightly higher in river system than reservoir systems and more significant during
winter than summer for both river and reservoir system. Projected change of surface water temperature will likely increase
1.06°C for rivers and 0.95°C for reservoirs during the period 2008 to 2050. Given the potential climatic changes, every 1°C
increase in water temperature could cause dissolved oxygen levels to fall every 0.206 ppm.
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, TE713AT2(2009)1 4= ECHO-GS] 20C3M
(1971~20009) 2 A1BAIYE] 2(2001~21001d)2] ZHE 9
YARE s AQ7IFEE MM5(SF 27 km AATR)E
o] &3k 935tA B EAG Y A 7F
Wk Ay g = 1FAG B
ggataat stk

[ =%
=

Z1FHstE A% & o3 Yy Wse VR FE5e
Faustet 3 A FEE, fF 2 FeREed W
S5 st R A FHARJ IFS vAA "
(Gleick et al., 2000; Murdoch et al., 2000). £3], tIF&<
£, 33 AESH FEFE0] 2x JEF 7] Hid
FHsts O 9T Fa40] ule It dwFez F
7He &2 FA Wl FAH 289 &84 555 7
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2AI713 FA, HHER E, EF g7] Alol9 sshigs St AFE HAFA U AAIEE FAEEN (Y] S, 2008)
MaAA 54 W) JEEE AT 29 B3 9 9 FEdl ol RolA, A4 J1FHsE A Feust 2
THY FAZE QS ALE FA: FFH 22 EAZE 4 of o' FFS HFHEA U FFH dAF5H 1 B
g 4 UK (Murdoch et a., 2000; The Great Lakes Water S ZAEsHA A F55th mEA 2 AT

Quality Board of the International Joint Commission,
2003). tiR2el setd W 9 gstad B
294 o w2A JPHY FFIE T 4
oA o 9gEsA 2RS4 oe Tdgs
3 (Wade et d., 2002), 29 7= A
& =42 guAsa A8t 259 Z7
AEAANAY =49 FHE /7= A
(Moore et a., 1997). E=3t FF9 S/t
FEAZIAY EXREH EE SATHA e

o

ox,
rlo

=
=

ok7 3

Il'l (e

— &, 0
2
>
o

U=
of I, qf

Proob ofv KT o3
o A 2o 82 o X oo

fo [o
o gR bt X oo o
Jo
T
T,
_O'L

1o
> 1>
N 2 o

to
juich
-
ol
it
ofN
N
>
Y
4
32
o
=
rni

» 2
].m |
Ho o
oy 2
Lo
o

do &
tlo iy
23
B
1o
3
B
fo
ot
y 2
to
of
o md
L
1o
ol
tfo
N
N
B
>
N
K

ojN
N
>
oy
o
fu
>
4
i)
tlo
=
o
>
e
4
32
P
)
@
3
2
o

Georgiou, 2001).

Az 71Eds A9 9 o WX Tl FH
AstA A71g wt FAEste] 7 E 9FS vE &
R TSy FFd dgd A7t dsA IPEHL
S tHGleick et a., 2000; Hammond and Pryce, 2007;
Webb et a., 2008). 217 9 thrEZS HEI §H9
Wt 22 #74 10087 1~3°CY] F7te AR XALH
QI (Whitehead et d., 2008), 2IZEAN= Lt AL

=3 daexY I/ FEER Ae=2 gEilt
(Langan et a., 2001). Morrill 5(2005)& ®=3 {Ho
FasH 430 dgt Z2APEAR V)2 1°C S7F Al 2
0.6~0.8°C =78ttt Frletdt. FAAEE B 712
I F2 A4F FAEMF A GCM(Globa Circu-
lation Models)S ©]&3 F2u3l oZd g dFER
Ao 5o FPH ) Pilgrim 5(1998)< Minnesota
SHHe XY 2 V15 AFIARMT ZH CO:
TEE 2012 7Hg% GCM &4

0E g F2IHE ASHRLS
& FaE st V137 2 9 FEAJMA ) 9F
< #o3 Ytk =3, Komatsu 5(2007)2 Shimgjigawa

ggoez #A 104 WY A8E ZAZR
2001~2100 ¢ & 9 $£Ag 53 A3 20000 9
AZF29 108 FF 2E+= 19909U1 ¢ vlwsty 3.4°C
271 Aog dZsqt
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TAEN shREEsts|X| M26A F1s, 2010
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29 ZAZFEANT 71FHs AU e w2 ZAF Z
F2ustE ARt 7|FHs AU E o] &3t 7]
FHL AR §TFE BAsE WHEe FAY 9t
T TS RolddlA ALEHI glon my FFE ASs
=d W F& Foolt(AE AT AEF, 2007, 27
5, 2008, Mg & &, 2007). 23U @A Itz 71FW3}
EFAGE 7 AAEA &%, ofF 7R 7wt w
2 FE dFlZo o 24dol EASE, tr
EY s g dFAREY AFgel dig das
ol 7} o] FoIRA A &2 JEjo]7] Wi MAsof & &
AdEol 2o} WA B AL 713N AFsts
AUE e A e 7R oeE dto 7wt Fgol
2Rl 7129 syt AxF 20 /Mg F 9 1WAt

Mg sl FewsE FHow
4 WYEE sofshad vk

21, 29| 7|H3E F0| U 7| 2-F2 HEEA &M

F2Hsl Folot J|2H F2 FoitY dBE BEHS
A& F7) BEASE AFESIATE AT 54FY FR2
A5 B4 HA)2E (hitp://water.nier.go.kriweis)ol  F
AR e A £2EET A=E AT BV 2 F
A5 98 AA £2 FHY 859MAE F HL 15|01
Hd 209049 2 FFAERT FFHHO Ae 19959
olAd AXE 6497 2(3kd 50974, 4 141704)9 B
ZARE AT AR FRIY, F7F EBHZRIEH
dxo FAGHE(FAMA7IYH, 2004) LFFHES &5
o F2ust Fo] g 7|27 FHY A AHgstATh
T2 FFE FALIITBAIEEHEA we 28 o]
WE 2359 ol Y Ades ATAHY HEHSE
A8 8 AR, FFAR FHE T F2HSE 0-35°C A
ol A MLE Hojuye FES 2ARE A AT

AALD FolEXHE sl E Seasond Mann-Kendal ¥ o]
AHEEIQITE B e AR eAld 7]%g HIESH
(non-parametric) SAI7IM o2 MG TFRESY 5493 AHA

Wolut Axgto] EAlshe 3¢ AFste Fuloletd 3
FHE Frhete o g8 AMEE L lth(Boeder and Chang,
2008; Hirsch et a., 1982; Lettenmaier et al., 1991; Zipper
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et a., 2002). ¥ A= USGS Kendal computer code
(Helsel et a., 19800 °]&3te #& e Y AolE &
W3 272 gt ol did foFEe] 2FE A
F vaste] s 2 549 AIRFH s 2 259
An gt B £38E ARE o] &sto 72F
SHAAE Fohly] & HAE 2 HAE S
stk ¥lAE S| AHEA 2 Mohseni 5(1998)°]l
BHe FHEstgen, ot 4 ()F Zol ¢
Ao YA 2 71871l 93 72 F
WA HMorrill et al., 2005).

% 1)

A7NA Ts: F&, Ta: 712, p: E&FLE, o HUTL,
AT 7L, v TAFHY 7127187 ¥

o A=) A4k Root Mean Square Error(RMSE)E 3
235tEE e A4S S AEHJL, d5E AT
P HAE FAZY d=7 &S Nash-Sutcliffe coefficient
of efficiency(NSC)ol <a] 235 1oh.
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32. 7|23 2o MEIA

e Brle2dst FolRAM ARt guigle SHEE

< Yehd SAY Aol sl 19893 =5 200837}

9] #ZFd V2% F2AR S FHBAE AHRES:

5] Z g HwH9 FHAFeERH HE QA

A5 7I2ARE AT TEYE HIEFLE A

g3t F279 HAF 9 HAFE FALANE FIAT
(Fig. 2).

AF FARA ZFE 7|2 1°C 45 o2 FHdF24
%o] skHe A 0838(x0.004)°C, 5429 ZA$ 0728
(x0.009)°C 53t A2 Yy, vjAy ARS 2
F= #3E 25919 oA B shd 0.752(20.034)°C,
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Hl c20--010 e Ak I 020010
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¢ E]’O R IE =0

(& Rivers (b) Reservoirs

Fig. 1. Tempora trends of water temperature (1989~2008). () Rivers, (b) Reservoirs
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Fig. 2. Linear & nonlinear correlation plots of monthly mean air temperature and water temperature for rivers and reservairs.
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Table 1. Root mean square error (RMSE) vaues and Nash-
Sutcliffe coefficient of efficiency (NRC) on the linear

Table 2. Projected water temperature changes developed from
a future air temperature scenario (A1B) during the

and nonlinear regressions for rivers & reservoirs 2008~2050 and 2008~2100 periods (unit: °C)
Rivers Reservoirs Y ear 2050 2100
RVISE Linear 2.452 4021 Han 187 (£0.30) | 3.16 (£0.46)
Nonlinear 2.427 3.983 Nak-Dong 1.01 (£0.29) 2.39 (x0.43)
NSC Linear 0.914 0.713 Rivers Geum 0.59 (x0.31) 2.07 (x0.50)
Nonlinear 0.916 0.719 SeomJin/YoungSan | 0.59 (+0.31) 2.03 (+x0.47)
Total 106 (£0.16) | 2.45 (£0.24)
F2 0610(x0.033)°CE Yehgth F ¥y 25 $44 F Han 043 (x044) | 159 (x045)
=37 xol= oy AqFoz AUt A HE Nak-Dong 1.02 (£0.52) 2.17 (x0.51)
7] LA} 2] Fﬂr— 20 ,g = @57} = Zz Vb UERgTH o) Reservoirs Qeum -0.10 (x0.81) 1.20 (£1.00)
Sentyers | 18 (2 | a5 o
1°C F7tel wet T%S 0.6~0.8°C F7lete ALz ZA
Hol(Morrill et a., 2005), #1¢] ATt A9 vzt BEF
< vehfjaz gk ®Ta rvers b : reservoirs
g, A9 2 HlAF FATH S ZEHE QS 527
20084 st sh dF ASFH FBA IA S 20
¢t dZ3kS o] 83t Root Mean Sguare Error (RMSE) %15_
Z3} Nash-Sutcliffe coefficient (NSC) %<& wlalste] Hgh %
el 7). AGA2E sl WA o A5 Hol .
o2 g2 RMSE #F 2 NSC #s Hd, 0}34"1]7\14 >
7123 29 GEd 94?1% Fgo] Fhd W F Han  NakDong  Geum 5‘?‘@"3;”43.58n Total
A Jepsieh wEbA Y F22 JPHeR 7129 ¢ (&) Year 2008 (messured)
Fol Z ¥, 49 ZS JI2WSY wHEst s
H]B‘H %EHZS"Q_E %%% H%E} 0]0]] EH_B‘:]" JO]—E i 3D_a:rivers b : reservoirs
28] AS FAlol HA I AFALY FFeE Ad AR 25
WEE A% 2 ATIFRA A FA FPWsE °§20_
At g9 #H4Z, AYPH FAdol spddl va JHFH e 2
2 fed 24 9¢ AR Q) WEoR ARIY g*s-
TS HAFEEEol AFdl ve ¥ RMSE &3 & = 10
2 NSC #g& Ho thad &80 A Yed &5 712 4 5
SOl WE FHSENS 5 vAE I B4 Z2HE Han Nak-Dong Geum Seom-Jin Total
= / Young-San

33. 7|FHE} A[LE| 20 WE &MY F2HSE oS
Ze 7l2dshe mE £ dTFASE Hsl A1B Al
Ugled me duix slews =Age e-fe 4

BAHA AL o] &sta] 2008dE AZAE FFeR I
394 ZH (205097 210049%)9 sHF 549 ZA
2 Fds] da] s Egti(Table 2, Fig. 3). 3+ 2

2008 thH] HA B 2] 205090 1.06(+0.16)°C,
2100 d¢] 2.45(+0.24)°CZ Z7}EE= Hld, 549 ALd:

2008 thH] 20509 0.95(x0.30)°C, 21009 2.14(x0.30)°C
9] 77t CldEo] Aol Tk HlE Tih B2 £
o2 ASHYY AFHe2E Y A &
Ao 4ol dHeR A Jebga
of e F2¢ AXUF Asta 55 Az/GAt
F2 WstZo] FEYAA Frtste AR U

¢

~4>

p

3, AS5E F2Wstd dd € WEs A¥REd

(b) Year 2050 (estimated)

“la:rivers b: reservoirs
25 ! ! !
20 —

Temperature (°C)

Seom-Jin Total
I Young-San

(c) Year 2100 (estimated)
Fig. 3. Projected annual mean water temperatures developed
from a future ar temperature scenario (A1B): (a)
year 2008 (measured), (b) year 2050 (estimated), (c)
year 2100 (estimated).

Han Nak-Dong Geum

(Fig. 4 #8289 2350 Foshn,
o9 3%

JoHow 952
AE g S7PF AdHE A2 UEhi, s
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