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Abstract

The objective of this study is to quantitatively analyze climate change effects by using statistical trends and a watershed model
in the Yongdam dam watershed. The annual average air temperature was found to increase with statistical significance. In
particular, greater increases were observed in autumn. Also, this study was performed to evaluate the potential climate change
in the streamflow and water temperature using a watershed model (HSPF) with RCP climate change scenarios. The streamflow
of Geum river showed a decrease of 5.1% and 0.2%, respectively, in the baseline data for the 2040s and 2080s. The seasonal
impact of future climate change on the streamflow showed a decrease in the summer and an increase in the winter. The water
temperature of Geum river showed an average increase of 0.7~1.0°C. Especially, the water temperature of Geum river showed
an increase of 0.3~0.5°C in the 2040s and 0.5~1.2°C in the 2080s. The seasonal impact of future climate change on the water
temperature showed an increase in winter and spring, with a decrease in summer. Therefore, it was determined that a statistical
analysis-based meteorological and quantitative forecast of streamflow and water temperature using a watershed model is
necessary to assess climate change impact and to establish plans for future water resource management.
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Table 1. Mann-Kendall trend analysis results for precipitation and air temperature in Yongdam dam watershed

Mann-Kendall
Items Slope 7 » Trend
=0.1 =0.05
Annual 4.260 1.214 0.225 - -
Spring -1.013 -1.257 0.209 - -
Precipitation Summer 5.016 1.821 0.069 A -
Autumn 0.6991 0.282 0.778 - -
Winter -0.4475 -0.954 0.340 - -
Annual 0.0182 2.761 0.006 A A
Spring 0.0177 1.902 0.057 A -
Temperature Summer 0.0177 1.651 0.099 A -
Autumn 0.033 2.650 0.008 A A
Winter 0.019 1.303 0.192 - -
* A : trend increase, V : trend decrease, - : not
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Fig. 2. Yearly, seasonal precipitation (left graph) and air temperature (right graph) trend line of Yongdam dam watershed

(1973 ~2014).
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Table 2. Yearly, seasonal precipitation (left graph) and air temperature (right graph) trend lines for Yongdam dam watershed

(1973 ~2014)
Period Scenario PCP (mm) Tmean (°C) Tmin (°C) Tmax (°C)
Baseline 1588.0 10.4 49 16.7
1538.7 11.6 6.2 17.9
2040s (-3.1%) +1.2°C) (+1.3°C) (+12°C)
RCP 2.6 =2 at : :
1556.8 11.6 6.0 17.9
2080s
(-2.0%) (+1.3°C) (+1.1°C) (+1.3°0)
1574.2 11.4 5.8 17.7
2040 (-0.9%) (+1.0°C) (+0.9°C) (+1.0°0C)
RCP 4.5 — ' ' '
2080 1658.2 12.3 6.9 18.7
S
Annual (+4.4%) (+2.0°C) (+2.0°C) (+2.0°C)
1564.9 10.8 53 17.1
2040s (-1.5%) (+0.4°C) (+0.4°C) (+0.4°C)
RCP 6.0 = : : :
1650.1 12.3 6.9 18.6
2080s
(+3.9%) (+2.0°C) (+2.0°C) (+1.9°C)
1567.7 11.5 6.0 17.9
2040s (-1.3%) (+1.2°C) (+1.1°C) (+12°C)
RCP 8.5 o ‘ ' ‘
1677.4 13.9 83 20.3
2080s
(+5.6%) (+3.5°C) (+3.4°C) (+3.6°C)
* PCP : Precipitation, Tmean : Mean temperature, Tmin : Minimum temperature, Tmax : Maximum temperature
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Fig. 3. Monthly precipitation changes under the RCP 2.6, 4.5, 6.0 and 8.5 scenarios in the 2040s (left graphs) and 2080s (right graph).
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Fig. 4. Monthly mean temperature under the RCP 2.6, 4.5, 6.0 and 8.5 scenarios in the 2040s (left graphs) and 2080s (right graph).
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3.3. 7|=HEl0| M2 S {USIEe] feF 4 Table 4. Statistical efficiency of calibration results for flow
S5 Mot and water temperature

331, 28 7= Vear R2 Flow — “lleter temper;t;llrae

HSPF 232 5 &sl7) flspel Dash ysuzxac 3 2010 0.84 0.83 094 093
AR, BAGEE EYE B VIGARE TEE § AU 2011 0.83 0.82 093 091
299 99 30m x30m DEM2Z5E Flow Direction} 2012 0.88 0.63 091 0.89
Flow Accumulations Atste] shAEES BGAIZ =, 0} 2013 0.73 0.56 0.93 0.93
A= 9 §9%, #E3EAFE ngsrd] 3000 279 2014 0.80 0.79 0.96 0.94
2 FRIYG FHHez Hese f9U FEIAY i]
EAPRAY moo] Ha3t JEAE 755 Y& DEM, shxl 2R odxTA A ZE A XA U 9=F Hey
= 9 f9=E *}%8101 7t 29 WA, AAE, §9 H7} A3, Table 40] UEPA AF Zo] RZES 0.73~0.88,
o BHRel & ARSEE FEHULH A AF R Nepgre 056-0832 UE mo® fBo] AZfuL
FES 2T F JEF TEA VAR dedd A mode Aoz BUHYY. £ HLA Hrt Ao
ot WinHSPF Amdte] 22230 WDMULE &8 & Righe 0.91-0.96, NSERS 0.89-0.94% ¥ o3¢
ste] 279 wdm L2 AA3ATH o #olste o] FARAL & AP Aoz BA

= AThFig. 5~6). R’g2 3% 29 24, 712 5o

332 RAZgS] HEY Bt J% we NAEE AY + AL, NSERES 2elA9
;HSPF 239 j#%*é B7HE SlE %008~2009Lﬂ% g Az ASZ oo UATE FIY 4 Y= goz
37Ike 2 Ak, 2010~201439 HZ 5ALS g 27 g2 EFLS FEL o)Lt 2P mo=dHE 7
= meloiath 239 RYE 2P 212AR WA Sigug gan. o) 2o EAYEE B 5y A4
& s 2del SRS DAl AR AW W gy gage) 238 Fde N A2 g 487
5B gol g & AL W WAET dE T pgqnm gudn g9 f99 8% 2 seBsAd
e Al & AFANE md ABRE BAM A g o gag w2 5 @AY Aol AT 2BAR
ko] R (Correlatlo—n coefficient) l';l I_\ISE (Nash-Sutcliffe 7} 9ud 9o md AL Baayol AHg & 9o
efficiency)E 4Fgste] H&4& Hrlatden A Aoz WorE.
Table 3o Wehfich o ), @, .+ i Al AZA,
Qprea; = AT AFA, Q= AZA9 B7, mez : 333 SEHY /Y99 /Y U ~2H3 MY
AFA Y B, ne AEX % AFA] A AFE nldch HSPF @& H8&44& H7ls Fol RCP 71E£ws} Ayt
Table 3. Equation used to estimate goodness-of-fit measures

Notation NSE R?
n n 2
E; (@i = Qpreas)’ (Z Qots,i X Cpredi N QX Qp7‘6d)

Equation 1— 1—

n

E(Qobs,i _%)2 (E Qj[,s n:l;b)(z Q;?red -n 7121'611) )

i
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Fig. 5. Comparison of the observed and simulated daily flow for Geumbon A in Yongdam dam watershed.

sIE=8Eax| M@ HM25, 2016



7|4 BEXZ ! RCP 7|FHE AU 2F TE{st SEHY ReUsiRiel RE R +2ME MY 179
40
o Observed
35 .
—Simulated
§30 1 °
,%25 | i;’ ' Y
- W1k 4
820 - Al o P
3 g i P 0
£15 ¥ { / |
5 ' S
210 1 f Voo ¢
" ' (o) o 1
5 1 " I" I"U .i (D)
\ 4 1)
: Wi bl '
0 = Ol 1ot b
Jan-10  Jul-10  Jan-11 Jul-11 Jan-12  Jul-12  Jan-13  Jul-13  Jan-14  Jul-14
Date (day)
Fig. 6. Comparison of the observed and simulated daily water temperature for Geumbon A in Yongdam dam watershed.
Jo Agel e g9 99 Fo 5 AN A¥ AL mF Zadgon FLERA FE A AGelN
7 5% BsE Agste Table 59 Fig. 791 UYehdATh 204051 5.1%, 2080s°] 0.8% Zadte Aoz AFH
2040s} 2080s= THiEske] Hlw A, RCP 2.6 AlvE] 2 RCP 459 RCP 6.0 AUl 29 Zfoe ABH 4% Ol
Table 5. Annual mean streamflow changes in major streams in the Yongdam dam watershed
. . . . Geum river
Stream Scenario Jeongja Juja Jinan Guryang (Geummbon A)
Baseline 2.53 1.50 1.77 429 7.45
241 1.42 1.67 4.07 7.07
2040 (-5.0%) (-5.0%) (-5.4%) (-5.1%) (-5.1%)
RCP 26 = 0 =J. () =J. (] =J. 0 =J. (1]
2080 2.52 1.49 1.75 4.26 7.39
S
(-0.6%) (-0.6%) (-1.0%) (-0.8%) (-0.8%)
2.54 1.50 1.76 429 745
2040s (+0.1%) (+0.1%) (-0.3%) “) )
RCP 4.5 o o S -
2080 2.74 1.62 1.90 4.64 8.05
S
Annual mean (+8.2%) (+8.2%) (+7.9%) (+8.1%) (+8.1%)
2.66 1.57 1.85 4.50 7.81
2040s
(+5.1%) (+5.1%) (+4.6%) (+4.9%) (+4.9%)
RCP 6.0
2080 2.71 1.60 1.88 4.58 7.95
S
(+6.8%) (+6.8%) (+6.4%) (+6.7%) (+6.7%)
2.57 1.51 1.78 434 7.53
2040s
RCP 85 (+1.2%) (+1.2%) (+0.7%) (+1.0%) (+1.0%)
' 2080 2.59 1.53 1.80 439 7.61
s (+2.3%) (+2.2%) (+1.9%) (+2.2%) (+2.2%)
30 30
W RCP 26 2040s m— RCP 25 2080s
C—IRCP 40 C—RCP 40
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Fig. 7. Monthly streamflow changes for Geum river (Geumbon A) under the RCP 2.6, 4.5, 6.0 and 8.5 scenarios in the 2040s
(left graphs) and 2080s (right graph).
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Table 6. Water temperature changes in major streams in the Yongdam dam watershed

Stream Scenario Seokjoeng Juja Jinan Guryang Geum river
Baseline 13.4 13.1 11.6 12.3 12.2
13.9 14.0 12.3 12.9 12.6
20405 (+0.6°C) (+0.9°C) (+0.8°C) (+0.7°C) (+0.4°C)
RCP 2.6 - . - > -
2080 14.0 14.0 12.4 13.0 12.7
S
(+0.6°C) (+0.9°0C) (+0.9°0C) (+0.8°C) (+0.5°C)
13.8 13.9 12.2 12.8 12.6
20408 (+0.5°0C) (+0.8°C) (+0.6°C) (+0.6°C) (+0.4°C)
RCP 4.5 - : ; ; ;
2080 14.1 14.1 12.6 13.2 12.9
Annual mean s (+0.7°C) (+1.0°C) (+1.0°0C) (+0.9°C) (+0.7°C)
13.8 13.9 12.2 12.8 12.5
2040s (+0.5°C) (+0.8°C) (+0.6°C) (+0.6°C) (+0.3°C)
RCP 6.0 - : ; - -
14.2 14.2 12.7 133 13.0
2080s
(+0.8°C) (+1.1°C) (+1.1°C) (+1.0°C) (+0.8°C)
14.0 14.0 12.4 13.0 12.7
20405 (+0.6°C) (+0.9°C) (+0.8°C) (+0.7°C) (+0.5°C)
RCP 8.5 - : . > -
14.5 14.5 13.2 13.7 13.4
2080s
(+1.1°0C) (+1.4°0) (+1.6°C) (+1.4°C) (+1.2°C)
o o
—— RCP26 2040s —+— RCP25 2080s
25 | everrunees RCP 4S5 25 ] Y, RCP45
RCPEO ——-—49-—- RCPBO
—_ RCP85 —_ —..-&.—.. RCP85
8 20 4 Baseline 8’ 2 Baseline
g o
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Fig. 8. Monthly water temperature changes for Geum river (Geumbon A) under the RCP 2.6, 4.5, 6.0 and 8.5 scenarios in

the 2040s (left graph) and 2080s (right graph).
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