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Assessing Future Climate Change Impact on Hydrologic Components of
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Abstract

The impact on hydrologic components considering future potential climate, land use change and
vegetation cover information was assessed using SLURP (Semi-distributed Land-Use Runoff Process)
continuous hydrologic model. The model was calibrated (1999 - 2000) and validated (2001 - 2002) for
the upstream watershed (260.4 km?) of Gyeongancheon water level gauging station with the coefficient
of determination and Nash-Sutcliffe efficiency ranging from 0.77 to 0.60 and 0.79 to 0.60, respectively.
Two GCMs (MIROC3.2hires, ECHAM5-OM) future weather data of high (A2), middle (A1B) and low
(B1) emission scenarios of the IPCC (Intergovernmental Panel on Climate Change) were adopted and
the data was corrected by 20C3M (20th Century Climate Coupled Model) and downscaled by Change
Factor (CF) method using 30 years (1977 - 2006, baseline period) weather data. Three periods data of
2010 - 2039 (2020s), 2040 - 2069 (2050s), 2070 - 2099 (2080s) were prepared. To reduce the
uncertainty of land surface conditions, future land use and vegetation canopy prediction were tried by
CA-Markov technique and NOAA NDVI-Temperature relationship respectively. MIROC3.2 hires and
ECHAM5S-OM showed increase tendency in annual streamflow up to 21.4 9% for 2080 AlB and 89 %
for 2050 AlB scenario respectively. The portion of future predicted ET about precipitation increased
up to 3 % in MIROC3.2 hires and 16 % in ECHAMbS5-OM respectively. The future soil moisture
content slightly increased compared to 2002 soil moisture.
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Table. 1. SRES(Special Report on Emission Scenario) scenarios (IPCC, 2001)

Al
Driver A2 B1 B2
Al1C AlG AlB Al1T

Population Growth Low Low Low Low High Low Medium

Very Very Very Very . . .
GDP Growth High High High High Medium High Medium

Very Very Very Very . .
Energy Use High High High High High Low Medium

Low- Low- Medium-— . .
Land-Use Changes Medium | Medium Low Low High High Medium
Availability Qf Conv.en‘uonal and High High Medium | Medium Low Low Medium

Unconventional Oil and Gas

Pace of Technological Change Rapid Rapid Rapid Rapid Slow Medium | Medium

é g Precipitatio
//// ¢ pitation

P
E 1 o] |+
T H gs Rnl}ln £51,CSmax) P = precipitation
T cs 0=Sif chng Es o orwonson
i K . S = canopy storage
Interception , I:Cannpy Storage '0 ik rFE:w
l S|R = interception
. i £ LAlmax= max. leaf area index
CSmax = max. canopy storage
Sublimation — R = rain
T SaowSionge | (18 SN - SR T T = anpuila
*(T-Terit = temperature
Snowmelt S T T Terit = critical temperature
. 2 s INF = mﬁlziﬁ‘é‘?h"%“’s'"“" WFmex |5 = snow storage
surface flow SWi! WSi.1) SM = snowmelt
TEvapo- I_) Runoff’ ET lINF SWS SWE‘:EFHNF SF = snowmelt factor
= = SWS/I 3 .
Tation JV Fast Storage PE- OF /(1 ﬁ?zswfcs,,,u)) INF  =infitraion
ation surface flow = R+SM ET = evapotranspiration
Infitr U intorfiow? interflow1 = OF-PE SWS = soil water storage
e S e PE = percolation
PE INFC = infiltration capaci
INF rax= max. Inﬁllratlon cagacity
SWS,ax= max. content SW:
» QOF = outflow
: . [ T o Rsws =retention constant SWS
Slow Storage
GS = GSi4+PE GS = groundwater storage
roundweter flow = GS.'Rgs GSmax = max. content G
Groundwater- Gs S = min(GS;.1+GS-GS/Rgs,GSmax) | Rgs = retention constant GS
i flow gmunmme.r flow interflow2 = max(GS-GSpax,0)

Fig. 1. Vertical Water Balance of the SLURP Model
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Fig. 2. The Study Watershed
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Table 2. Soil Parameters of 3 Major Land Use Classes

) Percent covered for soil type
Land use Soil parameter -
Sand Sandy loam | Clay loam Silty clay loam
F. 0.24
Forest W, 0.13 5.7 58.3 35.7 0.3
PO, 0.38
F. 0.27
Paddy rice W 0.15 7.1 345 46.4 11.9
PO, 0.37
F. 0.26
Upland crop W, 0.15 7.9 36.0 477 8.3
PO, 0.37
F.: Field capacity (cm®/cm?®), W,: Wilting point (cm®/cm?), PO.: Effective porosity (cm?®/cm?)
Rouse et al, (1974) o] 7/Wdst s} 2R (1999-2002) B<te] F&% A5E o] g3l om WA
NDVI(Normalized Difference Vegetation Index)= 2] upfReEEe] BEAS YgE B4S Fs AEsta,

Ao g v g Hrkehr] A Ax= @A 7P BEA
o2 AMgEa glon] SLURP 282 Sib ZEA<ol
o3 EH%E ¥Y NDVIZHE =3 oA LAI(Leaf
Area Index)E A "ok 2 dtdAME 87d
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E A% 39 ~119714°] NOAA/AVHRR 9144
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SCE-UA(Shuffled Complex Evolution-University of
Arizona) ##43} 71"} (Duan et al, 194)& ©]&3t]
ufj 7Rl ik 1xHAQ1 7]Egks Ak o, Y
ol Wzt iR FAlom ARl olsjel
ERESE
3l 28 &8 A4(Model Efficient,
}oict. SLURP =32 7+

Nash and

Exjol gz A4 wjyfHa¢} Calibrations 913+ v
M7 QFEtHTable 3). 2 AFolA= ddlAe

Table 3. The Calibrated Parameters for the SLURP Model

2 MgEsh e A s da ghe e

L Value
Parameter Sensitivity Forest Paddy rice Upland crop

Canopy capacity (mm) Low 5 - -
Albedo™ Medium 0.11 - -
Canopy resist (s/m)™ Medium 48.1 - -
Max. Crop height (m)™ Low 15 - -
Crop start and end date® Low - 6/1 - 9/10 -
Initial constants of snow store (mm) Medium 32.0 20.0 20.0
Initial constants of slow store (%) Medium 35.3 55.8 6.25
Maximum infiltration rate (mm/day) High 32.8 155 36.26
Manning roughness, n Low 0.05 0.01 0.08
Retention constant for fast store Medium 10.5 6.3 7.95
Maximum capacity for fast store (mm) High 230.8 100.5 141.2
Retention constant for slow store High 55725.0 58935.0 84035.0
Maximum capacity for slow store(mm) Medium 21400.0 30660.0 48670.0
Precipitation factor High 1.0 1.0 1.0
Rain/snow division temperature (C) Low 0.0 0.0 0.0

! Zhou et al. (2003)

2 National Institute Crop Science

* Korean Forest Research Institute
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Table 4. Summary of Model Calibration and Verification

Period P ( ) Observed Simulated RMSE I ME
erio mm
Q(mm) | QR(%) | Qmm) | QR(%) | ET(mm) | (mm/day)

. . 1999 1346.6 752.8 56 697.3 52 643.1 35 0.79 | 0.77
Calibration

2000 1198.8 615.2 51 620.0 52 586.1 3.0 0.76 | 0.68

o 2001 982.0 492.2 50 511.3 52 545.3 3.2 0.71 | 0.69
Validation

2002 1414.4 8135 58 820.1 58 715.1 11.6 0.60 | 0.60

Average 1234.0 668.4 54 662.2 54 429.3 5.3 0.72 | 0.69

P: Precipitation, Q: Streamflow, QR: Runoff ratio, ET: Evapotranspiration, RMSE: Root mean square error,
R% Coefficient of Determination, ME:Nash-Sutcliffe Model Efficiency
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Fig. 4. The Calibration and Verification Results for Streamflow
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Table 5. Details of GCMs data (AR4) used in this study

Medel Center Contury Scenario Grid size

. NIES 320%160

MIROC3.2 hires (National Institute for Environmental Studies) Japan AlB, Bl (1.19x1.1°)
MPI-M 192x96

ECHAM5-OM (Max-Planck-Institut for Meteorology) Germany | A2, ALB, Bl (1.9°x1.9%)
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Table 6. Calculated Bias Correction Factor by Two GCMs Data

. MIROC3.2 hires ECHAM5-OM
Scenarios
AlB B1 A2 AlB B1
Temperature -1.26 -1.22 0.20 0.35 0.28
Precipitation 1.00 1.01 1.35 1.36 1.33
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Table 7. Changes in Degree for Future Seasonal Temperature through the CF Downscaling

Period S . MIROC3.2 hires ECHAM5-OM
o cenario AlB Bl A2 AlB Bl
o 2020s -0.4 -0.4 +0.2 +0.2 -03
pring
(March - May) 2050s 1.1 0.7 14 2.0 +09
2080s 2.3 13 +33 +3.2 2.3
. 2020s 0.0 0.2 -03 -0.1 0.0
ummer 2050s 16 1.0 1038 138 108
(June - August)
2080s 2.8 1.8 2.6 2.8 16
At 2020s 2.1 22 13 17 15
utumn
(September - November) 2050 31 30 29 33 26
2080s 5.0 +4.0 49 438 35
Wint 2020s +3.0 29 0.0 02 0.1
fter 2050s +49 4.4 16 2.4 109
(December - February)
2080s 6.2 5.1 39 39 26

Table 8. Changes in Percent for Future Seasonal Precipitation through the CF Downscaling

beriod oo MIROC3.2 hires ECHAMS5-OM
o cenario AlB Bl A2 AlB Bl
. 2020s +345 +43.8 +49.4 +43.0 +49.4
Spring
2050s +373 +43.4 +46.0 +52.5 +46.4
(March - May)
2080s 414 447 +55.1 +55.3 +49.7
. 2020s 143 -19.3 52,0 -605 -55.9
wmmer 2050s 134 124 3738 ~40.8 436
(June - August)
2080s 118 130 -60.1 -59.8 426
N 2020s 1279 1384 25 74 +19.1
. utumn 2050s +53.8 +43.4 1133 79 185
(September - November)
2080s +54.1 +38.1 +55 72 71
w 2020s 1623 +58.0 +56.0 +54.6 +53.9
inter 2050s +59.7 +59.3 +60.3 1616 +473
(December - February)
2080s +60.0 +53.4 625 +60.8 +57.0
259, =9 A% 19874 452 km2(17.3%)°] v (1920) 8 Z7}3l= Aoz o=HQr) 2% wal =
2080l = 111 km*(43%) = 7rAstal, TAle] A9 xgo] s Fog sty FUbehE AdS YERS

19879 115 km*(44%)ell H]sh 2080L‘i°ﬂt 50.1 km? H(Table 9).

Table 9. The Landsat Classified Land Use from 1987 to 2004 and the CA-Markov Predicted Land Use
of 2020, 2050 and 2080

Land use class

Y
car Water Forest Urban | Grassland |Bare ground|Paddy rice|Upland crop Total

1987| 0.7 [0.3]| 152.3 [585]|11.5 [44]] 53 [20]] 11.8 [45]| 452 [17.3]] 336 [12.9]] 260.4 [100.0]
1991] 0.7 [0.3]] 156.9 [60.2]] 106 [4.1]) 97 [3.7]] 276 [106]| 404 [155]] 145 [56]] 260.4 [100.0]
1996| 1.1 [04]| 149.2 [57.3]]11.3 [43]] 73 [28]] 172 [66]] 424 [163]] 31.9 [12.2]] 260.4 [100.0]
2001| 05 [0.2]] 1566 [60.1]/13.1 [5.0]] 132 [51]| 166 [64]] 27.1 [104]] 33.3 [12.8]| 260.4 [100.0]
2004| 0.8 [0.3]] 141.8 [564.4]|14.7 [5.7]| 21.7 [84]| 223 [86]| 254 [9.7]] 33.7 [12.9]| 260.4 [100.0]

]

]

]

]

Lapdsat
(km” [%])

2004| 1.4 [0.5]] 146.0 [56.11/36.9 [14.2]| 232 [89]| 124 [48]| 193 [74]] 21.2 [81]| 260.4 [100.0]
2020| 1.5 [0.6]| 1359 [52.2
2050| 1.6 [0.6]| 1325 [50.8
2060| 1.6 [0.6]] 1284 [49.3

CA-
Markov
(km® [%])

8]
475 [182]) 249 [96]] 208 [80]] 137 [63]] 161 [6.2]] 260.4 [100.0]
50.8 [195]] 281 [10.9]] 196 [75]] 128 [49]] 150 [58]| 260.4 [100.0]

1]] 11.1 [4.3]] 164 [6.3]] 260.4 [100.0]

50.1 [19.2]] 31.8 [122]] 210 [8

A4 1% 20094 11 43
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Table 10. The Derived Linear Regression Equation between Monthly Mean Temperature and NOAA

Monthly NDVI for Each Land Use Class

Land use class Regression equation R
Forest NDVI = 0.0160 - temp + 0.1245 0.68
Urban NDVI = 0.0143 - temp + 0.0844 0.66

Grassland NDVI = 0.0152 - temp + 0.1093 0.68
Bare ground NDVI = 0.0147 - temp + 0.1085 0.71
Paddy rice NDVI = 0.0155 - temp + 0.0919 0.69
Upland crop NDVI = 0.0154 - temp + 0.1112 0.70

Table 11. The Future Predicted Monthly NDVIs for A1B, A2 and B1 Scenarios of GCMs

MIROC3.2 hires ECHAM5-OM
Period Baseline
AlB B1 A2 AlB B1
1997-2004 Max. 0.51 - - - - -
Min. 0.15 - - - - -
2020s Max. - 0.52 0.52 0.52 0.52 0.53
Min. - 0.15 0.15 0.13 0.14 0.13
2050s Max. - 0.54 0.53 0.54 0.55 0.54
Min. - 0.17 0.16 0.16 0.16 0.16
2080s Max. - 0.56 0.55 0.57 0.57 0.55
Min. - 0.18 0.17 0.19 0.19 0.17
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Fig. 9. Decadal Variations of the Historical Simulated Hydrological Components from SLURP Model
Results as Compared with 30 Years (1977-2006) Average
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Table 12. Resulis of Mann-Kendall Test for the Trend Analysis

Components Period Mean Max Min |Statisitic Z| Slope Tirene] iepitfiesnt lovel (@)

10% 5% 1%

annual 109 | 123 9.3 347 | 006 | uUP UP UP

spring 109 | 128 9.7 256 | 005 | UP UP NO

Teml()?g)ature summer | 235 | 250 | 216 08 | 001 | NO NO NO

autumn | 121 | 141 | 102 224 | 006 | uP UpP NO

winter 26| -06]| -77 218 | 009 | up UP NO

annual | 13711 | 22733 | 7646 175 | 1162 | UP NO NO

o spring | 2119 | 3365 | 41.0 021 | 097 | NO NO NO

Prefﬁf‘)“‘m summer | 8548 | 14807 | 4789 218 | 1142 | UP UP NO

autumn | 2371 | 6446 | 846 014 | 094 | NO NO NO

winter 631 | 1418 59 0.00 | 001 | NO NO NO

annual | 7218 | 14363 | 2843 914 | 1166 | uUP UP NO

spring 664 | 1603 | 150 “062 | -093 | NO NO NO

Str(e;r;‘g‘)w summer | 5175 | 10879 | 1829 275 | 1178 | UP UP UpP

autumn | 1200 | 5858 | 187 061 | 065 | NO NO NO

winter 182 365 119 191 | 018 | up NO NO

annual | 6151 | 6903 | 4818 103 | 083 NO NO NO

o spring | 169.2 | 2017 | 1377 171 075 | up NO NO

Evamt(ra“‘;“a“on summer | 2860 | 3264 | 2209 0.00 | -0.08 | NO NO NO

i autumn | 1181 | 1484 | 845 052 | 017 | NO NO NO

winter 21| 559 | 248 “002 | -0.02 | NO NO NO

annual 172 | 186 | 159 086 | 001 | NO NO NO

o spring 163 | 179 | 149 0.00 | 000 | NO NO NO

Soil I(Ijmsmre summer | 196 | 219 | 169 089 | 003 | NO NO NO

g autumn | 171 | 200 | 151 039 | 001 | NO NO NO

winter 158 | 183 | 146 034 | 001 | NO NO NO

annual | 2691 | 4041 | 1739 079 | 075 | NO NO NO

spring 59| 72| 156 ~046 | -021 | NO NO NO

Groundwf'ter recharge = e | 1283 | 2043 | 617 086 | 070 | NO NO NO

mm) antamn | 632 | 1176 | 230 032 | 029 | NO NO NO

winter 107 | 240 2.4 ~020 | 003 | NO NO NO
o Aol g Aoz BN, B3t S, A% B WA EYREY AREENY 59 2 4
o] frel4 10069} 5% F7h7 o] epste) g829 WS 91519 downscaling® 7154 ol
4 Tk eRE BAEEC US 4T 9% /18 4ol SLURP w2€ TESIh Table 1391 27)
T e WES TPl ool A Ao GCMS9] A2, AlB, B2 Alvg] ol digt vle] 284
ZtEo}, AFGT ArEe 10% foFFolA F71H4 S AYE At frEw2 2020s°] MIROC3.2
S BY3, AWTF LS 10%, 5% 55Tl A hires Bl AU 9% +12.8%, 2020s¢] ECHAM5-OM
714 Es Bk olo weEl AHT X|e¢ T AlB AU eE -145%9] H3stE B, 2050s9
10% frelzolA 571 Aol Yetstt) 53] o9& A% MIROC32 hires Bl AlvgleE +19.19%,
Tt £ 7P T 10%9) 5%) & ECHANMG-OM AIB Ayg] 2= +89%°] W3lsE e}
o #E7F g AL F JS YR S Wk 2080s9] 7-$-olli= MIROC3.2 hires AlB A|u]
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Table 13. Summary of Future Predicted Annual Hydrologic Components for A2, A1B and B1 Scenarios
of Two GCM Models

Period T | T difference P P variation | Q (mm) Q variation | ET (mm) SM GW
(0) (C) (mm) (%) [QR (%)] (%) [ETR (%)]| (%) (mm)
[Baseline]
2002 | 116 | - 14144 | - ] 8201 58] | - 471351 | 170 [ 3194
MIROC3.2 hires [A1B]
2020s | 12.7 +1.1 1578.9 +10.4 916.2 [58] +10.5 576.2 [36] 17.8 344.7
2050s | 144 +2.8 1640.8 +13.8 946.8 [58] +13.4 585.0 [36] 179 351.9
2080s | 15.6 +4.0 1765.0 +19.9 1043.2 [59] +21.4 659.4 [37] 179 358.6
MIROC3.2 hires [B1]
2020s | 12.8 +1.2 1621.6 +12.8 940.1 [58] +12.8 585.8 [36] 179 355.3
2050s | 13.8 +2.2 1691.3 +16.4 1013.1 [60] +19.1 593.5 [35] 179 355.1
2080s | 14.6 +3.0 1652.6 +14.4 958.6 [58] +14.4 630.4 [38] 17.8 346.0
ECHAM5-OM [A2]
2020s | 11.9 +0.3 1438.7 +1.7 810.9 [56] -1.1 637.6 [48] 17.1 2775
2050s | 13.3 +1.7 1487.0 +4.9 820.4 [55] 0.0 720.5 [48] 17.3 293.6
2080s | 15.2 +3.6 1499.3 +5.7 827.4 [55] +0.9 758.4 [51] 17.3 288.4
ECHAM5-OM [A1B]
2020s | 11.9 +0.3 1343.6 -5.3 716.3 [53] -145 689.0 [51] 171 279.9
2050s | 13.9 +2.3 1557.0 +9.2 900.2 [58] +8.9 715.6 [46] 17.3 294.4
2080s | 15.2 +3.6 1503.7 +2.9 847.7 [56] +3.3 757.1 [50] 17.3 279.9
ECHAM5-OM [B1]
2020s | 11.8 +0.2 1440.2 +1.8 788.7 [55] -4.0 702.6 [49] 17.3 288.6
2050s | 12.9 +1.3 1439.2 +1.7 791.1 [55] -3.7 630.8 [47] 174 285.7
2080s | 14.1 +2.5 14715 +3.9 809.5 [55] -1.3 722.7 [49] 174 285.4

P: Precipitation, Q: Streamflow, QR: Runoff ratio, ET: Actual evapotranspiration
ETR: Actual evapotranspiration ratio, SM: Soil moisture, GW: Groundwater recharge
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