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Assessment of Climate Change Impact on Evapotranspiration and Soil Moisture
in a Mixed Forest Catchment Using Spatially Calibrated SWAT Model
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Abstract

This study is to evaluate the future climate change impact on hydrological components in the Seolmacheon
(8.54 km?) mixed forest catchment located in the northwest of South Korea using SWAT (Soil and Water
Assessment Tool) model. To reduce the uncertainty, the model was spatially calibrated (2007 ~2008) and
validated (2009~2010) using daily observed streamflow, evapotranspiration, and soil moisture data. Hydrological
predicted values matched well with the observed values by showing coefficient of determination (R?) from
0.74 to 0.91 for streamflow, from 0.56 to 0.71 for evapotranspiration, and from 0.45 to 0.71 for soil moisture.
The HadGEM3-RA future weather data of Representative Concentration pathway (RCP) 4.5 and 85
scenarios of the IPCC (Intergovernmental Panel on Climate Change) AR5 (Assessment Report 5) were
adopted for future assessment after bias correction of ground measured data. The future changes in annual
temperature and precipitation showed an upward tendency from 0.9C to 4.2C and from 7.9% to 20.4%
respectively. The future streamflow showed an increase from 0.6% to 15.7%, but runoff ratio showed a
decrease from 3.8% to 5.4%. The future predicted evapotranspiration about precipitation increased from 4.1%
to 6.8%, and the future soil moisture decreased from 4.3% to 5.5%.

Keywords : soil moisture, evapotranspiration, mixed forest, SWAT, RCP climate change scenarios
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Fig. 3. GIS and RS Data; (a) DEM, (b) Land Use, and (c) Soil Properties

Table 1. Data Sets for SWAT Model Parameterization

Scale / . .
Data Type Source Period Data Description / Properties
Topography Korea National Geography Institute 30m Digital Elevation Model (DEM)
Soil classifications and physical
. Korea Rural Development . properties viz. texture, porosity, field
Soil .. . 1: 25,000 . o .
Administration capacity, wilting point, saturated
conductivity, and soil depth
. Land land lassification (8
Land use 2004 Landsat TM satellite Image 1: 25,000 andsat land use classification (
classes)
Korea Institute of Construction Daily precipitation, minimum and
Weather Technology / Water Management 2007 ~2010 | maximum temperature, mean wind
Information System speed and relative humidity data
Streamflow Korea Institute of Construction 2007 ~2010 Daily streamflow data at watershed
Technology outlet
Evapotranspiration Korea Institute of Cpnst@ctlon 2007 ~2010 Daily evapotranspiration data at mixed
Technology / Yonsei Univ. forest area
Soil moisture Korea Institute of Construction 2007 ~2010 Bihourly soil moisture data at mixed
Technology forest and sandy loam area
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Fig. 7. Adjusted Temperature and Precipitation Data for GCM Data using Historical Observed Data
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Table 3. The Calibrated SWAT Model Parameters

Bounds Value Used in Literature
Parameter Definition szrflsﬁ":f’ Adjusted| Zang M;rllzta Galvan | Joh
BB Ty | ) S w5 | O
(2005)
Streamflow (Q)
CN2 SCS curve number for moisture condition | 35 | 98 High - —4to+2 - -2 |0 tot4
Surlag Surface runoff lag coefficient 1 | 24 | Medium 24 - - - 24
ovany | ottt ot Ll | o || ||
GW_DELAY | Groundwater delay 0 |500 High 100 - - 1 100
GW_REVAP | Groundwater revap coefficient 0.02] 0.2 | Medium 0.2 - - 0.2 0.2
Evapotranspiration (ET)
ESCO Soil evaporation compensation factor 011 High 0.01 04 0.0832 | 0.01 0.01
EPCO Plant uptake compensation factor 0 1 High 1 0.2 1 - 1
CANMX Maximum canopy storage 0 |100| High 10 - - - 5
Soil moisture (SM)
ESCO Soil evaporation compensation factor 0 1 High 0.01 04 0.0882 | 0.01 0.01
SOL_AWC | Available water capacity of the soil layer | 0 1 High 0.18 - - +0.04 | 015
SOL_BD Moist bulk density 09|25 High 16 - - - 16
CANMX Maximum canopy storage 0 [100| High 10 - - - 5
Table 4. Summary of Model Calibration and Verification for Streamflow
) Q (mm) QR (%)
Year ME R? Note
(mm) Obs. Sim. Obs. Sim.
2007 1,262.2 761.0 763.8 0.60 0.61 0.62 0.74 C
2008 1,498.3 942.6 992.1 0.63 0.66 0.77 0.78 C
2009 1,351.7 1,009.0 946.7 0.74 0.70 0.86 0.91 \%
2010 1,944.9 1,704.7 1,620.2 0.88 0.83 0.82 0.79 \Y%
Mean 1,514.3 1,102.1 1,080.8 0.71 0.70 0.77 0.81 -
P: precipitation, Q: runoff, QR: runoff ratio, C: calibration, V: verification.
Table 5. Summary of Model Calibration and Verification for Evapotranspiration and Soil Moisture
P ET (mm) SM (%) R?
Year Note
(mm) | period | Obs. | Sim. | Period | Obs. | Sim. | ET | SM
2007 1,262.2 |Sept.-Dec.| 108.0 775 | Jun.-Dec. 13.7 14.3 0.58 0.71 C
2008 1,498.3 | Jan.-Dec. | 471.7 3788 | Jan.-Dec.| 11.7 134 0.56 0.45 C
2009 1,351.7 | Jan.-Dec. | 4084 3704 | Jan.-Dec.| 12.1 14.3 0.67 0.55 \4
2010 1,9449 | Jan.-Dec. | 489.4 369.1 | Jan.-Dec.| 15.3 14.8 0.71 0.56 \Y%
Mean 1,514.3 - 369.6 289.9 - 13.2 14.2 0.63 0.57 -

ET: evapotranspiration, SM: soil moisture, C: calibration, V: verification.
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Table 6. Change in Future Temperature (T), Precipitation (P), Streamflow (Q), Evapotranspiration (ET), and Soil
Moisture (SM) Values Compared to the Baseline (2007 ~2010).

Period Tr?ax digf‘:rl:l(ce Tranin difrg?;ﬁce P Variztion & ) Varigtion T ) | Sl
(0 ) (C) 0) (mm) (%) [QR (%)] (%) [ETR (%)] | (%)
[Baseline]

Spring | 17.5 - 4.8 - 2138 - 109.8 [51.4] - 100.5 [47.0] | 13.7
Summer| 28.6 - 19.3 - 898.3 - 683.4 [76.1] - 183.9 [20.5] | 14.0
ol [Autmn| 194 [ T Togre| - | emameel| - | 666 (2311] 130
Winter | 4.3 - -7.4 - 66.3 - 49.9 [75.2] - 19.6 [295] | 15.3
Annual | 17.4 = 6.1 = 1,466.3 = 1,080.8 [73.7] - 370.5 [25.3] | 14.0

HadGEM3-RA [RCP 4.5]
Spring | 185 +1.0 5.8 +1.0 3595 +40.5 198.0 [55.1] 445 | 152.7 [425]1 | 9.3
Summer| 29.8 +1.2 19.2 -0.1 9055| +0.8 687.0 [75.9] 05 |2034 [225] | 10.3
2040s |Autumn| 20.6 +1.2 8.4 +0.6 230.7| -24.8 152.3 [66.0] | -56.1 96.4 [418] | 8.2
Winter | 4.5 +0.2 -6.3 +1.1 95.6| +30.7 49.7 [52.0] -0.3 584 [61.1] | 89

Annual | 184 +0.9 6.7 | +0.6 |1,591.3 7.9 |1,087.0 [68.3] 0.6 [510.9 [32.1] | 9.2

Spring | 194 +1.9 6.7 +1.9 441.3| +51.5 274.1 [62.1] 59.9 | 1558 [353]1| 9.2

Summer| 31.0 +2.4 20.5 +1.1 946.0| +5.0 7239 [76.5] 56 |208.7 [22.1] | 10.0

2080s |Autumn| 21.3 +2.0 9.4 +1.7 2995 +39 194.7 [65.0] | -22.1 |103.1 [34.4] | 84

Winter | 5.2 +0.9 -5.6 +1.8 1095 +394 63.4 [57.9] 214 60.4 [55.2] | 9.3

Annual | 19.2 +1.8 7.8 +1.6 [1,796.2| 18.4 (1,256.1 [69.9] 14.0 |528.1 [29.4] | 9.2

HadGEM3-RA [RCP 8.5]

Spring | 19.1 +1.5 6.6 +1.8 421.1| +49.2 247.7 [58.8] 556 |161.4 [38.3]| 99
Summer| 30.7 +2.1 20.2 +0.9 903.9| +0.6 685.8 [75.9] 04 |209.1 [23.1]1 | 10.1
2040s |Autumn| 21.0 +1.6 9.1 +1.4 2052 -46 185.0 [67.2] | -285 |101.1 [36.7]1 | 84
Winter | 4.9 +0.6 -5.7 +1.7 1273 +479 80.4 [63.1] 38.0 60.5 [47.5] | 10.3

Annual | 18.9 +1.5 7.6 | +1.4 |[1,7275| 151 |1,198.9 [69.4] 9.8 |532.1 [30.8]1 | 9.7

Spring | 21.5 +4.0 9.1 +4.3 446.1 | +52.1 296.6 [66.5] 63.0 | 1594 [357]| 82

Summer| 33.5 +4.9 22.9 +3.6 927.1 +3.1 657.1 [70.9] -4.0 2299 [24.8] | 88

2080s |Autumn| 23.8 +4.5 12.0 +4.2 28891 +0.3 203.3 [70.4] | -16.9 97.8 [338] | 7.7

Winter | 7.7 +3.4 -3.3 +4.1 180.5| +63.3 125.8 [69.7] 60.4 65.5 [36.3]1 | 9.2

Annual | 21.6 +4.2 10.2 +4.0 [1,8426| 204 |1,282.7 [69.6] 15.7 | 552.6 [30.01 | 85

el AL, SRl R 056~071, ESFEe of A HAFAEe} FAAR] AV THESE 2
R*= 045~0712 Yeh} 2ox)7F #2245 2 ) 2EA STt 7 AT} tha =7 w= ] 1oy
H3he & 5 91915} R 2= I35 o AR BAE L
3) vl 71§AE F5S 98l [PCC 52F H7kRa1A A #5 Aol HElS & dste s HAES
(AR5)®] RCP 45, 85 71%1@ Ak 2.5 ]88k 4) RCP 45, 85 71518} Alvte] ol uh mjgf 4=
I, AREE 2ele HadGEM3-RA 2&om 7140l gho] Wsts 2418 A7) 7] 28 AART} 09~42T
A Algdhs X975 ds o] gslo] ek At A5aldal, ArEEe 79~204% Hsshs Al
H gbe HHREE ARSI 2006 ~20091 714 AT AU 2 e ) e vl
o] Wl 7| eAtmE FHlstkal, A ASAEE 2006 2po) 7} AL v FEHS 06~157% V) =&

~201097H] FE5E= 713+ baselineo.& 273} & 38~54% A, = 41~68% 57 E
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