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Assessment of Climate and Vegetation Canopy Change Impacts on Water Resources using SWAT Model

A AFA - wEE R gRE
Park, Min Ji" - Shin, Hyung Jin" - Park, Jong Yoon™ - Kang, Boo Sik™ - Kim, Seong Joon""

ABSTRACT

The objective of this study is to evaluate the future potentia climate and vegetation canopy change impact on a dam watershed
hydrology. A 6,661.5 km? dam watershed, the part of Han-river basin which has the watershed outlet at Chungju dam was selected.
The SWAT mode was cdibrated and verified using 9 year and another 7 year daily dam inflow data The Nash-Sutcliffe mode
efficiency ranged from 0.43 to 0.91. The Canadian Centre for Climate Modelling and Analysis (CCCma) Coupled Globa Climate
Mode3 (CGCM3) data based on Intergovernmental Panel on Climate Change (IPCC) SRES (Speciad Report Emission Scenarios) Bl
scenario was adopted for future climate condition and the data were downscaled by artificid neura network method. The future
vegetation canopy condition was predicted by using nonlinear regresson between monthly LAl (Leaf Area Index) of each land
cover from MODIS satellite image and monthly mean temperature was accomplished. The future watershed mean temperatures of
2100 increased by 2.0 C, and the precipitation increased by 20.4 % based on 2001 data The vegetation canopy prediction results
showed that the 2100 year LAl of deciduous, evergreen and mixed on April increased 57.1 %, 155 %, and 62.5% respectively.
The 2100 evapotranspiration, dam inflow, soil moisture content and groundwater recharge increased 10.2 %, 38.1 %, 16.6 %, and
118.9 % respectively. The consideration of future vegetation canopy affected up to 3.0%, 1.3%, 4.2%, and 3.6% respectively for
each component.

Keywords: Climate change; MODIS LAI; Evapotranspiration; Soil moisture; SWAT
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Table 1 Data sets for SWAT model

Data Type Source Scale Data Description / Properties
Terrain Korea National Geography Institute 1/5,000 Digital Elevation Model (DEM)
Sl Korea Rural Developent Administration 1/25.000 Soil classmcatlon‘s‘and physical properties such as bulk density, texture, and
saturated conductivity.

Vegetation cover | Terra MODIS satellite image 1 km Leaf Area Index (LAI)

. . .. . B Daily precipitation, minimum and maximum temperature, mean wind speed and
Weather Korea Meteorological Administration relative humidity data from 1977 to 2006
Land Use Water Management Information System 30m Landsat land use classification (2000 yr., 9 classes)
Dam inflow Han River Flood Control Office - Daily dam inflow data from 1987 to 2006
B Gal 3 % 4 BSAE 9ok 3549 924 6 B FH T =S 7RI, AR E50] 419 A B}
Aud 200699 FARE FESA 198795 200600 B HIEI 7 Hopjue Bomet BY Fegusl £ Ao
7HA] ZHe] HaQdRF ARE ARl ARSIt vl 2 ot webA 2 dellAl= MODIS AlAE A3 st

= 295 ¥8f CCCma (Canadian Centre for Climate
Modelling and Analysis) CGCM3 (The third generation
Coupled Global climate Model) th7]-3iAgd=de E5}0]
IPCC (Intergovernmental Panel on Climate Change) SRES
(Special Report on Emissions Scenarios) AlUg]l2 B19 &
H ARE F5919TE Bl 24 7iA wiE Alue|es A&t
Ay AR AU e2A w5 IR 943 AR 9
off &St I sEjoll WSbF A7|n, A Sl e
U =2 Hord, oluz] ok el 23} Ae, oyA &
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Y a2 Aol 15H 4Y A= Table 13 Zt) EA|o]
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Fig, 2 The derived Boltzmann nonlinear regression equation

AR TR (B9, sksAA), CCe dJEEF e (canopy Table 2 The derived Boltzmann nonlinear regression equation
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Table 3 The calibrated parameters for the SWAT model

Parameter Descrintion R Optimal | Zhang et al. | Heuvelmans | Muleta et al. |Bdrlund et al.
aramete eserptio WEE ) vale | (2007) | etal (2006)| (2005) (2007)
CN2 Curve number adjustment ratio 0~10 -8 -4 ~+2 (fog;st) - -16~+ 24
CH.K2 Effective hydraulic conductivity in main channel alluvium (mm/hr) 0~50 50 - - - -
ESCO Soil evaporation compensation 0~1 0.2 0.4 - 0.0882 -
EPCO Plant uptake compensation factor 0~1 0.2 0.2 - 1 -
ALPHA_BF Base flow recession constant 0~1 0.2 0.43 0.5 - 0.15~ 0.46
SMFMX Maximum snowmelt factor 0~10 6 8.3 -0.2 - -
SMFMN Minimum snowmelt factor 0~10 2 5.5 -0.1 - -
TIMP Snow pack temperature lag factor 0~1 0.5 - 0.5 - -
SNOCOVMX Threshold depth of snow, above which there is 100 % cover 0~ 500 50 - 10 - -
SNOS0COV Fraction of snow volume represented by SNOCOVMX that corresponds to 50 0~1 05 _ _ _ _
% snow cover
GW_REVAP Coefficient controlling water movement between root zone and shallow 0.02 ~ 0.2 B B B 010 ~0.18
aquifer 0.2
REVAPMN | Threshold depth of water in the shallow aquifer for ‘re-evap’ to occur (mm) | 0~ 500 | 400 - - 28.2478 0~45
o] W95 Ho Boltzmann HAIFS| A O] B9 B siA S —

259k LAIS] A AYdles AoRE Yepyit), meha 2
o= Boltzmann B]AE 3|H&le| 2lg] =43 LAIE =3
o A5t (Fig. 2, Table 2).

2 2Yo| 2 - B

2ol HAL Park et al. (2009)2} Kim et al. (2006)2]
=23 g BEAS st 239 1070 (1997 ~

= T

2006)7te] AT Ao} HlaLste] AAJSHR o, B

A2 B9 wiidsE F8sk] 770d (1990~ 1996)°
tjsto] AAJetgich njEl 7SSt st mojE $fal A1zt
AEAS sl9lon, T ARE HAYS AAsie 2o ul

A S0l AZAE Eolaiat syt ARAAo] EXo]&E=
20009 ARE ARgsIgloH, AN g A= 1y 1S
A}%}“‘E} o] A AlPeat HHE o]gsto] ni7fH
5 HHstelglet. 2 A3t wi7iHa~= Table 32 Zt}. A
¥435 9 ¥ CN2, ESCO, EPCO, CH_K2¢F §4&
SMFMX, SMEMN, TIMP, SNOCOVMX, SNO50COV, A8}
=3} 1#EE GW_REVAP, REVAPMNS} ZHa-Alo] wizkat
ALPHA_BF& 243l BAsI9ct mao] BEAgk=2 Nash
and Sutcliffe (1970)7} Aokt 2 ELA4 (Model Efficient:
ME)®} R*E AR3I3iTh 2A7|7ko] tig B ME= 0.45~
0.91, RMSE: 1.4~ 2.9mm, R*= 0.70~ 0.92% Uepto
AZ717%l Y5t MEE 0.43~0.88 RMSE: 1.0~ 2.2mm, R*
L 0.59~ 0.88°]lt} (Fig. 3, 4, Table 4). ME7} 0.50]5}¢1
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Fig. 3 Calibration results (1997-2006)
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Table 4 Summary of model calibration and validation

Vear Observed Simulated Statistical summary Note
P (mm) Q (mm) QR (%) Q (mm) QR (%) ET (mm) | RMSE (mm/day) R2 ME
1990 1837.8 1038.2 56.5 974.0 53.0 531.2 2.1 0.88 0.88 \%
1991 1447.7 527.6 36.4 639.8 44.2 481.5 1.2 0.77 0.70 \Y
1992 1281.8 506.8 39.5 576.8 45.0 481.7 1.1 0.69 0.64 \Y
1993 1538.1 7517 48.9 788.5 51.2 470.2 1.6 0.83 0.82 \Y
1994 1208.6 381.5 31.6 442.6 36.6 392.7 14 0.59 0.43 \Y
1995 1262.9 661.4 52.4 774.2 61.3 433.7 2.2 0.87 0.83 \Y
1996 1042.5 384.7 36.9 448.2 43.0 432.5 1.0 0.711 0.58 \Y
Average 1374.2 607.4 43.2 663.4 47.8 460.5 1.5 0.76 0.76 -
1997 1394.4 631.2 45.3 751.5 53.9 500.6 1.7 0.78 0.67 C
1998 1778.2 856.3 48.1 948.2 53.3 538.8 1.7 0.89 0.86 C
1999 1595.1 792.4 49.7 881.3 55.2 515.5 2.1 0.87 0.86 C
2000 1187.0 587.1 49.4 718.6 61.4 410.7 1.6 0.87 0.83 C
2001 919.8 296.6 32.2 346.1 37.6 410.7 11 0.70 0.45 C
2002 1718.6 821.8 47.8 895.9 52.1 516.8 2.2 0.91 0.91 C
2003 1856.7 1018.4 54.8 1086.7 58.5 560.1 1.7 0.84 0.85 C
2004 1503.8 892.3 59.3 958.5 63.7 528.2 24 0.88 0.86 C
2005 1469.6 726.9 49.5 802.9 54.6 522.7 14 0.86 0.84 C
2006 1613.7 936.3 58.0 1093.3 67.7 493.5 2.9 0.92 0.90 C
Average 1568.6 807.0 51.3 904.1 57.8 509.7 2.0 0.87 0.84 -

Temperature (C)
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R = 0.5731
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y = 2.1244x + 1568
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Fig, 5 The trend in annual average for temperature and precipitation
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Fig. 6 Monthly LAI of 2100 and 2001 using the derived
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Table 5 The default and future predicted vegetation para—

meters

Year Land use class | BLAI |[FRGRW1|LAIMX1|FRGRW2|LAIMX2| DLAI
Upland crop 300 015 | 005 | 050 | 0.95 |0.70
Forest-Mixed |5.00| 005 | 005 | 040 | 095 |0.99

Model- | Forest-Deciduous | 5.00 | 0.05 | 0.05 | 040 | 0.95 |0.99
default | Forest-Evergreen | 5.00 | 0.15 0.70 | 0.25 | 099 |0.99
Grassland 400 005 | 0.05 | 049 | 095 |0.99

Paddy 500 030 | 001 | 0.70 | 0.95 |0.80

Upland crop 520 013 | 017 | 025 | 0.90 |0.75
Forest-Mixed |6.10| 013 | 016 | 025 | 0.94 |0.75
Forest-Deciduous | 5.80 | 0.13 | 0.14 | 025 | 0.94 |0.75

200 Forest-Evergreen | 6.10 | 025 | 071 | 042 | 097 |0.75
Grassland 540 013 | 017 | 025 | 092 |0.75

Paddy 500 013 | 016 | 025 | 0.82 |0.75

Upland crop 520 013 | 022 | 025 | 0.90 |0.88
Forest-Mixed |6.10| 013 | 026 | 025 | 0.94 |0.75

2100 Forest-Deciduous | 5.80 | 0.13 | 022 | 025 | 0.94 |0.75
Forest-Evergreen | 6.10 | 0.25 0.82 | 042 | 097 |0.75
Grassland 540 013 | 026 | 025 | 092 |0.75

Paddy 500 013 | 024 | 025 | 082 |0.75
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Fig, 7 The predicted dam inflow, watershed average Penman—Monteith evapotranspiration, groundwater recharge and soil

moisture from 2001 to 2100 yr.
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Table 6 Results of Mann—-Kendall test for the trend in
annual average and seasonal average for each
hydrologic components

Result by significance level
Components | Period Test = = =
P statistic (7)) 4701 a=0.05 a=0.01
(1.645) (1.960) (2.576)
Spring 8.25 A A A
o Summer 1.36 - - -
Precipitation Fall 2380
(mm)
Winter 5.55 A A A
Annual 6.60 A A A
Spring 2.85 A A A
Summer 7.33 A A A
Temffcr ?t“re Fall 5.92 A A A
Winter 4.19 A A A
Annual 7.67 A A A
Spring 8.27 A A A
) Summer 2.32 A A -
Dam inflow Fall ~9.99
(mm)
Winter 5.81 A A A
Annual 6.37 A A A
Spring 7.61 A A A
Bvapotrans- | Summer | 188 A - -
piration Fall -4.04
(mm) Winter 0.66 - - -
Annual 4.13 A A A
Spring 6.13 A A A
Summer 1.61 - - -
Soil moisture
@ Fall 2.10
Winter 2.00 A A -
Annual -0.50 - - -
Spring 7.94 A A A
Groundwater | Summer 6.81 A A A
recharge Fall 0.29 - - -
(mmm) Winter | - 177 - -
Annual 441 A A A

4

—+

T T T T
Dam inflow  Evapotranspiration  Soil moisture Groundwater recharge

Annual change (%)
S N o N £ (]

=
g

. 8 Change in each hydrologic component by vegetation
parameters change
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Fig. 9 Change in monthly hydrologlc components by vegetation
parameters change
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