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ABSTRACT

The Nam Mae Suai sub-watershed has water resource problems, including flooding and water scarcity every
year. Consequently, the amount of water flowing into the Nam Mae Suai Reservoir may fluctuate due to land use
changes in the past. Therefore, the Soil and Water Assessment Tool (SWAT) model was applied to assess the mean
runoff and to analyze the water balance from the land use change effects from 2013 to 2018. The results showed
that the SWAT model was effective in runoff assessment and water balance analysis for the Nam Mae Suai
sub-watershed. The results of model calibration gave values for the coefficient of determination (R*) of 0.80,
the Nash-Sutcliffe efficiency (NSE) of 0.76 and the percentage bias (PBIAS) of -9.2. It was found that between 2013
and 2018, there was a decrease forest area of 2.9 percent, converted to agricultural and residential areas, causing
the average annual runoff to decrease by less than 1 percent. So, it can be observed that the amount of runoff
during the dry period decreased by approximately 2 percent, especially at the end of the rainy season from
October to December, due to decreasing rainfall, and reduction of forest areas into agricultural areas, causing water
loss from evapotranspiration to increase by 2 percent. This causes the soil water storage and streamflow to
decrease and the water yields also only slightly decreased. It can be concluded that the runoff volume and water
balance of Nam Mae Suai sub-watershed slightly decreased from land use changes. (Overall decreased by no more
than 2 percent)
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Figure 1 Topography of Nam Mae Suai sub-watershed.
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Figure 2 Conceptual framework of runoff analysis.
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Table 1

Table 1 General performance ratings for recommended statistics in monthly

Performance Rating (Stream flow) NSE PBIAS (%)
Very good 0.75 < R?2 < 1.00 0.75 < NSE < 1.00 PBIAS < 10
Good 0.60 < R2 < 0.75 0.65 < NSE < 0.75 +10 < PBIAS < £15
Satisfactory 0.50 < R?2 < 0.60 0.50 < NSE < 0.65 +15 < PBIAS < 25
Unsatisfactory R? < 0.50 NSE < 0.50 PBIAS > +25

Remarks: R? is coefficient of determination (Fernandez et al., 2005), NSE is Nash-Sutcliffe efficiency (Moriasi et al.,

2007) and PBIAS is percent bias (Moriasi et al., 2007).
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Table 2 Sensitive parameters obtained from SWAT-CUP used for model.

No. Parameter Definition Optimal value  Min Max
1 CN2mst Curve number 0.0908 -0.2 0.2
2 ALPHA BF.gw Baseflow alpha factor (1/day) 0.0865 0.05 0.1
3 GW_DELAY.gw Delay time 435.30 30 450
4 ESCO.hru Soil evaporation compensation factor 0.413 0 1
5 GW_REVAP.gw Groundwater "revap" coefficient 0.0558 0.02 0.2
6  REVAPMN.gw Threshold depth of water in shallow aquifer for 445 0 1000

"revap" or percolation to deep aquifer to occur
(mm H,0)
RCHRG_DP.gw Deep aquifer percolation fraction 0.637 0 1
8  SOL AWC.sol Available water capacity of soil layer (mm 0.129 0 1
H,O/mm soil)
9  SOL Kol Saturated hydraulic conductivity (mm/hr) 22 0 2000
10 CH K2rte Effective hydraulic conductivity in main channel 493.5 200 700

alluvium (mm/hr)
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Figure 3 Results of calibration and validation using SWAT.
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Table 3 Simulated water yield and runoff in 2013 and 2018.

Simulated water yield

Simulated runoff (m?/s)

Rainfall Based on land use Based on land use
Month Based on land Based on land
(mm) in 2013 in 2018 ) )
- P - 0o use in 2013 use in 2018
January 30.5 33.1 12.7 324 124 2.3 2.2
February 12.1 27.7 10.6 27.2 10.4 1.9 1.9
March 29.1 32.5 12.5 31.9 12.2 1.7 1.6
April 93.9 46.4 17.8 45.9 17.6 1.7 1.6
May 134.7 81.5 31.2 80.9 31.0 2.4 2.4
June 132.9 90.9 34.9 90.4 34.7 3.6 3.6
July 2458 148.8 571 148.5 57.0 4.4 4.4
August 281.4 200.1 76.7 199.8 76.6 6.9 6.9
September 258.1 188.0 72.1 187.6 72.0 9.4 9.3
October 87.4 72.4 27.8 71.6 274 6.9 6.9
November 82.5 66.3 25.4 65.5 25.1 4.9 4.9
December 20.4 36.8 14.1 36.1 13.9 3.4 34
Wet period 1,140.4 781.7 299.8 778.9 298.7 5.60 5.58
Dry period 268.4 242.8 93.1 238.8 91.6 2.65 2.60
Total 1,408.8 1,024.4 392.9 1,017.7 390.4 4.13 4.09
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Figure 4 Spatial runoff distribution maps for Nam Mae Suai sub-watershed in 2013 and 2018.
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Figure 5 Changes in sub-basin water flow volume due to land use change from 2013 to 2018.
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Table 4 Effect of land use change on surface runoff and evapotranspiration.

Area (km?) Surface runoff (mm) Evapotranspiration (mm)
Land use types
LU 2013 LU 2018 LU 2013 LU 2018 LU 2013 LU 2018
Field crop 125.6 132.8 530.6 531.8 461.1 461.2
Deciduous forest 223.6 208.9 291.1 290.9 328.8 328.7
Orchard 20.1 6.9 295.9 330.4 479.5 482.1
Perennial crop 14.2 34.8 298.5 273.2 516.7 514.9
Paddy field 0.1 0.09 419.5 419.6 499.3 498.7
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Table 5 SWAT model simulation of water balance ratios.

nMsmestveseUsaruidaduinduandesay 27
Wudesay 28 LLamﬁaﬁﬂﬁqﬁyl,ﬁsﬂfwmﬂﬂﬁmaimwa
\indusa Table 5

dledinszsiaunainlaernlufu (soil water) 57y
ﬁ'm}’lmaimwﬂ (evapotranspiration) LLa%NaN’SWi}W
(water yield) 1A uUSuUNY (precipitation) (Moriarty

et al., 2007) lonan1siAsIzsiag Table 6

LU 2013 LU 2018
Water balance

ratio % ratio %
Streamflow/Precipitation 0.6 60 0.6 60
Baseflow/Total flow 0.56 56 0.56 56
Surface runoff/Total flow 0.44 a4 0.44 a4
Percolation/Precipitation 0.18 18 0.18 18
Deep recharge/ Precipitation 0.13 13 0.12 12
Evapotranspiration/Precipitation 0.27 27 0.28 28

Table 6 Water balance summary from SWAT model.

Precipitation Soil water (mm)

Evapotranspiration (mm)

Water yield (mm)

Month
(mm) LU 2013 LU 2018 LU 2013 LU 2018 LU 2013 LU 2018

January 30.5 55.6 55.2 18.9 19.0 33.1 324
February 11.8 39.8 39.5 225 22.92 271.7 27.2
March 29.1 27.9 27.6 28.7 28.5 32.5 31.9
April 93.9 48.3 48.2 40.4 40.6 46.4 459
May 134.7 57.2 57.1 52.1 52.7 81.5 80.9
June 132.9 61.8 61.6 39.3 39.6 90.9 90.4
July 245.8 78.6 78.6 36.0 36.7 148.8 148.5
August 281.4 76.7 76.7 38.3 39.3 200.1 199.8
September 258.1 75.5 75.4 377 39.0 188.0 187.6
October 87.4 66.7 66.4 338 35.1 724 71.6
November 82.4 67.6 67.1 24.0 25.1 66.3 65.5
December 20.4 56.9 56.2 15.4 16.1 36.8 36.1
Wet period 1,140.4 416.6 415.8 237.1 242.4 781.7 778.9
Dry period 268.2 296.0 293.8 149.9 152.3 242.8 238.9

Total 1,408.5 712.6 709.6 387.0 394.7 1,024.4 1,017.7
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