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ABSTRACT

The application of SWAT and CLUE-S models in streamflow and land use prediction in the

upper Khwae-Noi subwatershed, Nakhonthai district, Phitsanulok province, aims to study and
forecast the land use change and estimate the streamflow in the subwatershed. The CLUE-S land-
use change and SWAT hydrological models were used to forecast the future land-use and
streamflow changes in 2013, 2018, and 2023.

The results were found that in 2023 most land-use types would tend to increase from 2018,
including agricultural areas, water bodies area, and constructed areas with 42.16%, 6.44%, and
1.39%, respectively, while the forest area and miscellaneous area would decline by 45.16% and
4.83%, respectively. The streamflow results indicated that the SWAT model used to estimate the
streamflow had an adequate efficiency in estimating the streamflow with R* more than 80 percent.
The streamflow measurements from the hydrological station (N.36) for calibrating and validating the
model during 2000 — 2018, as indicated by the statistical parameters R?, NSE, and PBIAS of 0.80, 0.74,
and 27.10, respectively. The estimated average yearly streamflow during 2013 and 2018 were 107.37
and 70.23 mcm, respectively. The forecasted streamflow in the future (2023) was slightly higher than
in 2018, with an increase of 12.06%. The study of hydrological characteristics during 2013, 2018, and
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2023, under future land use conditions with the percentage of the rainfall-runoff ratio, found that
the rainfall-runoff was the highest in 2013, followed by 2023 and 2018, at 14.87 %, 13.59 %, and
12.17 %, respectively. The results indicate that deforestation and the expansion of the agriculture
area significantly increased the streamflow during the initial transition stage. However, the
streamflow could decrease considerably in the upper Khwae Noi subwatershed in the long term

due to an unbalanced structure of the watershed ecosystem.

Keywords: Streamflow, Upper Khwae-Noi Subwatershed, SWAT Model, Land Use, CLUE-S Model
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Figure 1 The boundary of upper Khwae-Noi subwatershed, Nakhonthai district, Phitsanulok province.

Modified from the Royal Irrigation Department and Meteorological Department of Thailand.
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Table 1 Land utilization during 2013, 2018, and 2023 at the Khwae-Noi Sub-Watershed,
Phitsanulok Province.
2013 2018 2023
Land use
Area Area Area
type % % %
(rai) (rai) (rai)
Agriculture 527,458.27 40.87 560,584.33 43.43 566,607.08 43.90
Forest 695,224.22 53.87 671,798.30 52.05 665,347.30 51.55
Urban 2541414 1.97 26,510.61 2.05 26,709.50 2.07
Water 6,344.93 0.49 6,494.83 0.50 7,415.38 0.57
Miscellaneous 36,226.73 2.80 25,280.22 1.97 24.589.03 1.91
Total 1,290,668.29 100.00 1,290,668.29 100.00 1,290,668.29 100.00
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Wongsakhiri (2011) wag Wuttichatkitcharoen
(2016) (Table 2)

Table 2 Sensitivity analysis of the parameters in the SWAT model.

Parameters Definition Default
8:R CH K2.rte Effective hydraulic conductivity the main channel -1.00-0.90
1:R_ CN2.mgt the Curve number 1.00-1.50
9:R_SOL AWC(..).sol  the Available water capacity of the soil layer. (mm -0.60-0.50

H,O/mm Soil)
5:R_ CANMX.hru
7:R CH N2.rte
2:V_ALPHA BF.gw
6:R_SOL_K(..).sol
4:A_ GWQMN.gw

Maximum canopy storage

Manning’s N value for the main chanel

the Baseflow alpha factor. (days)

the saturated hydraulic conductivity

Threshold depth of water in the shallow aquifer

1,460.00-1,700.00
0.45-0.70
5.00-10.00
-0.40-0.25
0.40-0.10

required for return flow to occur. (mm)

3:R_GW_DELAY.qw

the Groundwater delay. (days)

5.00-7.00
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(Figure 2)
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Figure 2 Comparison of streamflow variations between that estimated by the SWAT model and

measured data during the calibration (2000 - 2017) and validation (2018) period.
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Figure 3 Streamflow and rainfall amount variation during calibration and validation period using

swat-cup model.
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Table 3 Statistical parameters for calibration and validation of the SWAT model using SWAT-CUP.

Statistic Calibrated Validated Total
Parameters (2000 - 2017) (2018) (2000 - 2018)
R? 0.80 0.71 0.80
NSE 0.74 0.71 0.74
PBIAS 26.20 70.00 27.10
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Figure 4 Realtionship between the streamflow simulated using the SWAT model and measured
data. The dashed line is the 45° linear regression line, while the solid line is the best fit

line between the data and modeled values.
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Table 4 Comparison of the streamflow in the upper Khwae-Noi watershed between the years 2013,

2018, and 2023.

2013 2018 2023
Rainfall Rainfall streamflow
Months streamflow (mcm) streamflow (mcm)
among among (mcm)
observation  simulated (mm) observation  simulated (mm)
January 2.41 0.44 39.20 1.26 0.71 18.90 1.62
February 291 0.25 3.00 0.75 0.55 27.10 0.55
March 2.77 0.59 56.00 0.41 0.34 18.90 0.47
April 1.60 0.37 57.40 1.95 0.37 44.00 0.29
May 2.24 1.48 143.40 2.78 0.89 141.80 4.10
June 11.46 15.35 287.80 9.11 3.71 219.90 14.39
July 13.51 15.80 148.50 24.78 10.22 178.10 8.50
August 36.54 28.53 274.70 32.14 27.26 204.20 16.72
September 44.34 25.25 138.90 29.25 1791 90.90 14.91
October 19.53 12.90 78.90 10.46 3.57 2.20 7.86
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Table 4 (Continued)
2013 2018 2023

Rainfall Rainfall Streamflow
Months streamflow (mcm) streamflow (mcm)

among among (mcm)

observation  simulated (mm) observation  simulated (mm)
November 3.93 4.66 4.50 2.96 3.18 71.10 8.09
December 2.58 1.72 42.50 1.59 1.52 2.00 0.94
Total Runoff 143.82 107.34 1,274.80 117.44 70.23 1,019.10 78.44
wet period 127.62 99.31 1,072.20 108.52 63.56 837.10 66.48
dry period 16.20 8.03 202.60 8.92 6.67 182.00 11.96
(%) dry
period/wet 12.69 8.07 18.90 3.86 10.49 21.74 5.66
period (Year)
(%)
streamflow/R 18.93 14.87 - 20.36 12.17 - 13.59
ainfall
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