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Assessment of Water Cycle in Agricultural Watershed Based
on Canal Network Modeling
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Abstract

Recently, various factors such as climate change, watershed environment change, and, socio-economic change, have been shown
to have a major impact on the hydrological water cycle and on available water resources in agricultural watersheds. Therefore,
it is necessary to identify the water cycle elements of watersheds accurately and to quantify them objectively. Agricultural watersheds
can be divided into the basin, irrigation facilities such as reservoir and pumping stations, irrigation areas, and water cycle elements
such as rainfall and evapotranspiration water supply and demand. A systematic management system of agricultural water cycle
should be established through element analysis, module development, and modeling techniques for comprehensive interpretation
of agricultural watersheds. This study involved the monitoring and modeling of inlet, outlet, and reservoir to analyze and quantify
water cycle elements in the Madun reservoir (located in Anseong, Gyeonggi-do) and Heungeop reservoir (located in Wonju, Gangwon-do).
The watershed runoff, water supply and drainage of irrigation canal, and return flow were estimated using the Storm Water Management
Model (SWMM) based on analysis of canal networks and hydraulic calculations. These results can be utilized to ensure stable
supply of agricultural water resources and to inform water management policies.
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Table 1. Description of the Agricultural Reservoir in Mardun and Heungeop Reservoir

. Construction year Irrigation area Watershed area Effective reservoir Storage
Reservoir name 3 3
(year) (ha) (ha) (10° m’)
Mardun 1975 520 1240 4,707
Heungeop 1962 165 1750 1,098
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Fig. 2. Location of the Agricultural Reservoir and Irrigation Canal Networks in Heungeop Reservoir

Table 2. Evaluation Criteria for Hydrological Models (Moriasi et al., 2015)

Statistic Very good Good
R? R*>085 0.75 < B> < 0.85
NSE NSE > 0.80 0.70 < NSE < 0.80
Statistic Satisfactory Not satisfactory
R 0.60 < R*<0.75 R <0.60
NSE 0.50 < NSE < 0.70 NSE < 0.50
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Table 3. Monitoring Data of Madun Reservoir
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Year Precipitation (mm) Runoff (mm) Runoff rate (%) water supply (10° m®)
2010 1,190 748 63 5,000
2011 1,874 1,268 68 11,271
2012 1,393 905 65 9,089
2013 1,171 723 62 6,293
2014 676 343 51 5,237
2015 581 290 50 5,821
2016 679 364 54 3,486
2017 910 540 59 3,318
2018 1,208 752 62 6,747
2019 817 463 57 4,774
AVG 1,050 640 59 6,104

Table 4. Monitoring Data of Heungeop Reservoir

Year Precipitation (mm) Runoff (mm) Runoff rate (%) water supply (10° m?)
2017 953 629 66 2,390
2018 1,074 725 68 2,870
2019 615 360 59 4,010
AVG 881 571 64 3,090
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Fig. 4. Comparison of Observed and Simulated Water Supply in Heungeop
Table 5. Simulation Statistics of SWMM Results in Madun and Heungeop Reservoir
Reservoir name Period R? NSE Evaluation
Mardun 2010-2019 0.71 0.73 Satisfactory
Heungeop 2017-2019 0.74 0.74 Satisfactory
3.2.2 239l Ay W= TN 4,360,000 m’, HISFRE 1,457,000 m’ 0=
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L9 s ToJEt o, B Ay} FEe] A Hujge 2 g 7P v mejEgl o, )RR 3,252,000 ',
5818000 m’ & 2013\ ]l 71 Bol FFEIYeH, =02 wiFRRS 1,162,000 m’ 0.2 e
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Fig. 5. Simulated Results of Irrigation and Drainage Water Using SWMM in Madun
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Fig. 6. Simulated Results of Irrigation and Drainage Water Using SWMM in Heungeop

Table 6. Analysis of Water Balance in Mardun

Year Irrigation Drainage D,-D, Evapotranspiration Infiltration
(D) (D2) (ET)

2010 3,350 1,834 1,516 1,542 211
2011 3,590 1,377 2,213 1,530 951
2012 3,924 1,232 2,693 1,681 1,133
2013 4,361 1,457 2,904 1,713 1,190
2014 3,708 1,023 2,686 1,689 995
2015 3,085 859 2,225 1,647 691
2016 2,826 994 1,832 1,655 397
2017 2,580 943 1,637 1,660 0
2018 3,252 1,162 2,090 1,819 479
2019 2,718 1,025 1,693 1,586 342
AVG 3,339 1,191 2,149 1,652 639

unit: 10° m®
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Table 7. Analysis of Water Balance in Heungeop

Irrigation Drainage Evapotranspiration .
Year D;-D, Infiltration
(D)) (D2) (ET)
2017 2,388 1,055 1,333 1,043 430
2018 2,865 1,397 1,468 1,216 520
2019 4,013 1,914 2,098 1,124 1,096
AVG 3,089 1,455 1,633 1,128 682

unit: 10° m’

Table 8. Results of Irrigation Return Flow in Madun

Table 9. Results of Irrigation Return Flow in Heungeop

Return flow rate (%) Return flow rate (%)
Year Year
Quick Delay Total Quick Delay Total
2010 54.8 6.3 61.1 2017 442 14.3 58.5
2011 383 26.5 64.8 2018 48.8 134 62.2
2012 31.4 28.9 60.3 2019 47.7 15.9 63.6
2013 334 27.3 60.7 AVG 46.9 14.5 61.4
2014 27.6 26.8 54.4
2015 27.9 22.4 50.3
2016 352 14.1 49.3 Table 10. Estimation of Water Cycle Rate in Madun Reservoir
2017 36.6 153 51.9 . Direct Direct Water
2018 35.7 14.7 50.4 Year Prec(;pl);:le;tlon runoff | Runoff rate | circulation
2019 37.7 12.6 50.3 (mm) (%) rate (%)
AVG 35.9 19.5 55.4 2010 1,190 386 32.5 67.5
2011 1,874 647 34.5 65.5
) 2012 1,393 460 33.1 66.9
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.S.\NN-‘;\/[ fﬂ‘r;}q—g} o) B ATE B4 7180 2019 817 230 28.2 71.8
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Table 11. Estimation of Water Cycle Rate in Heungeop Reservoir

Precipitation Direct Direct . Wate.r
Year runoff | Runoff rate | circulation
(mm) (mm) (%) rate (%)
2017 953 300 31.5 68.5
2018 1,074 406 37.8 62.2
2019 615 205 334 66.6
AVG 881 304 342 65.8
’ Water circulation rate: 71.8%
a r e oo
e |
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2,719 10° ny
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Fig. 7. Results of Water Cycle Analysis in 2019
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