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Abstract

Currently, the demand for farmland is steadily decreasing due to changes in the agricultural environment and dietary life. In line with this,
the government adopted an integrated water management with the enactment of the Framework Act on Water Management on June 2019.
Therefore, it is required to take a closer look at agricultural water demand that accounts for 61% of water use for efficient water resources
management. In this study, the overal process was evaluated for estimating agricultural water demand. More specifically, agricultural water
demand for paddy field, which comprises 67% to 87% of agricultural water demand, was reviewed in detail. The biggest issue in estimating
the paddy field water demand is the selection of the method for potential evapotranspiration. FAO recommends Penman-Monteith, but,
currently, our criteria suggest a modified Penman equation that shows over estimation. Also, the crop coefficient, which is the main factor
in evaluating evapotranspiration, has an issue that does not consider the current climate and crop varieties because it was developed 23 years
ago. Comparing the Modified Penman and Penman-Monteith equations using the data from Jeonju National Weather Service, the modified
Penman equation showed a big difference compared to the Penman-Monteith equation. When the crop coefficient was applied, the difference
between late May and late August increased, where the amount of evapotranspiration was high. The estimation process was applied to four
study reservoirs in Gimje. Comparing the estimated water demand with the supplied water record from reservoirs, the results showed that
the estimation accuracy depends on not just the potential evapotranspiration, but also the standard water storing level in paddy fields.
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Table 3. Estimated 10-days PET in Jeonju

945

M 5L 6E 6M 6L TE ™ 7L SE SM 8L 9E M 9L total
2009 P-M | 323 | 443 | 329 | 459 | 39.7 | 299 | 19.0 | 295 | 354 | 273 | 351 | 36.1 | 292 | 19.2 | 4558
M-P | 459 | 60.1 | 48.1 | 60.8 | 544 | 456 | 36.6 | 443 | 47.8 | 41.3 | 493 | 47.8 | 403 | 28.7 | 651.1
2010 P-M | 348 | 303 | 47.8 | 28.6 | 34.8 | 29.6 | 32.0 | 34.6 | 322 | 254 | 252 | 252 | 27.2 | 21.1 | 428.7
M-P | 489 | 465 | 60.7 | 423 | 48.7 | 439 | 492 | 524 | 46.6 | 414 | 414 | 40.1 | 40.2 | 32.6 | 6349
S011 P-M | 38.1 | 350 | 37.8 | 434 | 24.6 | 20.1 | 343 | 28.0 | 294 | 18.1 | 259 | 27.9 | 234 | 26.1 | 412.1
M-P | 52.7 | 495 | 51.8 | 57.0 | 439 | 363 | 50.8 | 459 | 464 | 323 | 358 | 40.3 | 353 | 37.0 | 6149
2012 P-M | 32.0 | 483 | 355 | 376 | 399 | 248 | 18.6 | 494 | 48.6 | 229 | 224 | 253 | 142 | 253 | 4449
M-P | 454 | 62.1 | 489 | 51.5 | 55.6 | 40.8 | 34.1 | 652 | 619 | 38.0 | 409 | 37.2 | 27.0 | 35.0 | 643.6
2013 P-M | 419 | 379 | 44.6 | 284 | 353 | 25.0 | 432 | 323 | 424 | 522 | 352 | 27.7 | 27.8 | 24.7 | 498.6
M-P | 557 | 52.6 | 57.7 | 413 | 48.1 | 423 | 61.8 | 514 | 56.1 | 64.7 | 48.0 | 38.3 | 38.6 | 343 | 691.0
2014 P-M | 39.6 | 51.1 | 32.7 | 36.5 | 39.0 | 289 | 28.9 | 42.5 | 243 | 22.0 | 28.5 | 28.7 | 29.4 | 224 | 4546
M-P | 523 | 649 | 45.1 | 48.6 | 52.0 | 40.0 | 40.7 | 57.3 | 38.8 | 31.4 | 40.0 | 38.8 | 38.5 | 31.0 | 619.4
2015 P-M | 379 | 53.0 | 43.0 | 345 | 28.6 | 32.5 | 27.3 | 30.1 | 44.6 | 28.0 | 28.5 | 30.1 | 28.3 | 26.3 | 472.7
M-P | 523 | 655 | 548 | 47.1 | 41.3 | 46.1 | 432 | 459 | 59.0 | 40.3 | 43.4 | 42.5 | 393 | 36.2 | 657.0
2016 P-M | 40.8 | 446 | 34.1 | 31.7 | 285 | 242 | 29.1 | 50.2 | 38.0 | 44.1 | 352 | 26.5 | 22.8 | 19.0 | 468.6
M-P | 55.0 | 59.0 | 46.4 | 454 | 432 | 38.6 | 43.1 | 66.7 | 50.4 | 56.5 | 51.9 | 38.8 | 32.2 | 28.7 | 656.1
2017 P-M | 384 | 475 | 34.1 | 46.7 | 349 | 20.3 | 29.7 | 35.7 | 41.5 | 26.5 | 34.6 | 27.7 | 254 | 255 | 4684
M-P | 52.6 | 62.7 | 49.5 | 60.1 | 47.1 | 354 | 41.5 | 45.7 | 514 | 37.0 | 483 | 36.7 | 37.2 | 35.0 | 640.5
5018 P-M | 23.6 | 40.1 | 38.7 | 342 | 324 | 24.6 | 51.0 | 55.7 | 47.5 | 49.5 | 20.7 | 26.8 | 19.1 | 23.2 | 487.1
M-P | 379 | 540 | 514 | 46.8 | 46.0 | 37.8 | 63.2 | 703 | 604 | 63.5 | 364 | 399 | 28.8 | 33.6 | 670.1
P-M: Penman-Monteith method, M-P: Modified Penman method
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Fig. 4. Comparison of crop coefficient
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Table 4. Crop coefficient (Wet-hill-sedding)
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P-M 0.78 0.97 1.07 1.16 1.28 1.45 1.5 1.58 1.46 1.45 1.25 1.01
M-P 0.65 0.8 0.9 0.98 1.09 1.25 1.3 1.35 1.24 1.22 1.06 0.83

P-M: Penman-Monteith, M-P: Modified Penman
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Fig. 5. Comparison of actual evaporation of P-M and M-P
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Table 5. Reservoir agricultural water demand
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Unit: ten thousand m*

Geumpyeong Daehwa Dangwol Seonam
@ ) ) ) ) @ @ @

January 0 0.00 0 0.00 0 0.00 0 0.00
February 0 0.00 0 0.00 0 0.00 0 0.02
March 0 1.58 0 0.62 0 0.00 0 0.00
April 0 0.00 10.7 1.24 0 0.00 0 0.60
May 56.6 97.97 97.6 70.15 17.2 18.64 10.1 26.11
June 3209 131.69 126.6 38.43 63.2 22.53 48.1 15.62
July 15.6 17.38 66.8 1.96 243 0.00 6.4 1.28
August 79.1 52.67 99.5 18.90 237 1.07 14.3 4.52
September 74.4 0.00 118.3 34.66 29.4 0.54 249 2.56
October 72.3 0.00 87.1 0.00 0 0.00 0 0.09
November 0 1.05 0 0.00 0 0.00 0 0.43
December 0 27.92 0 0.00 0 0.00 0 0.00
Sum 618.9 330.27 606.7 165.95 157.7 42.77 103.9 51.23

@ : Development of a Rural Water Resources Assessment Tool (MOAFRA, 2015)

@ : Reservoir Hydrological Survey Yearbook (KRC, 2020)
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Table 6. Net duty of water result according to ponding depth and evapotranspiration calculation method
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Unit: mm
Penman-Monteith (PM) Modified Penman (MP)
por?((i)ing Eff.ective por?c(i)ing Efff:ctive Eva.po por?((i)ing Eff.ective por?c(i)ing Efff:ctive Eva.po rainfall
depth rainfall depth rainfall -ration depth rainfall depth rainfall -ration
2009 629.3 737.9 593.1 754.0 579.5 692.4 789.0 757.1 666.5 698.8 955.4
2010 474.5 582.1 469.7 566.9 548.9 541.8 619.1 613.1 579.4 686.1 1071.7
2011 466.8 507.6 449.7 504.7 514.1 463.3 631.8 454.1 618.1 654.1 1290.6
2012 678.6 562.4 635.6 585.4 576.4 742.8 602.8 694.1 631.5 699.3 1024.0
2013 542.4 514.9 514.0 518.3 635.5 609.4 584.5 673.8 464.7 746.8 908.1
2014 606.5 497.7 558.3 525.9 573.0 665.8 511.0 577.9 572.1 661.8 795.1
2015 757.3 295.5 707.3 351.0 590.4 834.3 334.6 828.8 327.0 696.8 372.9
2016 725.9 3534 741.5 317.7 599.1 864.7 305.6 778.7 371.5 710.9 613.1
2017 663.6 458.4 619.7 537.1 585.3 670.6 522.1 691.9 533.1 676.1 732.1
2018 684.6 365.9 636.3 383.6 636.0 733.8 3922 751.2 340.2 736.3 899.1
2019 605.6 489.9 582.6 484.3 547.5 637.1 537.5 643.0 S511.5 655.6 623.4
Average| 6214 487.8 591.6 502.6 580.5 677.8 530.0 678.5 510.5 693.0 844.1
Table 7. Comparison of paddy water demand calculation results and reservoir water supply
Unit: 10* m?
Development of a Iz;(r)eill\_fg?)tle ; I::Z;);;)e s Assessment Tool Reservoir Hydrological Survey Yearbook

PM(60) PM(50) MP(60) MP(50) Supply PM(60) PM(50) | MP(60) | MP(50) Supply

Geumpyeong 670.1 635.0 705.6 671.7 618.9 708.6 681.6 745.4 752.3 304.1

Daehwa 541.4 513.0 570.1 542.8 606.6 572.5 550.7 602.3 607.8 166.0

Dangwol 92.4 87.6 97.3 92.7 157.8 97.8 94.1 102.8 103.8 42.8

Seonam 150.1 142.3 158.1 150.5 103.8 158.8 152.7 167.0 168.5 51.4

Average 363.5 3445 382.8 364.4 371.8 384.4 369.8 404.4 408.1 141.1
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