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Abstract

This study assessed evapotranspiration (ET) methods applying for estimation of paddy rice water demand based on agricultural water
supply. The Modified Penman (MP) method and the Penman-Monteith (PM) method recently suggested by Rural Development
Administration (RDA) were considered. The 6 Korea Rural Community Corporation (KRC) command areas located in Honam province
were selected in this study. The climate characteristics were also analysed with the average annual and the growing season temperatures
and rainfalls. As a result, the annual average and the growing season temperature showed the increased trend while the rainfall tended
to decrease during 30 years. The paddy rice water demand found to be directly influenced by these climate trends as ET also affected
by them. The higher values of paddy rice water demand were obtained from applying MP method compared to the one applying PM
method. The lower differences were also obtained from MP method for the comparisons between the paddy rice water demand estimated
by both methods with agricultural water supply. Therefore, these results suggest that the MP method is more desirable to use for
estimating paddy rice water demand in order to achieve stability of irrigation designs and plans.
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Table 1. Paddy rice crop coefficients (Cho et a/,, 2019)
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April May Jun
Methods . . .
Early Middle Late Early Middle Late Early Middle Late
MP (KRC, 1997) - - 0.56 0.56 0.56 0.56 0.75 0.95 1.06
PM (RDA, 2019) - - 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Jul August September
Methods - > .g p.
Early Middle Late Early Middle Late Early Middle Late
MP (KRC, 1997) 1.09 1.17 1.39 1.53 1.58 1.47 1.42 1.32 -
PM (RDA, 2019) 0.97 1.15 1.15 1.15 1.34 1.34 1.34 1.34 -
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Fig. 1. Location of the selected agricultural reservoirs and meteorological stations

Table 2. The Command area and meteorological station of selected study areas

Command area
Region Name Total Reservoir Pumping station Meteorological station
ha ha % ha %

Gusung 595.7 272.7 45.8 323.0 54.2 Namwon
Jeollabuk-do Sasan 466.0 240.0 51.5 226.0 48.5 Buan
Jangnam 826.0 570.1 69.0 255.9 31.0 Imsil
Gwangju-ho 2,338.0 1,165.2 49.8 1,172.8 50.2 .

Jeollanam-do Damyang-ho 6,245.0 3,824.5 61.2 2,420.5 38.8 Gwangju

Yunji 202.0 124.1 61.4 44.8 222 Jangheung
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Fig. 2. Average temperature variability during rice growing seasons
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Table 3. Comparisons of annual and rice-growing season tempera-

ture (C)
Region Reservoir Annual Growing Difterence
season
Gusung 13.3 22.4 9.1
Sasan 13.7 22.6 8.9
Jeollabuk-do

Jangnam 12.2 21.5 9.3
Sub-total Avg. 13.1 222 9.1
Gwangju-ho 14.7 23.2 8.5
Damyang-ho 14.7 23.2 8.5

Jeollanam-do -
Yunji 14.2 22.6 8.4
Sub-total Avg. | 14.5 23.0 8.5
Total Avg. 13.8 22.6 8.8
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Fig. 5. Average rainfall variability during rice growing season
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Table 4. Comparisons of annual and rice-growing season rainfall of 2019
Growing season
. . Al 1 ;
Region Reservoir fnua Total Effective
e ; =
mm % mm %
Gusung 1,332.8 824.4 61.9 637.8 77.4
Sasan 1,087.5 637.6 58.6 544.0 85.3
Jeollabuk-do
Jangnam 1,069.7 634.2 59.3 502.8 79.3
Sub-total Avg. 1,163.3 698.7 59.9 561.6 80.7
Gwangju-ho 1,085.9 640.5 59.0 490.4 76.6
Damyang-ho 1,085.9 640.5 59.0 490.4 76.6
Jeollanam-do —
Yunji 1,517.4 923.7 60.9 703.9 76.2
Sub-total Avg. 1,301.7 734.9 59.6 561.6 76.5
Total Avg. 1,234.4 716.8 59.8 561.6 78.6
" Ratio between growing season and annual rainfall
" Ratio between growing season effective rainfall and growing season rainfall
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Table 5. Agricultural water supply during rice growing season in 2019
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Site name Growing Total water Days of
season supply (mm) |supply (day)
Apr 0
May 196.6
Gusung fun o776 1841.7 91
Jul 3255
Aug 536.2
Sep 205.8
Apr 1.1
May 243.1
Sasan | eollabuk | Jun | 3429 |-, o 71
-do Jul 107.5
Aug 129.3
Sep 97.7
Apr 1.2
May 202.8
Jangnam fun | 4985 1,033.3 80
Jul 130.1
Aug 1752
Sep 25.2
Sub-total Avg. 1,265.5 80.7
Apr 0.0
May 245.4
G"f;g’” J;T 32;§ 1,031.4 89
Aug 296.2
Sep 17.4
Apr 0.0
May 214.6
Damyang-|Jeollanam | Jun 316.4
hyo : -do Jul 102 | O8O 76
Aug 124.9
Sep 62.0
Apr 0.0
May 122.1
Yunji fun | O 1,602.1 94
Jul 2343
Aug 702.8
Sep 51.7
Sub-total Avg. 1,167.2 86.3
Total Avg. 1,216.4 83.5
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Fig. 9. Comparisons of agricultural water supply and paddy water demand with rainfall
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Table 6. Comparisons of agricultural water supply and paddy water demand with MP and PM methods
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. Water supply (A) MP (B) B/A PM (C) C/A
Name e (mm) (mm) ) (mm) %)
Gusung 1841.7 906.6 49.2 729.8 39.6
Sasan Jeollabuk-do 921.6 869.2 943 717.1 77.8
Jangnam 1033.3 779.0 75.4 634.1 61.4
Sub-total Avg. 1265.5 851.6 67.3 693.7 54.8
Gwangju-ho 1031.4 843.0 81.7 678.6 65.8
Damyang-ho Jeollanam-do 868.0 843.0 97.1 678.6 78.2
Yunji 1602.1 754.6 47.1 603.7 37.7
Sub-total Avg. 1167.2 813.5 69.7 653.6 56.0
Total Avg. 1216.4 832.6 68.4 673.7 554
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