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Analysis of Water Supply Reliability of Agricultural Reservoirs Based on
Application of Modified Penman and Penman-Monteith Methods
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Gun Ho Cho * Kyung Hwa Han * Kyung Sook Choi

ABSTRACT

This study aims to analyze the influences of applications of two different evapotranspiration (ET) estimation methods on the irrigation water
requirements (IWR) for paddy rice and water supply reliability of agricultural reservoirs. The modified Penman (MP), traditional method, and the
Penman-Monteith (PM), the new adopted method, were applied on 149 reservoirs located in Honam province for this study. The weather date was used
from 1987 to 2016, and analysed the trends of temperature and rainfall during rice growing season between past and current 10 years respectively.
The increased average temperature and rainfall were observed from the current 10 years compared to the past years. This phenomena impacts on the
results of ET and IWR estimations with decreased IWR obtained from high rainfall regions and increased ET obtained high temperature regions. For
the comparisons of application results of two ET approaches, the PM method showed lower ET and IWR, and hence more reliable storage capacity
of the reservoirs respect to water supply to paddy fields. The results also showed that the influences of different ET methods applications on the water
supply reliability of reservoirs are negligible for the cases of over 3.7 watershed ratio and 670 mm unit reservoir storage, while significant variations
of the results obtain from the applications between two ET approaches for the opposite cases. Further studies are necessary to consider various field
conditions for practical applications of the PM method estimating ET in the fields of paddy farming.
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o714, ET:: =8 S (mm), ETy FASEAL
(mm), Ke: =8 227

ot

A (Dol vrekd 2 AFolA= =8 SR APES Pl A-8et A=A
Table 1 Rice crop coefficients of the MP method (KRC, 1997) and the PM method (RDA, 2019)
ET Method April May Jun
Early Middle Late Early Middle Late Early Middle Late
MP - - 0.56 0.56 0.56 0.56 0.75 0.95 1.06
PM - - 0.97 0.97 0.97 0.97 0.97 0.97 0.97
July August September
Early Middle Late Early Middle Late Early Middle Late
MP 1.09 117 1.39 1.53 1.58 1.47 1,42 1.32 -
PM 0.97 115 115 115 1.34 1.34 1.34 1.34 -
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Fig. 1 Locations of the selected agricultural reservoirs and meteorological stations
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Table 2 Characteristics of the selected agricultural reservoirs

) Number of Average Average unit ) )
Region KRC branch ) ) Meteorological station
reservoirs watershed ratio water storage (mm)
Gunsan 5 1.7 464.7 Gunsan
Iksan 1 1.6 362
Gokseong 4 4,05 683.2
Gurye 5 7.2 583.3 Namwon
Namwon 6 2.5 8271
Jeollabuk Sunchang 3 3.6 668.8
—do Buan 2 2.3 648.01 Buan
Dongjin 2 2.3 4161 Jeoniu
Jeonju 8 6.3 40119
Gochang 10 2.81 523.6
Jangseong 2 53 5,413.9 Jeongeup
Jeongeup 7 2.56 8251
Mujinjang 10 5.82 1,982.87 Imsil
Sub—total 65
Yeosu 6 3.62 1,598.9 Yeosu
Goheung 9 4,56 862.9 Goheung
Gangjin 9 2.6 852.9
Yeongam 7 3.2 886.2 Haenam
Jindo 5 2.9 986.0
Haenam 9 3.2 3,419.8
Jeollanam Naju 2 1.6 1,069.2
—do Damyang 2 2.5 634.2 Gwangju
Yeonggwang 5 2.0 620.4
Hampyeong 2 2.5 1,114.6
Bosung 10 2.6 780
Jangheung 6 3 1,006.5 Jangheung
Hwasun 8 3.5 884.2
Muan 4 4.4 640.3 Mokpo
Sub—total 84
Total 149

Table 3 Meteorological characteristics of the study areas

Temperature(C) Precipitation(mm) )
. - - Meteorological
Region Growing Annual o* Growing o* )
% Annual % station
season Avg. Avg. season
222 13 170.7 888.3 1,244 .5 71.4 Gunsan
223 12.4 179.8 988.7 1,347.7 73.4 Namwon
Jeollabuk—do 22.6 12.9 1751 855.5 1,219.8 701 Buan
23.3 13.6 171.3 928.3 1,292.5 71.8 Jeonju
23.3 13.3 1751 926.1 1,323.5 70 Jeongeup
21.4 1.2 191 984.6 1,351.9 72.8 Imsil
Sub—total 22.5 12.7 177 1 928.5 1,296.6 71.5
23.5 14.5 162 1,017.6 1,442.7 70.5 Yeosu
22.3 13.7 162.7 9942 1,438.4 69.1 Goheung
Jeollanam—do 22.4 13.5 165.9 889.1 1,298.7 68.5 Haenam
235 14 167.8 1,004.6 1,396.8 71.9 Gwangju
22.4 13.2 169.6 1,054.6 1,482.7 711 Jangheung
22.4 14 160 7947 1,159.9 68.5 Mokpo
Sub-total 22.7 13.8 164.4 9591 1,369.8 69.9
Total 22.6 13.2 171.2 943.8 1,333.2 70.7

*: Ratio between growing season and annual precipitation and temperatures
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Fig, 2 Comparison of ET, computed by using MP and PM methods

during the rice—growing season
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Fig. 3 Comparison of ET, computed by using MP and PM methods
during the rice—growing season
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Fig. 4 Comparison of IWR based on MP and PM methods during the
rice—growing season
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Fig. 6 Comparison of shortage of water storage capacity based on

MP and PM methods during the rice—growing season
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