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Abstract

wind speed, relative humidity and sunshine time. The parameters in the Penman equation was calibrated according to the observed and calcu-

The Penman equation was employed to calculate water surface evaporation based on the daily mean air pressure, air temperature,

lated dekad water surface evaporation based on genetic algorithm method with minimizing the error between them as the objective function. The
observed dekad water surface evaporation from the late February to the late October during 2002-2010 in Suxian station was used to calibrate
the parameters in the Penman equation. The results showed that the mean absolute error between observed and calculated dekad water surface
evaporation was less than 3 mm, indicating that calculated daily water surface evaporation could be used in the hydrological model when there
was no observed daily value. The calculated mean annual water surface evaporation in Suxian station was 869.9 mm during 1953-2020. The
mean amount from April to September was 615.1 mm, accounting for 71% of the annual value. The calculated annual water surface evaporation
in 1978 and 2003 were 699.2 mm and 1 040.1 mm, which were the minimum and maximum value during 1953-2020 in Suxian station. The

annual evaporation shows a decreasing trend with 17.0 mm/10 a in Suxian station during 1953-2020.
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Table 1 Evaporation of Suxian Gate Station from late February to late October of each year from 2002 to 2010 mm
:IHLE 2002 2003 2004 2005 2006 2007 2008 2009 2010
2 AFA) 12.0 7.7 17.4 7.6 11.7 13.6 15.8 8.1 14.5
3 A bA) 14.8 12.0 27.5 15.1 12.3 15.1 21.7 15.3 14.7
3 H ) 24.8 13.8 18.1 19.5 25.2 16.5 20.5 229 26.0
3 A 19.8 27.2 22.6 25.7 28.3 21.9 22.8 22.7 21.7
4 H kA 22.0 17.9 28.9 26.8 19.3 27.7 18.6 27.4 28.2
4 Hrh) 24.0 20.4 24.9 27.1 24.6 25.9 17.7 27.3 16.3
4 HTA] 20.7 15.7 333 27.8 21.3 26.0 25.6 353 28.2
5 H kA 12.2 22.5 21.3 33.5 29.0 31.6 30.7 41.7 28.6
5 A 21.2 20.1 29.0 28.1 34.3 34.2 32.1 26.1 34.9
5 HTA) 33.1 32.0 39.3 42.6 36.8 32.7 37.2 34.7 31.3
6 ;1 A) 49.6 38.7 32.1 40.1 41.8 27.4 28.3 30.7 333
6 Ava) 55.0 40.1 27.0 57.8 54.4 34.6 18.0 354 32.8
6 H A 30.9 26.7 49.6 42.4 19.2 25.0 27.4 40.0 40.2
7H A 40.1 18.3 40.3 26.5 16.4 18.6 26.4 40.6 31.7
7 s 49.1 19.4 18.5 28.2 26.0 29.2 24.6 28.1 26.7
7 H A 25.6 35.0 44.1 29.6 23.1 29.9 15.6 29.8 34.0
8 J1 A 48.1 35.0 29.7 15.0 27.9 24.5 28.8 22.7 40.3
8 H ) 24.6 12.1 31.9 37.3 36.6 27.8 26.0 34.0 33.8
8 HFA) 37.6 20.9 31.0 19.5 25.8 25.7 323 27.1 31.6
9 H 4] 37.1 15.9 35.0 27.0 24.1 24.5 26.3 25.2 15.8
9 H ) 27.0 27.8 27.8 22.7 24.5 21.9 25.6 14.9 26.4
9 HTH) 32.7 31.8 27.8 13.8 20.4 20.7 20.1 20.4 27.1
10 H I-A] 34.7 11.3 28.1 19.1 22.1 25.0 23.0 27.7 24.2
10 AHf) 27.1 20.5 24.3 22.5 19.7 19.3 23.1 28.2 15.7
10 H FH] 27.2 33.8 26.0 21.6 24.0 21.3 15.1 19.0 26.2
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Fig.1 Ten day evaporation calculated and measured based on

Penman formula
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Table 2 Monthly water surface evaporation of Suxian sluice station based on Penman formula mm
Ay AR
Year 1A 2 A 37 4 A 5H 6 H 7H 8 H 9 A 10 A 11 H 12 A Annual total
amount
1953 30.1 23.9 61.3 97.0 134.7 136.9 103.8 112.1 102.1 81.1 42.4 34.2 959.6
1954 15.9 323 80.8 89.9 90.4 135.0 78.5 90.2 95.7 59.1 49.4 16.5 833.7
1955 17.1 39.7 41.4 98.9 134.1 159.6 108.9 109.3 69.7 70.3 58.2 44.7 951.9
1956 26.3 53.7 49.3 104.2 101.6 94.6 137.5 104.3 96.4 72.1 62.7 44.9 947.6
1957 15.0 22.1 69.9 81.7 116.0 124.9 89.7 112.2 110.9 88.4 42.8 25.1 898.7
1958 38.2 53.3 70.2 67.7 109.3 167.3 139.2 97.1 82.6 53.1 36.7 30.3 945.0
1959 38.5 29.7 67.3 94.2 86.5 136.7 169.3 152.0 92.3 76.6 24.2 19.1 986.4
1960 23.4 58.0 48.4 97.8 115.3 129.3 110.1 126.8 69.7 59.2 32.8 28.4 899.2
1961 38.2 57.1 68.2 122.6 136.6 114.8 132.5 102.1 68.3 68.1 29.4 27.1 965.0
1962 35.9 52.6 115.0 105.1 162.8 127.6 110.6 104.0 80.1 57.2 31.6 24.1 1 006.6
1963 46.9 49.1 71.7 54.7 63.2 124.1 95.4 77.8 67.9 69.7 44.5 33.6 804.6
1964 23.7 21.2 64.3 54.3 100.4 143.5 166.5 105.2 57.2 36.3 31.3 25.0 828.9
1965 34.2 31.7 86.8 86.5 145.6 153.6 76.0 90.8 90.4 50.4 36.2 39.0 921.2
1966 32.8 42.8 55.1 81.2 118.4 144.1 123.3 138.0 91.7 70.8 43.3 28.6 970.1
1967 29.7 335 58.4 78.9 121.5 165.2 107.9 1354 73.1 65.0 33.7 24.8 927.1
1968 324 51.9 88.1 121.2 123.5 178.0 106.0 107.3 85.2 55.4 42.4 22.1 1013.5
1969 20.1 15.3 53.6 81.0 114.2 145.3 102.3 124.9 66.3 75.9 45.4 40.3 884.6
1970 42.0 484 61.7 92.5 122.4 120.8 115.2 103.3 524 57.0 41.8 31.9 889.4
1971 33.2 28.1 67.8 90.6 133.2 83.9 144.9 95.4 85.2 56.3 43.0 33.9 895.5
1972 20.8 19.8 48.1 97.7 115.1 151.0 100.7 102.5 71.5 64.1 28.9 32.7 858.9
1973 17.5 22.2 61.1 82.4 90.6 121.1 95.6 139.3 73.2 57.3 50.0 40.9 851.2
1974 27.7 27.2 70.8 105.5 110.2 140.1 110.7 108.3 88.0 54.6 48.1 18.6 909.8
1975 25.1 37.6 78.4 66.5 118.2 131.9 73.9 94.7 73.0 50.0 37.8 239 811.0
1976 40.4 30.9 61.4 97.1 115.4 120.1 129.0 105.5 79.8 68.8 39.3 33.7 921.4
1977 31.4 58.8 88.2 82.2 70.0 149.6 93.0 102.2 75.6 65.5 40.8 23.4 880.7
1978 31.6 38.8 55.1 123.7 146.6 161.6 140.0 121.0 85.7 70.0 31.1 34.9 1 040.1
1979 31.2 37.1 65.7 79.2 130.1 147.6 99.1 116.2 57.5 79.3 57.1 19.1 919.2
1980 25.6 40.0 43.4 86.6 123.3 97.0 86.6 87.1 84.0 53.2 38.3 37.0 802.1
1981 29.8 324 72.8 86.5 146.0 130.2 125.2 103.7 80.7 46.7 30.0 31.0 915.0
1982 29.2 26.7 51.0 85.8 129.4 127.6 89.7 80.2 69.2 57.3 29.0 33.1 808.2
1983 29.4 42.9 61.0 97.3 124.8 121.4 95.4 115.4 72.8 37.9 32.7 27.9 858.9
1984 27.8 323 73.5 80.5 108.3 98.9 89.0 114.4 60.4 52.7 26.2 20.1 784.1
1985 23.9 28.9 46.3 101.4 86.9 121.0 118.4 113.1 52.5 39.4 31.7 23.1 786.6
1986 25.5 40.6 63.8 86.9 135.6 116.8 84.8 102.5 72.8 60.5 36.4 224 848.6
1987 24.8 31.3 44.2 76.8 107.6 108.7 87.8 98.1 101.5 56.2 30.8 29.3 797.1
1988 31.5 36.0 55.4 106.7 93.6 121.4 133.7 100.7 71.7 51.4 49.2 36.5 893.8
1989 18.5 25.0 62.2 75.5 89.8 90.2 70.0 87.9 75.0 73.3 26.8 25.0 719.2
1990 22.0 21.2 57.7 85.1 104.1 109.3 123.2 98.3 82.5 66.5 34.6 27.9 832.4
1991 24.6 26.5 353 73.8 76.9 76.0 104.4 94.9 74.2 76.3 44.3 25.6 732.8
1992 17.9 49.8 41.0 101.8 111.8 119.0 127.5 91.5 57.0 52.8 43.3 22.7 836.1
1993 15.8 32.9 63.0 97.2 85.3 131.6 93.7 75.8 78.3 72.8 25.2 34.8 806.4
1994 40.5 35.7 69.7 79.4 150.5 128.0 155.3 121.4 86.9 62.6 32.9 22.4 985.3
1995 33.0 47.1 72.3 86.9 114.6 119.9 99.9 105.4 84.0 59.6 56.7 35.8 915.2
1996 32.6 53.6 63.6 99.4 125.5 122.8 101.6 123.1 65.6 59.7 29.4 33.8 910.7
1997 33.0 452 60.1 78.6 137.4 147.5 107.2 122.9 100.3 86.8 31.9 21.5 972.4
1998 20.7 33.5 51.3 71.7 75.6 119.0 124.8 78.5 111.4 77.4 56.0 24.0 843.9
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Ay A
Year 1 H 2 A 3H 4 H 5H 6 H 7H 8 H 9 H 10 H 11 A 12 H Annual total
amount

1999 34.8 52.0 45.7 84.1 109.3 114.7 115.6 94.6 93.1 39.2 37.5 39.5 860.1
2000 20.9 42.3 88.1 119.8 130.3 107.8 111.4 92.5 79.6 39.0 27.5 24.7 883.9
2001 18.3 24.0 71.5 97.8 132.3 114.5 130.0 97.3 116.2 60.5 41.2 23.8 933.4
2002 28.5 46.1 53.8 63.5 69.1 135.6 128.2 111.5 91.2 77.0 49.1 15.5 869.1
2003 28.7 24.6 55.4 64.3 87.0 122.0 82.4 61.1 69.4 51.8 30.7 21.8 699.2
2004 26.0 49.7 71.4 103.9 102.9 118.2 115.3 86.3 84.0 67.1 36.3 23.0 884.1
2005 25.4 26.0 66.9 106.8 110.2 149.9 80.4 71.6 58.7 57.5 35.8 32.9 822.1
2006 14.1 30.0 73.8 82.4 111.6 131.7 64.5 101.5 69.5 69.8 38.0 19.9 806.8
2007 28.9 34.1 54.1 93.8 130.3 108.6 83.4 79.7 76.9 61.1 36.7 19.6 807.2
2008 19.1 40.2 76.0 83.0 120.4 82.6 68.4 92.3 65.7 57.1 334 35.5 773.7
2009 32.6 30.5 61.8 98.5 118.1 117.9 104.4 77.7 57.6 76.0 29.4 22.9 827.4
2010 33.6 29.3 57.5 80.9 106.9 127.1 104.9 119.1 70.1 67.4 52.2 46.8 895.8
2011 38.8 35.9 80.1 116.9 119.7 121.7 101.0 69.0 59.8 62.5 29.9 24.0 859.3
2012 25.9 36.2 56.4 87.7 114.8 119.7 117.8 99.1 90.7 72.8 43.8 29.4 894.3
2013 24.4 33.3 81.4 114.6 111.7 131.1 129.4 143.3 76.2 80.6 37.2 28.3 991.5
2014 28.8 21.0 69.7 72.5 124.9 89.0 110.7 83.7 45.5 58.6 29.0 31.9 765.3
2015 30.0 37.7 53.0 75.0 91.4 96.7 100.3 103.2 76.6 66.7 19.3 23.2 773.1
2016 23.7 39.3 64.8 74.1 93.5 83.5 87.1 101.6 82.4 23.8 24.2 18.6 716.6
2017 22.9 35.6 61.0 100.2 127.6 115.2 116.0 90.6 59.1 40.8 42.4 29.0 840.4
2018 21.1 42.1 57.4 93.1 83.2 132.0 115.1 98.4 73.4 70.4 24.5 20.1 830.8
2019 19.7 18.1 69.6 63.1 116.2 148.6 124.1 102.3 88.0 54.4 49.4 25.6 879.1
2020 15.9 31.6 57.1 94.7 120.6 102.4 71.1 90.4 79.0 50.1 34.8 21.3 769.0
Sy 27.5 36.1 63.7 89.2 113.0 124.8 107.9 102.3 77.9 61.5 37.8 28.1 869.9
R 46.9 58.8 115.0 123.7 162.8 178.0 169.3 152.0 116.2 88.4 62.7 46.8 1 040.1
e/ 14.1 15.3 35.3 54.3 63.2 76.0 64.5 61.1 45.5 23.8 19.3 15.5 699.2
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