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ET forecast on the basis of GA — BP network in high altitude areas of Tibet
TANG Peng-cheng', XU Bing', ZHANG Wei-ming®, GAO Xiao-yu®, SONG Yi-fan'
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3. College of Water Resources and Civil Engineering, China Agricultural University , Beijing ,100083, China)

Abstract: As the typical climate area of Tibet plateau, Nagqu County (4 450 m above sea level) and Gerze County
(4 700 m above sea level) were chosen to build a Genetic Algorithm — Back Propagation (GA - BP) model through the
GA - BP network training using data from 1983 to 2012. The ET, was obtained by the monthly meteorological data from
the previous year. When the forecast values for consecutive years between 2010 and 2012 met the threshold limit set, the
forecast values would be exported, which could ensure accuracy and stability of the forecast. The results showed that the
there was a great linear relationship between the predicted values by GA — BP model and the real values, reaching R?
values of 0.8805, 0.9363 and 0.9167, respectively. The relative error produced by predicted values and real values
were all smaller than 0.1, which was less than the threshold. In conclusion, the model can be used to predict the ET)
of different months during crop growth period, and then the inter-monthly water demand of crops can be estimated in the
future. It can further provide the basis for future irrigation schedule. For areas lacking meteorological data, based on the
network model discussed in this article, the ET variation in these areas can be simulated within a big time frame by re-
ferring to other stations with similar meteorological conditions, which can provide guidance for the irrigation schedule of
next year.

Keywords: reference crop evapotranspiration ( ETy) ; prediction of ETy; genetic algorithm-back propagation mod-

el; high altitude areas; tibet
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Fig.1  Algorithm flow chart
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Table 1  Monthly ET{ from 1983 to 2012 during crop growth period

A A8 Naqu/mm 2 Gerze/mm

Year 5 6 7 8 9 5 6 7 8 9
1983 100.7 124.1 110.8 110.5 80.1 129.1 138.2 167.2 139.0 115.0
1984 129.6 116.6 94.8 115.2 86.0 155.5 166.9 164.6 145.1 105.1
1985 104.0 100.6 111.0 108.9 74.8 135.7 146.7 161.7 148.2 104.8
1986 107.5 136.8 127.5 115.1 84.1 129.6 177.1 161.1 158.7 108.8
1987 124.1 141.6 110.5 102.0 81.1 128.6 168.7 175.0 154.7 128.7
1988 116.7 127.7 111.1 9.9 86.0 143.7 169.0 190.9 148.4 109.9
1989 125.1 117.0 119.6 94.4 84.0 157.9 176. 1 195.7 154.4 133.1
1990 95.1 124.6 104.7 102.6 71.1 149.4 190. 1 166.8 155.6 112.3
1991 120.1 99.9 110.4 98.1 83.7 157.3 181.9 212.6 159.5 107.7
1992 75.8 78.3 86.3 83.7 74.4 138.7 153.6 160.7 151.4 114.7
1993 110.7 102.5 108.6 98.1 68.2 148.9 170.3 188.9 174.3 107.5
1994 97.1 106.0 126.8 112.0 95.5 140.6 177.7 173.5 153.1 132.5
1995 153.8 138.9 112.4 94.7 76.9 158.6 175.1 182.1 154.0 119.8
1996 112.2 101.6 104.5 111.7 72.2 150.7 177.6 201.1 158.2 108.1
1997 89.2 87.3 117.9 105.5 73.4 133.5 139.0 162.3 142.3 116.6
1998 125.1 132.1 102.0 9.0 83.7 157.4 187.5 190.5 147.6 115.2
1999 110.1 114.1 118.8 91.6 83.8 150.8 163.6 176.5 130.5 113.0
2000 102.0 108.5 104.0 9.2 7.8 145.3 161.7 152.2 140.2 98.4
2001 89.5 95.1 114.3 95.3 89.0 140.4 144.2 163.4 134.6 113.3
2002 100.6 104.5 103.3 108.3 73.3 140.9 157.5 177.4 130.3 98.0
2003 88.5 94.0 104.0 101.9 80.7 127.7 152.1 152.8 140.0 106.2
2004 117.2 93.1 9.4 9.0 90.4 160.9 156.9 168.0 134.7 115.2
2005 90.3 108.3 102.8 97.1 88.7 135.7 153.9 172.1 148.2 112.6
2006 102.9 119.7 121.6 116.3 89.8 143.8 155.3 167.6 133.8 116.1
2007 124.0 125.2 112.8 98.8 89.9 147.8 172.7 163.5 146.4 116.3
2008 97.2 104.7 107.6 95.9 77.7 129.8 158.3 143.3 133.7 100.4
2009 100.7 123.2 116.7 106.1 97.1 133.0 176.8 182.5 168.9 115.9
2010 103.9 126.9 122.1 106.4 85.7 151.8 160.8 182.6 143.8 112.0
2011 110.2 104.4 106.0 115.8 87.3 147.0 149.5 166.6 140.9 111.6
2012 113.6 119.1 110.0 107.9 88.3 138.7 170.6 167.6 119.8 112.2

Bt A BB E Bk 1983—2012 4E 9 5 5] 9
F 0y, RIVED A & BART BB 30 45 i 5icHs we ke, #5S
R R 2 ARG e =, O R AT — 48 Bk A 1y
PG AR , R S AT H 3 1Y ETy o
‘I’Hl,/ = f( ]Hi,j’ Tmaxi,_/? Tmi|1£,j’ HUN[,/"UL',/’ Pi,j)
(9)
o i FOREN 1983 < @ < 201255 TR HMH,5 <

J <9V, Bkt + VAR j AR BURIE; T, 2
T AF RO LT IR s T, F50 1
J A H P B IREE (C) 5 Toin,; R i 4Fj H
B9 H P BRI EE (°C) s HUN, ; FR i 47 j AR
H - RATANRHREE (%) 5 v, 80 ) HA3HI 2 m
 EAL ) HAE B RGE (m - s71) 5 P 2R 48 A0
H -2 B3 (mm) o
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IG5 B 2 2 ¥ Simulation value 78 GA — BP ¥
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750 FORMRIRZE
XiRZE(A) = WHRfE - H5E (10)
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Table 2 Simulation results by the GA — BP network

X A B SA True value MLE Simulation value A )

Area Month 2010 2011 2012 2010 2011 2012 2010 2011 2012 2010 2011 2012

5 103.8 110.2  113.6  106.8 109.9 115.8 29 0.4 2.2 0.028 0.003 0.019

6 126.9  104.4 119.1 125.2 101.0 109.0 -1.7 -3.5 -10.1 0.014  0.033  0.085

ﬁﬁlﬂiﬁg 7 122.1  106.0 110.0 112.4 110.9  99.5 -9.7 49 -10.5 0.079  0.046  0.096
8 106.3 115.7 107.9 109.6 108.6 113.9 3.3 -7.1 6.0  0.030 0.060 0.056

9 85.7  87.33 8.3 782 93.6 941 -7.5 6.3 5.8 0.088  0.070 0.066

5 151.8 147.0 138.7 141.7 133.2 138.9 -10.2 -13.8 0.2 0.067 0.094 0.002

ke U i X 6 160.8 149.5 170.6  175.7 150.9 171.1  14.9 1.4 0.5 0.093  0.009 0.003
Gerze 7 182.6 166.6 167.6  163.3 171.3 179.8 -19.3 4.7 2.2 0.100 0.028 0.073

8 143.7  141.0 119.9 156.6  146.4 133.5 12.9 5.4 13.6  0.089  0.039 0.100

9 112.0 111.6 112.2  106.3 113.1 102.9 -5.7 1.5 -9.3 0.050  0.014 0.083
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Fig.2 The scatter diagrams between true values and predicted values
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