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Table 1 Statistics of monthly average evaporation and basic meteorological parameters at Wushaoling
GitER it/ C AR/ C F#7K /mm WREE/ % K/ (mes ') HBER/h  EEHEE/mm

H[EEN =N XM 6. 76 —3.49 32.99 6. 10 5.17 218. 05 131.17
&/ME —8.39 —18. 87 0. 20 4.37 4. 04 121. 80 47.50
RME 18. 62 9.62 124. 00 8. 62 6. 58 266. 00 262. 50

FRifE 2 7. 80 8. 54 32.54 1. 10 0.52 35.90 60. 71

g B —0.08 —0.10 0. 88 0. 43 0.52 —1.04 0. 43
A S 6. 07 —4.18 39. 40 6.03 4.97 230. 66 128. 45
e/ ME —9.44 —20. 55 0. 00 3.45 3. 84 142. 40 41. 60
& KAH 17.94 8.93 179. 00 8. 69 6. 28 288. 00 233. 80

LRl 8. 30 9.10 48. 83 1. 14 0. 61 30.19 59. 76

i g —0. 21 —0. 14 1. 34 0. 04 0. 23 —0. 87 0. 28
JEEAR SEHAH 6.53 —3.72 35.13 6. 08 5. 10 222.25 130. 26
x/ME —9.44 —20. 55 0. 00 3.45 3. 84 121. 80 41. 60
RME 18. 62 9.62 179. 00 8. 69 6. 58 288. 00 262. 50

brfE2E 7.93 8. 68 38.57 1. 11 0. 56 34. 45 60. 08

i & —0.13 —0.12 1.29 0. 29 0. 30 —1.03 0. 38

*2 HRAVBEZLASREFRSZRAFSIHE
Table 2 Statistics of monthly average evaporation and basic meteorological parameters at Gulang
Gt EaR BREAE/C  BMEAE/C F7K /mm /% KE/(mes D) HEEf/h VEEH K /mm

Y ZrkEAR SEAAH 12. 81 2.12 28.11 51. 76 3.07 222.47 159. 91
&/ME —7.03 —15.05 0. 00 29. 90 2.22 140. 20 37. 40
KRME 27.77 16. 33 108. 10 76.13 4.14 301. 70 322. 50

brufE2E —0.03 —10. 36 5. 50 46. 35 2.83 202. 80 64. 10

i E —0.15 —0.17 1.05 0. 41 0.42 —0.07 0. 34
MR AR SEHME 11. 81 1. 64 31.02 49. 36 2.52 232. 85 159. 96
f/IME —8.52 —16. 99 0. 00 27.81 1. 98 147. 20 38. 80
& KAH 25.77 15. 06 107. 10 76. 30 2.97 289. 60 291. 80
PrifE2E 22.51 12.76 77.00 48. 40 2.10 273. 20 268. 10

i g —0. 30 —0. 23 0. 96 0.07 —0. 38 —0.52 0.11
SEEAR SEAAH 12.48 1. 96 29.08 50. 96 2. 88 225.93 159. 92
&/ME —8.52 —16.99 0. 00 27. 81 1.98 140. 20 37. 40
RMH 27.77 16. 33 108. 10 76. 30 4.14 301. 70 322. 50
FRifE 2 22.51 12.76 77.00 48. 40 2.10 273. 20 268. 10

g —0. 21 —0.19 1. 05 0.22 0. 57 —0.22 0. 25
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Table 3 Model structure of Evaporation modeling
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Table 4 Performance measures of ELM for evaporation modeling at Wushaoling

in different combinations of meteorological conditions

yIE ] pRE L
A

r MAE/mm RMSE/mm NS r MAE/mm RMSE/mm NS
ELM 1 0. 99 4.59 5. 88 0.99 0. 98 10. 67 13.02 0.95
ELM 2 0. 99 3.83 5.18 0.99 0. 98 11. 12 13.43 0.95
ELM 3 0.99 7.33 9.77 0.97 0.97 11. 77 14. 77 0. 94
EILM 4 0. 99 4.75 6. 30 0.99 0.97 11.43 14. 06 0. 94
ELM 5 0. 98 10. 37 12. 54 0. 96 0.97 10. 88 14. 32 0. 94
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Table 5 Performance measures of ELLM for evaporation modeling at Gulang
in different combinations of meteorological conditions
IR iG]
A

r MAE/mm RMSE/mm NS r MAE/mm RMSE/mm NS
ELM 1 0.99 7.68 9.75 0.99 0.99 12.29 14. 86 0.97
ELM 2 0.99 8. 54 10. 83 0. 98 0. 98 15. 57 19. 37 0. 95
ELM 3 0.99 10. 04 12. 43 0. 98 0. 98 13. 66 17.79 0. 96
ELM 4 0.99 7.98 9. 84 0.99 0. 98 13.76 17.48 0. 96
ELM 5 0. 99 7.18 9.15 0.99 0. 98 12.73 16. 30 0. 97
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Fig. 3

Observed and simulated evaporation at Wushaoling in different combinations of meteorological conditions
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Fig. 4 Observed and simulated evaporation at Gulang in different combinations of meteorological conditions
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Table 6 Performance measures of SVM for evaporation modeling at Wushaoling
in different combinations of meteorological conditions

A IR iG]
r MAE/mm RMSE/mm NS r MAE/mm RMSE/mm NS
1 0.99 5. 60 8. 26 0.98 0. 98 10. 71 12. 65 0. 95
2 0.99 5. 67 8. 36 0. 98 0. 98 10. 65 12. 43 0. 96
3 0. 98 6. 69 12. 00 0. 96 0. 97 12. 31 15. 82 0.93
4 0.99 4. 98 7.04 0.99 0. 98 10. 79 13.32 0. 95
5 0. 98 8. 70 12.72 0. 96 0.97 11. 25 15. 19 0.93

x7 ARSKKEFAAT SVM REEIEREEZERENITMISIRE

Table 7 Performance measures of SVM for evaporation modeling at Gulang

in different combinations of meteorological conditions

A YERE W
r MAE/mm RMSE/mm NS r MAE/mm RMSE/mm NS
1 0. 99 8. 50 11. 90 0. 98 0. 99 9.27 11. 81 0.98
2 0.99 9.55 13. 10 0. 98 0.99 10. 05 12. 66 0.98
3 0.98 12.37 17.51 0. 96 0.98 14. 49 16. 96 0. 96
4 0. 99 7.06 10. 84 0. 98 0. 98 14. 21 19. 30 0. 95
5 0.99 8. 68 12. 07 0. 98 0.99 10. 04 12. 61 0. 98
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Numerical Simulation of Evaporation of Arid Region

Based on Extreme Learning Machine

Wang Tingting"*?, Feng Qi', Wen Xiaohu', Guo Xiaoyan'

(1.Key Laboratory of Ecohydrology of Inland River Basin, Northwest Institute of Eco-Environment and Resources, Chi-

nese Academy of Sciences, Lanzhou 730000, China; 2.School of Economics & Management, Lanzhou Jiaotong Universi-

ty, Lanzhou 730000, China; 3.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The simulated accurately evaporation at the arid regions was essential to rationally develop and u-

tilize water resources and the ecosystem protection. The meteorological data at Wushaoling and Gulang

weather stations in Shiyang River Basin were used in this study. Based on the extreme learning machine

(ELM) model, the varying combination of meteorological factors were inputted to the model. An evapora-

tion model also was established to simulate monthly evaporation at the two weather stations, and the results
were compared with support vector machine (SVM) model to evaluate the simulation ability of ELM model.

Our study demonstrated that the ELM model had better applicability in simulating monthly evaporation at ar-

id regions. It can provide a new method and idea for calculating evaporation, and it is a desirable and effec-

tive method to calculate evaporation at the arid regions with insufficient data.
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