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Scale expansion of evapotranspiration in different vegetation types
based on the artificial neural network

Feng Li-li, Zhang Kun, Han Tuo, Ma Ting, Sun Shuang, Zhu Gao-feng

College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China

Abstract: Based on 2001-2007 meteorological and latent heat data from 23 sites including grassland,
cropland, closed shrubland, deciduous broadleaf forest, evergreen needle-leaf forest, open shrubland and
permanent wetland, the artificial neural network method was used to simulate the latent heat flux/evapo-
transpiration in different spatial and temporal scales, in order to evaluate the importance of input factors
and validate the extrapolation capability of the artificial neural network. The research indicated that tem-
perature, relative humidity, net radiation, soil water content, normalized difference vegetation index, wind
speed, soil heat flux should be chosen as the main input factors, whose influence on the evapotranspira-
tion of different vegetation types was in different degrees, with the net radiation's influence being consid-
erable, that of wind speed being connected with the vegetation type, and the normalized difference vegeta-
tion index being varied in the growing stage of vegetation. The simulation results of the latent heat flux/
evapotranspiration were in great temporal and spatial heterogeneity, and the simulation results in different
temporal scales were better than in the spatial scales. The Nash coefficients were mostly between 0 and 1,
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the individual was less than 0, but the correlation coefficients between the simulation results and the ob-

served data were all above 0.6, indicating that the artificial neural network can be used for extrapolation in
certain areas. The simulation results were related with the climatic conditions in different regions.
Key words: flux data; artificial neural network; evapotranspiration; spatial and temporal scale
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Table 1 Basic information of the study sites
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Fig. 1

Scatter plot of the same sites' simulation results in different years



190 ZHRFSZER: BRRIERR, 2017, 53(2)
x2 FE—ihmAERERENEINESR

Table 2 Simulation results in the same sites of different temporal scales

GRS DAYEEAN %75 NSE R RE RMSE  ANNGBAHKZREL  ANNYIZAC R EL

ENF CA-NS4(2004) -1.93 085 0.85 0.54 12.51 0.91 0.92
ENF CA-NS4(2003) -2.64 0.66 0.67 1.03 19.92 0.81 0.82
OSH CA-NS6(2004) 149 084  0.86 0.54 17.09 0.94 0.92
OSH CA-NS6(2003) -223 074 0.76 0.68 24.03 0.87 0.87
WET US-Ivo(2005) 031 077  0.77 0.67 17.06 0.88 0.88
WET US-Ivo(2006) -096 0.64 0.66 0.73 22.23 0.82 0.81
DBF IT-RO1(2001) -1.84 084 0.84 0.55 32.85 0.92 0.92
DBF IT-RO1(2006) 003 0.73 0.74 0.69 45.71 0.88 0.86
GRA IT-MBO(2005) -2.04 093 093 0.36 27.45 0.96 0.96
GRA IT-MBO(2006) 9.83 091 0.91 0.39 31.95 0.94 0.96
CRO US-Nel1(2005) 0.63 091 0.91 0.40 3245 0.95 0.96
CRO US-Nel(2004) 1533 084 0.86 0.52 43.98 0.90 0.93
CSH US-S04(2005) 024 0.87 0.88 0.41 20.61 0.93 0.94
CSH US-S04(2006) —-12.20 0.26  0.64 1.11 38.27 0.80 0.80

R3 TRETERERSEIUER

Table 3 Simulation results in sites of different spatial scales

RIS DAY A "7 NSE R RE RMSE ANNKIGHICEREL  ANNIZAH R

CA-NS4(2004)  -1.93 085 085 054 12.51 0.91 0.92
CA-NS1(2003) 9.57 063 073 084 37.45 0.85 0.86
CA-NS2(2003) 582  0.64 0.71 0.81 35.74 0.85 0.84
ENF CA-NS2(2004) 11.09 063 0.75 0.86 30.24 0.80 0.86
CA-NS3(2004) 8.67 0.72 0.81 0.70  23.85 0.91 0.90
CA-NS3(2005) 1937 052 074 098 43.83 0.90 0.86
FI-S0d(2004) 2046 042 060 086  41.19 0.72 0.77
FI-So0d(2005) 379 047 049  0.82 36.27 0.76 0.70
CA-NS6(2004) 149 084 086 0.54 17.09 0.94 0.92
CA-NS7(2003)  20.07 051 066 094  41.37 0.76 0.81
OSH CA-NS7(2004) 1595 058 069 0.89 36.29 0.83 0.83
CA-NS7(2005) 1226 066 0.73  0.83 33.51 0.86 0.86
ES-LJU(2005) -37.86 -1.07 042  2.07 47.01 0.57 0.65
ES-LJU(2006) -1930  0.03 0.34 1.40  43.12 0.48 0.58
US-Ivo(2005) 0.31 077 077  0.67 17.06 0.88 0.88
WET US-Brw(2001) -9.48 -0.29 0.60 1.17 2334 0.81 0.77
FI-Kaa(2003) 2448 041 062 0.85 41.72 0.80 0.79
IT-Ro1(2001) -1.84 084 084 0.5 32.85 0.92 0.92
DBF IT-R02(2006) 20.64 060 0.65 0.85 74.42 0.81 0.81
US-M0z(2006) 4.64 072 073 0.71 61.36 0.83 0.85
US-MOz(2007) 743 0.69 0.69  0.83 58.17 0.83 0.83
IT-MBO(2005)  -2.04 093 093 036 2745 0.96 0.96
GRA IT-Mal(2004) 6.05 0.69 074 079  46.50 0.87 0.86
US-Bkg(2005) 3742 079 088  0.53 64.23 0.95 0.94
US-Bkg(2006) 44.06 069 0.84 0.72 86.66 0.90 0.91
US-Nel(2005) 0.63 091 091 0.40 32.45 0.95 0.96
CRO US-Ne2(2004) -875 087 088 0.53 44.72 0.94 0.94
US-Ne2(2005) 1727 081 084  0.58 46.87 0.93 0.92
BE-Lon(2006) 18.65 0.61 068 0.89 62.66 0.84 0.83
US-S04(2005) 024 087 088 041 20.61 0.93 0.94
US-S02(2006) -24.80 -0.63  0.68 1.68 61.03 0.87 0.82
CSH US-KS2(2005) 5268 041 065 099 98.08 0.82 0.81
US-KS2(2006) 5537 036 0.59 1.02  103.32 0.71 0.77

US-KS2(2004) 75.23 0.28 0.65 1.08 130.98 0.82 0.81
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Fig. 2 Scatterplot in sites of different spatial scales
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