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Spatial Downscaling of Evapotranspiration in Large Irrigation Area
Based on Data Fusion Algorithm
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(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100038, China
2. National Center for Efficient Irrigation Engineering and Technology Research-Beijing, Beijing 100048 , China)

Abstract; In order to construct the high spatial-temporal dataset of evapotranspiration ( ET) , the Landsat
and MODIS data were used to achieve spatial downscaling of ET by using the enhanced spatial and
temporal adaptive reflectance fusion model ( ESTARFM). The result of data fusion was evaluated by field
ET output from root zone water balance model. According to crop planting structure information from 2000
to 2015 in the study area, the water consumption of different crops was exacted during their growth and
non-growth periods. Based on the fusion ET, the interannual variation of total agricultural water
consumption was analyzed since the implement of water-saving project in large irrigation district. The

result showed that the process of fusion ET was more consistent with ET output from water balance. In the
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correlation analysis of water balance and fusion ET, the determination coefficients (R*) of maize, wheat
and sunflower reached 0.85, 0.79 and 0. 82, respectively. During the growth period, the root mean
square errors ( RMSE) of maize ( May to October), wheat ( April to October) and sunflower (June to
October) were lower than 0. 70 mm/d, the mean absolute error (MAD) was all lower than 0. 75 mm/d,
and the relative error (RE) was all less than 16% . On the spatial scale, the spatial characteristics of
fusion results were consistent with the Landsat ET. The correlation coefficients of July 23, August 24 and
September 1 reached 0. 85, 0. 81 and 0. 77, the mean values of the differences were 0. 24 mm, 0. 19 mm
and 0. 22 mm, and the standard deviations were 0. 81 mm, 0.72 mm and 0. 61 mm, respectively. The
high resolution ET based on ESTARFM fusion algorithm was reliable and had good fusion precision. The
water consumption of different crops varied greatly both in the growth period and non-growth period.
During the growth period, the maximum water consumption was 637 mm for interplanting ( April to
October) , followed by maize and sunflower, which were 598 mm ( May to October) and 502 mm ( June to
October) , respectively, the minimum water consumption of wheat was 412 mm ( April to July). During
the non-growth period, wheat ( August to October) had the highest water consumption with an annual
average of 214 mm, and those of maize ( April) and sunflower (April to May) were 42 mm and 128 mm ,
respectively. Due to the difference of average annual water consumption of different crops was not
significant during April to October, the variation of total water consumption for different crops was varied
with the changes of crop acreage.

Key words: remote sensing; data fusion; evapotranspiration; surface energy balance model; enhanced

spatial and temporal adaptive reflectance fusion model; Hetao irrigation district
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Fig. 1  Locations of Jiefangzha irrigation district

and field experiment
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Fig.5 Images of evapotranspiration from Landsat and fusion
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Fig.7 Distribution curves of evapotranspiration difference from Landsat and fusion
R3 LEBEHNELEBEHATRIENRKEFREN
Tab.3 Interannual variation of water consumption for different crops during growth and non-growth periods mm
o AHEH JE4-F W 4—10 A
INAE S mH%E R N Ek mH%E B N Ex FHZ%E  EF
2000 427 630 527 647 219 32 129 0 646 662 656 647
2002 400 608 496 623 221 34 116 0 621 642 612 623
2005 426 604 505 640 211 40 135 0 637 644 640 640
2008 377 541 457 576 201 43 119 0 578 584 576 576
2010 413 621 519 641 197 27 114 0 610 648 633 641
2014 407 602 495 657 236 61 155 0 643 663 650 657
2015 431 579 512 675 212 55 125 0 643 634 637 675
S5 A 412 598 502 637 214 42 128 0 625 640 629 637
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Tab.4 Interannual variation of water consumption for different crops
s Iy K e £ i
i
’ HEERAC m S/ % FERERAL W S/ % FHEECERRAC Y NI/% HEEERAC W S/ % FEBER/AL W /%
2000 0.46 5 0.54 6 1.53 17 2.86 31 3.78 41
2002 0.35 4 1.10 13 0.89 10 2.82 33 3.56 41
2005 0.53 6 0.96 11 0.34 4 2.38 26 4.82 53
2008 0.59 7 1.63 20 0.32 4 1. 60 20 4.15 51
2010 0.96 10 2.42 25 1.77 18 2.34 24 2.28 23
2014 0.37 4 2.87 34 1.75 20 0.99 12 3.07 36
2015 0.51 6 2.79 31 2.58 28 0.31 3 2.59 28
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Za e N N
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