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1. INTRODUCTION 54 

After precipitation, evapotranspiration (ET) is the largest term in the terrestrial surface 55 

hydrologic budget (Haddeland et al. 2011). Virtually all water taken up by vegetation is 56 

evapotranspired, and as the largest anthropogenic use of surface and groundwater is the 57 

irrigation of cropland (Shiklomanov 2000, Döll et al., 2012), characterization of ET has 58 

important implications for managing human water consumption.   The importance of ET 59 

for surface hydrologic budgets and agricultural water use motivates the need for 60 

continuous observation-based data sources that can characterize the spatial and temporal 61 

variability of ET at a level of detail that can help resolve key aspects of the terrestrial 62 

hydrologic cycle.   63 

 64 

Surface energy budget based models of ET have substantially enhanced the availability of 65 

spatially and temporally continuous ET estimates. Remotely sensed data have also been 66 

integrated into surface energy models (Kalma et al. 2008, Li et al. 2009, Glenn et al. 2011), 67 

including land surface models (LSMs, Lo et al. 2015), to further increase the accuracy of 68 

energy budget based ET estimates. Several methods for integrating remotely sensed 69 

observations into energy budget based ET estimates are available, ranging from using 70 

remotely sensed data to increase resolution of vegetation parameters in surface energy 71 

models (Mu et al., 2011) to utilization of direct measurements of surface energy fluxes 72 

(Kustas et al., 2011).  73 
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 35 

argue for the importance of revisiting ETWB and ETEB comparisons in future work using this 735 

data. 736 

 737 

5. ACKNOWLEDGMENTS 738 

NLDAS-2 data used in this study, including data from the NOAH LSM, were acquired as part of 739 

the mission of NASA's Earth Science Division and archived and distributed by the Goddard Earth 740 

Sciences (GES) Data and Information Services Center (DISC). GRACE land are available 741 

at http://grace.jpl.nasa.gov, supported by the NASA MEaSUREs Program.  MOD16 ET data 742 

were acquired from the Numerical Terradynamical Simulation Group (NTSG) at the 743 

University of Montana with availability supported by NASA. 744 

 745 

 746 

 747 

 748 

 749 

 750 

 751 

  752 

 753 

http://grace.jpl.nasa.gov/


http://doi.org/10.1002/qj.828




 

 38 

Jung, M., Reichstein, M., & Bondeau, A. (2009). Towards global empirical upscaling of 822 
FLUXNET eddy covariance observations: validation of a model tree ensemble 823 
approach using a biosphere model. Biogeosciences, 6(10), 2001-2013. 824 

Kalma, J. D., McVicar, T. R., & McCabe, M. F. (2008). Estimating land surface evaporation: A 825 
review of methods using remotely sensed surface temperature data. Surveys in 826 
Geophysics, 29(4-5), 421-469.  827 

Kustas, W. P., Alfieri, J. G., Anderson, M. C., Colaizzi, P. D., Prueger, J. H., Evett, S. R., ... & 828 
Copeland, K. S. (2012). Evaluating the two-source energy balance model using local 829 
thermal and surface flux observations in a strongly advective irrigated agricultural 830 
area. Advances in Water Resources, 50, 120-133. 831 

Kustas, W. P., Norman, J. M., Hain, C. R., Mecikalski, J. R., Schultz, L., González-Dugo, M. P., ... 832 
& Gao, F. (2011). Mapping daily evapotranspiration at field to continental scales 833 
using geostationary and polar orbiting satellite imagery. Hydrology and Earth 834 
System Sciences, 15(1), 223. 835 

Landerer, F. W., & Swenson, S. C. (2012). Accuracy of scaled GRACE terrestrial water 836 
storage estimates. Water resources research, 48(4). 837 

Li, Z. L., Tang, R., Wan, Z., Bi, Y., Zhou, C., Tang, B., ... & Zhang, X. (2009). A review of current 838 
methodologies for regional evapotranspiration estimation from remotely sensed 839 
data. Sensors, 9(5), 3801-3853. 840 

Liu, W., Wang, L., Zhou, J., Li, Y., Sun, F., Fu, G., ... & Sang, Y. F. (2016). A worldwide 841 
evaluation of basin-scale evapotranspiration estimates against the water balance 842 
method. Journal of Hydrology, 538, 82-95. 843 

Lo, M. H., Swenson, S., Famiglietti, J. S., Tang, Q., Skaggs, T. H., Lin, Y. H., & Wu, R. J. (2015). 844 
Using satellite-based estimates of evapotranspiration and groundwater changes to 845 
determine anthropogenic water fluxes in land surface models. Geoscientific Model 846 
Development, 8(10), 3021.  847 

 848 

Mu, Q., Heinsch, F. A., Zhao, M., & Running, S. W. (2007). Development of a global 849 
evapotranspiration algorithm based on MODIS and global meteorology data. Remote 850 
sensing of Environment, 111(4), 519-536. 851 

Mu, Q., Zhao, M., & Running, S. W. (2011). Improvements to a MODIS global terrestrial 852 
evapotranspiration algorithm. Remote Sensing of Environment, 115(8), 1781-1800. 853 

Newman, A. J., Clark, M. P., Sampson, K., Wood, A., Hay, L. E., Bock, A., ... & Hopson, T. (2015). 854 
Development of a large-sample watershed-scale hydrometeorological data set for 855 
the contiguous USA: data set characteristics and assessment of regional variability 856 
in hydrologic model performance. Hydrology and Earth System Sciences, 19(1), 209. 857 



http://dx.doi.org/10.1002/2016JB013007















