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Objectives 
Quantification of the variations in land surface radiation and 
energy budget over different land cover types in response 
of climate variability from the AVIRIS and MASTER data to 
support the development of the HyspIRI mission. 
 

1.  Mapping the surface radiation and energy budget 
components from both AVIRIS and MASTER data. 
q Algorithm development/refinement 
q Algorithm and data validation 
q Mapping of surface radiation and energy budget components 

2.  Quantifying the variations in surface energy budget of 
different surface types. 
q Mapping land cover types from AVIRIS and MASTER data 
q Assessing variations in those surface radiation and energy budget 

components of different cover types under various climate 
conditions 

q Addressing a set of scientific questions using these datasets 







Surface broadband albedo: 
IPCC AR4 GCM model simulations 
and satellite products 

Model mean: 0.21 
Standard dev.: 0.02 
MODIS: 0.24 
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Traditional albedo retrieval algorithms 

•  Atmospheric correction: based on the “dark-object” 
method, requiring dense green vegetation canopies; 

•  Angular modeling: accumulates observations from 
multiple (16) days but surface conditions may change; 

•  Narrowband-broadband conversion: based on empirical 
statistical analysis for average atmospheric conditions 
with considerable uncertainty; 

•  Atmospheric correction requires BRDF information & 
angular modeling requires atmospherically corrected 
surface reflectance; 

•  Errors associated with each procedure may cancel or 
reinforce each other. 



Direct estimation of surface albedo 

Atmospheric correction 
Raw data 

Broadband albedos 

BRDF modeling 

Narrowband to broadband 
 albedo conversion 

Liang, S.,  (2003), A direct algorithm for estimating land surface broadband albedos 
from MODIS imagery, IEEE Trans. Geosci.  Remote Sen., 41(1):136-145; 
 
Liang, S., J. Stroeve and J. Box, (2005), Mapping daily snow shortwave broadband 
albedo from MODIS: The improved direct estimation algorithm and validation, 
Journal of Geophysical Research. 110 (D10): Art. No. D10109. 
 

? 



Validation of VIIRS albedo data 

Validation results of 16-day mean albedo 
from VIIRS BRDF LUT (top left), VIIRS 
Lambertian LUT (top right) and MODIS 
(bottom), using data from 2012 non-snow 
seasons (May-September) at seven 
SURFRAD sites. 
 
Wang, D., Liang, S., He, T., Yu, Y. 2013. 
Direct Estimation of Land Surface Albedo 
from VIIRS Data: Algorithm Improvement 
and Preliminary Validation. JGR. Revised 



Apply and refine to AVIRIS data 
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Comparison of ground measurements AVIRIS shortwave albedo estimates from (a) the 
stepwise regression algorithm and (b) the PCA-based algorithm at AmeriFlux sites. Statistics 
shown in the figure are based on flights with resolutions coarser than 8 m (circles). Flights with 
finer resolutions (<8 m) are denoted in triangles. 
 
He, T., S. Liang, D. Wang, and Q. Shi, (2013). Estimation of high-resolution land surface 
shortwave albedo from AVIRIS data. IEEE JSTAR, under review 

(a) (b) 



Mapping surface albedo: 
AVIRIS vs. Landsat 

(a) 

(b) 

(c) 

Shortwave albedo estimations from: 
(a) Landsat TM on Aug 18th, 2010; 
(b) AVIRIS on Aug 26th, 2010 using 
the stepwise regression algorithm; 
and (c) scatter plot. Image is 
centered at 43.08°N, 89.41°W in 
Madison, WI, USA. 

He et al. 2013 



Estimation of shortwave net radiation 

Kim, H.Y., & Liang, S. (2010). Development of a hybrid method for estimating land 
surface shortwave net radiation from MODIS data. Remote Sensing of Environment, 
114, 2393-2402 



Algorithm improvement: high resolution Landsat data 

Comparison between instantaneous and daily SSNR (in W/m2) using the method of water 
vapor correction and in situ measurements at six AmeriFlux sites from 2003-2005. 
 
Wang, D. Liang, S. He, T. 2013. Mapping high-resolution surface shortwave net radiation from 
Landsat data. IEEE Geoscience and Remote Sensing Letter, in press 
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Shortwave radiation estimation: AVIRIS 
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Comparison of ground measurements AVIRIS downward radiation (a) and net 
radiation (b) estimates at AmeriFlux sites. Statistics shown in the figure are based 
on flights with resolutions coarser than 8 m (circles). Flights with finer resolutions 
(<8 m) are denoted in triangles. 

He, T., S. Liang, D. Wang, and Q. Shi. Land surface shortwave 
radiation budget estimation from AVIRIS data. in preparation 
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Emissivity Library 
     Spectral Emis Spectra 
     Broadband Emis 

Thermal Path Radiance 
Surface-TOA Transmittance 
Spectral downwelling longwave radiation 
Integrated LWDN  
 

Wang, W., & Liang, S. (2009). Estimating High-Spatial Resolution Clear-Sky Land Surface Downwelling 
and Net Longwave Radiation from MODIS Data. Remote Sensing of Environment, 113, 745-754 

Estimating longwave fluxes 



Gui, S., Liang, S.L., & Li, L. (2010). Evaluation of satellite-estimated surface longwave radiation 
using ground-based observations. Journal of Geophysical Research-Atmospheres, 115 



LW estimation from MASTER data 
•  MODTRAN5 is used to simulate longwave radiative 

transfer of MASTER data 
–  Database of atmospheric profile (SeeBor V5.0) is used. 
–  A database including various surface types is used as the 

inputs of emissivity. 
–  Variations of view zenith angle are considered. 

•  MASTER has 50 
bands, 25 of them are 
visible and NIR. 

•  10 of them are thermal 
infrared bands. 

•  Some bands (41,49,50) 
have many pixels filled 



Mapping ET 
•  We will start with the improved regression 

model that maps global ET using the 
satellite data and ancillary information 
(Wang and Liang 2008; Wang et al., 
2010a,b).  

•  We will continue to evaluate other ET 
algorithms 

•  We plan to map ET by fusing multiple ET 
products  



•  Wang, K. and Liang, S. (2008), An improved method to estimate evapotranspiration from a combination 
of net radiation, vegetation index and temperature: Influence of soil moisture. Journal of 
Hydrometeorology 9, 712-727 

•  Yiao, Y. S. Liang, Q. Qin, and K. Wang, (2010), Monitoring Drought over the Conterminous United States 
from MODIS and NCEP Reanalysis-2 Data, Journal of Applied Meteorology and Climatology, 49(8), 
1665-1680 

•  Yiao, Y. S. Liang, Q. Qin, and K. Wang, S. Zhao, (2010), Monitoring Global Land Surface Drought Based 
on an Improved Evapotranspiration Model, 
International Journal of Applied Earth Observation and Geoinformation,  12(6): S266-S776 

•  Wang, K., B. Dickinson, M. Wild, S. Liang, (2010),Evidence for Decadal Variation in Global Terrestrial 
Evapotranspiration between 1982 and 2002, Part 1: Model Development", Journal of Geophysical 
Research - Atmospheres , 115, D20112 

•  Wang, K., B. Dickinson, M. Wild, S. Liang, (2010),Evidence for Decadal Variation in Global Terrestrial 
Evapotranspiration between 1982 and 2002, Part 2: Results", Journal of Geophysical Research – 
Atmospheres , 115, D20113 

•  Xu, T., S. Liu, S. Liang, & J. Qin, (2011), Improving Predictions of Water and Heat Fluxes by Assimilating 
MODIS Land Surface Temperature Products into Common Land Model, Journal of Hydrometeorology , 
12:227-244 

•  Xu, T., S. Liang, S. Liu, (2011), Estimating turbulent fluxes through assimilation of geostationary 
operational environmental satellites data using ensemble Kalman filter, Journal of Geophysical Research, 
116, D09109, doi:10.1029/2010JD015150 

•  Yiao, Y. S. Liang, Q. Qin, and K. Wang, S. Zhao, (2011), Monitoring Global Land Surface Drought Based 
on a hybrid Evapotranspiration Model, International Journal of Applied Earth Observation  and 
Geoinformation, 13(3): 447-457 

•  Yao, Y., S. Liang, Q. Qin, K. Wang, S. Liu, S. Zhao, N. Zhang, H. Dong, (2012), Satellite detection of the 
increases in global land surface evapotranspiration during 1984-2007, International Journal of Digital 
Earth, 5, 299-318 

•  Li, X., S. Liang, G. Yu, W. Yuan, et al. Estimation of Evapotranspiration over the Terrestrial Ecosystems 
in China. Ecohydrology 



Field campaign 
•  We participated the field campaign in CA this August. 
•  Land cover, surface spectra, AOD, and LAI data were collected.  
•  Our capability to measure surface radiation and energy balance 

components is limited. Measurements of such variables need to 
exactly match with flights, due to their temporal dynamics. 



Other tasks 
•  Mapping land cover types from AVIRIS 

data 
•  Mapping gross primary productivity (GPP) 

using the Eddy covariance production 
efficiency model - EC-PEM (Yuan et al., 
2007,2010) 

•  Evaluation of changes of  surface radiation 
and energy budgets and GPP under 
different climate and land cover conditions 



Preliminary Result of Land Cover Mapping 

AVIRIS Bands 10-60 surface reflectance, F130522t01p00r11 

RGB: Band 53,30,20   
(850 nm, 650 nm, 550 nm) 



Four Observation Networks of Surface 
Energy Budget over US 

•  SURFRAD, 7 sites, surface radiation budget 
–  The continental U.S. comprising the Surface Radiation Network 
–  http://www.esrl.noaa.gov/gmd/grad/surfrad/sitepage.html  

•  AmeriFlux, level 2, 107 sites in USA, surface energy 
budget 

–  Regional network of FLUXNET 
–  http://public.ornl.gov/ameriflux/ 

•  ISIS, 9 site, insolation 
–  NOAA Integrated Surface Irradiance Study (ISIS)  
–  http://www.esrl.noaa.gov/gmd/grad/isis/isissites.html 

•  BSRN, 11 sites in USA, surface radiation budget 
–  Baseline Surface Radiation Network 
–  Including 7 site of Surfrad and 4 other sites 
–  http://www.bsrn.awi.de/en/home/bsrn/ 

Surfrad 

Ameriflux  

ISIS BSRN 



Overlapped sites and flights 

•  Temporal period: 2003, 2006-2011, 2013 
•  Sites from: Surfrad, AmeriFlux, and ISIS 
•  Method 

–  Overlapped temporal coverage 
–  Site point location within the boundary of flights 

•  Boundary of flights were inferred from the longitude and latitude of four corners 

 
•  AVIRIS:   

–  81 scenes from 2241 records  
–  AVIRIS summary from archive (2006-2011) 

•  MASTER:   
–  8 flights from 430 records  
–  MASTER summary from all available archives 

•  Selected flights and sites will be used for validation 




