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« The land surface responds to climate variability and also
modulates the climate through the exchange of energy,

matter and momentum.

* Funded by the NASA HysplRI program, we have developed
algorithms to estimate a series of surface radiation budget
components from the airborne AVIRIS and MASTER data.



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 HysplRI mission.

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

2. Quantifying the variations in surface energy budget of
different surface types.
O Mapping land cover types from AVIRIS and MASTER data

O Assessing variations in those surface radiation and energy budget
components of different cover types under various climate
conditions

O Addressing a set of scientific questions using these datasets

NASA Grant, Characterizing land surface energy budget under varying climatic
conditions from the AVIRIS and MASTER data, Program Manager: Woody Turner,

2012-2015
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He, et al, (2014). Analysis of global land surface albedo climatology and spatial-temporal variation during 1981-2010 from multiple
satellite products. Journal of Geophysical Research: Atmospheres, 119, 10281-10298



Land surface albedo trend in the past decades
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Direct estimation of surface albedo

Raw data Atmospheric correction ), BRDF modeling
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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.
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Validation results of 16-day mean albedo from VIIRS BRDF LUT (left), and
MODIS (right), 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-Atmosphere. 118, 12577-12586, doi:

10.

1002/2013jd020417.
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Spectral vs. angular information in broadband
albedo direct estimation

Canopy Simulated
radiative > BRDFs |—>| surface 045+ Bias: -0.003
transfer \l, albedo
04l RMSE: 0.012 15
Atmospheric R®: 0.909
radiative transfer g 93 4
3
‘1' Validation g 0 ' 1"
TOA reflectance A € 525 R L lio
Linear % ool Py g
regression £ RN 18
coefficients | :
(Lambertian 015
assumption)
Estimated 011
surface
albedo 0057
0 | | | | | | | | |
. . . Simulated surface albedo
. Hyperspectral lnformaFlon IS M_ORE Albedo estimation accuracy and view zenith angle (solar
important than angular information in zenith angle=35°)
surface broadband albedo estimation for Variable Value
snow-free surfaces View zenith angle (°) | 0 15 30 45 60
RMSE | 0.0155 0.0100 0.0091 0.0104 0.0147
R? | 0.9181 0.9505 0.9493 0.9261 0.8596
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Validation of AVIRIS albedo estimates
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Validation of surface shortwave albedos at sites from (a) AmeriFlux network

and (b) UCI network

He et al. 2013; He et al. 2014
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Mapping surface albedo:
AVIRIS vs. Landsat
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Estimation of shortwave net radiation
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Algorithm refinement for Landsat data
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Wang, D., & Liang, S. (2014). Improving LAl Mapping by Integrating MODIS and CYCLOPES
LAI Products Using Optimal Interpolation. leee Journal of Selected Topics in Applied Earth

Observations and Remote Sensing, 7, 445-457, doi: 10.1109/jstars.2013.2264870.
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Estimating shortwave net radiation from AVIRIS

e ——
| Method A: traditional method

[ Hyperspectral ‘ ‘
| | |

\ data \ J

\

\ /
| V.

\ 4

Conversion to

Geometries /Lb

f estimation

Surface net
f Surface | — .| Shortwave |

—

Method B: direct estimation method

A
[ Surface | \\
| | |
| albedo spectra | |
\;4\/
A 4 .
o Atmospheric
Radiative variables
Sensor transfer
radiance simulations
simulations using
¢ MODTRANS Geometries
(angular
Band selection bins)
4 I\
) 4
A
4 Surface
Linear net
regression shortwave
radiation
\ 4
Regression
coefficients

| | . .
\ albedo | | radiation

resolution land surface net shortwave radiation from AVIRIS data: Algorithm

development and preliminary results submitted to RSE

\
\
\
|
\
\
| |
| apparent ‘
\ radiance ‘
‘ |
|
‘ :
M }
| |
| M |
| /\ }
[ Aerosol [ | \
| | |
: '_> g
| | optical depth | | A4 \ 4 1
| Y Water vapor Cloud/shadow | | N
| . estimation detection | “]
| Atmospheric ‘
| correction | \ 4
\ ‘ Band
| A 4 | selection
\ v Water vapor |4 > >
| Surface correction
‘ reflectance
1 estimation
i \ 4
} \ 4 Net shortwave
} Downward radiation
} radiation — estimation
\
|
\
|
\
\
|

UNIVERSITY OF



Surface shortwave radiation

Advantages of hyperspectral information in
net shortwave radiation estimation
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AVIRIS net shortwave radiation
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Combined VSWIR and TIR to estimate
clear-sky all-wave net radiation

 Previous methods to estimate all-wave net
radiation

— Component-based, summation of all the components

« VSWIR: shortwave fluxes
* TIR: long wave fluxes

— Errors add up

* New method:

— Combine VSWIR and TIR data to directly estimate all-
wave net radiation as one integral quantity.

Wang, D., Liang, S., He, T., & Shi, Q. (2014). Estimating clear-sky all-wave net
radiation from combined visible and shortwave infrared (VSWIR) and thermal infrared
(TIR) remote sensing data. Remote Sensing of Environment, under revision.
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MODIS retrievals

Validation: net radiation

« Seven SURFRAD stations.
* One year measurements.

All-wave net radiation (VV/mz) All-wave net radiation (\N/m2)
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Map from MASTER data
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Conclusions

* Hyperspectral AVIRIS data can be used
for estimating land surface shortwave
albedo and net radiation accurately.

» Clear-sky all-wave net radiation can be
directly estimated with improved accuracy
from the synergic use of VSWIR and TIR
data.

* More validations are needed for algorithm

refinement and improvement.
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