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http://www.glue.umd.edu/~sliang/radiation.abs.htm
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Global radiation for Europe for sites with more than 50 years observation
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Impacts of diffuse radiation on LUE & EF

Liang, et al.

« Clouds and aerosols increase the diffuse component of the
solar radiation;

& We will produce both direct and diffuse insolation/PAR,;

& Wang, K, R. E. Dickinson, and S. Liang (2008).
Observational evidence on the effects of clouds and
aerosols on net ecosystem exchange and
evapotranspiration. Geophysical Research Letter, 35,
doi:10.1029/2008GL034167

- Light Use Efficiency (LUE) is 19.4% and 203% larger for patchy
clouds, and thick clouds than those for clear skies while LUE is
about -6% for aerosols or thin clouds than those for clear skies.

= Evaporative Fraction (EF) is 15.4%, 17.9% and 23.2% larger for
aerosols or thin clouds, patchy clouds, and thick clouds than those
for the clear sky
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E Current solar radiation products

Liang, et al.

& The ISCCP (International Satellite Cloud
Climatology Project) solar radiation products at

280 km (1983-2000);

& The Global Energy and Water Cycle Experiment
(GEWEX) SRB Release 2 has a spatial resolution
of 1°x 1% ;

& The Clouds and the Earth's Radiant Energy
System (CERES) flux products at 140km;

& GCM reanalysis products (> 1°)
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ﬁNeed for high spatial resolution products

Liang, et al.

& Current global radiation products have coarse spatial
resolution (>1 ) but fine temporal resolution (3 hours),
primarily for atmospheric modeling

& Those products do not account for many local features,
such as urbanization.

& Land applications require high spatial resolution (~1km)
but reasonable temporal resolution (e.g., daily)

- Ecosystem modeling (say, MODIS NPP product) requires high-
resolution products (1km)

= Hydrological modeling (ET) at 1km

= Other applications on environmental monitoring (e.g., drought
detection)
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E Estimation of insolation/PAR

Liang, et al.

_lang, S., T. Zheng, R. Liu, H. Fang, S. C. Tsay, S.
Running, (2006), Estimation of incident
Photosynthetically Active Radiation from MODIS Data,
Journal of Geophysical Research —Atmosphere. 111,
D15208,d0i:10.1029/2005JD006730.

Liu, R., S. Liang, H. He, J. Liu, and T. Zheng, (2008),
Mapping Photosynthetically Active Radiation from

MODIS Data in China. Remote Sen. Environ.112:998-
1009
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MODIS TOA radiance on 8
days in 2003:May 22, May 25,
May 29, May 31, June 5,

June 7, June 8, and June 10

Estimated incident PAR
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Liang, et al.

Temporal scaling (daily insolation/PAR)

(1). Terra/Agqua MODIS alone;

*Wang, D., Liang, S. and Zheng, T., Integrated daily PAR from
MODIS. International Journal of Remote Sensing, revised.

(2). Integration with geostationary (GOES) product

* Zheng, T., S. Liang & D. Wang, (2008), Estimation of incident PAR

from GOES imagery, Journal of Applied Meteorology and Climatology.
47.853-868 .

* Wang, K., S. Liang, T. Zheng, and D. Wang, Simultaneous estimation of

surface photosynthetically active radiation and albedo from GOES,
Remote Sensing of Environment. revised.
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Daytime MODIS Overpass Over North America
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E Monthly PAR from MODIS

Liang, et al.

MODIS Menthly Average PAR Jan 2003

Three years (2003-2005) daily incident PAR at 4km over North America
available now; Bob Cook has kindly agreed to distribute them at ORNL DAAC.
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ﬁ Spatial/temporal filtering

Liang, et al.

Fang, H., S. Liang, H. Kim, J. Townshend, C. Schaaf , A.
Stralher, R. Dickinson, (2007), Developing spatially
continuous 1km surface albedo dataset over North
America from Terra MODIS products, Journal of
Geophysical Research, 112, doi:10.1029/2006JD008377
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(A) (B)

Total shortwave albedo around April 7, 2001:
MODIS product (A), filtered product (B)
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E Estimation of downward thermal radiation

Liang, et al.

1). Calculating downward flux using
atmospheric profiles

2). Calculating downward flux from TOA
radiance directly

Wang, W. & S. Liang, Estimating High-Spatial Resolution Clear-Sky
Land Surface Downwelling and Net Longwave Radiation from
MODIS Data, Remote Sensing of Environment, submitted
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Estimating LW D N validation (Aqua)

Liang, et al.

Sloux Fails (Aqua) Pann Si1ate (Aqua)
s & Results similar to
3 . Terra
! L b % Smaller RMSEs in
1 Aqua-derived LWDN
' o e all ) Smaller systematic
et Aok (e ——— Soukder (A errors in Aqua (Liu et.

Al, 2006)

- Diff. overpass times
- diff. atmospheric
conditions

-2.7%
WASE - 1382

Avg. RMSE: 17.60 W/m2
Avg. Bias: -0.40 W/m2
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Estimating LWUP

(1)Temperature-Emissivity Method

Liang, et al.
T, MODIS LST (MOD11_L2)

F, =& 2B(T,)dA + @ &)F,
A & Broadband emis (derived

from MOD11B1)

(2) Hybrid Method

& Following the framework for hybrid methods

¥ Emissivity Effect 5 Models in total
« UCSB Emissivity Library (59 spectra)
« ~2000 MODIS Profile

& Statistical Analysis
» Linear SULR Models (R?: 0.990, RMSE< 5.42 W/m?)

F, =a,+aL,, +a,L;, +a,L,,

- Artificial Neural Network (ANN) Models
(R?: 0.996 RMSEs<3.7 W/m?)




Estimating LWUP: validation
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*Hybrid method outperforms temperature-emissivity method
 ANN model outperforms linear model

Wang, W., S. Liang & J. A. Augustine, Estimating Clear-Sky Land Surface Upwelling
Longwave Radiation from MODIS Data. IEEE Trans. Geosci. and Remote Sens. revised



SURFRAD TeEmpergt_ure— Hybrid Method
6 sites missivity Linear model ANN model
Method

Avg. RMSE 20.58 17.63 15.23

Avg. Bias -17.25 -10.46 -71.94

Inout Surface temp.

P apr ameters Emissivity, TOA radiance TOA radiance
LWDN

*Hybrid method: simple but smaller RMSEs

*Sources of Error

- Spatial mismatch
. WUP sensitive to surface conditions
vegetation cover, snow, soil moisture ...

- Sensor error

- Cloud contamination (wang et al, 2007; Wan, 2008)

«Systematic Bias

- Systematic error in MODIS channels
- Cloud contamination->
lower retrieved surface temp., emissivity and LWUP
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derived from MODIS surface
temp. / emissivity products
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*MODIS: hybrid method

*SURFRAD validation

results: MODIS more
accuracy than CERES




Estimating LWNT k.

LWNT (MODIS) LWNT (CERES)
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MODIS-derived vs. CERES-derived instantaneous clear-sky
LWNT images over the Washington D.C. - Baltimore
Metropolitan Area (April 10, 2007 18:10 UTC, Aqua)

& MODIS-derived LWNT: reveals more details
& MODIS LWNT ~23 W/m? larger than CERES LWNT
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ﬁstimation of cloud-sky all-wave net radiation

Liang, et al.

Wang, K., & S. Liang, Estimation of Surface Net Radiation from Solar
Shortwave Radiation Measurements, Journal of Applied Meteorology
and Climatology, revised

An empirical formula to estimate surface daytime net radiation from
solar shortwave radiation measurements and other meteorological

products including daily minimum temperature, daily temperature range
and relative humidity, and vegetation indices
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Figure 3. An example of scatterplots of measured and predicted daytime net radiation
with Equations (5) and (6) using daily minimum land surface temperature, daily land
surface temperature range, relative humidity and NDVI using data collected at
Pawhuska, Oklahoma (EF12) from 2002 to 2006.




E Summary
Liang, et al.

& High spatial resolution net radiation product
from polar-orbiting satellite observations is
urgently needed for land applications;

& Algorithms have been developed to estimate
surface radiation budget components from
MODIS;

& Look forward to interacting with the
production team for generating the global
products
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Liang, et al.

Thank you !
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