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The Correlation Problem:

For broad-band sensors, such as HIRS, GOES, MODIS, errorsin
the IR emissivity and surface temperature are highly correlated.
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Infrared Radiative Transfer Equation (lambertian surface)
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Smulated Radiance ( Using measured emissivity spectrum)
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Smulated Radiance (S HISresolution = 1 cnr! apodized)
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Smulated | R Reflected Radiance Contribution to TOA Radiance

Radiance (mW/(m2 sr cmrl))

SIMULATED IR REFLECTED RADIANCE

— 100% ébare soiél l Reﬂ eCted
______ - ?8£/V$gszgggn contribution
........................................................................ _\L 1 can
(1_ev) ..... N, b I be
___________________________________________ large!
........ | 'lb Bare Soil
g|| '!'% l\' “ “W Il 60% Veg.
l i i | | V egetation
900 950 1000 1050 1100 1150 1200 1250

wavenumber (cm'1)



On-line channels have a greater rate of change, dE/dTs!
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The value of Ts can be determined from the variance of
emissivity as a function of surface temperature !!!
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KEY The change in emissivity with Ts varies on and off
RESULT atmospheric absorption lines!
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AIRS Spectrum compared to MODIS Bands
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LST is 2 to 4 degrees warmer than 12 u#m brightness temperature.
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High emissivity (grass) is cooler than low emissivity (exposed soil).
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DOE ARM central facility is near the pasture/wheat transition.

Inspect emissivity spectra near the site derived from AIRS data.
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KEY
RESULT
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Derived Land Surface Emissivity (LSE

AIRS emissivity is consistent with a linear combination of pure
scene types. Thisimplies a single vegetation fraction can explain
most of the variation in the IR spectra over land.
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Aircraft validation measurements are also consistent
with alinear combination of vegetation and bare solil.
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Key Results

1. The high spectral resolution structure of the surface
reflection can be used to determine the value of Tsfor which
e, IS constant across spectral absorption/emission lines

(locally).

2. Using ground-based measurements at the ARM SGP site,
area averaged emissivity can be accurately represented using a
single parameter (vegetation fraction) and two pure scene
types, vegetation (grass) and bare soil (quartz signature).




Study Questions

* \WWhat isthe best way to make use of the variation of
emissivity with respect to surface temperature across spectral
absorption lines in retrieval and data assimilation?

- Optimal channelsto selection.

- Error characteristics of chosen method.

* \What improvements are needed in radiative transfer models
to take advantage of this high spectral information?

- Spectroscopy of weak absorption lines (?<5%).

- Accurate computation of IR reflected flux.

 Can the results from the ARM site be generalized?
- Derive vegetation fraction from AIRS data globally?
- Do we need more measurements of pure scene types?



Validation: The scale problem
Farm Fields < 0.5 km; Aircraft = 2 km; AIRS = 15 km
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ARM Site Land Use Survey
(Osborne, 2003)

Rubble & wheat

mixture 4 Dense trees 4%

Rubble 49 Other 4%

Bare soil
6%

Pasture
& Range
25%

November 2002; 63 square mile area.

e Two land cover types dominate: wheat fields
and pasture (grassland).




Emissivity Survey
 ARM SGP site is dominated by

two land cover types “pasture” and

“wheat”

* We noti;:ed that the measured
wheat field emissivity can be

approximated by alinear

combination of pure scene types,

bare soil and grass.
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ARM SGP L ST/L SE “Best Estimate”

e Formulated in April 2001 to supply the surface contribution
to the ARM/AIRS validation product devel oped by D. Tobin.
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Note the slope difference “ on-line” versus“ off-line” !
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The Problem of Mixed Scenes

The obsarved radiance isalinear
combination of uniform scenes.

R = Z\Ni,j s S

]

9 miles (15 km)

Define an Effective Emissivity and
Effective Surface Temperature such that
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