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Emissivity

Spectral variation of emissivity in TIR
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Spectral variation impact on TIR emissivity: up to 50%,
particularly over bare soils in quartz Reststrahlen bands |
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Infrared RTE
(lambertian surface, clear sky, night)
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Multi Spectral Method (MSM)

Peéquignot et al. (2008), Infrared continental surface emissivity spectra
retrieved from hyperspectral sensors. Application to AIRS. JAMC.

For window chanpnels g(A) can be computed by :
(2,0)- [B[4,T107(4,0)-7,(4,6) [B[AT]or'(1,6)
£.(A) = (40) 1 5 (10) with 7,(4,0) #0
rs(z,e){s(z,n)— j B[Z,T]@r'(ﬂ,@)}

7, (1,0)
In order to calculate £;.0ne needs:

1) identifying clear sky radiances

2) knowing the thermodynamic state of the atmosphere (T, H20, O3 profile)
» Proximity recognition of radiance in the TIGR® climatological dataset

3) estimating the surface skin temperature

» For channels presenting the double property of being atmospheric
window and having an almost constant emissivity whatever the surface
IS, Ts remains the only unknown of the radiative transfer equation

(*) Chédin et al., 85; Chevallier et al., 98, Scott et al. 99)




Surface skin temperature
semi-transparent spectral band [ 11 - 12 um]

Emissivity

Emissivity variability (u£o) of the 8461 IASI

Reference Emissivity (from ASTER and MODIS spectra library)

R — channels calculated from soil and vegetation
5 Y Y $ emissivity spectra of MODIS/UCSB and
ol T ASTER/JPL libraries
0.5 [ 3 channels selected for their good transmittance
0.75 - (tau~ 0.6 ) and a small variability of the
07 emissivity (o ~0.01):
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s * A,=11.601 pm unknown for these
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right hand side calculated with retrieved atmospheric profiles using a Fast Radiative
Transfer Model based on 4A “line-by-line” code (4A : [Scott and Chédin, 1981])



Infrared Emissivity Spectrum from 3.7 to 14 pm

1(1,0) — jB[l,T]@r(ﬂ,H)—rs(l,H) j.B[ﬂ,T]az-'(ﬂ,,H)
55 (/1) _ 75 (1,0) 75 (1,0)

7. (4, 6’){8(/1,Ts) — j‘ B[4, T]oz' (A, 6’)}

74 (1,0)

—> ¢ calculated for 101 IASI channels selected for their high sensitivity to surface parameters
and low sensitivity to other contributions. These channels are distributed along the spectrum
and are particularly located where the emissivity variability is highly dependant on the type of
soil or vegetation in order to allow an accurate reconstruction of the entire spectrum.

-2 —2>-> Discontinuous spectrum with an expected accuracy on the retrieved
emissivity of ~3% at 4 um and less than 1% at 12 um.

MSM Emissivity database :

Least square minimization + shape - 165 spectra for various soil and
adjustment vegetation types extracted from
MODIS/UCSB and ASTER/JPL
l emissivity libraries.

- sampling : [3.70 - 14.0] um at 0.05
Emissivity continuous spectrum between 3.7 | | Um resolution.

and 14.0 um at 0.05 um resolution




Estlmatlon of TS comparlson Wlth I\/IODIS and ECMWF

For nighttime, June 2008
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Estimation of T¢: comparison with
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MODIS and ECMWF
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Estimation of TS: comparison with MODIS
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» Values consistent with reported errors on Ts found in the literature.
» Bias : keep in mind the 1 hour time shift between IASI and TERRA

(21h30 .vs. 22h30).



Emissivity spectra :Comparison with MODIS
datapoints and “continuous” spectra (1/2)
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» Emissivity strongly depends on the
type of surface and its value increases
with the vegetation.

» The Quartz Reststrahlen bands are
well observed and dominate the
spectra

» Good agreement between IASI MSM
and MODIS emissivity

0.95 |
0.9 |
;‘Eo.ss:
Q7 N TN NI WY T N N N W :
= _ : : : : : : : ; : ! ]
075 F-IASIMSM o
o7 L UWBFO41: - . ]
- MODIS v041 e
0.65 s+ 144 &
3 4 5 6 7§ 8 9 10 11 12 13 14

S 6 7 8 9 10 11 12 13 14

wavelength (microns)



Emissivity spectra :Comparison with MODIS
datapoints and “continuous” spectra (2/2)
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Map of emissivity at 4.05 microns for IASI and
MODIS041 for June 2008
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Map of emissivity at 8.55 microns for IASI and

MODIS
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Seasonal variations of the emissivity
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» Seasonal variations are almost negligible in most regions except Savannas
where the vegetation is more influenced by seasonal precipitations.



Emissivnty

Emissivity

Seasonal variations of the emissivity
Case of Savannas

1
s The seasonal variations are quite surprising:
* Emissivity in the reststrahlen band is higher in
0.9 .
- December (supposed to be the dry season) than in
June (wet season).
OS¢y <Disagree with previous results on AIRS (for the period
075+ March2008 —— 1 2003-2006).
, June 2008 \ i 1 | . .
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ogs L December2008 —— %" | BODIS amplitude is smaller than the 1ASI one.
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AIRS time-series for emissivity at 3.96,
8.55,11.03 and 12.02 microns

episodes - work in progress

Multivariate ENSO index -
0.95 /l
0.5 v = IRS Yeaf 2008
; = = ime-serig
0.85 | S 4 s
% . » ’
0.8 O 1
o
0.75
No©
0.7 | AIRS at 3.96 mic o©
AIRS at 8.55 mic -~ c— 1
065 B AIRS at 11.03 mic ........... | U
AIRS at 12.02 mic S _ o NOAA/ESRL/Physical Scier|ce Division|—
o ARG Teust - [ University of Colofado a Boylder/CIRE$/¢DC
0207 0301 0307 0401 0407 0501 0507 0601 060 ]

time (E. Péquignot, 2006, thesis) 2000 2005 2010



Conclusions

1) Relatively good agreement between IASI MSM and MODIS continental
emissivity and surface temperature for the regions considered (IASI-MSM
Ts in between MODIS and ECMWEF fcst). Some discrepancies can be partly
explained by the diurnal cycle.

2) We will soon start to build a climatology of monthly continental surface
emissivity as well as temperature retrieved from IASI. This climatology will
be freely available through our website (as is currently available the
climatology of emissivity retrieved from AIRS).

3) Preliminary results on seasonal variations ask the question of the validity of a
climatology by month, averaged over years since it appears that the
emissivity could be sensitive to non-cyclic phenomena such as El Nino/La
Nina.

4) Such high resolution emissivity spectra and surface skin temperature should
help improving models of the earth surface-atmosphere interaction and the
retrieval of meteorological profiles from infrared vertical sounders.



