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Emissivity [£]: Emissivity is the fraction of incoming energy absorbed by the surface and reemitted according to the Planck function at the surface temperature.
Surface spectral emissivity is a key target for the FORUM instrument.
In the Far-Infrared (FIR) range, emissivity models exist, but no spectrally resolved measurements are yet available. FORUM aims to fill this gap.
Experiment setup: FORUM E2E Simulator, CLAIM inversion module [1]
This poster addresses two main challenges:

Do we have enough sensitivity to retrieve emissivity? " . .
5 y y If we have enough sensitivy, how do we proceed to obtain reliable results? [3]

In which spectral bands, under which atmospheric conditions? [2]
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Emissivity sensitivity Emissivity profiles

In the MIR there are many good emissivity databases, such as CAMEL (Combined aster modis emissivity over

A measure of the retrievability condition of emissivity is the average retrieval error. This is calculated from the
. A A N S o ' & : land) [4]. In the FIR there are only the Huang set of profiles [5].

emissivity VCM.:

Emissivity vs Wavenumber DES: Desert
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Given any band B = [vy, V4], the errors of the N emissivity values with wavenumbers w; ... w;_ belonging to
that band can be averaged to get:
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| | 2 Planck Function
1 =7 In the radiative trasfer equation: Iroa = (eB(Tg) + (1 —&)I))A+ E = —Ton
B * B N 007 . . 0 . . R
3 ] I - I704 — Radiation at TOA, € — Emissivity, Tz — Surface temperature, B(:) — Planck N
P |08 function, I; — Downwelling radiation, A — Atmospheric attenuation, E — Emission terms
g 1 I Radiative transfer depends linearly on emissivity €. It also depends linearly on the N \
_ ] T Planck function B(Tg), a function of the surface temperature Tz. However, in the MIR, \\
éf i 1 the Planck function for typical surface temperatures is almost linear, with a negative | LT
' : : slope so the dependence of the radiative transfer equation on Tg is almost linear.
Longitude [deg] Longitude [deg] O; N -‘\“‘“\"".‘. . - |
-0.1 + “"‘\‘M‘“ . . . r o
, R i - . N | . In the retrieval, surface temperature and emissivity are strongly negatively
As expected., ther.e is alvyays sens.|t|V|ty to emissivity in the atmospher.lc V\{|nelow under- c.Iear-sky conditions. In 5 o | |~ : correlated [1]. As a result, the retrieved emissivity and surface temperature can
the FIR, retrieval is possible only in very dry scenes — mainly polar, with limited sensitivity over deserts. S 05| | ‘M' ] sometimes exhibit opposite-signed biases, even when the spectrum is well
orl o | reproduced (i.e. reduced chi-square close to 1).
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Factors driving emissivity sensitivity T e

Case 1.1: Desert, Case 2.1: Water

Emissivity in FORUM E2E Retrievals:

There is a correlation between emissivity error, surface temperature, and precipitable water vapor (PWV).

However, the main factor driving the error depends on the spectral band: PWV in the FIR, and surface RoladllatitiidessensitivitylintRIRTanc VIR lifopicaliCaseasensitivitysen|iinktne IR
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Correlations between emissivity error,
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Increase emissivity covariance matrix error to 0.2 with no
correlation length, allowing larger, less constrained variations.
Weaker regularization improves overall results but induces
oscillations in the retrieved profile (red curve). oscillations in the
retrieved profile (red curve). Applying a-posteriori IVS regularization
[6] to the emissivity profile reduces the oscillations (black curve).
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Sensitivity in cloudy sky conditions
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Emissivity differ

This is only possible at polar latitudes (e.g., Antarctica) when the cloud is thin. The error is mainly correlated
with the cloud’s total optical depth (at 900 cm™). A secondary correlation appears with PWV in the FIR and
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5 - s 0 2 CAMEL VCM emissivity database [5] that selects profiles that are closest to the CAMEL database [4].
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