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ARTICLE INTRODUCTION

AND REFERENCES
Emissivity [£]: is the fraction of incoming energy that is absorbed by the surface and then reemitted according to the Planck function of the surface temperature.
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" Surface spectral emissivity is a key parameter in atmospheric remote sensing.
| ]
||

H_ REy
[
l==l.
[
|
Ink
"dn
N

| )
Eefin'E p B In the Radiative Transfer Equation (RTE), the dependence on € is linear and the dependence on surface temperature T. depends on the derivative of the Planck function.
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::ﬁ::;:ﬁ._ E.;.E:':"; E:':'_:ﬁ" pll | - | § The upcoming 9th ESA Earth Explorer mission, FORUM (Far-infrared Outgoing Radiation Understanding and Monitoring),
.-'.' =-=:-==:; “ui E s BE oofgmest — A will measure resolved spectra in the far-infrared (FIR) for the first time.
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_=':5= 8 5 ui"w EREn3" ravenumber (e It will cover the spectral range from 100 cm™ to 1600 cm™, enabling full observation of the Earth’s longwave emission.
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This advancement provides new opportunities for atmospheric sounding, but also increases the need for accurate and robust surface emissivity priors.

EMISSIVITY DATABASES HUANG EMISSIVITY PROFILES AND ANCILLARY DATA

Spectral range:
[100 — 1600] cm?
~ —— We add a profile for tropical to
middle latitude forests to the set of
eleven Huang profiles
(used in the FORUM EZ2E simulator) .t}

Database | Resolution | Periodicity wavenumbers in FORUM range [cm™] wn total HUANG EMISSIVITY PROFILES

wn selected
MODIS 0.05° Monthly 699 — 826 —925—-1075-1204 - 1315 10/6

ASTER 100m -1 Monthly 884 -943-1098 — 1162 —-1204 5/5
km — 5 km

CAMEL 0.05° Monthly n. = [669, 826, 884, 925, 943,
1098, 1162, 1204, 1315]

MODIS LAND COVER TYPE DATABASE — T~

WAT: water
FSN: fine snow

MSN: medium snow
—DES: desert —CSN: coarse sno w
D&G: 45% desert and 55% grass —ICE:ice

—FOR: Forest

Definition Croplands 13 | Deciduous broadleaf forest ;
Permanent wetlands el R ZR:\S pmd"itded thle ERAS resolution:
14 | Deciduous needleaf forest | R el R ,_ ata used to apply o R
Barren or sparsely Grasslands . , . - e 0.25°x 0.25
vegetated e
e " 15 | Evergreen broadleaf forest Physical constraints GLOBAL SURFACE EMISSIVITY MAP
oody savannas : .
| | Acronymous | Soil Type |SNOW | TSKIN | HUMIDITY Huang profiles minimizing MODIS
Cropland/natura Open shrublands 16 | Evergreen needleaf forest Y- ST emissivities under physical constraints.
Vegetation mosaic Closed Shrubland DES Desert N = 20 C = ZOA) o | EmissivitymapforiJanZ(TZl
Urban and buitl-u : 17 Wat D&G Desert 45% & N >0°C <25% N~ e
P Mixed forest ater Grass 55% ] e 2
GRS Grass N i 10% - 45% - -
7 LAND COVER MAP AND HUANG PROFILES PROBABILITIES DGR Dry Grass N : < 35%
- Dois ] ngs GRS szR DEC CON WAT FSN MSN  CSN ICE FOR DEC Deciduos N L 10% - 35% | 1 | -
Each IVIO!).IS land cover type 7 is assigneq d ’ [ e | e || o | | CON Conifer N . 20% - 45% m(J)
probability 772,,for each Huang profile /. ;z | | | | | | WAT Water . > €7 C - |
M = (772,,) is a 17 x 12 matrix in which: ’ FSN Fine Snow Y - -
< 7m,;2 0, g MSN Medium Snow Y - -
©3 m,=1 ” CSN Coarse Snow Y - - ol
c e 8 babi " 14 ICE Ice Y <-6° -
mpty cells indicate a probability of zero e e am s o s
(Empty | probability of zero) i = FOR Forest N | 24°C > 40%

METODOLOGY — BAYESIAN APPROACH

We use the Huang profiles on a v, = 50 + 5(K - 1) set of wavenumbers, K = 1, ..., 321. This set covers the [50, 1650] cm™! band at a resolution of 5 cm™.

GOAL: Optimal estimation of emissivity profile e(v) CAMELVCM (S¢);; € R% mmp (Sp);; = % D.kEERAS grid (e(k) — e_l-) (e-(k) —

L J
as a convex combination of a subset of the 12 Huang profiles {H;(v)}, _ 112 Fori,j = 1, ...,9, the emissivity values in the FORUM band.

e(v) =Y1%, p;H;(v), p;20, copi =1 $ N the number of samples in the ERA5 grid point;
. (k)

e.

j

is the monthly emissivity values for k in the CAMEL emissivity gridpoints;
We use MODIS Land Cover Type {T;}, _ ; _ ;7 data to infer probabilities of y (‘;{) y griap

each land cover type in the geolocation and time under consideration. ¢ ¢ the average value of the e;

If t; is the fraction of the pixel covered by type T, the a priori weight a; for profile H; is:

- ny be the vector of the L reduced Huang wavenumbers;
a; = Y1’ t;m;; and the a priory emissivity profile H, (v) = Y.;%, a; H;(v)

e(Ck) be the vector of CAMEL emissivities on the n. vector;

Letv;; = 1, ..., L, be the super channels selected using the of McMillin and Goldberg technique, el(q ) be the vector of the a priori Huang emissivities H, on the ny vector;

which are representative of the variability of the Huang profiles. ¢ e (n.) and ek (ngp) be the values of the ek (v) function on the vectors n. and np, respectively;
The procedure resulted in L = 15 using a correlation threshold of 0.9 . In the Bayesian approach, the optimal profile is found by maximizing the joint probability,

.. | B N which is equivalent to minimize the sum of the exponents:
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HUANG VCM (Sy);; € R ) (S,); = L2 (Hev) — R)(He(v;) — 1)) Sy p12) = (€® () - e(Ck))t 557 (eP(n) - e%) + (e® (mg) - ego)t 57 (e9(ng) — )

¢ Fori,j=1,..,321; - | A e . L

@ Fis th]e S AL | 1= Drofiles. To avoid unphysical solutions, the minimization is carried out only on the Huang profiles contained in the a

REDUCED HUANG VCM Sy, is the L x L VCM from S, built using the j; rows and columns. priori, that is profiles i such that a; > 0. The functional J is a quadratic function of the p;, so the solution is
obtained with the constrained linear least-square method.

RESULTS

RMSE January July RMSE January July RMSE January July RMSE January July

BAYES-IASI 0.0264 | 0.0285 CAMEL-IASI 0.0297 | 0.0300 HUANG-IASI | 0.0333 | 0.0350 CAMELBAYES | 0.0191 | 0.0147

The proposed Bayesian method yields emissivity profiles that are statistically closer to IASI observations compared to both the CAMEL linearly interpolated profile and the Huang emissivity database.
In the tables average RMSE of the differences between the BAYES solution, the CAMEL profiles and the HUANG database versus the IASI data are given. Also, difference between CAMEL and BAYES solutions.

Application of the method to the determination of a realistic emissivity profile sample with variations (ASI-Italian Space Agency FIT-FORUM project - CUP F33C23000240005 - WP6.2)
Test database: January 2021 with resolution 2°x 2°. Sample points grouped under the Huang profile that better fits the CAMEL data.
Presented are the emissivity profiles and the standard deviation of the subsamples. The outlier profiles depend on the heterogeneity of the soil type around the grid point.

,-\.
For the water case, since we do not have CAMEL data, in order to obtain some variability we applied the Masuda modification based on the average wind force read by Microwave Climate Data Center (MCDC). At nadir the emissivity perturbation is anyway very small. \
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