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Abstract
FORUM (Far-infrared Outgoing Radiation Understanding and Monitoring) has been approved to be the ninth Earth Explorer
mission of the European Space Agency and is scheduled for launch in 2027. The core FORUM instrument is a Fourier
transform spectrometer, which will, for the first time, measure the upwelling spectral radiance in the far-infrared (FIR) and
mid-infrared (MIR) portions of the Earth’s spectrum. These radiances will be processed up to level 2, to determine mainly
the vertical profile of water vapor, surface spectral emissivity, and cloud parameters. In this paper, we assess the performance
of the FORUM surface spectral emissivity product based on all-sky sensitivity study. In the FIR, we find that the retrieval
error is mainly driven by the precipitable water vapor (PWV) in clear-sky conditions. In dry atmospheres, FIR emissivity
can be retrieved with an error less than 0.01. In cloudy conditions, small errors can be achieved for optically thin clouds,
especially for small values of the PWV. In the MIR, we observe that a large thermal contrast between the surface and the
lowest atmospheric layers increases the sensitivity of the measurements to the surface emissivity in clear-sky conditions and
an emissivity retrieval error less than 0.01 can usually be achieved. In cloudy conditions, small errors can be achieved for
optically thin clouds, especially for large values of the surface temperature. Applying a coarser retrieval grid further reduces
retrieval error, at the expense of an increased emissivity smoothing error.

Keywords Remote sensing · Retrieval of geophysical parameters · Far infrared · Surface spectral emissivity · FORUM

1 Introduction

At least 50% of the Earth’s total clear-sky long-wave cool-
ing to space takes place within the far-infrared (FIR) spectral
range [1, 2]. In the presence of clouds, this fraction is even
larger [3], as clouds imply lower emitting temperatures,
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causing a shift towards longer wavelengths in the peak of
black-body emission. The FIR region is particularly sen-
sitive to variations of water vapor abundance in the upper
troposphere/lower stratosphere (UTLS) region because it
includes the spectral signatures of the rotational band of the
water vapor [1]. Moreover, the FIR region is also sensitive
to the presence of ice clouds. Cirrus clouds (optically thin
ice clouds) influence the Earth’s energy budget by reflecting
back to space the incoming solar radiation (cooling effect)
and trapping the long-wave emissions into the atmosphere
(warming effect). The relative impact of these effects depends
on cloud optical and micro-physical properties [4, 5]. The
FIR portion of the spectrum is also sensitive to ice particle
size and habit [6–8].

For these reasons, monitoring the behavior of the spec-
trally resolved FIR radiances is an important tool to validate
climate models and to study climate changes [9–11]. Despite
the significance, no direct observations are available so far.
FORUM (Far-infrared Outgoing Radiation Understanding
and Monitoring) is a Fourier transform spectrometer (FTS)
that will measure at nadir from space the upwelling spectral
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radiance emitted by the Earth from 100 to 1600cm−1, with a
planned resolution of 0.5 cm−1. FORUM has been selected
by the European Space Agency [12] to be the ninth Earth
Explorer mission, with a launch date expected in 2027.

FORUM’s main targets include water vapor profiles, sur-
face spectral emissivity in polar regions, ice cloud properties,
and spectral fluxes. The retrieval of surface spectral emissiv-
ity has also been examined earlier in the literature. In [13–15],
the final retrieval error is examined in clear-sky conditions,
considering a database of cases organized into latitude bands.
In this study, we investigate in more detail the sensitivity of
measurements to surface spectral emissivity across various
scenarios spanning all latitudes under clear-sky conditions.
Additionally, we assess this sensitivity also in the presence
of clouds in Antarctica. The distinctive aspects of this work
lie in the diversity of considered scenarios, encompassing
different surface types, precipitable water vapor levels, and
surface temperatures. Furthermore, our analysis extends to
cloudy scenarios, marking a significant advancement in the
understanding of spectral emissivity retrieval under vari-
ous atmospheric conditions. The study is based on synthetic
FORUMmeasurements obtained from realistic observational
scenarios.

The paper is organized as follows. Section2 defines
the method used to characterize the performance of the
emissivity product. In Section 3, we introduce the main char-
acteristics assumed for the FORUMmeasurements. Section 4
presents the atmospheric and surface scenarios for which we
performed the sensitivity study. Sections5 and 6 illustrate
the results of the analysis for the clear and cloudy scenarios,
respectively. In Section 7, we perform test retrievals illus-
trating the trade-off between random and smoothing errors
obtained by changing the emissivity retrieval grid step size.
Finally, in Section 8, we present a summary of the work and
draw the conclusions.

2 Method

We simulate the performance of the optimal estimation [16]
solution that corresponds to theminimumof the cost function
ξ2:

ξ2(x) = (y − f(x))T S−1
y (y − f(x))

+ (x − xa)T S−1
a (x − xa) , (1)

where y is the measurement vector with associated error
covariance matrix Sy, f(x) is a radiative transfer model sim-
ulating the measurement y from the atmospheric, cloud and
surface state x. The vector xa is an a priori estimate of x, with

error covariance matrix Sa. Let x̂ be the minimum of Eq. 1,
andK the Jacobian matrix of the model f(x). The covariance
matrix Sx of the solution x̂ can be calculated from Sy using
the linear propagation of errors as

Sx =
(
KTS−1

y K + S−1
a

)−1
. (2)

In our tests, surface spectral emissivity is assumed to be the
only component of the unknown state x. Since the depen-
dence of the radiative transfer model on the emissivity is
linear, K does not depend on x. Hence, Eq. 2 can be calcu-
lated from any emissivity profile x.

Emissivity is assumed as retrieved at discrete wavenum-
bers ω[ j], with j ∈ (1, ..., N ). Given any spectral interval
[ωi , ω f ], let Nω f

ωi be the number of grid points such that
ω[ j] ∈ [ωi , ω f ]. We calculate the average retrieval error in
that interval as

σ
ω f
ωi = 1

N
ω f
ωi

∑
j :ω[ j]∈[ωi ,ω f ]

√
(Sx) j j . (3)

Loosely speaking, if
(
KTS−1

y K
)
j j

→ 0, the measurements

are not sensitive to the parameter j . Then, from Eq. 2,
(Sx) j j → (Sa) j j , i.e., the error estimate tends to the a priori

error. On the other hand, the larger the
(
KTS−1

y K
)
j j
, the

smaller the (Sx) j j . Thus, σ
ω f
ωi quantifies the sensitivity of the

measurement to the emissivity in the given interval. The sen-
sitivity study of this paper relies on the evaluated retrieval
errors, which can be estimated without carrying out a full
retrieval.

For the evaluation of the JacobianK for each atmospheric,
cloud, and surface scenario, we rely on the CLAIM (CLouds
and Atmosphere Inversion Module) code. It is an advanced
version of the retrieval module used in the FORUM E2E
project [13]. The inversion code is based on the LBLRTM
(LineByLineRadiative TransferModel) forwardmodel [17]
in clear sky and on an accelerated version [18] of the
classical DISORT (DIScrete Ordinate Radiative Transfer)
method [19] in cloudy sky. The radiative transfer uses a full-
physics approach, with significant computational demands.
In this work, however, we prioritize the accuracy of the mod-
els over execution time.

3 FORUMMeasurement Characteristics

FORUM will fly on a sun-synchronous polar-orbiting satel-
lite. The orbit inclination is planned to be of 98.7◦, and the
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altitude of about 830km. The orbit repeat cycle will be 29
days.

The key instrument of the FORUM mission is a FT spec-
trometer measuring the spectrum of the upwelling Earth’s
outgoing longwave radiation (OLR) by looking at nadir [12,
20]. To date, the real instrument has not been built yet. Thus,
we use the consolidated mission requirements to simulate
the measurements. The ground pixel is a circle, with a diam-
eter of approximately 15km. During the acquisition time
(≈8s), the ground pixel is kept fixed by continuously adjust-
ing the pointing angle to compensate for the satellite motion.
No across-track scanning is foreseen. The resulting dis-
tance between neighboring ground pixels is approximately
of 100km. FORUM measured interferograms will be pro-
cessed to get geolocated and calibrated spectral radiances
in the interval from 100 to 1600cm−1, with a (unapodized)
spectral resolution of 0.5 cm−1 (full width at half maxi-
mum, FWHM of the response function). The sampling step
of the spectrum is ≈ 0.36 cm−1. The required NESR (noise
equivalent spectral radiance) of the unapodized spectrum is
40 nW/(cm2 sr cm−1) in the range between 200 and 800cm−1

and 100 nW/(cm2 sr cm−1) elsewhere. We use these specifi-
cations to buildSy. TheARA(absolute radiometric accuracy)
of the measured spectral radiance is required to be much
smaller than the NESR [12, 14], thus it will be relevant only
for the assessment of the error budget of averaged spectra
and/or retrieved parameters. Nevertheless, the ARA is con-
sidered in our simulations.

4 Measurement Scenarios

The atmospheric, cloud, and surface states that we use as a
basis for the evaluation of the performance of the retrieved
surface spectral emissivity are extracted from the ECMWF
(European Center for Medium-Range Weather Forecast)
database ERA5 [21].

In the ERA5 database, surface temperature and vertical
profiles of pressure, temperature, water vapor, ozone, cloud
ice, and liquid water contents, are supplied on a grid of 60
geopotential levels. At each geolocation, this vertical grid
was cut at the estimated pressure of the surface level. Other
relevant gases, such as CO2, CH4, CO, SO2, HNO3, andNO2

were also extracted from the ECMWF database. The profiles
of the remaining gases needed for an accurate simulation of
the upwelling spectral radiances were taken from the IG2
(Initial Guess v2) climatological database [22].

For the cloudy scenarios, the effective radii of ice crystals
andwater droplets needed to calculate themultiple scattering
effect, were modeled according to the Wyser model [23] for
ice particles, and according to theMartinmodel [24] forwater
droplets.

Thedependence of the spectrumon the emissivity is linear,
thus the Jacobian does not depend on the emissivity profile
itself. However, the Jacobian is computed by the LBLRTM
code, that needs anyway the emissivity profile for the calcu-
lation of the radiative transfer. To create this input, we used
the Huang database [10].

5 Clear Sky Results

The database considered in this study consists of a collection
of data covering the entire globe with a longitude and latitude
grid step size of 10◦ and 5◦, respectively, corresponding to
1262 grid points. To manage the dataset size, the data only
include the first 20 days of July and January in 2021 at 12:00
UTC, resulting in a total of 25240different atmospheric states
for each month. To begin our analysis, we focused on clear-
sky conditions. Therefore, for each geolocation, we selected
the first clear-sky day available in the database. To deter-
mine the scene condition,we computed the total cloud optical
depth τ at 900 cm−1 from the liquid and ice cloud contents
following the method described in Yang et al. [25]. Then, we
selected the first day for which τ was found to be less than
0.03. This threshold corresponds to the minimum value for
which a cloud can be detected from FORUM spectra, and
the perturbation introduced on the spectrum is of the same
order of the FORUM random noise [13]. With this condition
not all geolocations include a clear-sky case in our database.
Figure 1 illustrates our clear-sky dataset, consisting of 528
cases in July and 653 cases in January. For the sake of clarity,
in all the maps the graphical symbols for the cases located
exactly at the poles are replicated at all longitudes.

For the purpose of our study, we focused on two differ-
ent intervals of the spectrum. The first region is in the FIR,
specifically the range from 300 to 600 cm−1 (corresponding
to wavelengths from 33.3 to 16.7microns). In this region, the
main absorption is due to thewater vapor rotational band [26].
The second region is the main atmospheric window, which
spans from 800 to 950 cm−1, (corresponding to wavelengths
from 12.5 to 10.5 microns). This region is known for its high
transparency in clear-sky conditions.

In our simulations, we used a constant emissivity a priori
error of 0.15. We employed a fine and regular retrieval grid
for surface emissivity, with a step size of 5 cm−1, resulting
in 301 grid points across the entire FORUM spectrum and
61 and 31 points within our specific windows.

Figures 2 and 3 show the values of σ 600
300 and σ 950

800 for our
sample sets in July and January, respectively.

From panels (b) of the figures we note that in the atmo-
spheric window, the error is low at all latitudes, as expected
for clear-sky conditions.

On the other hand, in the FIR region, the measurements
exhibit the largest sensitivity to emissivity at polar latitudes,
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Fig. 1 Tested clear-sky cases in July (a) and January (b), represented by the black circles and red squares, respectively

Fig. 2 Surface emissivity
average error in the specific
spectral bands 300–600 cm−1

(a) and 800–950 cm−1 (b) in
July 2021 at 12:00 UTC
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Fig. 3 Surface emissivity
average error in the specific
spectral bands 300–600 cm−1

(a) and 800–950 cm−1 (b) in
January 2021 at 12:00 UTC

where the retrieval error is less than 0.08. At other latitudes,
the sensitivity is low, with the error approaching its a priori
bound at the tropics.

The primary factor contributing to the different sensitivity
is the amount of precipitable water vapor (PWV), which is
low in the polar regions and higher elsewhere, as shown in
Fig. 4. Note that a marked seasonality of PWV is observed
in the northern polar region. On the Antarctic plateau, on the
other hand, the PWV remains below 1mm all year round.

The PWV is not the only factor that influences the emis-
sivity retrieval error. Figure 5 shows that the main driver of
the FIR emissivity error is indeed the PWV, with the surface
temperature playing a secondary role.

In the atmosphericwindow, themain driver of the emissiv-
ity retrieval error is the surface temperature, while the PWV
plays a secondary role, as shown in Fig. 6.

6 Cloudy Sky Results

The cloudy sky analysis presented in this section is based
on a database with a smaller size compared to that used in
Section 5. This reduction in size was necessary due to the
significant computational time required for each individual
sensitivity calculation since in cloudy conditions multiple
scattering must be simulated. For this analysis, we focused

Fig. 4 PWV for our sample sets
in July 2021 (a) and January
2021 (b) at 12:00 UTC
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Fig. 5 Surface emissivity
average error in the FIR spectral
region versus PWV. The
corresponding surface
temperature is color coded. July
2021 dataset is shown in (a),
January 2021 dataset in (b)

on the Antarctic region, which, as indicated by the results of
Section 5, exhibits a larger sensitivity to surface emissivity.
The ERA5 latitude-longitude grid contains 145 grid points
with latitude of−70◦ or less. In order to capture the seasonal
variation, we considered the first 20 days of both January and
July 2021 at 12 : 00 UTC. Thus, the sample is composed of
2900 different atmospheric states for each month.

Wefirst exclude clear-sky cases, identified by τ < 0.03, as
explained in Section 4. Cases with τ > 10 are also excluded
as the measurements are not sensitive to surface properties.
Then, we select a subset of the remaining cases, focused
mainly on small values of τ . The cloud properties for the
cases in the sample with τ ≤ 1 are listed in Table 1 for July
and in Table 2 for January. Note that during the July winter

season, there are only ice clouds, whereas in the January
summer season, there are also some liquid clouds.

Thegeographical distribution of the specific selected cases
is shown in Fig. 7. Cases located exactly at the pole are repli-
cated at each longitude for the sake of visual clarity.

We used the same settings for the simulations as in
Section 5, with a constant a priori error of 0.15 and the
fine retrieval grid for emissivity with a 5 cm−1 step.
Figures8 and 9 show the results for the FIR and the atmo-
spheric window regions, respectively.

We note that, as expected, in both regions the main fac-
tor determining the retrieval error is the cloud optical depth.
However, the main factors determining the retrieval errors in
clear-sky cases, still play an important role in cloudy con-

Fig. 6 Surface emissivity
average error in the atmospheric
window versus surface
temperature. The corresponding
PWV is color coded. July 2021
dataset is shown in (a), January
2021 dataset in (b)
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Table 1 Cloud properties for the July dataset, reporting geolocation (LON/LAT), day number (DAY), total optical depth due to clouds (τ ), and
number of clouds (NC)

LON LAT DAY τ NC CL1 CL2 CL3

80 −80 1 0.030 1 I: [3.994,4.814], 2 N/A N/A

−160 −85 19 0.044 1 I: [1.130, 3.076], 6 N/A N/A

−60 −75 7 0.062 2 I: [0.007,0.246], 2 I: [9.579,11.666], 3 N/A

−100 −80 18 0.080 1 I: [2.082,2.590], 2 N/A N/A

50 −85 1 0.102 2 I: [3.337, 3.598], 1 I: [4.184, 6.276], 3 N/A

N/A −90 20 0.130 1 I: [2.783,4.260], 3 N/A N/A

110 −80 16 0.142 3 I: [3.330,3.859], 1 I: [4.467,7.478], 4 I: [8.435,10.131], 2

N/A −90 2 0.167 1 I: [2.784,4.248], 3 N/A N/A

−30 −75 14 0.182 1 I: [0.133,1.532], 7 N/A N/A

20 −80 4 0.218 1 I: [3.147, 6.453 ], 5 N/A N/A

−100 −75 2 0.272 1 I: [1.718,7.285], 9 N/A N/A

170 −80 18 0.288 1 I: [0.051,3.596], 13 N/A N/A

−110 −80 5 0.369 1 I: [1.812,4.871], 6 N/A N/A

N/A −90 4 0.424 1 I: [2.785,5.668], 5 N/A N/A

100 −80 1 0.477 1 I: [3.619,6.258], 4 N/A N/A

70 −80 15 0.577 1 I: [4.363,9.379], 6 N/A N/A

−80 −85 4 0.605 1 I: [1.263,3.620], 7 N/A N/A

−80 −80 10 0.692 1 I: [2.183,7.466], 8 N/A N/A

120 −85 6 0.797 1 I: [2.987,5.694], 5 N/A N/A

160 −80 20 0.918 1 I: [0.352,6.346], 15 N/A N/A

For each cloud (CL1/CL2/CL3), we report the cloud type (I for ICE and L for LIQUID), the cloud bottom and top heights in km, and the number
of cloudy layers. Only samples with τ ≤ 1 are shown

Table 2 Cloud properties for the January dataset, reporting geolocation (LON/LAT), day number (DAY), total optical depth due to clouds (τ ), and
number of clouds (NC)

LON LAT DAY τ NC CL1 CL2 CL3

−50 −85 17 0.030 1 I: [1.688, 3.238], 4 N/A N/A

−10 −75 3 0.040 1 I: [2.596, 4.994], 4 N/A N/A

10 −85 14 0.042 1 I: [2.631, 3.184], 2 N/A N/A

110 −75 7 0.054 1 I: [3.207, 5.021], 3 N/A N/A

N/A −90 5 0.068 1 I: [2.788, 8.456], 8 N/A N/A

20 −70 6 0.082 3 I: [0.432,1.312], 4 I: [2.033,4.937], 5 L: [0.862, 1.312 ], 2

130 −70 17 0.113 1 I: [2.570, 4.382], 4 N/A N/A

−120 −80 6 0.149 1 I: [2.564, 7.453], 7 N/A N/A

N/A −90 17 0.164 2 I: [2.790, 3.867], 2 L: [2.790, 3.292], 1 N/A

−150 −75 6 0.197 2 I: [0.175, 1.993], 8 L: [0.819, 1.746], 4 N/A

−90 −85 5 0.262 1 I: [3.750, 7.528], 5 N/A N/A

−90 −75 20 0.305 2 I: [1.369, 3.175], 5 L: [2.101, 3.175], 2 N/A

−110 −80 17 0.384 2 I: [1.812, 9.750], 12 L: [1.812, 2.163], 2 N/A

−160 −75 14 0.445 2 I: [0.075, 3.730], 12 L: [0.490, 1.145], 3 N/A

−70 −75 6 0.543 1 I: [1.820, 5.757], 7 N/A N/A

−150 −70 11 0.612 2 I: [0.128, 1.906], 8 L: [0.544, 1.906], 6 N/A

−30 −75 9 0.688 2 I: [0.341, 2.660], 9 I: [3.798, 8.518], 6 N/A

30 −75 12 0.786 1 I: [1.312, 8.458], 7 N/A N/A

N/A −90 16 0.863 2 I: [2.789, 5.799], 5 L: [2.789, 3.223], 1 N/A

170 −85 2 0.898 1 I: [3.100, 8.362], 7 N/A N/A

For each cloud (CL1/CL2/CL3) we report: the cloud type (I for ICE and L for LIQUID), the cloud bottom and top heights in km, and the number
of cloudy layers. Only samples with τ ≤ 1 are shown
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Fig. 7 Cloudy sky datasets for
July (circles) and January
(squares)

ditions. Specifically, the PWV influences the retrieval error
in the FIR region, while surface temperature impacts the
retrieval error in the atmospheric window.

7 Retrieval Error and Grid Step

In the FORUM spectral range, there are regions where there
is no sensitivity to the emissivity under all atmospheric con-
ditions. In these intervals, the random error approaches the
a priori error. Also, the error profile for the finer grid con-
tains intervals with significant oscillations. As pointed out

by Benyami et al. [27], there are micro-windows within the
spectrum where the sensitivity is particularly pronounced.
Conversely, there are wavelengths where the sensitivity is
low due to their proximity to strong absorption lines of atmo-
spheric gases.

The sensitivity tests shown in this paper use an emissivity
retrieval grid with a step of 5cm−1. By using a coarser grid,
the random error of the retrieval can be reduced, at the cost
of a possibly increased smoothing error [16]. The increase
is more noticeable when the actual surface emissivity shape
presents sharp features.

To illustrate this point, we selected two cases, one in the
Antarctic winter and one in the Sahara desert (case 1 in [13]),

Fig. 8 Surface emissivity
average error, in the FIR spectral
region, in July 2021 (a) and
January 2021 (b), as a function
of the total cloud optical depth.
The color scale indicates the
PWV
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Fig. 9 Surface emissivity
average error, in the atmospheric
window, in July 2021 (a) and
January 2021 (b), as a function
of the total cloud optical depth.
The color scale indicates the
surface temperature

assuming true emissivities respectively given by the middle
grains snow and desert Huang profiles [10]. We performed
an actual retrieval using the same setting as in [13], and an a
priori emissivity was obtained by subtracting 0.05 from the
respective Huang true profile. For each of these scenarios,
we performed two retrievals, one using an emissivity grid
step of 5 cm−1, and the other using an emissivity grid step of
25 cm−1. The results of the retrievals are shown in Figs. 10
and 11. In each figure, panel (a) shows the true, the a pri-
ori, and the retrieved emissivity profiles with the respective
error bars. In panel (b), we show the residuals of the fit, i.e.,
the differences between the synthetic observed spectrum and
the spectrum simulated at the end of the retrieval iterations.

These differences are to be compared with the FORUMmea-
surement noise level indicated by the black lines.

As expected, in the snow case where the emissivity profile
has no sharp features, the coarser retrieval grid decreases the
random error without introducing any significant smoothing
error. The actual smoothing error is so small that the final
value of the normalized χ2 of this retrieval turns out to be
even smaller than the value obtained with the finer emissivity
retrieval grid.

On the other hand for the desert case, the coarser retrieval
grid implies a significant smoothing error, i.e., the retrieval
fails to reconstruct the sharp features of the true emissivity
profile. The smoothing error due to the coarser retrieval grid

Fig. 10 Comparison between
retrieval errors using different
retrieval grids for a selected
polar scenario on July 3rd, 2021,
12:00 UTC at longitude 80◦ and
latitude −85◦. A priori error and
FORUM requirement are also
shown
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Fig. 11 Comparison between
retrieval errors using different
retrieval grids for a selected
desert scenario on July 15th,
2017, 12:00 UTC at longitude
24.75◦ and latitude 24.75◦. A
priori error and FORUM
requirement are also shown

in this case also produces residuals of the fit larger than the
measurement noise error (see the bottom panel of Fig. 11).

8 Conclusions

In this paper we study the sensitivity of the FORUM simu-
lated measurements to surface spectral emissivity. FORUM
measurements are simulated using the current instrument
specifications. The atmospheric and surface properties are
extracted from the ERA5 reanalysis database.

In the FIR interval 300–600 cm−1, the retrieval error is pri-
marily influenced by the PWV in clear-sky conditions. This
is due to the fact that this spectral region is dominated by the
water vapor pure rotational band. Thus, this region becomes
opaque for humidity-rich atmospheres. In dry atmospheres
such as over the Antarctic plateau, FIR emissivity can be
retrieved with an error less than 0.01 in clear-sky conditions.
In cloudy conditions, reasonably small errors can be achieved
over Antarctica for optically thin clouds, especially for small
PWV values.

On the other hand, the atmospheric window at 800–950
cm−1 is not affected by strong gas absorption lines, thus
it is transparent also for relatively humid atmospheres. In
this case, a large thermal contrast between the surface and
the lowest atmospheric layers improves the sensitivity of the
measurements to the surface emissivity in clear sky condi-
tions. In cloudy conditions, reasonably small errors can be
achieved for optically thin clouds, particularly for high sur-
face temperatures.

The retrieval errors presented in the paper are related to an
emissivity retrieval grid with a step size of 5 cm−1. Smaller
random errors can be achieved by using a coarser retrieval
grid, at the expense of a possibly increased smoothing error if

the actual emissivity shape contains sharp features, as illus-
trated by the test retrievals presented in Section 7.We believe
that this trade-off between random and smoothing errors
should be one of the factors driving the optimization of the
retrieval grids for the operational processing.
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