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Introduction and summary

Observations from the NASA PREFIRE sensor and from the ESA Infrared Atmospheric Sounding Interferometer (IASI) are collocated for a large set of atmospheric conditions, times of the year and
geolocations. IASI data are obtained from the Metop-B and Metop-C satellites, while PREFIRE observations are acquired via the PREFIRE-SAT2. The consistency of the PREFIRE data is assessed by
comparison of spectra with collocated IASI radiances convolved with the PREFIRE Sensor Response Function (SRF).
A selected scene, affected by the presence of an ice cloud, is set as a testbed for the application of the IOTA retrieval code [Martinazzo et al., 2025]. For the considered case study, the information
content concerning cloud properties is evaluated for each sensor independently. Then, the ability of IOTA to extract optical and microphysical information from the two observations is proved.

1. Collocation strategy and results

The used collocation requirements are summarized in the Table:

‘ A Time ‘ A Space ‘ A Angle ‘
[<900s | <8km [ <5°

TS| Fov

g

PREFIRE FOV

The time difference is calculated as the difference between the acquisition times (UTC).
The spatial requirement is evaluated based on the geometric distance between the

centers of the two fields of view (FOVs).

a)

Figure 1: a) Collocation density for MetOP-C
IASI and PREFIRE Sat-2, b) and c) occurrences
as function of FOVs distance and time delay.
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Due to the strict collocation requirements, most of the collocated observations are
located at mid-latitudes as shown in Figure 1 for the case of MetOP-C and PREFIRE

Sat2.

The considered timeframe goes from July 2024 to May 2025 and accounts for 1 day of
colocation every 5. A total of 128,715 matches are found for MetOP-B and 107,950 for
MetOP-C. Since we only consider PREFIRE data with quality flag greater than 0

(meaning that all the 11 channels overlapping with IASI spectrum are active), we have

84,882 collocations for MetOP-B and 69,958 for MetOP-C.
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Figure 2: PREFIRE satellite-2 SRF functions for the 11 channels covered by IASI spectra.
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< Figure 3: IASI MetOP-B vs
PREFIRE radiance
comparison in all sky
conditions. The dataset is
divided in accordance with
the BT value at 12 um.
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Figure 4: same as Figure
3 but for IASI MetOP-C.
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2. Cloud properties retrieval

The IOTA retrieval scheme is a new optimal estimation method (Rodgers, 1976) developed at
the university of Bologna. IOTA exploits the sigma-FORUM forward model (Masiello et al., 2024)
which is under continuous implementations within the FIT-FORUM project (funded by the Italian
Space Agency). IOTA performs a minimization of the cost function (using a Levemberg-
Marquardt method) in a latent space which is obtained by compression through SVD.
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Temperature, water vapor, and cloud properties a-priori are generated by the EUMETSAT SAF

diverse profiles and then assumed as first guess.

A gaussian filter is applied to the prior covariance matrix of cloud properties which is equivalent
to require a gaussian smoothing on retrieved profiles. The regularization strength is controlled

by the filter standard deviation.

The state vector comprises: , _ (7,7, Emissivity, H,0, HDO, O, CHy, IWC, Ryyf]
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Figure 5: IASI retrievals from a Mid Latitude scenario
(-46.142 N, -132.011 E). Results for the T profile, water
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vapor mixing ratio profile and cloud properties are shown.

To evaluate the information content of the PREFIRE data, in comparison to what is obtained
with IASI, the optimal spectrum is used to simulate the PREFIRE radiances over the full

FIR+MIR spectral range (Figure 6).

A synthetic, and unbiased, PREFIRE observation in the same experimental conditions is

obtained.
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The PREFIRE-like observation is used to retrieve
the cloud properties for the same scene. The
same parameters as before are considered in
the state vector. Nevertheless, the temperature
and water vapor profile first guess are now set
to the values obtained from the IASI retrieval.
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Conclusions

< Figure 6: IASI acquisition in
presence of an ice cloud (from L2
IASI data). The IOTA optimal fit is
provided over the FIR+MIR
spectrum. The collocated PREFIRE
data are also plotted.
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Figure 7: cloud properties retrieval
from the synthetic PREFIRE data.
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A comparison of PREFIRE and IASI collocated observations shows that most of the PREFIRE Sat-2 channels at mid Infrared are affected by calibration biases larger than the PREFIRE NESR. The largest
biases are found in the CO2 15 pum band. The bias analysis agrees with what found by the PREFIRE team using radiative transfer simulations and CriS collocated data. The application of a new fast
retrieval code (IOTA) demonstrates that for bias corrected PREFIRE data the observations can provide information on both physical and microphysical properties of ice clouds.
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