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Introduction. Clouds play an important role in the current Martian climate and water cycle. They affect the thermal
structure of the atmosphere by absorbing and scattering the incoming Solar radiation, and are a major actor in the inter-
hemispheric water exchange [1, 2, and references contained within]. Constraining the properties and evolution of the
water ice clouds on Mars is thus of importance to better understand the climate of the planet.

The Emirates Mars Mission (EMM) "Hope" probe has been carrying three instruments to observe the Martian surface
and atmosphere since May 2021 [3]. Its observation strategy focuses on the coordination of the observations by the
three instruments, which provides quasi-simultaneous measurements of the same location on the planet by all of them.

Data. All three EMM instruments have the ability to observe Martian clouds in disk-viewing geometry, covering wave-
length ranges from the ultraviolet (UV) to the thermal infrared (IR).

EXI. The Emirates eXploration Imager (EXI) is a UV-visible framing camera which is observing the full Martian disk
in 6 bandpasses [4]. Observations at 320 nm are used to perform water ice clouds optical depth retrievals for incidence
and emergence angles < 75° [5]. It provides high-resolution spatial distribution of the water ice clouds optical depth,
vertically integrated and regardless of the altitude of the clouds.

EMIRS. The Emirates Mars InfraRed Spectrometer (EMIRS) is a Fourier Transform Infrared Spectrometer which is ob-
serving the Martian disk between 5 and 100 um [6]. Water ice clouds’ optical depth retrievals are performed by fitting
simultaneously the 12 wm and 40 pwm water ice spectral features, then column-integrated optical depth values are pro-
vided, referenced to 12 pm (825 cm™1!) [7, 8].

EMUS. The Emirates Mars Ultraviolet Spectrometer (EMUS) is a UV spectrometer designed to image the Martian high
atmosphere and corona from 100 to ~ 185 nm [9]. Even though this instrument has not been primarily designed to study
Martian clouds, mesospheric ice particles can show up in the data around 180 nm [10]. Indeed, the airglow emission is
low at these wavelengths and the lower layers of the atmosphere are hidden by the CO, absorption, but the instrument
can detect the sunlight scattered by particles at high altitudes.

Methods. Following the first identification of mesospheric clouds in EMUS data by [10], we perform a semi-automated
search on the appropriate EMUS dataset, with a visual validation of the candidates to generate a catalog of 167 confirmed
clouds detections by EMUS from Ly = 49° (MY 36) to Ly = 112° (MY 37). Then we crossed this catalog with EXI and
EMIRS ephemerids data to identify the detections with data from all three instruments available, which ended up to 87
observations spanning over more than one Martian year.

To estimate the minimum altitude of the mesospheric clouds detected by EMUS, we use the DISORT radiative transfer
code [11] through the pyRT_DISORT Python module [12] to simulate an atmospheric column of CO, and we add cloud
layers at different altitudes to see from which altitude the presence of clouds is detectable from the orbit.

Results. Figure 1 shows an example of a large cloud system of the early Aphelion Cloud Belt (ACB) observed by the
three instruments of EMM at L, = 144.6° on MY 36. We can see on the EXI image (panel a) that water ice clouds are
present at all latitudes between 15°S and 30°N, with clear spatial structures, and thicker clouds close to the terminator,
i.e., on the center of the image. EMIRS retrievals (panel c), with their coarser spatial resolution, are in good agreement
with the spatial distribution of the clouds’ optical depth as seen by EXI. Indeed, both EXI and EMIRS are sensitive to the
full vertical column of atmospheric water ice crystals. But EMUS observation on panel b provides a different view of
this cloud system, with only a small area showing up in the center of the image, between 2°S and 13°N. Compared to
EXI and EMIRS data which show all clouds regardless of their altitude, EMUS highlights the regions where the clouds
extend up to mesospheric altitudes (higher than ~ 50 km here). We can see that the region highlighted by EMUS also
corresponds to an area with higher optical depths in the EXI data, which suggest that it corresponds to a small water
ice cloud located above the main ACB layer.



Thus, each instrument of EMM provides complementary information on the same Martian cloud that can be combined
to obtain a complete view, as summarized below:

« EXI: Water ice clouds optical depth retrievals at high spatial resolution, but no information on the cloud’s altitude.
« EMUS: Highlight the presence of mesospheric clouds at high spatial resolution.

« EMIRS: Water ice clouds optical depth retrievals at a coarse spatial resolution, but along with information on the
size of the crystals, the presence of dust, and atmospheric temperature profiles.

Conclusion & Perspectives. By having all three of its instruments observing together the Martian clouds, the EMM
mission offers a unique capability to study the properties and evolution of the Martian clouds, and their role in the
current climate and water cycle of the planet. Ongoing work includes a classification of the EMUS clouds to discuss
their climatology, and investigations on their potential link with CO; clouds when detections by EXI and EMUS are not
fully spatially correlated.
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Figure 1 — Equatorial Martian clouds as seen by the three instruments of the Emirates Mars Mission at Ly, = 144.6° (MY
36). Early Aphelion Cloud Belt (ACB). a. EXI water ice clouds optical depth at 320 nm. b. EMUS averaged radiance from
176 nm to 182 nm. c¢. EMIRS water ice clouds optical depth at 12 jum. The background image is the EXI reflectance at 320 nm.
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