Performances of the CRYOZICE tandem in the new Arctic configuration
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CRYOZ2ICE is a collaboration between ESA and NASA to bring = hﬁ%ﬁ%
together the observations of the CryoSat-2 and ICESat-2 Eﬁ?’i' Vot 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
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In July 2020, a small orbital change was applied to the CryoSat-2:
its semi-major axis was raised by about 900 m; this enabled acquiring a
resonance with the ICESat-2 orbit, which allows aligning their
observations after a specific number of orbital revolutions (1.3 days) on a

recurring basis. Arctic

The common track resulting from this alignment can cover distances of up
to thousands of kilometres over the areas of interest for both missions:
the poles. By appropriately selecting CryoSat-2’s orbital phase, it is
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possible to switch the area where the coincidences occur between the Time difference betwee ervations I
Northern and the Southern hemispheres. CRYO2ICE started in 2020, with
CryoSat-2 at the so-called Arctic configuration. Then, it switched to the
Antarctic configuration in June 2022. Now, in July 2025, CryoSat-2 will
o acquire again the Arctic configuration by means of a manoeuvre campaign
to change its orbital phase.

Arctic 3. Orbital-pha_se

configuration

The selection of the orbital phase controls the distance between CryoSat-2
and ICESat-2 at the equatorial crossing for the common track. This
variable is referred to as the Equatorial Bias, and it is one of the main
parameters of the ornithodrome (see plot on the right-hand side). This
bird-like curve, hence its name, represents the evolution of the CryoSat-2
ground track deviation relative to ICESat-2 as a function of the latitude
during the common track.
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The three blue bands in the plot represent the areas in which the relative
ground track deviation leads to a coincidence between the CryoSat-2
instrument footprint and either of the ICESat-2 beam pairs: left, central,
or right. By adjusting the equatorial bias, it is possible to generate a family
of curves that optimise the coincidences of both instruments in either of
the two polar regions. This leads to two main orbital phase positions
Antarctic dedicated to CRYO2ICE Arctic and Antarctic campaigns.

Configuration | The actual orbital phase selected as target is fine tuned, taking into
account other factors, such as the relative inclination between the two
spacecraft.
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The evolution of the relative inclination between CryoSat-2 and ICESat-2 i b
has been analysed for the next years (see above). This has been taken into |
consideration for the selection of the equatorial bias: 44.1 km for the

upcoming CRYO2ICE Arctic phase. -
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The image directly on the right shows the ornithodrome, magnifying the w
Arctic latitudes. It shows the effect of the relative inclination variation y— e -4 _—_—_—_—_— e
(coloured lines). Besides, the sequence of coincidences with the different :
ICESat-2 beam pairs are numbered with lables (1, 2, 3, ...); these are
identified along an Arctic passage in the second plot on the right.
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\\\\\\\\\\\\\\ . ﬁ'///_j // %// A N 102 102 | After creating the target orbit with the characteristics detailed so far, the
\\\\\\\ | f f/// / % g coincidences between the instruments of both satellites have been analysed.

4 \‘ o2 7 Q§J/ - . . It yields the results represented in both plots on the left-hand side.
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é § | The maps represent the polar areas in polar stereographic coordinates. The
== ] ¢ areas have been divided in hexagonal tiles using the H3 algorithm, taking a
f;:z ' h3 resolution equal to 6 (average tile area: 36.1 km?2). Tiles are marked,

according to the colour map, whenever an overlap between both satellite
| instruments takes place on them. The analysis period is one year, from
. 1st August 2025.

|
|

10!

Count

Long coincidences appear all along the Arctic area, whereas in the Antarctic
NS ) _'., they span for just a few degrees in latitude below 83 © S. This situation is
|

opposite to the previous one, with CryoSat-2 in the Antarctic configuration, |
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77 ¢ R and it is due to the trade-off inherent to CRYO2ICE. Most of the tiles contain
,f,//////// A N * only one coincidence according to the colour map, except for the ring around
//4 ; ‘\*\ \ 10° e 107 the maximum latitude (88 ° N and S) coloured in yellow. |
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6. Manoeuvre campaign

The manoeuvre campaign consists of two manoeuvre batches with two
manoeuvres each. The first batch (drift start) will be executed on
17t June 2025, and it will raise the semi-major axis by about 300 m with
respect to the reference value. This will initiate a dirt in orbital phase
towards the target, located 107 seconds (approx. 6.5 degrees) behind
the position that was maintained during the Antarctic phase.
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| After three weeks, on 8" July 2025, the satellite will execute the drift stop batch.
These manoeuvres are fired against the velocity direction to lower the semi-major
axis to its original value. The operation requires rotating the spacecraft by 180
degrees in yaw, before and after the manoeuvre execution. Depending on the
manoeuvre performance and the behaviour of the atmospheric density, it may be
necessary to execute a manoeuvre correction during the drift phase to compensate
for these effects, equivalent to a routine orbit maintenance.
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The plots on the right-hand side depict the evolution of the semi-major axis (top)
and orbital phase change (bottom) during the manoeuvre campaign. The total
delta-v required to perform the orbital change is 0.300 m/s plus the one required to
rotate the spacecraft for the manoeuvres against the flight direction; this yields a
total of 330 g of propellant mass.
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During the manoeuvre campaign, excluding the time dedicated to manoeuvre
execution, CryoSat-2 science will be possible thanks to a baseline reference orbit
created to support mission planning during the drift phase.
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