
Ricardo Gomes* (DEIMOS Space @ESA/ESTEC, NL), Laura Moreschi, Berthyl Duesmann, Sérgio Brás (ESA/ESTEC, NL) 

 

(2) Brief history of CryoSat

(4) Ground Track Maintenance Strategies

(4.1) Allow inclination to oscillate and SMA constant

(5) Inclination adjustment – ANX repetitive pattern

(6) Conclusions

Different Ground Track Maintenance Strategies for Long-Term
Sea-Ice Thickness Monitoring in Polar Altimetry Missions

(1) Introduction

*Contact: ricardo.gomes@ext.esa.int

CryoSat Orbital Approach
• Keep the Orbital Period Constant, 

• effect of oscillating inclination mitigated 
by oscillating SMA

• Method: Use of the atmospheric drag to lower 
semi-major axis, avoiding the need for negative 
delta-V manoeuvres

• CryoSat has a repeat cycle of 369 days (with 
30-day subcycle).

• CryoSat shows an oscillation of the inclination.

• To repeat the Ground Track (GT) at equator 
considering an “oscillating” inclination two 
strategies can be followed:
• Keep Semi-Major Axis (SMA) & 

Inclination constant;
• Keep orbital period constant;

1. Allow inclination to oscillate and keep the SMA constant

2. Fix inclination (correction by performing some out-of-plane manoeuvres)

3. Allow inclination to oscillate and keep the nodal period constant

Orbital Adjustments Over Time
• Pre-2017: Sufficient drag to accommodate 

inclination changes
• Post-2018: Only slow inclination movement could 

be followed
• Impact: Degradation in ground track repeat 

accuracy from 0.01 degrees to 0.03 degrees
• July-2020: CryoSat’s orbit raising to align 

periodically with ICESat-2.

By adjusting the orbital inclination, we can create a repeatable pattern in the ANX longitude difference. 
Specifically, setting the inclination to 92.0427 degrees (Mean in ToD) enables a repetitive pattern to 
emerge every 4 years. This strategic modification allows for predictable and consistent observational 
opportunities (pattern) over this period, but without annual repeatability. 

4 years oscillation of the GT with 
respect to the baseline at the poles
 (Max. 2.5 km edge-edge or 0.023 deg)

(7) References

Monitoring changes in sea-ice thickness, ice sheets, and glaciers is vital for understanding the cryosphere and its role in global climate dynamics. Achieving long-term, consistent observations from polar 
altimetry missions require precise orbital control. This study explores three orbital maintenance strategies that balance ground track repeatability and accuracy, fuel efficiency and operational complexity.

(4.2) Fix Inclination (correction by performing Out-of-
Plane manoeuvres)

Trade-Offs: Strategy depends on the mission priorities: 
• Minimising ΔV and manoeuvre count → Allow inclination oscillation. Inconsistent time-series geometry, 

although it’s possible to get repetitive ANX pattern by adjusting mean reference inclination. 
• Maximising GT accuracy → Apply controlled inclination adjustments. Highest spatial and temporal 

consistency.
• Simplifying operations → Follow CryoSat approach with nodal period control only. Potential challenges over 

polar targets

(4.3) Allow inclination to oscillate and keep nodal 
period constant

(3) Use case - Assumptions
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The following sections explores three orbit maintenance strategies, illustrated by the orbit and satellite 
characteristics listed bellow:

Satellite characteristics
Mass [kg] 1700

Cross-Sectional Area [𝑚2] 5
Cd 2.5

Orbital characteristics (epoch = 1-Jan-2028)
Semi-major axis [km] 7062
Repeat cycle [days] 367
Cycle length [orbits] 5351
Inclination in ToD [°] 92

Eccentricity [-] 0.0013201

By maintaining the SMA constant and not performing any out-of-plane manoeuvres:
1. Inclination will oscillate → orbital period will oscillate →𝐴𝑁𝑋 crossings will oscillate
2. Inclination will oscillate → GT at the poles will oscillate

1. If inclination is kept constant within certain range → need for out-of-plane manoeuvres
2. With constant SMA → 𝐺𝑇 will be repeated

Follow the orbital period profile to keep the repetition of the GT the value of the SMA needs to be adapted 
such that the orbital period remains constant:
1. Same approach as used for CryoSat;
2. The satellite decay shall be bigger than the necessary orbital period correction (to avoid retrograde 

manoeuvres)

Minimum decay of 25 
cm/day

Decrease necessary of 
about 22 cm/day

E.g. Considering a deadband of ±0.007° (approx. 800 m at the poles) → around 7 O-o-P manoeuvres in 8 years, 
could be expected, which is equivalent to 5.1 m/s of Δ𝑉. 

Upper limit

Lower limit

ANX crossings will oscillate (max. 40 
km edge-edge)

Considering this case, the satellite will decay faster than the SMA profile needed -> no need to perform 
retrograde manoeuvres -> no extra fuel is expected. Please note this is highly dependent on the satellite 
characteristics and altitude. For CryoSat this was not feasible. 

Altimetry consistency becomes more difficult with no seasonal consistency expected. Depending on the 
application, the impact can be significant, although the oscillation is quite predictable.

Enables identical altimetry sampling each cycle.

This strategy preserves repeatability with minimal Δ𝑉. Ground track deviation at the poles and equator will 
be different.
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