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  Science for Earth care

The Sentinel-3 (S3) and Sentinel-3 Next Generation (S3NG) missions are part of the Copernicus 
Programme led by the European Commission in partnership with ESA. The S3NG mission primary 
objective is to ensure the continuity of topography measurements. 
Continuity between missions is established through a comparison of SSH time series generated 
by successive altimetry missions. This is traditionally achieved via tandem flight phases, during 
which the two missions follow identical ground tracks, with time intervals of less than one 
minute. Such configurations allow for near-simultaneous observations of the same ocean surface, 
enabling to identify and quantify relative instrumental biases. 
In the context of the S3 and S3NG missions, the standard tandem phase is not feasible due to 
orbital constraints. The S3NG constellation will consist of two large satellites flying in formation 
on a sun-synchronous orbit with a 6:00 p.m. LTAN, following the same ground tracks as S3. This 
configuration imposes a minimum 4-hour time lag between observations by S3 and S3NG over 
the same location. 
This study investigates the impact of the 4-hour delay between S3 and S3NG on the calibration of 
altimetry data for long-term SSH monitoring. Specifically, we assess how the delay affects the 
estimation of inter-mission biases and their associated uncertainties. We explore methods for 
quantifying the oceanic variability introduced by this delay and evaluate potential strategies to 
ensure reliable continuity in the absence of a conventional tandem phase. 

Context

4-hour oceanic variability

4-hour tandem phase

Example of Jason-3 and Sentinel-6

Conclusions
★ 4-hour tandem phase: capability to detect systematic differences of ± 3.5 mm amplitude in one 

year
★ For a non-reference mission like S3NG, this may be sufficient to assess and ensure continuity 

between the S3 and S3NG missions (if the tandem phase is increased to 1 year)
★ Same performance than the classical tandem phase (2 mm) reached in 3 years.  
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Figure 1: Map of 4-hour ocean variability (σ
i,j

)

Figure 3: Gridded differences of S3A and S3B averaged during their tandem phase (top), for a 4-hour tandem phase 
(bottom left) and outside their tandem phase (bottom right)

● Use of gridded Mean Sea Level 
differences derived from L2P product 
from AVISO 

● Systematic errors (5 mm) for S3A and S3B 
visibles on the difference map during the 
tandem phase

● Noisier on 4-hour tandem 

● Errors start to be detectable outside 
tandem phase after ~ 1 year of data 

Impact on continuity

S3NGT-MPUA is a project funded by the European Space Agency.

To quantify the variance of ocean variability and measurement errors over short time intervals, 
we analysed crossover differences between SWOT’s KaRIn swath data and Sentinel-3A/3B nadir 
data (ΔSSHA). This analysis is based on almost one year of data from the science phase, 
leveraging a high number of crossovers and extensive spatial coverage.
The first step involves constructing map of ΔSSHA variance for crossovers of Δt=4 hours. This 
map incorporates both high-frequency oceanic variability and systematic errors: 
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 accounts for oceanic variability and 
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SWOT
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S3
, for SWOT and S3 systematic errors, 

respectively.

The second step is generating a map for Δt → 0 h, 
where σ²

ocean
 → 0. This map isolates systematic 

errors in the ΔSSHA measurements. By subtracting 
the 0-hour map to the 4-hour map, an upper 
bound of oceanic variability is obtained. This 
calculation inherently also includes the residual 
effects of instrumental and environmental 
correction errors. 

● For 4 months, we reach 2 mm of inter-mission 
bias uncertainty during classical tandem phase, 
against 6 mm for the 4h-tandem phase and 8 
mm outside tandem phase (3 and 4 times 
more).  

● Orbit configuration has no effect on tandem 
phases. Very consistent results between 
missions

● Orbit has an impact outside tandem phase. 
Uncertainty on the offset correction highly 
dependent on the configuration of the 
satellites in this case 

● Interest of the crossover method: does not 
depend on the configuration chosen (similar 
results J3/S6A & S3A/S3B)

Figure 4: Uncertainty evolution for J3/S6 & S3A/S3B comparison for 4 different configurations

Figure 2: Map of 
ΔSSHA measurements 

between J3 and S6 
during their tandem 
phase (left) and for a 
4-hour tandem phase 

(right)

Equatorial bias between J3 and S6 in previous version of the data (L2P21) detectable during a 
classical tandem phase but not during a 4-hour tandem phase:

→ Uncertainty in offset detection is 2 mm in the classical tandem but 5 mm in the 4-hour 
configuration

→ Amplitude of equatorial signal ~4 mm, below the 4-hour tandem phase detection threshold

Uncertainty computation
The uncertainty for each grid cell is computed using the formula :

with

Where σ is the standard deviation of the sample ; n is the number of measurements ; t is the Student's coefficient 
for  (n - 1) degrees of freedom and a confidence level of α ; n' is the effective sample size, accounting for any 
autocorrelation in the data.


