
Context
• SWOT requirements are defined via an error 

baseline spectrum from 15 to 1000 km 
wavelength (not just simple RMS)

• Spectral assessment of mission performance 
requires a reference sea surface height (SSH) 
colocalized in space and time with SWOT SSH

• Such stringent synopticity represents a 
major challenge for Cal/Val activities
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Spectral error from KaRIn/KaRIn differences (fast-repeating orbit)

Methods
Reference SSH can be retrieved from:

1. In-situ observations :
• Airborne lidar campaigns
• Ocean Mooring arrays

• Ships and gliders are too slow                                      
(collected transects not synoptic)

2. Remote sensing observations

• SWOT Nadir: colocalized in time, not in space
• SWOT KaRIn: colocalized in space, not in time
• Existing SAR missions (e.g. Sentinel-3):

Not colocalized in time or space….
….but small colocation differences

The spectral assessment of SWOT performance 
at scales below 100 km is significantly affected  

by natural ocean variability

[2][1] [3]

Conclusions

➢ Hard to assess KaRIn performance at scales < 100 km due to non-colocalized SSH reference
➢ Because of the lack of synopticity, the contribution of spatial and temporal ocean variability must be considered
➢ All approaches show inherent limitations at evaluating the contribution of ocean variability at scales < 100 km
➢ In-situ approaches are complementary to remote sensing ones, but (at the moment) equally uncertain
➢ Observations from 1-day fast repeating orbit are key for both remote sensing and in-situ approaches

▪ KaRIn SSHA over the 
same track for 
consecutive days 
shows similar 
patterns

▪ Consistency between 
SWOT swaths and for 
successive passages

▪ Daily SSHA 
differences of only a 
few cm…

▪ …however, not only 
due to KaRIn error 
but also to natural 
ocean variability
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Validation approach presented here

❑ Focus on KaRIn vs KaRIn comparison

❑ Observations from 1-day sampling phase

❑ SWOT spectral error estimated from SSHA 
differences over successive passages

Internal waves

Mesoscale variability

The contribution from natural ocean variability must be accounted for to correctly estimate the error spectra:

➢ Combine 2-day and 1-day SSHA differences to estimate the spectra (PSD) of ocean variability

Hypothesis 1 - KaRIn SSHA errors are decorrelated in time over 24 
hours, but they are statistically stationary (same 𝜀𝐾𝑎𝑅𝐼𝑛)

Hypothesis 2 - Ocean variability from 2-day differences is twice as 
large as from 1-day differences (linear increase with time)

Limitations
1. Ocean variability increases at a declining rate over time
2. Small/rapidly-decorrelating ocean signals are not accounted

➢ Natural ocean variability is underestimated at scales < 100 km 
(common issue for all remote sensing approaches)

∆(𝐾𝑎𝑅𝐼𝑛𝑜𝑏𝑠)𝑑1−𝑑0 = ∆𝑆𝑆𝐻𝐴𝑑1−𝑑0 + 2𝜀𝐾𝑎𝑅𝐼𝑛 

1-day SSHA diffs 1-day ocean var KaRIn error

∆(𝐾𝑎𝑅𝐼𝑛𝑜𝑏𝑠)𝑑2−𝑑0 = ∆𝑆𝑆𝐻𝐴𝑑2−𝑑0 + 2𝜀𝐾𝑎𝑅𝐼𝑛 

2-day SSHA diffs 2-day ocean var KaRIn error

𝑃𝑆𝐷 ∆𝑆𝑆𝐻𝐴𝑑1−𝑑0 = 𝑃𝑆𝐷 ∆(𝐾𝑎𝑅𝐼𝑛𝑜𝑏𝑠)𝑑2−𝑑0 − 𝑃𝑆𝐷(∆(𝐾𝑎𝑅𝐼𝑛𝑜𝑏𝑠)𝑑1−𝑑0)

PSD of ocean variability

PSD of KaRIn error

𝑃𝑆𝐷 𝜀𝐾𝑎𝑅𝐼𝑛 =
𝑃𝑆𝐷 ∆(𝐾𝑎𝑅𝐼𝑛𝑜𝑏𝑠)𝑑1−𝑑0 − 𝑃𝑆𝐷(∆𝑆𝑆𝐻𝐴𝑑1−𝑑0)
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The contribution of ocean variability is removed from PSD of 1-day 
SSHA differences to obtain a spectral estimate of KaRIn error:

▪ KaRIn error below requirements for scales > 100km

▪ KaRIn error above requirements for scales < 100km

However, error likely overestimated at scales < 100 km              
(because ocean variability underestimated)

KaRIn requirements
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