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Level-2 data-driven 
calibration (blue items)

⚫ Step 0 & M1a: use SWOT altimeter 

only (SWOT must be self-sufficient)

⚫ Step 1: use Direct for bias (w.r.t to 

nadir) and Crossover for other error 

components. Inversions done with 

least squares (robustness)

⚫ Step 2: harmonic interpolator for for

repeating error patterns (orbital 

revolution period and sub-harmonics)

⚫ Step 2: weighted kernel smoother for 

broadband residual (robustness)

⚫ The L2 sequence does not require 

any complex parameter (no 

covariance, no spectra, etc.) for the 

sake of robustness and simplicity
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Level-3 data-driven 
calibration (red items)

⚫ Step 0 & M1b: external data from all 

nadir altimeters (SWOT + S6 + S3)

⚫ Step 1: use Direct and Crossover 

retrieval algorithms for the 21-day 

orbit, and Direct + Collinear for the 1-

day orbit

⚫ Step 1: Can resolve intra-crossover 

variability (not just a scalar/xover)

⚫ Step 2: use Gauss-Markov 

interpolator for broadband error (not a 

simple kernel interpolator)

⚫ M3a & M3b: use covariance/spectra 

instead of least squares (measured in 

simulation, determined in CalVal for 

flight data)
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OH1 

OH2

OH3

Multiple revolutions 

(bias and drifts in 

hours/days)

Ocean variability 

(basin scales)

Ocean variability 

(mesoscale)

SWOT Requirements

(harmonic #1 of the 

orbital revolution period)

OH4

KaRIn spectra (black) have more energy than the 

nadir altimeter (pink), especially at the largest scales. 

This is because of (uncalibrated) KaRIn errors.

(harmonic #4 of the 

orbital revolution period)

-- KaRIN SSHA

-- Nadir SSHA

-- Ocean requirements



Uncalibrated Systematic Error (nadir method)

Uncalibrated Systematic Error (xsd method) 

-- KaRIN SSHA

-- Nadir SSHA

-- Ocean requirements

Flight data analysis derived from Ubelmann et al. 2017



Uncalibrated errors <1000 km (SRD limit) 
are small (<1cm RMSE) : 

calibration is not required for the ocean

Uncalibrated errors of long 
wavelengths (>10,000 km) are very

large (50 to 100 cm RMSE): 
calibration is required for hydrology
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