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Figure 2. Mean of the difference in variance of the residuals for 
SSB models evaluated at SWH and WS measurements from 
Jason-2 2014 data.  Differences are found by subtracting 
residuals of the four ibiSSB models from residuals using  
‘SSB_J2_New’(2).
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The sea state bias remains the largest error for estimating sea 
level using satellite radar altimetry. Empirical approaches using 
in-flight observations of sea surface height are typically used to 
determine models for the sea state bias (SSB). These 
observations contain signals such as dynamic ocean 
topography, orbit errors, as well as ionosphere, troposphere, 
tide and mean sea surface modeling errors, which all contribute 
to errors in the SSB estimates. We investigate the relative 
contribution of these error sources to provide an error 
assessment of the SSB  models.

In an effort to evaluate errors in the SSB estimates, we have 
examined the correlation between components within sea level 
anomaly measurements and the model variables, model 
estimate variation,  and  the dependency on the span of data 
used for estimation. 

Abstract

Figure 1. Aliasing effects caused by errors within sea level corrections as a function of significant wave height and wind speed using 
ibiSSB for 2009 Jason-2 data. The black line outlines the bins that have at least 250 observations to estimate the node value. 

Mapping Technique

We developed an SSB mapping technique to evaluate errors in 
SSB estimates. 

Results:
•  The collinear approach is the least sensitive to aliasing 

errors and  noise in the variables. 
•  The combined-dynamic approach outperforms the direct 

approach with respect to removing spatially-correlated 
errors.

•  The benefits of di fferencing sea level anomaly 
measurements using the crossover approach are first 
realized with more than one year of data used for SSB 
estimation.

Further Questions:
•  What is the correlation between temporal resolution and the 

number of observations per bin for crossover models?
•  Does the combined-dynamic approach remove important 

sea state information required to produce an accurate SSB 
model?

•  Can the ibiSSB mapping technique be improved to provide 
better resolution to peripheral bins?

Conclusions

We employ a non-parametric approach that implements inverse 
bilinear interpolation of significant wave height (SWH) and wind 
speed (WS) to solve for the unknown sea state bias model  
using least squares (referred to as ibiSSB). The observable 
consists of sea level anomaly measurements uncorrected for 
the SSB. The SSB is estimated at discrete nodes of SWH and 
WS without any constraints, using bilinear interpolation of the 
observed SWH and WS

The ibiSSB mapping technique was applied to along-track 
(direct), collinear and crossover measurements(1). Another 
modeling technique (combined-dynamic) was developed in an 
attempt to remove aliasing effects. It is the combined solution of 
the ibiSSB technique using along-track data modeled with 
temporal and spatial variations of sea surface height (SSH).

Aliasing Effects Crossvalidation 

Sensitivity to Noise in the Independent Variables

Model Description

1 Direct Determined using along-track data

2 Combined
-dynamic

Determined from along-track data together 
with cycle-averaged mean global SSH in 3-
degree equal-area grids.

3 Collinear Determined using collinear data 
(Δt ≈ 10 days)

4 Crossover Determined using crossover data 
(Δt ≤ 5 days)

Table 1. Modeling methods

Table 2. Root mean square error of  the difference between an SSB model that has been mapped using measurements of SWH and 
WS from the product output and an SSB model that has been mapped with added random noise derived from the RMS of SWH and 
WS, also provided by the product.

Jason-2 Direct Combined-dynamic Collinear Crossover
2009 Model 2.03 cm 3.48 cm 1.68 cm 3.73 cm
2-year Model 2.09 cm 3.72 cm 1.70 cm 3.94 cm

3-year Model 2.09 cm 3.71 cm 1.64 cm 3.72 cm
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