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1. Impact of the wet tropospheric correction (global):
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Abstract: The satellite radar altimetry record of sea level has now surpassed 30 years in length. These observations have greatly improved our knowledge of the open ocean and are now an essential component of many
operational marine systems and climate studies. But use of altimetry close to the coast remains a challenge from both a technical and scientific point of view. Here, we take advantage of the recent availability of many
new algorithms developed for altimetry sea level computation to quantify and analyze the uncertainties associated with the choice of algorithms when approaching the coast. To achieve this objective, we did a round
robin analysis of radar altimetry data, testing a total of 21 solutions for waveform retracking, correcting sea surface heights and finally deriving sea level variations. Uncertainties associated with each of the components
used to calculate the altimeter sea surface heights are estimated by measuring the dispersion of sea level values obtained using the various algorithms considered in the round robin for this component. We intercompare
these uncertainty estimates and analyze how they evolve when we go from the open ocean to the coast. At regional scale, complementary analyses are performed through comparisons to independent tide gauge
observations. The results show that tidal corrections and mean sea surface can be significant contributors to sea level data uncertainties in many coastal regions. However, improving quality and robustness of the
retracking algorithm used to derive both the range and the sea state bias correction, is today the main factor to bring accurate altimetry sea level data closer to the shore than ever before.

More details on this work can be found in Birol et al., Ocean Science, 2024 (https://doi.org/10.5194/egusphere-2024-2449, 2024).

Input data of the round robin analysis
SLA components for which different algorithms were inter-compared in this study (in bold):

SLA= Altitude of satellite – Altimeter range – Ionospheric correction – Dry tropospheric correction – Wet
tropospheric correction – Sea state bias correction – Solid earth tide correction – Geocentric ocean tide
correction - Geocentric pole tide correction – Dynamic atmospheric correction –Mean sea surface height

Objective and methodology 
General objective: Gain insight on the sea level components derived from satellite
altimetry measurements that limit the most the data quality near the coast.

How? A round robin exercise has been done for the components of the altimetric sea level  
(SLA) for which several solutions existed, with a focus on the coastal band (i.e. 0-200km).

The Round Robin in practice:
• Altimetry technique: LRM (focus on long time series) 
• Geophysical parameter considered : Sea Level Anomaly (SLA)
• Data frequency: 20 Hz (~350m along the satellite track)
• Missions: Jason-2 & Jason-3
• Period : 3 years of data for each mission (111 cycles)
• Zone: Global coastal ocean (0-200km) + regional, with 3 study regions: Mediterranean Sea, 

NEA, Eastern Australia

Framework :
• The accuracy of each SLA component is investigated by analyzing the dispersion of SLA 

values we obtain using the various corresponding algorithms mentioned in Table 1 
(see Figures 2, 3, 4 and 5).

• Focus on the coastal ocean: how the statistics change as we get closer to the coast? 
• The analysis is completed with a comparison to independent tide gauge observations.
• Intercomparison of the results for 2 altimetry missions.

Figure 2: (a) and (b): Global mean of standard
deviation values (in cm) of the SLA along all Jason-2
tracks for the period 27/09/2013 to 02/12/2016 when
applying different WTC corrections. Results are
represented as a function of the distance to the coast
between 200 km and 20 km (a) and between 20 km
and 0 km from the coast (b). (c): Global standard
deviation of the differences of standard deviation
values (in cm) of the SLA when applying different WTC
corrections between 80 km and 0 km from the coast.

Synthesis and conclusion

Figure 1: Geographical domains
covered by the Round Robin study. The
North East Atlantic, Eastern Australia and
Mediterranean Sea used in the regional
analyses are indicated by black squares.
All of them comprise the [0-200 km]
coastal band except the Mediterranean
Sea which is complete, Black Sea
excluded.

Table 1: SLA components
included in the Round Robin
exercise (column 1), with the
list of algorithms tested for
each one (column 2). The
reference algorithms currently
used in operational sea level
products for each component
are underlined. The fields
marked with an asterisk (*)
were provided at 1Hz only and
have been linearly
interpolated to 20 Hz for the
purposes of this study; the
others were at 20Hz. GDR is
the official Geophysical Data
Record product distributed by
the space agencies (version D
for Jason-2 and version F for
Jason-3.
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Figure 3: (a) and (b): Regional mean of standard
deviation values (in cm) of the SLA along all Jason-2
tracks for the NEA region and for the period
27/09/2013 to 02/12/2016 when applying different
ocean tide corrections. Results are represented as a
function of the distance to the coast between 200 km
and 20 km (a) and between 20 km and 0 km from the
coast (b). (c): Regional standard deviation of the
differences of standard deviation values (in cm) of the
SLA when applying different tide corrections between
80 km and 0 km from the coast.

!"#$%&'(&)*)+! H)%*-+.I)+0$*1+I'.+*! 2&.1+.3$4&)*$I'(.%+*5$

6&)&1(7*-I%$%&--*%+I&)! !"#$%$&"'$()!
!"&$%$!"#$()!
*$!"&$()!

!$%$+!$,)!
+!$%$-!$,)!
.$-!$,)$$

8*+$+-&(&1(7*-I%$%&--*%+I&)! !"/$%$+"#$()!
!"0$%$!"/$()!
*$!"0$()!

!$%$#"/$,)!
#"/$%$-!$,)!
.$-!$,)$$

9%*.)$+I5*$%&--*%+I&)$:;<! +$1&2$%$-$1/2$()!
!"/$1+2$%$+$1&2$()!
!"/$1+2$()!

!$%$+!$,)!
+!$%$#/$,)!
.$#/$,)$

=!!L$ +$%$-$()!
!"/$%$+$()!
*$!"/$()$

$!$%$'$,)!
'$%$&!$,)!
.$&!$,)$

?*+-.%@I)A$:-.)A*$B$!!C<! +"/$%$-$()!
!"/$%$+"/$()!
*$!"/$()!

!$%$+!$,)!
+!$%$3!$,)!
.$3!$,)$$

!!C$%&--*%+I&)$! +"'$%$3"&$()!
+$%$+"'$()!
*$+$()$!

$!$%$+!$,)!
+!$%$3!$,)!
.$3!$,)$

!

• Offshore, the biggest contributors to SLA uncertainties are the SSB and the range (i.e. the retracker): uncertainty of about 1 cm.
• Then comes the tidal correction with an associated uncertainty between 0.5 and 1 cm.
• The MSSH also contributes in the order of 0.5 cm to the SLA uncertainties in the open ocean. 
• For the ionospheric and wet tropospheric corrections, we estimate uncertainties of less than 0.3 cm.
• For all components, the SLA uncertainties start to increase at some distance to the coast: 75 km for the tides, 60 km for the

range and SSB, 40 km for the ionospheric and wet tropospheric corrections, 20 km for the MSSH.
• They reach between 0.5 cm (ionospheric correction) and about 2 cm (SSB, tides) at about 10 km from the coast. 
• In the last 7.5 to 10 km to the coast, they reach several cm for all the components, from about 2 cm for the ionospheric 

correction to about 6 cm for the SSB. 

3. Impact of the retracker (global):

Table 2: SLA components (column 1), uncertainty estimate (column 2) and oceanic region where SLA differences are observed (column 3). (*) the values in brackets
correspond to uncertainty estimates considering the EOT20 tidal model.

Range

Figure 4: (a) and (b): Global mean of standard deviation
values (in cm) of the SLA along all Jason-3 tracks for the
period 17/02/2016 to 22/02/2019 when applying different
retracking solutions for the range and the SSB corrections.
Results are represented as a function of the distance to the
coast between 200 km and 20 km (a) and between 20 km and
0 km from the coast (b). (c): Global standard deviation of the
differences of standard deviation values (in cm) of the SLA
when applying different retracking solutions for the range
and the SSB between 80 km and 0 km from the coast.

Figure 5: (c and f): Global standard deviation of the differences of standard deviation values (in cm) of the SLA when
applying different SSB corrections associated with the MLE4 (c) and Adaptive (f) retracking algorithms between 80 km
and 0 km from the coast.

SSB – case of MLE4 retracker SSB – case of Adaptive retracker

2. Impact of the tide correction (NEA region):

The altimeter range and the SSB used in the
SLA calculation are dependent since derived
from the same retracking model. In the
coastal zone, they are both impacted by the
presence of more complex altimetry
waveforms at about 10-15 km from the shore,
due to land contamination. Here, we first
analyze the range and SSB together (Fig. 4).
Then we focus on the SSB alone (Fig.5)


