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Introduction

• The wet tropospheric correction (WTC) is one of the most significant error sources for the precise

estimation of sea surface heights derived from satellite altimetry.

• Microwave radiometers (MWR) measurements provide the most accurate way to retrieve the

WTC over open-ocean.

• Over coastal regions, the MWR-derived WTC retrieval errors start to increase rapidly at distances

from the coast in the range 20–30 km.

• A common approach over coastal regions is to correct the MWR brightness temperatures (TBs)

from land contamination effects and to use these uncontaminated TBs in the open-ocean

algorithms.



Objective

• No study was found of enhancement of the WTC in coastal regions focused on the usage of

observations from missions with dual-band MWR, namely the Sentinel-3 mission.

• Over open-ocean, the need for improvement of the two Sentinel-3 MWR-derived WTC in the

operational products has already been addressed (Vieira et al., 2022; Frery et al., 2020).

• The consideration of a dynamic sea surface temperature (SST) from the ECMWF ERA5

atmospheric model improves the WTC retrieval (Vieira et al., 2022); the additional dynamic

atmospheric temperature lapse rate input, γ800, provides redundant information.

• Objective: improvement of the WTC retrieval in coastal regions for the Sentinel-3 mission, based

on the dual-band MWR observations.



Methodology Outline

1. Modification of the two Sentinel-3A MWR TBs, in order to remove the respective land

contamination effects.

o These modified TBs are then used alongside the Sentinel-3A SRAL σ0 parameter in the

open-ocean UP3S0 algorithm, developed by Vieira et al. (2022).

2. Modification of the Sentinel-3A SRAL σ0 and exploration of an alternative wind-speed (WS) input

from the ERA5 model.

o For the WS input, the open-ocean UP3WS algorithm developed by Vieira et al. (2022) was

exploited (inputs: Sentinel-3A MWR TBs and the 10-m U and V components of WS from the

ECMWF ERA5 model).

3. Development of WTC retrieval algorithms specifically trained over coastal regions.



Data Description

• Sentinel-3A Non-Time Critical (NTC) Level 2 ocean data products at 1 Hz (baseline collection

004) were processed over coastal regions.

• Filtering conditions: measurements with no rain or ice contamination, between the [-50°, 50°]

latitude range, and with a distance from the nearest coast between 0-60 km.

• Two datasets were developed, each comprising two years of Sentinel-3A SRAL/MWR

measurements from cycles 12 to 38 (development dataset) and measurements from cycles 39

to 66 (test dataset), respectively.

• The test dataset was used for the independent assessment:

o using a non-collocated comparison against zenith wet delays (ZWD) from coastal GNSS

stations;

o against the WTC derived from the ECMWF ERA5 atmospheric model (not shown).



Analysis of the Sentinel-3A SRAL and MWR parameters in coastal regions

       

                        

   

   

   

   

   

   

   

   

   

   

 
 
 
 
  
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 

           

           

       

                        

  

  

  

  

  

  

  

  

 
  
 
 
 
  
  
 
 
  
  
 
 
  
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 

           

           

Mean (left) and standard deviation (right) of the Sentinel-3A MWR 23.8 and 36.5 GHz TBs,

computed in classes of 5 km width from distance to the nearest coast using data from the

Sentinel-3A development dataset.



Analysis of the Sentinel-3A SRAL and MWR parameters in coastal regions

Mean (left) and standard deviation (right) of the Sentinel-3A SRAL backscatter coefficient σ0, at

Ku band.

       

                        

  

  

  

  

  

  

 
 
 
 
  
 
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 

       

                        

 

   

 

   

 

   

 

 
  
 
 
 
  
  
 
 
  
  
 
 
  
 
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 



Analysis of the Sentinel-3A SRAL and MWR parameters in coastal regions

Mean (left) and standard deviation (right) of the two Sentinel-3A MWR wet path delay operational

products (Op. 3I and Op. 5I, respectively), and the wet path delay derived from the ECMWF

operational model (Op. Model).

       

                        

  

  

  

  

  

  

  

  

 
 
 
 
  
 
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 

      

      

         

       

                        

   

  

    

    

    

    

  

    

 
  
 
 
 
  
  
 
 
  
  
 
 
  
 
 
 

 

     

     

      

      

      

 
 
 
 
 
  
 
  
 
 
 
 
  
 
  
 
 
 

      

      

         



Modification methods of the Sentinel-3A SRAL and MWR parameters

• A first proposal of modification of the Sentinel-3A MWR TBs, in order to mitigate the land

contamination effects, is of the form:

𝐶𝑜𝑟𝑟 = 𝑇𝐵 𝑓 𝑑,𝑊𝑃𝐷 − 𝑇𝐵(𝑓)𝑜𝑐𝑒𝑎𝑛 𝑊𝑃𝐷 (1)

• A second modification method, based on MWR land-fraction (LF):

𝐶𝑜𝑟𝑟 = 𝑇𝐵 𝑓 𝐿𝐹,𝑊𝑃𝐷 − 𝑇𝐵 𝑓 𝑜𝑐𝑒𝑎𝑛 𝑊𝑃𝐷 (2)

• The proposal of modification of the Sentinel-3A SRAL σ0 parameter, at Ku-band, is of the form:

𝐶𝑜𝑟𝑟 = 𝜎0 𝑑 − 𝜎0 𝑜𝑐𝑒𝑎𝑛 (3)



Development of the coastal WTC retrieval algorithms

• Only observations from the development dataset in the range 0-20 km of distance from the coast

were considered (179 961 measurements for train and 44 990 measurements for validation).

• All coastal algorithms consider the same neural network formalism used for the operational WTC

retrieval algorithms of the Sentinel-3 mission.

Algorithm
Number of 

inputs
Algorithm Description

C2C UP1
3

Unm  ifi    WR   s an  unm  ifi   SRAL σ0

C2C UP2    ifi    WR   s an  m  ifi   SRAL σ0

C2C UP3 4
   ifi    WR   s, m  ifi   SRAL σ0 and SST 

from the ERA5 model

C2C UP4 5
   ifi    WR   s, m  ifi   SRAL σ0 and SST 

an  γ800 from the ERA5 model

Developed coastal algorithms description.



Results
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Mean and rms of the differences WPDGNSS – WPDMWR, in classes of 5 km width of distance from coast, for the Sentinel-3A

three-inputs MWR operational algorithm (Op. 3I), and the UP3S0 algorithm with TBs modified by distance from coast and

WPD classes (O2C UP3S01) and modified by MWR land fraction and WPD classes (O2C UP3S02).
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Results

RMS of the differences WPDGNSS – WPDMWR, in classes of 5 km width of distance from coast, for

the Sentinel-3A three-inputs MWR operational algorithm (Op. 3I), the UP3S0 algorithm with

modified TBs (O2C UP3S02) and a modified σ0 (O2C UP3S03), and the UP3WS algorithm with

modified TBs and the 10-m U and V wind-speed components of the ERA5 model (O2C UP3WS).
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Results

RMS of the differences WPDGNSS – WPDMWR, in classes of 5 km width of distance from coast, for

the Sentinel-3A three-inputs MWR operational algorithm (Op. 3I), the UP3S0 algorithm with

modified TBs and a modified σ0 (O2C UP3S03), and the four developed coastal algorithms.
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Summary of results

Algorithm Algorithm Description

0-5 km

Mean RMS RMS improv.

Op. 3I
Open-ocean Sentinel-3A operational algorithm, MWR TBs 

an  SRAL σ0

-14.1 16.2 -

O2C UP3S03

Open-ocean UP3S0 algorithm, MWR TBs modified by LF and 

W D c ass s, an  SRAL σ0 modified by DistCoast classes -1.2 4.4 11.8

C2C UP2
Coastal algorithm, MWR TBs modified by LF and WPD 

c ass s, an  SRAL σ0 modified by DistCoast classes
-0.7 3.6 0.8

C2C UP4

Coastal algorithm, MWR TBs modified by LF and WPD 

c ass s, SRAL σ0 modified by DistCoast classes, and SSTskin

an  γ800 from the ERA5 model

-0.5 3.3 0.3

Mean and rms of the differences WPDGNSS – WPDMWR, in cm, for the first class of distance from coast.



Conclusions

• The WTC retrieval over coastal regions is still a challenging process.

• The use of the open-ocean UP3S0 algorithm with modified inputs significantly improved the

retrieval errors in the WTC.

• Moreover, the developed coastal algorithms, with the same modified inputs, further improved the

WTC retrieval errors, from ~16 cm to 3.3 cm close to the coast.

• All the results shown are in line of agreement with the comparison against the ERA5 model (not

shown).

• More work needs to be done to further improve the retrieval errors and meet the requirements for

coastal altimetry applications (e.g., technological improvements on the radiometer and altimeter

sensors).



For more information, please check the

corresponding published paper, or

contact us via email (email address:

pedro.aguiar@fc.up.pt) or via the

AVISO+ forums.

Thank you for your time!
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