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Executive summary 

The EMiR wet tropospheric correction (WTC) is compared to both ERA Interim WTC and the operational 

radiometer WTC. Its performance is assessed applying metrics used to validate the altimetry system. The 

results are promising and show an improvement of the altimetry accuracy using EMiR WTC as compared 

to ERA Interim WTC and only a slight degradation as compared to the operational WTC. 
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1 Introduction 

1.1 Setting the scene 

[The text in this section is based on material available from http://www.altimetry.info/.] 

Altimetry satellites basically determine the distance from the satellite to a target surface by measuring 

the satellite-to-surface round-trip time of a radar pulse. The principle is that the altimeter emits a radar 

wave and analyses the return signal that bounces back from the surface. Sea surface height (SSH) is 

then the difference between the satellite’s altitude (i.e. the height above the chosen reference 

ellipsoid) and the satellite-to-surface range, inferred from the time it takes for the signal to make the 

round trip (see Figure 1). Besides surface height, by looking at the return signal’s amplitude and 

waveform, one can also measure wave height and wind speed over the oceans, and more generally, 

backscatter coefficient and surface roughness for most surfaces from which the radar signal is 

reflected. 

 

 

Figure 1: Principle of altimetry measurements. Source: 

http://www.aviso.altimetry.fr/en/techniques/altimetry/principle/basic-principle.html. 

To obtain measurements accurate to within a few centimetres over a range of several hundred 

kilometres requires an extremely precise knowledge of the satellite’s orbital position. Therefore, several 

location systems are typically carried on board altimetry satellites. Any interference on the radar signal 

itself also needs to be taken into account. Water vapour and electrons in the atmosphere, sea state 

and a range of other parameters affect the velocity of the radar beam, thus distorting range 

measurements. One can correct for these interference effects on the altimeter signal by measuring 

them with supporting instruments, or by modelling them. 

http://www.altimetry.info/
http://www.aviso.altimetry.fr/en/techniques/altimetry/principle/basic-principle.html
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Table 1: Overview on error sources and operational correction procedures for a number of 

altimeters. Source: http://www.aviso.altimetry.fr/en/data/products/ocean-indicators-

products/mean-sea-level/processing-corrections.html. 

 

 

http://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/processing-corrections.html
http://www.aviso.altimetry.fr/en/data/products/ocean-indicators-products/mean-sea-level/processing-corrections.html
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1.2 Wet tropospheric correction 

The tropospheric path delay has the largest impact on altimeter measurements, requiring corrections 

of up to ca. 2.5 m. More than 80% of the tropospheric path delay correction relates to the dry 

atmosphere while up to 20% is due to atmosphere moisture. However, atmospheric moisture is highly 

variable may therefore cause significant errors in the retrieved SSH. 

The wet troposphere correction (WTC) is the correction for the path delay in the radar return signal 

due to atmospheric moisture. Over the ocean, it is usually derived from microwave radiometer 

observations taken concomitantly to the actual altimeter observations. Over land surfaces, the wet 

tropospheric correction is usually derived from atmospheric models. 

1.3 Purpose of this document 

The purpose of this document is to analyse the performance of the wet tropospheric correction over 

the ocean derived from observations of the Microwave Radiometer (MWR) on board the satellites 

ERS- 1, ERS-2, and Envisat by comparing it to reference procedures. Based on the findings, a number 

of potential improvements are proposed to further enhance the accuracy of the MWR-based wet 

tropospheric correction. 

1.4 Acronyms and abbreviations 

Acronym Description 

CCI Climate Change Initiative 

CLS Collecte Localiation Satellites 

ECMWF European Centre for Medium-Range Weather Forecasts 

EMiR ERS/Envisat MWR Recalibration and Water Vapour FCDR Generation 

Envisat Environmental Satellite 

ERA-Interim Global atmospheric reanalysis from 1979 to present by ECMWF 

ERS European Remote Sensing satellite 

ESA European Space Agency 

GDR Geophysical Data Record 

ITCZ Intertropical convergence zone 

L1 Level 1 processing 

L2 Level 2 processing 

MWR Microwave Radiometer 

SSH Sea surface height 

WTC Wet tropospheric correction 

1.5 Reference documents 

Legeais, J.-F., M. Ablain, and S. Thao, Evaluation of wet troposphere path delays from atmospheric 

reanalyses and radiometers and their impact on the altimeter sea level, Ocean Sci., 10, 893–905, 2014. 

Dee, D. P., and 35 co-authorsThe ERA-Interim reanalysis: configuration and performance of the data 

assimilation system, Q. J. Roy. Meteor. Soc., 137, 553–597, doi:10.1002/qj.828, 2011. 
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Sensing, 34 (2), March 1996. 

Envisat RA2: Updated MWR Wet Tropospheric correction for Envisat Altimetry V2.1 data set, 

https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/envisat/news/-/article/envisat-

ra2-updated-mwr-wet-tropospheric-correction-for-altimetry-v2-1-dataset, 27 June 2014. 

Picard, B., M.-L. Fréry, E. Obligis , L. Eymard, N. Picot, and N. Steunou, SARAL/AltiKa wet tropospheric 

correction : in-flight calibration, retrieval strategies and performances, Marine Geodesy SARAL/AltiKa 

special issue, 2015. 
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2 The EMiR wet tropospheric correction 

The EMiR wet tropospheric correction (EMiR WTC) has been derived by merging the EMiR total column 

water vapour product with ERA-Interim atmospheric profiles. Details on the method applied can be 

found in the EMiR ATBD [2016]. 

3 WTC evaluation strategy 

3.1 Comparison approach 

The evaluation of the EMiR WTC makes ample use of legacy work from the ESA Sea Level Climate 

Change Initiative (CCI)1 where several methods have been applied to evaluate the quality of the WTC.  

Herein, we focus on the SSH cross-over approach, i.e. we analyse SSH differences between ascending 

and descending nodes with a maximum temporal difference of 10 days. Assuming that the ocean 

variability is negligible over ca. 10 days (see Legeais et al., 2014), the best WTC will then result in the 

smallest SSH variance at the cross-overs. 

In the following, a reference SSH computed with a reference WTC is compared to a study SSH 

computed with the EMiR WTC. Note that differences are always computed as: study – reference. 

Thus, an improvement of the altimetry system performance is observed when the difference between 

variance (study) – variance (reference) is negative. In contrast, when the difference is 

positive, the system performance is reduced. 

A complete and detailed comparison of ERA Interim WTC versus operational WTC of ERS-1, ERS-2 and 

Envisat on one hand and Topex, Jason-1 and Jason-2 on the other hand using such metric can be 

found in Legeais et al. (2014). 

3.2 Data selection 

The following criteria on data must be met to qualify for the comparison between study and 

reference: 

1) Obviously, WTC correction and altimeter data must be available for both study and 

reference within specific space and time intervals. 

2) Only “valid” altimetry measurements are considered, as defined by CLS Missions Performances 

and Climate. A complex analysis of individual measurements is performed leading to the 

definition of a single flag, only present in CLS L2 database, set to zero when the altimetry 

measurements are considered as being valid. 

                                                      

1 http://www.esa-sealevel-cci.org/  

http://www.esa-sealevel-cci.org/
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4 Evaluating the EMiR WTC 

4.1 EMiR WTC (study) against ERA Interim WTC (reference) 

A first assessment of the EMiR WTC (study) was done by comparing it to the “ERA Interim WTC” 

(reference) .The “ERA Interim WTC” is computed from ERA Interim humidity and temperature 

profiles, applying linear interpolation between the two temporally closest analyses (separated by 6 

hours) and bilinear spatial interpolation of the gridded WTC onto the altimeter track. 

4.1.1 Results 

Overall, the EMiR WTC improves the altimetry system performances over the whole era (1992-2012) on 

average by about -1.5 cm2 as compared to the ERA Interim WTC, which is typical of a comparison 

between the WTC from a concomitantly operated radiometer and a WTC derived from re-analyses. 

4.2 EMiR WTC (study) against operational radiometer WTC (reference) 

A second assessment of the EMiR WTC (study) was done by comparing it to the operational 

radiometer WTC (reference), further on referred to as Geophysical Data Record (GDR), for the full 

EMiR period (1992-2012).  

The operational radiometer WTC of ERS-1 and ERS-2 is derived from a log-linear approach using the 

two brightness temperatures and the altimeter wind speed (Eymard et al., 1996). Envisat WTC is the 

updated v2.1b WTC, as recommended by ESA, since the v2.0 WTC quality is known to suffer from in-

flight calibration issues (see updated MWR WTC, 2014). It represents the state-of-the-art wet 

tropospheric correction available to the users.  

The differences between the two WTC methods are shown in Figure 4. Generally speaking, the EMiR 

WTC provides smaller values in the higher latitudes (drier atmosphere) and larger values in the tropics 

and subtropics (more humid atmosphere).  

4.2.1 Results 

Overall, the performance of the EMiR WTC is slightly inferior to that of the operational radiometer 

WTC, mainly due to the somewhat reduced performance for Envisat. The individual average differences 

of the SSH variances at the cross-overs (see Figure 5) amount to +0.09 cm² for ERS-1 (very small 

deterioration), -0.04 cm² for ERS-2 (very small improvement), and +0.30 cm² (minor deterioration) for 

Envisat.  

These results are very promising, especially considering the fact that the operational WTC makes use 

of ancillary information (e.g. coincident information on surface roughness provided by the backscatter 

from the altimeter) that has not been used to derive the EMiR WTC. In order to better grasp the 

relevance of these differences, note that the improvement expected for the next operational 

processing version v3.0 of the Envisat WTC is assumed to be on the order of -0.5 cm². 

Zonally, larger differences between the two WTC methods are observed (see Figure 6): 
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 ERS-1: Improvements of about -0.3 cm² for ABS (latitude) >50°, deterioration of about 

+0.6 cm² for latitudes between 20° N and 20° S. 

 ERS-2: Improvement of about -0.35 cm² for latitudes between 20° S and 70° S. Deterioration of 

about +0.6 cm² for latitudes between 0° N and 20° N. 

 Envisat: Improvement of about -0.35 cm² for latitudes between 55° S and 65° S. Deterioration 

between +0.2 cm² and +0.8 cm² for all other latitudes. 

Temporally, a number of interesting patterns are observed, that might be helpful in identifying 

deficiencies of either WTC method (see Figure 5): 

 ERS-1: A significant underperformance of about +0.4 cm² to +1.0 cm² is observed for the EMiR 

WTC for most of the year 1994. 

 ERS-2: The EMiR WTC performs significantly better in the first quarter of each year, most 

notably for the years 2001, 2002, and 2003, where improvements between -1.0 cm² and -

2.0 cm² are observed. 

 Envisat: While the EMiR WTC performance is slightly inferior for the entire observed period, 

the deviations seem to be stronger at the beginning of the period (2002-2004). 

Global maps of the SSH variance differences between the EMiR WTC and the operational WTC may 

provide additional hints on the reasons for the observed differences (see Figure 7). In the case on 

Envisat, for example, they clearly show the better performance of the EMiR WTC south of ca. 50° S, 

while the operational WTC provides better results in most other areas, especially in the ITCZ. Other 

observed differences may relate to upwelling regions (e.g. Oregon upwelling) or large surface currents 

(e.g. Gulf Stream, Brazil Current). The picture is not so clear for ERS-1 and ERS-2 where the average 

differences between the two WTC methods are smaller. Interestingly, the local differences between the 

two methods are significantly larger for ERS-1 and ERS-2, where the SSH variance difference between 

neighbouring grid cells may reach 3.0 cm².  

5 Conclusions 

The EMiR WTC paves the way to a promising alternative method for WTC retrieval. The 1D-VAR 

approach will eventually solve the issue raised with the current algorithms, mainly related to the 

difficulty of handling non-average atmospheric situations such as over upwelling regions. Even with no 

coincident information on surface roughness, EMiR WTC has proven its capacity to improve the 

altimetry system as compared to a modelled WTC (ERA Interim) and to almost equal with the 

performances of the operational WTC product. 

6 Recommendations and Outlook 

There are a number of aspects to potentially improve the performance of the EMiR WTC, most 

importantly to make use of ancillary information on the state of the ocean surface. This would likely 

further improve the performance of the EMiR WTC since it would allow to properly take into account 

the surface contribution to the observed brightness temperatures. 
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Focussing on the high southern latitudes and upwelling regions would allow to highlight the typical 

WTC improvements arising from the 1D-VAR approach to TCWV retrieval from MWR observations. 

Note that cloudy situations are an issue for any retrieval approach, but the 1D-VAR method has the 

potential to better handle such situations so it would be interesting to sharpen the comparison 

between the EMiR WTC and the operational radiometer WTC focusing on cloudy and non-cloudy 

situations.  

Alternatively, EMiR brightness temperatures could be used to derived a neural network based WTC 

method as illustrated in the appendix (Section 8). This would allow to benefit both from the 

consistency of EMiR brightness temperatures dataset over the three missions and the performances of 

the most up-to-date neural network approach. 
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7 Figures 

7.1 EMiR WTC (study) against ERA Interim WTC (reference) 

 

 

 

Figure 2: Temporal course of the spatially averaged SSH variance differences (EMiR WTC – ERA 

Interim WTC) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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Figure 3: Spatial distribution of the temporally averaged SSH variance differences (EMiR WTC – 

ERA Interim WTC) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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7.2 EMiR WTC (study) against operational radiometer WTC (reference) 

 

 

 

 

Figure 4: Average temporal differences between the EMiR WTC (study) and the operational WTC 

(reference) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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Figure 5: Temporal course of the spatially averaged SSH variance differences (EMiR WTC - 

operational radiometer WTC) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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Figure 6: Latitudinal distribution of the temporally averaged SSH variance differences (EMiR 

WTC - operational radiometer WTC) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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Figure 7: Spatial distribution of the temporally averaged SSH variance differences (EMiR WTC - 

operational radiometer WTC) for ERS-1 (top), ERS-2 (middle), and Envisat (bottom). 
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8 EMiR NN WTC (study) against Envisat v2.1b WTC (reference) 

Using the same approach as applied to the next v3.0 Envisat reprocessing, the next AltiKa GDR-E 

reprocessing and the future Sentinel-3 operational product, a neural network approach (NN) is applied 

using a retrieval based on the following five input parameters: the two EMiR brightness temperatures 

(Tbs), the altimeter backscattering coefficient, the Reynolds SST, and the atmospheric temperature 

lapse rate (see Picard, 2015). 

The same neural network coefficients defined for Envisat v3.0 reprocessing are used. The only 

difference with this latter is that, to insure the performance of the retrieval, a dedicated adjustment of 

the EMiR Tbs onto the simulated Tbs used during the NN learning step is applied. 

Potentially, using the inter-calibration biases estimated by EMiR between ERS-1 and ERS-2 and ERS-2 

and Envisat, the same adjustment and the same retrieval could be applied to ERS-1 and ERS-2. 

The EMiR NN WTC performance has been compared to Envisat v2.1b WTC (a classical 3 inputs 

algorithm) over a period of one year. The performances of both WTC methods are very close, but an 

improvement is expected using a five inputs retrieval as compared to three inputs retrieval, as 

demonstrated by the assessment of Envisat v3.0 WTC. This could identify the need for updated in-

flight calibration for Envisat future reprocessing. 

 

Figure 8: Temporally (top) and spatially (bottom) averaged SSH variance differences (EMiR NN 

WTC – Envisat v2.1b WTC). 


