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Foreword: GNSS IWV (1)

Accurate GNSS positioning (< a few mms) required the estimation of zenith
troposphere propagation delay (ZTD):

ZTD = ZHD + ZWD [m]

ZHD : zenith hydrostatic delay (∝ Psfc )
ZWD : zenith wet delay

Integrated water vapour (IWV ) is retrieved from zentih wet delay :

IWV = Q(Tm)ZWD [kg·m−2]

Tm : weighted mean temperature of wet atmospheric column

å Accuracy : 1-2 kg·m−2 IWV (∼ 6-12 mm ZTD) for ground reference GNSS antennas
[Boc+13; Nin+16]
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Foreword: GNSS IWV (2)

Numerous advantages of the GNSS technique:

the instrumentation is low-cost and power-efficient;

the measurements are obtained in all weather conditions and do not require instrumental
calibrations.

GNSS products from ground reference antennas are now commonly used for climatology and
meteorology studies:

Agreement with more conventional meteorological instrumentation;
[Bev+92; Haa+03; Bos+10; Boc+13]

Common use in meteorological campaigns;
[Boc+16; Had+18]

Assimilation into numerical weather prediction models.
[Pol+07; Gue+16]
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Context

Use of GNSS receivers on board three of the R/Vs involved in the EUREC4A campaign
(Jan.-Feb. 2020 in the Caribbean) to retrieve IWV.

P. Bosser et al. EUREC4A - Ship-borne GNSS IWV 4 / 11



GNSS raw data quality check

Quality indicators:

Obs/Slip (↑)
Ratio between complete observations
and the number of slips from GNSS
raw data.
å Highest value expected

Multipath on L1 (�) and L2 (•)
carriers (↓)
Interference induced by antenna
environment.
å Lowest value expected

Lower quality of GNSS raw data acquired on Maria S. Merian due to the antenna
location on the ships (below the crow nest).

In the following, focus on retrievals from R/Vs Atalante and Meteor.
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First assessment: GNSS height estimates

Geoid height values from raw and smoothed GNSS ellipsoid height estimates.
Modeled geoid height derived from mean sea surface model CNES CLS 2015 [Puj+18]
and oceanographic tide FES2014b [Lya+16]
Significant height of combined wind waves and swell product from ERA5

å Standard-deviation of smoothed differences around 20 cm consistent with model uncer-
tainties and expected accuracy of GNSS positioning;
å Large scatter around 20-22 January explained by higher values of SH WWS.
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First assessment: GNSS height estimates

Geoid height values from raw and smoothed GNSS ellipsoid height estimates.
Modeled geoid height derived from mean sea surface model CNES CLS 2015 [Puj+18]
and oceanographic tide FES2014b [Lya+16]
Significant height of combined wind waves and swell product from ERA5

å Standard-deviation of smoothed differences lower than 20 cm, still consistent with model
uncertainties and expected accuracy of GNSS positioning;
å Large scatter around 20-22 January and from mid-February explained by higher values of
SH WWS.
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IWV comparison with ERA5 and MODIS

Retrieval of GNSS IWV from ZTD using Pmsl from ERA5 and Tm from TU-Vienna;
Comparison to ERA5 and MODIS IR IWV.

å High IWV contents during southward excursions in the tropics (∼ 50 kg m−2 around day 28)
å Good agreement with ERA5; differences mainly within ± 5 kg m−2, slow variations properly
retrieved
å Agreement with MODIS IR is not as good as with ERA5; differences often exceed
± 5 kg m−2
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IWV comparison with ERA5 and MODIS

Retrieval of GNSS IWV from ZTD using Pmsl from ERA5 and Tm from TU-Vienna;
Comparison to ERA5 and MODIS IR IWV.

å IWV time series concentrated around 30 kg m−2

å Fairly good agreement with ERA5 too (despites somme differences up to 10 kg m−2)
å Large scattering of differences with MODIS IR
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IWV comparison with ERA5 and MODIS

Retrieval of GNSS IWV from ZTD using Pmsl from ERA5 and Tm from TU-Vienna;
Comparison to ERA5 and MODIS IR IWV.

NIWV mean diff. RMS diff. corr. coef.
[kg m−2] [kg m−2]

ERA5 − GNSS IWV
Atalante 762 -1.62 2.75 +0.954
Meteor 789 +0.65 2.44 +0.891
MODIS IR − GNSS IWV
Atalante 56 -4.98 5.97 +0.896
Meteor 64 -2.25 4.81 +0.590

å Regarding ERA5, Atalante over-estimates IWV while Meteor under-estimates IWV; RMS
of differences are consistent for both ships.
å Differences are higher for MODIS IR, although consistent with the accuracy of this MODIS
product over the Ocean.
å Consistency of differential bias between Atalante and Meteor with respect to ERA5 or
MODIS (around 2 kg m−2)
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IWV comparison with ground-based GNSS antennas

Use of IWV data retrieved from permanent stations operated in the Caribbean and the
two GNSS stations installed in BCO for EUREC4A [Boc+21]
Comparison when distance between the ships and ground-based stations was
smaller than 10 km

å Overall negative bias for Atalante and positive bias for Meteor
å Standard deviation are of same magnitude for all the comparisons, around 1.5-2 kg m−2

å The differential bias between Atalante and Meteor is about 2 kg m−2, consistent with
previous results.
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IWV comparison at BCO

Passage of Atalante close to the BCO
between days 47 (18:00 UTC) and 49
(00:00 UTC).

Ground stations BCON and BCOS, ERA5
and MODIS IR
Temporal variations between GNSS IWV
retrievals are highly consistent.

Differences between GNSS IWV are within
± 1 kg m−2 when Atalante is closer than
20 km and increase as Atalante moves
away.
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Conclusion and outlook

Quality check on GNSS raw data from Maria S. Merian highlighted a much worse quality
than raw data from Atalante and Meteor.

Assessment of GNSS IWV from Atalante and Meteor using ERA5 and MODIS IR
å RMS of differences about 2.5-2.8 kg m2 and 4.8-6 kg m2 respectively

Results are confirmed by comparisons with ground-based GNSS stations close to R/Vs
route.
å Differential bias of about 2-2.3 kg m2 between Atalante and Meteor is highlighted and
will be further investigate

This work was supported by the CNRS programme LEFE/INSU through the projects GEMMOC and VEGAN.
The EUREC4A project was supported by the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (grant agreement no. 694768).
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Data availability

This work was published in the EUREC4A special issue of ESSD.
https://doi.org/10.5194/essd-13-1499-2021 [Bos+21]

The dataset is available for download on AERIS data center
https://eurec4a.aeris-data.fr/

Raw GNSS data: https://doi.org/10.25326/71, https://doi.org/10.25326/72,
https://doi.org/10.25326/73
[Bos+20a; Bos+20b; Bos+20c]
GNSS-derived IWV: https://doi.org/10.25326/74, https://doi.org/10.25326/75,
https://doi.org/10.25326/76
[Bos+20d; Bos+20e; Bos+20f]
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and Puy de Dôme) in Central France”. In: Atmosphere 9.8 (2018). DOI: 10.3390/atmos9080302.

https://doi.org/10.25326/73
https://eurec4a.aeris-data.fr/landing-page?uuid=d0c13c61-a634-4565-9ad2-f1884b553d62
https://doi.org/10.25326/74
https://eurec4a.aeris-data.fr/landing-page?uuid=1bf27d6b-e819-43ca-a8e7-4d23da73fd37
https://doi.org/10.25326/75
https://eurec4a.aeris-data.fr/landing-page?uuid=49217405-d792-46e2-8ce3-35c52c4ca4a9
https://doi.org/10.25326/76
https://eurec4a.aeris-data.fr/landing-page?uuid=7ec4df07-a383-4691-a110-3a1a79d0a0da
https://doi.org/10.5194/essd-13-1499-2021
https://doi.org/10.5194/amt-9-5385-2016
https://doi.org/10.1175/1520-0450(2003)042
https://doi.org/10.3390/atmos9080302


References III

Florent Henri Lyard et al. “The FES2014 tidal atlas, accuracy assessment for satellite altimetry and other geophysical
applications”. In: EGU General Assembly 2016. Vienna, Austria, Apr. 2016, EPSC2016–17693.

T. Ning et al. “The uncertainty of the atmospheric integrated water vapour estimated from GNSS observations”. In: Atmospheric
Measurement Techniques 9.1 (2016), pp. 79–92. DOI: 10.5194/amt-9-79-2016. URL:
http://www.atmos-meas-tech.net/9/79/2016/.

P. Poli et al. “Forecast impact studies of zenith total delay data from European near real-time GPS stations in Météo-France
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