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Recap : GPS meteorology concept

Z1 Y
&9 ENRIR
Troposphere propagation delay :
Aliopo(a€) = ALf - mfn(e) + AL;, - mfy(e€)

+m(€)[l s cos o + ey sin @]

B Alyopo(a, €): troposphere delay for a given direction

m ALF: Zenith Hydrostatic Delay (ZHD) retrieved from ground pressure
measurements.

m ALZ: Zenith Wet Delay (ZWD) estimated during the processing.
m [ s, [ horizontal gradients
m mfy, mf,, m,: mapping functions for delays and gradients.

ZWD is closely linked to IWV:

IWV = k(Tp) x ALZ
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A short summary of work completed
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m Retrieval of GPS IWV by the analysis of measurements from more than
1,200 GPS antenna (sept. to nov. 2016).

m Quality check of GPS IWV using intrinsic methods.

m Global & regional assessment of IWV from ERAI and ERAS5 reanalysis
over the period using GPS IWV.

m Analysis of GPS IWV and gradients during two high impact weather
events (related to Walpurga and Sanchez Cyclon / IOPs 5 and 9),
assessment of ERAl and ERAS5 IWV products.

m Evaluation of Atalante IWV using ERAI and ERAS reanalysis, IWV from
ground-based GPS antenna.

[Bin+20; Bos+20; Bos+21]
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Global assessment
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m Decrease of bias:

41
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+0.33+0.69 — +0.19+0.56 kgm—2

m Decrease of standard deviation:
2.16 +0.67 — 1.65+ 0.53 kgm~—2

m Increase of correlation:
0.95+0.06 — 0.97 +0.04

GPS DIP-NAWDEX
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Regional assessment

ERAI & ERA5 — GPS [Bos+21] s" ENSTA
i BRETAGNE
(1) Caribbean Sea (2) Nothern America East Coast
(8) Greenland - Arctic Circle  (4) Western Europe
Area Nsta mean IWV mlkgm=2] o[kgm 2] P
ERAT | 0314063 2171067 0955005
Overall | 1203 | 23.26£13.11 | ppas | 191056 1644053 0.97+0.04
ERAT | 0361001 3261042 0.8410.09
(1) 121 | 48714768 | Epas | .06640.70 2734024  0.89+0.06
ERAI | 0011054 2391048 0981002
@) 276 | 256641346 | Fpas | 0261044 1714034  0.99+0.01
ERAT | 0331033 0901028 0961002
@) 89 | 8244500 | Epas | 0081024 0704019 0.97+0.01
ERAI | 0561046 2201040 0941002
() 442 | 2005+ 734 | Eppas | 0361040 1.6540.22  0.97-+0.01

m Strong fluctuations in mean IWV and standard-deviation in the 4 regions

m Negative (dry) bias in the Caribbean VS positive (wet) bias in other regions ;
higher standard-deviation & lower correlation in the Caribbean.
= Nature of data assimilated ?

m ERAG5 drier than ERAI (about 0.2-0.3 kg m—2) except in (2).
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Case study: Walpurga / IOP 5

GPS IWV + gradient, ERAI, ERA5 (+colormap)
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Case study: Sanchez Cyclon / IOP 9 [Bin+20]

GPS IWV + gradient, ERAI, ERA5 (+colormap) S"% ENSTA
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S
Case study: Sanchez Cyclon / IOP 9 [Bin+20]

GPS IWV + gradient, ERAI, ERA5 (+colormap) 6‘3 ENSTA
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For the two cases :
m ERA5 VS ERAI :

m Global consistency between GPS and ERA5 IWV distribution
m Better adequation with ERA5 ; some differences remain (upto 5 kgm~—2)
m Large benefit of the higher time resolution with ERA5

m Peaks in IWV time series as the moist flow passes

m High magnitude of gradients during the passage of moist flow; inversion
of gradient direction at max IWV.

m High values of IWV 2 days during the events (> 30kgm~2)
= These results could be extended on more cases

P. Bosser & O. Bock GPS DIP-NAWDEX Februray 9, 2021 718



Future work
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m EUREC*A:

m Retrieval of GPS IWV by the analysis of measurements from ground-based
GNSS stations in Caribbean Sea.

B Investigation of the moisture environment of mesoscale cloud patterns in the
Tradewinds
B Feedback on the large-scale circulation and energy budget

m Retrieval of GPS IWV by the analysis of measurements from shipborne GNSS
antennas (R/Vs Atalante, Maria S. Merian, Meteor):

m Assessment of shipborne GNSS IWV, using more traditional techniques.

m CADDIWA

P. Bosser & O. Bock GPS DIP-NAWDEX Februray 9, 2021 8/8
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ERAI — GPS
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