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3 GPSRO data in the Météo-France mesoscale model

4 Conclusion and prospect

Page 2/ 17 Recent developments on the assimilation of GNSS-RO at Météo-France



The use of GNSS-RO data at Météo-France

In the global 4D-Var data assimilation system ARPEGE
' 350.000 data per 6-hour assimilation window (∼ 5% of the total observations)

METOP, TERRASAR-X, TANDEM-X

KOMPSAT-5, FY-3D, PAZ

COSMIC-2
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GNSS-RO operational assimilation at Météo-France

In the global 4D-Var data assimilation system ARPEGE

since 2007

assimilation of bending angles up to 50 km

rising/setting occultations

2D observation operator (since June 2022)

tangent point drift taken into account

anchor data for variational bias correction
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New observations

Sentinel-6

available since August 2021 (JPL)

∼ 10% additional GNSS-RO data over globe in ARPEGE

assimilated up to 50 km

planned to be used operationally by the end of 2022
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New observations

Sentinel-6

forecast scorecards against radiosondes and IFS analysis for Geopotential, Temperature,
Wind and Humidity over NH for 2021/10 (reprocessed dataset) :

significatively better with new obs. (99.5% confidence)

significatively better (95% confidence)

significatively worse (95% confidence)

significatively worse (99.5% confidence)

no significant signal (95% confidence)

neutral to positive impact for most parameters and areas
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New observations

SPIRE commercial data

available since April 2022 (EUMETSAT)

between 15 and 20% additional GNSS-RO data over globe in ARPEGE 4D-Var system

assimilated up to 50 km

planned to be in operational use by the end of 2022 (ROM SAF BUFR files)
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New observations

SPIRE commercial data

forecast scorecards against radiosondes and IFS analysis for Geopotential, Temperature,
Wind and Humidity over NH (left) and SH (right) for 2021/10 :

clear improvement for most parameters and areas
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The Météo-France mesoscale model AROME

3D-Var assimilation system

1 hour-assimilation window

centered over France and Western Europe

1.3 km horizontal resolution
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GPSRO data in AROME mesoscale model

Assimilation of GPSRO in AROME

operationally used in the mesoscale model AROME since June 2022

assimilation of the bending angles up to 10 hPa (highest level of the model)

1D observation operator

few GPSRO data assimilated : < 0.5 % of the total number of observations used
• GPSRO data in ≈ 50 % of the networks in average
• 100 to 200 data by network in average
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GPSRO data in AROME mesoscale model

Slight positive impact on the forecast skills
neutral impact on large-scale parameters, slightly positive on temperature

slightly positive impact on rainfall scores (summer and winter)

Average HSS scores for rainfall
(2020/09/10 to 2020/10/20)

--- Arome + GPSRO ---  Arome ref (no GPSRO)

(mm)
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GPSRO data in AROME mesoscale model

High precipitation event over the French Mediterranean area (2020/09/19)

≈ 650 mm observed in less than 24 hours

Observed rainfall (mm)  between 2020/09/19 04H and 2020/09/20 00H
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GPSRO data in AROME mesoscale model

High precipitation event over the French Mediterranean area (2020/09/19)
268 mm in AROME operational forecast (with no GNSS-RO data assimilated)
”lagged-ensemble” approach : 2 ensembles with hourly forecasts, 27 runs each

• 1 ensemble without GNSS-RO
• 1 ensemble using GNSS-RO

up to 414 mm with GNSS-RO data

Qmax (mm) with no GPSRO Qmax (mm) with GPSRO
courtesy Pierre Brousseau
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Conclusion and prospect

Use of new observations
beneficial assimilation of SPIRE, Sentinel-6 (+GRACE-C) data in the Météo-France
operational global model with a significant positive impact on the forecast skills

planned to be in operational use by end 2022

GNSS-RO in mesoscale model
few observations (a bit more with SPIRE, Sentinel-6 and GRACE-C)

but able to provide interesting information on temperature in upper troposphere/lower
stratosphere

Planned work
review of the GNSS-RO observation uncertainties
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