
© ECMWF October 11, 2022

Impact on ECMWF forecast by 
assimilating Spire bending angles
IROWG-9

Katrin Lonitz$, Sean Healy$ and Christian Marquardt*

*EUMETSAT
$ECMWF



Testing and assimilation of Spire bending angles (BA)
timeline event

May – Sept 2020 Operational assimilation of Spire BA, processed by Spire

July 2020 – July 2021 ESA project looking into assimilation of Spire and COSMIC2 data (w/ Metoffice)
• Spire bending angle processed by Spire and EUMETSAT

July/August 2021 EUMETSAT decides to buy Spire data with world license

Aug/Sept 2021 Receiving of Spire test data, 
• bending angles processed by EUMETSAT 
• 11,000 occ./day

Oct 2021 – Feb 2022 Testing of the provided data (also MetOffice, DWD)

14 Feb 2022 EUMETSAT provides Spire bending angles
• About 1100 occ.

7 June 2022 ECMWF: Operational assimilation of Spire BA, processed by EUMETSAT

11 August 2022 EUMETSAT receives 1500 Spire occ./day
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Results from assimilation experiments
1. Assessment of Spire data during test phase

– 11.000 occultations

– 1 Oct 2021 – 23 Jan 2022

2. Testing Assimilation of Spire data (final product)
– 1100 occultations

– 15 Feb – 31 July 2022
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How do we assimilate Spire data?

4

details

Variable bending angles

Forward operator 2D

observation error
model

global bending angle error statistic

bias correction no

use of data Assimilated from surface to 50km impact height

model IFS CY47R3, TCo399
(25 km spacing)

data assimilation cycle 12h



1. Assessment of Spire data during test phase

5EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

In test phase EUMETSAT updated their processing 
providing us with different versions

 Spire
 Spire repro (final product)

• 11.000 occ/day
• 1 Oct 2021 – 23 Jan 2022



Differences
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Fits to global radiosonde 
humidity observations

Timeseries (O-B) of bending angles 
in Tropics

Figure by Christian Marquardt@EUMETSAT Strong negative bias in 
lower troposphere is 

reduced for new version

Less drying in lower 
troposphere with new 

version



Change in humidity field (+Spire – Control)
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“newest”“version 1”



Change in temperature field (+Spire – Control)
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“newest”“version 1”



Observational fits
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Observational fits – global Radiosonde observations
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humiditytemperature



Observational fits – global ATMS - IASI
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IASIATMS



Observational fits – global wind fits
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windprofilerAMVs



Forecast scores
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Temperature: normalised std dev in forecast error
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wind stratosphere: normalised std dev in forecast error
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2. Testing Assimilation of Spire data (final product)
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• 1100 occultations/day
• 15 Feb – 31 July 2022



Observational fits
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Observational fits – global Radiosonde observations
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humiditytemperature



Observational fits – global ATMS - IASI
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IASIATMS



Observational fits – global wind fits
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windprofilerAMVs



Forecast scores
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Temperature: normalised std dev in forecast error
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wind stratosphere: normalised std dev in forecast error
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Summary
• Active assimilation of Spire data at ECMWF  on 7 June 2022 using about 

around 1400 occ/day provided by EUMETSAT under a world-license.

• Additional assimilation of Spire data shows positive impact in temperature, 
wind and humidity.

• Assimilation of 11000 occ/day showed the biggest improvement.

• We hope to assimilate even more GNSS-RO data (commercial and non-
commercial) in the future as we cannot see any ”saturation effect”.
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Backup
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Fits to Radiosonde observations

humiditytemperature



Observational fits – global GNSS-RO/ SSMIS
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SSMISother GNSS-RO
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