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Testing and assimilation of Spire bending angles (BA)

timeline

event

7020 May - sept 2020

July 2020 — July 2021

2024 July/August 2021

Aug/Sept 2021

Oct 2021 — Feb 2022

2022

14 Feb 2022

7 June 2022

11 August 2022

Operational assimilation of Spire BA, processed by Spire

ESA project looking into assimilation of Spire and COSMIC2 data (w/ Metoffice)
» Spire bending angle processed by Spire and EUMETSAT

EUMETSAT decides to buy Spire data with world license

Receiving of Spire test data,
* bending angles processed by EUMETSAT
* 11,000 occ./day

Testing of the provided data (also MetOffice, DWD)

EUMETSAT provides Spire bending angles
* About 1100 occ.

ECMWE: Operational assimilation of Spire BA, processed by EUMETSAT

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 0ct 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?

details

Variable
Forward operator

observation error
model

bias correction
use of data

model

data assimilation cycle

bending angles
2D

global bending angle error statistic

no
Assimilated from surface to 50km impact height

IFS CY47R3, TC0399
(25 km spacing)

12h

< ECMWF



1. Assessment of Spire data during test phase

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
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Differences

Timeseries (O-B) of bending angles
in Tropics
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Pressure [hPa]

Fits to global radiosonde
humidity observations
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Pressure, hPa

Change in humidity field (+Spire — Control)

“version 1” “newest”
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Pressure, hPa

Change in temperature field (+Spire — Control)

“version 1”
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Observational fits
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Observational fits — global Radiosonde observations

Pressure [hPa]
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Channel number

Observational fits — global ATMS - IASI
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Pressure [hPa]

Observational fits — global wind fits

AMVs windprofiler
T SR e e s Eanana o R o B B .
=
10} .
200 -© . 20+ 4
30 .
250 - 50 b -
— 10 -
300} 1 £ 100 .
400} 4 o 150F .
% 200 [ -
500 — - &3‘ 250 - -
300 ~
- o S~
500 -
850 |- . 700 - -
850 |- > -
1000-...|...|...|......|...- 1000 | i
99.2 994 99.6 9938 100.0 100.2 100.4 e
Background std. dev. [%, normalised] 98.0 ggfckgmunggé% dov [E/E'rs'normali;gctjj]'o 100.5
+Spire ) ’
———  +Spirerepro —_— +Sp!re
100% =  Citrd W EtSdplre repro
JEANN
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 12



Forecast scores

Y
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

13



-

Temperature: normalised std dev in forecast error

T: SH -90° to -20°, 100hPa
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wind stratosphere: normalised std dev in forecast error

VW: SH -90° to -20°, 10hPa VW: NH 20° to 90°, 10hPa

D‘sgw: Tropics -20° to 20°, 10hPa
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2. Testing Assimilation of Spire data (final product)

* 1100 occultations/day
« 15 Feb - 31 July 2022
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Observational fits
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Observational fits — global Radiosonde observations
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Channel number

Observational fits — global ATMS - IASI
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Pressure [hPa]

Observational fits — global wind fits
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Forecast scores
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Temperature: normalised std dev in forecast error

=]

§ 0.02 0.006F
0.004
2 0.01 -
o 0.002F
5 0.00
% _o.01 -0.002}
= ~0.004F
€ -0.02 1-0.006F
S 003k oo . . 1-0008E
012345678910
T: SH -90° to —20°, 850hPa
L 00T 0.015
& 0,00k - 0.010F
£ 0.005F
=]
B -0.01 0.000F
2 ~0.005F
@ _0.02 ]
£ -0.010F
S -0.03 -0.015
012345678910 0

Forecast day

0.000 F+---F-;

T: SH -90° to -20°, 100hPa T: Tropics —20° to 20°, 100hPa

012345678910
T: Tropics —20° to 20°, 850hPa

1

23 45678 910
Forecast day

+Spire - Ctrl

Y
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

T: NH 20° to 90°, 100hPa
0-02 T T T T T T T T T T

0.01
0.00

-0.01
-0.02

0123456782910
T: NH 20° to 90°, 850hPa

0.02
0.01

TrTETTTTrrTIITT

0.00F - deede b b P

-0.01

~0.02f

Forecast day

012345678910

22



-

wind stratosphere: normalised std dev in forecast error

VW: SH -90° to -20°, 10hPa
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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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Pressure [hPa]

Fits to Radiosonde observations

- temperature
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Observational fits — global GNSS-RO/ SSMIS
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