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Overview

«  ECMWEF atmospheric reanalyses
* Previous generations of atmospheric reanalyses
* IFS developments between ERA5 & ERA6
* |nitial indications of ERA6 performance
* Some specific aspects of ERA6 related to sounding data
* Reprocessed data (e.g. EUMETSAT reprocessed HIRS data)
* Early satellite sounding data

* Accounting for time varying CO, in assimilating IR data

* Summary & aspects for WG discussions
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ECMWEF atmospheric reanalyses

Range (days) when 729-day mean 500 hPa height AC (%) falls below threshold
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For more details on ERA5:

e Hersbach etal, QJ, 2020
e Belletal, QJ, 2021

e Societal, QJ,2024
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“ What do we get from ERA6 ?’
Integrated Forecasting System (IFS) upgrades since ERAS
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* Improved physics and numerics

https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system

+ analogous technical developments, incl. HPC upgrade
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Mean state changes

ERAG6 performance in pre-production tests
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The assimilation of reprocessed radiances in ERA6

radiances

ages 16 208 ra : Improved analyses and forecasts
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Other reprocessed radiance datasets to be assimilated in ERA6 include:
MHS, Meteosat-FG Geo radiances, SSM/T-1 and SSM/T-2



Early satellite sounding data being prepared for ERAG
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The treatment of CO, in the assimilation of advanced
IR sounder observations in ERAS
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and the observation operator (RTTOV) represents this correctly
= there should be no bias associated with this aspect of the

RT modelling of IR radiances.

.. but we do see time varying biases in
IR sounding channels, as a result
changing [CO,] (RTTOV assumed fixed CO,
for the advanced IR sounders in ERA5)



The treatment of CO, in the assimilation of advanced
IR sounder observations in ERAS
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Two effects of changing [CO,] — when a fixed [CO,] profile is assumed in RTTOV :

1.

Long-term drift in biases (analysed by VarBC) due to upwards drift in weighting functions in time
2. Complex state-dependent biases (due to [CO,](time, space) and T(time, space) )

Expect to improve (1) & reduce the impact of (2) by using a more realistic CO, climatology (CO, (latitude, time))
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Bias correction /K

Performance of the variable CO, scheme in ERA6
pre-production testing: Impact on bias corrections
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Performance of the variable CO, scheme (vs fixed CO,)
iIn ERAG pre-production testing:
Impact on forecasts
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* Locally degraded performance (~3% in T) in southern mid-high latitudes in SH winter
in recent years (2020-23)
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* Likely caused by change in observation errors & channel selection in late-2019,
coupled with challenges of assimilating IR observations over sea-ice in polar winter:
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* Uncertainties in emissivity in sea-ice covered areas I R
* Representation of very strong temperature inversions over sea-ice in polar & vy & 1;‘}?‘?* @%:
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*  Performance of cloud detection in areas of strong inversions



Temperature inversions at high polar latitudes & departure
statistics / surface-space transmittance for CRIS
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Strong temperature inversions
over sea-ice (20K) - perhaps not
well represented in the model ?



Background departure statistics for CRIS surface
viewing T-sounding channels

Change in std. dev. of error in T (Variable CO2 - Sea Ice V2-Variable CO2 - Original)
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Rejecting surface sensitive channels
over sea-ice improves temperature forecasts
(at least based on own-analysis verification)
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Impact of sea-ice V2 variable CO, fix versus original
variable CO, experiment
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Summary

*  Production of ERA6, building on 9 years of developments of the IFS, will commence in Q2 2025. Indications
so far are that improvements over ERA5 will be similar to the improvements realised in previous
generations of reanalyses

* Reprocessed and early sounding data. ERA6 will assimilate several reprocessed operational radiance
datasets (including HIRS & MHS) and some early satellite datasets from the 1970s never assimilated before

* Improved treatment of CO, in the assimilation of IR sounding data is a significant advance over the fixed
CO, scheme used in ERA5 & has been shown to eliminate the drift in bias corrections, improve inter-satellite
biases & results in better (re-forecast) performance, but ...

* Testing has highlighted an issue over sea-ice in polar night. Still not fully understood, but partly
mitigated by screening surface sensitive IR channels over sea-ice

* The bias of ~0.4K (analysed by VarBC) for tropospheric sounding channels, consistent between
hyperspectral sensors, remains unexplained (RT model, model bias, bias in CO, climatology, ... ?).
[perhaps for NWP / RT / Climate WGs] : Could a cross NWP-centre comparison of analysed biases shed
light on the root cause ? Is that available already ?

< ECMWF
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Variable CO, vs Fixed CO, Summer 2020
Experiments

Original variable CO, Sea-Ice V2 variable CO,
Versus Versus

Fixed CO, Fixed CO,

Change in std. dev. of error in T (Variable CO2 - Original-Fixed CO2)

6-Jul-2020 to 6-Oct-2020 from 166 to 185 samples. Verified against own-analysis.
i with Sidak ion for 20 i

Cross-hatching indicates 95% c tests.

Change in std. dev. of error in T (Variable CO2 - Sea Ice V2-Fixed CO2)

6-Jul-2020 to 6-Oct-2020 from 166 to 185 samples. Verified against own-analysis.
Cross-hatching indicates 95% confidence with Sidak correction for 20 independent tests.
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1 std. dev. of error normalised by std. dev. of error of control



