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@ Overview

Climate
Change

» The value of reprocessed and rescued data in reanalysis

» Reprocessing and rescue in the EU’s Copernicus Climate Change Service (C3S)
« Early satellite data rescue
* Reprocessed satellite data

» Opportunities and challenges
* Resources

» Collaboration
 Scientific challenges
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ERAS & its preliminary extension back to 1950: reforecast skill

Climate
Change
Range (days) when 365-day mean 500hPa height AC (%) falls below threshold
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+ — Expect incremental gains through
improved observations (reprocessing)

+ — Expect (larger ?) gains from
previously unused data (rescue)
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Hersbach et al, QJRMS, 2020, The ERA5 Global Reanalysis
Bell et al, QJRMS, 2021, The ERA5 Global Reanalysis, Preliminary Extension to 1950
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Observations assimilated in ERA5

Satellite radiances Satellite non-radiances
1979-2019 1979-2019
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Impact of early-era sounding data in ERAS

Ensemble of Data Assimilations (EDA)
analysis spread
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VTPR
Vertical Temperature Profiling Radiometer (VTPR)
* 8-channel IR sounder. ‘HIRS predecessor’
* Flown on NOAA-2-5 (Nov 1972 - Feb 1979)
» Same L1 data assimilated in ERA-40 & JRA-55
* Benefitted from collaboration with JMA on:
» cloud detection, observation errors, QC & RT modelling
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Background fits to surface pressure observations 1950-2020
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’ Evolution of the mean state

100-1 hPa
Climate 1000-100 hPa l
Change ERAS/ERAS.1 HRES (original) Monthly mean anomalies wrt. 1981-2010 - Global Temperature (K) l
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i +  Discontinuities most evident above 10 hPa
« Caused by interplay of model biases (see Patrick’s talk) & changing observing system
+ Same effects likely at lower levels (e.g. lower stratospheric biases & ERA5.1)
» Improved reprocessing of observations will play a role in minimising these effects
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@ C3S Approach: external partners provide long-term support in data rescue and reprocessing

Climate
Change

Conventional
Observations

Surface and upper air
meteorological data
Facilitating data rescue
Improving data records
Common data standards °
Archiving data in CDS -

Early Satellite
Observations

Focus on pre-1979, mainly Nimbus  °
Builds on NASA / NOAA activities
Data formatting, QA and archiving °

l

Evaluation relative to ERA5 (O-A) *

Evaluation of bias models

(Lopernicus

Reprocessed Satellite
Observations

Focus on long-term
operational missions
Mainly post-1979

Delivered by EUMETSAT
Programme defined through
a comprehensive review of
requirements
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Early Satellite Data Rescue (focus on pre-1979)

o

Infrared
Imagers

Infrared
Sounders
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Data Recovery: decoding original archives, storing in modern format, review of historical literature, characterisation of errors Legend:
(radiometric, digitalisation, ...), quality analysis, correction of geolocation and time errors, analysis of O-B biases, cloud filtering, Dataset treated in C3S phase 1
bias reduction models

Dataset treated in C3S phase 2
Dataset not treated yet



Geo-location issues for early satellite sensors
Climate

Change * VTPR has geolocation errors of up to 400 km.
* For the Nimbus sensors such as THIR, there are often problems with the anchor points used for geolocation at the poles.
* These problems can be fixed by recalculating the geolocation using modern software.

VTPR geolocation errors

Original geolocation Corrected geolocation
Original geolocation 27-06-1976 THIR Nimbus 4
305
300
2 Coming in Copernicus
" Cc3s
(% Phase 2

C—

W i BT(K) for VTPR window chafifiel (11.97 um)
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ERAS Temperature biases in the polar winter stratosphere —

as observed by early satellite sensors (SIRS and IRIS)

WF
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Assessment of the Medium Resolution Infrared Radiometer (MRIR) data

ot Improved geolocation, relative to original data, using two line elements (TLEs) Development of cloud screening methods,
; based on visible albedo, from 0.2-4.0 ym
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@ Evaluation of reprocessed satellite data

Instrument(s): NOAA-6; TIROS-N- HIRS -TB  Area(s): NHemis S.Hemis Tropics
From 00Z 15-Jul- 19‘9!000231 -Dec-1979
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Improved GRAS-A RO fits and observation counts

Climate Instrument(s): METOP-A B,C; TANDEM-X; TERRASAR-X — GPSRO GRAS — ALPHA Instrument(s): METOP-A B,C; TANDEM-X; TERRASAR-X ~ GPSRO GRAS ~ ALPHA
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Reprocessed GRAS-A  Operational GRAS-A
RO data better RO data better

» Results consistent with RD testing of equivalent updated processing for operational RT data stream
* Experiments underway to assess reprocessed COSMIC, CHAMP and GRACE data

S ECMWF
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Improved background fits to AMSU-A and ATMS

Climate
Change
Instrument(s): AQUA; METOP-A,B,C; NOAA-15,18,19 - AMSUA - TB
Area(s): N.Hemis S.Hemis Tropics Instrument(s): NOAA20; NPP — ATMS - TB  Area(s): N.Hemis S.Hemis Tropics
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RO data better RO data better
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@ EUMETSAT contribution to C3S reprocessing efforts 2021-2027

Climate
. For ERA6
* HIRS: infrared soundings (1978-2021) 130 Delivery
+ SSMT: microwave soundlpgs (1991-2005) _ _ - 25 and assessment
+ SSMIS: microwave soundings (2003-2021): addressing T/q sounding channels © cmsar 2023
+ Japanese GEO radiances (1978-2015): assimilation readiness
For European and Arctic high-resolution reanalyses
. METEOSAT: radiances & AMV from 1st & 2nd Gen. Rapid-Scan MviRiamy IR Sl
« AVHRR (Metop) LAC Polar AMV Release 3 (2006-2023)
For early satellite era Uncertainty-characterised MW FCDR
. SMMR: microwave imager (1978-1987) “@s 8l | . MSU: microwave soundings (1978-2006) 55
+ SSH: infrared soundings (1977-1980) WBE | - AMSU-A: microwave soundings (1998-2021) 100
« Sl-1:infrared spectra (1977, 1979) - .
> . THIR: Polar AMV (1970-1985) 1B (A)MSU uncertainty assessment towards FIDUCEO
+ ATMS: microwave soundings (2011-2021)
W satellite-years expected in deliverable (F)CDR FIDUCEO-type analysis, all channels
cmsar  Close collaboration
@ EUMETSAT SECMWF (opericus B &




Opportunities & Challenges |

Climate Most significant advances for the field of reanalysis in 5-10 years?
Change

What do you see are the most significant barriers to progress in the field of reanalysis?

+ Resources
» Compared to much larger effort focussed on operational NWP, resources devoted to reanalysis are small
» Some significant scientific challenges for reanalysis are less of a priority for NWP, e.g. :
+ Mean-state uncertainties
+ Developing & testing observation operators and DA configurations for historical sensors
* Pre-1979 satellite data
» More recent Research / Operational missions never fully exploited in NWP
(SSMIS upper-strat & mesospheric channels, Windsat, limb-sounders, ...)

« Establishing effective modes of collaboration
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@ Opportunities & Challenges Il

Climat ] . . . .
Cr:r:nag: Which collaborations are currently working and which collaborations need to be fostered?

* Compared to NWP, reanalysis is a relatively solitary activity ! (? ...)
+ Re. Satellite data. For NRT aspects, ITWG (~200), IROWG (~40), IWWG (~50), IPWG (~50)
are very effective
* No (formal) equivalent for conventional observations
+ Components related specifically to historical observations of relevance for reanalysis are
currently fringe, and could be strengthened.
»  Other groups exist (GSICS, CEOS WGCV) and are very active (e.g. in reprocessing)
but are less DA-focussed than ITWG, IROWG, .. etc. How to strengthen links ?
+ Post-pandemic modes of meeting offer an opportunity to strengthen reanalysis focussed collaborations
*  What’s the appetite for greater collaboration ?

What are the critical requirements for consistent Earth system reanalysis?
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@ Opportunities & Challenges Il

Climate

Change
What observational datasets are required to support these requirements?

How is uncertainty quantified for your application?

Are there significant barriers for quantifying uncertainty in your field?
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Change
Thanks for listening !
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