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@ Overview
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« The value of reprocessed and rescued data in reanalysis
' ( ‘synoptic accuracy’ and ‘mean state’ accuracy & continuity )

« (C3S activities in reprocessing and rescue in advance of ERAG :

« Early (pre-1979) satellite data: data rescue

« Reprocessing of operational mission data by EUMETSAT
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ERAS & its preliminary extension back to 1950: reforecast skill
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Range (days) when 365-day mean 500hPa height AC (%) falls below threshold
ERAS

ERA-Interim ECMWF operations 1981
{(b) East Asia

Skill gains (ERA-Interim — ERAD)
realised from:
' « 1 HPC power — higher resolution
 Model & DA improvements
* Improved use of observations
i e P R Skill gains vs time due to the evolving
: 5 o observing system:
: 8| 8|
|
Z i Z i « — Expect incremental gains
; 5" 51 through improved observations
: : (reprocessing)
qE T
1. S S i 1= - . N EXpeCt (Iarger 7) gainS from

1955 1985 1995

previously unused data (rescue)
Hersbach et al, QJRMS, 2020, The ERA5 Global Reanalysis pre- and post-1979

Bell et al, QJRMS, 2021, The ERA5 Global Reanalysis,
Preliminary Extension to 1950 \
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GOES 16 GEOS Rad

GOES 15 GEOS Had

GOES 14 GEQS Rad

GOLS 13 GEOS Rad

GOES 12 GEOS Rad

GOES 11 GEOS Had

GOES 10 GEOS Rad

GOES § GEOS Rad

GOES B GEOS Rad,

METEQSAT 11 GEOS Rad, Mllsky
METEQSAT 10 GEQS Rad. Mllsky
METEQSAT I GEQS Rad. Allsky
METEQSAT B GEOS Rad. Allsky
METEQSAT 7 GEOS Rad
METEOQSAT 5 GEOS Rad
Himarari B GEQS Rad
MTSAT-2 GEOS Rad

MTSAT-1R GEOS Rad

NOAA-20 CRIS Rad
METOP-B |ASI Rad
NPP CHIS Had
AQUA MRS R
METOP-A |ASI Rad

RO 14 GEL TOVG1E Racd
NOAA 11 55U TOVS1E Rad
NOAA 9 550 TOVS1E Rad,
HOAR 8 551 TOVS1E Rod
HOAA 7 55U TOVS1E Rad

HOAA 15 HIRS Rad
NOAA 14 HIRS Rasd
HOAS 12 HIRS Rad
HOAA 11 HIRS Rad
HOAS 10 HIRS Had
NOIAS 9 HIRS Had
NOAA G HIRS Rad
NOAA T HIRS Rad,
NOAA B HIRS Rad
TIROS-N HIRS Rad

GPM GMI Rad. All-sky
GCOM-W1 AMSR-2 Rad. All-sky
TRM

DMSP 18 SSMIS Rad. All-sky
DMSP 17 SSMIS Rad. All-sky
DMSP 15 5501 CMSAF All-sky

DMSP 1D 55MI CHSAF All-sky
DMSF B 551 CMSAF All-sky

SAPHIR All-cky
FY-3C MWHS2 Rad, All-sky
FY-38 MWHS Rad

MES METOR-B MHS Fad, Sllsky
MHS METOP-A MHS Rad. All-sky

NOAA 14 M5U TOVS1E Rad
NOAA 12 M5U TOVS1D Rad
NOAS 1L MSU TOVS1E R
NOAA 10 MSU TOVS1E Rad
NOAS S MSU TOVELR Rad

NOAA B MSU TOVS1E Rad

NOAS 7 M5U TOVSLE Rad

NDAA B M5I TOVSTR Rad

TIRGS-N P51 TOWSTE Rad

NOAA 17 AMSUB Racd

NOAA 16 AMSUA Rad
NOAA 15 AMSUS Racd

Satellite radiances
1979-2019

radiances

Hyperspectral infrared

Multi-spectral infrared

Microwaye imagers,

Satellite observations assimilated in ERA5

NOAR 19 AVHRR IR A
NOAA 1R AVHRR IR Al
NOAA 17 AVHRR IR Al
R,
R, Al

HOAA S AVHAR A
NOAA T AVHRR A
METOP-B Al

METOP-A Al
AQUA MODIS Al

TERRA MODIS A
Dual-Metop A
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GOES B Al
GOES § AMV subtype
GOES 6 AMV subtype

METEQSAT 11 AMY

METEOQSAT Z AMV

Himawari &AMV
AT-2 AMY
ITSAT-1R AMYV
GMS & AMY
GMS-4 AMV
GMS-3 AMY
GM5-2 SATON
GM5-1 AMY

FY-3C GPSRO
TanDEM-X GRSRO
METOP-B GPSRO
METOF-A 6%‘"0

AL

TerraSAR-X GPSRO
COSMIC-B GPSRO
COSMIC-5 GPSRO
COSMIC-4 GPSRO
COSMIC-3 GPSRO
COSMIC-2 GPSRO
COSMIC-1 GPSRO
GRACE A GPSRO
CHAMP GPSRO

NESDIS IMS

ERS 2 RALT WAVE
ERS 1 RALT WAVE

TOR-B ASCAT |-

ME
‘OceanSat-2 Scatterometer
METOP-A ASCAT
QuickSCAT SeaWind
EAS 2 Scatterometer
New ERS 1 Scatterometes
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Satellite non-radiances
1979-2019

heric Mation Vectors [AMY) - C | US (135W and BO-75W1 _

ic Motion Vecters (AMY) - East Asia and Westem Pacific (L40E)

Grdded snow cover obserations.

Scatterometer:

B o ) 3 3
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Reprocessed
data, or change
In processing
since ERA-Int

Same as ERA-Int

Not used in
ERADS5, but used
in ERA-Int

Not used in
ERA-INt,
but used in ERA5
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Impact of early-era sounding data in ERA5

Ensemble of Data Assimilations (EDA)
analysis spread

Impact of VTPR

Background fits to surface pressure observations 1950-2020
Southern Hemisphere

Temperature
1 ° Q5 2500
3 4.00 % f : Total number of obs
3.00 % ) - per cycle, 00Z and 12Z
o 2.00 O US) 4 ‘ Number assimilated 42000
30 = —
1.00 28 4 c
= 100 = £ \F 8
0.80 Y=
£ 10 0.70 c 83 11500 ©
= ' o8 | 5
a 200 0.60 S S
7 8 s g
T 300 0.50 S L2 11000
0.40 g O &
500 0.30 E @ 1 : O
700 0.25 '8 -é i 500
' 1000 0.20 e 9 VTPR
i T lllI lllllllll (D - -
1950 1960 1970 2010 2020 g . ‘ assimilated ‘ 0
1950 1960 1970 1980 1990 2000 2010 2020

VTPR TOVS

ATOvs GNSS-RO

Vertical Temperature Profiling Radiometer (VTPR)

» 8-channel IR sounder. ‘HIRS predecessor’

*  Flown on NOAA2 - 5 (Nov 1972 - Feb 1979)

» Same L1 data assimilated in ERA-40 & JRA-55

» Benefits from improved: cloud detection,
observation errors, QC & RT modelling
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Extension of ERA5 to 1940
Few upper air observations

— model bias exposed
(D. Dee, QIRMS, 2005)

ES (BX rerun)

Pressure (hPa)
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Monthly mean anomalies wrt. 1981-2010 - Global

The impact of model bias on stratospheric temperatures

lower stratospheric cold biases
in original proeuction — ERA5.1

Temperature (K)

3 u u v \"" Vg .
10
30
i} v.- NI L e R T
20 ‘ M I " | , ‘
f ‘ ' ' i '
mo J
o Go0 1045 1950 Goss 160 1965 1970 1975 1980 1085 1990 1995 2000 2005 2010 015 2020
ERAS/ERAS5.1 HRES (BX rerun) Monthly mean analysis incgements - Global Temperature (K)
1 - — — .
2 |1} " L‘H"i UL RPN AT
/) VTPR stratospheric channels
2 1 kel used VarBC - reinforcing
1 }
e U WA | gy model bias. hd
500 (J. Eyre, QIRMS, 2016)
b 1940 1045 1e50 1955 1060 1965 1970 1075 1980 1e85 1990 1995 2000 2005 2010 2015 2020

Discontinuities most evident above 10 hPa

Caused by interplay of model biases & changing observing system
Improved reprocessing of observations will play a role in minimising these effects
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100-1 hPa
1000-100 hPa

7
20 r 4.0
1.6 3.2
1.2 24
0.8 16
0.4 - 0.8
0.0 - 0.0
-0.4 - -0.8
-0.8 F-16
-1.2 2.4
-1.86 - -3.2
-2.0 - -4.0
0.10 r 0.40
0.08 - 0.32
0.06 - 0.24
0.04 F 0.16
0.02 - 0.08
0.00 - 0.00
-0.02 | -0.08
-0.04 | -0.16
-0.06 [ -024
-0.08 [ -032
-0.10 *~ -0.40
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Early satellite data rescue (focus on pre-1979)
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Infrared
Imagers

,.luR/m IIR/NZ HRIR/N3
MRIRI2 | ‘ MRIR/ -l THIR/N5 IR/N6

| Infrared '
Sounders ‘: : ‘ ::
. | © SSH/DMSP F1-F4 : | |
! | ‘ ‘ )  SSH/DMSP F6.
=_ | —
4 |
B o !
: ,'
i MW
Sounders/Imgrs / , ; ‘ , , ‘ ‘ , ‘ ’ ‘ Lege,"hd'
/ / / Dataset treated in C3S phase 1
Geostationan /II /'l
Radiances +y // /,’ V|SSR/SMSf,1>2 // : : Dataset treated in C3S phase 2
Atmospheric Motion ‘ . : d g . i ATS-1.3 ‘ : ’ Dataset not treated yet
Vector !
1960 1965 1970 1975 1980

Data Recovery: decoding original archives, storing in modern format,

review of historical literature, characterisation of errors
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(radiometric, digitalisation, ...), quality analysis,
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correction of geolocation and time errors,
analysis of O-B biases, cloud filtering,
bias reduction models




Geolocation problems with early satellite data
Climate
h
R oe * VTPR exhibits 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.
I VTPR geolocation errors
Original geolocation Corrected geolocation
! Original geolacation 27-06-1976 THIR Nimbus 4
E s Original geolocation Updated geolocation
' 300 i ':Ih: 1 [ T :
: . . N -*
208 Coming in Copernicus ] - f
; ’ c3s N Ay
e Phase 2 ' e
365 - ‘1 "::l- | =
...... <] L
I]i'i-
Pl
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pressure (Fa)

ERAS temperature biases in the polar winter stratosphere —

as observed by early satellite sen

WF

Weighting Function July 1,1970, latiRIS=-78.3518, latSIRS=-78.6375

— far IRIS cha 0
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| SIRS-A/B chan7
IRIS chan 202
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Function July 1,1970, latil|S=-78.3518, latSIRS=-78.6375
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a0 35
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ECMWF model level

Strong neg bias in SH polar zone for SIRS A/B
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Assessment of the Medium Resolution Infrared Radiometer (MRIR) data

Improved geolocation, relative to original data, using two line elements (TLES)

Nimbus 2

Original

Corrected

N P NN
vl ¢

., e N
%tﬁﬁ”f/j ' \‘/J-,;.j:r\':
Bl b o o

16/05/1966

Original NlmbUS 3 Corrected
I
= j&g* = TR

R

‘.‘\{ .

16/04/1969

Analysis of bias characteristics, relative to ERA5

6.8 um

BET-RTM /K

Latitude | degroes
) 15 pm
N Temperature

3

BT-RTM } K

=50 0 50
Latitude | degrees

Nimbus-2

6.8 um

BT-RTM [ K

=50 0
Latitude / degrees

15 pm

BI-RTM ) K

=50 o
Latitude / degrees

*

G THE EUROPEAN UNION

BET-RTM [ K

50

OT-RTM [/ K

Nimbus-3
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Development of cloud screening methods,
based on visible albedo, from 0.2-4.0 ym
vis-NIR channel

OBS-CALC, based on ERA5

6.5 10.5u
0.3 4
0.10 4
0.2 4
0.05 1
0.1
0.00 - 0.0 T T
—20 4] 20 —40 —20 0
ABT/K ABT/K
14.5u 22-23u
0.3 4
clear 0.10
0.2 1
014 0.05 4
0.0 - 0.00 -
—20 —-10 4] 10 —40 =20 4] 20
ABT/K ABT/K
implemented by QG EC MWF



Evaluation of reprocessed satellite data

Instrumant(s): MOAA-G; TIROS-N- HIRE -TE  Area(s): MHamis 5. Hamis Tropics
d From 00Z 15-Jul-1978 to 00Z 31 -Dec-1979
Climate b

During 2016_2021 EUMETSAT deve|oped Severa| 15‘5' - - . S Esaanasas seat
reprocessed datasets for assimilation in ERAG: r \ 1T 1{<—>

! 2r 1 [ Reprocessed 7
Radiances ol } ! | EcDR ;_
- MHS (Metop-A and —B, 2007-2018) | [ better ]
ATMS (NPP & JPSS-1, 2012-18) of
MWHS-1/-2 (FY-3A-D, 2008-18) 5t
HIRS (Nimbus-6, TIROS-N, NOAA-6 T
and MetOp-B, 1975 — 2018) )

©

Change

[ ]
Channal numbe
|

; « MVIRI and SEVIRI (Meteosat, 1982-2020) W m o w W W o
g 12 (DMSF 1994-2004) SHextrartropical e e T RO
i mid-lower B S
GNSS-Radio Occultation data troposphere ) )
5 - GRAS, COSMIC, CHAMP & GRACE analysis o £ {
t colder E ;
by ~0.05K & i

Atmospheric Motion Vector Winds
« MVIRI, SEVIRI and AVHRR

Scatterometer data
« ASCAT
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Improved GRAS-A RO fits and observation counts

Instrument(s): METOP-A,B,C; TANDEM-X; TERRASAR-X - GPSRO GRAS - ALPHA
Area(s): N.Hemis S.Hemis Tropics
From 00Z 1-Apr-2020 to O%Z 15-May-2020

Instrument(s): METOP-A B,C; TANDEM-X; TERRASAR-X — GPSRO GRAS - ALPHA
Area(s): N.Hemis S.Hemis Tropics
From 00Z 1-Apr-2020 to U%Z 15-May-2020

a a
50F ! L p 50F T T T T n A T T T
al I ] 44r 1 T :
ol [ ] a1} {1 More observations
35} y - ol 1 [ assimilated in
— 32} 5 4
E ok I | T %2f 1 F reprocessed data
5 L 4 = 29 . -
g 2 2 oo stream
£ 23} - B S 26 7 i
< 20} - . £ 23} - . -
17} i § < 20} 1t :
14} . . 17} . - :
1} - : 14} 1 1
8 - 1 1 1 1
5t i . 8l . i i
2k 1 hl-' = N P 1 1 N 5k - - =
97 98 99 100 101 102 97 98 99 100 101 102 ok . . . - - L | ; , 4
Analysi . % li Back . . [% li
nalysis std. dev. [%, normalised] ackground std. dev. [%, normalised] 100 101 102 103 104 105 0O 1x10° 2x10° 3x10°  4x10°
Possibly invalid - 4113 number [%, normalised] number
numbers are different by 3% 100% = 4112 _ - 4113
4112

Reprocessed GRAS-A
RO data better

Operational GRAS-A
RO data better
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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
a From 00Z 1-Apr-2020 to O%Z 15-May-2020 From 00Z 1-Apr-2020 to 00Z 15-May-2020
14F LI B B [Ty o0 ?I.l.../ phbAAAM LA bbby E} ........ rrrrrrrery Trrre \ T d
21 b i .
13 1 F -
S 5 A — - ] ~
j 12F B . - - 19} _i - . J
18 [~ ] . B _7L -
g " ' ol Il -
1 E 'g B R i 5 A
S 10 — - - — e 5 14
< c
- \ = 13} - { F = .
g 9r . i T g 12} - i — -
' i 8
'a o g} {1 { & nf 1 - -
: 10} — 1 F — .
. 7F — - . —— - i 1 | . _
i <\ il i 1 I i 1
6 - —_— - - -
// 7+ - { t §
; S5t 1 |_£_ 1 . N ] 1 1 N 1 Lerssinnns Liveiiie: T Liversseas Losesssassl T Lireseere: Liseeerees T Lisssarsn: [PPPPPPTT
99.85 99.90 99.95 100.00 100.05 100.1099.85 99.90 99.95 100.00 100.05 100.10 99.7 998 99.9 100.0 100.1 100.2 100.399.7 99.8 99.9 100.0 100.1 100.2 100.3
Analysis std. dev. [%, normalised] Background std. dev. [%, normalised)] Analysis std. dev. [%, normalised)] Background std. dev. [%, normalised]
4113 _ 4113
100% = 4112 100% = 4112

-

Reprocessed GRAS-A  Operational GRAS-A
RO data better RO data better
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@ EUMETSAT contribution to C3S reprocessing efforts 2021-2027

Climate

Cha For ERAG
+ HIRS: infrared soundings (1978-2021) BB pelivery
« SSMT: microwave soundmgs(1991-2005) | | N [ 25] and assessment
« SSMIS: microwave soundings (2003-2021): addressing T/g sounding channels © cmsar 2023
» Japanese GEO radiances (1978-2015): assimilation readiness
j
For European and Arctic high-resolution reanalyses
+ METEOSAT: radiances & AMV from 1st & 2nd Gen. Rapid-Scan MVIRI AMV 115
| » AVHRR (Metop) LAC Polar AMV Release 3 (2006-2023) 31
; For early satellite era Uncertainty-characterised MW FCDR
| « SMMR: microwave imager (1978-1987) CMSAF « MSU: microwave soundings (1978-2006) -
f « SSH: infrared soundings (1977-1980) « AMSU-A: microwave soundings (1998-2021) -

SI-1: infrared spectra (1977, 1979)
THIR: Polar AMV (1970-1985)

(A)MSU uncertainty assessmenttowards FIDUCEO
i ATMS: microwave sou_ndings (2011-2021)
- Satellite-years expected in deliverable (F)CDR FIDUCEO-type analysis, all channels -
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« ERAS5 made extensive use of reprocessed satellite observations, and this
contributed to performance improvements over ERA-Interim. Same expected for ERAG

« For reanalysis, impacts on ‘synoptic accuracy’ and ‘mean state’ accuracy
& continuity are important - improved observations contribute to both

* In advance of ERAG (7, 8, 9 ...) C3S has supported activities in data reprocessing and rescue:

« Jointly these activities are targeting the highest priority datasets for ERAG6

 Rescue: detailed assessment has resulted in significant improvements in pre-1979 data

 Reprocessed: data produced are already showing positive impacts in pre-production testing for
ERAG

See related presentations:

T. Hall, B4.01.3, Satellite data Rescue for Earth observation missions of the 1960s and 1970s

J. Schulz, A5.02.1, Sustainable provision of climate data for research and climate services by EUMETSAT

P. Poli, A5.01.1, Minding the gap between FCDRs and model gridded datasets

J. Schulz, A 5.03.1, Development of a quasi-global Fundamental Climate Data Record from observations from geostationary
satellites
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Thanks for listening !
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