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Climate Reconstruction of the past weather & climate:

Change v Input: integrator of all available ‘sub-daily’ observations and gridded observations prepared as boundary or forcing
v Deal with inhomogeneities, relative biases, data formats, range of observables

v/ Output: convenient and as accurate as possible ‘maps without gaps’ of 3D atmosphere (+ other domains)

State-of-the-art:
v Redo historical weather using a modern but fixed NWP system
v For extended period back in time, but at lower resolution

Started as aresearch activity, but progressively
entered into the area of operations

v' ORAS2 and onwards ocean reanalysis for seasonal forecasting;
Loy ORASS5 ocean initial conditions to NWP after catching up in NRT
o v' ERA-Interim in the last few years of its production

v Production of ERAS5 from the start

(OP?..EE!!QHE B| oo £ ECMWF




Towards operational reanalysis

Climate Make use of mature science and methodologies:

Change v based on latest IFS cycle that went through the full process from research to operations
*  NWP and Reanalysis R&D go progressively hand in hand with a common goal

v’ reanalysis-specific developments to optimize the quality for the entire reanalysis period
* In main IFS cycle but under reanalysis switch, to flow forward into future cycles

QU aIity assurance duri ng pl’OdUCtiOﬂZ see presentation by Dinand Schepers

v" Close monitoring of latest products in both observation and model space

v" Address flagged issues where possible before release:
* Depends on: level of understanding, available solution, timing, consistency of products
* Leave time for correction: ERAST vs final product
*  Document unsolved known issues

ERAS5 users

Enhanced products:
v/ Based on user requirements -
v Hourly output, extended list of variables and levels, uncertainty estimate
=S v provide easy and convenient access (e.g., via the Climate Data Store), especially for non-experts

academic

Maintain close to real time:
v Conducted by the Forecast Department to provide a level of guarantee for availability of daily updates

Online documentation and (expert) user support

(opernicus "B =ve.i €SECMWE
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The ERAS global reanalysis

Climate
Change
ERAS: A full-observing-system global reanalysis for the Surface air temperature anomaly for July 2023
R = 12
atmosphere, land surface and ocean waves W @,«;@fm}\, * f?% A
- (v@ff & Byl N
o 2
* Produced at ECMWEF, by the Copernicus Climate Change Service K %/&f AP
e ¢ :
* Served via the C3S Climate Data Store Ty S j
* 127,000 users to date, ~100 Thyte of downloads per day - § 8 v 5
(Data: ERAS. Reference period: 1991-2020. Credil:CSS/EéMWF) = 2
* Daily updates 5 days behind real time from 1940 onwards B ccocsio (opemicss SECMWE (7 8ot
* Hourly snapshots at 31km resolution up to about 80km height Observation usage:
* Uncertainty estimate from a 10-member ensemble at half * Over 100 billion so far
resolution * Many sources (in-situ, satellite) and observables
* ERA5-Land: Dynamically downscaled land product at 9km from And usage of external (gridded) products ‘as is’:
1350. * SST and sea-ice cover
* GHGs, aerosols, TSI, (diagnostic) ozone
* Total dataset about 12 petabyte
(opemicus 'EA znl SECMWF
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ERAS5 CDS catalogue entries; pressure + single levels; hourly and monthly aggregates

ERAS hourly data on pressure levels from 1940 to present

Overview Download data Quality assessment Documentation
Clear all
Product type
Reanalysis O Ensemble members O Ensemble mean [ Ensemble spread
Selectall  Clearall
Variable ®
At least one selection must be made
[ Divergence [ Fraction of cloud cover
[ Geopotential [ Ozone mass mixing ratio
[ Potential vorticity (J Relative humidity
[ Specific cloud ice water content (O Specific cloud liquid water content
[ Specific humidity O Specific rain water content
[ Specific snow water content (O Temperature
[ U-component of wind ) V-component of wind
[ Vertical velocity ) Vorticity (relative)

Selectall

Pressure level

At least one selection must be made

0 1hpa () 2hPa () 3hPa ) shPa
O 7hPa O 10hPa [ 20hPa 0 30 hPa
[ 50 hPa [J 70 hPa [ 100 hPa [ 125hPa
[ 150 hPa O 175 hPa [ 200 hPa [ 225hPa
[ 250 hPa (7 300 hPa [ 350 hPa [ 400 hPa
[ 450 hPa (J 500 hPa 0 550 hPa [ 600 hPa
([ 650 hPa (J 700 hPa O 750 hPa [ 775hPa
(] 800 hPa (J 825 hPa () 850 hPa () 875hPa
[ 900 hPa (J 925 hPa O 950 hPa [ 975 hPa
(] 1000 hPa
Select all
Year

At least one selection must be made

Help

Get help

Licence

Licence to use Copernicus Products

Publication date

2018-06-14

Resource updated

2023-08-22

References

Citation
Acknowledgement

DOL: 10.24381/cds.bd0915c6

Related data

Complete ERAS global atmospheric reanalysis

ERAS hourly data on pressure levels from 1950 to
1978 (preliminary version)(deprecated 2023-08-15)

ERAS hourly data on single levels from 1940 to
present

ERAS hourly data on single levels from 1950 to 1978
(preliminary versionj(deprecated 2023-08-15)

ERAS monthly averaged data an pressure levels from
1940 to present

ERAS monthly averaged data on pressure levels from
1950 to 1978 (preliminary version)(deprecated 2023-
08-15)

ERAS monthly averaged data on single levels fi
1940 to present

0 1940 01941 0 1942 0 1943 0 1944 0 1945
0 1946 0 1947 0 1948 0 1949 0 1950 0 1951
0 1952 0 1953 0 1954 0 1955 0 1956 0 1957
Sanre M anen M anea =Py Manen Manen,
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The ERAS5 DA system and how does it differ from NWP?

eimate i js good practice to base an operational reanalysis on a recent NWP system

Change i
v' E.g., at ECMWF, ERAS5 (2016) is based on Cy41r2
Time
Observations Observations Observations
Forecast Forecast Forecast

Medium-range forecast

Differences:
v In principle the focus is on the quality of the analysis, not the forecast

% The NWP system is well-tuned for the recent data-rich era
Ensure that it also works well for the data-sparser past, e.qg.:
=1 » Data rescue and reprocessing of observations
e « Appropriate:
* Forcing fields
« Background errors
* Observation errors
*  Quality control
« Be aware of systematic model and observation errors (opgrnicys B’ oo 22ECMWF
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ERAS analysis

Outer trajectories=»

Inner loop DA

Outer trajectories=—»
‘ =) Wave

Short forecast

Land Atmo @

Wave SIC

§%

o
g,
a0

4D-

LDAS Var
Y

Land Atmo

! ERAS anaIyS|s
| Short forecast

Hourly output

The ERAS assimilation system for atmosphere, land and ocean waves

Incremental 4D-Var for atmosphere:

* Upper-air variables plus a number of surface parameters

» Assimilation window is 12 hours, but time evolution of 4D-Var
allows for hourly output within the window (ERA-Interim was 6-
hourly)

« three outer loops for ERAS5 (2 for the EDA component)

Ocean wave analysis:
« Altimeter wave height using optimal interpolation (Ol)
« 2D-wave spectrum plus large set of integrated parameters

Land data assimilation (LDAS):
* Sum of univariate Ol for t2m, rh2m, snow, soil+snow temperature,
+ plus Simplified Extended Kalman Filter (SEKF) for soil moisture

Sea surface temperature (SST) and sea ice cover:

» Ingested from external source (OSTIA, HadISST2, OSI SAF)

» has a simple ‘analysis’ step to match the ERA5 land sea mask and
some internal consistency checks

Note that:
* A number of parameters are taken from the short forecasts
* e.g., precipitation, accumulations, energy budgets, surface + 3D

(opernicus "B =ve.| €ECMWE
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4D-Var data assimilation: using observations to correct the first guess

background constraint (J,,)

observational constraint (J,)

o N

Minimise J(2) =(z, —2)"B}*(z, —2) + [y —H(Z)]TR‘l[y —E(Z)]

2T — [XTBT]

h(z)=h(x)+b(x,B)

analysis
Jo
Obs

Corrected
forecast

NN

Previous
forecast

-

3 UTC 6 UTC 9UuUTC

12 UTC

< >
Assimilation window

15 UTC Time

Recipe:

+ Start with a first guess x,, , 8, from the previous analysis
« Compare with observations y via observation operator h

e Calculate the misfit: the cost J

« Change the first guess such that the fit is optimal

« Solve in an incremental way

Result depends on:

* The confidence in your first guess: B matrix

* The confidence in your observations: R matrix
*  How you compare the model to observations: h(x)
* The choice of the observation bias model b(x,f8)

Result:
* The reanalysis X, , B,

» Also, to provide first guess for next analysis

(Op‘?mi.%ﬁ
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The ERA5 Ensemble of Data Assimilations (EDA)

10 DA systems at half resolution. Per member:

Perturb observations (including SST and sea ice)
Perturb model in short forecasts linking analyses

( ERAS analysis ] [ ( ERAS analysis ) (

From this we estimate:
* aflow-dependent B matrix
* the quality of the synoptic situation

Less observations and/or high model sensitivity leads

to less confident estimate of B

Bonavita et al., 2016

Ensemble Data Assimilation

Ty

Ensemble Forecast

\ Observation

v

097

T 1 T
127 157 187
Assimilation window

(Op‘?miﬁtﬂ?ﬁ

T T
217 Time

Forecast
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The ERA5 observing system "'mm?—ﬁ
Climate Over 200 types of satellite instruments and . T,
Change types of in-situ reports e
Satellite observations, mostly since 1979: Al —
i CRIS NPPss—— G AR T8
Microwave radiances: M .
* temperature and humidity sounders, imagers AMSUA%
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Conventional observations e

Surface: Land stations, buoys, ships
Upper-air: Balloons, dropsondes, aircraft, profilers
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The evolving observing system

Climate Impact: see presentation by Tony McNally
Data sources:

» satellites
» surface observations
* upper air (‘fanchor’ observations)

Change

In the ERAS reanalysis we daily use about:
« 17,000 obs in 1940, 25 Million in 2022

There have been boosts in the observing system:
« Mid 1940s: start of upper-air observations

« 1957-1958: International Geophysical Year

* Mid 1970s: early satellites, e.g., VTPR

* 1979: TOVS satellites

* 1991: ocean surface satellite observations

* 1998: ATOVS satellites

« 2002: first hyperspectral instrument

» 2006: large amounts of radio-occultation (anchor) observations

satellites

upper-air

surface

1900 1938 1957 1979

(opemicus "B ==n| €SECMWF




Evolution of the ERA5 background error covariance matrix

Climate
Change Global-mean ob-bg for 60-40hPa radiosonde temperatures (K)
B has a climatological and error-of-the-day part: J P
0.67 ERAS
B(t) =(1-a)B, +aBgp, (1) 0l “\W(w
/ 1 |
Obs. system 0'2_| M‘ol
i ‘Error of the day’
as a whole y ] ERAS.
1080 1085 1990 1995 2000 2005 2010 2015
For ERAS B; needed retuning at large changes in the observing Choice needed extra care between 2000-2006
system .
Y _ 2000: ATOVS satellites =
. = More weight Length scale * B more weight + shorter correlation lengths
'O 1 (a) (c) / | * Smaller increments over smaller areas
g 7 — 1958
ol s ] — However, in the lower stratosphere:
3 8 10 | 2016 * model cold bias +
100 e lack of sufficient RO anchor observations =
1000() 1 2 3 4 5 0 200 400 600 800 1000 ERAS5.1: use of pre—ATOVS Bcli until 2006
Std. dev. of unbalanced Mean horizontal correlation length scale
temperature / K for unbalanced temperature / km
(Opﬁ.tniﬁlzﬁ B . SECMWF
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Observation-based (gridded) forcing and boundary conditions

mostly based on CMIP5-recommended datasets that reflect the 20t and 21t century evolution

Climate
Change

Greenhouse gases

RECENT GLOBAL MONTHLY MEAN CO,

400

z
=1
Global Energy Flows W m-2 =
100\ Reflected Net Solar : Incomlng E
@
Radlatlon E
&
‘.{a. %
Type of low vegetation (29), January 1996, Cy36r4_T1279 Emitted by 385
20% 9.6% 12.1% 7.7% 4.2% 12.4% 1.8% 1.4% 4.3% Rest: 26.5% Mmosphere 2010 2011 2012 2013 2014 2015
o YEAR

I Crops I e om [ vwicrms (B Tundra Cropn [ e [ vt v [ v
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6.933;
Energy flow in ERA-Interim (red) and ERA-40 (black), i et. al. 2011; figure adapted from Trenberth et.al, 2009
Total ozone (DU) SHem
360
340 F ]
320k Ozone ]
300 18.2
250 o 17.8
260 F:nnnne: -
240 Jan  Apr U
'I 850 1 90-0 'I 950 2000 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
AC&C SPARC 0zone C @

coen | & ECMWEF



Need for temporally consistent datasets

Arctic sea ice concentration for July 2023

Climate Average concentration Anomaly
100 100
Change 75
80 50
25
60
% 0 %
40 25
g
H -50
4 20
] -75
§ Average ice edge July 1991-2020 100
(Data: ERAS5. Reference period: 1991-2020. Credit: C3S/ECMWF)
B oo (opemicus CSECMWF (7 82 e
- Antarctic sea ice concentration for July 2023
Average concentration Anomaly
100 100
75
80 50
‘ 25
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% 0 %
40 25
g
-50
g 20
8 -75
g Average ice edge July 1991-2020 0 - -100

(Data: ERAS5. Reference period: 1991-2020. Credit: C3S/ECMWF)
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Accounting for volcanic aerosols: model and observations work together

L '
F O T

Climate
Change Anomaly TOA Net in (Rt) Energy Flux (W/m*2), ERA-20CM, ERA-Interim, ERAS
CMIP5 recommended data set ‘ i i i
Based on Sato et al, 2010 1 ! !
o
. -1
Monthly zonal-mean optical depth . . : : 19802008 QNImA2) £
i | | ERA5S 0.4
Zero from 2010 onwards j jEl Chichén l'Pinatubo ERA-Interim -1.2
1980 1985 1990 1995 2000 2005 2010 2015
El Chichén  Pinatubo Global mean temperature relative to 1981-2010
ERAS ECMWF Newsletter, 2019 ERA-Interim
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ERAS: hourly resolution from 1940 operational close to real time

ERA5 14 February 1941, 18 UT

Maximum 10 metre wind gust (m/s)
30 35 40 45 50 55

Iberian storm case of 1941

Range (days) when 729-day mean 500hPa height AC (%) falls below threshold
ERAS ERA-Interim ERA-40 ERA-15

(b) Europe

6 /__,,J"' M

95%
3 T
2_
N
1940 1950 1960 1970 1980 1990 2000 2010 2020

Skill of 10-day forecasts initialized from ERA against ERA at verification time
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Skill of forecasts from ERAS over several areas

Range (days) when 729-day mean 500hPa height AC (%) falls below threshold

Climate ——ERAS ——— ERAnterim ERA-40 ERA-15
Change (a) Northern hemisphere (b) Europe
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ERAS synoptic accuracy versus climatology; the value of ensemble spread

(a) ERAS Variability for Surface Pressure (hPa), 1940-2022 (g) ERAS Ensemble Spread for Surface Pressure (hPa), 1980-1989
Glob 5.5, NH 6.8, Trop 1.5, SH 8.2, MIN (.75, MAX 15 Glob 0.29, NH 0.2, Trop 0.27, SH 0.4, MIN 0.099, MAX 0.8

20 20
10 10
6 6
3 3
2 2
1 1
0.6 0.6
0.3 0.3
0.2 0.2
0.1 041
0 0

(c) ERAS Ensemble Spread for Surface Pressure (hPa), 1940-1949 (i) ERAS Ensemble Spread for Surface Pressure (hPa), 2013-2022
Glob 2.5, NH 0.81, Trop 0.59, SH 6, MIN 0.21, MAX 13 Glob 0.17, NH 0.15, Trop 0.19, SH 0.17, MIN 0.08, MAX 0.35
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The evolution of ensemble spread; also proxy for synoptic uncertainty

Climate Temperature (Celsius) in MAM 1971 Temperature (Celsius) in MAM 1971 Temperature (Celsius) in MAM 1980 Temperature (Celsius) in MAM 2018
Change 0.01CERA'20C SPREAD and Control (0001) ERAS5 SPREAD anCnntrol (3580) ERAS SPREAD‘and gontrol (2930) 001 ERAS s\aP;:R_EiD and Control (0001)
© 10 10
5 15 5
2 o 2
15 1.5 15
1 1 1
0.8 0.8 0.8
0.7 0.7 0.7
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01 0.1 -40 <
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1971 ERAS: 1980 ERAS: 2018 ERA5S:

Early-satellite era Recent observing
system

‘i 1971 CERA-20C:
Surface pressure, Upper-air data
marine wind, only

ECMWF Newsletter, 2019
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Stratospheric Sudden Warming, February 1952

0 (a) Berlin Tempelhof

30 hPa (about 24 km above surface)

January 1952 February 1952 March 1952

The discovery of the stratospheric sudden warming
phenomenon, was made by Scherhag (1952) by
studying radiosonde ascents from Tempelhof
Airport, Berlin, many of which were assimilated by
ERAS.

In addition, ERA5 shows the full three-dimensional
picture of the related split of the stratospheric polar
vortex.

Bell et. al., 2021

(a) Analyses
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Climate change: evolution of 2m temperature and comparison with other datasets

Qa8

Q4

0

(a) Two-metre temperature anomaly (°C) All land

i (b) Two-metre temperature anomaly (°C)

——ERAS Berkeley Earth —— GISTEMP A/\J

044

-0.8

1

coram™

o vw
-0.81
-1.6

08 M
™y

930 1950 1960 1970 1980 1999 2000 2010 2020

(g) Average number of observations per day (thousands) Al land

1940 1950 1960 1670 1980 | 1960 2000 2010 2020

(h} Average number of chservations per day (thousands) Europe

20

15

10
54

1]
1940

1950 1960 1970 1980 1990 2000 2010 2020

Consistency between datasets:

a
1940 1950 1960 1970 1980 1990 2000 2010 2020

reanalyses and more direct observation-based datasets:
* In general, quite good and reassuring
* However, there are some small discrepancies in certain

periods and certain areas

See the presentation by Adrian

Simmons for more details on inter-

comparison

Temperature trends:

* The global mean temperature shows little trend
from 1940 to the mid 1970s.

+ After that global warming becomes clearly visible
and concerning

,Q@@@@Q@@Q
82000200
OODOCRO00D

@9@@@@@@0@

Courtesy: Ed Hawkins
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Upper-air climate trends in ERAS

100-1 hPa

Climate 1000-100 hPa l
ERAS/ERAS5.1 HRES (BX rerun) pfa 3 -210 - Global Temperature (K) l,

Change 1 ‘ . 20 40
1 LR 16 a2

12 |24

E §i 08 16

3 0 04 08

o LAk 00 o0
2 | -04 -08
4 -08 -16

o 12 24
-16 32
20 Lo

T T T T T T T T T 1
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

* Reanalyses increasingly credible for climate trend analysis

* More challenging in stratosphere, particularly upper stratosphere
* ERADS5: downwards from 10 hPa temperature looks OK in general,
except for the early 1940s due to the lack of radiosondes

» Trend analyses usually don’t take into account (time-varying)
systematic biases in the mean state
(as the relevant uncertainty components are generally not estimated)

-0.2 o 02 04 06

[k/decade] ) 7 Details in the presentation by Bill Bell

—e— RAOBCORE —e—RICH —&— RHARM

--8--ERAS ERA-| -=® -~ MERRA2 ° JRASS
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Towards Earth system reanalysis; ERA6 and beyond
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ECMWEF has a long experience with reanalysis

fNext generation\

Atmosphere/land

1) 1979 - 1981
FGGE

2) 1994 - 1996
ERA-15

Sz

including ocean waves

3) 2001 - 2003 4) 2006 - 2019
ERA-40 ERA-Interim

Gpgrp_igg§
5) 2016 - ...
ERAS

@p@rni9~e§
6) 2024 - ...
ERA6

2024 - ...
ORAS6/0OCEAN6

(Ocean +sea ice (opernicus
1997-2006 2010 - 2019 2016 - ...
ORAS1,2,3 ORAS4 ORAS5/0CEAN5S

/

Centennial

2013 - 2015
ERA-20CM/20C
-

CERA-20C

Outer loop Coupling
2016

2017
CERA-SAT

N (opernicus

/

Enhanced land (from ERA atmosphere)

2012 2014
ERA-20C/Land

ERA-Int/Land

69959,@%

2018 - ...

ERASL

2026 - ...
ERA6L

(opernicus

Atmospheric composition
2008 - 2009

GEMS

@p@mm

2010-2011 2017 - ... 2024 - ...
MACC CAMS EACA CAMS EAC5

(opernicus




Benefits from coupled processes: tropical instability waves

Climate
Change . - %J
Tropical instability waves (TIW) 2
] high-pass filtered SST (colour) and wind stress (contour)
westward-propagating waves near the equator
CERA-20C
IIBTRT L T TS 8| MO
oYM . b ¥ 4 WIS emmay s
Sea surface temperature 1 o . R
% 5 nni2 :::IJ: !
20 ’
£ - 172 |.
N N ( s b e AP ;- p—— e
170 -160  -150 -140 130 120 -110 -100 e
longitude 14 raere |
——— B ke 2 _IE: W smeaTsl TR
= : B
ERA20C (Forced reanalysis) 2 : . oy .
) ) 1augary . S (L U] S . B
* no TIWs or wind stress signals e T : a0t o e
(forced by ‘monthly’ SST) ywozas [ R ¥ vz |
201678} 2 - -G e ETE FE. -
CERA-20C (Coupled reanalysis) Ty N AR TR
e represents TIWs thanks to the ocean dynamics "%} B o= vogra, ok
» atmosphere responds accordingly (surface sk W o ] s BT e
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Planning towards ERAG6: production to start in July 2024

From IFS Cy41r2 -> Cy49rl: ERA6 will benefit from an additional 8 years of R&D at ECMWF & improved compute capacity

Higher resolution: TCo799 (639) @ 14km (18km) vs 31km for ERA5

Selection of recent developments:

4D-Var DA

» Better EDA that evolves the background error covariance matrix

*  Weak constraint 4D-Var to handle syst. model error (talk by Bill Bell)
» Evolution of VarBC for observations

Land DA
* Reduce biases in snow and improve assimilation of snow observations
* Include soil temperature DA in SEKF

Improved ocean wave physics
» At same resolution as the atmosphere (@14km or 18km)
» Improved drag for extreme situations

Improved atmosphere:
* New ozone model (HLO) and prognostic with radiation
* Revision of moist physics (clouds, precipitation, radiation)

Enhanced products:
» Height levels, additional parameters
+ Extended monthly and daily pre-calculated quantities

More and better observations & better usage:
+ Assimilate T2m observations in 4D-Var

* Reprocessed satellite observations (from EUMETSAT)
* Rescued data (satellite and in-situ, talk by Paul Poli)

Improved near-surface quantities and radiative forcing

* Vegetation cover and type, LAI, lake cover and properties,
urban tile, potentially time-evolving (talk by Magdalena
Alonso Balmaseda)

* New, and more species of aerosols and GHG’s

ORASG6/OCEANG:

+  NEMOV4 + SI3 ocean and ice model

» Historical part driven by hourly ERA5 atmospheric forcing
» Details in presentation by Hao Zuo
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The ERA6 data assimilation system
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Beyond ERAG: building on and synergy with R&D at ECMWF

Details described in: De Rosnay et al., 2022 (doi.org/10.1002/qj.4330)

A key focus of ECMWF R&D on DA is to identify an optimal degree of
coupling across the Earth system components for the benefit of seamless
NWP and reanalysis:

* Enhance the consistency of individual components
Examples: an improved description of ocean covariances, evolution
of the LDAS into one, multivariate system.

* Establish the optimal degree of coupling across components
Example: outer loop coupling where observations in each

component have an influence on any other

* Enhance the exploitation of interface observations that have sensitivity
to more than one component. See presentation by Phill Brown

Outcomes are expected to flow into ERA7.
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Summary and Final Remarks

The ERAS reanalysis provides hourly snapshots of the atmosphere, land surface and ocean waves for over 83 years
* Very popular dataset on the C3S Climate Data Store: https://cds.climate.copernicus.eu/#!/home
* Synoptic quality evolves over time when more observations become available; boosts with boosts in observing system

* For upper-air temperature low-frequency variability looks reliable downwards from 10 hPa from mid 1940s onwards
* Humidity and ozone (not shown) is more challenging.

We are preparing for ERA6

* Higher resolution and based on an additional 8 years of R&D state-of-the-art and increased compute power at ECMWF
* Better and more observations; together with C3S contractors

* |mproved realism of boundary conditions and forcing

* Address several ERAS challenges

Future operational Earth System Reanalysis continues to be aligned and to have synergies with R&D at ECMWF
* Towards enhanced and stronger coupling of components

* Also, with help from external funding, such as ESA CERA, EU-FP7 ERACLIM-2, EU-H2020 CONFESS, and EU-HE CERISE

We receive a lot of feedback from our users and listen to them: we are user-driven

CDS Virtual Documentation 290 User interactions p'_ Contact us via
Assistant Centre Ei in C-Forum J Support Portal
(opernlcus .
Europe’s eyes an Earth Commission
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