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Overview from the user experience point of view
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Ensemble forecasts explained
One 'ensemble forecast' consists of 51 M
separate forecasts made by the same
computer model, all activated from the same
starting time. The starting conditions for each
member of the ensemble are slightly different,
and physical parameter values used also differ
slightly. The differences between these
ensemble members tend to grow as the
forecasts progress, that is as the forecast lead
time increases.

View all charts >

-

SCIENCE BLOG ; IN FOCUS

_~[® WINDOWS STANDARD @ Advancing global NWP thro... |Gi [erpl - File Manager] - 2 YW [ P Ppatrick Laloyaux

~
v




Overview from the user experience point of view
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Forecasts, analyses, climate re-analyses, reforecasts and multi-model data are available

from our archive (MARS) or via dedicated data servers or via point-to-point dissemination.

Operational

Operational datasets are
the forecasts output by our
current model.

- Medium range
- Extended Range
- Long Range

Real-time data
Atmospheric HRES 10-day
Ocean Wave 10-day
Atmospheric ENS 15-day

Ocean Wave ENS-WAM
15-day

Atmospheric ENS ext
46-day
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Climate reanalysis

ECMWF uses its forecast
models and data
assimilation systems to
'reanalyse' archived
observations, creating
global data sets describing
the recent history of the
atmosphere, land surface,
and oceans.

Browse reanalysis datasets

Atmospheric
composition

Datasets for atmospheric
composition from the
Copernicus Atmosphere
Monitoring Service (CAMS)
combine atmospheric
modelling with Earth
observation data to
provide information
covering European air
quality, global atmospheric
composition, climate
forcing, the ozone layer, UV
and solar energy, and
emissions and surface
fluxes.

CAMS forecasts
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Accessing forecasts

Related topics

® MARS catalogue
e Search all datasets
® Catalogue of charts

One access point for
the reanalysis
datasets
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Overview from the user experience point of view
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Dataset Archive Timeperiod Atmosphere Atmospheric Ocean Ocean Land Sea Observation
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composition waves sub-surface surface Ice Feedback
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Overview from the user experience point of view
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Reanalysis datasets Dataset download information
CERA-20C is the ECMWF 10-member ensemble of coupled climatereanalyses of the

20th century, from 1901-2010. It is based on the CERA assimilation system, which

assimilates only surface pressure and marine wind observations as well as ocean

temperature and salinity profiles. Itis an outcome of the ERA-CLIM2 project.

ERAS
ERA-Interim
ERAInterim/Land For any questions regarding the data access and the data itself, please go to 1 H
ERA-20C https://climate.copernicus.eu/c3s-user-service-desk and look a’t theKnowledge Base A SI n g Ie acceSS pOI nt
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ERA20CM or contact the User Support via the Enquiry Portal. =

— for user support
CERA-20C > Product description
CERA-SAT

Archive catalogue > Spatial and temporal resolution |

Real-time catalogue
> Forecast steps

Public, WMO & ACMAD

Links towards carbon
reanalyses (D1.2)
CERA-20C/Carbon is a land and ocean carbon cycle reanalysis of the 20th century forced by " C E RA-ZOC/Ocea n

the atmospheric fluxes of CERA-20C. The ocean component has been produced at C b
Mercator-Ocean with the PISCES biogeochemical model to reconstruct the evolution of the ar On

main nutrients controlling phytoplankton growth and the biogeochemical cycles of oxygen

and carbon. The dataset is available on the Mercator-Ocean FTP server ftp://ftp.mercator- u C E RA_ZOC/La nd
ocean.fr/download/eraclim2. The land component has been produced at LSCE with the

ORCHIDEE biogeochemical model. It provides an historical reconstruction of the land Carbon S
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Reanalysis datasets
CERA-SAT is a reanalysis dataset spanning 8 years between 2008 and 2016. It has been

produced within the scope of the ERA-CLIM2 project as a proof-of-concept for a
coupled reanalysis with the full observing system availablein the modern satellite
age. CERA-SAT has been created using the CERA assimilation system and comprises an
ERA-Interim/Land ensemble of 10 individual members. The ensemble accounts for model- and
observational errors and can be used to infer information on the uncertainty of the
analysed fields.

ERAS

ERA-Interim

ERA-20C

ERA-20CM For any questions regarding the data access and the data itself, please go to e H H

CERA-20C https://climate.copernicus.eu/c3s-user-service-desk and look at the Knowledge Base SI n g Ie aCCGSS pOI nt
or contact the User Supportvia theEnquiry Portal. e

for user support

> Product description

Archive catalogue

Real-time catalogue

> Spatial and temporal resolution L
Public, WMO & ACMAD

> Forecast steps

Links towards carbon
reanalyses (D1.4)

> Mising dare = CERA-SAT/Land
> Associated carbon reanalysis Ca I"bOn

> Monthly means

v

K ® WINDOWS STANDARD @ CERA-SAT | ECMWF - Mo... |Gi [erpl - File Manager] ¢ B YW [ e Patrick Laloyaux




Overview from the user experience point of view

@ —oix|

£ Browse reanalysis data... X | 4
€ OR ecmwf.nt ’ wea ¥ a9 =

A zimbra: Inbox £ ECMWF | Advancing Eiconfluence v EJMARS v [EMiscellaneous v EJEnglishv [jPapersv [jClimatev EJwcCv EWGIARS_Cth(orOG_ [Z= The Carbon Cyde : Fe... @ Ocean Uptake | Carb... @Bio - Ronald Gelaro @ On the diagnosis of @ An additional step to »

S ECMWF

Forecasts Computing Research Learning Library

Charts Datasets Quality of our forecasts Documentation and support Accessing forecasts

Browse reanalysis datasets

Reanalysis datasets

Dataset Archive Timeperiod Atmosphere Atmospheric Ocean Ocean Land Sea Observation
ERAS -
composition waves sub-surface surface Ice Feedback
ERA-Interim Archive
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Overview from the user experience point of view
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User statistics for CERA-20C

Advertised on the main reanalysis websites
E-mail sent to all the ERA-20C users
ECMWEF newsletter published

Datasets presented in many conferences
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How much coupling in the CERA system?
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Outer loop coupling in the CERA system

Iterative process where the ocean and the atmosphere converge towards a
consistent coupled state

XO Xb
o= o
for k=0.1,... do

Compute observation departures

ve] = ] = [ w9

Compute increments

oxk = (x” — x¥) + BHT(HBHT + R)~iy*
oxk = (x* —x¥) + BHT(HBHT + R)~!dy*

Update initial condition

Xk+1 B Xk N ()‘Xk
Xk+1 — Xk (s;xk

end



Outer loop coupling in the CERA system

Iterative process where the ocean and the atmosphere converge towards a
consistent coupled state

XO Xl)
ol = el
for k=0.1.... do

Compute increments

ox* = (x” —x*¥) + BHT(HBHT + R)~! (y — HM(x“'- xk))

ox* = (x" —x*)+ BHT(HBH" + R)~! (y — HM(x*
War ;

Update initial condition A smart Tug of

Xk+1 B Xk ()‘Xk
N e T 5xk
end

Atmospheric increment depends on the current ocean state
Ocean increment depends on the current atmospheric state




Single observation experiments

ATMOS.
/| BOUNDARY
/| LAYER

*

OCEAN
BOUNDARY
LAYER

Compare the implicit cross-correlations from CERA
with explicit cross-correlation from an ensemble

Single observation experiments
= the true state is known

» one accurate and unbiased observation (T, first
level in the ocean, valid after 10 hours)

= background from another run with a larger error



How CERA transfers information in space

Coupled state estimate after 10 hours
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How CERA transfers information in space

Coupled state estimate after 10 hours
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How CERA transfers information in space

Coupled state estimate after 10 hours
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How CERA transfers information in time

Ocean and atmospheric trajectories during the CERA minimisation
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How CERA transfers information in time

Ocean and atmospheric trajectories during the CERA minimisation
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How CERA transfers information in time

Ocean and atmospheric trajectories during the CERA minimisation

0.6
0.5
0.4)
0.3
~ 0.2
0.1
0
-0.1

-0.2

_03 | | | I J

Erro

Time (h)



Explicit cross-correlations from an ensemble

—Xf B Xb
Xf Xb

Compute observation departures
Oy y H Kk
ﬁ‘y} - H [H] MEE5)

Compute analysis

o) = e+ 3 2] 20 ([ |

- ]é] H H]>_1 [

|

Atmosphere

Explicit coupled background error,
computed from an ensemble of 25

coupled forecasts.

Used to update the background state
following the Kalman filter equation

Ocean




Explicit cross-correlations from an ensemble

Coupled state estimate after 10 hours
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Implicit cross-correlation from CERA and explicit cross-correlation from an ensemble
correct the coupled state in a similar way



What's happening when the mixed layer is deep?

Ocean and atmospheric trajectories during the CERA minimisation
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What's happening when the mixed layer is deep?

Ocean and atmospheric trajectories during the CERA minimisation
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What's happening when the mixed layer is deep?

Ocean and atmospheric trajectories during the CERA minimisation
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Why does the 0.3 ocean temperature increment disappear after 2 hours?




Summary plot of the 18 single observation experiments
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Summary plot of the 18 single observation experiments

Evolution of the atmospheric increment (normalised by the ocean increment)
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Tropics
- Most of the ocean increment is

transferred to the atmosphere within
10 hours
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Atmos Incr (normalised)
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Extra-tropics (shallow mixed layer)
1l - Most of the ocean increment is

transferred to the atmosphere within
10 hours

Atmos Incr (normalised)

Extra-tropics (deep mixed layer)
- Atmospheric response is
extremely noisy

Atmos Incr (normalised)
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