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C3S and the Climate Data Store

ECMWF operates the Copernicus Climate Change Service (C3S) and Copernicus 
Atmosphere Monitoring Service (CAMS) on behalf of the European Commission.
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What is reanalysis and why is it important

Reconstruction of the past weather & climate:
 Input: integrator of all available observations (level 1B, 2), some of them as forcing (level 4)

 Deal with inhomogeneities, relative biases, data formats, range of observables 

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

State-of-the-art:
 Redo historical weather using a modern but fixed NWP system

 For extended period back in time, but at lower resolution

 Maintained close to NRT

 Made available to users in a convenient way 
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Multiple classes of applications:
 Study of specific events or phenomena: 

• accurate (3D) synoptic situation; i.e., the weather of the day

 Climate monitoring:

• Accurate recent synoptic situation + consistent 30-year climate

 Climate applications: 

• low-frequency variability of the mean state

• Statistics, e.g., of extremes

European Centre for 

Medium-Range Weather 

ERA5 users
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Status of the ERA5 global reanalysis

Full-observing-system global reanalysis for the 

atmosphere, land surface and ocean waves

• Produced at ECMWF, by the Copernicus Climate Change Service

• >92,000 users, >500 Tbyte of downloads per week

• From 1959 (now extended back to 1940, data release coming)

• Continues into the present, daily updates 5 days behind real time

• Hourly snapshots at 31 km resolution up to about 80 km height

• Uncertainty estimate from a 10-member ensemble at half 
resolution

• Total dataset about 12 petabyte

• ERA5-Land: Dynamically downscaled land product at 9km.

1950 onwards

Observation usage:

• Over 100 billion so far

Usage of external (gridded) products ‘as is’:

• SST and sea-ice cover

• GHGs, aerosols, TSI, (diagnostic) ozoneWe have started preparations for ERA6

• At least 18 km, 70 years, start production in 2024

• Use more and better observations in a better way.
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The ERA5 observing system

53K (1950) – 26 Million (2021)  obs per day

Over 200 types of reports

Microwave radiances:
• temperature and humidity sounders, imagers
Infrared sounder radiances
• multispectral, hyperspectral
Geostationary radiances
Atmospheric motion vectors
GNSS-RO bending angles
Scatterometer: ocean wind + land soil moisture
Ozone level 2 retrievals + level 1B
Altimeter wave height

Satellite observations, mostly since 1979:

Conventional observations
Surface: Land stations, buoys, ships
Upper-air: Balloons, dropsondes, aircraft, profilers

Latest instruments

TAMDAR, MODE-S, SPIRE, FY-3, ..

+ Reprocessed satellite observations

+ Rescued in situ observations
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Solar forcing

Observation-based (gridded) forcing and boundary conditions

that reflect the 20th and 21th century evolution

Greenhouse gases

Tropospheric Aerosols

Volcanic eruptions

Monthly, Yearly, Decadal moving average

SST and sea ice
Ozone

AC&C SPARC ozone
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In-situ: at the core of C3S & further collaborative activities; contractors NUIM, CNR, KNMI

Excerpt from Ruti et al., 2020,
Bull. Amer. Meteorolog. Soc. doi:10.1175/BAMS-D-17-0302.1

6. Learn lessons, identify issues & gaps, refine 

uncertainty estimates prioritize data rescue, reprocess, ...

2. Organize data records into 

datasets, develop and apply data 
standards*, enrich collections with 

metadata*
( * with WMO)

Number of in-situ stations in E-
OBS

3. Assimilate data in global & high-resol. reanalyses

FGGE

ERA-15

ERA-40
ERA-Interim

ERA5

% explnd. var. in tropos. upper-air temp. obs. 1979/07/15

1. Acquire data records, 

rescue from decaying 
media

Data rescue portal, working with 
WMO I-DARE and national 
partners

5. Serve datasets, 

collect user feedback

https://cds.climate.copernicus.eu/

>> Search for “in-situ”

Excerpt from Essa 
et al., 2022, Front. 
Earth Sci. 
doi:10.3389/feart.20
22.935139

4. Use reference 

data as verification

https://cds.climate.copernicus.eu/
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1960                   1970                     1980                    1990                        2000

HRIR/N1-3

MRIR /N2-3

MODERN ERA (1979 onwards)
Operational Satellites 

(NOAA, EUMETSAT, DMSP, GMS, FY…)

EARLY SATELLITE ERA 
(pre-1979): NASA Nimbus, early 

NOAA, DMSP, Meteor

ATS

Data Rescue (Spascia, C3S2_314):  decoding original data, reformatting, archiving & QC 

Reprocessing (EUMETSAT, C3S2_310): recalibration,  navigation, quality assessment

GOES 1-15

SMS-1,2

MVIRI+SEVIRI

THIR /N4-7

SIRS/N3-4

IRIS/N3-4

PMR/N6

VTPR/NOAA2-5

SSU/TIROS_N/NOAA 6-9,11,14

HIRS/1/N6
HIRS/2-4

SMMR/SEASAT-N7

MSU/TIROS-N-NOAA6-14

SCR/N4-5

ITPR/N5

SSH/DMSP F1-F4

NEMS/N5

SCAMS/N6

SSM/T-2/DMSP F11-15

SSM/T-1/DMSP F4, F7-F15

SMMIS/DMSP F16-19

Original or earlier-reprocessed data
version assimilated in ERA5

1979

SSM/I/DMSP F8-F15

Data not yet assimilated in ERA

GMS

AVHRR/POES

IMG/ADEOS

AVHRR/POES (but data used via Sea-Surface temperature forcing maps)

1979

Both activities aim to improve assimilation readiness of these datasets for ERA6 and high-resolution 
(regional) reanalyses, and also support ECV production

Recent progress includes :

• Efficient collaboration 

between rescue and 

reprocessing activities (e.g.

Radiative transfer modelling, 

MSU reprocessing, polar AMVs 

from early rescued satellite 

radiances)

• Assessment of COP1 

datasets: feedback from 

ECMWF in advance of ERA6, 

optimize processes to 

accelerate data  readiness for 

ERA6

• Inventory of early satellite 

data records: intended for 

wider community use, 

discussed way forward towards 

publication

C3S Satellite data rescue and reprocessing; agreements with EUMETSAT and Spascia

SI-1/M28-29

Atmospheric 

motion (wind) 

vectors

Microwave 

radiometers

Infrared 

sounders

Infrared 

imagers
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Final remarks

Future reanalyses will all benefit from realization of GCOS IP actions

• in all 5 themes, especially those actions that will improve the observational components, in-situ and satellite, 
and data records' stewardship, quality, continuity, characterization, and availability

• C3S is already leading or participating in several other GCOS IP actions (e.g., C1-C5, D5, E3)

Recommendation: a clear call for support to all those that carry out GCOS IP actions

ERA5 contributes to GCOS IP action C4 (reanalysis)

• delivering 'maps without gaps' covering many variables of the 
climate system, continuing today

but this leaves room for improvement, e.g. :

• consistent integration with more Earth-system components
• characterization of uncertainties (at various time-scales)
• improve incomplete historical datasets from comprehensive 

obs. networks and corresponding metadata
• scarcity of reference observations (even today) & metrological

traceability …


