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 Global numerical weather forecasts

 Supercomputing & data archiving

 Education & training programme

 EU activities: Operating the Copernicus Climate 

Change and Atmosphere Monitoring Services, and 

contributing EFAS and FIRE to the Copernicus 

Emergency Management Service

ECMWF - European co-operation at its best: deliverables
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Model development, cycles and 
strategy

The strategy and its goals are 

always taken into account when 

decisions are taken: ‘… European 

weather for a month ahead’.  
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How do we achieve these goals?

• Observations

• High resolution ensemble 

• Earth-system

• Scalability

• People and Collaborations

THE STRENGTH OF A COMMON GOAL
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ECMWF & satellite data
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Number of satellite data products monitored at ECMWF
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Data coverage: 24 hour of data in the ECMWF system
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Data Assimilation at the heart of improving the exploitation of observations
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Extra observations assimilated 

in Continuous DA configuration

Outer loop 1 Outer loop 2 Outer loop 3

Current Early 
Delivery 4D-Var

Obs cutoff time
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Why satellite observations matter:
The cases of Florence and Mangkhut, 2018
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12 hour Cloudsat

coverage on model cloud 

field

Advancing assimilation of novel instruments:
First-ever direct 4D-Var assimilation of space-borne cloud radar and lidar in NWP
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Advancing assimilation of novel instruments:
Aeolus concept successfully demonstrated ! 

Model wind

Aeolus wind

Preliminary assimilation experiments suggests that Aeolus 

HLOS already improves the ECMWF wind analysis vs 

independent radiosonde and aircraft observations  

And in the 2 months tested so 

far there is a small but positive 

impact of medium-range wind 

forecasts 
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Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling
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Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling
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CTL: Conv + AMSU-A
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Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling
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Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling



Forecast error reduction (%)
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This increasing wind impact with 

increasing time sampling shows no sign 

of saturation …so we expect 

hyperspectral radiances from MTG-IRS 

with GEO time sampling to deliver a very 

significant impact on NWP winds! 

Advancing assimilation of novel instruments:
Impact of future MTG-IRS -- Wind impact increases with better time sampling



Satellite Data for model verification
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Thomas Haiden
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 CM SAF surface radiation data (SARAH-ICDR) have become a 
cornerstone of the operational forecast validation at ECMWF

 CM SAF data spatially extends the information provided through 
SYNOP observations
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Atmosphere
Monitoring

GLOBAL SYSTEMC A M S  I F S  C O N F I G U R AT I O N

Species Instruments

O3 OMI, SBUV, GOME-2, MLS, OMPS, S5p

CO IASI, MOPITT, S5p

NO2 OMI, GOME-2, S5p

SO2 OMI, GOME-2, S5p

Aerosol MODIS, PMAp, VIIRS, S3

CO2 GOSAT, OCO-2

CH4 GOSAT, IASI, S5p

ECMWF’s NWP forecasting system (IFS) has been extended 
with atmospheric composition variables and relevant 
observations. Over 70 satellite instruments are used daily.

Operational 5-day forecasts twice a day at 40 
km resolution and 60 levels.

CO

AOD



Atmosphere
Monitoring

C A N  I  T R U S T  C A M S  P R O D U C T S ?  A N  E X A M P L E .

CAMS AOD forecasts initialized on 13 October 2017. Storm Ophelia 
transported a mixture of smoke, dust and sea salt aerosol across 
Europe leading to the sun appearing red and to yellow skies.



Atmosphere
Monitoring

H U R R I C A N E  O P H E L I A  A N D  C A M S  A E R O S O L  F O R E C A S T S

IASI observations
Dust
NH3

CAMS AOD contributions
Dust
Biomass burning

15 October - pm 16 October - am 16 October - pm 17 October - am

• Ophelia winds advected Saharan dust closely followed by smoke from fires in 
Portugal and NW Spain across northern Europe over several days from 16 October.

• Near-real time monitoring of the event by CAMS showed excellent agreement with 
NRT IASI observations of dust and ammonia.

Figure c/o L. Clarisse (ULB) from Clerbaux et al.



Atmosphere
Monitoring

C A M S  A C T I V I T I E S

Uptake of Sentinel-5P in CAMS

Example: NO2 tropospheric column from 

Copernicus Sentinel-5P (7/10/2018)

A year after launch, thanks to excellent 

collaboration with ESA and entities in charge 

of Level-2 processing, 6 products are already 

used in the CAMS system. 

Operations @ECMWF could start on the 

same day as ESA released officially each 

product.

Species Status Since

Ozone Operational assimilation 4/12/2018

NO2 Operational monitoring 11/07/2018

CO Operational monitoring 22/11/2018

SO2 Off-line monitoring 22/11/2018

HCHO Off-line monitoring 22/11/2018

CH4 Off-line monitoring 22/11/2018



Climate
Change

C 3 S  p o r t fo l i o

Earth
 syste

m
 m

o
d

e
ls

Observations, climate data records and climate

Reanalyses

Seasonal forecast data

and products

http://climate.copernicus.eu

Climate model simulations

Sectoral climate impact indicators

Courtesy: 
Philip 
Brohan



Climate
Change

E C V s  e v o l u t i o n  i n  C 3 S  ( s a t e l l i t e  d a t a )

Coordination with ESA-CCI, GloboLakes, 
Arc-Lake, HydroWeb

Coordination with ESA-CCI and other 
national projects, CAMS

Coordination with CM-SAF / ROM SAF / 
ESA CCI / Uni. Maryland / NASA / NOAA

Coordination with ESA-CCI, CMEMS

Coordination with ESA-CCI, CGL, QA4ECV, 
LSA-SAF



Climate
Change

E C V  p r o d u c t s  d e r i v e d  f r o m  o b s e r v a t i o n s  
C 3 S _ 3 1 2 b - L o t 1

Addresses the following five Essential Climate 
Variables (ECVs):

 precipitation 

 surface radiation budget

 water vapour

 cloud properties and 

 Earth radiation budget. 

Several Thematic Climate Data Records (TCDRs) and 
Interim Climate Data Records (ICDRs) to be brokered 
and to be generated for C3S, associated with all 
services to provide an easy access via the Climate 
Data Store (CDS). For all ECVs, and largely consistent 
with the provided TCDRs, respective ICDRs will be 
provided.

TCDR examples:

https://public.wmo.int/en/programmes/global-climate-observing-system/essential-climate-variables
https://cds.climate.copernicus.eu/cdsapp#!/home


Climate
Change

C M  S A F  C o n t r i b u t i o n s  t o  C 3 S :  T C D R s

CLARA-A2 surface radiation

 ECV surface radiation budget

In more detail, CM SAF TCDRs are addressing



Climate
Change

C M  S A F  C o n t r i b u t i o n s  t o  C 3 S :  T C D R s

Upper Tropospheric Humidity

CLARA-A2 surface radiation

Total Column Water Vapour (HOAPS)

 ECV surface radiation budget

 ECV water vapour

In more detail, CM SAF TCDRs are addressing



Climate
Change

C M  S A F  C o n t r i b u t i o n s  t o  C 3 S :  T C D R s

In more detail, CM SAF TCDRs are addressing

CLARA-A2 cloud properties

Upper Tropospheric Humidity

CLARA-A2 surface radiation

Total Column Water Vapour (HOAPS)

 ECV surface radiation budget

 ECV cloud properties

 ECV water vapour



Climate
Change

C M  S A F  C o n t r i b u t i o n s  t o  C 3 S :  I C D R

The TCDR’s have been delivered and will become 
visible via the CDS shortly

Through EQC C3S will provide Feedback to CM SAF 
products

For the ECV’s Surface Radiation & Cloud 
Properties, C3S will rely on the ICDRs generated at 
CM SAF as soon as they become available
(Q3/Q4 2019)

TCDR: Long-Term average

ICDR: Latest data



Climate
Change

C M  S A F  C o n t r i b u t i o n s  t o  C 3 S

Support to European State of the Climate 2018

-> CM SAF Sunshine Duration for Europe 

Sunshine duration in 2018 was exceptionally high across 
many parts of Europe. Some areas of central and northern 
Europe experienced up to 40% more sunshine hours than 
average, and in Germany it was the sunniest year on 
record. Only in southern Europe was sunshine duration 
below average.



Conclusions

• Satellite Observations are key for ECMWF core NWP:

– Model development

– Model validation

– Model initialization

– Model verification

• ECMWF strategy and partnerships push R&D to increase the exploitation of 

satellite data and maximize their benefit

• Copernicus Services further the critical importance of satellite products in 

many application areas

• Collaboration within Europe is a multiplying factor 

33EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



Copernicus Climate  
Change Service

climate.copernicus.eu
@copernicusECMWF

Thank You!

jean-noel.thepaut@ecmwf.int

@JeanNoelThepaut
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