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C o p e r n i c u s  S e r v i c e s

COPERNICUS’ AIM FOR
developing European services 

based on satellite Earth 
Observation and in situ (non 

space) data

WHAT’s COPERNICUS? 
Copernicus is the Earth 

Observation component of the 
European Union’s
Space Programme
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C o p e r n i c u s  C l i m a t e  C h a n g e  S e r v i c e  ( C 3 S )

 The Copernicus Climate Change Service (C3S) supports society by providing 
authoritative information about the past, present and future climate in Europe and the rest of the World.

OPEN DATA
Provide reliable and open, 
free of charge, access to 

climate datasets

QUALITY ASSURANCE
Offer quality information of 

the datasets by 
independent experts 

TRACEABILITY
Provide documentation, 
workflows and code that 
allow a full traceability of 

the information

SECTORAL IMPACTS
Showcase how different 
sectors use C3S data for 

real applications
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M o r e  i n f o r m a t i o n  o n  C 3 S  a c t i v i t i e s

https://climate.copernicus.eu/webinars

https://climate.copernicus.eu/webinars
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C 3 S  E n e r g y  ( 1 s t  p h a s e )
https://climate.copernicus.eu/opeational-service-energy-sector

The C3S Operational service for the 
energy sector provide free and quality 
assured data that help in:
• Identifying optimal sites
• Planning grid extension
• Assessing potential yield
• Adapting to adverse conditions
• Among others…

https://climate.copernicus.eu/operational-service-energy-sector


Climate
Change

C 3 S  E n e r g y  ( 2 n d  p h a s e )

1950 Present

2100

+6 months

Historical Seasonal Forecasts Projections

Conversion models 
from climate 

variables to energy 
indicators (statistical 
& dynamical models)

Electricity Demand
Hydropower generation
(run-of-river and reservoir)

Wind power generation
(onshore and offshore)

PV Solar power 
generation

Indicators

Streams

Enhance operational service for the energy sector: expand globally, improve 
conversion models and add seasonal data.
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C 3 S  E n e r g y  – C l i m a t e  I n d i c a t o r s  b y  S t r e a m
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While	establishing	a	strong	operational	service,	our	C3S	Energy	team	will	also	ensure	that	the	service	
is	upgradable	so	as	to	maintain	its	relevance	and	leadership	for	many	years	to	come.	Hence	future	
developments	will	be	planned	during	the	execution	of	this	project.	Possible	such	developments	are	
discussed	in	Section	3.2.4.	

3.2 The	C3S	Energy	service	components	
The	C3S	Energy	operational	service	will	be	built	on	the	extensive	input	and	feedback	from	users,	and	
a	 wider	 set	 of	 stakeholders,	 received	 during	 the	 C4E	 and	 ECEM	 services	 as	 well	 as	 from	 the	
comprehensive	User	Requirement	Database	 (URDB,	which	 includes	 input	provided	by	 the	C4E	and	
ECEM	teams).		

The	indicators	delivered	by	the	service	are	described	in	Table	3.	This	table	will	be	the	reference	for	
most	of	the	work	carried	out	in	this	C3S	Energy.	The	indicators	(as	described	also	in	Table	2)	will	cover	
the	three	time	scales:	historical,	seasonal	forecasts	and	projections.	The	domain	will	be	confined	to	
the	European	area	(as	in	C4E	and	ECEM).		

Table	3:	Summary	of	products	to	be	delivered	by	C3S	Energy.	Note	on	abbreviations	used	in	the	
Table:	EC	stands	for	ECMWF,	MF	for	Météo-France,	MO	for	Met	Office,	E-Cordex:	Euro-Cordex,	BA:	
Bias-Adjusted,	C&C:	Country	and	Cluster	(the	latter	are	sub-country	regions/areas),	B.o.:	Based	on.	

Variable	 Timescale	 Source	 Highest	
Temporal	
Resolution	

Highest	
Spatial	

Resolution	

Spatial	
Aggregation	

CLIMATE	INDICATORS	

Temperature	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Precipitation	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 1	day	 0.25	deg	 C&C	

Wind	(10	m	
and	100	m)	

Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Solar	Radiation	
at	surface	

Historical	 ERA5	(BA)	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Mean	Sea	
Level	Pressure	

Historical	 ERA5	 1	hour	 0.25	deg	 Country	
Projection	 Euro-Cordex	 1	day	 0.25	deg	 Country	

ENERGY	INDICATORS	

Electricity	
Demand	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	

Wind	Power	
(onshore	and	
offshore)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Solar	Power	
(PV)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Hydro	Power		
(Run-of-River		
and	Reservoir)	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	
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While	establishing	a	strong	operational	service,	our	C3S	Energy	team	will	also	ensure	that	the	service	
is	upgradable	so	as	to	maintain	its	relevance	and	leadership	for	many	years	to	come.	Hence	future	
developments	will	be	planned	during	the	execution	of	this	project.	Possible	such	developments	are	
discussed	in	Section	3.2.4.	

3.2 The	C3S	Energy	service	components	
The	C3S	Energy	operational	service	will	be	built	on	the	extensive	input	and	feedback	from	users,	and	
a	 wider	 set	 of	 stakeholders,	 received	 during	 the	 C4E	 and	 ECEM	 services	 as	 well	 as	 from	 the	
comprehensive	User	Requirement	Database	 (URDB,	which	 includes	 input	provided	by	 the	C4E	and	
ECEM	teams).		

The	indicators	delivered	by	the	service	are	described	in	Table	3.	This	table	will	be	the	reference	for	
most	of	the	work	carried	out	in	this	C3S	Energy.	The	indicators	(as	described	also	in	Table	2)	will	cover	
the	three	time	scales:	historical,	seasonal	forecasts	and	projections.	The	domain	will	be	confined	to	
the	European	area	(as	in	C4E	and	ECEM).		

Table	3:	Summary	of	products	to	be	delivered	by	C3S	Energy.	Note	on	abbreviations	used	in	the	
Table:	EC	stands	for	ECMWF,	MF	for	Météo-France,	MO	for	Met	Office,	E-Cordex:	Euro-Cordex,	BA:	
Bias-Adjusted,	C&C:	Country	and	Cluster	(the	latter	are	sub-country	regions/areas),	B.o.:	Based	on.	

Variable	 Timescale	 Source	 Highest	
Temporal	
Resolution	

Highest	
Spatial	

Resolution	

Spatial	
Aggregation	

CLIMATE	INDICATORS	

Temperature	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Precipitation	
Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 1	day	 0.25	deg	 C&C	

Wind	(10	m	
and	100	m)	

Historical	 ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Solar	Radiation	
at	surface	

Historical	 ERA5	(BA)	 1	hour	 0.25	deg	 C&C	
Seasonal	 EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 E-Cordex	(BA)	 3	hour	 0.25	deg	 C&C	

Mean	Sea	
Level	Pressure	

Historical	 ERA5	 1	hour	 0.25	deg	 Country	
Projection	 Euro-Cordex	 1	day	 0.25	deg	 Country	

ENERGY	INDICATORS	

Electricity	
Demand	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	

Wind	Power	
(onshore	and	
offshore)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 6	hours	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Solar	Power	
(PV)	

Historical	 B.o.	ERA5	 1	hour	 0.25	deg	 C&C	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 1	deg	 Country	
Projection	 B.o.	E-Cordex	 3	hour	 0.25	deg	 C&C	

Hydro	Power		
(Run-of-River		
and	Reservoir)	

Historical	 B.o.	ERA5	 1	day	 Country	 Country	
Seasonal	 B.o.	EC,	MF,	MO	 1	day	 Country	 Country	
Projection	 B.o.	E-Cordex	 1	day	 Country	 Country	
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C 3 S  E n e r g y  - G e n e r a l  W o r k f l o w

Climate Data 
Retrieval

Energy 
Data

Wind Power 
(WP)

Solar Photo 
Voltaic Power 

(SPV)

Hydro Power 
(HP)

Aggregated
Climate Indicators

(CSV format)

SPATIAL 
AGGREGATION
ADM0/ADM1

Pre-
processing

Bias
Adjustment

Climate Indicators:
TA, TP, WS10,
WS100, GHI
global coverage

Power law to 
compute WS100 

from WS10

Electricity
Demand (ED) ADM0/

ADM1

Exclusion
Layers

Aggregated Energy 
Indicators

(CSV format)

Gridded Energy 
Indicators

(NetCDF format)

WP, 
HP, 
ED

SPV

WP, SPV
Gridded Climate

Indicators
(NetCDF format)

Only for 
SEASONAL and 
PROJECTIONS

SPATIAL 
INTERPOLATION and 
TEMPORAL 
AGGREGATION when
needed

Computation of wind 
speed from U and V

GHI units conversion
for historical

ENERGY CONVERSION MODELS
HISTORICAL: ERA5 reanalysis
SEASONAL: ECMWF, DWD, CMCC
PROJECTIONS: four CMIP6 models, two SSPs

START HERE

Energy Indicators:
WON, WOF, SPV, 
HP, ED
global coverage

Also NUTS2 
for hydro
modelling
purposes

Not 
delivered, 
intermediate 
product
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W h e r e  t o  f i n d  t h e  e n e r g y  d a t a s e t s ?

The energy datasets will be available 
at the C3S Climate Data Store (CDS)
• Open data
• Free-of-charge
• Fully documented
• Quality assured

https://cds.climate.copernicus.eu
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T H A N K  Y O U !  

nube.gonzalezreviriego@ecmwf.int

ECMWF 
Copernicus

@CopernicusEU
@CopernicusECMWF

www.copernicus.eu
climate.copernicus.eu

Copernicus EU
Copernicus 
ECMWF

@copernicusecmwf

Copernicus 
ECMWF

mailto:Nube.gonzalezreviriego@ecmwf.int

