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C O P E R N I C U S

SPACE COMPONENT IN-SITU COMPONENT

SERVICE COMPONENT

Source: copernicus.eu, retrieved April 2014

Copernicus is the European Programme for the establishment of a European capacity for
Earth Observation
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C O P E R N I C U S  S P A C E  C o m p o n e n t

Source: ESA

Sentinel-1 (A/B) – SAR imaging
All weather, day/night applications, interferometry

Sentinel-2 (A/B) – Multi-spectral imaging
Land applications: urban, forest, agriculture,… 
Continuity of Landsat, SPOT

Sentinel-3 (A/B) – Ocean and global land monitoring
Wide-swath ocean color, vegetation, sea/land surface temperature, 
altimetry  

Sentinel-4 (A/B) – Geostationary atmospheric
Atmospheric composition monitoring, trans-boundary pollution

Sentinel-5 precursor/ Sentinel-5 (A/B) – Low Earth-orbit 
Atmospheric composition monitoring 

Jason-CS (A/B) – Low inclination Altimetry
Sea-level, wave height and marine wind speed

2014

2020
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C O P E R N I C U S  S E R V I C E S  C o m p o n e n t

JRC



Climate
Change  The European Commission has entrusted ECMWF with the 

implementation of the Copernicus Climate Change Service – C3S

 The Copernicus Climate Change service will provide information to 
increase the knowledge base to support adaptation and mitigation 
policies.  

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
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from European commission 
e.g.,FP7 Space call, H2020

from EU Member States, ESA, 
EUMETSAT, EEA, WMO..

CLIMATE DATA STORE

SECTORAL INFORMATION SYSTEM

Stakeholders & users
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Climate
Change  The Climate Data Store is at the heart of the C3S infrastructure and provides information

about past, present and future climate in terms of Essential Climate Variables and
derived climate indicators

 The CDS is designed as a distributed system, providing improved access to existing
datasets through a unified web interface

 The CDS contains observations, global and regional climate reanalyses, global and
regional climate projections and seasonal forecasts

 The CDS provides an authoritative set of software (toolbox) that will allow the users to
develop applications that will make use of the content of the CDS

C D S - c o n c e p t
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 Diversity of users

 Scientist to policy makers

 Diversity of volumes

 PB to KB

 Diversity of products

 Raw to elaborated

Data 
(PB)

Information 
(TB)

Scientists, Pbytes, Raw data

Wisdom 
(MB)

Policy maker, Mbytes, Simple plot

Knowledge 
(GB)

C D S - c o n c e p t
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C D S - a c c e s s  t o  d a t a s e t s
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C D S - a c c e s s  t o  d a t a s e t s

CLIMATE DATA STORE
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C D S - a c c e s s  t o  d a t a s e t s

or APIs use

R
E

T
R

I
E

V
E



Climate
Change

C l i m a t e  D a t a  S t o r e  
C o n t e n t



Climate
Change

C l i m a t e  D a t a  S t o r e  c o n t e n t

Scientific basis:
• Essential Climate Variables as defined by GCOS 
• GCOS Status Report and Implementation Plan
• IPCC, CMIP

Observations

Global estimates 
of ECVs from 

satellite and in-
situ observations

Reprocessed 
CDRs, reference 

observations
Support for data rescue, 
cl imate data collections

Climate 
reanalysis

Global atmosphere, 
ocean, land

Regional 
reanalysis for 

Europe

Coupled climate 
reanalysis for 

100 years

Model 
output

Multi-model seasonal 
forecast products

Access to CMIP 
data and 

products (global 
and regional)

Reference set of 
climate projections 

for Europe

C
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ate Indicators

Action engaged

In preparation
(PIN or ITT out)

Not started
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R o a d m a p  f o r  A t m o s p h e r i c  E C V s   

Action engaged

In preparation
(PIN or ITT out)
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R o a d m a p  f o r  O c e a n i c  E C V s  

Action engaged

In preparation
(PIN or ITT out)
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R o a d m a p  f o r  t e r r e s t r i a l  E C V s  

Action engaged

In preparation
(PIN or ITT out)
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D a t a  S u p p l i e r  I n t e g r a t i o n  w i t h  t h e  C D S

1. Dataset Catalogue 
records: 
ISO19115+INSPIRE, 
keywords, license

2. Data retrieval form 
specification

3. Provision of 
Download Service:
Preferably exploit 
existing adaptors, e.g. 
OPeNDAP

4. Preview/sample 
data: e.g. for WMS
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C D S  T o o l b o x - c o n c e p t

What an application could be??

Widgets
Chart

Title

Text

…
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H y p o t h e t i c a l  e x a m p l e

• ERA5: 40 years reanalysis, hosted at ECMWF 
(GRIB, in Kelvin)

• CIMP6: 2000 years climate projections, hosted in 
an ESGF node (NetCDF, Kelvin)

• Observation: time series of temperature 
measured at a given station, hosted in ClimatDBase
(SQL, imaginary dataset)
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E x a m p l e :  a v a i l a b i l i t y  o f  t o o l s



Climate
Change

F u n c t i o n a l  v i e w  o f  t h e  e x a m p l e  w o r k f l o w
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H o w  i t  c o u l d  b e  i m p l e m e n t e d  i n  P y t h o n
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C D S  T o o l b o x - C o m m o n  D a t a  M o d e l

RETRIEVE

Co
m

m
on

 D
at

a 
m

od
el

 
M

ap
pi

ng

RETRIEVE

RETRIEVE

Im
po

rt
Co

nv
er

t
Re

na
m

e

N-dimensional Arrays

Lead TimeLongi tude

Pressure

Realization

Variable
Variable

Climate Data Store

The purpose of the Common Data Model (CDM) is to provide a uniformed description
(conventions, structures, formats etc.) of all data and products in the CDS, so that they can be
combined and processed by the Toolbox in a consistent fashion

Reference Metadata Document 
(and Related configuration files)



Climate
Change

Variable
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Get Data
and Provenance

Lead TimeLongi tude

Pressure

Realization

Variable
Variable

N-dimensional Arrays

WORKFLOW
EXECUTION

Parallelism

Parallelism

Parallelism

C D S  T o o l b o x - C o m m o n  D a t a  M o d e l
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C D S  T o o l b o x  – m a n i p u l a t e  d a t a

Dedicated to Expert Users
to build workflows and applications

http://toolbox.bopen.eu/public/wine-regions/
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C D S  T o o l b o x  – c r e a t e  a p p l i c a t i o n

Dedicated to End-Users
Can be published, described and accessed 

from the CDS catalogue

http://toolbox.bopen.eu/public/wine-regions/
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C D S  – O v e r a l l  t e c h n i c a l  A r c h i t e c t u r e

M
onitoring / M
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Computation Exec. Results/Cache

Data/Products Catalogue
Discover/View/

Download

Data/Product
Metadata Management*Users Management*Authentication

Tools/Workflow
Management*

Application Management*

Applications Use

WEB PORTAL

Data/Products 
Cata logue

Tools/Workflow 
Inventory

User 
Settings

User 
Requests

Web Pages
Content Management 

System

BROKER / Scheduler Compute

Queues
Status

Appl ications
inventory

Staging

Adaptor Adaptor Adaptor Adaptor

Data/Products 
Catalogue

Iso19115 Export

Tools/Workflows 
Repository
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Tools Repository
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End User CDS Administrator CDS EQC
External Information  
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C D S  – O p e n - S o u r c e  T E C H N O L O G I E S

Magics

CDO

Dask
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 Monitoring
 Reporting

 Capacity planning
 Usage statistics

 Service level agreement
 On-call and support
 Help desk

 High-availability
 Backup

C D S - M o n i t o r i n g  &  R e p o r t i n g
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C D S - i m p l e m e n t a t i o n  t i m e l i n e

Stage 0/I                                Stage II                    Stage III

Stage 0/I - Proof of Concept/Pre-Operational

Stage II - Operational ~20 ECVs, ~5-6 Sectors

Stage III - Operational ~30 ECVs, ~10 Sectors

2014 2015 2016 Jan. 2017 Jan. 2018 Jan. 2019 Jan. 2020 2021

v0.1

v0.1

v1 (a lpha)

v1 (a lpha)

year 1 year 2
Data IntegrationProject

year 3

Implementation

Toolbox
CDS Infrastructure v2 (beta)

v2 (beta)

v3

v3

v4

v4

Start

Start

Done

Current

Not Done
Tentatively publically available

(for datasets access)
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