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COPERNICUS

E:mate Copernicus is the European Programme for the establishment of a European capacity for
ange
f Earth Observation

SERVICE COMPONENT

Budget of € 4.3 Bn for 2014-2020
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@ COPERNICUS SPACE Component

Climate 2014

Change 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
2020

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

Commissien

Source: ESA



r@ COPERNICUS SERVICES Component

Climate
Change

C\@ Atrmosphere Monitoring; £ ECMWEF

@ Marine Environment Monitoring; Ocean
@whg"g Land Monitoring;
("3 Climate Change;

Emergency Management;

@ Security.
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@ COPERNICUS Climate Change service - C3S

Climate

chanee  m 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.
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Climate
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Evaluation & Qc Function

C3S in

International
expert panel

Quality assurance
Integrity of Service
User requirements

d

nutshell

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

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

CLIMATE DATA STORE
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Stakeholders & users
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@ CDS-concept

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
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CDS-concept

Policy maker, Mbytes, Simple plot

= Diversityof users

» Scientist to policy makers

= Diversityof volumes

> PBtoKB

= Diversityof products

» Raw to elaborated

Data ‘ Information ‘ Knowledge Wisdom
(PB) (TB) (GB) (MB)
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CDS-access to datasets

Opernicus ﬂ@‘ Climate Change

HOME

Eo 5 e aEah _ Service

SEARCH

The Copernicus CLIMATE DATA STOREsupports scientists, policy makers and businesses by providing authoritative, quality-assured
information about the past, current and future states of the climate in Europe and worldwide.

Discover data and resources in our catalogue

X n Search

2014 TEMPERATURES

New release of the Climate
Reanalysis

Access our set of Seasonal Data

ot Access our Catalogue of products
I

About C35 Contactus Disclaimer/Privacy Cookies

(opermicus & ECMWF

Login
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Eusope’s #ves on Earth
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CDS-access to datasets

Climate

OperniCUS /J@‘ Climate Change Login
Ch a n ge Europe’s eyes on Earth

Service

d

HOME SEARCH

The Copernicus CLIMATE DATA STOREsupports scientists, policy makers and businesses by providing authoritative, quality-assured
information about the past, current and future states of the climate in Europe and worldwide.

Discover data and resources in our catalogue

Temperature X All n Search

temperature

18 results

w == = femperatures

9 results

2014 TEMPERATURES

Access our set of Seasonal Data New release of the Climate
Access our Catalogue of products :
products Reanalysis

About C35 Contactus Disclaimer/Privacy Cookies
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(opermicus & ECMWF
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CDS-access

Climate C i PEL\ Climate Change
OpernICLIJSh Service -
Change et (BETA

Home Search Datasets Help & support

d

Search Results

temperature n All Dataset

w Sort b
y Showing 1-6 of 6 results for  temperature
Relevancy
Title % Reanalysis Pressure level, daily parameters (ECMWF ERA5) m
Type content; Geopotential; Temperature; U component of wind; V component of wind; Specific humidity
w Product type
Reanalysis @ g ERAS HRES Pressure level, monthly mean of daily mean (moda) parameters
Satellite Observations (2) Temperature U component of wind V component of wind Specific humidity Vertical velocity Vorticity (relative ‘ '
w Spatial Coverage . . .
P & = Sea ice concentration continuously reprocessed (ICDR) for the Northern
Global M =" hemisphere
i 2
South Hemisphere @ temperatures, using a combination of state-of-the-art algorithms and dynamic tie-points. The product includes O
w Variable Domain
Atmosphere Lipper Air il % Sea ice concentration reprocessed (CDR) for the Northern hemisphere
Land Cryosphere (2) sensors, lce concentration is computed from atmospherically corrected PMW brightness temperatures, using
a
w Temporal Coverage <
Past ¥ &  Seaice concentration reprocessed (CDR) for the Southern hemisphere
2,
Present @ sensors. Ice concentration is computed from atmospherically corrected PMW brightness temperatures, using
i l I l
% Sea ice concentration continuously reprocessed (ICDR) for the Southern
hemisphere
temperatures, using a combination of state-of-the-art algorithms and dynamic tie-points. The product includes

Contact us Disclaimer /

ernicus O
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CDS-access to datasets

Service

(Operrncus @ Climate Change m
K00 ) e 00 Earth m

) z V) NP
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S5 dyi on

Sea ice concentration continuously reprocessed (ICDR) for the Northern hemisphere

Sea ice concentration continuously reprocessed (ICDR) for the Northern hemisphere

Continuously Reprocessad/Aggregated [ICDR] Sea koe Concentration for the Morthern Hemisphere in
Lambert Projection since 16th April 2015 Contact

Overview  Downloaddata  Documentation  Interactive map

Continuously Reprocessed/Aggregated (ICDR) Sea Ice Concentration for the Northern Hemisphere in -
Lambert Projection since 16th April 2015 Contact

License

W Select a date range from 2015-04-16 onwards Frealy avallable
. @| f
cds-data@lists.ecmwf.int _—
Overview Download data Documentation Interactive map 20150416 e

License

. . . " Select Varlables with Time coordinate tim:
The continuous reprocessed sea ice concentration offline product of the L s

EUMETSAT 0S| SAF, covers the period from 16th April 2015 onwards using
passive microwave data (PMW) 55MIS sensors. This product has been set
up to continue the OS] SAF sea ice concentration CDR (051-409-a) product,
with a manthly daily (33 days). Ice concentration is computed from
atmospherically corrected PMW brightness temperatures, using a
combination of state-of-the-art algorithms and dynamic tie-points, The
product includes error-bars far each grid cell (uncertainties).

Freely available

AIgorithm uncertainty Concentration of sea e Smearng uncertainty {one
standard deviation) of
cencentration of sea ce

d 1 3 d

Total uncertainty (one standard flag for sea ice
deviation) of concentration of concentrarion recrieval
seaice

Sectall OF Chear

W Selectageographic extent

Keywords: Sea lce Concentration, Sea lce, Oceanography, Meteorology, Northe ——
Climate, Remote Sensing
ipti West: East:
Data Description
i i - - B N £u
Spatial coverage: Northern hemisphere
) My Requests
Temporal coverage: From 16th April 2015 onwards y q
Temporal resolution: Daily pn
Last update: 4:36:37 P [\l Completed InProgress Failed
Cata Farmat: NetCDF Product Submission Date Status End Date Duration Size Result o
Data type: GRID B Sea Ice Concentration ICOR for the Northern 2017-05-16 completed 2017-05-16 0:00:02 501.04
Hemisphere 16:30:43 16:30:46 EiB
Rights: All intellectual property rights of the OSI SAF products belong to EUMETSAT. The use of these products is granted to
every interested user, free of charge. If you wish to use these products, EUMETSAT's copyright credit must be shown by BequestiD-UODECEEZ ORI IBESYE LS EAEOUIEST
displaying the words "copyright (year) EUMETSAT™ on each of the products used. Select a date range between 2015-04-16 and 2017-04-14: 2015-04-16 to 2017-04-14 " e
Gpening repros_ice_con_sh g dods
. . . e - select Variables with Ti dinate time: tration of TR
Digital Object Identifier (DOI): http://doi org/10.5072/cds 56199 21-420d-4a00-93c4-273366 70948 ariabieswith Tima coordinate Hime: e B
select a geographic extent: North: 90°, East: 180°, South: 17°, West: -180° uproc foo_tome, ph gy dod I I l
hich i dadls Fle
[ ————
Ice Concentration: Select Variables 2017-05-16 completed 2017-05-16 0:00:02 2.08 MiB What thesald Feefn o with s fie?
15:51:25 15:51:27 Hrome
laimer / Privacy Cookie Ice Concentration: Select Variables 2017-05-16 failed 2017-05-16 0:00:33
15:49:42 15:50:16
Concel
S ECMWF P :
or APIs use opemnicus [l e
ELr00E's s o Erth Commission
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r Climate Data Store content

Climate
Change

- Action engaged
- In preparation
(PIN or ITT out)

- Not started

Global estimates
of ECVs from
satellite and in-
situ observations

Reprocessed
CDRs, reference
observations

Support for data rescue,
climatedata collections

[ e e Reglor)al Coupled c!lmate

reanalysis for reanalysis for

ocean, land
Europe 100 years
Access to CMIP

: Reference set of

Multi-model seasonal data and climate broiections
forecast products products (global proj

and regional) o ELLE]E
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Roadmap for Atmospheric ECVs

Climate
Change GCOS C3s
Status Technical CDS Reanalysis Observations
Report Annex
Atmosphere (surface)
Air temperature 43.1 Stage lll 2017 C3S_311a
Wind speed and direction 4.3.2 Stagell 2017 C3S_311a - Action engaged
Water vapour 433 Stagell 2017 C3S_311a .
- In preparation

Pres.su.re . 434 2017 C3S_311a (PIN or ITT out)
Precipitation 4.3.5 Stage Il 2017 C3S_311a
Surface radiation budget 4.3.6 Stagell 2017
Atmosphere {upper air)

> Temperature 45.1 2017
Wind speed and direction 4.5.2 Stagell 2017
Water vapour 453 2017
Cloud properties 454 Stagell 2017
Earth radiation budget 4.5.5 Stagell 2017
Atmosphere {composition)
Carbon dioxide 4.7.1 Stagell 2017 C3S_312a
Methane 4.7.2 Stagell 2017 C3S_312a
Other long-lived greenhouse gases  4.7.3 Stage lll 2018 C3S_312b
Ozone 4.7.4 Stagell 2017 C3S_312a

Aerosol 4.7.5 Stagell 2017 C3S_312a Gpernicus o
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’@ Roadmap for Oceanic ECVs

Climate
Change
GCOS C3s
Status Technical CDS  Reanalysis Observations
Report Annex
Ocean (physics) - Action engaged
Sea surface temperature 531 Stage i 2017 C3S_312a
Subsurface temperature 54.1  Stagell 2017 In preparation
Sea surface salinity 5.3.2 2018 (PIN or ITT out)
Subsurface salinity 5.4.2 Stage lll 2018
Sea surface currents 5.3.6 2018
" 74 Subsurface currents 5.4.3 Stagelll 2018
Sea level 5.3.3 Stage ll 2017 C3S 312a
Sea state 5.34 2018
Seaice 5.3.5 Stage Il 2017 C3S_312a
Ocean surface stress NEW 2018
Ocean surface heat flux NEW 2018
Ocean (biochemistry)

Inorganic carbon NEW 2018 C3S_312b
Ocean colour 5.3.7  Stagell 2018 C3S_312b G‘pernicus | o
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Roadmap for terrestrial ECVs

Climate
Change
GCOS Status €35 . ]
Technical CDS Reanalysis Observations
Report
Annex ]
Land (hydrology) - Action engaged
Lakes 6.34 Stage lll 2018 C3S_312b - In preparation
Soil moisture 6.3.16 Stage llI 2017 ERAS C3S_312a (PIN or ITT out)
Land (cryosphere)
Snow 6.3.5 Stage Il 2017
Glaciers 6.3.6 Stage |l 2017 C3S_312a
Ice sheets and ice shelves 6.3.7 Stage |l 2018 C3S_312b
Permafrost 6.3.8 Stage |l 2018 C3S_312b
Land (biosphere)
Albedo 6.3.9 Stage |l 2017 C3S_312a
Land cover (including vegetation type) 6.3.10 Stage llI 2018 C3S_312b
Fraction of absorbed photosynthetically; 6.3.11 Stage || 2017 C3S_312a
Leaf area index 6.3.12 Stage llI 2017 C3S_312a
Fire 6.3.15 Stage |l 2018 C3S_312b
GD?ED!EHE -
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Supplier

~ Metadata
ISO 19115

)

parameters

Overview  Download data  Documentation  Interactive map

Cermersaration of san ice
St fag for sea ice
conceniraton retieval
T
L%?)

TranéJate

Adaptor @

-

request ﬁ
iidatanRL

Integration

nnnnnn

eeeeee

with

(Previeﬂw Data) 4

Data Supplier

the

Dataset Catalogue
records:

1SO19115+INSPIRE,
keywords, license

Data retrieval form
specification
Provision of
Download Service:

Preferably exploit
existing adaptors, e.g.
OPeNDAP

Preview/sample
data: e.g. for WMS
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Data Record Granularity

Climate Less catalogue records
Change Less granular Search results

Many catalogue records

GeoNetwork Records (150 1911
eoNetwork Records (ISO 19115) \ Highly granular Search results

.........................................................................................................................................................................................................

& |
= —

GeoNetwork data holding

Apache

Solr

.
4 “"
|

¥

E.g. Product Parameter Variable

MoreForms
Data Retrieval Form Specification l

More complex forms

Data Retrieval

‘ Select a dale range belween 1979-01-01 and 1993-12-31

_r'f-

Start: End:

Custom Form Widgets

B Select Surface Parameters

N

At st ong sekOton must Be mads
2 matra dewpoint temparatune 2 metre temparatune
10 restre Ul wind componant 10 matre ¥ wird component

Total choud cover I_I
<./

Adaptor

More complex request
Less aggregated data

N N S
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CDS Toolbox-concept |

Climate r.w
Change Setang

DATA SUPPLIERS o




@ Hypothetical example

Climate

change * ERADS:40 years reanalysis, hosted at ECMWF
(GRIB, in Kelvin)

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

e Observation: time series of temperature
measured at a given station, hosted in ClimatDBase
(SQL, imaginary dataset) Tl

S ERAS

ek Fhservaions
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Climate
Change

Example:

availability

of tools

LS

Orchestrator

Broker

-
-

#
£

C

&

extract-point

ompute layer

Adaptor

— Adaptor

\ElimDBase

4

(oo

ernicus

Eusnpes spes on Earth
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Climate
Change

Functional view of the

example

workflow

bar-chart (
monthly-average (

extract-point (ERA1l5, temperature,

) s

monthly-average (
extract-point(
subset (CMIP6,
51N, 1w,
monthly-average (
retrieve(SQL, Reading)

temperature,
interpolate),

52N,

51N, 1W,

2W, 50N, 1W),

interpolate)

(opgrnicus Esl

s epes an Earth

European
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How

it could be implemented in Python

Climate
Change

from c3s import bar chart, monthly average, extract point, subset

t _eral5 = extract point(dataset="ERAl5”,
parameter="T",
location=(51, -1),
method="interpolate”)

t cmip6 = subset(dataset="CMIP6”, parameter="T", area=(52, -2, 50, -1))

t cmip6 = extract point(source=t cmip6, method="interpolate”)
t sql = retrieve(dataset="SQL”, parameter="T"”, city="Reading”)

plot = bar-chart(data=[monthly average(t _eral5),
monthly average(t_cmipé6),
monthly average(t sql)],
colours=[“blue”, “red”, "“green”])

return plot

(Op‘?.fﬂ.iﬁhiﬁ
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Climate
Change

‘ :Portal

‘ :Orchestrator

execute(workflow) .

:Broker

:Compute

ERA15:adaptor

ESGF:adaptor

Get data from the data repositories, calling any available tool if possible

‘ SQL:adaptor ‘

call{ERA15 tool=extract-point, parameter=temperature, location=[51M,1W], method=nearest)

call{ESGF, tool=subset, parameter=temperature, box=[52N,2W 20N 0E])

call(SAL, tool lect, parameter=t

nperature, city=Reading)

resultiurl=E)
resultiurl=A)

extract-point(parameter=temperature, location=[51M,1W], method=nearest)

subset(parameter=temperature, box=[52N,2W,20N,0E])

select{parameter=temperature, city=Reading)

resultiurl=E)

resultiurl=A)

resultiurl=C)

resultiurl=C)

Finalise point extraction l

call{Compute, tool=extract-point, url=E, location[51M,1W], method=nearest)

resultiurl=D})

extract-point{url=8)

resultiurl= D)1

Compute averages l

call{Compute, tool=maonthly-average, url=A)

call{Compute, toal=maonthly-average, url=D)

call{Compute, tool=monthly-average, url=C)

monthly-average(url=A)

monthly-average(url=D)

monthly-average(url=C)

resultiuri=E)

resultiuri=G)

readurl=G)

result{url=E}

resultiurl=G)

resultiurl=F)

~

ate plot l

call(Compute, tool=har-chart,[url=E, url=G, url=Hl)

bar-chart()

resultiuri=U)

resultiurl= U)/| |

resultiuri=l)

European
Commissien



CDS Toolbox-Common Data Model

climate The purpose of the Common Data Model (CDM) is to provide a uniformed description
Change  (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
N-dimensional Arrays
T
. (O]
Climate Data Store £
[
(]
q — o
Glgfgll:if;tlmates Repreressed Support -
Observations satellite RETRIEVE = IR§, @feren-:e rescue, di
: . objerva@dns data coll®cuio”
situ obseruatiaons oo g 7
| RETRIEVE aa | >
c <
22 |S 5,
Climate Global atmol. RETRIEVE R%ior:]al Couplecig
lvsis ocean. land rearalysis for reanalysis tor
veariany ! Europe | + year,
. 8
IS
\. J
Access to LMIP Referer
Multi-model seasonal data and cli =
forecast products products (global %?Eﬁr'é fJ:-pe Lead Time
Reference Metadata Document :
(and Related configuration files) COp?f”iCUS -

s #yes on Earth Commission



CDS Toolbox-Common Data Model

Climate N-dimensional Arrays
Change e T\
& VISUALIZE
©
C
_ & Get Data
g <
RETRIEVE g 2
oo o
S £ -
© ‘S
RETRIEVE o |2
c 5 <
g = O s
RETRIEVE € 5
S
j <
) g
% : :
L =
% Longitude < Lead Time
- S 3 o
4 > >
3 3 3

WORKFLOW PROCESR
EXECUTION PROCESS

OpPEernicus European
P ROCESS ( p Eusnpe’s eyes on Earth H Commission




CDS Toolbox manipulate data

’r@\ Climate Change
Service

Climate
Change

Toolbox Editor

Apps Data Docs starter-kit History Visualise m

w glexamic 1 from cis.tools import application, argument, extract point, Figure, \
astt x 2 geocode, matplotlib, retrieve, select, subplots
QUK x +
foobar x 4
download-saection x 5 Bapplication(title='Hello World', abatract='Hello World application.')
x

5 .
oot ot e, el Dedicated to Expert Users
+ Add app 7 #argument('data_wvar', label='Variable', values=["tas', 'tprate’])

> ExXampies 8 Pargument('year’', values=[str(y) for y in range(2016, 2000 - 1, -1)1)

pon pectans e NN to build workflows and applications

1 year: str = '2016°,
1 )} => Pigure:
“""Helle World application."™"
tags = retrieve('ERA-Interim’', data_varedata var, frequency='month’])

alexamici/starter-kit Build:dab02e07 alGaeitabd282iebic2e228c2abbd 206

Location
Reading » .
lat = 51.75. lon = -0.75
18 Variable
Tas i
16
Year
5 14 20186 Ll
£
&
E
b}
=4
g w0
E
~
8

: rmicus [ e

Fe's s an Earth Commissien

201602  2016-03  2016-04 201605 201606 201607 2016-08 201609
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http://toolbox.bopen.eu/public/wine-regions/

CDS Toolbox create application

. A e
(opermicus (" gimtecranse

Climate change impact on wine production

~ Climate
Change

Geographical Region

Bordeaux

Winkler regions for CMIPS / RCP4.5 (EC-Earth) 2076-2086
| Scenario

RCP4.5 -

Update

Dedicated to End-Users

Can be published, described and accessed
from the CDS catalogue

kler index (°C)
o

Inl

Wi

(opemicus (@IETE
| Showdebug
Wine region: Bordeaux (lat: 45.0, lon: 0.0)

CMIP5 / RCP8.5 (EC-Earth)
—— CMIP5 / RCP4.5 (EC-Earth)
CMIP5 [ RCP2.6 (EC-Earth)
: : —o— ERA-Interim
.

2700

2222

1944

1667

Winkler index {°C)

1389

1111

Gpernlcus .
1980 2000 2020 2040 2060 2080 2100 - SrnICUs Eurcpean

year



http://toolbox.bopen.eu/public/wine-regions/
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Climate
Change

CDS Administrator

P

Architecture

External Information -

Systems CDSEQC

Lo
Catalogue
Export

End User Data Supplier

- &8

\
o U " N Data/Products (?atalogue Data/Product Tools/Workflow
Authentication sers Management Discover/View/ Metadata Management* Management*
Download J
Data/Products [ Application Management*
Catalogue [ Applications Use
15019115 Export —>
*Creation Modification Deletion

Data/Products

Catalogue

TOOLBOXINFRASTRUCTURE
BACK END

Tools/Workflow

Web Pages

Content Management
System

Applications

Requests Inventory inventory

ools Repository
DATA DATA
Site 2 Site 3

JHO0LS Vivd 3ILVIAIND

SY¥311ddNS

vivd



CDS — Implementation

Climate
7R
D N D
MNP, = .
. ngin iy - nginx
11717 4 il ‘: 4 ;
download-0000 o oad-...
% fro m d apaChE % %
drupal
flegs /logs flogs
VLA
Y4 Vil Vi
broker catalogue toolbox
/postgres /logs Jlogs Jlogs . - - -
t i |
torreat Gtk wsg /1177 VU 1111/ 1111/
rabbitmg selar compute-0000 compute-0001 compute-0002 compute...
flogs Jcache flogs icache flogs jcache Jflogs fcache

nainx nainx nainx nainx
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'@ CDS - Open-Source TECHNOLOGIES

Maglcs*

matpl:tlib

= openstack.

@pﬁ?!’ ncvs e



CDS-Monitoring & Reporting

Climate
Change

Monitoring

Reporting
»  Capacity planning
»  Usage statistics

=  Service level agreement
"  On-calland support
=  Help desk

=  High-availability
=  Backup

(OD?.EOJEH% HE| o,
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CDS-implementation timeline

Climate
Change Stage 0/I - Proof of Concept/Pre-Operational
Stage |l - Operational ~20 ECVs, ~5-6 Sectors
Stage Ill - Operational ~30 ECVs, ~10 Sectors
2014 2015 2016 Jan. 2017 Jan. 2018 Jan. 2019 Jan. 2020 2021
year 1 | year 2 | year 3 |
Project [ - Y Y \ Data Integration
" T - - - Implementation
N Stage 0/1 . Stage I
v ' v v

R e e

<g--=-=---

Toolbox v0.1 v1 (alpha) v2 (beta)| v3 4
A 4 v v y \ 4
CDS Infrastructure v0.1 vl (alpha) v2 (beta) v3 va

(sse20e syoselep Joy)
a|qejiene Ajjealjgnd Apanejusl
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Climate
Change

Service

Gpiﬁﬂi&}iﬁ

) About C3S NEWS & MEDIA EVENTS TENDERS

/@ Climate Change

PRODUCTS SERVICES

o000

Search

HELP & SUPPORT

0o e

W

IN FOCUS
P {Vr'wf = ?“ 2 ﬁ\\ ‘ 78 : IE
ey CF57 R A ¥ | 4
NGE by h & 2

Thank you

N

16 Jul 2017

C3S releases
powerful new climate
change
"encyclopaedia" for
public use

03 Mar 2017
#0OnenDataHack

(opernicus

Eusogpe’s eyes om Earth
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