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Copernicus Klimadienst — Highlights

» Weltweit anerkannte Stimme zum Klimawandel;
Informationsquelle fur EU Institutionen, IPCC und UN.

» Pan-Europaische Initiative mit Standorten in drei
Landern und Beitragen aus allen EU Mitgliedsstaaten
und Copernicus beitragenden Staaten.

» Informiert Diskussion zum Klimawandel — Produkte
werden internationalen Medien aufgegriffen.

» Verlassliche und operationelle Quelle flr Informationen
zum Klima flr europaische Burger (und weltweit)
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"B Klimadienst: mediale Sichtbarkeit
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@ Offen Daten fir gute Entscheidungen

Past Present Possible futures
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@ Wesentliche Klimavariablen

CRYOSPHERE

SURFACE ATMOSPHERE

Legend

Ice Sheets Snow Permafrost
and Ice Shelves

eC

Glaciers

@ Satellite ECVs
ECVs from reanalysis

@ Planned/ambition
Unavailable

Y YIEEL

Precipitation Surface Surface Surface Air Surface Surface Wind
Radiation Budget Pressure Temperature Water Vapour Speed&Direction

SURFACE OCEAN PHYSICS
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Surface Sea Level Sea Surface Sea Ice o@
Currents Temperature
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Surface Ocean Surface Sea Surface

Stress Heat Flux Salinity

OCEAN BIOLOGY, ECOSYSTEMS

Plankton Marine
Habitats

SUBSURFACE OCEAN PHYSICS

l

Temperature

OCEAN BIOGEOCHEMISTRY

Subsurface Subsurface
Currents Salinity
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Ocean Transient Inorganic Oxygen Nitrous Oxide Nutrients
Colour Tracers Carbon

0029

Upper-air  Earth Radiation Clouds Upper-air Wind  Upper-air
Water Vapour Budget Speed&Direction Temperature

o

Lightning

Aerosols €0z, CHas, GHGs Ozone Precursors for
Aerosols&0zone
ANTHROPOSPHERE

L]

Anthropogenic Anthropogenic
Water Use GHG Fluxes

HYDROSPHERE

e F- Y

Lakes Evaporation Groundwater River Terrestrial

from Land Discharge water storage

000

Leaf Area Land Surface Above-ground Soil
Index (LAI) Temperature

Albedo Fires

Cover Biomass Carbon

“Fraction of Absorbed Photosynthetically Active Radiation
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Klimaveranderungen
verstehen.

C3S unterstltzt
Anforderungen von
GCOS und UNFCCC.




ECVs Iin Zahlen

Dienste:

* 300+ Dokumente fur Nutzer

C3S ECV Domanen 9 Tutorials

* 5 Data Viewers veroffentlich

* 6 Toolbox Anwendungen verdéffentlicht

* Verschiedene Anwendungsbeispiele

* Verschiedene Jupyter training Notebooks

Atm Physics Atm. Ocean Land hydrology

Composition & cryosphere Land biosphere

e 22ECVs i E Und viel mehr:
Fomeeeeees In Phase-2 * Vollstandige Liste von Referenzen fiir jedes ECV Produkt,

I S = 1 S i i e
verschiedenen GCOS-2022 IP Lo * DOlfur jeden Katalogeintrag
- Produkten . Experthse.r suppo.rt ) ) .
. Weitere ECV Produkte in Vorbereitung * Unabhangige quality control verfligbar fiir alle Variablen

* Produkte fur Policy-Makers

Level 3 XCO2 from the Obs4MIPs v4.3 product

“es 08-2019
398 399 400 401 402 403 Pﬂoa-lrtslger-l()rplll‘dgp 408 409 410 411 412 413
. [ I —— I ——
= Total active users 34,343 e —
e 2 g 160°N_£_ -

e ~700-900 neue Nutzer jeden Monat

e Aktuelle Downloads: 13-17 Tb/Monat

* ECVs auf Platz 2 der beliebtesten CDS Produkte
* Und mebhr...

90°S
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1> Das Okosystem der Reanalyse-Produkt

SEA SURFACE TEMPERATURE ANOMALY - JAN 2023 ( \
E RAS Reference period: 1991-2020 + Data: ERAS « Credit: C3S/ECMWF /@ E RAS' La n d

%

Data source: ERA5-Land Credit: C3S/ECMWF Reference Period: 1991-2020

Temperature anomaly (°C)
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~1~  Reanalysen: warum wiederholen? Wird immer besser!
“Perfekte Vorhersage”
? 1 ERAS: Extended in time, 5-day latericyeumanms sy — cusemosany 016
2006
. ’ ERA-Interim: Exténdedpppg
- ‘r in time until Aug 2019,j995
- § Y ~2-month latency
3 e ERAZ40: ‘bne-off’,  ERA-15: ‘one-off’,
5 g, did not continue  did not continue
I e Correlation of 4-day forecasts of geopotential height
anomalies at 500 hPa with corresponding analyses

19 mo 1950 1960 1970 1980 1990 2000 2010 ) @22 0

Courtesy of Paul Poli
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@ Von ERAS5 (2016) zu ERA6

ERAG profitiert von 8 Jahren Entwicklung am ECMWF & verbessertem Computing

1 nmeQeem) s

Verbesserungen reagieren auf Nutzerbedarf:
* Bessere Auflésung: 31 km - 18 or 14 km (TBC)

* Neuer Ansatz fur Output auf konstantem Hohen-Niveau
* Zusatzliche Parameter

* Ausbau monatlicher und taglicher Gré3en

Verbesserte Datenassimilation und Modellierung

Verbesserte atmospharische (4D-Var) Datenassimilation

* Verbessertes Ensemble das die Fehler-Kovarianz weiterentwickelt
* Verbesserter Umgang mit Modell-Biases

* Assimilation von Oberflachennahen Lufttemperaturen in 4D-Var

Verbesserte Assimilation von Landoberflachen-Beobachtungen

* Verringerte Biases im Schnee und bessere Assimlation von Schnee-
Beobachtungen

* Einbeziehen von Bodentemperatur

Verbesserte Wellenphysik im Ozean
* Gleiche Auflosung wie Atmosphéare
* Verbesserter drag fur Extreme

PROGRAMME OF THE .
EUROPEAN UNION OPLIrMICUS

Verbesserte Beobachtungen

* Reprozessiert, rescued
« Satellit und in-situ

Mit Partnern, u.a. G EUMETSAT

Besseres Atmosphéarenmodell

Neues Ozonmodell und Strahlungsvorhersage

Revision of moist physics (clouds, precipitation, radiation)
Einbeziehen von Schnee und Eis

Upgrade von CMIP5 forcings (ERA5) auf CMIP6

Weitere Spezies von Aerosolen und Treibhausgasen

Verbesserte Schnittstellen zu Landoberflache

Vegetation cover and type, leaf area index, lake cover and
properties, urban tile, potentially time-evolving in ERA6-Land

Verbesserte Schnittstelle zur Ozean-Komponente

Partial coupling with an ocean and ice model

IMPLEMENTED BY
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m\ Climate
[11 Change Service

climate.copernicus.eu

“The European State
of the Climate
Report of C3S is an
iInvaluable resource
for policy makers in
Europe”.

Belgian Minister for
Climate, Zakia Khattabi

rnmmmnnmem@n @ 0 @ @

EUROPEAN
STATE oF THE

CLIMATE
SUMMARY 2022
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climate.copernicus.eu

Climate Pulse

&

&

Implemented by Copernicus Climate Change Service C35S

rnmmmnnmem@n @ 0 @ @
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~3~  Das European Climate Risk Assessment (EUCRA)
der Europaischen Umweltagentur

EUCRA liefert eine umfassende Bewertung aktueller und kiinftiger .
Auswirkungen des Klimawandels und deren Risiken fiir Umwelt, Wirtschaft und EUROPEAN CLIMATE RISK ASSESSMENT
Gesellschaft in Europa

Building resilience of European societies
to climate change risks

Erganzt bestehendes Wissen zum Klima-Risiken und -Gefahren
 Mehrwert fur die Politikgestaltung

e Executive summary am 11. Marz 2024 veroffentlicht

* Abschlussbericht in Kiirze (mit interactivem Data Viewer)

OusmOmamO): m=mm

Beitrag des Copernicus Klimadienstes?

Liefert Analysen und Informationen auf Grundlage von C3S Daten, Berichten, Bulletins, Artikeln (z.B., ESOTC 2017-2022,
monthly bulletins, web articles) zur Entwicklung von Klimavariablen in Europa und zu wesentlichen Ereignissen in Europa
in jingerer Vergangenheit

* Climate impact drivers & wie kam Europa zum aktuellen Zustand? (chapter 2, ‘Europe in times of change and extremes’)

PROGRAMME OF THE .
EUROPEAN UNION OPLIrMICUS
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</@\ C3S Jahreszeitenvorhersage: Komponenten

*., . DATA PRODUCTS &0~ GRAPHICAL PRODUCTS

cds.climate.copernicus.eu D[IDH climate.copernicus.eu/charts/packages/c3s_seasonal/

? U Datasets available in the Climate Data Store Products for individual contributing systems and multi-system combination
* Atmosphere —

o daily and subdaily data (6h, 12h, 24h) i - Total precipitation

o monthly statistics (mean, max, min, standard deviation) o= Near-surface temperature and wind

o bias corrected data (monthly anomalies) Mean sea-level pressure
i ¢  Ocean monthly means Sea surface temperature

Sea ice concentration

I O Multi-system retrospective forecasts and real-time forecasts, the latter Geopotential height at 500 hPa
6 published on 6" (ECMWF) and 10t day of month (the rest) Temperature at 850 hPa

NINO142 SST anomaly percentiles 10, 25, 50, 75, 90
C35; Multi-system forecast from 1 February 2034
monthiy mean anomalies relative to 1981-2010 ciimatology

CDS API RN

O

cdsapi.

Sea surface temperature NINO regions
Sea surface temperature Indian Ocean
Zonal mean wind at 10hPa

¢ = cdsapi.Client()

y-single-levels',
ib',

e_month':['1','2','3",'4",'5','6'] },

08
'cds_seasonal_output.grib')

Forecast system: | MeteoFrance System8 v
Nominal start date: Aggregation and leadtime:
Variable: [ SST indices

Python workflows
-
jupyter

Comirig gt :
on v © L —

Temporal correlation
Relative Operating Characteristic (ROC) score
Ranked Probability Score (RPS)
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WCRP @ COMIPS

World Climate Research Programme

World Climate Research Programme

WCRP-2CMIP6

C3S Klimavorhersagen und Projektionen
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Globale Klimaprojektionen

/@\ Climate

Change Service

CMIPS daily data on single levels

((Dataset | Global ~ Atmosphere (surface) ~ Atmosphere (upper ai)  Climate projections

This catalogue entry provides daily climate prejections on single levels from a large number of experiments,
models, members and time periods computed in the framework of the fifth phase of the Coupled Model
Intercompa

one vertical

CMIP6 climate projections

CMIPS Global Atmosphere (surface)
"Dataset | Atmosphere (upper air) Climate projections

OusmOmamO): m=mm

This catalog This catalogue entry provides daily and monthly global climate

models, me . . i

ntercompa PrOjections data from a large number of experiments, models

onevertical and time periods computed in the framework of the sixth

.q phase of the Coupled Model Intercomparison Project (CMIP6).

CMIP6 data underpins the Intergovernmental Panel on Climate
Change 6th Assessment Report. The use of these data is mostly
aimed at: addressing outstanding scien...

dile &

21 CMIP6-Endorsed MIPs

[

L3
Clowds/ e d
Ciraulation

OMIP, FAFMIP /
LSIMIP/ SIMIP,
an /

REMIP DA,
VoMIP  (naracterizing

AerChemuip  Chemistry)/ oRoEx,
Aerasols

camp ScenarioMIP

(]

Eyring et al., CMIP6 Overview, GMD, 2016

climate.copernicus.eu

*Operationeller Datenzugang
*Gesicherte Qualitat
*Daten-Tutorials

Dekadische Vorhersagen

- CMIP6 predictions underpinning the C3S decadal prediction prototypes

Global Atmosphere (surface) Atmosphere (upper air) Climate projections
A A8 This catalogue entry provides daily and monthly global climate model data from Decadal Climate Predictions Project (DCPP) experiments,

part of the sixth phase of the Coupled Model Intercomparisen Project (CMIP6). The decadal data in the Climate Data Store (CDS) are a

quality-controlled subset of the full DCPP. CMIP6-DCPP data addresses the ability of the climate system to be predicted on annual, m...
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1: South America (SAM)
2: Central America (CAM)
3: North America (NAM)

4: Europe (EUR)

5: Africa (AFR)

6: South Asia (WAS)

7: East Asia (EAS)

8: Central Asia (CAS)

9: Australasia (AUS)

10: Antarctica (ANT)

11: Arctic (ARC)

12: Mediterranean (MED)

13: Middle East North Africa (MNA)

14: South-East Asia (SEA)
o oo o0 30

I

Coordinated Regional Climate Downscaling Experiment Eimn ezl

Regionale Klimaprojektionen

CORDEX regional climate model data
on single levels

Europe Atmosphere (surface)

Atmosphere (upper air) Climate projections

This catalogue entry provides Regional Climate Model (RCM)
data on single levels from a number of experiments, models,
domains, resolutions, ensemble members, time frequencies
and periods computed over several regional domains all over
the World in the framework of the Coordinated Regional
Climate Downscaling Experiment (CORDEX). The term "single
levels" is used to express that the variables are 2...

p=075

—— Forecast
o — Observed

wer 190 om0 s

0w wie 2%
Central year of 5 year period

Climate
' Change Service

Europe’s eyes on Earth
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climate.copernicus.eu



an Vom IPCC 6" Assessment Report & C3S Climate Atlas

-
IDCC W ® IPCC Working Group | (WGI): Sixth Assessment Report

IPCC WGI Interactive Atlas

tool for flexible spatial and tempor

Schritte 2 und 3:

* Fortschreibung des Atlas’ Datensatzes mit weiteren Datenquellen und - ;

Variablen

* Entwicklung des C3S Climate Atlas Viewer

https://atlas.climate.copernicus.eu

PROGRAMME OF THE
EUROPEAN UNION

IPCC WGI Interactive Atlas: Ein neues Tool (Daten
und Viewer) fur IPCC AR6 zur flexiblen raumlichen
und zeitlichen Analyse von Beobachtungen und
Projektionen

https://interactive-atlas.ipcc.ch/

Schritt 1: Publikation der Daten hinter dem IPCC-
|IA im CDS (Aug 2023)

https://cds.climate.copernicus.eu/cdsapp#!/
dataset/projections-climate-atlas

s CECMWE G

SECMWE (7



https://interactive-atlas.ipcc.ch/
https://atlas.climate.copernicus.eu/
https://cds.climate.copernicus.eu/cdsapp#!/dataset/projections-climate-atlas

IMPLEMENTED BY

T
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Copernicus Interactive Climate Atlas Mean temperature (°C) - CMIP6 - Change - Warming 2°C - Annual - rel. to 1850-1900

O]

Mean temperature CMIP6 ARG Regions

Climatology and Changes Global warming levels

1961-1990 1981-2010 1991-2020 2°C 4°C
1850-1900 1986-2005 1995-2014 1.5°C 3°C
PAST FUTURE
Quantity
Change v
Season
Annual v

OusmOmamO): m=mm

Units: °C

Robustness:

SCEE08068GEaA

@ Robust signal (original color)

R I T 3

@ No change or no robust signal

@ Conflicting signals

(B Palette = Autofit < Reset

b b A b b A

About C35S About the Atlas Contact us Privacy policy
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f@\ Energiewende: Unterstltzung Europaischer Netzbetreiber

C3S unterstiitzt ENTSO-E durch Erstellung der neuen Pan-European
Nur historisches Klima bericksichtigt Climate Database (PECD), einschlieRlich Auswirkungen des
Klimawandels auf die Energieversorgung.

PECD4.1 WON CF percentage
differences (2020-2050 minus 1990-2020)

OusmOmamO): m=mm

(4] Delivered early 2023
N Historical Stream: :
PECD 3.1 8 based on ERA5 e
Based on ERAS 1980-2021
climate reanalysis, Projections Stream:
| Extended in time: EURO-CORDEX g
é 1981-2019 2006-2065
- O O P > @) 4
= ENTSO-e Adeduacy Assesement
PECD 3.0 ECMWF PECD 4.1
B Based on ERA-Interim Delivery March 2024
1983-2016 based on ERAS
PECD4.0 1950-2022
Projections Stream:
CMIP6 models
4 emissions scenarios
2015-2100

roearemeoon™  (opemics €SECMWF (0



(/“{i}\ Unterstltzung der EIB Climate Risk Assessment for sustainable financej

Unterstitzt Climate Risk Screening und
Bewertung von Investitionsprojekten

EIB Sector Sensitivity C3S-based Hazard
Matrix connecting Matrix connecting
- Sectors & Subsectors to the Hazard to the
(=) Climate Hazards Climate impact
- Indicators
5 }

EIB-C3S partnership to connect Sectors &
Subsectors to Climate Impact Indicators and
their evolution in time: current & under

I climate scenarios

—  E|B Climate Risk Assessment

European

in partnership with Investment
Bank

PROGRAMME OF THE .
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~1>  Nationale Uptake Aktivitaten

/

. . » Umfrage + follow-up Interviews
C3S Nutzerverstapdms. . _ » Joint Coordination Office C3S NCP
e 1. User Interaction session

: . ¢ Aufruf fur C3S NCP Projekte
(Belgien) |

* 15t Policy Workshop mit EC .
DG CLIMA Nutzer Aktivitaten

verstandnis
und
-Uptake
Sessions 4

fur Uptake
Nationaler
Kernnutzer

| Training &

orkflows kr;(r)av:l]lsefgge -
Ab Q3/2024, basiert auf Kern- ot/ cloi=ie » Training Events

Nutzer Anforderungen > Llliese L
« Expertenverzeichnis

PROGRAMME OF THE

EUROPEAN UNION Cc;pernicu§
- Europe’s eyes on Eartl



71> C3S Nutzerverstandnis und Uptake

' ele User interaction QNG CRl e
1. Mehr Nutzung Von C3S SeSSionS at each year Co_developed COIIeCtI?\Z:;Snatlonal
i . with national
Produkten und Diensten natlonal IEVEI institution(s)
2. Sammlung greifbarer
Nutzeranforderungen auf . .
3 EU und nationaler Ebene User ln.teractlon
Sessions at A minimum of three Facilitate cross-countries

W

Analyse der gesammelten
Anforderungen

collaboration

transboundary user interaction sessions
level

» 15t policy workshop

mmmnni Q ninQux

DG Clima - Q2 2024 Assess needs at EC

o st . : At least two small scale policy DGs, including on
1% user mteract!on and targeted policy climate adaptation and
workshop: Belgium workshops related environmental

policies.

PROGRAMME OF THE
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O Umfrage = Aufruf

C3S National
Collaboration
Programme

Joint Coordination Office
NCP Forum

Nationale Bedarfe

(aus Umfrage)

OusmOmamO): m=mm

Themen-
Bedarfe aus User Interaction Auswahl &
Sessions Aufruf

3 call : 1.5 M€ - Q4 2025

Laufende C3S Studien (z.B. regionale

C3S Lander-Survey
Reanalysen)

viodules Friori

Uptake of National Climate Data into CADS

Uptake of C3S Products at National Level
Climate Extremes & Attribution
Training Activities

C3S StrategiSChe Prioritéten Informating & Raising Awareness

Link to Early Warning Systems

mmmnni Q ninQux

EU Regulation on Data Publication & Re-Use

Identify turn-key solutions in support of NAPs

mYes Maybe/Later mNo 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Aufbau einer Experten-Community

IMPLEMENTED BY
PROGRAMME OF THE

EUROPEAN UNION



LLELL A 1T

8\ from 29 Feb B
l.l==\= CODE . | | - 18 Sep §
"% FOR EARTH B

CALL FOR PARTICIPATION

29 February - 09 April

Browse through the Code for Earth 2024 challenges ~ ~ . "~ - &

on GitHub. Ask questions and together with ECMWF ' - o :
mentors, you can tailor your submission. Submit -, 2 e e . 474
your proposal by 09 April 2024. e é‘*{ = 5_32 ¢ f' e
' ' ' e : 5
&5 - s


https://codeforearth.ecmwf.int/

) Quality assurance /
1. Data Management
1. Accuracy and Consistency: All information provided with the dataset must be
. accurate and consistent.
Ch eCkmg the da ta, metadata General ~ 2. Reliable Access: Access to all information must be open, free and reliable.
? and documentation for Accuracy and Consistency % 3. Versioning and Archiving: Adequate version control and archiving policies
t be in place.
Completeness and Reliable Access N mustben place
correctness, using well- Versioning and Archiving v 2. Data Records
. . 1. Consistency: The data must be complete and internally consistent.
defined requirements. Data record X 2. Uncertainty: The data must include information about uncertainties.
Consistency v 3. Updates: Updates of the data records must be provided on a predictable
Uncertainty schedule.
o Updat
pdates 3. Metadata
u Message to users: We have Metadata 1. Discovery and Use: Metadata must include all necessary information for
é checked all the technical discovery and proper use of the data records.
. Discovery and Use v ility: i i ;
| a spects for you. Details on Y N 2. Interoperability: Metadata must comply with relevant international
| Interoperability ~ standards.
demand.
O Documentation 4. Documentation
| 1. Content: The content of data records must be fully documented.
. : Content v y
Output: A set of s 'mple Scientific Basi 2. Scientific Basis: The scientific methodology used to produce the data must
. cientimnic basis
checklists for several ‘ be fully documented.
categories. allowing the user Quality Control 3. Quality Control: Quality control and validation activities must be fully
g. ’ 5 ) User Guidance documented.
to drill down for detailed 4, User Guidance: Detailed information must be available to assist users in
using the data.

information.

IMPLEMENTED BY
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</@\ Quality Assessment

OummOmm( m=On

mOmun Q ninQu x

Estimate and assess the accuracy,
uncertainties and internal
consistency of a dataset, put in
context of actual use cases.

Message to users: We provide
extensive scientific expertise along
with the data.

Output: Well-documented Jupyter
notebooks; short topical articles.

# CDS API
import cdsapi

# Libraries for working with multidimensional arrays
import numpy as np
import xarray as xr

# Libraries for plotting and visualising data

import matplotlib.path as mpath

import matplotlib.pyplot as plt

import cartopy.crs as ccrs

from cartopy.mpl.gridliner import LONGITUDE_FORMATTER, LATITUDE_FORMATTER
import cartopy.feature as cfeature

# Disable warnings for data download via API
import urllib3
urllib3.disable_warnings()
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