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Ocean domain

Consortium led by Mercator. Close cooperation with CMEMS, ESA-CCl and EUMETSAT

ECVs: Greenhouse Gases, Aerosols, Ozone

ANTARCTIC SEA ICE « JANUARY 2023

Data: ERAS & 0OSI SAF Sea Ice Index v2.2 ¢ Credit C3S/ECMWF/EUMETSAT

Sea ice concentration
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Total sea ice extent
-31%

below 1991-2020 average

(Data: OSI SAF)

e

Monthly mean sea ice concentrations around

Antarctica in 2023

Data: ERA5 (sea ice concentration), EUMETSAT OSI SAF Sea Ice Index
v2.2 (sea ice extent anomaly).

Credit: C3S/ECMWF/EUMETSAT
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ERAG supported by a climate cycle

2023 2024/2025
48r1 48r2 49r1 49r2

ORASG6 ocean reanalysis Reanalysis : NWP: New ocean and seaice
ERAG, EAC5 Extending 4D-Var window
Higher 4D-Var resolution

NWP: ENS resolution increase
Daily ENS-Ext ensembles
Multi-layer snow scheme
Interactive Hybrid Linear Ozone
OOPS

Seasonal forecast:
NWP: Improved surface SEAS6
Updated land fields
Implementation of SPP
Higher resolution EDA

Improved COMPO:

stratospheric chemistry

Improved COMPO:
prognostic stratospheric aerosol
scheme

Hindcast reconfiguration (ENS and ENS-Ext)

EFAS and GloFAS: new versions at 1.5km
and 5km respectively

OpenlFS new release
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Applications on Demand: a policy-driven example for DG-ENV

Variable
France

Precipitation

300

O Proximity to threshold

O Below threshold 250

/

EU Directive 2016/2284 on the reduction of National
Emissions of Certain atmospheric pollutants.

The Directive establishes the emission reduction
commitments for the Member States.

==== threshold
precipitation

O Threshold (10th percentile)
@Total precipitation (Jun-Jul-Aug) ’g 200 Quality Controlled
5 Authoritative
s “HIGIL TR i Continuity with policy cycles
5 100 Consistent across spatial
scales
0 JJA 2000 JJA 2010
time ERAS data are used to identify
« » » 2009
f"v Y ] exceptionally cold winter and
T Red bars: Dry summer for the exceptionally dry summers, when

i P selected Member State

Below
threshold

15 30 45 60 75 90 105 120 135 150 165 180 195 210

Proximity to threshold (%) A5
ove
| I oo

100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100

flexibility article 5.2 of the Directive may
be applied.
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“The European State
of the Climate
Report of C3S is an
iInvaluable resource
for policy makers in
Europe”.

Belgian Minister for
Climate, Zakia Khattabi
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EUROPEAN
STATE oF THE

CLIMATE
SUMMARY 2022
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Climate Pulse
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Implemented by Copernicus Climate Change Service C35S
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The EUCRA aims to provide a comprehensive assessment of current and future

The European Environment Agency’s
European Climate Risk Assessment (EUCRA)

climate change impacts and risks related to the environment, economy and EUROPEAN CLIMATE RISK ASSESSMENT

wider society in Europe

Building resilience of European societies
to climate change risks

Complements existing knowledge on climate-related hazards and risk
Aims to provide added value for policy-making

Executive summary published 11 March 2024

Final report, interactive data viewer coming soon

How has C3S been involved?

Providing analysis and information based on C3S data, and from various C3S reports, bulletins and articles (e.g. ESOTC
2017-2022, monthly bulletins, web articles) on the evolution of key climate variables for Europe, and key events across
Europe in recent years

Climate impact drivers & how has Europe arrived at its present condition? (chapter 2, ‘Europe in times of change and
extremes)
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~1°  NINO 3.4 February 2023

NINO3.4 SST anomaly percentiles 10, 25, 50, 75, 90 Global effects - temperature and precipitation
C3S: Multi-system forecast from 1 February 2024
monthly mean anomalies relative to 1981-2010 climatology

Using the ENSO years selection approach outlined above (here with a choice between the period 1940-2022 and 1970-2022), typical effects on temperature and precipitation are illustrated, by displaying the number of years

2.0 . falling into the upper or lower tercile category of the distribution of the respective variable. Colours are only shown when the number of years is statistically significant. This concept and methodology is similar to that used in
. - -,
“.-"" Tea, Davey et al. 2014.
.
..-“"""“‘. These charts can be used to identify regions where, according to this analysis method, there is a statistically significant ENSO teleconnection for temperature or precipitation for each calendar month. Due to the variability seen
1.5 4w* within the postage stamp charts shown above for Europe, there is not a strong signature in the composites below.
1.0 4 > Click here to see the selected ENSO events for each month
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Investigation of ENSO teleconnections

https://confluence.ecmwtf.int/display/COPSRV/ENSO+impacts+on+Europe

Feb 2024 Mar 2024 Apr 2024 May 2024 Jun 2024 Jul 2024

C3S multi-system forecasts

IMPLEMENTED BY
PROGRAMME OF THE 0 A\ Climate
coeoremouon~  (opemicus  €SECMWEF (e

Europe’s eyes on Earth climate.copernicus.eu


https://confluence.ecmwf.int/display/COPSRV/ENSO+impacts+on+Europe
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C3S seasonal predictions in user diagnhostics

(a) ENSO - TC # Scatterplot with regressions
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Lloreng Lledd et al 2020 Environ. Res. Lett. 15 074009
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Summer (JJA) T2m correlation skill
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Matthew Patterson et al 2022 Environ. Res. Lett. 17 104033
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K Kowal, et al 2023. International Journal of Climatology,43(5),
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https://inigoinsurance.com/unboxed-thinking/
https://niwa.co.nz/climate/
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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
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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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7~ Supporting European Institutions — The European Environment Agency

g
Lombardia X
Region @ X X o
X Historical variations of seasonal
NUTS ¥ NUTS Regions Tropical Nights in Lombardia
O NUTS 0 (Summer (JJA))
TRANSNATIONAL REGIONS NS Interactive plot showing the deviations of the
= R - historical seasonal Tropical Nights from the
ROP N
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1981-2010 average (also called 'Anomaly')
based on the ERAS reanalysis.
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Historical and projected evolution of
seasonal Tropical Nights in
Lombardia (Summer (JJA))

Interactive plot showing the observed seasonal
Tropical Nights along with the median and likely
values (66% probability of occurrence)

envelope from an ensemble of climate models.

RCP4.5 RCP8.5 All scenarios

Projected trend of seasonal Tropical
Nights in Lombardia (Summer
(JJA)

Interactive plot showing the 30-year rolling
average of the seasonal Tropical Nights
deviation from the 1981-2010 average, values

are the median and likely values (66%

IMPLEMENTED BY

/

Based on the requirements of EEA, the European Climate
Data Explorer (ECDE) allows exploration the C3S Climate
Impact Indicators at the Pan European scale, down to
EUROSTAT NUTS 2 (242 European regions)

The ECDE supports EEA’s contribution to the Mission on
Adaptation, and member states / regions
climate adaptation planning

The ECDE provides:

* Access to key climate hazard information
derived from an ensemble of bias-adjusted
EURO-CORDEX projections (updated when next
gen of CORDEX available via CDS)

e 21 published indicators, with additional 16
added to v2 in Q2 2024

* Consistency in reference periods, future periods
and emission scenarios across

* Information for Europe’s transnational regions

*  For most indicators, yearly updates - using C3S
reanalyses to monitor climate hazards

cecmwr G=
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ﬂ{i}\ Energy transition: supporting the European network of Transmission System Operators /

C3S activity supporting ENTSO-E in the production of the Pan-

Only PAST CLIMATE data was considered European Climate Database (PECD), which includes CLIMATE

PECD 3.1

Based on ERAS
climate reanalysis,
Extended in time:
1981-2019

HOBNOD

PECD 3.0
Based on ERA-Interim

climate reanalysis
1983-2016

CHANGE impacts on the power system.

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

g Delivered early 2023
Historical Stream: ' “
8 based on ERAS5 g o
1980-2021 5 o

Projections Stream:
EURO-CORDEX

2006-2065 e
50 O
ENTSO-e
ECMWF PECD 4.1

Delivery March 2024
Historical Stream:
based on ERA5S
PECD4.0 1950-2022
Projections Stream:
CMIP6 models

4 emissions scenarios
2015-2100

%]

European Resource
Adequacy Assessment

roearemeoon™  (opemicus  SSECMWEF (3



(f’{i}\ Supporting the EIB Climate Risk Assessment for sustainable finance j

Supporting Climate risk screening and
assessments of investment projects

EIB Sector Sensitivity C3S-based Hazard
Matrix connecting Matrix connecting
Sectors & Subsectors to the Hazard to the

o Climate Hazards Climate impact

s Indicators

5 }

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

—  E|B Climate Risk Assessment

European
in partnership with Investment
Bank

PROGRAMME OF THE .
EUROPEAN UNION OpPLIrMICUS
- Europe’s eyes on Eartl
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ﬂ{i}\ Operational attribution: modular access to information on extremes

Prototype extreme events and attribution service . : . : .
Operational access to extreme event information including:

SCO FlAude:Understanging extreme hycrometeololon (Ea us i « Long term observed changes in extremes and their attribution
events in Aude and Occitanie in the context of climate change :

) e  — - + Links to Extreme Forecast Index (or similar) information on
upcoming extremes.

» Extended information on types of events in a changing
climate (e.g. factsheets or similar)

Home / What wedo / Sectoral impacts / Sectoral specific challenges / Insurance

OummOmm( m=mOn

o0 v « Extend number of tools for extreme event analysis

» Consistency with climate projections

ABOUT | DATAANDTOOLS | HOW ITWORKS | PROJECT PARTNERS

B o . « NRT daily suite similar to the (extended/evolved) C3S
= Disaster risk reduction _ )
= monthly bulletin suite
We provide climate information to support policies related to disaster risk reduction, as well as practices to address weather-related risks.
» Fitness-for-purpose of data sets for extreme analysis
- ' | Related news « Enhanced adoption of Al-based tools
Demonstrator projects 29THIANUARY 2021

New C3S app lets you discover
current and future fire danger

2BTH AUGUST 2020

Climate organisations join forces
to support flood management

Pluvial Flood Risk Assessment in Urban Areas

This service aims to generate the information required to assess the
risks associated with extreme rainfall events in Europe. In particular,it [
analyses the risk of flooding caused by intense rainfall that the ground e
is unable to absorb.

13TH DECEMBER 2019

From climate data to climate
action

roearemeoon™  (opemicus S ECMWF (3



/@\ Climate Data Store

A fully modernized Climate Data Store soon to be released

Modernization will cover all multiple layers and components of the infrastructure (software and hardware)

Objectives What's new

More functional, standardized and accessible interfaces
(Web portal, APIs, Metadata - STAC, INSPIRE).

FAIRest catalogue of resources.

% Capitalize experience, feedback and
lessons learned.

Engage with a broader user community.
Prominent and fully integrated Evaluation and Quality Control
(EQC) function.

Closer and broader access to help&support and training
material facilitating user uptake.

» Ensure compatibility with state-of-the-art
c1% solutions

O 1maQOurm) mmm)n
3

Embrace open-development approach for
traceability and collaboration

Cloud oriented with flexible deployment and high

scalability of components.

Analysis Ready, Cloud Optimized (ARCO) Data & Services
earthkit: open-source, anyone, anywhere set of tools.

w7 Strengthen synergies with related
platforms (such as WEKEQO) and projects

External

uegiin, Fully Managed In-house Cloud Infrastructure provided by
@ : ECMWEF-CCI (Common Cloud Infrastructure)

# Climate - | b o )
‘@) ADAPT === p @ ¢ @
e Nessssinin Irtempecatic suisable o |
L | PN i)
O & ‘
PR g
7/ e earth i

mOmsi O 1O 1

Standard Services
OGC, INSPIRE, WMO, ..
CSW, WMS, WFS, APl

| m— 7
Serverless ARCO Service
Dt {EC Zarr) & Matadala (STAC)

User - Profiles

DALY,

Schedule, Compute,Ccat

Distributed
Data Sources Observations

_

e

roearemeoon™  (opemics  ESECMWF (3¢



Survey =>call for actions

C3S National
Collaboration
Programme

Joint Coordination Office
‘NCP Forum

National needs

(from the survey)

Topics
Selection &

OummOmm( m=mOn

Needs collected through the User

Interaction sessions calls

preparatio 3 call : 1.5 M€ - Q4 2025
n

countries
SUrvey

Visdules Priori

On-going C3S studies (e.g. regional
reanalysis)

Uptake of National Climate Data into CADS

Uptake of C3S Products at National Level

Climate Extremes & Attribution

Training Activities

C3S Strategic priorities 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 I

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

Create an engaged community of experts — NCP forum

meosemieon™  (opemics  ESECMWF (0



Climateurope?2

FESTIVAL

Uniting science, services, and standards

for a climate resilient future
March 11-13 2024, Venice

Booklet

"R\ ltaliaMeteo
/

Climate Services in Italy and
the role of ItaliaMeteo

Carlo Cacciamani
Director of ItaliaMeteo
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Climate services (CS)

CS are the provision and use of climate data, information

and knowledge to assist decision-making in climate-sensitive

sectors to help society understand and respond to manage

climate variability and change



Application fields of CS in Italy

Urban and spatial planning Civil Protection Land, water & ecosystem
(i.e. green management, heat (i.e. forest fire prevention, management (i.e. agriculture,
waves) landslides, floods) drinking water, biodiversity)

Transport & infrastructures Energy production Cultural heritage & Tourism

"R\ ltaliaMeteo
11

Population health

Finance & Insurance




. Operational CS in Italy

> Data/monitoring services (with all dataavailable on specific portals)

> Climate bulletins/reports

> Extended range prediction (monthly-seasonal) and Climate projections

Deficit of
precipitation
throughout Europe
in the period from
January to July
2022.

Whole Europe has
experienced a
significant deficit,
up to 800 mm of
precipitation in
some areas.

-800 -600 -400 -200 0 200 400 600 800

Ciabatta et al. 2017 (JoH)
23 http://dx.doi.org/10.1016/}.jhydrol.2016.12.057

7
_;
£
£
T,

P ralap lone del™ Now™
annuc medio di 20 anni (2020-2030)
refativa allo scenario IPCC RCP2 8
@ Fintemapd flow*
medio di 20 annl (1996-2015) osservato

Hydrological water
budget and Renewable
Water Resources (RWR)
using ISPRA 1-km
BIGBANG model and
GCM outputs (IPCC AR5)

"R\ ltaliaMeteo
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NATIONAL CLIMATE SERVICE NETWORK oF ITALY (NCSNI)

Description of available climate services, June 2020

Edited by Antonello Provenzale and Carlo Cacciamani

Outline
1. Background

2. Goals and user needs
3. The ItaliaMIeteo Agency (AIM) and climate services

Part 1: Operational climatology and climate data provision in Italy
(contributions by Carle Cacciamani, Susanna Corti, Alessandre Dell’Aquila, Silvie Gualdi,
Jost von Hardenberg, Stefano Mariani, Vittorio Marletto, Antonio Parodi, Valentina Favan,

Massimiliano Pasqui, Renata Pelosini, Antonello Provenzale, Silvia Puca, Gianmaria Sannine)

4. Climate monitoring
4.1 Surface meteorological observations
4.2 Other surface parameters
43 Climate altering atmospheric compounds
4.4 Data archives

5. Observational Analysis, climate variability and current trends
5.1 Data assimilation systems and analyses

6. Climate Predictions
6.1 Monthly and Sub-scasonal predictions
6.2 Scasonal predictions
6.3 Decadal predictions

7. Long—term Climate Change Projections
7.1 Global projections
7.2 Regional projections
7.3 Projections at local scale

Part 2: List of operational climate services currently available in Italy

8. Operational climate services in Italy
8.1 Monitoning/data services
§.2 Climate bulletins
8.3 Monthly-te-seasonal forecasts and long-term climate projections
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Operational CS in Italy: the status of the art

Many public and private institutions produce CS.

Major problem: weak coordination, duplication of efforts,
fragmentation

Need of coordination in order to produce and delivery CS,
developing new ones and overcoming the fragmentation
present today
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Operational CS in Italy: the role of ItaliaMeteo i

R\ ltaliaMeteo
I

» is the new national meteorological service structure

» has to increase the efficiency of the Italian meteorological
system, to strength and rationalize activities in the sectors
of meteorological, climatic and meteo-marine monitoring
and forecasting, and to create new CS

» has to coordinate and connect what already exists, in
terms of operational CS, developed by a wide network of
Institution

» has to capitalize the results obtained from projects and

initiatives already implemented and ongoing
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Thank you

carlo.cacciamani@agenziaitaliameteo.it
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ClimateuropeZ2 and climate
services in Destination Earth

Francisco J. Doblas-Reyes
Climateurope?2 Festival
Venice 11-13 March 2024

Climateur‘ - ::I:lengigol:)){aan Union



Climateurope2 objectives

Standardising
Development Of Sta nda I’d isation Data and processes (WP2)
procedures for climate services e Siion e et Business models (WP3)

Standardisation procedures Market development (WP4)
for climate services
Policy support (WP5)

Supporting
Support of an equitable European climate

. . Increasing uptake
services community e Supporting
quality-assured Support an equitable

climate services to support European
adaptatifm and mitigation climate ser\{ices

Increasing uptake st SSRI

Enhancement of the uptake of quality-

assured climate services to support e

[ ] [ ) [ ] (] [ ) (WP6)
climate adaptation and mitigation Comunication] auteath

and exploitation (WP7)

CSA Horizon Europe, Sep 2022-Feb 2027
-

Climateur e

the European Union




Barcelona

Supercomputing
DESTINATION @ Center ) )

Centro Nacional de Supercomputacion

EARTH

CLIMATE ADAPTATION DIGITAL TWIN (CLIMATE DT)

Climate DT is a new type of climate information system funded by the Destination A

Earth programme that focuses on assessing the impacts of climate change

and different adaptation strategies at local and regional levels with a global
\perspective using a strategy where user requests drive the production chain. y

The Climate DT includes

« Multi-model global climate simulations at an
unprecedented resolution

* Quality assessment and uncertainty quantification

* Deployment on EuroHPC pre-exascale computers (LUMI
and MareNostrumb5)

« Relevance of both climatic and non-climatic drivers
 Integration of large amounts of relevant European R&D




Barcelona
Supercomputing
DESTINATION @ Center ) )
Centro Nacional de Supercomputacion

EARTH

Permanent, lossy

CLIMATE SIMULATION WORKFLOW: STREAMING  compression, interpolated

/

___________________________________________ Application
L dmeeemmmmsmmmmmmEmEEEEEEET - Use case '\
| Y - =
: Model 1 b Deploy i
|‘ o IES- OutputSVv N v
1},’ FESOM/NEMO Generic State L

Vector (GSV GSV sc : . .
, (asv) - ——— oo e @ gy @ Climate Foresight
'\ preparation
] “\ Model 2 OUtPUtSV . i 1y Describe activity you would like to evaluate for this location:
,' ICON |
] &
1 * -—— i Latitude Longitude
et = T U 2 -+ o

n
L @, Generate

Temporary (days), common
grid, native resolution

Streaming of model output in a standardized -

- Data consumers have access to the full =
* Interactivity: development to allow simula:
« Scalability: new applications and requirerr <

\_




Join the network
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State of Climate
Services
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C"mate Change |mpaCtS 50% of future excess mortality from

climate change is projected to occur in

are not experienced equally Africa.
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Climate SerViceS CapaCitieS ONLY 31% of MetServices have full or

advanced capacity to deliver tailored

climate services.

26,13% A1)

4% (7) —_ ~ 18%(35)

34% (66)

B Advanced M@ Full DOEssential OBasic [OLess than basic No data

[\
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There is immense
untapped potential to
apply climate
services

For example, in the
health sector:

‘i\s'_-é )"‘ k.
WMO IMO-WMO

4%

of MetServices provide climate data to the health sector

only 48%

of MetServices deliver tailored climate services for the health
sector

only 23%

of Ministries of Health use meteorological information
in their health surveillance systems




85% mentioned CS
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Demand for climate services

64% mentione

d climate

services

Agriculture & Water Health Ecosystems & DRR Infrastructure/  Forestry Coastal zones  Energy

food security biodiversity b;itle:s/
urbanisation

SOURCE: Nationally Determined Contributions

Tourism

Education

Tailored climate services ...
Promoting public private partnersh|p e
" strengthens climate information and early warmng systems o

““Forecasting of extreme weathér events_

crecast
Expand ; imate information and sariy warnin opment Forecasting of extreme weather events

cﬁl:,“sé‘:%ﬂ;“ Fore“é"éstlng of extreme yveather events
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Climate deupportmg climate-related research and development
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Tailored climate serv

- strengthens climate information and early warning systems
Establish an integrated early warning system, and disaster response plans _Climate data
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Enhance Climate forecasts===~

Enhance Climate forec:
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Where are the gaps”? Climate Services Value Chain

% m

‘ Provision and Application Monitoring & Evaluation

*  Observing Networks
* Data collection
* Data Management

Monitoring s /

Forecasting

* CD, Ul are
Cross cutting

1873
‘ 2023
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Co-production

WMO

IMO-WMO

Recommandations

Improved Climate

services capacities for

tailored products that
are sector specific

Improve collaboration
between MetServices
and sectors & National
Frameworks for
Climate Services




METEOROLOGICAL
ORGANIZATION




GERIC

Carn,

..... fice e
Germ

Daniela Jacob
11.3.2024 | Climateurope2 Festival




B CO, and methane concentrations in the atmosphere
CO, in the atmosphere (1958-2021)

Atmospheric CO; at Mauna Loa Observatory

Methane in the atmosphere (1983-2021)

Global Monthly Mean CH4
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B Human cost of global warming

,Climate change has already put ~9% of people
(>600 million) outside the ‘human climate niche."

,BY end-of-century (2080 - 2100), current policies
leading to around 2.7 ° C global warming could leave
one-third (22 - 39%) of people outside the niche."

,Reducing global warming from 2.7 to 1.5° C results in
1/5 of increase (4 to 8%) in the population exposed to
unprecedented heat (mean annual temperature

>29° C).

The lifetime emissions of ~3.5 global average citizens
today expose one future person to unprecedented heat

by end-of-century.

nature sustainability

Article

3

https://doi.org/10.1038/s41893-023-01132-6

Quantifying the human cost of

globalwarming
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Timothy M. Lenton®"?", Chi Xu®?2?, Jesse F. Abrams ®", Ashish Ghadiall’,
Sina Lorlani®?, Borls Sakschewski ®°, Caroline ZInm®*, Kristie L. Ebi ®°,
Robert R. Dunn®%, Jens-Christlan Svenning®” & Marten Scheffer®*®

| ™| Check for updates

The costs of climate change are often estimated In monetary terms, but this

ralses ethical Issues. Here we express them In terms of numbers of people
left outside the ‘human climate niche’—defined as the historically highly
conserved distribution of relative human population density with respect to
mean annual temperature. We show that climate change has already put -9%
of people (>600 million) outside this niche. By end-of-century (2080-2100),
current policles leading to around 2.7 °C global warming could leave
one-third (22-39%) of people outside the niche. Reducing global warming
from 2.7 to 1.5 °C results In a -5-fold decrease In the population exposed

to unprecedented heat (mean annual temperature =29 °C). The lifetime
emisslons of -3.5 global average citizens today (or -1.2 average US citizens)
expose one future person to unprecedented heat by end-of-century. That
person comes froma place where emisslons today are around half of the
global average. These results highlight the need for more decisive policy
actlon to limit the human costs and Inequities of climate change.

Despite increased pledges and targets to tackleclimate change, current
policies still leave the world on course for around 2.7 °C end-of-century
global warming'™ above pre-industrial levels—far from the ambitious
aim ofthe Paris Agreement tolimit global warming to 1.5 °C. Even fully
implementing all 2030 nationally determined contributions, long-
term pledges and net zero targets, nearly 2 °C global warming is
expected later this century'*~. Calls for climate justice highlight
the vital need to address the social injustices driven by climate
change®. But what is the human cost of climate change and who
bears it? Existing estimates tend to be expressed in monetary
terms’, tend to recognize impacts on the rich more than those onthe
poor (because the rich have more money to lose) and tend to
value those living now over those living in the future (because
future damages are subject to economic discounting). From an
equity standpoint, this is unethical®*~when life or health are at stake,

all people should be considered equal, whether rich or poor, alive or
yettobe born.

A growing body of work considers how climate variability and
climate change affect morbidity® or mortality™ . Here, we take a
complementary, ecological app h, idering exp etoless
f: blecli diti defined as deviati fhuman popula-
tion density with respect to climate from the historically highly con-
served distribution—the human cli niche™. Thecli iche of
speciesintegrates multiple causal factors including combined” effects
of physiology' and ecology'’. Humans have adapted physiologically
and culturally to a wide range of local climates, but despite this our
niche* shows a primary peak of population density at a mean annual
temperature (MAT) of -13°C and a secondary peak at -27 °C (associ-
ated with monsoon climates principally in South Asia). The density of

icated crops andli k follow similar distributions*, asdoes

'Global Systems Institute, University of Exater, Exster, UK. *School of Life Sciences, Nanjing University, Nanjing, China. *Potsdam Institute for Climate

Impact R h, Potsd Germany. 4| ional Insti for Applied

Environment, University of Washington, Seattle, WA, USA. *Dep. it of Applied Ecol

Analysis, Laxenburg, Austria. *Center for Health and the Global
North Carolina State University, Raleigh, NC, USA. "Center

for Biodiversity Dynamics in a Changing World (BIC:CHANGE) and Section for Ecoinformatics and Biodiversity, Department of Biology, Aarhus University,
Aarhus, Denmark. *Wageningen University, Wageningen, The Netherlands. "These authors contributed equally: Timothy M. Lenton, Chi Xu.

a-mail: t.m.lenton@exeter.ac.uk; xuchi@nju.edu.cn

Nature Sustainability

Source: Lenton, T.M., Xu, C., Abrams, J.F. et al. Quantifying the human cost of global warming. Nat Sustain (2023)
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B Climate Services - fundamental principles @GERIESNin 2009ff
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A European Research and Innovation

Roadmap

for Climate Services
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B First journal dedicated exclusively to climate services

Initiated by GERICS in 2015
Chief Editor: Daniela Jacob
Open access, publisher Elsevier

Eighteen issues published so far,
thereof 4 special issues

Issues no. 19 in preparation
Aimed at scientists and climate service
practitioners

Extended abstract summarises the
practical implications

W B climate SERVICES

Special issue

Climate Services Volume 17

European Climate Services Markets — Conditions, Challenges, Prospects, and Examples
Guest Editors: Dr. T-T. Le, Prof. Dr. A. H. Perrels and Dr. J. Cortekar.

T.-T. Lé et al.: European climate services markets — Conditions, challenges, prospects, and
examples
Editonal

Adrian Perrels et al.: How much unnoticed merit is there in climate services?
Research arficle

Steve Howard et al.: Quanfitative market analysis of the European Climate Services sector — The
application of the kMafnx big data market analyfical tool to provide robust market intelligence
Perspective

Jérg Cortekar et al.: Systematic analysis of EU-based climate service providers
Research arficle

Suzi Tart et al.: Market demand for climate services: An assessment of users’ need
Research arficle

Klaasjan Visscher et al.: Matching supply and demand: A typology of climate senices
Research article

Francesca Larosa, Jareslav Mysiak: Business models for climate services: An analysis
Research arficle

Raffaele Giordano et al.: Urban adaptation to climate change: Climate services for supporting
collaborative planning
Research arficle

Adriaan Perrels: Quantifying the uptake of climate services at micro and macro level
Research article

6

© Climate Service Center Germany

GERIGS

’::f“
——
-

s



B Climate Services today in 2024 ...

= Climate Service Institutions
= Public, private

Type of climate services providers / purveyors Cultural background

Extension of meteorological services Meteorology / hydrology

Public climate services centres (not from meteorological services)  RVIlle[Eleilo]ligF=13Y

Services offered by a university or a group of universities Multidisciplinary, academic

Private business development Multidisciplinary, business

Incorporation of climate information management in business . . .
Economic, business, marketing

consulting services

—
> 7 CERICS ==
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B Climate Services today in 2024 ...

= Climate Service institutions
= Public, private

= Climate Service products
= Data, figures, guidance

CMIP
~150 km

EURO-CORDEX
~12.5 km

Large ensembles and high resolution
Grid Representation of local temperature (July2, 1995)

NUKLEUS
~3 km

Source: Kevin Sieck (GERICS)
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B Climate Services today in 2024 ...

= Climate Service institutions
= Public, private

= Climate Service products
= Data, figures, guidance

= Sectorial and spatial coverage
= Non-uniform, non seamless, fit for purpose

= Market development
= Consultancies, PPP, costs

—
D 9 GERICS ==
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B Levels of Interactions

INFORMATION CONSULTATION DIALOGuUE PARTNERSHIPS

£ Hieke O ¢

“HEAR US” “TELL US” “SPEAK WITH US” “WORK WITH US”

INTENSITY OF PARTICIPATION

Adaptation Handbook - UseUClim - Climate-Focus-Paper - IMPREX
GERICS publication online-survey demand-driven prototype participatory modeling

vvvvvvvvvvvvvvvvvvvv

Climate-Focus-Paper
Global Sea Level Rise

Adapting to Climate Change:

Methods and Tools for Climate Risk Management

11°108
ANSWERS

own representation based on: UNEP (2005); Stauffacher, M. et al. (2008); Hewitt, C. D. et al. (2017)
- GERICS =
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B GERICS Co-Creation of climate products

with need for adaptation

Co-Design, Co-Development, Co-Evaluation with key practise partners

Knowledge

Transfer
Knowledge

Transfer

2)
@Qsc’,—:‘:-

©)

user specific
r €quirements

e
H
.

Practise o
Knowledge y%

e ) e~ L) - e

- 4 . O
- Science
Knowledge ; i
: regional climate _
Climate 9 Climate Research

Research analyses tallodred Findin

Knowledge Transfer
Knowledge Transfer Knowledge

Transfer Transfer

» [ Quality Standards for Climate Services ]

climate data
Interdisciplinary Research

tailored for user requirements

»
»

Process Evaluation Expost Evaluation
Peer Seipold, Juliane Petersen, Diana Rechid (2021): Prototype Development and Transfer Outp ut - Outcome - Impact
> hereon 12 GEBICS —

© Climate Service Center Germany



B Some Future Needs in 2024 and beyond ....

= More and faster connection to Innovation
= For climate resilient development

= = Adaptation to and mitigation of CC

= Stronger systemic approach
= cross-sectoral, cross- disciplines

= Guiding principles for Quality assurance, liability clarified
= Standards, Norms

= Worldwide Education and Capacity development
= Universities, private consultancy, CS users

= Tailored communication strategies
= Qutreach to the public

= Dialog and Co-design, Co-development
13 GERICS ==
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B Supporting Climate Services for 2029

Earth Virtualization Engines

An international federation of centers of excellence to empower

all people to respond to the immense and urgent challenges posed
by climate change

To manage Earth in the Anthropocene, new tools, new institutions, and new forms of
international cooperation will be required. Earth Virtualization Engines are proposed
as international federation of centers of excellence to empower all people to
respond to the immense and urgent challenges posed by climate change.

Source: Stevens et al., 2024

N 14 GERICS ==
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B Earth Virtualization Engines scales well with the number of stakeholders

<
S
*g . * Myriad multi-
S 73 sectorial stakeholders
= * )
8 - VIrtddrI CAUru Ci1oud (ooservauiornssarmiariarvyey) ..o o o |
S s - /7 |
Q
* - A

o f, Sparse and ’
S % & mostly public
i A

Observations & Scenarios Feedback and direct access

The engine and data layer require renewed scientific ambition and a public infrastructure.
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B First journal dedicated exclusively to climate services

W climate SERVICES
= from 2024 onwards..... S—

Climate Services Volume 17

European Climate Services Markets — Condtions, Challenges, Prospects, and Examples
Guest Editors: Dr. T-T. Le, Prof. Dr. A. H. Perrels and Dr. J. Cortekar.

| C h i ef E d ito r: Ja rOS | av M yS i a k T-T. Lé et al.: European climate services markets — Conditions, challenges, prospects, and

examples
Editonal

Adrian Perrels et al.; How much unnoticed merit is there in climate services?
Research article

I I Steve Howard et al. Quaniiafive market analysis of he European Climate Senvices sector — Th
= (Open access, publisher Elsevier e

Perspective

= Aimed at scientists and climate service gl SR e

Suzi Tart et al.: Market demand for climate services: An assessment of users’ need

practitioners

Klaasjan Visscher et al.: Matching supply and demand: A typology of climate senvices
Research article

= EXte n d e d a b Stra Ct S u m m a rl S e S th e p ra Ctl Ca | Francesca Larosa, Jaroslav Mysiak: Business models for climate services: An analysis
Research arficle
i m p | i Ca ti O n S Ra:;;io (:‘-;;r;apr;:n:n;l.: Urban adaptation to climate change: Climate senices for supporting
Research arficle

Adriaan Perrels: Quantifying the uptake of climate services at micro and macro level
Research article
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Key insights from
Climateurope2 annual
synthesis report

Asun Lera St.Clair
Climateurope?2 Festival
Venice 11-13 March 2024
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Europe’s ambition to standardise climate services

Data and processes

Standardisation process Business models
and framework Standardising

Standardisation procedures Market development
for climate services

K

Policy support

Increasing uptake )
Increase uptake of SuPportmg
quality-assured Support an equitable
climate services to support European
adaptation and mitigation climate services
to climate change community
and variability

Community engagement

Communication, outreach
and exploitation

Funded by
the European Union

Climateur



The standardisation of climate services
supports evidence-based resilience to

climate impacts, green investments, and
% transformations to a sustainable future.

#SUSTAINABLE FUTURE

Climateurc




Breaking down climate services into

interrelated components enables the

assessment of their quality, efficiency,

QQ@ and effectiveness, and to distinguish what
) should not be standardised.

o

~

#CLIMATE SERVICES COMPONENTS

Climateurc



Climate services components

Ecosystem of actors and co-production processes

This component identifies the different actors involved in
(co)producing, evaluating, and taking up climate services, as
well as the actors that might become relevant because of a
particular decision context (see Decision context).

This component also addresses the co-production
processes that are relevant for different actors
and different stages of the climate service
development process.

Delivery mode and evaluation Knowledge systems

This component relates to climate data, but not

This component regards how a climate service only. Environmental, social, economic & technical,

is delivered, and how this delivery is evaluated at various as well as engineering data and local knowledge to
steps. This should include the tailored aggregation and develop and implement local adaptation and mitigation
combination of data and processes to match the decision strategies, are relevant here too, as well as all selection,
and context of the service client. evaluation and translation processes related to this data.

Data accessibility, storage and stewardship would also fall
under this component.



Climate services can be governed through
both, formal standardisation processes
and alternative institutional mechanisms.

#CLIMATE SERVICES GOVERNANCE

Climateuro



Climate services shall demonstrate to be
user-focused, science-based, transparent,
collaborative, timely, accessible,
sustainable, and equitable.

#BENCHMARKING

Climateurop: B e



Climate services fitness for purpose
require multidisciplinary,
transdisciplinary, and multi-faceted
competencies, including domain
knowledge.

#MULTIPLE COMPETENCIES

Climateuroj



Climate data-related guidance documents

are available, although often incomplete

* and driven by providers rather than
| | users.

BEE

#DATA AND INFORMATION

N Funded by

Climateurc



The supply side of the climate services
market is growing, yet there is lack of
clarity on best practices and the
suitability of the services offered.

#GROWING MARKET

Climateurop«



Broadening the climate services
community through contextualised

® engagement with stakeholders
7O\ will advance services” uptake and qualit
& & ’
\{5/
#COMMUNITY

Climateurc



Europe should aim to place equity at the
centre of standardisation processes, the
resulting standards, and the climate

'é || é service community.

#EQUITY

Climateur«



This is where we are
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