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Paul Langrock Klaus Rockenbauer

‘Weather’ Forecast Monthly forecasts Seasonal Climate Climate broiections
(hours-days ahead) (weeks ahead) Forecasts proj
Seconds Minutes Days Weeks Months Seasons Years Decades E

www.wemcouncil.org



E\Wemc Peculiarities of Energy Systems
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Capital intensive with long life cycles (30+ years)

Diversity of sources — each with different emissions,
efficiency, reliability, etc.

National (fragmented) energy markets, sometimes
compounded by security issues

www.wemcounc il.org
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& wemc Critical components of a
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(Physics/Statistics)

External factors
(Volcanoes, GHGs, Solar)

Observations

\(lnitial Conditions)

>

Time scale
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@wwc The World Energy & Meteorology

* World Energy &
Meteorology Council

Council (WEMC)

WEMC primary goal is to enable improved

Sustainable
energy

For a low carbon economy

Resilience

Of energy
infrastructures

Efficiency

Of energy systems

Under ever changing weather and climate

www.wemcouncil.org



Cweme Our Activities
Meteorology Council

[E

. The dissemination of information on O\o.roducts, practices, and

experiences in Energy & Meteorology including the promotion of our
members’ work

2. The coordination of Special Interest Groups leading to the production

of reports, analyses and syntheses on key topics in Energy &
Meteorology

3. The development and maintenance of climate and energy

demonstration tools for the energy industry and the education of the
general public

4. The organisation of events such as the International Conference Energy
& Meteorology (ICEM), professional workshops, seminars and webinars

www.wemcouncil.org
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percent Summer (DJFM) percent

‘

120 130 140 150

120 130

Percentage difference in monthly solar radiation in El Nifio relative to La Nifia
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Change in streamflow (%)
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Change in streamflow for RCP8.5, 2040—-2069 (2050s) vs1971-2000
Reductions in usable capacity for 61-74% of the hydropower plants
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& Wec Global changes in water
© Vet Counc temperature projections

" Change in water temperature (°C)
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Change in water temperature for RCP8.5, 2040-2069 (2050s) vs 1971-2000
Reductions in usable capacity for 81-86% of the thermoelectric power plants

www.wemcouncil.org van Vliet et al. (2016)
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= Global Framework for
FCS Climate Services

an

CLIMATE
KNOWLEDGE

FOR

To enable better management of the risks of climate variability and
change and adaptation to climate change, through the development and
incorporation of science-based climate information and prediction into

planning, policy and practice on the global, regional and national scale.

A GLOBAL FRAMEWORK
FOR CLIMATE SERVICES—
EMPOWERING
THE MOST VULNERABLE

Priority Areas

Agriculture and
food security

Disaster risk
reduction

https://library.wmo.int/doc num.php?explnum id=3581
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@ C3S — Climate Data Store

Climate
Change

b ~ The CDS contains

B (ooencs SECMWF (O groe . &S gbservations, global and
regional climate reanalyses,
global and regional climate
Welcome to the Climate Data Store ~ projections and seasonal

Dive into this wealth of information about the Earth's past, present and future climate.

It is freely available and functions as a one-stop shop to explore climate data. Register for free to obtain access to the CDS and its Toolbox. I fo re ca St S

We are constantly improving the services and adding new datasets. For more information, please consult the catalogue, the roadmap and
our FAQ.

The CDS is designed as a
distributed system, providing

improved access to existing
datasets through a unified

web interface

Climate Data Store Toolbox Climate Data Store API Access climate reanalysis (ERAS)

‘5 https://cds.climate.copernicus.eu/


https://cds.climate.copernicus.eu/

it

Access to

tools,

workflows and applications

CDS Toolbox App.
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Copernicus Climate Change Service (C3S):
http://www.climate.copernicus.eu



http://www.climate.copernicus.eu/

European Climatic

OperHICUS /@\ Climate

Change Service

oveseeniam £nergy Mixes (ECEM)

climate.copernicus.eu

Increasing share of power supply
from variable renewable energy
(RE) sources. Demand variability
is also increasing.
The transformation is taking place
against a variable and
changing climate.

ﬁWEM c <~ ECMWF
g lodmenys B\ Yseor®Risame — wumes ENEN %
&  Meteorology Council e - 8

Met Office

European |
Commission



_ European Climatic Ciimate
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Change Service

oveseeniam £nergy Mixes (ECEM)

climate.copernicus.eu

The Copernicus Climate Change Services (C3S)

European Climatic Energy Mixes (ECEM) developed
a demonstrator to assess how well different
energy supply mixes in Europe will meet demand,
over different time horizons, focusing on the role

climate has on the mixes.

ﬁWEM c <~ ECMWF
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European |
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European Climatic

Eermicus At

Change Service

oveseeniam £nergy Mixes (ECEM)

climate.copernicus.eu

+ Extreme Events Case Studies

PRy
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TG A LONG SHRVQY . ..~

Define models & transfer functions
Select / Gather relevant datasets

1 Energy Variables

» Sub-Country
: Scale
Hydro Wind

Power Power = Historical
d)\ Solar Thermal Period
WEMC Power Power = Seas. Fest
= World Energy &
€  Meteorology Council

= Clim. Proij.



Stakeholder Engagement Workshops
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online interactive tool to test energy mixes
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http://ecem.wemcouncil.org/
https://www.youtube.com/watch?v=U-w5_sTHqG4

The C3S ECEM Demonstrator

https://www.youtube.com/watch?v=U-w5 sTHqG4



http://ecem.wemcouncil.org/
https://www.youtube.com/watch?v=U-w5_sTHqG4

Seasonal Forecasting systems used in C3S ECEM

Originator Forecast Model Spatial Hindcast Hindcast Forecast
System resolution | period ensemble size | ensemble size
ECMWEF System 4 IFS Cyc36rd T255 L91 | 1981-2010 @ 51 51
(~ 80 km) | (30 years)
Météo-France | System 5 Arpege-IFS T255 L91 | 1993-2014 15 51
Cyc37 (~ 80 km) | (22 years)
Met Office GloSea5-GC2 | HadGEM3-GC2 | N216 L85 | 1993-2015 28 42
(~ 60 km) | (23 years)

Bett et al (2017)
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correlations for summer

Il
Precipitation

Seasonal forecasting ski

Relative humidity

Irradiance

Wind speed

Temperature
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Seasonal forecast: summary table skill for Summer

Country Met Office ECMWF Météo-France
d m H

E\(E e Z:L a:ia WS |TA |RH | TP [ GHI|| WS |TA | RH | TP | GHI|[ WS [TA | RH | TP | GHI jj A Sk'":

AT Austria . . e o fu

GE | Belghum Where a skill score is significantly

L | Herssgoina greater than zero, it is marked with a
ulgaria

R | coati C (correlation), B (Brier skill score)

OK | Denmar or R (ROC skill score).
stonia
stonia )

fl | Finlan Colours: 1 score, 2 scores, -

DE Germany

GR Greece

HU Hungary

IE Ireland

| ey Skill is diverse across models,

7| Lithuania variables and seasons.
uxembourg

MK Macedonia

ME Montenegro

NL | Netherlands Having more significant skill scores can
orway

e add confidence, but the behaviour of

RO | Romania the models should be examined in

SK Slovaki \

Sk | Slovakda detail for each use case.

ES Spain

SE Sweden

CH Switzerland

UK | United Bett et al (2017)
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Seasonal Forecast of PV CF
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Figure 5: Standardised time series of forecasts of DJF solar PV capacity factor, using irradiance as the predictor.
Top: results from the Met Office system, for Lithuania (left) and Sweden (right). Bottom: Similar forecasts for
Ireland, using the Météo-France system. In each panel, the hindcast is shown in red, and the ECEM historical
energy data is shown in black, in standardised units (see equation 2). The correlation skill  is shown in the
legend with 95% confidence intervals; an asterisk * indicates significance based on these intervals.
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Climate Projection time series — Temperature

Climate Projection - France | Summer (JJA/Jun-Aug)
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Climate Projection time series — Solar Rad & Power

Climate Projection | France | Summer (JJA/Jun-Aug)
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WEMC Projected.changes in Solar Rad.
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etsorgedy Counc Global vs Regional models
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Fig. 3 Annual changes in SSR in individual RCMs (first name on RCMs with 0.44° resolution, and grey columns depict changes in
x axes) and in GCM applied as boundary conditions (second name GCMs. The changes are defined as the difference between the future
GFDLU ! NORI|| { on x axes) over the European domain. Blue columns depict changes projections of RCP8.5 (2071-2100) and historical simulation (1971—
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Fig. 2 Annual projected changes in SSR in the RCA4 regional model and in different driving GCMs. The changes are defined as the difference
between the future projections for RCP8.5 (2071-2100) and the historical simulation (1971-2005)

www.wemcouncil.org Bartok et al (2016)
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Want to learn more about C3S ECEM?

For more information about C3S ECEM please visit:

and the demonstrator can be accessed at:
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http://ecem.climate.copernicus.eu/
http://ecem.wemcouncil.org/

The Added Value of Seasonal Climate
Forecasting for Integrated Risk Management

,g 3 @%&%ﬂ}ﬁu ' .
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You Mongy !

How can seasonal climate forecasts
help your business?




The How — Experiments

!

Nine cases for Europe and S. [ @789
America will be investigated.
These represent recent
seasons with anomalous —
climate conditions leading to atenner

problematic and quantifiable =
impacts for the energy and/or

water industry. They willbe [ @ 3"

Case study 1
enel

eurac
research

Case study 2
enel alperia

eurac
m research

Case study 3

CNeY

AWS TRUEPOWER C E LS I A

co-designed by industrial and | e\ @ags chivor ; (
research partners cnel () TEA

Case study 4

University of East Anglie

UL\ ENEN P9

Univeruty of Cast Angla.

Grant Agreement



Case Study — Water

Use of seasonal forecasts for water management to identify
periods of stress to the supply-demand balance

By targeting periods of
Water management to identify o stress to the UK Supply-
Supply-demand balance | Sl v i demand balance, we will
e assess the role of seasonal
forecasts in the operational
management of the water
system and in the
experience of the consumer
through supply restrictions

Case Study 9

Met Office

Grant Agreement
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To download it (it's free!), please visit:
https://link.springer.com/book/10.1007%2F978-3-319-68418-5 or
http://www.wemcouncil.org/wp/resources/
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Meteorology and Energy, as well as other sectors, are closely connected

Energy systems, and society more generally, are already experiencing
sizeable climate impacts, which are likely to become more severe

C
a

P

imate services (with seasonal climate forecast, climate projections, but
so reconstructions of the past) are emerging as useful tools for Energy

anning, and operations/maintenance

Despite emerging use of climate in energy (and other) sectors, there is a
strong need:

—to improve knowledge of meteorological data and processes
—to improve access to meteorological and energy data for improved

products

www.wemcouncil.org
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