’V

<

U 4
] G
7] /

eteorology Louncl

Co-production of seasonal forecasts for
energy applications

ICS

nside
Climate Service

Alberto Troccoli ﬂl
WEMC/ICS (UK/Italy/Australia)




Energy & Meteorology are Inseparable
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Energy & Meteorology are Inseparable

Operations Maintenance ¥ Management ¥ Investment/
Planning

Weather Monthly Seasonal
Forecast forecasts Climate
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projections
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The incipit of
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AVERAGE POWER DEMAND IN ITALY 01/07/2015 - 31/08/2015
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AVERAGE TEMPERATURES IN ITALY 01/07/2015 - 31/08/2015

® Avg. Temperatures
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Omega configuration in July => o R e s g
Extreme heat wave in southern Increase in power prices associated with
Europe July 2015

spike in summer

an exceptional warm period on
july with an extremely high
power demand and prices (Case
Study 1)

Strong hydro production forced
also by the TSO
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Consumption of water reservoir
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Climate Services: Co-Production

| ‘ii.‘ Close engagement with
2a] o stakeholders is critical in
transferring knowledge and
instilling confidence in climate
services

' It follows the CO-CO-CO (Co-design,
Co-development, Co-evaluation), or
simply Co-Production

marcello petitta

It goes beyond the traditional
provider/client talk, though it boils
down to effective communication!



Climate Services: The critical role of User Engagement

Science is key!
Models need to be improved ...

o1

02
UNDERSTAND
NEEDS & GENERATE &

SOLUTIONS SELECT DATA

07 ... but service development
ASSESS & AC"'OI' 05

EvALUATE | Interactions cO-PRODUCE should (norma”y) be done in
Collaboration with Users

VALUE-ADD
& SCALABILITY 04
OPERATIONALISE

06 &
INFORM USER\ DELIVER

DECISIONS &
ACTIONS

05
Source: Integrated Weather and Climate Services in

Support of Net Zero Energy Transition. WMO (2022)



Assessing the value of

seasonal climate forecasts

® Climatology Input Actual Input data SECLI-Firm Seasonal MENU OF ECONOMIC ASSESSMENT METHODS
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How to measure independence

among seasonal prediction systems?

Newly developed Independency metric
The Brier Skill Score covariance (BSScov)

Starting from the definition of the Brier score a new metric has been developed, the Brier Score
covariance (BScov), which estimates the relative independence of prediction systems 1 and 2:

Bs—ln( 2
_HZ yi — 0;)
1=1

1 \ 1 2
BScov = HE(Yi —0)(y{ — o)
i=1
With the same scaling of to the Brier Skill Score a positively oriented metric is computed as follows
BS BS
BSS =1-— BSS.pp =1 — e
BST€f=Clim BSTef=Clim Alessandri et al. 2022 (in preparation)

Catalano et al. 2022 (in preparation)
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SECL Grand MME in SECLI-FIRM
2 FIRM

Prediction |G Atmos. model Ocean model Initialization Initialization
Centre Atmos. Ocean

ECMWF, EU SEASS IFS Cycle 43r1 NEMO v3.4 ERA-Interim ORASS

Homogenization at

common 1° x 1° grid, m GloSea5-GC2-LI  Unified Model (UM) NEMO v3.4 ERA-Interim GS-OSIA
common hindcast m System 6 ARPEGE v6.2 NEMO v3.4 ERA-interim GLORYS2V2
period 1993-2016; DWD, Germany GCFS 2.1 ECHAM 6.3.05 MPIOM 1.6.3 ERAS ORAS5
May, November C-GLORS
[Feb, August] start CMCC, Italy CMCC-SPS3.5 CAM 5.3 CanOM4 ERA5 2D.VAR
dates, 10 members MSC, Canada GEM-NEMO GEM 4.8-1TS.13 NEMO 3.6 ORCA  ERA-interim ORAS5
for each SPS. PP CanCMdl CanAM4 CanOM4 CMC ORAS5
SPSs combined NCA’RI:;Ina 2 an o o
: : iami COLA-RSMAS-
using equal weights. AN CAM4 POP2 NCEP CFSR NCEP CFSR
University, USA CCSM4

NCEP, USA CFSv2 GFS GFDL MOM4 NCEP CFSR NCEP CFSR
GFDL, USA SPEAR AM 4.0 MOMv6 NCEP CFSR GFDL ODA

MOVE/MRI.COM-
JMA, Japan JMA/MRI-CPS2 JMA-GSM MRI.COM v3 JRA-55 0 /GZ o
O]
(E& ( h( 1 M METEO

University of East Anglia

* *

(k) -
- 'WEMC eurac Ly
" World Energy & rese arch alper la

E‘. Meteorology Council

FRANCE




Optimisation of the skill using Grand-MME

T2m JJA (lead 1) BSS (> upper tercile)
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BSS [ref = Best Single Prediction System]
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At each grid point all possible [2047] SPS combinations are
evaluated (with equal weights) and then the one that
maximizes probabilistic forecasts performance is selected.
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L' Case Study over ltaly

‘/\/‘W'AVFl P'\! T2m JJA (lead 1) BSS (> upper tercile)
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BSSCOU — 1 _ cov t umbpber of models In combination
BSref=clim d d . .
Independency Matrix Marginal Independency (mBSScov)
CM4l  0.06 Average independency vs.
CCsM 0.15 0.03
BSScov All SPSs
GFDL 0.10 - 0.10 0.2200 0.150- t = £
U SPSs
JMA  0.04 0.04 0.08 -0.01 .

. Non-EU SPSs

NCEP 0.07 0.08 0.10 0.08 0.04 0.1475

cmcc [0.47 0.12 0128 0.12 0.09 0.15
UKMO 0.12 0.08 |0.18 0.12 0.08 0.12 |22

pwp 0.07 E0¥0F 0.08 0.00 -0.01 0.09 0.12 0.08
MF 0.07 -0.00 0.10 0.05 0.03 0.07 0.13 0.10 0.02

ECMWF 0.07 0.01 0.12 0.07 0.01 0.09 0.17 0.09 0.00 0.08
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How many/which SPS
T2m JJA (lead 1) BSS (> upper tercile

range 1-5 (1.73% > 5)

30°N mean = 2.52
0° median = 2.0
Optimal combination is never
3075 the full (11 SPS) Grand MME
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Do statistical models add

value to dynamical models?

Test: From a suite of 12 dynamical and 3 statistical (linear and non-linear) models create every possible 5-model combination (~2000
combinations per gridpoint). Then select the model combination with the lowest RMSE (based on the 5-multi-model average) and count how
many statistical model are in this ‘best model combination’.

The colors indicate the nr. of statistical models present in the best possible 5-model combination per gridpoint.

Note: the results are very sensitive to the observational products used as reference, hence we used the average of
multiple reanalysis and observational products as observational estimate.

Conclusion: There are a lot of regions where one or more statistical model are present in the best possible 5-model combination.
Hence, in a multi-model seasonal forecasting framework there is added value for statistical models
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Some results (from Case Study 1)
) [ o [ .

0
Temperature . . I . I Signiﬁcantly betjter performances of
= W Single and Multi-Model
e 7 =8 temperature forecasts than
75 climatology This result also
\ 7 - 15 affects the power demand )
M-3 A-1 Climatology Actual M-1 M-1 Climatology
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Case study 1

Heat waves in southern Europe
and energy generati

Focus: Heat waves in southern Europe
for energy generation and demand

Boosting decision making

products for the identification of exireme summer heat waves
power system.

Case study 2
Dry winters in northern Italy
and energy generation

Focus: A mild, dry winter 2015/16 due

. g " xtr

system over the Mediterrane:

The seasonal forecasting context

France - the impacts on energy genera

« Thi of
‘extreme summer weather such as occurred in taly in July 2015,

Sectoral challenges and opportunities

decision making

+ The main objective of this case study is o ilustrate the benefits
toidentity

Case study 3
‘Wind strength variability in Italy
and energy generation

Focus: During the first days of March 201
bility in the wind regime over Italy

over the Mediterran:

implicati Iv-d d
v < o PP for supply balance
production). .
The seasonal forecasting context
+ Power price management and hedging of generation portfolio —v Boosting decision making
+ This case study focuses on seasonal forecasts of precipitation
is to ilustrate

plant cooling?

of potential energy stored by snow and ice.
Sectoral challenges and opportunities

+ Power price management and hedging of generation portfolio -

+ Prediction of gas price movements in a context of low hydroelec
‘demand net of total renewabl

=
~r
=
®

o o oty Vet he i oo ke o 4

+ How can ENEL effectively manage the risks associated with extrem

The seasonal forecasting context

for seasonal forecasts will g

Sectoral challenges and opportunities

+ Power price management and hedging of generation portfolio — wh

+ Managing po n

Case study 4
High/low winds in Spain and
energy generation

Focus: Sustained high and low wind ¢
energy generation in high penetration m

Boosting decision making

. Tm main objective of o llust

Case study 5
Strong El Nifios and
planning

Focus: Strong El Nifios in a South Ameri

roducts to predict energy production in markers wi high penetre

The seasonal forecasting context

mix

Boosting decision making

« This case study focuses on demonstrating the impact of using winc
for

ig
such forecasts, the case study will explore the value o ths inform:
Sectoral challenges and opportunities

« To know in advance the expected energy production from renewat
the generation with conventional plants.

+ When will | need higher generation from nuclear or gas plants? Ho
complement the wind energy? Can | reduce my fossil fuel costs by
optimize the operation of my energy assets to increase my revenu

[lwww.secl

O]
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. th tudy is
products to predict the expected amount of flow of the hydro resc
+ As a complementary study, the case study will estimate how an o

technologies can be achieved in Colombia. This could help to ov
such as strong El Nifios when relying on a single energy source.

The seasonal forecasting context

« This case study focuses on demonsirating the impact of using se.
big uiities with a large proportion of hydro power i their portfolic

Case study 6

North Sea wind and wave
impact on maintenance
planning and logistics

Focus: North Sea wind and wa
for maintenance

Boosting decision making

Case study 7

Energy logistics: wind and wave
conditions

Focus: Wind and wave conditions during s
months in the North Sea and energy logisti

Booshng decision making

th tudy is ion of c

Case study 8

Winter weather and energy system
balancing

Focus: The use of seasonal forecasts
Grid Operator

Boosting de

n making

. '
better predict the UK winter mean electricity demand and wind po.

The seasonal forecasting context

Case study 9

Water management to identify

periods of stress to the
supply-demand balance

Focus: The use of f forwater
to identify periods of stress to the supply-demand balance
Boosting decision making

+ The water industry case studies will explore the application of seasonal forecasting to identify periods
of stress to the UK supply-demand balance. These seasonal signatures may highiight chronic or acute

the experience of the consumer through supply restrictions.

The seasonal forecasting context

y i

winter temperature: itwould help to flag high
Gomand and support preparedness interms of capacity and demand management.

« This case study will also explore the ability to identify acute siress (highly variable demand) including

heat waves or extremely cold andior freeze-thaw condiions. If such conditions were predictable at

circulation forecast information for the United Kingdom (UK) Natior

and spring months, faciitating earlier decision-making and reduced «
rgy sector.

The seasonal forecasting context

. i information, to
‘demand and wind power.

Sectoral challenges and opportunities

timescale, it would help flag high variabilty in demand and support preparedness in
terms of resilience.

Sectoral challenges and opportunities

of autonomous water companies. The sector is overseen by the Office of Water Regulation (OFWAT),

gulation. The
The water businesses constantly balance supply of raw water with demand. Both supply and demand
the weather.

. ole to play in .
+ Seasonal forecast evaluation will consider the skillof predicting caim w p i o
. ‘November) and spring (March in the N pet na find . potentia isks, ioply
the use of vessels for offshore maintenance or supply operat 2018, y and opﬂmns operational costs.
+ Ahead of each winter, the UK grid operator must estimate the dem
- . « This wil poi he M par
The to seasonal i
« For planning + By identifying potentia risks o the system ahead of the winter, we.

height and mean wave period are important. This case stu

forecasts of wind (at 10m up to 100m height), and wave (i

conditions in the North Sea, from a climatological and foreca

* This caso tudywil assess th skl and vlueof forcasts of
possible (i.e. atlong-lead times beyond 15 days ahead).

Sectoral challenges and opportunities

« Optimising the scheduling of vessel hire and personnel manz
‘operations and maintenance planning.

+ When should the vessel hire take place, and for what period,
the surnr

Sectoral and opp
 To lan th future hydro resources during E| Nifo-La Nifa everts
 To buy ossi fuels options in advance at lower prices o compens
+ To design a future energy mix adapted to the local climate variabi

-firm

Met Office

Sectoral challenges and opportunities

. working in em

efficient uv'mﬁona\ p\:nmng

tpr
mausrry is tracitionall very conservative, with fimited use of fortnig
outputs, or even climate projections and teleconnections.

reduce balancing costs over the winter period.

eu/case-studies/
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Climate Services Delivery

The exact way climate services are delivered is not critical. However, it seems users
appreciate an easy to use and pleasing to the eye climate service
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https://tealtool.earth/

The Teal Climate Service
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Teal West-Central Africa (WCA)
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"7 WEMC  EU H2020 FOCUS-Africa (2020-2024)
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Teal FA Demo - Historical indicators

\ YTeal =

@ AgriMet Indicators < Method 1
2/ Duration

@ O Onset

O Cessation

@ Duration
O Cumulative Precipitation

(O Number of wet days

(O Number of dry days




Teal FA Demo - Seasonal Forecast Mock up
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AgriMet Indicators < Method 1
2/ Onset
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C3S Operational Energy Service

Climate Change

A multi-variable, multi-timescale view of the climate and
energy systems
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Learn more about E & M

AAAAAAAAAAAAALAANAL
A A A AAAAAALAAALAAAALANL
AAAAAAAAAAAAAALANL
AAAAAAAAAAAAALAALANL
AAAAAAAAAAAAALAALNL
AAAAAAAAAAALAAALAALANL
AAAAALMAAAAAAAALAALAAL
AAAAAAAAAALAAAALALAAL
AAAAAAAAAALAAAAALNL
A A4 SeY “AAA

A A A AA

A A A A A

AAA WEATHER & A A
L. CLIMATE SERVICES ‘A‘ A
FOR THE ENERGY A

A A A'A A
AAA INDUSTRY AA

A A A A A
A A A Edited by A A

AA Alberto Troccoli AAAAA pa | g rave

AAAAAAAAAAAAAAAAA macmlllan

AAAAAAAAAAALAL F-3
AAAAAAAALAAAALAAALAANL

@ Springer Link

Download it (it’s free!)

wemecouncil.org/wp/resources



https://link.springer.com/book/10.1007/978-3-319-68418-5
http://www.wemcouncil.org/wp/resources/
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