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Context and motivation

Both energy supply and demand are strongly influenced by weather
conditions and their evolution over time in terms of climate variability and
climate change.
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LatestHeadlines | Science | Pictures | Discounts

Britain's turbines are producing 40%
less energy as wind 'disappears' for six
weeks across the UK causing record
low electricity production

« Britain got 15 per cent of its power from wind last year — twice as much as coal
» Since the start of June, wind farms have been producing almost no electricity
» The 'wind drought' has seen July 2018 be 40% less productive than July 2017

« In the still weather, solar energy has increased by 10% to help cover the
drop-off

By JOE PINKSTONE FOR MAILONLINE w
PUBLISHED: 15:48 BST, 18 July 2018 | UPDATED: 17:29 BST, 18 July 2018
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Context and motivation

Energy sector routinely uses weather forecast up to several days. Beyond
this time horizon, climatological data are used.
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Met maston Gwynty Mor offshore windfarm (source: solar wheel)



Climate predictions

Weather Climate predictions Climate-change

forecasts Sub-seasonal Seasonal Decadal projections

1-15 days 10-32 days 1-15 months 1-30 years 20-100 years
Time

Initial-value
driven

Boundary-condition
driven

Adapted from: Meehl et al. (2009)
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Predictability

How can we predict climate for the coming seasonif we cannot predict the
weather next week? Slow components (sea surface temperature, soll
moisture, etc.) force the atmosphere.
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Objective

S2HAE will offer an innovative serviceto improve REvariability management
by developing new research methods exploring the frontiers of weather
conditions for future weeks and months. The main output of S2SAEwill be a
user co-designed Decision Support Tool (DST) that for the first time
Integrates sub-seasonal to seasonal (2S) climate predictions with RE
production and electricity demand.

Heat wave 2003.Predictiosf temperature produced by ECMW; . ations (dotted) and forecasts (sol

made by ECMWEF at the beginning of Jul
European 2n land temperatures ( C).
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Weather forecast i Climate predlctlons: Climate projections or
|  Subseasonal  Seasonal | Decadal multidecadal
1-15 days i 10 ¢-1 month 1-6 months i 1-30 years 20-100 years
Applicationdor wind/solar/hydro generation Time
Postconstructiondecisions i Postconstructiondecisions Preconstructiondecisions
Energy producers i Energy producer®kesource Power plant developer&ite selection. Future ris|
commit energy sales for next day management strategies assessment.

Grid operatorsMarket prices and Energy traderdkesource effects on

grid balance

Energy tradersAnticipate energy

prices
Plant operatorsplanning for
cleaning and maintenance

Applications for demand

Daily operation decisions
Grid operators:
Anticipate hot/cold days.
Schedule power plants to
reinforce supply.
Energy tradersAnticipate
energy prices.

i maintenancevorks, especially offshoye better manage the river flow
wind O&M ,
Plantinvestorsanticipate cash flow,
optimizereturn on investments

|

InvestorsEvaluate return on investments
Policymakers:Asses changes to energy mix
Riverbasin managersinderstand changes to

markets
Plant operatorsPlanning for

Gridoperators: Grid operators:
Anticipatehotter/colder seasons Anticipate addition of more capacity. Adaptatic
Schedulgower plants to reinforce of transmission line
supply. Policymakers:

Energy traders: Plan addition of more capacity.

Anticipateenergy prices. Understand changes to energy o
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S2S Forecast range and skill

WEATHER FORECASTS
predictability comes from initial
atmospheric conditions

S2S PREDICTIONS

predictability comes from initial
atmospheric conditions, monitoring the
land/sea/ice conditions, the stratosphere

excellent and other sources
SEASONAL OUTLOOKS

- predictability comes primarily from
= good sea-surface temperature conditions;
UE'J accuracy is dependent on ENSO state
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30-90+ days
FORECAST RANGE
Qualitative estimate of forecast skill based on forecast range from shoge weather A S2S4E

forecasts to longange seasongiredictions, includingpotential sources of predictability. P Climate Services
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Skill assessment
for DJF (1982013)

Displaying: Ranked
Probability Skill Score
[RPSS]

-Inf 0 0.05 0.1 0.2 0.4 0.8 1

Worst than Better than Perfect
climatology climatology forecast

a !prediction has no value without an estimate of
forecasting skill based on pdsiS NJF 2 NI | Y O @é s2s4E




NEWA project , predictability

FairRPSS of ECMWF 10-m wind speed
for 1996-2015 over Europe
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Case study: wind drought in US

Lledo et al., 2018: Investigating the effects of Pacific
sea surface temperatures on the wind drought of
2015 over the United States. Journal of Geophysical
Research

5254E




Wind drought In US

During the first quarter of 2015 the United Statesexperienced a widespread and
extended episode of low surface wind speeds. This episode had a strong impact
on wind power generation. Some wind farms did not generate enough cash for
their steady payments, and the value of wind farm assetsdecreased

Wind speed anomalies reflecting the
wind drought over the United States
for the first trimester of 2015. The
US wind farm fleet is also shown.
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Wind drought In US

During the first quarter of 2015 the United Statesexperienced a widespread and
extended episode of low surface wind speeds. This episode had a strong impact
on wind power generation. Some wind farms did not generate enough cash for
their steady payments, and the value of wind farm assetsdecreased

Observed weekly means and climatology
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Wind speed (m/s)

4.0

L
(&

3.0

Avallable seasonal

Forecasts for Jan-Mar 2015 at 36N 255E
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forecast

System: ECMWF S4
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Hindcast 19932015
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Which decisions
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forecasts?
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NINO3.4 teleconnection

ERA-Interim /| 10m wind speed / NINO3.4 positive minus neutral impact
DJF / 1981-2015

Bias correction: none Barcelona
Hatched area:siginficant at 95% confidence level from a two tailed Student's t-test ‘S:upircomputing
. enter
Mask: sea depth below 50m Centro Nacional de Supercomputacion
~ . - . l
Impactmaps between NINO3.4 teleconnection indémwind Q S254E
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JanuaryMarch 2015

causes

High SSTs in western
tropical pacific
@
Enhanced convection ir
the area
@
Upward flow produces
divergence at 200hPa
@
Rossbywave propagates
to North America
@
Results in persistent loy
winds
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Case study: heat wave and wind
drought in Spain. Sep 2016
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Heat wave and wind drought
In Spain. Sep 2016

surface wind (m/s)

Observed weekly means and climatology Observed weekly means and climatology
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Forecast avallable: wind speed

Forecasts for week starting 2016-08-30

Start date: Start date: Start date: Start date:
20160804 20160811 20160818 20160825
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Wind speed

Ensemble members
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System: ECMWF monthly

prediction system
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Forecast avallable: temperature

Forecasts for week starting 2016-08-30

Start date: Start date: Start date: Start date:
20160804 20160811 20160818 20160825
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Final remarks

Climate prediction systems have Iimproved in the last decade
demonstrating that probabilistic forecasting can inform better decision
making at some temporal scalesand regions

Alongside the model development process, climate predictions need to be
evaluated on past years to provide robust information before making

decisions
Tallored service helpful for severalapplications

Interdisciplinary groups enhance the interaction with usersto co-develop a
service

Future work:

multi-model ensembles

to improve the utility of forecasts by incorporating skillful information of
the large-scaleteleconnection patterns at different time scales



Thank you

Get In touch for more
Information! % ‘

Albert Soret Miravet: albert.soret@bsc.es www.s2s4e.eu
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Ccauses

JRA-55 | 10m wind speed and sea level pressure /| Monthly anomalies and frequencies

September / 1981-2016
- Clushn impact on wind Speed Cluster1 SLP anomaly % Cluster1 ;;'Oqutncy
1 il B ; R | ¢ I
5 .
y: Lol Ll |
sl ] 'H 'I 1|| L Center column: monthly SLP anomaliesh{#a

e e g e el o corresponding to the four EurAtlanticclusters

i o S S ot RN M =+ (weather regimes) in September over the period
e g:_.;. 8 1981-2016, in decreasing order of explained
= o e .
g .

40

variance.
il'l'l ' L Right column: monthly frequency of occurrence of
'F |J the four clusters in September for 198016.

J
\
i
H

T e ';"...'ffn:;q *::;3" IvaentuaI presence oi bIaEk lines |nvd|vcate
i 1 ==l aAdyAUOlI Yyu UNBYRaoO®
: 1 8 Left column: impact of the four clusters on-fr©®
i : l wind speed. Impact (in %) is relative to the
I ; ﬁ "ll averagewind speed for the month of September
L A , , gl s 'ﬂ 'r"J over the period 1989016. Black dots indicate
Clusterd impact on wind Speed Clusterd SLP anomaly % Clusterd Frequency é A 3 y. }\ U O IVV'W@ t—UL%éJ\U)/ UI éu (*) p"::?\‘
1 = = P R V=227% H
; A " level. (Source: JRZS reanalysis)
8
H R .
& £ s
o 2
§ 3 \ E/f' J/ a I \ ||'IIJFI JJIq
N w o "0e 0 e ~E MY W W w aw MW W WwW . e € HE € ‘501 IBIY |m !sse 2005 20" N
o SN Q. S254E

§ ‘ Climate Services

Region. Left Ewrope (26.9'N-80.6°N, 23.1"W-45.6°E). Right: North Aiantic (26.9'N-80.6°N, 86.1°W-45.6°E) Bovcalons for Clean Energy
Reference dataset JRA-55 reanalysis + ot
i ol



Capacity factor

Capacity factor is a good indicator of wind power generation.

Is independent of:
Anumber of installed turbines
Anameplate capacity of installed turbines

Selected power curves

Using manufacturer

power curves for three
turbines representing
IEC classes

Capacity Factor (%)

Fed with: 6hourly
model data, sheared at

100m.

Wind speed (m/s)




Capacity factor

Retrospective forecasts for JJAHe1 (20002015) RPSS = 008

EnsCorr = 0.44
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