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‘ IC3} Climate World:
R Climate Forecasting Unit Seasonal to Decadal Forecasts

Started 2008, lead by Professor Francisco Doblas-Reyes,

16 members (4 Phd, 6 Post-doc, 3 Technical, 2 Support, 1 Programme Coordinator)
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- Probabilistic i.e. predicting the probability of climate
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Climate Forecasting Unit

Problem: How can climate variability create risk in wind energy decisions?

Solution: How can climate forecasting minimise this risk?

Methodology: Climate forecasting of wind speed, a seasonal example.

Caveats/Further research: What are the limitations and potential for wind energy forecasting?

Climate Services for Energy: Using forecasts in decision-making processes
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PROBLEM

How can climate variability create risk in wind energy decisions?
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Climate Forecasting Unit Climate variability risk in wind decisions

Problem: How can(climate variability)create risk in wind energy decisions?

Large uncertainty in how winds could vary over future time-scales

- Variation in wind regimes from one month, season, year or decade to the next can
result in power generation that is considerably lower, or higher than anticipated.

- Risk to the profitability and cash-flow of project stakeholders and the stability of the
energy system controlled by the energy managers and grid operators.
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Problem: How can(climate variability)create risk in wind energy decisions?

Seasonal Example: Winter (DJF) Variability in Wind Resource at Site X
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-High uncertainty of future wind resource variability -

- Likelihood extreme events is unknown -
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FUTURE Predictions

Short-term Medium-term Long-term
|—
E Climate
cu/j Forecasting (predictions)
e —_———
Months to Inter/multi-
Seasons Annual
(1month-1year) (1-30years)
OPERATIONAL decisions PLANNING decisions
(Wind farm/grid operator, trader) (Policy maker, energy planning,
grid development)
Energy generation — balancing resources, Market strategies — incentives, energy mix
trading penalties, extremes, insurance? Spatial planning — balancing resources,
Maintenance — offshore most vulnerable reinforce/redesign distribution network

INVESTMENT decisions

Site selection — robust resource assessments, portfolio design
Revenue — robust projections, volatility over time, insurance? (debt financing)
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RENEWABLE  Veordy. october 07, 2013 “‘Day-ahead prices turned
ENERGY negative for the first time in
®RLD December [2012], amid
Home Solar Wind Geothermal Bio Hydro Storage Carsers Companies Web abOVQ'average wind

output, low demand due to
higher than average
temperatures for the

Wind Blows German Power Swings to Five-Year High season.”

RBachel Morzen and Juka Mengevwein, Bloomberg

RWE AG, Germany's second biggest utility, "benefited from a substantial improvement”

Cumulus Energy Fund, a hedge fund surged 39 percent in December

In addition to the one-day market, utilities, banks and hedge funds trade electricity
several years ahead.

"There used to be 50 extreme hours in a year and by 2020 it will be the new normal
where you have 200 to 300 freaky hours"
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SOLUTION

How can climate forecasting minimise this risk?
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GUIDANCE/ ACTION/
RISK MANAGEMENT RISK MINIMISATION

Ready Go!

Decadal Short-Range
forecasts forecasts

Image:
Cathy Vaughan

Planning decisions Operational decisions

Investment decisions

- Robust assessments - Monitoring - Instruction
- Contingency plans - Mobilise resources - Action
- Early-warning systems - Prepare measures
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' Winter 2012 wind forecast
1 Probability of the most likely
1 wind speed tercile (%)

Climate forecast system: ECMWF S4
10m wind speed forecast
1 month forecast lead time
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" Winter 2012 wind forecast
1 Probability of the most likely
1 wind speed tercile (%)

Climate forecast system: ECMWF S4
10m wind speed forecast
1 month forecast lead time

= \\Vinter 2012 wind observations




TCE} Solution:

Climate Forecasting Unit Climate forecasting of wind resources

Winter 2012 wind forecast against observation: Climate forecast system: ECMWF S4
Probability of the most likely wind speed tercile (%). 10m wind speed forecast
Grey shows regions that did not correspond. 1 month forecast lead time

-

Below normal (9%) Normal (%) Above normal (%)

| ? | | H
. | | . |
40 55 o B 100 40 55 70 8 100 40 55




‘ ICE] Climate Forecasting for Energy
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METHODOLOGY

Climate forecasting of wind speed, a seasonal example.
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Solution: How can(climate forecasting minimise the risk of wind variability?

Seasonal Example: Winter (DJF) Variability in Wind Resource at Site X

Mean Wind Speed
Anomalies (m/s)
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Climate forecasting of wind resources
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- Reduced uncertainty of future wind resource variability -

- Identify likelihood extreme events -
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Climate forecasting of wind resources

TCE} Methodology:

Climate Forecasting Unit

Winter wind forecast verification
Ability of climate forecast system to predict global wind speed in winter

Perfect forecast
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Climate forecast system: ECMWF S4 Baseline verification period 1981-2011
10m wind speed forecast ERA-Interim reanalysis data used for past “observations”
1 month forecast lead time - more representative with real observations
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——obs. — forecast — forecast
Verification type I: +1.0 -1.0
Can the wind forecast mean tell us about the \/ . \//

wind resource variability at a specific time?
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' Winter 2012 wind forecast
1 Probability of the most likely
1 wind speed tercile (%)

Climate forecast system: ECMWF S4
- 10m wind speed forecast
1 month forecast lead time

; Winter wind
7/ forecast verification
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Verification type Il:

Can the wind forecast distribution tell us about
the magnitude of the wind resource variability,
and its uncertainty at a specific time?

Methodology:
Climate forecasting of wind resources
——obs. — forecast — forecast
+1.0 -1.0

Perfect
Forecast

Same as
Climatology

Worse than
Climatology
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CAVEATS/FURTHER RESEARCH

What are the limitations and potential for wind energy forecasting?
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Climate Forecasting Unit Climate forecasting for wind energy

Caveats

1. 10m wind not representative of wind turbine hub height.

2. Lack of relevant, observational wind data for robust validations of forecast skill:
reanalysis data used instead.

3. Seasonal wind forecasts assessed with a single climate model with 15 ensemble
members: a multi-model approach is needed with more ensemble members.

Further research

1. Multi-model approach needed for a more robust forecast skill assessment.

2. Seasonal wind forecasts to be made down to site-specific scales.

3. Collaborations needed to run seasonal wind forecasts with wind energy models
to get power outputs.

4. Explore the potential of decadal wind forecasts for wind energy sector.
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Climate Forecasting Unit Climate forecasting for wind energy

1. Wind forecasting over seasonal to decadal timescales can help to minimise risk of
future wind variability on operational, planning and investment decisions

2. Some global regions are more vulnerable to wind resource variability over seasonal
timescales than others

3. Although wind forecast skill is limited in some regions, there are others that show good
potential (more so for predicting the resource variability than magnitude)

4. There is scope for significant improvement with further research and better
observational datasets.

5. Seasonal wind forecasting is an emerging climate service within the energy/renewable
energy sector, whilst decadal wind forecasts are yet to be explored.
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CLIMATE SERVICES FOR ENERGY

Using forecasts in decision-making processes
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Is the end user engaged? Do they identify the need for climate forecasts?

STAGE 1: Create need
* How can this benefit you?

STAGE 2: Make product/service useful and usable
* Easy to understand: clear visualisations, communications
* Guidance for use in specific decisions

STAGE 3: Build trust
« Effective communication
* Understand limitations
* Probabilistic information: benefit with time
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Bearch in forecasts for Norway and the world:
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Climate Services for Energy

Advancing Renewable Energy with Climate Services (ARECS)

Join the initiative at: www.arecs.org

v Seasonal and decadal, wind and solar forecast information

v Provide feedback, register your needs

v Receive a quarterly seasonal wind forecast newsletter

HOME

ABOUT ARECS

PROJECTS

NETWORK

EVENTS

JOIN US

NEWS

Monthly to decadal probabilistic climate forecasts for the safe and efficient management
of renewable power supply and energy demand.

Business Opportunities
Climate Variability and Risk
Wind Forecasts

Solar Forecasts

Decision Making Process
FPublications

klauislaMHar

MINIMISE UNCERTAINTY

MANAGE RISK

OPTIMISE STRATEGIES

Probabilistic climate forecasis
pradict the future wvariability and
extrames in weather, to minimisea
uncertainty of renewable power
supply and energy demand.
Timescales of interest are from
one month to decades.

By understanding the expected
variation of weather resources
and its impact on the energy
system, improved, proactive and
anticipatory adaplation decisions
can be made to better manage
gnergy planning and operation
risks.

ARECS aims o stimulate the use
of probabilistic climate forecasts
o manage the fulure rsk of
rengwable power supply and
energy demand, by developing a
full azssessment of wind, solar
and temperature predictability
alongzide toocls o effectively
anabye e the forprasie
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|:| |-|

www.wmolc.org

Venezuela
EID:;I-:nté —Guyana French Guiana
Colombia Suriname
— Roraima Amapa
Rio Grande
do Norte
Amazonas ]
P Brazil Pernambuco
Peru._ "t _
Ronddnia [ocantins “Alagoas
Mato
Grosso Sergipe
NL?:.IE'EIFEI : Golas '
rle-i_eanPﬂ;g ~ Bolivia ST Minas

Gerais



3 THANK YOU
TC@1 melanie.davis@ic3.cat

Climate Forecasting Unit
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