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Wind energy forecasting

A Several economic and operational issues as
maintenance, matching supply with demand and
financial operations require wind forecasting at several

time scales.

A Wind energy sector routinely uses weather forecast up
to 15 days. Beyond this time horizon a‘“retrospective

approach is used.

A Climate predictions can provide-additional value to wind

energy current approaches.
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Concept climate prediction

Climatology, currently the Climate prediction, an additional
benchmark in the industry source of information

How skillful / reliable are
/ the predictions?

/

Probability

Variable e.g. tercile events or
extremes

Initialization



Hydroelectric power
management
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Forecasting precipitation for hydroelectric power
management: how to exploit GCM’s seasonal ensemble
forecasts
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Seasonal climate forecasts for medium-term electricity demand
forecasting
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« During the &0 years, seasonal climate forecasts have improved their skill.

#We anayzed the link beatween summer average temperature and demand over ltaly.
» Bath deterministic and probahbili stic foremsting appraaches are here considerad.

« Climate farecsts shaw 2 significant skill in predicting the demand in many regians.

Abstract:

The EDF group is the higgest French electric power producer and distributor. Its activities are greatly related to weather
and climate. In particular, optimal management of the hydroclectric power production system requires a good forecast of
water resources, from several days to several months in advance. Currently, only climatology at the seasonal timescale
is used for operational production m Seasonal probabilistic forecasts would improve watershed management
at some months’ lead-time if they are skilful enough. For this, two main problems have to be addressed: first, direct
precipitation forecasts at this timescale have little, but positive, skill over Europe; second, the spatial scales of seasonal
forecasting models are not adequate to predict local precipitation at the river basin scale. This study aims to evaluate
the quality of seasonal forecasts of precipitation for 48 catchments in southern France. These are obtained by spatially
downscaling global scale seasonal forecasts of geopotential height at 850 hPa. The method used is based on singular value
decomposition and multiple linear regression. The statistical downscaling model is caleulated from 45 years of observed
local precipitation in the watersheds and geopotential fields from ERA40 re-analysis data. The statistical model is then
applied to the seasonal hindcasts from the DEMETER project Two main results arise from this work. First, we show that it
is possible to obtain vseful and valuable information for EDF at the local scale from global seasonal averaged information.
Second, we find that only a probabilistic multi-model ensemble forecast approach provides useful information for EDF
catchments, even with quite low skill, and that a deterministic approach, using only the ensemble mean of the forecasts, is
not better than a forecast based on climatology. It has, nevertheless, to be pointed out that for operational purposes, being
able to know that a forecast for a given location or date is not reliable is, in itself, valuable information. Copyright © 2007
Royal Meteorological Society
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ABSTRACT

Arsiole Ay Adr temperature is an effertive predicior for eledtricity demand, esperially during hat periods where the

Eaahud M juni M meed of electricair mnditioning can be high This paper presents for the first time an ssesment of the

iu “; 'e"c:“’;d ':j'“l'* Ok 2004 use of semanal climate forecasts of tsmperature for madium-term electricity demand prediction. The
oo 1201

eyt N ective smsonzl dimate forecsts provided by ECWME (Eurapean Centre for Medium Rangs

‘Weather Fonecasts) are used i forecast the June-july Balian elecricity demand for the period 1550

Kipwonds
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Elevmiciy demand
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Wi find 2 relationship between summer (june-july) average temperature patterns over Eurape and
ltalizn electricty demand using botha linesr and non-linear regres sion appraach. With the 2m to eval
wats the potential usefulness of the infarmation mntaned ino the climats ensamble farscst, the anal
¥sis is extendsd mnsidering 2 probabilistic approach.

Results show that, especially in the Center-South of italy, sexonal forecsts of temperature issued in
May lead toa significant carrelation mefficient of electridty demand greater than 06 for the summer
period The average carrelation abhiined from sasonal farsmsts is 053 for the temperatre predicted
in May and 0L19 for the predicfions issued in April for the linear model, while the non-linear appraach
leads to the coeffidents 0f 062 and 036 respectively. For the probhabilistic approach. seasonal forecasts
exhiit 2 pasitive and significant skill-smre in predi cting the demand above bedaw the upperflower ter
il in many regions.

This wark & 2 significnt progres inunders tanding the relstions hip between tamperureand elecnic
ity demand. It is shown that much of the predicible slectricity demand anomaly over ltaly is mmnected
withso-clled heat-waves (Le. long lasting pasitive temperature anomalies) aver Eurape.

& 2014 Elsevier Ltd. All rights reserved.
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climate forecasts have significantly improved cheir skill on sea-
Sonal time-scales (from one month 10 Sx months) |27,5,22.4] but
main goal of this work i to investigate the uwse of sexsonal their application to dedsion-making processes are still rare on soi-
lorecasts for elactricity demand over [Laly, Rcusing on the entific literature Considering ko the challenges raised by the
1 period between 1990 and 2007. During the st decade,  recent FPT European Projects on Climate Services (CLIMEUN |1,
SPECS |3, EUPORIAS |2]), this paper provides an initisl ssesm
of the use of seasonal dimate predictions Tor power systems man-
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EDF group activities are greatly dependent on weather
and climate. Electricity demand is directly linked to

skill. Forecasting hydropower production is particularly
important in winter, where it is used to meet peak demand
at relatively low cost. In summer, it is useful to forecast
river flows and temperatures, both to forecast hydropower

= Cormsponding asthor

(ML De Felioe), andres alessanarid
1 (F. Catalans)

agement with the feus on electricity demand (load) forecst at
lead times of one amd twa montha
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MONTHLY TO SEASONAL TIMESCALES

A Energy producers: Resource management strategies

A Energy traders: Resource effects on markets /
A Wind farm operators: Planning for maintenance works K

A Wind farm investors: Optimise return on investments

ANNUAL TO DECADAL TIMESCALES
A Wind farm planners: Site selection

A Wind farm investors: Evaluate return on investments

A Policy makers: Understand changes to energy mix



Challenges for the use of climate

Information: Observational uncertainty
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Range of the differences (m/s) between the 10-m wind
speed values produced by ERA-Interim, MERRA and
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Challenges for the use of climate
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iInformation: Predictability
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Correlation for 10-m wind speed between the ensemble
mean forecasts from ECMWF S4 and ERA-Interim
reanalysis in winter




Challenges for the use of climate

Barcelona i R
Supercomputing )

Information: Blases
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Bias of 10-m wind speed between the ensemble mean

forecasts from ECMWF S4 and ERA-Interim reanalysis in
winter



Blas-adjustments
of seasonal predictions



EXCELE
Barcelona S| 0

Seasonal predictions for wind energy (@ &= *"

{
Centro Nacional de Supercomputacion

| Forecast quality Seasonal
Raw data Post-processing EEEEETTET predictions for

decision-making
Simple bias
correction

Calibration
method

Skill
10-m wind
speed
seasonal

Tailored
Reliability wind speed
seasonal
predictions

predictions
from
ECMWF
System4

Statistical
consistency

Quantile
mapping

A

Bias-adjustments have been applied to improve the
forecast quality of the seasonal climate predictions and
allow their application by the wind energy users.
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Centro Nacional de Supercomputacion

Simple bias
correction

| Variability
— Observations

Variability
Ensemble

Simple bias correction is based on the assumption that both
the reference and forecasted distribution are well
approximated by a Gaussian distribution.

Leung et al. (1999)
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Calibration
method
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Observations O,
@ = |p|=2 B=vi-p*2
Jem €
Variability

Mean Forecast

Variance inflation:

A Predictions with the same interannual variance as
the reference dataset

A Correction of the ensemble spread

Von Storch (1999)
Doblas-Reyes et al. (2005)
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Quantile
mapping

Vi =£,Cdfref_1e(?df3red(xij)

N

Inver_s e cumulative density Cumulative density function of
function of the reference _

: : the predictions
(quantile function)

Determines for each forecast to which quantile of the
forecast climatology it corresponds, and then maps it to
the corresponding quantile of the observational

climatology.

Themebl et al. (2012)
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