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Seasonal forecast verification for wind energy

e Climate forecast verification tailored to the wind energy sector is aimed to quantify the adequacy of the forecast uncertainty es-
timates, but also to increase the trustworthiness of these users in the potential added value of these predictions for some parti-
cular applications such as the cash flow anticipation or the maintenance planning.

e The assessment of the probabilistic wind speed climate predictions for wind energy applications can be affected by the deficien-
cies in the forecasts and also in reference datasets: however if these shortcomings are properly characterized it is possible to
generate useful information to be included in the wind energy decision making-processes.

Observational uncertainty Prediction systems comparison

e Unavailability of wind speed observational measurements at global scale pre-

e e : e The two state-of-the-art seasonal prediction systems ECMWF S4 and MéteoFrance
vents the forecast verification based on real observations.

S4 could be suitable for wind energy applications because they provide seasonal

: : predictions of wind speed at 6-hourly basis.
Reanalysis products (ERA-Interim, JRA-55 and MERRA-2) are commonly used

by the wind industry as reference datasets, but the quality of the wind speed
from global reanalyses is linked to the different methodologies the reanalyses
use to infer 10-metre wind speeds from the lowest model level and variations
in the observational sources used in the assimilation process.

The predictions produced by these two systems have been compared to get an
overview of their performance and investigate the contribution of the model error
to the forecasts uncertainty.

The comparison of these prediction systems (Figure 2) indicates that the ECMWF
S4 displays higher predictability than the Météo-France S4 for wind speed seaso-
nal forecasts, although both of them have positive values in many regions, which
indicates that they could add value to climatological approaches.

Uncertainty has been illustrated in Figure 1 where important differences bet-
ween the reanalyses in the wind speed long-term variability have been found
which shows the sensitivity of the results to the choice of the reanalysis.

Figure 1. Comparison of the 10-m
wind speed trends from ERA-
Interim, JRA-55 and MERRA-2.
Blues (reds) indicate agreement
between the reanalyses about the
negative (positive) trends for De-
cember-January-February in the pe-
riod 1980-2015. Astersisk indicates
that the trends are significant at the
95% confidence level: no asterisk
indicates that they are not signifi-
cant, (*) only one of the renalysis
has significant trends, (**) two
reanalyses have significant trends,
and (***) the three reanalyses ha-
ve significant trends.

|l ocoooo0oo000~
— NN WPAOOIOY 00 W

I N N R
OO0 00O
WoooNoOUTRWND =

Figure 2. Temporal Correlation Coefficient for 10-m wind speed between the ensemble mean forecasts from ECMWF 5S4
(left)/Météo-France S4 (right) and ERA-Interim reanalysis in winter (DJF). These predictions are initialized the 1° of No-
vember for the period 1981-2012.
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To investigate if the seasonal forecasts of wind speed are normally distributed ments of the distributions (Figures 3) of the . L N }}/{
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is crucial from the wind energy point of view, because some wind energy ap- predicted variables, for probabilistic fore-
plications use simple approaches to characterize the wind energy resources. casts additional difficulties appear such as
From the prediction point of view, the study of the distribution normality could the lack of forecast reliability. Three methods
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help to identify non-linear processes and to explore if they are properly repro- have been applied: simple bias correction, ca- . L.IF |
duced by the climate prediction systems. libration and quantile-quantile mapping and @ “eazEsteT T e
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theiir corresponding reliability diagrams are = = Sedehoei Quantle-Quantle mapeing
shown in Figure 5.

Figure 3. a) Skewness of the 10-m
wind speed from ERA-Interim b)

Kurtosis of the 10-m wind speed | "M "\ ¥ Sy f - SSEmes | QR S Ut s s The raw forecast displays poor reliability

from ERA-Interim c) Skewness of
the 10-m wind speed from ECMWF for the three events.

S4 and d) Kurtosis of the 10-m wind | | The three bias correction methods produce
speed for the boreal winter | =N . T SerTmom | ‘{ e e corrected forecasts with better reliability
(December-January-February) over : il 3= PR 5 A H | A than the uncorrected ones. They display Figure 5. Reliability diagrams for tercile events with
the period of 1981-2015. ECMWF S4 W o 2 1 NEheSasy I Sl 58 . . . ' ' for the 10-

p more pomts falllng along the dlagonal and sharpness diagrams and consistency bars for the 10

seasonal predictions have been ini- | L A e | TR s m wind speed seasonal forecasts for the ECMWF S4
tialized the 1st of November. e R a St ' w B more homogeneously pOPUIated Sharpness and ERA-Interim reanalysis in winter (DJF). These

diagrams. predictions are initialized the 1°° of November for the

Calibrated forecasts show for the three Preriod 1981-2012. The results correspond to a small

> i 5 ; o5 5 05 ] e > region in Canada.
2o s 0. o o5 - _ events slopes closer to one.
e Skewness of the seasonal predicted wind speed distribution at seasonal ti-

me scales (Figure 3) shows that the probability of severe wind speed values
Is higher th(anglow eZ(tremes. i ! LESSO n S Iea rnt
The use of more than one reanalysis in the verification of wind speeds is recom-
e Kurtosis values show that the predicted distribution has more similar tails mended for those users who employ reanalysis data for the evaluation of the long-
to the normal distribution than the wind speed distribution from ERA- term wind speed variability.
Interim (Figure 3).
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Figure 4. Shapiro Wilk good- Predictability information of different prediction systems could help to the wind

ness-of-fit normality test p- energy users to decide which prediction system is more suitable to satisfy their

values for the 10-m wind Speed specific needs
in ERA-Interim (left) and

ECMWF S4 (right). This corres- ] ] o ] ]

ponds to the boreal Winter Due to systematic errors and lack of reliability in seasonal forecasts, bias-
(December-January-February) adjustment of probabilistic wind speed predictions is required. The predictions re-
over the period of 15981-201>. sulting from this post-processing stage show improved forecast quality and ad-
ECMWF S4 seasonal predictions .
have been initialized the 1st of dress the requirements of the users.

November.

Deviations from normality in both predicted and observed wind speeds are found,

The evaluat_ion of the norma_lity in the ERA-Interim (Figure {) wind spee_d although in a different way. This shows that the differences from the normal distri-
shows that in most of the regions around the world the normality hypothesis bution are not equivalent in the predictions and in the observations, therefore

cannot be rejected. However, the number of rejections increases for the gaussianity assumptions should be avoided in the bias-adjustment processes.
seasonal predictions.
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