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D2.11 - M36 Calibration of wind-speed ensemble ensemble system prediction

1. Introduction and objectives

Ensemble forecast models provide some measure of uncertainty when compared with
deterministic forecasts. Nevertheless, these models still contain bias and/or errors that
can be overcome using statistical post-processing calibration. This is important not only
among the meteorological community but also for other meteorological-related activities
as for instance, renewable energy production.

Concerning wind power production, accurate wind predictions are obviously determinant
on the energy produced. In the case of extreme winds there are safety issues as well. An
increase in the number of members (a member is an individual forecast) is then tested
to mitigate this problem in the frame of the present project. This approach was adopted
by the Forschungszentrum Jiilich in Germany, with the development of an ultra-ensemble
of one thousand members. In this study calibration methods are applied to this ultra
ensemble. The added value of the calibration is evaluated with respect to an operational
ensemble. In this report we present a summary of the work achieved during the period
from the 1st of November 2017 up to the 30th of September 2018 at Météo-France/ Inria in
collaboration with the Forschungszentrum Jiilich in the framework of the EoCoE project.
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2. PEARP and Ultra-Ensemble Data

The models used in this study are Meteo-France’s model ARPEGE global En-
semble Prediction System (PEARP) (Descamps et al. 2015) and the Utra-ensemble
Forschungszentrum Jiilich WRF-based model.

The first one is an operational probabilistic system with a resolution up to 0.1 degrees
in the European region with 35-members. The system accounts for initial condition and
model uncertainties thanks to several subgrid-scale parametrization schemes and an en-
semble of initial conditions accounting for observations uncertainty (figure [1)). This second
one is a 1000-member WRF-based model with a spatial resolution of 0.5 degree, running on
the Forschungszentrum Jiilich supercomputer JUQUEEN in the framework of the project
EoCokE.

For this study we recover 512 members of this ultra-ensemble and the 35-members of the
PEARP model. The period of study is different for each model, PEARP’s data calibra-
tion is made form 1st of May 2015 to the 31st of May 2016 and Jiilich’s data is available
between the 1st of May and the 30 of September 2015.

Diff PEARP-OBS Diff PEARP-OBS
56 - 56 -

547 54,

[$5)
]
n
[35)
N
N

latituade
lattude

[32]
o
!
(32
o
!

48 48

46 46

longitude longitude

Figure 1: Example of grid point differences between two different PEARP members and the interpolated
observation. Initial conditions create slightly different members outputs.

Finally, since the main objective is to improve wind turbine energy production in
Germany, we focused only on Germany wind speed calibration.

2.1 Methodology and calibration

All calibration tools have been implemented on the Meteo-France’s Bull supercom-
puter. First, data recovered from the Forschungszentrum Jiilich is adapted to a standard
format in order to be read by a pre-created calibration algorithm. Concerning the ultra-
large ensemble, only wind speed have been retrieved due to time constraints. It should
be stressed that the use of more dynamical predictors could have improved the skill of
the calibration. Secondly, observation data an all PEARP data is retrieved for the period
and area aforementioned. The method of calibration used for the study is the Quantile
Regression Forest, a non-parametric post-processing statistical method suitable for en-
semble systems. Preliminary results applied on PEARP forecasts show promising results
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(Taillardat et al. 2016).
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3. Results - Quantile regression forest calibration
3.1 PEARP

Figure ) presents the error between the ensemble mean of PEARP and the in-
terpolated observations for the same period and same lead-times as the Ultra-Ensemble
runs, i.e ,between 1st of May and 30th of September 2015. The figure ) shows the same
information but for the calibrated version of PEARP. The bias is clearly reduced by the
calibration.

The calibrated model of PEARP takes as predictors temperature, sea level pressure, the
standard deviation and the 20, 50 and 80% percentiles of the wind speed ensemble for
each day and each forecast range.
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Figure 2: Grid point difference between Ensemble mean of the model and observations for the lead time of
15 hours for PEARP raw model (a) and calibrated PEARP model (b). Mean computed for all time steps
of the study period (1st May -30 September 2015)

At this point we just have an idea of the significant bias reduction. The purpose of
this WP is also to adjust the probability distribution function (pdf hereafter) sampled by
the ensembles so that the reliability (perfect reliability is obtained when the observation
and the ensemble come from the same pdf) and sharpness (ability to predict an event) are
improved. We then introduce scores dedicated to this purpose.

Rank Histograms

The increase of reliability can be assessed using a standard tool called rank his-
togram. Rank histograms (RH), also called Talagrand diagrams were developed independently by Anderson
(1996), Talagrand et al. (1997), and Hamill and Colucci (1997). We employ RH to check the reliability of
an ensemble forecast or a set of quantiles. An RH is built by ranking observations according to associated
forecasts. Reliability implies that each rank should be filled with the same probability. Calibrated ensemble
prediction systems should result in a flat RH (Taillardat et al., 2016). Figure[3a) and b) represent
rank histograms of the raw and calibrated versions of PEARP respectively. The PEARP
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Figure 3: Rank histogram for the raw (left in orange) and calibrated (right in grey) version of PEARP
model

histogram (orange, on figure [3h)) is typical of a biased (the histogram is not symmetric)
and underdispersive (U-shaped) ensemble.

The calibrated version of the model on figure ) shows a different pattern. The
underdispersion is pretty well corrected as well as the bias.

3.2 Ultra-Ensemble

The error between the ensemble mean of the ultra-ensemble 512 members and the
interpolated observations for the 5 months of study are shown in figure ) The is higher
than the PEARP (figure , which is probability related to the coarser spatial resolution
of the ultra-ensemble.

The calibration error is presented on figure ) As in PEARP’s calibration it shows
a decrease in the bias. Only statistics derived from wind data are used as predictors: the
20, 50 and 80% quantiles of the wind ensemble as well as its standard deviation.

Rank Histograms

The rank histograms for the raw and calibrate version of the Ultra-Ensemble are
presented in figures [Fp) and [5b).
First, since the resolution of the raw model is different from the interpolated observations,
the rank histogram on figure ) is computed in a different way. For each grid point of the
Ultra-ensemble the five nearest points of the observations are selected to compute a rank
histogram.
The histogram shows a clear bias and a strong underdispersion that are must higher than

for the PEARP model ( figure [3p) ).

The rank histogram of the calibrated version of the Ultra Ensemble (figure [5p) )
shows a substantial improvement of the forecast but there are still some bias and under-
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Figure 4: Same as figure but for the 512-member Ultra- ensemble (left) and the calibrated version
(right).

dispersion.

Ultra-Ensemble + PEARP

Finally, a last calibration is made using both Ultra-ensemble and PEARP’s predic-
tors. The output of this calibration help us understanding the role of both models in
calibration. The rank histogram is presented in figure [6] in blue. The additional PEARP
predictors have a positive effect on calibration which leads to the idea that there is still
room for calibration improvement of the ultra-ensemble. We will go deeper into this in-
tercomparison in next section.
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HDR Ultra-Ensemble over all time steps

HDR Calibrated Ultra-Ensemble over all time steps
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Figure 5: Same as figure |3|but for the Ultra ensemble (left in red) and its calibration (right in dark grey)

HDR Calibrated Ultra—Ensemble with pearp imput over all time steps
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Figure 6: Same as figure [3|but for a calibration using both Ultra ensemble and PEARP imput.
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3.3 Cumulative Ranked probabilistic Score

The cumulative Ranked probabilistic Score is one of the most used scores in ensemble
systems. It measures the distance between the observed and forecast cumulative density
distributions as in:

+oo
CRPS = / [F(y) — Fo(y)]°dy

and the lower the better.
In figure [7| we show the CRPS of all models and calibrations computed at each grid point
over all time steps and presented per lead time.

CRPS
—— PEARP i
254 — calibrated PEARP -
’ —— Ultra—Ensemble
—— calibrated Ultra— Ensemble
—— calibrated Ultra— Ensemble with pearp input
2.0 A
n _
Q1,5

o | |
:Al.llll.ll. |||.II||,||.|

12 15 18 21
Lead Time

Figure 7: Computed crps for all time steps and each lead time for all models.

As expected, the calibrated PEARP and calibrated Ultra Ensemble (light and dark

grey) have lower CRPS than their non-calibrated versions (PEARP in orange and Ultra
Ensemble in red ). The Ultra-Ensemble model is the one with the highest CRPS while
the calibrated PEARP is the one with the lowest.
The blue boxplot represents the calibrated forecast using both models predictors as men-
tioned before. It is systematically better then the Ultra-ensemble calibration alone (dark
grey boxplots) but not as good as the PEARP calibration (light grey). This is not sur-
prising since raw PEARP’s CRPS forecast is than better than the Ultra Ensemble and
since spatial resolution is also higher. Clearly PEARP benefits from decades of tuning and
feedback from operational validations.

11
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4. Conclusions and Perspectives

This originality of this study lies in the fact that it is the very first attempt of
calibration and comparison of a ultra-large ensemble and operational ensemble together.
In this study we have demonstrated that wind forecasts of PEARP (Meteo-France) and
Ultra-Ensemble model (Forschungszentrum Jiilich) are significantly improved through the
use of statistical calibration. This was obtained for the Ultra-Ensemble even when using
only predictors derived from wind ensembles. Better calibrations can be obtained in various
aspects:

e -in increasing the variety of predictors by the introduction of variables such as tem-
perature and sea level pressure. This is postponed due to time constrains.

e -in using a larger study period. Optimal performance using the quantile regression
forest method is obtained when using at least one year of data.

e - in focusing on extreme events.
e - optimising the ratio between size and spatial resolution of the ensemble.
o - instead of calibrating wind speed, a direct calibration of energy production using

production data as variable of interest could be performed.

To that aim an increase in the computation power is clearly required . Finally,
we have benefited from a better understanding of methods and techniques studied in the
framework of the EoCoE project (Taillardat et al., 2016 and 2017, and Zamo, 2016).

12
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