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3) Clustering approach

1) Introduction
●

●

●

●

The focus of the RAIN project is on the impact of extreme weather
events on critical infrastructure in Europe

A clustering approach is used to group different realizations of the
same storm in the individual ensemble forecasts and to estimate
the forecast occurrence probabilities

4) Spatial forecast uncertainty

Ellipses mark areas with a certain
forecast probability that a storm
centre will occur within the area (in
this example the probability is 50%)

●

Interviews with managers of critical infrastructure have shown that
reliable forecasts of windstorms (location, timing and intensity) is
important for preparations prior to the event

●

Ensemble predictions enable the estimation of forecast
uncertainties and the prediction of occurrence probabilities of
certain windstorm events

●

●

Identification- and tracking algorithms enable an event-based
prediction and evaluation of windstorm forecasts

The total probability that a storm will occur is
,
where Nmembers is the number of members and Nstorms is the number of
members that predict a storm
To estimate the spatial distribution of the occurrence probability of a
storm, a bivariate normal distribution is fitted to the storm positions at
each time step of each storm cluster
Areas AX are defined, where
For example, within the area A0.5 the integral of the PDF is 0.5, therefore
there is a 50% probability that a storm will occur within A0.5
Zonal cross section through the
bivariate normal PDFs

Idealised examples
The aim of this work is to estimate and evaluate the
spatial uncertainty of windstorm forecasts in ECMWF
ensemble predictions

Legend:
Predicted storm centres
Probability density of the
estimated bivariate normal
distribution

Step I
Identification
and tracking

2) Data

Area A0.5 with a 50%
occurrence probability

In each of the
ensemble members
windstorm tracks are
identified.

Forecast data:

Step II
Clustering
Different realizations of the same
storm are grouped into clusters,
if the tracks start within an 18 h
time period and are closer than
1500 km at the beginning of the
track.

Forecasts of the ensemble prediction system (EPS) of the European
Centre for Medium-Range Weather Forecasts (ECMWF)
● 50 ensemble members
● Available time period: 2006 - 2010 (Oct.-Mar.)
● Forecasts initialized twice per day at 00 and 12 UTC
● Analysed forecast length of 10 days
●

●

Example: windstorm „Jeannette“
(26.10.2002 06UTC - 29.10.2002 12UTC)

●

➔

Step III

5) Results

Frequencies of storm clusters
Number of EPS storm clusters with
different forecast probabilities

Spatial uncertainty of storm forecasts

➔

●

●

Reliability of the forecast occurrence probabilities
Number of EPS storm clusters that
have a matching storm in ERA-interim

●

Average size of 50% probability areas (A0.5) of

●

Track in ERA-Interim

●

EGU General Assembly 2016

●

●

Case 3
30 of 50 ensemble members
predict a storm (p=0,6)
Forecast storm positions are
further apart
A0.5 is larger than in case 2

Estimation of occurrence probabilities

all EPS storm clusters for different lead times

Tracks in the ECMWF ensemble

●

Case 2
50 of 50 ensemble members
predict a storm (p=1,0)
Forecast storm positions are
further apart
A0.5 is larger than in case 1

For each 6-hourly time step of each cluster
spatial occurrence probabilities are
estimated by taking into account the
forecast track positions of the different
ensemble members (see section 4).

Windstorm tracks:
Osinski et al. (2016) identified windstorm track in the
ECMWF forecast data by using the approach of
Leckebusch et al. (2008)
●
Coherent regions of exceedances of the local 98th percentile
of 10m wind speeds are tracked in time by a nearestneighbour approach

●

Case 1
50 of 50 ensemble members
predict a storm (p=1,0)
Forecast storm positions are
close to each other
A0.5 is small

●

The average size of
the 50% probability
area (A0.5) is
increasing with
increasing lead time

●

At three days lead
time A0.5 = 400,000
km², which is roughly
the size of Germany
(357,000 km²)

Clusters with p>0,5 → More than 50% of the ensemble members predict a storms
Clusters with p<0,5 → Less than 50% of the ensemble members predict a storm
●

More storm clusters with low probabilities at longer lead times

●

Storm clusters with high probabilities often have a matching observed storm

●

Ideally: In 50 out of 100 50%
probability areas (A0.5) an
observed storm should
occur within the area
If this is true also for other
forecast probabilities is
shown in a reliability
diagram
Here: The forecast
probabilities match well with
the observed storm
frequencies (ERA-interim)
up to three days of lead time
At longer lead times the
EPS overestimates the
observed storm frequencies

perfect reliability
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