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Upscale error growth

Cloud-scale uncertainty

Predictability of local weather
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Motivation and strategy

Predictability of wind gusts
in winter storms over central Europe

Storms = destructive natural hazard
Predictability = multi-scale problem

1. Synoptic scale
à global ensemble forecasts

2. Mesoscale
à regional ensemble forecasts

3. Turbulent scale
à Doppler lidar observations

Synoptic scale
O(1000 km)

Turbulent scale
O(0.1-1 km)

Mesoscale
O(10-100 km)

Observing and forecasting wind gusts in winter storms over Germany
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Mesoscale: COSMO-DE-EPS forecasts

Observing and forecasting wind gusts in winter storms over Germany

Operational DWD regional ensemble
dx=2.8km, range 27h, init 8x/day
4 x 5 = 20 members

à archive 2011-2016
à obs 200-300 stations

5 sets of physical perturbations

4 global m
odels
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Selection of winter storms

Storm Severity Index (SSI)
(Klawa and Ulbrich 2003)

SSI ~ insurance losses
Troubles never come alone

Elon-Felix 9-10 Jan 2015
Ruzica-Susanna 8-9 Feb 2016
…

Also summer storms
à 10 strongest storms 2011-2016

Observing and forecasting wind gusts in winter storms over Germany

2.3 Storm tracking algorithm

The selected storms are tracked with an algorithm based on the Laplacian of mean-sea-level pressure – directly related to the

quasi-geostrophic vorticity – as described in Pinto et al. (2005). The results are filtered to exclude storms lasting for less than

24 h or with a weak curvature. However, the algorithm is applied hemisphere wide and thus results in a large number of cyclone

tracks, among which the storm of interest needs to be matched. Roberts et al. (2014) giving the position of the selected storms,

the matching is straightforward for ERA-Interim. Due to the different algorithm, the resulting tracks partly differ but remain

consistent with those given by Roberts et al. (2014).

For the EPS hindcast, the matching is also straightforward at short lead times but becomes ambiguous beyond a few days.

The matching track is defined as the closest to ERA-Interim over the first 24 h of common occurence in both the hindcast

and ERA-Interim and within 48 h of the first identification of the cyclone in ERA-Interim. This focuses on forecast cyclones

that share their origin with the analyzed cyclones. Some will then not reach Europe, because they dissipate early or follow a

different track. Figure 1 illustrates the track (left) and intensity (right) of the hindcast storms best matching storm Lothar in

ERA. The tracked cyclones are then compared with the analyzed cyclone on the day of maximum intensity, at 00 UTC for the

position and between 00 and 24 UTC for the minimum MSLP.

2.4 Storm Severity Index

Following Klawa and Ulbrich (2003), a Storm Severity Index (SSI) is defined from the wind gust exceeding a local threshold

SSI =

✓
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v98
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(1)

with v
max

the maximum wind gust and v98 its local 98th percentile. Wind gusts are preferred to wind speed, because they

account for the maximum wind intensity during a certain period and not for the instantaneous wind intensity like wind speed.

They are scaled with a local quantile to account for the adaptation to strong winds. The third power finally accounts for the

destructive power of wind. Further following Leckebusch et al. (2008), the SSI is computed from daily model outputs and

averaged over an area of interest, here central Europe defined as 40�N to 60�N and 10�W to 30�E. The model climate to

compute the 98th percentile is taken from the period of interest in the EPS hindcast i.e. Mid-October to Mid-March from 1995

to 2015. Figure 2 illustrates the daily maximum gusts (top) and the resulting SSI (bottom) over central Europe for storm Lothar

on 26 December 1999. Lothar exhibits the highest SSI averaged over central Europe in the considered sample of ERA-Interim.

2.5 Extreme Forecast Index

Lalaurette (2003) introduced the extreme forecast index (EFI) for ensemble prediction systems. The EFI ranks the departure

between the forecast and the model climate between -1 (forecast given 100% probability that record-breaking low values will

be reached) and +1 (record-breaking high values). Zsótér (2006) revised the EFI using a weighting function that emphasizes
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Gusts COSMO vs. SYNOP

Observing and forecasting wind gusts in winter storms over Germany

Andrea

Gonzalo 
(ex-TC)

Christian
(St Jude)

Observations (average 177 stations) Ensemble mean – observations

Systematic bias

Niklas
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Statistical post-processing

Correct biases + calibrate forecast
Ensemble Model Output Statistics 
(EMOS)
e.g. truncated normal distribution

à 4 parameters a, b, c, d
1-month training with observations
Minimize Continuous Ranked 
Probability Score (CRPS)

Observing and forecasting wind gusts in winter storms over Germany

raw ensemble

post-processed

gust
ensemble
members
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Comparison 3 storms

Observing and forecasting wind gusts in winter storms over Germany

Gonzalo 21 Oct 2014 Christian 28 Oct 2013Andrea 5 Jan 2012

Large storm

post-processed post-processed post-processed
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Turbulent scale: lidar observations

Field campaign winter 2016/17 
WASTEX (Wind and Storms Experiment)

Doppler wind lidar
High resolution ~80 m
Range up to 8 km
Vertical scans (RHI) in wind direction
1 scan 0-15° elevation every 5-10 s

KIT C-band Doppler radar
200-m instrumented mast

à 6 Intense Observation Periods 
(IOPs) during passage of storms

Observing and forecasting wind gusts in winter storms over Germany

Photo: Florian Ehmele
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IOP5 23 Feb: storm Thomas

Observing and forecasting wind gusts in winter storms over Germany

Temperature

Dew point

Wind gusts

Mast observations at 100m height

NOAA19 13:30 UTC (www.woksat.info)

(IRL&UK: Doris!)

Webcam KIT
westward view 

Clear sky
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Regime change at 13:30 UTC

Observing and forecasting wind gusts in winter storms over Germany

Lidar observations at 100m height
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IOP6 27 Feb: storm Udo

Observing and forecasting wind gusts in winter storms over Germany

Berliner Wetterkarte 28 Feb 00 UTC

Temperature

Dew point

Wind gusts

Mast observations at 100m height

Radar observation 
at 20:30 UTC

Cold front

(IRL&UK: Ewan?)
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Convective gust at 20:30 UTC

Observing and forecasting wind gusts in winter storms over Germany

Lidar observations at 100m height
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IOP3 13 January: storm Egon

Observing and forecasting wind gusts in winter storms over Germany

MSG 12 Jan 22 UTC

Temperature

Dew point

Wind gusts

Mast observations at 100m height

Lidar observation
at 02:52:33 UTC

Poor signal L
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Conclusions and perspectives

Multi-scale predictability of wind gusts in winter storms

Mesoscale
DWD regional ensemble forecast COSMO-DE-EPS 
10 strongest storms for the 2011-2016 period

à Connect forecast skill with storms’ dynamics
à Compare models for statistical post-processing

Turbulent scale
WASTEX field campaign with Doppler lidar
6 IOPs during winter 2016/2017

à Understand mixing of momentum in the boundary layer
à Investigate its representation in NWP models

Observing and forecasting wind gusts in winter storms over Germany


