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2 Aim of the Study

Assessment of skill of current seasonal forecast suites
to represent spatial and temporal variability of extra-
tropical and wind storms over the
Northern Hemisphere

Potential Skill of e.g. November initialised winter (DJF)
forecasts would lead to enormous benefit for multiple
sectors of society, e.g. risk transfer, disaster reduction
management, planning for disruption of transport, etc.
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3 Background / Motivation
Forecast skill of frequency: DJF 1980-2001
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4 Background / Motivation

Variability of forecast skill? Dependency of storm activity?

DEMETER Multi-Model Ensemble (7 models) 1980-2001:

Percentage of activity class in ...

| I high storm activity ] medium storm activity Il low storm acﬁvilyl

Well predicted years | Renggli, Leckebusch et al. (2011) | Worse predicted years
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5 Background / Motivation

Predictability of the winter (DJF) North Atlantic Oscillation
(GloSea5; 0.83x0.55, 24 members) Scaife et al., 2014

Winter NAC Ensemble Predictions
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Correlation score for (a and b) the frequency of winter storms: measured by tenth
percentile daily sea level pressure minima; left: correlated with forecast storminess; right:
with forecast NAO on the right.
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6 Data & Methods

Methods

- Extra-tropical Cyclones (Murray and Simmonds, 1991)
- Cyclone centres detected by looking for a maximum Laplacian of MSLP
- Wind storm events (Leckebusch et al., 2008)
1. Identciification of areas with a minimum size of 150.000km? exceeding the 98t percentile of local wind
spee
2. Temporal combination of wind clusters based on nearest-neighbour approach with a maximum
permitted moving velocity
3. Tracks lasting less than 24 hours are neglected

Datasets

- ERA-Interim

- ECMWF System 3 (ECMWF-S3) and System 4 (ECMWF-S4)
- GloSea5 (HadGEM-GA3)

Extra-tropical cyclones

- 6 hourly MSLP data interpolated to a grid resolution of T159
(to account for dependency of tracking algorithm on resolution)

Wind Storms
- 12 hourly wind speeds in 925hPa (available for all datasets)
- 98t percentile calculated for DJF from 1992 until 2011 (overlapping period for all datasets)
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8 Cyclone Events: Track Densities (1992-2011)
Observed spatial
distribution of cyclones
well captured by all model
suites
Higher number of cyclone
events over centres of
activity in HadGEM-GA3
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9 All Cyclone Events: Track Densities (1992-2011)

{a) ECMWF S3 -- EHA-Inleriml | b) ECMWF 54 -- EHA-Interirnl | ¢) HadGEM-GA3 -- EHA-Imeriml

ECMWEF-S3 ECMWF-S4 HadGEM-GA3
- Decreased number over NH - increased over northern - Increased over northern
Pacific Pacific
- increased over Central - Increased over Central
Europe Europe
- Increased over Polar
Region
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10 All Cyclone Events: Inter-annual Variability (1992-2011)

Spearman Rank Correlation for number of all cyclone events per season

a) ECMWFS3|
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Dots: Significance 95% (preliminary until now using a r-test)
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11 All Cyclone Events: Inter-annual Variability (1992-2011)

Spearman Rank Correlation for frequency of all cyclone events per season

a) ECMWF S3

055 -045 -035 -025 -015 -005 005 015 025 035 045 055

* All models show high correlations over eastern/western Pacific (green boxes)

* All models show high correlations over western Atlantic (blue boxes)

* All model suites show high correlations westward and towards the UK (red boxes)

* ECMWF-54 and HadGEM-GA3 show high correlations north of the UK, to a lesser extend
in ECMWEF-S3 (purple boxes)
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13 Extreme Cyclone Events: Track Densities (1992-2011)

Defined as cyclones

a) EHA \nlenm
ﬂ p exceeding the 95t
percentile of Laplacian of
' e ' MSLP derived from all

tracks

Observed spatial
distribution of extreme
cyclones well captured by

‘ all model suites

T

Higher number of extreme
cyclone events over North
Atlantic in HadGEM-GA3
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14 Extreme Cyclone Events: Inter-annual Variability (1992-2011)

Spearman Rank Correlation for frequency of extreme cyclone events per season

a) ECMWF S3
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Significance is preliminary until now (using a r-test)
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15

WIND STORM EVENTS

40°N

Leckebusch et al.
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16

Wind Storm Events: Track Densities (1992-2011)

Observed spatial
distribution of wind
storms well captured by
all model suites
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17 Wind Storm Events: Track Densities (1992-2011)

a) ECMWF S3 - ERA-Interim [0} ECMWF S4 - ERA-Interim| [c) HadGEM-GA3 -- ERA-Interim |
: = =

ECMWE-S3 ECMWEF-S4 HadGEM-GA3

- Higher number over - Higher number over
northern Pacific + Japan northern Pacific + Japan

- Higher number over - Increased number over
eastern Atlantic eastern Atlantic

Common Features:

- Decreased number of wind storms over sub-tropical Pacific
- Decreased number of wind storms over Russia

- Increased number of wind storms over western Atlantic
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18 Wind Storm Events: Inter-annual Variability (1992-2011)

Spearman Rank Correlation for frequency of wind storm events per season
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Significance is preliminary until now (using a r-test)
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19 Wind Storm Events: Inter-annual Variability (1992-2011)

b) ECMWF S4 c) HadGEM-GA3 | |
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Significance is preliminary until now (using a r-test)

Common Features: ECMWF S4 and HadGEM-GA3
- High correlations over parts of - Significant correlations over eastern
northern Pacific and northern North Atlantic and Europe (purple box)

America (red boxes)
- Slightly negative correlations over
western north Atlantic

(blue box)
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20 Wind Storm Events: Inter-annual Variability (1982-2011)

a) ECMWF S3 b) ECMWF S4
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Significance is preliminary until now (using a r-test)
ECMWF S4
- Correlations drop if using 1982 until 2011 period over eastern Atlantic (purple box)
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21 Wind Storm Events: Anomalous Correlation Coefficient

ACC North Atlantic (90W-10E; 20N-70N)
Pearson Pattern Correlation Coefficient
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* Similar temporal variability of the pattern anomaly within all three model suites
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22 Future Steps: Sources of Predictability?

Potential Sources of Variability (pot. Predictability) ERA40:
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- Definition Horseshoe-Index:
1
HSI = SSTy — 5 (SSTy + SSTs) (Renggli et al., under review)
Leckebusch et al. Seasonal Predictability of Cyclones and Wind Storms Bern, 2" Sep. 2015

08/10/2015

11



23 Future Steps: Sources of Predictability?

Wild et al.: Additional Factor: Large-scale situation and Atlantic SST Anomalies
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Shadings: anomalies in DJF 2013/14 compared to long-term climatology
(1979-2014)
Contours: interannual standard deviation
Black dots: maximum in winter 2013/14

Wild et al., 2015 (BAMS; doi:10.1175/BAMS-D-15-00118.1)
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24 Take Home Message

A) Science Perspective: For parts of the Northern
Hemisphere and Europe significant skill exists for
seasonal forecast of the frequency of cyclones and
extreme wind storms

B) Insurance Perspective: Vulnerable regions of
Europe show significant positive seasonal forecast
skill for a loss relevant variable, the frequency of
severe wind storms

C) Further studies needed to understand the source
of skill
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