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Introduction
Highest measured winds in the NL — Cyclone Ulli, January 2012

« Extreme local gusts: 48 m/s in IUmuiden

* Grid disruption: 150’000+ homes left without
power across UK, NL, and DE

« Insured loss: Estimated at $200 mio
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Highest measured winds in the NL — Cyclone Ulli, January 2012

« Extreme local gusts: 48 m/s in IUmuiden
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Introduction
Highest measured winds in the NL — Cyclone Ulli, January 2012

« Extreme local gusts: 48 m/s in IUmuiden

* Grid disruption: 150’000+ homes left without
power across UK, NL, and DE

« Insured loss: Estimated at $200 mio

10 m wind extremes: Widespread exceedances
of 99.9t percentile

max 10m wind [m s]
=== cyclone track m 10m wind extreme (>99.9% percentile)
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Introduction
Cyclone-linked surface wind extremes

1h wind extremes during passage of Ulli 6—wind extremes co-occurring with a cyclone
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Cyclone-linked surface wind extremes

1h wind extremes during passage of Ulli 6—wind extremes co-occurring with a cyclone
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1. Which cyclones accumulate the largest number of 10m wind extremes along their track?
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Introduction
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1h wind extremes during passage of Ulli 6h-wind extremes co-occurring with a cyclone
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1. Which cyclones accumulate the largest number of 10m wind extremes along their track?

2. What are their properties compared to climatology?
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Introduction
Cyclone-linked surface wind extremes

1h wind extremes during passage of Ulli 6h-wind extremes co-occurring with a cyclone
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1. Which cyclones accumulate the largest number of 10m wind extremes along their track?

2. What are their properties compared to climatology?

3. How do these properties vary with the duration of the extreme?
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Data & Methods
How to link extremes to cyclones

40°W 30°wW [)Eitii
« 75 years of ERAS5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial
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Data & Methods
How to link extremes to cyclones

Data
« 75 years of ERA5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial

40°W 30°W

60°N

Approach

50°N
1. ldentify local extremes (99.9t percentile)

40°N

® wind extreme
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Data & Methods
How to link extremes to cyclones

Data
« 75 years of ERAS5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial

40°W 30°W
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Approach
50°NN
1. ldentify local extremes (99.9t percentile)

2. Check for overlapping cyclones
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’ \
== = cyclone mask
® wind extreme
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How to link extremes to cyclones

Data
« 75 years of ERAS5 data (1950-2025)
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Data & Methods
How to link extremes to cyclones

Data
« 75 years of ERAS5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial
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Approach
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1. ldentify local extremes (99.9t percentile)
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How to link extremes to cyclones

Data
« 75 years of ERAS5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial
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Approach
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Data & Methods
How to link extremes to cyclones

Data
« 75 years of ERAS5 data (1950-2025)

* Resolution: 1h temporal, 0.5° x 0.5° spatial

40°W 30°W

60°N

Approach
50°N
1. ldentify local extremes (99.9t percentile)

2. Check for overlapping cyclones

40°N

3. Accumulate extremes along the track

== = cyclone mask
® wind extreme

4. Rank cyclones by number of attributed extremes
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Data & Methods
How to link 72h extremes to cyclones

Data
60°W 50°W 40°W 30°W 20°W 10°W « 75 years of ERAS5 data (1950-2025)

» Resolution: 1h temporal, 0.5° x 0.5° spatial

oo Approach

1. ldentify local extremes (99.9t percentile)

s0°N 2. Check for overlapping cyclones

3. Accumulate extremes along the track

4. Rank cyclones by number of attributed extremes

® 72h wind extreme
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Data & Methods
How to link 72h extremes to cyclones

Data
60°W 50°W 40°W 30°W 20°W 10°W « 75 years of ERAS5 data (1950-2025)

» Resolution: 1h temporal, 0.5° x 0.5° spatial

PO Approach

1. ldentify local extremes (99.9t percentile)

so°N 2. Check for overlapping cyclones

3. Accumulate extremes along the track

4. Rank cyclones by number of attributed extremes

® 72h wind extreme
cyclone masks
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Data & Methods
How to link 72h extremes to cyclones

Data
60°W « 75 years of ERAS5 data (1950-2025)
» Resolution: 1h temporal, 0.5° x 0.5° spatial
’_F
\

60°N

Approach

1. ldentify local extremes (99.9t percentile)

s0°N 2. Check for overlapping cyclones

3. Accumulate extremes along the track

4. Rank cyclones by number of attributed extremes
® 72h wind extreme
cyclone masks === cyclone-covered area during 72h
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Tracks of extreme hazard cyclones
Where and when do they develop?

Y : genesis >25° latitude

SON

JA

MAM

DJF

1h wind:

» Cyclones often undergo extratropical transition
» Exceptionally long lifetime and tracks

» Seasonal cycle of tropical cyclones
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Tracks of extreme hazard cyclones
Where and when do they develop?

v : genesis >25° latitude

SON

JA

MAM

DJF

1h wind: 72h wind:

» Cyclones often undergo extratropical transition * More cyclones forming in the extratropics
» Exceptionally long lifetime and tracks « Shorter lifetime and tracks

» Seasonal cycle of tropical cyclones * More DJF cyclones in Northern Hemisphere
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Extreme cyclones in the North Atlantic
Where and when do they develop?
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Extreme cyclones in the North Atlantic
Where and when do they develop?

1h wind
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Extreme cyclones in the North Atlantic

Where and when do they develop?

1h wind

72h wind
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Extreme cyclones in the North Atlantic
How do they compare to climatology?

Genesis & Intensity:
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How do they compare to climatology?
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Extreme cyclones in the North Atlantic
How do they compare to climatology?
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Extreme cyclones in the North Atlantic
How do they compare to climatology?
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Extreme cyclones in the North Atlantic
How do they compare to climatology?
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Extreme cyclones in the North Atlantic
250 hPa potential vorticity when linked to the largest number of extremes
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» Cyclonic wrap up of upper-level wave for both 1h and 72h wind extremes
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Extreme cyclones in the North Atlantic

250 hPa PV anomalies when linked to the largest number of extremes
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Extreme cyclones in the North Atlantic
250 hPa PV anomalies when linked to the largest number of extremes

relative lat

1h wind

PV streamer-like structure at 250 hPa
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* PV cut-off formed at 250 hPa
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Extreme cyclones in the North Atlantic
Stationarity when linked to the largest number of extremes
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* 1h wind extremes: Cyclones pass over region in ~1.5 days

« 72h wind extremes: More stationary; region under cyclonic influence for prolonged time
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Thermal structure during surface wind extremes
Cyclone Kirk in the cyclone phase space
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Kirk, 2024:

« Transition from tropical to extratropical system
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Thermal structure during surface wind extremes

Cyclone Kirk in the cyclone phase space
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Kirk, 2024:

« Transition from tropical to extratropical system
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Thermal structure during surface wind extremes

Cyclone Kirk in the cyclone phase space
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Kirk, 2024:

« Transition from tropical to extratropical system
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A: Genesis Z: Lysis @: Scaled number of extremes

-300 -200

« Linked to most extremes during tropical / ‘'symmetric, deep warm core’ phase
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Thermal structure during surface wind extremes
Cyclone Ulli in the cyclone phase space
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A: Genesis Z: Lysis @: Scaled number of extremes
« Extratropical cyclone, undergoes tropical transition in CPS

« Linked to most extremes during ‘symmetric, shallow warm core’ phase
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Thermal structure during surface wind extremes
When are cyclones linked to wind extremes”?
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» Genesis as ‘asymmetric, cold core’ systems ==p  become more symmetric during life cycle
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Thermal structure during surface wind extremes
When are cyclones linked to wind extremes?
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Climatology:

« Genesis as ‘asymmetric, cold core’ systems

Extremes:

=P  become more symmetric during life

« Wind extremes during ‘symmetric, shallow warm core’-phase
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Summary

Which cyclones accumulate
the most extremes?

Cyclones with...

« Extratropical transition
« Long tracks

* Long lifetimes
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Summary

Which cyclones accumulate
the most extremes?

Cyclones with...

« Extratropical transition
« Long tracks

* Long lifetimes

ETHzirich

150

100

50

—501

—-100

Properties compared to
climatology?

(asymmetric cold-core |

e

[symmetric cold—core]

\‘

[asymmetric Warm-core]

[symmetric warm-core]

—-300

—-200

—-100

0

100

Extreme cyclones have...

* Lower sea-level pressure

« Larger area
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Summary

Which cyclones accumulate Properties compared to Do properties vary with the
the most extremes? climatology? duration of the extreme?
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Cyclones with... Extreme cyclones have... Cyclones linked to 72h extremes...
« Extratropical transition * Lower sea-level pressure  transition less from TC to ETC
« Long tracks « Larger area « are more stationary
* Long lifetimes * A symmetric phase in CPS  occur later in wave-breaking cycle
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Backup-Slides
10m wind speed percentiles

1h wind 72h wind
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Backup-Slides

Cyclone Ulli in the cyclone phase space
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Backup-slides
Cyclone Kirk in the cyclone phase space
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Backup-Slides
Which timestep to choose?
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Backup-Slides
W1 tracks and seasonality
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Backup-slides

Cyclone phase space: computation of B

(a)

900—-600hPa
Thickness

B
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Hurricane Floyd: 12Z14SEP1999 1.0° NOGAPS Analysis
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Cleveland Superbomb: 06Z26JAN1978 2.5° NCAR Reanalysis
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Backup-slides
Cyclone phase space: computation of -V and -VY;
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