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Presentation Notes
Clouds gathering over Clacton On Sea before the storm hit October 21st, 2014Studies have identified extratropically transitioning tropical cyclones (TCs) to become more frequent and more prone to hit western Europe when anthropogenic climate change emerges (Baatsen et al. 2015; Haarsma et al. 2013). Mokhov et al. (2014) found frequent occurrence of intense transforming TCs and state that ‘Under the tendency towards global warming, we can expect an increase in the number of intensive cyclones in the warmer and more humid troposphere’. Therefore we chose the case of Gonzalo for assessing if some properties of this storm are beyond the natural variability of the present climate system.
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Presentation Notes
10.1 named storms on average each season5.9 hurricanes2.5 major hurricanes (Category 3 or greater). 2005 28 TCs, 15 hurricanes. 1914 1 TC



Gonzalo‘s Track 
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Presentation Notes
Best track positions for Hurricane Gonzalo, 12-19 October 2014. Track during the extratropical stage is based on analyses from the NOAA Ocean Prediction Center. Brown, 2015: NATIONAL HURRICANE CENTER TROPICAL CYCLONE REPORTEast of the Leeward Islands: tropical depression formed on October 12, 2014. Passed through the northern Leeward Islands and intensified to a category 4 hurricane on the 16th, ‘Gonzalo’. After changing its direction to northeast, Gonzalo weakened and crossed Bermuda with gusts of more than 200 km/h and heavy rains of about 70 mm within 24 hours. On the 19th, the storm transitioned to an extratropical cyclone off the coast of Newfoundland. 



Hurricane Gonzalo, October 16, 2014 
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GOES-13 SATELLITE IMAGE OF HURRICANE GONZALO NEAR PEAK INTENSITY ON 16 OCTOBER 2014.



Track of hurricane Gonzalo & extratropical storm 
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Cat 4 hurricane, 232 km/h 

Extratropical transition 

Gonzalo merges with low 
heavy precipitation 

Storm absorbed by cold front  
strengthened again 

Gusts > 200 km/h, rain 70mm/24h 

Tropical Depression 

DWD 

Max. gusts 100-180 km/h 
storm surges 
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Presentation Notes
East of the Leeward Islands: tropical depression formed on October 12, 2014. Passed through the northern Leeward Islands and intensified to a category 4 hurricane on the 16th, ‘Gonzalo’. After changing its direction to northeast, Gonzalo weakened and crossed Bermuda with gusts of more than 200 km/h and heavy rains of about 70 mm within 24 hours. On the 19th, the storm transitioned to an extratropical cyclone off the coast of Newfoundland. While continuing its path across the North Atlantic towards northwestern Europe, the cyclone was absorbed by a cold front and strengthened again. Afterwards, it hit the northern part of the United Kingdom on the 21st. It crossed the North Sea and then central parts of Europe, and went down to the Balkans. On the 23rd ex-Gonzalo merged with another low pressure system that led to heavy precipitation for several days in this region. Maximum wind gusts between 100 and 180 km/h, causing North Sea storm surges, were reported from several countries.



Waves in Blackpool / UK 
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Huge waves hit the seafront in front of the famous Blackpool Tower as the tail end of Hurricane Gonzalo continues to batter the UKGonzalo and its remnants caused several fatalities, storm surges, structural damage and power outages on both sides of the Atlantic.Ex-Gonzalo triggered regional precipitation amounts of 50 to 100 mm in 24 hours, while the advection of cold air led to a sudden temperature drop with snowfall in some areas. 



Global high-resolution climate reconstruction 
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A new global high-resolution model data set: 
 
ECHAM6 T255L95, 1948-2014 
SST and sea ice as lower boundary conditions 
Spectral nudging towards NCEP I reanalysis 
applied for vorticity and divergence  
with a specific height profile 



Global high-resolution climate reconstruction 

8 ECHAM6, spectral nudging - NCEP 

NCEP/NCAR Reanalysis 

ECHAM6 AMIP2, no spectral nudging - NCEP 

2m-Temperature [K] 30.01.1976, 0:00 



Tracks of hurricane Gonzalo 

9 

Presenter
Presentation Notes
Tracks of hurricane Gonzalo in the GCM long-term (yellow) and short-term (red) simulations, and track computed on the basis of GME assimilation data, that was interpolated to a 0.25° grid and partly corrected by manual analysis of surface pressure (purple, numbers represent days In October 2015 at 0:00 UTC).ET: gradual transformation of a tropical cyclone (TC) into a system with extratropical characteristics while moving poleward into a more baroclinic environment with higher wind shear, a larger Coriolis parameter, and lower sea surface temperaturesTracking first localizes minima in 925 hPa vorticity fields, then joins these locations to tracks and finally applies three further criteria: wind speed needs to exceed 15 m/s at least once along the track, tracks may not exist alongside land grid points in more than 50 % of their positions, and they must evolve south of 32° N in the Atlantic and decay north of 40° N. 



Number of extratropically transitioning cyclones 
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Results from ECHAM6 multi-decadal hindcast. a) Annual number of extratropically transitioning cyclones with a wind speed threshold of 15 m/s in the ECHAM6 simulation (red) and the study of Hart and Evans (2001) (blue)Hart and Evans, 2001: A Climatology of the Extratropical Transition of Atlantic Tropical Cyclones. JCLIM. National Hurricane Center (NHC) best track data: underlying sea surface temperature (SST) and subjective satellite interpretation of storm structure and asymmetry (of wind fields). Hart and Evans: Analysis combination of NHC best track data and ECMWF reanalysis, Reynolds SST.The GCM simulation shows a small increase of about one storm for the whole 67 years. For 1979-1993 the study of Hart and Evans (2001) shows an increase of 0.38 compared to an increase of 0.21 in ECHAM6 (on average 5.4 to 4.1 storms per year)



Number of ET storms stronger / weaker than Gonzalo 
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Number of ET storms stronger (green) or weaker (orange) than Gonzalo (maximum simulated wind speed 22.6 m/s)220 < Gonzalo <146, small trend (0.94 over the whole time period) for stronger ones



ET cyclone track lengths 
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Histogram of ET cyclone track lengths in km (red line indicates Gonzalo)Gonzalo ranks amongst the top 7% (23 out of 367 ET storms had longer tracks) in track length 



Track lengths of ET cyclones 
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Track lengths [km] of ET cyclones for the last decades and according trend lineIncrease in track length of 1364.79 km and duration of 2.4 days over 67 years



Latitudes of origin and dissipation of ET storms 
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Latitudes of origin (upper panel) and dissipation (lower panel) of storms that underwent extratropical transition and according trend lines.



Summary and Conclusions 

 ‘Gonzalo’ was a strong (Category 4) hurricane that underwent an ET and then headed for 
Europe 
 

 Number of ET did increase marginally, but large year-to-year variability 
 

 Intensity of ET cyclones: no trends for storms weaker than Gonzalo, but slight increase for 
stronger storms 
 

 Gonzalo: unusual long track which ranks among the highest 7 % of all extratropically 
transitioning TCs during the last 67 years. The simulated track lengths: increasing trend 
 

 But still, according to climatology, the storm is within the expectations of current climate and 
can so far not be attributed to climate change.  
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The GCM simulation shows a small increase of about one storm for the whole 67 years. For 1979-1993 the study of Hart and Evans (2001) shows an increase of 0.38 compared to an increase of 0.21 in ECHAM6 (on average 5.4 to 4.1 storms per year)Max WS: 220 < Gonzalo <146, small trend (0.94 over the whole time period) for stronger onesIncrease in track length of 1364.79 km (about 20km per year) and duration of 2.4 days over 67 years, 5.48 ET storms per year, track length: 6.67% or about 1ET of Gonzalo length every 3 years.



An example of extratropically transitioning storms  –  
Hurricane Gonzalo 

16 

Thanks a lot for your attention! 

Presenter
Presentation Notes
Winds in the Derbyshire Peak District close to Sheffield were strong enough to force a waterfall along the river Kinder to flow back uphill
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