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→ To develop a first comprehensive climatology of extreme
weather events relevant to transport system

→ To estimate the changes in extreme weather event
intensities and frequencies of occurrence in Europe from 1970
until 2070

Estimation of probabilities of extreme weather in changing 
climate and different scenarios



Area covered:
Lat: 32°N – 72°N
Long: 25°W – 45°E

Data used:
 E-OBS data-set (0.25°*0.25°)
 ERA-40 re-analysis full resolution data-set 
(1.125°*1.125°)
 Observational data from meteorological 
services (e.g. visibility, fog, hail)

European climatology of extreme weather events

Time period: 1971-2000
OR the available time series from meteorological observations

How representative are the shorter time-periods?



Multi-model ensemble regional climate simulations of extreme 
weather events from 1971 until 2070

Time periods: 1971-2000, 2011-2040 and 2041-2070

0.22° (25 km) and 0.44° (50 km)



Adverse weather
→ in general, can cause some disruption but does not necessarily lead to very large
losses and, hence, cannot commonly be considered as severe or high-impact. May
be used as a general term for “unfavorable” weather conditions, though.

Extreme weather
“An extreme weather event is an event that is rare within its statistical reference
distribution at a particular place. Definitions of "rare" vary, but an extreme weather
event would normally be as rare or rarer than the 10th or 90th percentile.” (IPCC,
2001)

Adverse weather + Extreme weather

Threshold indices Duration indices



Threshold 
indices

Phenomena

Wind gust
WG ≥ 17 m/s
WG ≥ 25 m/s
WG ≥ 32 m/s

6-hour wind gust (forecast)
ERA-40 re-analysis full resolution 

(1.125°*1.125°) data-set

Data used
1971-2000

Heat

Heavy rainfall RR ≥ 30 mm
RR ≥ 100 mm
RR ≥ 150 mm

T ≥ 25 ºC
T ≥ 32 ºC
T ≥ 43 ºC

Daily maximum temperature 
E-OBS data-set (0.25°*0.25°)

Daily precipitation sum 
E-OBS data-set (0.25°*0.25°)

correction factors 
applied

(Haylock et al., 2008)

+ Snowfall, cold spell, blizzard
(Vajda et al.: Extreme changes in extreme winter events in Europe…)



Probability of daily maximum temperature exceeding 25 ºC and 32 ºC

Total number of days with Tmax ≥ 43 ºC 
events during 1971-2000

25 ºC 32 ºC

43ºC



Total number of days exceeding 100 
mm and 150 mm rainfallThe probability of rainfall exceeding

30 mm/24 hours 
100 mm/24 h 

150 mm/24 h • occurrence of heavy rainfall (30 mm) every year over the 
whole continent
• reduced frequency in E. Scandinavia (< 5 events/yeas)
• extreme rainfall very rare: over W. Norway, parts of 
Mediterranean, Alps and sporadically over E. Europe
• high frequency of 30 mm rainfall in winter season (Oct-
Jan)

The monthly variation of heavy rainfall events (30 
mm) during 1971-2000

Duration of heavy rainfall/rainfall events!



Correlation between the wind gust measured at a  
Finnish station and the corresponding grid data (1996-

2000)

17 m/s 25 m/s

32 m/s

Average number of days/year with wind gust exceeding

• frequent over the ocean, 
coastal areas, W. Europe 
and parts of Central Europe
• the very extreme wind gust 
impact the continent only 
sporadically

• possible underestimation of 
maximum wind gust over the 
30-year period, lack of details 
due to the coarse grid size

R=0.82
N=1562



≥ 25 ºC ≥ 32 ºC

≥ 30 mm/24h
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≥ 17 m/s

+

- over S. Europe

in parts of the Atlantic, especially 
around the British Isles

Heat waves

Heavy rainfall

Wind gust

+

-

Predominantly warming

Scandinavia and in parts of Russia

+

-

Trends in days and annual anomalies relative to 1971-2000 mean values

≥ 30 mm/24h

Slightly over Alps and in parts of the 
British Isles
Sporadically in S. Europe



• Annual average gust (17 m/s) frequency 
[1971-2000]

• Large model-to-model differences
• RCM model dynamics
• Driving GCM’s
• Gust height from surface
• Effect of deep convection?

• Some models show very high 
frequencies over land (GKSS) and some 
over the oceans (C4I)

• ERA-40 climatology paints a general 
picture

• ”Bulls-eyes”
• Lacks the detail of RCM’s

• Many pros and cons

Wind gust simulations and climatology



1971-2000 2041-2070

KNMI-
RACMO-
ECHAM5

SMHI-
RCA-
BCM

Changes in wind gust variation indicated by two climate models

Decrease:
• Barents Sea, 
• Norwegian Sea 
• Atlantic ocean

Fairly unchanged: 
• Mediterranean
• Baltic Sea

Increase:
• Seas surrounding
Scandinavia

Decrease:
• Mediterranean 
Sea



Conclusions and final remarks

 Latitudinal distribution in the frequency of heat spells, the most intense over S. Europe, the
extreme heat spells were very rare between 1971-2000 BUT increasing tendency in their occurrence

 Heavy rainfall events may impact the continent entirely, although the extreme heavy rainfall
occurs sporadically → duration of rainfall events to be considered

 Extreme wind gusts impact mainly the coastal areas and the Atlantic → intensification of wind
gust phenomena over Atlantic region → increase of damages in water transportation

 Climate models indicate large differences in wind gust intensity, changes are less significant over
the continent How accurately the climate models estimate the signal in wind gust
change?

 The indicated present and projected changes in the probability and distribution of summer and
winter adverse weather imply a possible need in changes of maintenance and investments in
preparedness in many European countries
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