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1. THE EXTREMES, AS THEY ARE

• IDENTIFICATION OF THE EXTREME 

EVENTS

• THE EXTREME EVENTS

• SIGNIFICANT CIRCULATION OBJECTS 
(MULTI-VARIABLE EFFECTS)

• ENVIRONMENTAL EFFECTS 

OF THE WEATHER EXTREMES



• ANTHROPOGENIC GLOBAL WARMING:
HOW SURE IT IS?

• EXPECTATIONS ON CHANGES IN THE 
EXTREMES 

• EMPIRICAL APPROACH: DATA QUALITY AND 
CONCEPTUAL PROBLEMS

• WHAT CAN WE SEE FROM THE DATA?

2. THE CLIMATE CHANGE AND THE 

EXTREMES (EMPIRICAL APPROACH)



1. THE EXTREMES, AS THEY ARE
IDENTIFICATION OF THE EXTREME EVENTS

• Rare and moderate extremes, extremity in 
duration

• Univariate indices
• Multivariate extremities, transformed into 

indices
• Statistical vs. practical extremes



What is an extreme event?

• A rare event?
– Select a threshold frequency

• An intense event?
– Select a threshold to excess

• (An extreme in its impacts?
– Not in focus of the present talk)



Selection of the distribution: 
Source of quantitative uncertainty

Source: http://www.longin.fr/images/img_extreme_distribution.gif



WMO CCL (Commission for Climatology of WMO) / CLIVAR
(Research Program on CLImate VARiability and Predictability)

Practically: 10 %
(moderate extreme)

Index types: maxima, minima,
duration, step over a threshold,
(absolute or percentile) 



Ways of extreme event indication
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Typical: Combined index instead of multivariate estimation

http://weblogs.cltv.com/news/weather/traffic/heatindexchart.gif



THE EXTREME EVENTS

• Heat, cold, 

• Rain, freezing rain, hail
• Wind, lightning 
• Extremes of long-term development



Temperature extremes

Cold waves

Caused by high pressure polar or arctic airCaused by high pressure polar or arctic air



p. 53King et al.,ed.: Our changing planet, 2009

HeatHeat--waveswaves

Summer 2003.
Kinetic temperature
(irradiating surface
temperature)



Heat-wave (cont.)



Rime

http://i158.photobucket.com/albums/
t100/clyates/WhiteLodgeWalks/
090101BeaconHill/0901010029w400.jpg

(and other forms of icing)



Source: Christopher. C. Burt, 2007: Extreme Weather

CLASSIFICATION OF THE ICE LOAD



Freezing rain

Photo: Imre Bonta



Hailstorm

SWISSRE, 2005 (www.swissre.com)



Source: Christopher. C. Burt, 2007: Extreme Weather

HAILSTORM CLASSIFICATION



Wind Lightning

Behav. Sci. Institute, Univ. Colorado, 1971



Source: Christopher. C. Burt, 2007: Extreme Weather

Frequency of cloud-surface lightning (1 / sq.km . yr)



OTHER EVENTS (SUBJECTS TO OPERATIVE WARNING)

http://www.eumetnet.eu/



Extreme events with impact on agriculture

Source: Shivakumar M.V.K., Motha R. P. and Das H.P., (eds.) 2005: 
Natural Disasters and Extreme Events in Agriculture, Springer V.



Number of persons per km2 exposed to drought, in Europe
(http://reports.eea.europa.eu/environmental_issue_report_2004_35)



Source: Christopher. C. Burt, 2007: Extreme Weather



Source: Christopher. C. Burt, 2007: Extreme Weather



Source: Christopher. C. Burt, 2007: Extreme Weather



Source: Christopher. C. Burt, 2007: Extreme Weather



SIGNIFICANT CIRCULATION OBJECTS 
(MULTI-ELEMENT EFFECTS)

• Large-scale (ENSO, etc.)

• Cyclones, fronts, anti-cyclones
• Convective systems (tropical cyclone, etc.)



SpaceSpace--timetime scalesscales of of extremesextremes vs. vs. objectsobjects

Good news: no fast, but planetary,
or local, but long-lasting extremes!

http://www.unu.edu/unupress/
unupbooks/80635e/80635E3c.gif



El-Nino / La Nina: long-term anomalies

http://www.exchangemagazine.com/morningpost/
with credit to NOAA, USAhttp://topex.www.jpl.nasa.gov



Forest fire in Australia

Source: Shivakumar M.V.K., Motha R. P. and Das H.P., (eds.) 2005: 
Natural Disasters and Extreme Events in Agriculture, Springer V.



North Atlantic
Oscilation

Positive index: Dry
in Central EU

http://www.newx-forecasts.com/nao.html



CYCLONES, FRONTS CYCLONES, FRONTS 

AND ANTICYCLONESAND ANTICYCLONES

G. Péczely, 1984
(selected types of circulation)

A – low pressure centre (cyclone)
M – high pressure centre (anticyclone)

cold front warm front



Extremely active temperate latitude cyclone

http://forum.netweather.tv/topic/45397-satellite-photos-of-north-sea-storm-tuva/

NOAA -18

Jan 31, 2008



7. Hurricane (3-500 km)

Convective objects with compex sets of extremes

1. Cumulus clouds (start)

2. Local 

thunder-

storms, 

not too

dangerous

3. Multicell thunderstorm:

heavy rain, haill, stormy
wind.

6. Thunderstorm lines

squall lines, stormy
wind, hail, intesive
rain

4. Supercells: devastating
wind and hail, heavy rain, 
often with tornado 5.

MCC

Credit: Dr. Ákos Horváth



Hurricane structure
• Hurricanes have:

– Circular cloud 
bands that produce 
torrential rain

– The ability to move 
into the mid-
latitudes

– A central eye
• Weather extremes:

– Storm surge,
– Rain,
– Wind



Origin and paths of tropical 
cyclones

• Tropical cyclones are 
intense low pressure 
storms created by:
– Warm water
– Moist air
– Coriolis effect

• Includes:
– Hurricanes
– Cyclones
– Typhoons

Map: Christopher. C. Burt, 2007: Extreme Weather



Source: Christopher. C. Burt, 2007: Extreme Weather

SAFFIR- SIMPSON HURRICANE SCALE



A SUPERCELL



MAXIMUM WIND GUST IN HUNGARY
AUGUST 20, 2006, HUNGARY

m/sec

Extremely strong wind concentrated in a small location



Tornado



Source: Christopher. C. Burt, 2007: Extreme Weather



ENVIRONMENTAL EFFECTS 
OF WEATHER EXTREMES

• Avalanche, freezing rain, ice storm, etc.
• Flooding
• Urban heat island



Global distribution of natural hazards Global distribution of natural hazards 

(1993(1993--2002)2002)

Avalanches and 

landslides

6%

Droughts and 

famines

9% Earthquakes

8%

Extreme 

Temperatures

5%

Floods

37%

Forest/scrub fires

5%

Windstorms

28%

Volcanic 

eruptions

2%

About 90% are of hydrometeorological origin





Global weather damage

0 11 22 33

flood
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windstorm

other

Annual average disaster damage, $B(US)1997 - 2006

Institute for
Catastrophic
Loss Reduction

All other 

countries

Highly developed 

countries

http://www.iclr.org/



Global weather fatalities
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http://www.iclr.org/



Frequency of strong floodings in Europe (1998-2005) 

(http://reports.eea.europa.eu/environmental_issue_report_2004_35)



Flash-flood (Mátrakeresztes, HU 2006 

June 6). Very fast thunderstorm with 
below 100 mm precipitation in centre. 
But the small river-shed collects water.

Flood at Budapest, HU in August 

2002. Heavy rain for two weeks in 
Germany and Czech Republic, where 

it caused much more damage. 



pp. 268-269King et al.,ed.: Our changing planet, 2009

Forest fires in the world



More anticyclones, more intensive heat island without any new building 
______________________________________________________
Unger J, 1996: Theoretical and Applied Climatology v. 54, 147-151

Urban heat island effect, 
twice as strong as in cyclones

(Szeged, HU 1978-1980)



Frequeny of step over the US Standard 
(0.08 ppm) in 8-hours ozone concentration

(Lin et al., 2001)



2. CLIMATE CHANGE AND THE EXTREMES 
ANTHROPOGENIC WARMING: HOW SURE?

• Global changes detected, anthropogenic 
origin is “very likely”

• Should be stopped before 2 (3) K, but the 
slowdown starts after 20-30 years, only

• Critical jumps: out of the present scope



Our knowledge on the climate system and the external forcings describes the past!

IPCC AR4, 2007 –simulation with (red) and without (blue) anthropogenic factors



IPCC AR4, 2007



Golf-áram
Észak Atlanti 
mélységi vizek

No climate surprises are considered:

- Too far in time (ca. 3 K or more)
- Not even sure if ever
- If still, would be so different, that nothing could be said empirically

The ocean conveyor belt Even if it fully stops due to GG-forcing, 
(Broecker, 1987) rather new climate, but not an ice-age!

(Source: Wood et al., 2003)



EXPECTATIONS ON CHANGES 
IN THE EXTREMES

• Statistical schemes (rare, moderate, duration)
• Physical pros (higher energy, water vapour, 

lapse rate), contras (horizontal differences)
• Free decadal variations of the variability?



Much bigger percentage changes in extremes



Increasing temperature:
more energy to concentrate
in dangerous objects

IPCC AR4, 2007



ENERGY-CONTENT OF ALL 
DOMAINS INCERASED

IPCC, 2007



Enhanced water content
in the atmosphere: more 

latent energy, more rain and 
more intense convection

(IPCC AR4: Fig. 3.20 and 3.21)



Changes in the cloudiness:
Additional effect to the warming!

A 19 available GCMs (IPCC WG-I, 2007: Chapter 10, Supplement)



ButBut, , strongstrong internalinternal variabilityvariability

Air temperature anomalies in selected
periods of recent NH warming

NOAA/ESRL (2007). Climate composites. NOAA/ESRL Physical Sciences Division, 
Boulder, CO. http://www.cdc.noaa.gov/cgi-bin/Composites/ printpage.pl



But: smaller Eq. – Pole and ocean-
continent differences (GCM!)

IPCC AR4, 2007



EMPIRICAL APPROACH: DATA QUALITY AND 
CONCEPTUAL PROBLEMS

• Missing or erroneous data, inhomogeneity, 
lack of long sub-daily series

• Past tendencies: Regression with the time, 
or with the global temperature?



EXTREME INDEXES (without and with 
homogenisation: Number of days higher than

the 90% frequency – any month)

(Lakatos M., 2007)
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Conceptual problem: Trends with the global
temperature, but not with time, alone!
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WHAT CAN WE SEE FROM THE DATA?

• Results from the IPCC AR4 (1 table)
• Post-AR4 developments



IPCC Fourth Assessment (2007)



OBSERVED TRENDS IN A MONOTONOUSLY WARMING PERIOD



http://climateprogress.org/wp-content/uploads/2009/03/cei-4-08.gif



p. 103King et al.,ed.: Our changing planet, 2009

TRENDS IN WORLD-WIDE FLOODING!



HURRICANES – corrected for missing observations

Atlantic hurricanes 
and tropical storms for   
1878-2006, adjusted 
for missing storms. 

Black curve is 
adjusted annual storm 
count, 

Red curve is 5-year 
running mean, and 

Blue curve is a 
normalized 5-year 
running mean SST 
index for Main 
Development Region

EASTERLING, D. R., 2009: IPCC WG-2 Scoping Meeting, OSLO March 23, 2009

http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html



Raw Counts

Adjusted Counts

Tornadoes (USA): corrected series!

EASTERLING, D. R., 2009: IPCC WG-2 Scoping Meeting, OSLO March 23, 2009

http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html



Severe weather claims paid

$0

$10

$20

$30

1970s 1980s 1990s 2000s

Annual global insurance disaster claims, US$B

20-fold increase since 
1970s!

Changing climate (?!)

Aging infrastructure

More people and 

infrastructure at risk

Institute for
Catastrophic

Loss Reduction

Building resilient communities

http://www.iclr.org/



USA Climate Change Science Program 
(Kunkel et al., 2008)

• there has been…an increase in extreme high temperatures 
and a reduction in extreme low temperatures 

• heavy downpours have become more frequent and more 
intense in recent decades over most of North America and 
now account for a larger percentage of total precipitation

• averaged over the continental U.S.A. and southern 
Canada…there is no indication of an overall trend [drought]

• Atlantic tropical storm and hurricane destructive potential 
has increased 

• northward shift in the tracks of strong low-pressure systems 
(storms) in both the North Atlantic and North Pacific over the 
past fifty years

NICOLLS, N., 2009: IPCC WG-2 Scoping Meeting, OSLO March 23, 2009

http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html



Outstanding questions

• Hot and cold days/nights
– Relationship to changes in mean temperatures; are 

extremes changing faster than average temperatures?

• Heavy rainfall events
– Are these increasing even where total rainfall is declining?

• Drought
– What is the influence of warming; circulation changes?

• Tropical cyclones
– Spatial variations in trends - links to ocean temperature

• Extra tropical storms
– Spatial variations in trends - links to general circulation

• El Niño - Southern Oscillation
– Has there been a trend to more or stronger Niño events?

http://www.ipcc-wg2.gov/AR5/extremes-sr/ScopingMeeting/extremes_speakers.html
NICOLLS, N., 2009: IPCC WG-2 Scoping Meeting, OSLO March 23, 2009



Coping RangeCoping Range

Climate Change Extremes and Coping RangeClimate Change Extremes and Coping Range

Climatic
Attribute

(X)

Climatic
Attribute

(X)

Time (years)Time (years)

Current ClimateCurrent Climate Changed ClimateChanged Climate

What is worth doing: adjust the thresholds 
to expected changes of the mean, at least!



CONCLUSIONS (1):

• It is possible to describe the extremes exactly.

• The recent frequency and threshold step-overs
are mostly known.

• Too many, too dangerous even without any 
climate change.

• Several circulation complexes exist with multi-
element effects.

• These precursor objects are also quantified in 
many regions and could be further re-analysed.



CONCLUSIONS (2):

• No uniform change in the different extremes. Changes in the 
mean climate state may cause changes of different direction 
in the extremes.

• Data and conceptual problems occur
• Shift of temperature generally leads to increase of warm and 

decrease of cold extremes. Diurnal and shorter precipitation 
amounts increase in many regions.

• Droughts may be more severe in drying areas due to 
parallel rise of temperature and sunshine duration. 

• More strict empirical conclusions: better data, causal 
understanding of the circulation changes, and (longer and 
stronger warming).



THANK YOU FOR YOUR ATTENTION!THANK YOU FOR YOUR ATTENTION!

mika.j@met.humika.j@met.hu


