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• They are (at least somewhat) rare 
• Extreme events operate across a spectrum of time and space scales
• They are often multivariate
• They can have many ‘causes’

Source: NOAA/PSD Draft Strategic Plan

Characteristics of Extreme Events
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Why do we study extreme events? 

• They impact the things we care 
about

• Greater knowledge about extreme 
events can improve our decision-
making

• The are scientifically, and viscerally, 
exciting

• They present challenges and 
opportunities from science, policy 
and communication perspectives

Hurricane Patricia: October, 2015
Source: NASA 

Tim Samaras, killed while tracking tornadoes in May, 2013
Source: National Geographic 
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science2017.globalchange.gov
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The report can be summarized in 
one sentence: 

It’s real
It’s us
It’s serious
.. and the window of time to prevent widespread 
dangerous impacts is closing fast.
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National Climate Assessment, 2014
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Challenges in Detecting Anthropogenic 
Influence

• With respect to rare events: In the absence of long 
records from many places, natural variability tends to 
dominate

• Extreme events have many drivers, and can be 
defined in many ways

• Even the anthropogenic signal can be multifacted

• Where does the climate event end, and the societal impact 
and response begin?
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Increasing trend: U.S. breaking many more heat 
records than cold records

1800 weather stations from 1950-2009

Meehl et al., 2009
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The frequency + intensity of

• Extreme high temperature 

events are virtually certain

to increase

• Extreme precipitation 

events are very likely to 

continue to increase
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The frequency + intensity of

• Extreme high temperature 

events are virtually certain

to increase

• Extreme precipitation 

events are very likely to 

continue to increase

Climate models tend to underestimate the observed trends, 

especially for the increase in extreme precipitation events
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“Nuisance Flooding”—flooding associated with high tides--is Increasing 
Across the United States

NOAA
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Sea Level Rise = More Frequent Flooding

Sea level rise of just 2 feet, without any changes in storms, would more than triple 
the frequency of dangerous coastal flooding along much of the U.S. coast
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Sea Level Rise = More Area Flooded 
New York: The potential areas that could be 
impacted by the 100-year flood in the 2020s and 
2050s based on projections of the high-estimate 
90th percentile sea level rise scenario.

Louisiana: Sea level rise will allow flooding such as what 
occurred in New Orleans during Hurricane Katrina to reach 
further inland, regardless of how storms change.

17



An increase in 
precipitation rates, 
tropical cyclone 
intensity, and the 
number of very 
intense tropical 
cyclones – but not 
the overall number 
of storms.
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An increase in 
precipitation rates, 
tropical cyclone 
intensity, and the 
number of very 
intense tropical 
cyclones – but not 
the overall number 
of storms.

Sea level rise will increase the frequency and extent of extreme 
flooding associated with coastal storms. 
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Carbon Countdown
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Hot Topics
• Compound extreme events

• Tail risks: what might climate models miss?

• Detection and attribution

• Global dimensions 
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Extreme Heat and Humidity

CMIP5 annual max wet bulb 
temperature (1985-2005)

Number of days exceeding base 
annual maximum (2060s)
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Global mean sea level has risen by about 7–8 inches (about 16–21 
cm) since 1900, about 3 of those inches since1993.

Emerging science on Antarctic ice 
sheet stability suggests that, for 
high scenarios, global mean sea 
level rise exceeding 8 feet by 2100 
is physically possible, although the 
probability of such an extreme 
outcome cannot currently be 
assessed.
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SLR Impacts – Single Point(s) of Failure
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Vulnerable Communities 
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Small Islands

High exposure of population and infrastructure to sea-level 
rise and increased storm surge

Tuvalu - The Guardian – 05/16/2008, photo by Matthieu Paley/Corbis
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Megadeltas

Megadeltas

Especially in Asia, due to large 
populations and high exposure 
to sea-level rise, storm surge 
and river flooding.

- Ganges-Brahmaputra 

- Zhujiang

- Nile

- Amazon

- Mississippi

CEGIS, 2009

29



Key Points
• The statistics of many types of extreme events have 

already shifted in recent decades

• As long as greenhouse gas concentrations rise, we expect 
to see an acceleration of many of these changes in 
extreme event statistics

• The further we push the climate system, the greater the 
potential for surprises

• Innovations in greenhouse gas mitigation, and adaptation, 
could also lead to surprises
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• Evaluating (potential) adaptation strategies in the context of 
rare extremes; can systems be ‘stress-tested’?

• Integration of different types of information in risk 
assessment

• Stakeholder-scientist collaborations are critical to advancing 
both the science and the decision-making

Other Considerations/Future Research
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