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"ABRUPT CLIMATE
CHANGES
ALREADY

OCCURRING

The abrupt changes that are already underway are of
most immediate concern for societal decisions. These
include the disappearance of late-summer Arctic sea ice
and increases in extinction rates of marine and terrestrial

species

Disappearance of Late-Summer Arctic Sea Ice. Recent
dramatic changes in the extent and thickness of the ice
that covers the Arctic sea have been well documented.
Satellite data for late summer (September) sea ice
extent show natural variability around a clearly declining

long-term trend (see figure to the right).

Potential impacts include: disruptions in the marine
food web, shifts in the habitats of some marine

mammals, and erosion of vulnerable coastlines.
possible shifts in climate and weather around the

northern hemisphere.

Increased Extinction Threat. Biologically
Important climatic attributes—such as number

of frost-free days, length and timing of growing

Extent (million square kilometers)
W oW ok kOO O N N O D
3 Ln = £hn = Ln - £n = £n | £n

seasons, and the frequency and intensity of extreme
events (such as number of extremely hot days or

severe storms)—are changing so rapidly that some

species can neither move nor adapt fast enough.
Specific examples of species at risk for include pikas
(below) and endemic Hawaiian silverswords, which
are restricted to cool temperatures at high altitudes.
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ABRUPT CLIMATE CHANGE AND
ABRUPT CLIMATE IMPACTS

This study differs from previous treatments of abrupt changes by discussing both:

« abrupt climate change: abrupt changes in the physical climate system

« abrupt climate impacts: abrupt changes in the physical, biological, or human systems

that result from steadily changing aspects of the climate system

This report focuses on abrupt climate changes
and abrupt climate impacts that have (or were
thought to possibly have) the potential to
severely affect the physical climate system, natural
systems, or humans systems, often affecting
multiple interconnected areas of concern. The
primary timescale of concern is years to decades.
A key characteristic of these changes is that

they can come faster than expected, planned, or
budgeted for, forcing more reactive, rather than

proactive, modes of behavior.
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POSSIBLE CHANGES NOW

THOUGHT TO
NOT BE AN IMMEDIATE THREAT
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Shutdown of the Atlantic Meridional Overturning Diep-water
Circulation (AMOC). Recent model simulations indicate
that the AMOC is currently stable in the face of likely
perturbations. An abrupt shutdown of the AMOC is
unlikely to occur in this century. Continued and expanded
observations (see figure to the right) are required to
monitor AMOC for possible changes and improved

understanding.

Sudden Release of Methane at High Latitudes. Large
amounts of carbon are currently stored in high latitude
regions as permafrost soils (below left) and methane-
containing ices (below right). According to current
scientific understanding, as temperatures rise these
carbon stores are poised to play a significant amplifying
role in the century-scale buildup of greenhouse gases

In the atmosphere—but are unlikely to do so abruptly.
Continued and expanded observations and research are

required to monitor ongoing methane releases.

MORE RESEARCH NEEDED

West Antarctic Ice Sheet WAIS collapse. The disintegration of WAIS would result in rapid sea
level rise. The probability of WAIS disintegration during this century is unknown, but probably

low.

Improved understanding of key physical processes and inclusion of them in models, together
with improved projections of changes in the surrounding ocean, are required to reduce
uncertainties and to better quantify worst-case scenarios.
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ABRUPT CHANGE EARLY
WARNING SYSTEM (ACEWS)

Some surprises in the climate system may be inevitable, but with improved scientific monitoring
and better understanding of the climate system it could be possible to anticipate abrupt change

before it occurs and reduce the potential consequences.
Initial thoughts on what would make such a system successful:

« Monitor key variables of abrupt change: Monitoring for an ACEWS should expand upon
existing monitoring networks, protect and/or augment important networks that are currently in

place, and develop new ones as needed.

» Modeling to project future abrupt changes: A successful and adaptive ACEWS must
consistently iterate between data collection, model testing and improvement, and model

predictions that suggest better data collection.

 Synthesis of existing knowledge: A necessary part of an ACEWS is synthesizing knowledge
to avoid the trap of data collection without continuing and evolving data analysis and
model integration. This will require dedicated teams of researchers, improved collaborative
networks, enhanced educational activities, and innovative tools for data analysis and modeling

technigues.

Designing and implementing an ACEWS will need to be an iterative process that is revisited and
refined as understanding of abrupt climate change, impacts, and social vulnerabilities evolves.
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Example warning system: National Integrated Drought Information System (NIDIS).
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The Board on Atmospheric Sciences and Climate (BASC) is a unit within the National Academies. Information about the BASC and
other related activities can be found at http://dels.nas.edu/basc/. More information on the study, including a link to download a free
PDF of the report, can be found here: http://nas-sites.org/americasclimatechoices/other-reports-on-climate-change/2013-2/abrupt-
impacts-of-climate-change/. Paper copies are available for purchase through the National Academies Press at (888) 624-8373.




