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Even optimists worry, and this opti-
mist has among his worries extreme cli-
mate change. I have no doubts that the
climate is already changing, primarily
due to human action, and that it will be
extremely difficult to keep global warm-
ing below the consensus goal of 2°C
degrees warming. In so believing, I am
clearly not alone, especially following
the failure of Copenhagen to produce a
significant agreement. Many concerned
scientists and policy advocates are con-
sidering, albeit reluctantly, emergency
prevention measures (geoengineering)
that might change such fundamental
global processes as photosynthesis or
the radiative balance to slow the rate of
climate change.

But compared to the willingness
to consider geoengineering measures
for climate change mitigation, there is
still little consideration of adaptation to
severe climate change. In part, this is
due to the long-term neglect of climate
change adaptation in general, as some
policy advocates feared that attention
to adaptation would undermine preven-
tion efforts, and others emphasized its
spontaneous or autonomous quality, thus
not requiring active study or policy. And
even scientists, who have long studied
adaptation in the context of hazard stud-
ies or agriculture, understood that all
adaptive measures have physical, eco-
nomic, or institutional limits that dimin-
ish their effectiveness in the face of the
challenge of severe climate change.

The Travis article is as important and
worthy of discussion and followup as
were the early articles on geoengineer-
ing. He begins by defining the meaning
of severe or extreme climate change as
change greater than the current scientific
consensus (IPCC) of the likely (imply-
ing a 66-90 percent probability) range
of global surface warming. If CO, levels
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double from pre-industrial levels dur-
ing this century (a pace that would still
require major efforts of emission reduc-
tion), the likely range of surface global
warming would be between 2°-4.5°C;
with a tripling of CO, levels (the pace
of emissions growth just prior to the
global recession), a likely range would
be 2.5-6.4°C. Thus this consensus view
implies that that there is a 5-17 percent
chance of warming greater than 4.5°C
with doubling, and 6.4 °C with tripling
by 2100.! Then Travis draws upon the
extensive hazards literature to explore
adaptation responses to low-probability
but high-consequence hazard events.
He notes, however, the limits of this lit-
erature since it addresses adaptations to
natural hazards (floods, droughts, storm
surges, sea level rise, hurricanes, etc.)
that are limited in their spatial extent,

are viewed as “natural recurrent events,”
and are seen as the extremes of a stable
climate, not indicators of a changing
climate.

With this caution in mind, he ex-
plores six pathways of adaptive re-
sponse familiar to readers of the hazard
literature . While many of these are
more intensive versions of current adap-
tations, e.g., higher sea walls, increased
irrigation, expanded building codes and
design standards, improved forecasts,
catastrophecatastrophic insurance,
and the like, several may be different
from current practice and may even
be surprising. So, for example, tipping
point warning systems may be created,
extensive weather modification will be
practiced, multiple climate hazard cata-
strophic insurance may be provided, and
efforts may be made to store or move

Figure 1. The proposed Climate Change Severity Index.
Drawing on earthquake and asteroid impact indices, Travis set the levels at
thresholds of increasingly difficult and radical social responses.
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endangered ecosystems. And such cur-
rently unlikely adaptations as fundamen-
tal revisions of water law or massive
migrations away from the coasts might
even be undertaken.

Travis also warns of maladaptations,
the most common being the way in
which short-term adaptation can lead
to long-term increases in vulnerability.
With various names such as the “catas-
trophe hypothesis,” the “safe develop-
ment paradox,” and the “levee effect,”
climate changes, as they increase over
time, are expected to encourage efforts
to build or raise sea walls, levees, and
dikes, or increase water supplies. But
when sea level, storm surge, flood, or
drought exceed the protective works,
catastrophic losses often ensue. An out-
standing example was metropolitan New
Orleans and Hurricane Katrina, where
new levees following Hurricane Betsy
of 1965 encouraged settlement of some
150,000 households behind the new
levees, only to be badly flooded when
the levees failed when Katrina hit.?

Finally, Travis offers a new and po-
tentially useful climate change severity

index akin to the Modified Mercalli
Scale of earthquake intensity, which is
based on human perception of motions
and the damage to structures rather than
the physical Richter magnitude scale of
amplitudes of seismic waves. The six
point scale (see Figure 1) begins with
level zero (the so-called normal 30-year
average climate). Currently, we are in
the early stages of level II, with more
frequent and more intense events such
as the 1988 U.S. drought or the 2003
European heat wave. This leads to a
social response of applying or requiring
intensified versions of current adapta-
tions. Beyond level II, novel adaptations
and behaviors emerge, including wide-
spread weather modification, desaliniza-
tion, water transfer, maximum sea walls,
species relocation, and coastal retreat.
At levels IV and V, adaptations are
likely to fail, and there would probably
be widespread use of geoengineering,
and if the geoengineering is unsuccess-
ful, societal and ecological collapse.
But we are in level II, and there is now
clear interest in adaptation as evidenced
by a series of recent and important U.S.
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