Indicators of 21st century socioclimatic exposure
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Policies that attempt to curb greenhouse gas emissions, allocate
emissions rights, or distribute compensation to those most dam-
aged by climate change must explicitly incorporate the interna-
tional heterogeneity of the climate change threat. To capture the
distinct susceptibilities associated with lack of infrastructure, po-
tential property loss, and gross human exposure, we develop an
integration of climate change projections and poverty, wealth, and
population metrics. Our analysis shows that most nations of the
world are threatened by the interaction of regional climatic
changes with one or more relevant socioeconomic factors. Nations
that have the highest levels of poverty, wealth, and population
face greater relative exposure in those dimensions. However, for
each of those socioeconomic indicators, spatial heterogeneity in
projected climate change determines the overall international
pattern of socioclimatic exposure. Our synthesis provides a critical
missing piece to the climate change debate and should facilitate
the formulation of climate policies that account for international
variations in the threat of climate change across a range of
socioeconomic dimensions.
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t is now firmly established that human activities are the funda-
mental cause of recent global- and continental-scale warming (1).
Policies that attempt to curb greenhouse gas (GHG) emissions,
allocate GHG emissions rights, or distribute compensation to those
most damaged by climate change must explicitly incorporate the
international heterogeneity of the climate change threat, including
potential variations in physical climate change, human suffering,
and loss of wealth. However, how these climate change suscepti-
bilities vary and interact across nations is not yet known, nor is the
net threat associated with the collective effects of multiple stressors.
Although 169 nations have ratified the Kyoto Protocol to reduce
GHG emissions, the world’s largest emitter, the United States, has
rejected the treaty, and the world’s two most populous nations,
China and India, remain under no emissions constraints. Gaining
wider international participation in future climate treaties remains
a vexing challenge for international climate policy. Climate change
presents a classic collective action problem because nations who
choose to reduce their emissions are able neither to directly capture
the benefits of those reductions nor to limit benefits to their own
citizens. As a result, international treaties are open to serious
temptations for “free riding” by some nations on the emissions
reductions of others, leading to a call for binding emissions limits
over time for all nations (2). However, agreement on such binding
limits may well require a greater understanding of how the costs and
benefits of climate change are likely to vary between nations.
Variations in national climate change exposure are thus central
to ongoing negotiations regarding GHG emissions reductions.
Because we know that climate change will not occur homogenously
over the globe (e.g., refs. 1 and 3), or even within a single region
(e.g., refs. 4 and 5), we cannot simply use socioeconomic variables
as indicators of susceptibility. Rather, we must analyze the inter-
action of those socioeconomic variables with the expected hetero-
geneity of physical climate change. However, it is unreasonable to
think that there is any single index of climate change susceptibility
that will be appropriate for every question or issue. Thus, we offer
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several indices, each indicating its own type of exposure, with its
own distinctive ethical and practical implications.

Although we recognize that some climatic changes will bring
certain benefits to specific regions (e.g., ref. 6), our emphasis here
is on the relative challenges that climate change could present to
each nation over the next several decades. We thereby aggregate
three climatic factors (temperature, precipitation, and sea level)
with three socioeconomic factors (poverty, wealth, and population).
The poorest of the world’s citizens are especially vulnerable to
environmental stress, both because they often live in the most
vulnerable locations with the least developed infrastructure and
because they possess the fewest resources to cope with even modest
negative perturbations (6). At the same time, areas of greater
wealth are more exposed to climate change in the opposite respect,
in that they have more property infrastructure to lose, as evidenced
by the immense cost of natural disasters that occur in relatively
wealthy areas. Finally, independent of poverty or wealth, popula-
tion itself creates a third type of climate-related exposure because
climatic changes in populated areas pose greater total human
threats than the equivalent changes in unpopulated areas.

Results

We first adapt the regional climate change index (RCCI) of Giorgi
(3) to calculate an aggregate national climate change index, or
NCCIL (See Methods; note that we subdivide a few very large
nations that show high spatial variability of population and climate
change.) The NCCI constitutes the basic climate information that
we use to estimate the relative socioclimatic exposure of each nation
(Fig. 1a). We note that this index measures the relative climate
response to global warming across different nations and not the
absolute response. Based on the relative magnitude of the RCCI,
Giorgi (3) identified a number of regional climate change hotspots,
including the Mediterranean, southern Africa, central America,
central Asia, and the high latitudes of Eurasia and North America.
Although not based on exactly the same definition as the RCCI, our
NCCI identifies similar regions of high sensitivity to global warm-
ing. Furthermore, in terms of physical climate change alone, China,
India, and the United States face moderate threats relative to the
range of projected change across all nations.

We create a more complicated measure of climate change
exposure by accounting for the relative size of the population
affected in each nation (see Methods). This climate change popu-
lation index produces China and Bangladesh as the most threatened
nations on a gross population basis, followed by a suite of countries
that includes India, Russia, Brazil, and the United States (Fig. 1b).
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