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PREFACE

On March 30-31, 2007, the Strategic Studies Institute
(SSI) and the Triangle Institute for Security Studies
(TISS) held a colloquium on “Global Climate Change:
National Security Implications.” The 2-day event took
place in Chapel Hill, North Carolina, and was well-
attended by both academics and members of the U.S.
Government and the Armed Forces.

This edited volume is based on this event. It
reflects, as closely as possible, the form and content of
the conference. Each chapter is based on a conference
panel. The final chapter contains a keynote talk by
General Paul Kern (USA-Ret.) and concluding remarks
by Dr. Richard Weitz. The first seven chapters each
contain three essays, a comment, and a discussion. The
essays are not exact reproductions of the talks given at
the conference. They remain true in spirit and length
to the originals but have been adapted to be read. The
question and answer sessions have been abbreviated
in the interests of space. The reader who would like to
hear exactly what was said at the conference is invited
to turn to the video-taped proceedings which are
posted on the TISS web site at www.tiss-nc.org.

The linkage between climate change and national
security has received increasing attention over the last
year,and thecolloquium provided sometimely insights.
TISS would thank all those who made it possible. Too
many individuals and institutions provided conceptual
and other help along the way to be enumerated here.
But we would like to acknowledge a few in particular.
First, we owe thanks to the U.S. Army War College
(USAWC) both for generous financial support and
for recognizing this as a subject worthy of serious
intellectual discussion. Second, we owe thanks to the

vii



participants. Their collegiality and professionalism
made organizing this event a rare pleasure and the
conference itself a success.

Besides these, the editor would like to express
personal gratitude to a few individuals: Dr. Timothy
McKeown, UNC-Chapel Hill, who first suggested
that TISS look at the security implications of climate
change; Dr. Kent Butts, USAWC, who insisted in the
face of the skeptics that such a conference would be
worth doing; Dr. Alex Roland, TISS Acting Director,
who was instrumental in framing the agenda; and
Dr. Douglas Johnson, SSI, who assisted from start to
finish. Thanks also go to Michelle Koeneke for her
invaluable assistance in organizing the conference and
to Joseph W. Caddell, Jr., who read this manuscript.
Last but not least, thanks go to Lowell Pumphrey, who
wrote his senior thesis on the “Economics of Power
Alcohol” (Princeton, 1936). He lived to learn all about
the conference, though not to see the completion of this
book. This volume is dedicated to him.

CAROLYN PUMPHREY, Ph.D.
Program and Outreach Coordinator
Triangle Institute for Security Studies

viii



INTRODUCTION

Carolyn Pumphrey
Triangle Institute for Security Studies

The Evolution of a Problem.

Until fairly recent times no one thought climate
changed, let alone was influenced by human activities.
By the 19th century, scientists were theorizing that
temperatures were affected by what we now call
greenhouse gasses. And in the late 19th century, the
Swedish scientist Arrhenius suggested that human
industry might cause the planet to warm. But this
notion was generally scoffed at. Over the course of the
20th century, the scientific community gradually came
to terms with this theory and began to regard climate
change —even rapid climate change—as more than a
distant possibility.

Interest in climate change as a national security
issue developed even later. Although the Central
Intelligence Agency (CIA) did commission a study to
look into the security implications of climate change in
the late 1970s, the issue had little resonance until the
late 1990s when the Senate Armed Services Committee
declared that environmental destruction, including
global warming, was “a growing national security
threat.” The Intergovernmental Panel on Climate
Change (IPCC) was created in 1995 in part to allay
fears. And then, in 2003, the rather notorious report
commissioned by the Pentagon, “An Abrupt Climate
Change Scenario and its Implications for United States
National Security,” provided a worst-case scenario,
which suggested that climate change might have a
catastrophic impact, leading to rioting and nuclear
war.!



The State of the Problem Today.

So where are we in our thinking today when it
comes to the science of climate change? There are
still dissenting voices, and we cannot speak with
absolute certainty. But science, we should remember,
is essentially a culture of doubt.? As Karl Popper wrote
at the start of the 20th century, “I think that we shall
have to get accustomed to the idea that we must not
look upon science as a ‘body of knowledge’, but rather
as a system of hypotheses, or as a system of guesses or
anticipations that in principle cannot be justified, but
with which we work as long as they stand up to tests,
and of which we are never justified in saying that we
know they are ‘true’. ...”?

Nonetheless, the idea that there is such a thing
as climate change is as close to established scientific
fact as one can get. At its last meeting in February
2007, the IPCC concluded that human activity has
indeed increased global atmospheric concentrations of
carbon dioxide, methane, and nitrous oxide. It further
concluded that “warming of the climate system is
unequivocal,” and “most of the observed increase in
globally averaged temperatures since the mid-20th
century is very likely due to the observed increase in
anthropogenic greenhouse gas concentrations.” It is
important to remember that the [PCC is an inherently
conservative body. It can only make a statement by the
unanimous consent of all the scientific representatives
of all the world’s governments. And it uses its words
very precisely—so when it says “unequivocal,” we
know that it means exactly 90 percent certain —which
is very certain indeed.*



What complicates the problem when it comes to the
science of climate change, however, is that the devil is
in the details. Although our instruments are improving
and our data base enlarging, scientists have come up
with many different scenarios as to how changes will
play out over the next century. Timing is a case in point.
Most estimates suggest a somewhat gradual timeline
for change. However, there are some who fear that our
current estimates fail to take into consideration what
may happen if crucial tipping points are reached. If,
for example, the Siberian tundra melts and releases its
methane, this could act as a catalyst to climate change
and make things happen a lot faster than expected.
Some scenarios envisage sea-level rise sufficiently
great to end civilization as we know it.> While we may
acknowledge that these outcomes are less likely than
some others, we ignore such possibilities at our peril.

The Consequences of Climate Change.

A level of uncertainty also exists when it comes to
the correlations we can make between climate change
and human security. The initial connections are easy
enough to establish. For example, it is well known
that warming facilitates the propagation of certain
harmful bacteria and the spread of disease.® It is also
clear that higher temperatures will lead to droughts
which will affect agricultural production, and that ice
melt will cause flooding especially in coastal areas.
But it is much less easy to predict how these changes
will affect different societies. Suppose climate change
brings droughts and floods. Societies will cope more
or less well depending on a lot of other variables. How
adaptable are they, how effective are their political
organizations, and do their cultural traditions serve as
an obstacle or an aid to enlightened change?’



If you go one step beyond this and try to draw a
correlation between these consequences of climate
change and violence and conflict, you encounter a
still more controversial area. Social scientists are not
in agreement here. To be sure many —and possibly
the preponderance—of social scientists think that
such things as poverty and resource shortages lead
to conflict, make post-conflict reconciliation harder,
and provide a breeding ground for, if not terrorists,
at least their supporters. However, there are informed
and thoughtful minorities who disagree. Similarly,
the historical record makes it quite clear that when
life becomes unsustainable, people will simply get up
and leave their homes, sometimes in large numbers.?
But if mass migrations are a likely outcome of climate
change, the precise ways in which they may lead to
conflict are not clearly understood. Much will depend
on the age of the migrants, the environment into which
they move, and a host of other variables.

So, in short, we can assert with a large degree of
confidence that the climate is changing, and that this
has the potential to do us harm. But our challenge is
how to approach this problem in light of the very real
uncertainties.

National Security and the Climate Change Threat.

The purpose of the Triangle Institute for Security
Studies (TISS) conference was to consider the national
security implications of climate change. Here we
run into some definitional problems. The meaning
of the term “national security” is not agreed upon.’
A traditional view is that it is concerned with the
preservation of state sovereignty (most especially
its monopoly of force) and the protection of national



interests. In recent times, however, some scholars have
argued that national security should encompass more
than this. They argue that human welfare is in and of
itself a security issue.” Thus construed, such things as
poverty, disease, and environmental degradation are
security threats not just because they lead to conflict,
but because they are in and of themselves violations
of “human security.” Other scholars have argued that
to define security in this way is to strip the term of
all real meaning. This clearly has implications for the
discussion at hand. If one takes the broadest definition
of security, the mere fact that we are polluting the
environment is a national security threat. If one takes
the narrow view, the national security implications are
less immediately obvious.

Protecting our “national interests” also means
different things to different people. According to the
DOD Dictionary of Military Terms, “National security
interests include preserving U.S. political identity,
framework, and institutions; fostering economic well-
being; and bolstering international order supporting
the vital interests of the United States and its allies.”
But opinion is divided as to whether this goes too far
or not far enough. When it comes to climate change,
for example, it seems as if those who are likely to suffer
most hardship are people living outside the United
States and not necessarily in regions of great strategic
concern to us. Some see humanitarian intervention as
an important component of our national interest—a
fulfillment of a moral obligation that validates what we
stand for as a society; a way to generate goodwill, and
a way to preserve stability. But many others disagree.

These different underlying assumptions about the
meaning of national security affect our response to
climate change. They shape both threat assessments
and policy recommendations.



Evaluating the Threat.

That climate change poses some kind of national
security threat—impending danger or harm—seems
clear. However, the United States faces many threats.
The very act of preparing to meet one kind of threat
may mean that we will be less able to meet another.
So we must prioritize. In the pecking order of threats,
where does climate change stand?

Evaluations vary markedly. A quick look at the
official positions adopted by the leaders of different
countries will provide an indication of this. As far as
Former British Prime Minister Tony Blair is concerned
climate change is the biggest threat facing the world
today.!"! By contrast, as far as the Czech Prime Minister
Vaclav Klaus is concerned, a still bigger threat comes
from the very environmentalists who try to deal with
the problem. In their efforts to halt global warming,
they fatally endanger freedom and prosperity.?
The U.S. administration under George W. Bush has
certainly not placed climate change high on the list of
priorities. As to conference participants, they agreed
that the threat was a dangerous one, compounded
by a context of rapid population growth, increasing
economic appetite, pockets of extreme violence, and
global interdependence.”

Why this enormous discrepancy? In part, the
answer is because climate change is going to affect
different nations to different degrees and in different
ways. Unfashionable though these terms may be, there
will be “winners” as well as “losers.” The Russians, for
example, are likely to benefit from the melting of Polar
ice and the opening of new maritime routes. And, on
a more frivolous note, the English wine industry may



challenge the French." By contrast, according to the
Climate Change Index, people living in such places as
Djibouti, Egypt, Pakistan, and Cuba are likely to suffer
from serious physical problems leading in turn to
political destabilization."

In part the answer is because national security
organizations have so many pressing concerns to
consider. While chronic instability of the sort that may
come out of climate change is obviously worrying,
clear and present dangers like the war in Iraq and
Afghanistan and the looming threat from Iran are
almost inevitably going to command more attention.

Where climate change ranks in the scheme of things
also stems from differences in interpretation of the
scientific evidence. Analysts are currently working out
a range of estimates. Scenarios vary from the totally
catastrophic to the mildly disruptive but ultimately
survivable.' It is all too easy, given this uncertainty,
to choose the interpretation which best fits one’s own
cultural predilections or fills one’s rice bowl.

Climate Change as a U.S. National Security Concern.

What about the United States? Is climate change
currently expected to bring catastrophic changes in
weather? Violent social upheavals? Intractable strategic
problems? Or should we expect more subtle changes,
more manageable problems?

Here, too, scenarios vary. Some models suggest
that the North American continent will be among
those most significantly (and negatively) affected by
climate change.” Others suggest considerably less
dramatic impacts. They say we might expect some
serious flooding of coastal areas and rather serious
drought in the Southwest. We might also expect more



extreme weather patterns.”® In principle, there seems
to be agreement that we have the means to cope with
most of these eventualities. Our recent experience
with Hurricane Katrina, however, demonstrates that
we have not yet learned how to take advantage of our
existing assets."

Even if we dismiss the worst case scenarios and
assume that we will be spared the worst of what
climate change can bring, we should note that climate
change does indirectly pose very real national security
concerns. Take terrorism, for example. The “war”
against terrorists is very high up on the current list of
national priorities. And there is persuasive evidence
that extremism draws strength from the presence of
poverty and inequality.” While images of streams of
displaced persons swarming across the border arelikely
exaggerated, we know less than we should about how
to integrate migrants into our society.? In some parts
of the world, significant population movements could
further destabilize volatile regions which we have
a profound interest in keeping peaceful. The Middle
East, for example, is vulnerable to water shortages, and
climate change promises to exacerbate this problem.?
The United States will also certainly have to deal
with a rapidly changing strategic picture which may
challenge its efforts to preserve world-wide stability.

In short, climate change is likely to be a stress-
multiplier, to exacerbate tensions, and to complicate
American foreign policy in a wide variety of ways.

A Sluggish Response.

Climate change is, then, at the very least a national
security challenge for the United States. How effectively
have we dealt with it in the past? The short answer is,
not well.



If the polls can be trusted, the American public is
gradually beginning to believe that climate change is
not simply the figment of imagination of overexcited
environmentalists. A 2006 Pew study found that about
41 percent of Americans think that global warming
is a very serious threat. However, they rank it well
below other issues as a national priority, and they are
not willing to dip into their pockets to find a remedy.?
While some corporations are trying to find ways to be
more energy efficient, many others are dragging their
feet.®

The American military is more environmentally
conscious than is widely recognized. To some extent,
thisis policy driven. The Energy Policy Act, for example,
makes energy conservation on bases a requirement.”
U.S. Army Field Manual 3-100.4 stresses environmental
stewardship.? However, interest in environmental
issues goes beyond grudging acquiescence to orders
given by civilian “bosses.” Some regional commanders
have insisted on environmental engagement in the
face of resistance from above.” Environmental security
and disaster prevention, response, and recovery are
now looked upon as acceptable military missions in
that they are viewed as essential elements of regional
stability.”® And agencies like the Army Environmental
Protection Agency work hard to promote advances in
this area. At the same time, the Armed Forces continue
to be committed first and foremost to the warfighting
mission.

What is signally lacking is planning at a national
level and clear directives from above. Environmental
security is not part of any existing National Security
Act. DOD Directive 3000.05 may tell the Armed Services
that stability and support operations will receive the
same priority as combat operations, but does not



allocate specific funds to give these mandates “teeth.”
Corporations are not given the kind of incentives
which might drive them to change their patterns of
behavior. In short, while many different organizations
and individuals are taking constructive steps to deal
with the climate change problem, these are not, as yet,
part of a coordinated strategic plan.

Whatisalsolackingisacommitment tointernational
diplomacy. The United States refused to ratify the
Kyoto Treaty and remains reluctant to agree to any
international legislation that would significantly curtail
its actions.? It could be a leader in this area, and that it
most certainly is not.

Solutions.

As a threat comes closer, our options for dealing
with it become more and more limited. In the case
of climate, studies suggest that we have a narrow
window of opportunity to make some meaningful
changes before irreversible damage is done** It is,
therefore, imperative that we remove our heads from
the proverbial sand. So why has this problem failed to
get much traction despite warnings from the scientific
community and from some members of the defense
establishment? There are arguably three overriding
explanations.

1. In the first place, the uncertainty of science
undermines the political will to act. Politicians do
not like to operate in an uncertain environment and
are likely to put such issues on the back burner. And
warning about climate change is difficult. Because the
public has a somewhat hazy understanding about how
climate change manifests itself and because specific
predictions are bound at times to be wrong, it is all too
easy to throw the baby out with the bath water.
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2. Closely related to this is the communications
dilemma. A lot of climate change is about creeping
dangers.®® These appear remote and, sadly, rather
boring to a public that likes drama. But if we attempt
to wake the public up—as Former Vice President Al
Gore did in An Inconvenient Truth—we may distort or
manipulate the evidence. This too can give ammunition
to the skeptics.

3. Finally, the problem has failed to really get
our attention because it is all too easy to see it as
the other man’s problem. If the correlation between
industrialization and accelerated climate change is
indeed true, there would be both logic and justice in
our doing proportionally more than others at this time
to remedy the problem.*? The fact is, however, that in
developed countries we have some confidence that
our powers to adapt will outpace the problems created
by climate change. We do not, therefore, see it as a
problem that will affect our vital interests. And so our
enthusiasm to deal with it is correspondingly less.

Getting Traction.

Intrinsic to the whole process of addressing
climate change will be finding ways to overcome these
entrenched attitudes. The uncertainty of science does
not, in fact, have to hamstring us. Risk management
tools are available to help us deal with decisionmaking
in uncertain environments.* Simple models exist which
can help us explain this to the public. A wise person
insures his home both against highly probable if not
very serious potential dangers, as well as unlikely but
potentially catastrophic disasters.*

The public needs to understand, moreover, that
climate change will not just affect the polar bear. It will
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damage the health of our children.*® People also need
to better understand the implications of globalization.
Notall currently appreciate how our security is affected
by what is happening elsewhere in the world.

At the same time, we need to make clear the positive
benefits that will result if we deal with the problem.
Historically, reforms have tended to be more long-
lasting and effective when they have served not just an
ideal purpose but quite functional ends. Thankfully,
one of the characteristics of the climate change issue
is that it does not just threaten us. It also offers us
opportunities.

Opportunities.

Consider just a few of the concrete benefits that
might accrue to us if we take steps to deal with climate
change. First, to slow down the pace of global warming,
we will have to reduce carbon emissions. This is not just
a tiresome necessity. If we do find alternative sources
of energy, we will be less dependent on foreign oil
and increase our foreign policy options. If our military
becomes more energy efficient, its logistical capabilities
will be enhanced.* If we reduce pollution, our national
health costs will be cut. If our businesses discover
creative new technologies, they will prosper and jobs
will be created.

Second, climate change is a global problem and
one that can only be solved by cooperation. As such,
it offers us a chance to foster partnerships and build
trust. Shared environmental concerns can bring people
around the negotiating table. Providing clean water
to local populations can make troubled zones more
secure for our troops. And assisting people afflicted
by climate-related disasters can help restore our
somewhat tarnished image abroad.

12



Third, we can use climate change to promote the
kind of developments that will benefit us all. It would
be to our advantage if more foreign militaries were
attuned to the idea of serving their people. It would be
to our advantage if, instead of failed or failing states,
we were to find legitimate governments capable of
meeting the needs of their citizens and able to respond
toacrisis.”” Behind the scenes assistance to governments
struggling to establish credibility and military to
military engagement on environmental issues can do
much to bring about such changes.*®

Strategies.

Climate change, as a security problem, needs
to be addressed at multiple levels. First, there is the
root problem —the changing climate. Second, there is
the human misery it will engender —we are talking
of such things as poverty, disease, displacement, and
social inequality. Third, there is the instability and/or
changing strategic picture that will spring fromall of the
above. Simply put, our response needs to encompass
at least three things: slowing down the rate of climate
change and preparing to adapt to changes that cannot
be avoided; taking steps to alleviate social distress; and
preparing to cope with potential conflicts.

To slow down climate change, we clearly need
to engage in mitigation and adaptation efforts. The
terms are somewhat loosely applied and can mean
different things to different people. For our purposes
here, let us say that adaptation involves finding ways
to accommodate ourselves to what is going to happen.
Mitigation is an attempt to lessen harm.

If we want to change the direction of the curve,
as it were, and slow down global warming, we have
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a range of options. These run the whole gamut from
sponsoring research into alternative forms of energy to
funding birth control programs. It will call for public
education, legislation, and constructive participation in
international diplomacy. If we want to adapt to changes
that we think will inevitably occur, we should think,
among other things, in terms of developing effective
new technologies — desalination plants, perhaps, if we
face drought; or hydropoles, if we face floods. We need
to improve our forecasts and warning systems.* We
need to identify areas of high vulnerability and work
with the people there to help them build institutions at
a local level capable of meeting future challenges.*

To deal with those human security problems
that threaten to provide a fertile soil for extremism
and violence, it would seem logical to address the
problem of growing social inequality. This might
mean providing assistance to vulnerable nations. The
United States can play a role here, as it has done in the
past. It can fashion suitable international institutions to
help create economic prosperity.* And it can provide
states with the tools to adapt to increasingly stressful
conditions. Fostering legitimate governments is a key
element of this strategy.

To deal with future conflicts, more comprehensive
planning is essential. The entire range of plausible
threats needs to be delineated. Alternative approaches
and cost-benefit analyses must be run to establish what
can be done, when, and at what cost.*> We need to
improve our warning systems so that a warning is not
simply given, but also heard and acted upon.*

Coordination at many levels is also going to be
crucial. It has been identified for some time as one of our
national shortcomings. Dealing with climate change
generated conflict calls for contributions from a wide
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variety of agencies, local, national, and international;
military and civilian. An effort needs to be made to
determine what kinds of organizations are best suited
to what kinds of activities so as not to duplicate efforts.
Thought also needs to be given as to how to take
best advantage of assets already in place: How, for
example, can uneasy bedfellows like nongovernmental
organizations (NGOs) and the military work together
withoutarousing the suspicion of host countries? Along
similar lines, effective interagency action may require
new legislation and better definition of Department of
Homeland Security authority.*

Finally, a precondition for success in all three
cases must be improved understanding of the
problem — better intelligence, better science, and better
understanding of the relationships between such things
as violence, society, and climate change. And plans, at
every level, must get the ear of the leadership, so that
they do not sit in elegant volumes and gather dust.®

Responsibility.

If climate changeis ever to be successfully dealt with,
someone is going to have to assume responsibility. Who
should it be? Is responsibility related to culpability?
Or is it related to capability? What organizations are
best equipped to deal with particular tasks? What
role, in particular, should U.S. Armed Forces play?
As major consumers of energy, and as organizations
that are periodically engaged in warfare, armed forces
inevitably contribute to climate change in general and
to global warming in particular. They also have assets
and capabilities that many other elements within our
society do not. Should they, therefore, take the lead
when it comes to finding solutions?
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The answer is both “yes” and “no.” The Armed
Forces — perhaps the Air Force more than the Army —
can clearly help reduce global warming. Military
research and development can be applied to the task
of developing new and more efficient technologies.
Military demand for fuel efficient vehicles could
help stimulate similar demand in the private sector.
As a huge organization, merely applying efficient
technologies on bases* can (and in fact is) making a
big difference. And, as noted above, developing fuel
efficient systems has a military utility.

The Armed Forces may also be called upon to
restore stability to regions devastated by extreme
weather events or to provide humanitarian assistance.
Peacekeeping and stabilization operations are in fact
now officially part of the core mission of the Armed
Forces.¥ And our military does have some unique
advantages. It has a widespread presence throughout
the world; is good at dealing with emergencies; and
has vast, though not infinite, economic resources at its
disposal. Its ability to gather and analyze intelligence,
and the cultural awareness and linguistic skills of
some of its special forces are among other less widely
recognized assets that could be useful in disaster
relief.** However, for a variety of reasons — traditional
understanding of proper civil-military relations among
them - itis probably best that it play a supporting rather
than a leading role in such missions, plugging gaps
where appropriate, but not remaining in charge.*

Furthermore, as noted earlier, the military must
maintain the ability to deal with a wide range of
contingencies. It has to make choices when it comes to
structure and training. Gearing up for climate change
may be compatible enough with efforts to deal with
asymmetrical threats. But some fear that it may reduce
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its ability to get ready for war of a more traditional kind.
This particular dilemma is far from resolved. However,
even if we grant that the military should not be the
leader in the struggle against climate change, it is still
important to recognize that it is a vital contributor.

In the final analysis, however, it is clear that
this is not just a job for the military. We also need a
government that incorporates climate change science
into its strategic planning and that leads international
efforts to create partnerships and institutions capable
of responding to the threat. We need businessmen
willing to invest money and effort in clean, energy-
efficient technologies. And we need ordinary citizens
who are sufficiently well-educated on this subject to
put the problem in perspective, pay carbon taxes if
needs be, and buy the right sort of light bulbs. In short,
it is a job for everyone.

Conclusion.

To conclude, climate change is certainly an issue
that deserves serious consideration as a national
security concern. It may not appear at the moment
to be the most crucial threat facing the United States.
However, we ignore this threat at our peril. We stand
to lose a great deal if we do not move fast; the evidence
suggests that the problems will increase incrementally
if we wait. And at the same time, we stand to gain
much if we do act—a healthier, cleaner environment,
a more stable world community, better relationships
with other countries, and greater national security.
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CHAPTER 1
DEFINING THE PROBLEM

The purpose of this chapter is to put the issue of global
climate change into perspective, define terms, and introduce
the reader to major debates and areas of uncertainty. Dr.
Spencer Weart shows how global warming has come, over
time, to be framed as a national security issue. Dr. Robert
Corell lays out the scientific evidence for climate change
in general and global warming in particular. Dr. Richard
Matthew evaluates global climate change as a security threat
and outlines some of the definitional problems that face us.

A National Security Issue?
How People Tried to Frame Global Warming

Spencer R. Weart
American Institute of Physics

Global Warming as a Scientific Puzzle.

Nice weather we're having, isn’t it? People are, and
alwayshavebeen, interested in the weather and changes
in the weather. Climate was something that came with
the territory — weather was what changed. People were
very concerned of course, about floods, droughts, cold
spells, and so on. These were things which came and
went, and went and came again. Climate, by contrast,
wasn’t supposed to change. It came as a great surprise
in the 19th century when people found that there was a
historic record of climate change, namely the ice ages.
The ice ages were a great puzzle and one of the big

23



intellectual challenges of the 19th century. One of the
leading lights of the Swedish Academy of Sciences,
Svante Arrhenius, thought that he had an explanation
for the ice ages: They were mainly caused by carbon
dioxide, what we now call a “greenhouse gas.”

Over geological ages, carbon dioxide was put
into the atmosphere by volcanoes. It was taken out of
the atmosphere by chemical absorption in rocks or,
especially, by dissolving into the oceans. If something
happened to change this, if there were fewer volcanoes,
for example, there would be less carbon dioxide in
the atmosphere. Arrhenius made some calculations
and concluded that if you cut the amount of carbon
dioxide in the atmosphere in half, that would lower the
temperature enough, probably, to bring on an ice age.
This was not an entirely new idea. His calculations were
new, but the idea had been around since the mid-19th
century. John Tyndall, an English scientist, explained
it neatly —you’ll never get a better explanation than
this of the greenhouse effect: “As a dam built across
the river causes a local deepening of the stream, so our
atmosphere, thrown as a barrier across the terrestrial
rays [thatis, the heatrays, the infrared radiation coming
up from the surface] produces a local heightening
of the temperature of the Earth’s surface.”’ Adding
carbon dioxide high in the atmosphere, will block
more of the radiation coming up from below, causing
an imbalance —more radiation coming in than going
out—so that the temperature underneath has to rise
until there is enough radiation coming out to restore a
balance.

A colleague of Arrhenius pointed out that
humanity was putting as much carbon dioxide into the
atmosphere as volcanoes, more or less. Over the 19th
century, industry had grown to a prodigious extent,
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with puffing smokestacks dominating the cities—
which, by the way, was regarded as a welcomed and
happy sight, standing for employment, industry,
progress, overall a very good thing.

So Arrhenius decided to calculate things the other
way: What happens if we double the carbon dioxide
level of the atmosphere? A very rough calculation,
which only took him a year with pencil and paper,
suggested that it could raise the temperature by several
degrees. In chilly Sweden, that sounded like a good
idea. “We may hope to enjoy ages with more equable
and better climates,” he wrote, “ages when the Earth
will bring forth much more abundant crops than at
present. . . .”? He did not expect this to happen for a
very long time, thousands of years in the future. So at
the outset, global climate change was not framed as a
problem for our society; it was framed as an interesting
scientific problem. And even as a scientific problem,
the main interest was not in global warming but global
cooling. Some thought the greenhouse effect might
provide the long-sought solution to the puzzle of what
caused ice ages.

When Arrhenius presented the scientific world with
his speculation that human industry might some day
warm the planet, the idea was scoffed at. How could
humans produce an effect great enough to affect the
climate? And of course if they did, would it not be all
for the better? At the time, it was generally held that
we lived in a balance with nature, and the balance of
nature would make sure nothing terribly bad happened.
You could even take it to the extent of believing in a
kind of homeostasis —there was a natural system that
regulated everything, kept everything stable. The
oceans after all, would absorb carbon dioxide as fast as
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the gas was produced, and everything would be stable
and fine.

A few began to raise doubts in the 1930s, for climate
changes were beginning to be visible. People had
accumulated enough good weather records by that
time to see that there were some long-term changes
underway in the climate in Africa and the United States
and so on. For the northern hemisphere, the record of
good temperature measurements began in the 1880s.
This was far enough back for people to see that there
had been a slow increase. As one of the news magazines
put it, “Gaffers who claim that winters were harder
when they were boys are quite right . . . weather men
have no doubt that the world at least for the time being
is growing warmer.” Still, if some people recognized
that climate did change, they saw that as just a part
of some natural cycle: “Meteorologists do not know
whether the present warm trend is likely to last 20
years or 20,000 years.” Such natural cycles seemed to
have nothing to do with human emissions. There was
one man who challenged this, a well-known engineer
but an entirely amateur meteorologist, Guy Stewart
Callendar. Looking over historical data, he concluded
that the carbon dioxide level in the atmosphere had in
fact been increasing. He predicted that the increase in
temperature due to the artificial production of carbon
dioxide would come to 0.3 degrees Celsius per century.
Again, Callendar saw nothing very urgent in this. He
saw it largely as a scientific problem in geophysics, and
mainly of interest if it could explain ice ages. To other
scientists, it was only one theory of climate change,
and not as likely as many other theories going around,
having to do with sunspots and other solar changes,
or variations in ocean currents, or who knows what.
As a science writer put it, “Everyone has his own
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theory —and each sounds good —until the next lad
comes along with his theory and knocks the others into
smithereens.” The carbon dioxide greenhouse effect
theory of climate change was just one more thing on
the shelf with all the other bric-a-brac and not by any
means the most attractive.

The idea that humans could change the climate
began to change with the coming of atomic energy.
The atomic bombs themselves showed that humanity
was now in fact in possession of forces of geophysical
magnitude. Also, as fallout went around the world,
people began to realize that what you do in one
place could have an effect on the environment far
away. Some people even began to say that bomb tests
were affecting their weather, causing more floods
or droughts. If weather records said the world was
getting warmer, a news magazine reported that “large
numbers of people wonder whether the atomic bomb is
responsible for it all.” If theoretical ignorance remained
complete, there was an increasing willingness to accept
that human civilization might have some impact on the
natural world. Global warming began to be reframed,
as something that might have more than an abstract
scientific interest.

First Worries about Climate Change.

Now we begin to get into some of the real science.
For lack of time, I will just tell a couple of stories that
relate to how the matter was framed. One of the stories
starts with Roger Revelle, an oceanographer who had
been studying sea water since the 1930s. Sea water was
of interest to the U.S. Navy. By the end of World War
II, Roger was Commander Revelle, in charge of a large
scientific team sent to the atoll at the 1946 Bikini atom
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bomb test, to study what effects the explosion had on
the sea water and the lagoon. This revived his interest
in sea water chemistry. Now, sea water is not just salt
water; it is a complex chemical solution. In fact it is a
buffered solution, and Revelle realized that means it
does not take up carbon dioxide as rapidly as people
had thought. Moreover, he was aware that the human
population had doubled since Arrhenius’s day, and the
output of industry per capita had more than doubled.
More important still, he was aware (what earlier people
had failed to recognize) that this was an exponential
trend, which was probably going to double and
redouble again. So Revelle took the trouble to do a new
calculation, taking into account his understanding of
the lesser capacity of oceans to absorb carbon dioxide
and the ever increasing emissions of CO? In 1956 he
came to the conclusion that, in fact, the carbon dioxide
content of the atmosphere must increase.

In 1956 Revelle testified to Congress that the Arctic
Ocean might become navigable. If so, he said, “the
Russians will become a great maritime nation.”® This is
the first statement that I have found that hinted at the
national security implications of climate change. Revelle
was actually talking through his hat, speculating about
something that he didn’t actually expect to happen
for centuries. The reason he was testifying (before
an appropriations committee) was to ask for money
to fund new research, planned for the forthcoming
International Geophysical Year (IGY 1957-58). In the
1950s, the word “Russia” was a common code word
for “give us some money.” Revelle’s personal attitude
was expressed better in a statement he made several
times, that by adding carbon dioxide to the atmosphere
“human beings are now carrying out a large scale
geophysical experiment.” In short, it was scientifically
interesting, and probably his main interest was the old
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one of hoping to explain what caused the ice ages. He
was little concerned with a future rise in temperature.

Because of the scientific interest and because he
did get money for more research during the IGY, he
hired a young post-doctoral candidate, Charles David
Keeling, to study carbon dioxide. Keeling went to Little
America, the base the Navy established in Antarctica
for the IGY. In the very pure air there, he carried out
the most meticulous measurements that had ever been
made on carbon dioxide. Within 2 years, he was able to
show that, exactly as Revelle had predicted, the carbon
dioxide level was increasing.

Whether that meant that the temperature would
increase, nobody was sure. But if it did, then as one
scientist put it, “there would seem to be every reason
for producing as much carbon dioxide as we can
manage. It is helping us towards a warmer and drier
world.” Such optimistic views about technological
“progress” had begun to shift, however, and not only
because of atomic weapons—although that certainly
had something to do with it. Environmentalism had
come on the scene. (Earth Day 1970 is often cited as
a breakthrough in public opinion and political clout.)
And weather changes were worrying now. In the early
1970s there were very severe droughts in Africa, the
American Midwest, and elsewhere. Concern about the
world food supply grew with the collapse of the Russian
wheat crop. In short, a variety of things stimulated
doubts about the benevolent impact of climate change
and led people to consider that human-generated
pollution might possibly be affecting climate, at least
regionally.

Concern about atmospheric pollution was no longer
limited to complaints about smog in cities. Industrial
haze was found to be spreading around the entire
Northern Hemisphere. Environmentalists took note. In
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the long list developed in the 1970s of harms we were
doing to the environment — deforestation, overgrazing,
acid rain, smog— global warming took a modest place.
Global warming became framed as an environmental
issue. It was a fateful move, for environmentalism in
general was increasingly associated with only one part
of the political spectrum, the left.

Speculating about Catastrophe.

Meanwhile, temperatures in the Northern Hemi-
sphere had begun to turn down. In the Southern
Hemisphere, we now know, this wasn’t happening,
but they didn’t have good records for the Southern
Hemisphere at the time. One possible explanation for
the cooling was the smoke and other particles that
industry and so forth were putting into the atmosphere.
One scientist, Reid Bryson, proposed that what he
called the “Human Volcano” was putting so much soot
and dust into the atmosphere that it was producing
a cooling effect around the world. (Volcanoes pour
out not only carbon dioxide gas, but also smoke and
sulfate particles, and a great eruption will temporarily
shade the planet’s surface and cool it.) This bothered
Bryson because there was a lot of data accumulating,
including data he had found himself from studies of
ancient tree rings and so forth, that climate change
could be quite rapid and persistent. In the American
Southwest and Midwest, he found signs that there had
been very, very severe droughts that had come on in
less than a hundred years —it was no longer a question
of ice ages that took ten thousand years to settle in, or
even a thousand years. It seemed like serious climate
change could come within as little as one or two human
generations. He wondered whether, by putting all this
in the air, we might be bringing on a new ice age.
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If that was so, there would be serious implications.
As Fortune magazine put it in an article inspired by
Bryson, we might see “a billion people starving” or
other very serious consequences. (In fact, recent work
suggests that pollution and other human influences did
play a role in the great drought that hit Africa at just
that time, the early 1970s, starving millions and killing
tens of thousands.) Now, while this kind of talk was
found in the popular press, if you look at the refereed
scientific literature, you will find that nobody was
saying anything so radical. Some scientists were saying
that there might be a rather gradual cooling. Others
were saying that it was more likely that greenhouse
warming was coming on. The important new scientific
idea was that serious climate change could be relatively
rapid, within a single century, and it could be triggered
by humans.

These ideas provoked a study commissioned
by the Central Intelligence Agency on the potential
implications. The study built on Bryson’s ideas,
suggesting that there might be serious problems — what
we might well call national security problems —coming
from climate change. Indeed they predicted that in the
worst case, “there would be increasingly desperate
attempts on the part of powerful but hungry nations
to get grain any way they could. Massive migrations,
sometimes backed by force, would become a live
issue. ...”*

Now, this was only one small report, by no means
an official government position. Probably the dominant
view among meteorologists was that, as one authority
put it, “the climatic system is so robust . . . that man
has still a long way to go before his influence becomes
great enough to cause serious disruption.”® The
refereed scientific literature had it all down as a matter
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that needed, and deserved, further research. The old
assumptions about the balance of nature remained
widespread: Maybe we’ll get warmer, maybe we'll get
cooler, but more likely nothing will change very badly
or very fast.

Scientists Begin to See a Real Problem.

To explain how this view changed, I have to skip
back in time to another line of the scientific story.
Let’s visit the meteorology group in Princeton in 1952.
The leader is Jule Charney, the first man to work out
the mathematics for how to predict weather on a
computer. His main colleague was Norman Phillips,
the first person to actually program a computer
that could predict weather 24 hours ahead. It took a
24-hour computer run, but it was a start. In fact the
most important member of the team was not human:
MANIAC 1. This computer was designed specifically
to study the dynamics of compressible fluids, although
the compressible fluid originally in mind was not the
atmosphere, it was the plasma in a hydrogen bomb.
I'm making a little point here about the importance of
military funding in this entire story.

Jumping forward in time to the mid 1960s, the next
main figure is Syukuro Manabe, working in another
lab in Princeton. Manabe took the weather computer
models, which were working pretty well by that time,
and developed a model for the average weather over
a year, that is, climate. Compared with the real planet,
Manabe’s world wasn’t too bad. For the United States,
for example, his model had a lot of precipitation in
the Pacific Northwest, not much in the Southwest.
He had the tropical rain bands, a wet Brazil, a dry
Chilean desert, and so on. In short, his computer was
simulating the real world to a rough approximation.
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Now Manabe decided to put some extra greenhouse
gas in his model atmosphere: Let’s double the carbon
dioxide and see what happens. The temperature went
up several degrees. And in fact, this is a robust feature
of models to this day. You cannot make any kind of
mathematical or computer model of the climate, which
will (1) produce a climate that looks anything like the
real world’s climate, and (2) not have it heat up if you
add carbon dioxide. That’s just the way models work.

This began to catch the attention of physicists,
including a group of elite physicists who called
themselves the Jasons. One summer they undertook
to study the long-term impact of atmospheric carbon
dioxide on climate. Some of you may be familiar
with the Jasons, whose main activity was and remains
wide-ranging studies for the military. After decades of
working out of public view for the Defense Advanced
Research Projects Agency (DARPA) and other defense
agencies, they came under great fire from their fellow
academics during the Vietnam War. When they
decided to study climate, they did it for the Department
of Energy. It was a step away from national security
affairs; they wanted to do something more civilian in
nature, so they took up the study of climate as a break
from their usual military-oriented summer studies. But
what they concluded was, perhaps, closer to national
security than they might have thought.

After devising their own computer model, they got
the same result Manabe and others were getting: They
predicted a warming of a few degrees Celsius by the
middle of the 21st century, and much more warming in
the Polar regions. That Arctic warming, by the way, is
a robust feature of climate models; even Arrhenius got
that with his pencil and paper. The Jasons concluded
that there might be serious consequences for the world’s
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food supply. There would be a sea-level rise, which
could possibly be damagingly rapid. As a result of the
climate changes, they reported, there could be a large-
scale displacing of populations. Of course populations
have always been moving from one climate zone to
another, as when Mexicans come to the United States,
but they might not be happy to have it imposed upon
them. The Jasons were also aware of, shall we say, the
unknown unknowns, a variety of other possible effects:
acidification of the oceans and so forth. In short, pretty
much the whole range of potential problems that we are
now concerned about were already well-understood
by physicists by the early 1970s.

This was just a bunch of physicists doing a study
out of their own curiosity. But their report did cause
greenhouse warming to get attention, for the first time,
at the highest levels of government. The President’s
science advisor was a geophysicist, Frank Press, and
he decided to have a real study done by a panel of the
National Academy of Sciences. It was headed by Jule
Charney, who had become (and remains) the grand old
man of computer weather prediction, but he had no
fixed views on climate change. Charney and his panel
studied the entire question carefully and concluded:
Yes, if you doubled atmospheric carbon dioxide, there
would be a 1.5 to 4.5 degree Celsius rise. This is not as
precise as it sounds; what they were really saying was
“roughly three degrees, plus or minus 50 percent.”
It was a good estimate even so, not far from current
values (those computer models really are robust). But
carbon dioxide would not double until well into the
next century, and the 21st century seemed very far away
at that time. So when it came to actual consequences,
the Charney Panel only needed to conclude that “the
socioeconomic consequences may well be significant,
but. .. cannot yet be adequately projected.” There was
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plenty of time for more research, and that was the only
action they recommended.

The research did proceed, and it gradually shifted
opinions in the scientific community. What had seemed
a rather vague and remote possibility began to look
more and more serious and certain. I will just mention
one of the many lines of research: the Soviet Union’s
last great achievement. At Vostok in Antarctica, the
most remote and barren spot on the planet, they drilled
kilometers down through the ice. Analysis of gases
trapped in the layers of ancient ice showed that carbon
dioxide and temperature went up and down together
through the last ice age (in fact, the core eventually got
deep enough to record the same thing through the last
four ice ages). In short, there was demonstrably a tight
feedback between carbon dioxide and temperature.
Raise the temperature and the carbon dioxide will
go up, raise the carbon dioxide and that will raise the
temperature still more, bringing out yet more carbon

dioxide, and so forth —a strong and rather frightening
feedback.

Getting Serious about Global Warming.

Meanwhile, the temperature in the Northern
Hemisphere had begun to rise. A few scientists began
to feel it was time to alert policymakers and the public
that a real problem could be foreseen. The pioneer
was Jim Hansen, who already in the early 1980s
had predicted, quite accurately, that the “signal” of
greenhouse warming would emerge from the noise of
normal climate fluctuations sometime around the year
2000. Testifying before Congress in 1988, the hottest
summer ever in Washington, DC, he told people, “It’s
time to stop waffling and say the evidence is pretty
strong that the greenhouse effect is here.”®
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Congress took little notice (aside from Al Gore and
one or two others). Environmentalists did, however,
begin to join the scientists in calling for national policy
attention to global warming. It was, in fact, the new
Environmental Protection Agency that issued the
first official government report on climate change. As
the New York Times described their findings, “Global
warming caused by industrial pollutants is likely to
shrink forests, destroy most coastal wetlands, reduce
water quality and quantity inmany areas, and otherwise
causeextensiveenvironmental destructionin the United
States over the next century.”” Other environmentalists
went farther. For example, one publication exclaimed
that “A climate change that turned the Great Plains of
North America into an arid zone would be analogous
to a major military disaster.”® Thus environmentalists
framed climate change as a problem on the same order
as national security issues. Their plan, typical of the
1970s, was to take money away from the military.
They said we should spend less money on the military
and use it to address the more serious environmental
threats to our well-being. Other government agencies
gave all that little credence. But the pressure became
more serious with the end of the Cold War, when the
military lost what had been its primary mission.

That prompted Senator Sam Nunn and other
members of the Senate Armed Services Committee
(Al Gore for one) to bring the environment into their
deliberations. In 1990 they tried to stir up public interest
with ajoint declaration that environmental destruction,
including global warming among other problems, was
“a growing national security threat.” Their conclusion
was that we should give more money to the military,
or at least stop cutting the military budget so the armed
forces could do something about the environment—
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and, not coincidentally, preserve the prerogatives and
power of the Armed Services Committee.

This idea of going environmentalist was not very
natural to Senator Nunn, and it struck no resonance
whatsoever with then Secretary of Defense Dick
Cheney. Moreover, there was a strong political counter
movement against any worrisome talk about the
environment. An attack specifically aiming to reduce
concern and action on global warming was mounted by
the fossil fuel industries and their allies. They sponsored
scientific and quasi-scientific reports, and spent
literally millions of dollars on press releases, websites,
and lobbying the administration and Congress. They
had considerable success convincing people that the
science of climate change was nonsense, or at any rate
so dubious that it was nothing anybody really needed
to worry about, still less act upon. Policymakers, partly
because of these countervailing forces and partly from
the usual inertia about undertaking anything new, were
perfectly happy to do nothing about climate change.

Meanwhile the science continued to progress.
Again, I can only take one example from many
hundreds of significant findings. In 1991, a volcano in
the Philippines erupted and threw a cloud of sulfates
the size of Iowa into the stratosphere. Jim Hansen saw
this was a fine natural experiment: He could put the
cloud of sulfates into his computer model and see what
happened. The models were much better now, and
he could follow climate month by month. His results
predicted what the effects of the Pinatubo eruption
would be, in what regions the sulfates would produce
some cooling for a year or two until they washed out
of the atmosphere. The world followed his simulation
with impressive accuracy. This is one of many examples
where computer models faced a severe test and passed
it with flying colors.
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Meanwhile, as Hansen and others had predicted,
the temperature continued to rise—indeed, now
clearly rising beyond the range of normal variability.
Warming was greater in Arctic regions and had other
particular features that matched the predictions from
the greenhouse effect. No such neat match to the
observations was found by people who tried other
explanations for the warming, such as a change in the
sun or just random variations. It was increasingly clear
that people like Hansen who had predicted warming
were right, whereas the skeptics’ predictions had all
failed. Policymakers finally had to take action.

Seeking Agreement on the Threat.

The outcome was the Intergovernmental Panel
on Climate Change (IPCC). It was designed by the
Reagan administration, primarily as a replacement
for the self-appointed committees of scientists (like
the National Academy of Sciences’ panels), which the
administration thought were unduly alarmist. The
IPCC was designed so that it can make a statement
only by the unanimous consent of all the scientific
representatives of all the world’s governments. This
is surely a recipe for conservatism, if not paralysis. In
fact, the first statement that the IPCC issued in 1995
was perhaps the most weasel-worded statement ever
issued by a scientific body: “The balance of evidence
suggests that there is a discernible human influence on
global climate . . . [emphasis added]”® And yet it does
say something, a serious something.

By now, the debate on global warming was well
underway. But the most important debate was not
the one most people heard about, what we might
call Greenpeace versus the editors of The Wall Street
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Journal. The real debate was conducted under the
auspices of the IPCC, and it engaged all of the world’s
thousands of climate scientists in round after round of
research, debate, workshops, working papers, panel
discussions, and more research. Surprisingly in the
end, the IPCC, after a fierce night-long debate among
the representatives, was able to come out in 2001 with
a truly meaningful consensus statement. And it was
scary, “Temperature is very likely to increase by 1.4 to
5.8 degrees Cby 2100...arate without precedent during
at least the last 10,000 years.” So that, essentially, was
the close of the debate, at least among intellectually
informed people who did not have a preconceived
bias. (Of course, a very few senior scientists could not
bring themselves to abandon views they had formed
decades earlier. That propped up the fixed opinions
of people with less grasp of science, but who felt that
to admit that anything might require government
regulation would be an offense against their ideology
or their wallet.)

The consensus that serious warming was, if not
certain, then surely very likely, was not the end of the
research. Again I will just mention one of the many
developments. Ice cores were gathered, at substantial
risk to life and limb, in places from Greenland to the
Andes. Where the snowfall is heavy enough, you get
annual layers and you can study them like tree rings. In
some places, thechanges of pastclimate wereshockingly
rapid. Such evidence convinced the National Academy
of Sciences to convene another panel to look into rapid
climate change —more often now called abrupt climate
change. They found that a 3 degree Celsius (that is, 5
degrees Fahrenheit) regional change is possible within
1 decade. That would be a great catastrophe for the
region affected. This new scientific thinking, they said,

39



“is little known and scarcely appreciated.” I think that
is still to some extent the case (the IPCC reports in
particular give little attention to these less likely, but
vastly more dangerous, scenarios).

However, the concern did to some extent reach
the public. It also reached the attention of people in
the Pentagon and some defense intellectuals, who
commissioned a 2003 report on “An Abrupt Climate
Change Scenario and its Implications for United States
National Security.”® The key word here is scenario —in
true military think-tank fashion, they decided to study
a worst-case scenario, just so we could be prepared.
When it was leaked to the press, it inspired some
sensational stories: “Climate change will destroy us.
Secret report warns of rioting and nuclear war. Threat
to the world is greater than terrorism.” (We have heard
a similar statement recently from some high authorities
in Europe.) The most frightening possibility, they
said, would be a collapse of the North Atlantic ocean
current system, in which case “Britain will be Siberia
in less than 20 years.”" That was also the premise for
a widely seen summer disaster movie, “The Day After
Tomorrow.” This was definitely a worst-case scenario;
all scientists agree that there is virtually no chance of
such an event within the foreseeable future . . . that is,
the next century or two.

While all this got a lot of attention, there was also
push-back. Every winter somebody publishes an
editorial cartoon joking about a meeting on global
warming postponed on account of snow or whatever.
These always appear in conservative media, for already
by the time of the Reagan years, the issue had become
strongly politicized. In terms of the degree of worry
about consequences of global warming, a Gallup poll
just released shows that among Democrats the level of
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worry is about 75 percent; among Independents, it is
60 percent; and among Republicans, it is 35 percent.
So if you tell me how you vote, I can make a good
guess about what you think about a scientific issue like
climate change (a sorry indictment of the intellectual
state of our society right now).

Yet opinions were shifting even among conservative
business leaders, who began to understand that
climate change could have serious and direct economic
consequences. The unprecedented European heat
wave of 2003, which killed 10,000 people in France
alone, certainly had a great impact on public opinion
in Europe. It is now believed that this heat wave was
made considerably more likely by global warming, and
that more will increasingly follow. As for Hurricanes
Katrina and Rita that struck the Gulf Coast in 2006,
nobody knows whether they were made more likely by
global warming. The best guess is that such disasters
were about equally likely to happen in 2006, 1906, or
2106 (other changes in weather, like increased floods
and droughts, are much more certain). However, the
hurricane catastrophes did show Americans what
is meant by “higher sea level” and “environmental
refugees.” The destruction of New Orleans was a
striking illustration of the kind of forces that we expect
will in fact drive millions of people around the world
from their homes.

Coming back to where the big scientific picture now
stands, let’s recall the IPCC’s 2001 statement that future
warming of several degrees was “very likely.” Just last
month, after half a dozen years of intense research
and discussion, they issued their next statement. And
their 2007 statement says, in effect, “Like we said . . . !”
The temperature will rise by more than one degree
Celsius, perhaps as much as six (with a small but awful
possibility of even more). And the changes predicted
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to come, the heat waves and droughts and floods,
the rising sea level, and stress to countless species,
are already being observed around the world. At the
request of the British government, a team of experts
under a former Chief Economist of the World Bank
studied a businesslike “worst case worth insuring
against” for climate change in this century (not as
bad as a national security worst-case scenario). They
concluded the impacts could easily be as serious as the
consequences of World War II.*?

So there you have, in 20 minutes, 20,000 person-
years of intellectual endeavor.”
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The Science of Climate Change

Robert W. Corell
The Heinz Center

For the past year or two, many of us within the
scientific community have been commenting that
climate change is no longer just an environmental
issue. Itis now an economic and national security issue.
It is good, therefore, to see so many of you gathered
here to explore this issue in depth. The purpose of this
presentation is to provide some basic insights into the
science of climate change so that the reader can better
gauge what we do and do not know at this point in
time.

Let me start by elaborating a little further on some
of the points made so well by Spencer Weart. First of all,
a bit more should be said to underline the significance
of the Vostok record. This dates back 650,000 years.
It provides us with information about temperatures
and CO? concentrations over the past 400,000 years.
It is important to note that, at no time in the course
of this 650,000 year period, did the level of CO? in the
atmosphere reach the level at which it now stands.
So, obviously, we are experiencing a slightly new
condition.

Second, scientists have an increasing ability to
measure climate change. Dr. Weart mentioned the
use of ice cores. Why can we use these? When slowly
deposited snow freezes, it freezes into tiny hollow
spheres which capture the atmosphere as it was in
the first few years of the snowfall. The air bubbles
in ice contain samples of this past atmosphere. They
contain CO?and methane and nitrous oxide and all the
other gases. We have sufficiently good techniques to
permit us to peel-out and look at this historic record of
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climate change. How, one might ask, do you measure
temperature? It turns out that temperature is nothing
more than the ratio of two isotopes of oxygen. These
isotopes are to be found in the spheres, and so you can
measure, quite accurately, what temperature it was at
the time that the snow fell. So, the whole paleo record,
the historic record, is well-captured by our ice cores.
It is also well-captured in tree rings, coral reef cores,
and sediments in the deep ocean. Thanks to increasing
sensitivity of our instrumentation, particularly over
the last generation, we can reconstruct temperature
changes over time with increasing confidence.

After we came out of the last ice age — which ended
some 20,000 years ago, as you may recall —we entered
a period which I call the Anthropogenic Sweet-Spot.
It lasted some 10,000 years. This period witnessed the
birth of agriculture, the medieval warm period which
caused the Vikings to go trucking off to Iceland and
Greenland and ultimately even to North America, and
a little ice age between the 15th and 18th century. All
those changes took place in a temperature band of less
than 1 degree centigrade. All the things we associate
with evolution, from the birth of the concept of a village
and the concept of a state, to lighting and heat in our
homes, took place in this 10,000 year period.

Wehavenow left this period behind us. The scientific
evidence, in my view, moreover, permits us to predict
with confidence that, at the current rate, we are likely
to face a two to three degree warming period in this
coming century. Hansen’s research reveals that we
have now come out of the Anthropogenic Sweet-Spot.!
We did so (and I think most of the scientific community
would agree with this statement) during the period in
which there was a lot of sulphur and other pollutants in
the atmosphere. These caused the temperature to level
off before it went screaming northward again, and we
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kept getting higher and higher temperatures. There is
a great deal of variation in temperature from month-to-
month, season-to-season, and even year-to-year. The
computer models tell us to expect such variability, and
indeed variability is likely to grow as the temperature
of the planet warmes.

The Evidence from the Ocean.

The ocean is also very important to scientists
attempting to understand climate change. Why is that
so? Bear in mind that most of the water (97 percent)
on earth is to be found in the ocean. Of all evaporative
processes, 86 percent occur across the surface of
the ocean. Oceans receive 78 percent of planetary
precipitation. The oceans are the thermodynamic
flywheel —they slow down the rate at which things
happen, but they also give it momentum over time.
Enough energy is stored in the ocean to make the planet
even a bit warmer than it is now. And if you ask where
the heat goes, that’s where it goes. Any excess warmth
that comes into this planet and is not reradiated out
ends up in the ocean. So all the stuff we talk about
is inside 10 percent. So the ocean really is the central
game player.

Research undertaken by Tim Barnett gives you
some idea of the role that heat is playing in the ocean.?
Suppose we assemble temperature data from every
available source (ships, satellites, etc.) for the last 40
years and plot it in all six oceans on a graph as red
dots. Suppose we find that, in some places (e.g., the
northern Indian Ocean), the warming does not extend
nearly as far south as it does in, say, the north Atlantic.
We then say to the computer: Well, let’s back up 40
years and let’s not allow humans to introduce their
contribution to warming.? So the anthropogenic inputs
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are removed. Then we ask the computer to identify the
statistical band within which the temperature is likely
to be (blue dots). Then we run the computer again.
We put in the equation, and the computer says that
projections ought to be in the green. And then we ask
the question for various U.S. computer runs: “For all
these six oceans, what is the correlation coefficient
between the actual measurements and the computer
projections?” And it turns out they are all at 95 percent.
We are becoming, in short, increasingly confident as
time goes on. The computer models don’t give us the
fine details—they can’t tell you, for example, what's
happening here at Chapel Hill —but they can tell you
very well what’s happening on a global scale.

The Evidence from Icebergs.

The icebergs and glaciers of Greenland also help
us to understand the process of global warming. In
this country, floating icebergs extend some 700 meters
below the surface. Greenland is also filled with glaciers
which are really wonderful, magical things. Over the
last decade our understanding of why they behave the
way they do has changed radically. For example, at
one point it was theorized that surface water did not
make its way to the bottom. A research team from
the University of Kansas has recently developed radar
capable of penetrating the entire ice sheet, penetrating
some 12,000 feet—something that 10 years ago we
would have thought impossible and which, one
imagines, the military must find interesting. We now
find that there are lots of puddles of water below the
ice that are lubricating these ice sheets.

In Greenland, ice is melting incredibly rapidly.
Since 1979 the surface area has been reduced by about
30 percent. There is a place in Greenland where the
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face is coming off the ice sheet at a rate of 15 kilometers
a year. If you stand in front of it for over an hour, you
can actually see it move a couple of meters. So things
are happening very rapidly in Greenland. As the
Intergovernmental Panel on Climate Change (IPCC)
says, both the Greenland and the Antarctic ice sheets,
arereducingen masse. Thereis going to be some buildup
due to snow fall. But, there is a net loss. The surface of
melt is increasing about 1 percent per year, so we see
Greenland as one of the hotspots—one of the places
to watch, key our eye on. But why are they melting
so rapidly? Well, if the ice sheets are percolating, they
are taking the water down. If the water pooled on
the surface, the energy exchange has to evaporate the
water. That takes seven times as much energy as it
does to melt ice. So if the water has disappeared and
all you see is the surface ice, it takes one-seventh of
the energy, so we accelerate the process of melting; so
there is a dynamic feedback mechanism that is causing
these glaciers to both melt faster and flow faster.
What are the projected temperatures likely to be in
the high Arctic? As Dr. Weart noted, everyone knows
for a fact that, no matter what you do, the Polar Regions
are going to warm more rapidly, and the Arctic is
going to warm more rapidly than Antarctica. Why
is this so? The explanation is really simple. Take an
ice drill in the Arctic and drill down two meters, and
you're in water. So it's 0 degrees Centigrade. Go to
Antarctica, you've got to drill 12,000 feet in ice. So, it’s
the difference between you putting just a tiny ice piece
in your cocktail glass tonight versus filling it full of ice.
The Antarctic mass is going to stay colder longer, and
the high Artic is going to warm much more rapidly.
There are other factors involved, but this is probably
the dominant one. There are places which we expect to
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experience 8 to 10 degrees of warming from the 1990s
to the 2090s.

What happened to Arctic Sea Ice in 2005 and
2006? The melt rate of the sea ice is pretty rapid. And
though the rate has declined a bit in the last year or
so, we are still talking about very large amounts of ice.
What of thickness? Submarine data tells us that the
ice was 40 percent thinner during this period than it
had been previously. This is true, but one must bear
in mind that submarines only go places where it has
become 40 percent thinner. When you do the analysis,
there is probably an 18 to 20 percent reduction in the
thickness. This is a lot of fresh water. Dumping a lot of
fresh water into the system also, incidentally, has some
consequences as well.

Another interesting development to consider is
the opening of new sea routes —notably the northern
route and the Northwest Passage. Russia has always
wanted to be a maritime nation. It is coming closer to
that now. In fact, the sea route is 40 percent closer to
the two major markets of Europe and the Far East. Two
things have become clear since the last IPCC meeting.
One, the opening is going to be on the Russian side.
Two, it is likely to give Americans close to a half a
year of opening within the next generation. The Arctic
Climate Impact Assessment (ACIA) models project
that the current navigation season of 20-30 days per
year will increase to 3-6 months/yr by 2080, with one
model indicating an ice-free summer by 2040.

This will have significant repercussions. All kinds
of issues of access will have to be worked out. Seaward
claims will be made. At the present moment, Canadians
and Russians both lay claim to territory all the way to
the Pole. Even the Americans, who generally adhere to
the law of the sea, get quite heated over this particular
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issue. Boundary disputes are also likely to occur. There
is already a boundary dispute between every Arctic
nation. We are going to have to solve these problems
and figure out the correct means to do so. Is the law of
the sea going to be applicable? Or will there be some
other forum in which to resolve these conflicts?

So what happened in the lower Arctic? We see the
same picture. A lot of things are happening. In some
places, where there is no longer an ice presence, the sea
is eating away at the coastline and will gobble up little
villages. In other places, where there is permafrost
warming, the local fauna suffers. The Hudson Bay is
almost empty of ice, and polar bears are well on their
way to extinction now —they eat primarily seal and
cannot hunt seals if there is no ice.

Intergovernmental Panel on Climate Change.

Let me finish by saying a few things about the key
findings of the IPCC. These were released in February
2007.

First, the Panel concluded that “Global atmospheric
concentrations of carbon dioxide, methane, and
nitrous oxide have increased markedly as a result
of human activities since 1750 and now far exceed
pre-industrial values. The global increases in carbon
dioxide concentration are due primarily to fossil fuel
use and land-use change, while those of methane and
nitrous oxide are primarily due to agriculture.” The
documentation is solid. Over the course of a 10,000
year period, things remained pretty stable. The last
100-150 years witnessed a pretty dramatic change.

Second, “Warming of the climate system is
unequivocal, as is now evident from observations of
increases in global average air and ocean temperatures,
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widespread melting of snow and ice, and rising global
mean sea level.” Note the use by the Panel of words
like “unequivocal” which means 90 percent certain or
better.

Third, “Most of the observed increase in globally
averaged temperatures since the mid-20th century is
very likely due to the observed increase in anthropogenic
greenhouse gas concentrations.” This also means that
thereis a 90 percent likelihood. The Report documented
several long-term changes in climate: “The global
average temperature trend over 1906-2005 is 0.74°C
(1.3°F), increasing to 0.2°C (0.36°F) per decade over
the last 3 decades; Global average sea level rose 0.17
meters (6.7 inches) over the 20th century; Mountain
glaciers and snow cover have declined on average in
both hemispheres.”

One interesting thing to observe is that the IPCC
projections for sea level rises which came out a few
weeks ago were quite low. That is because they decided
not to include glacial ice-sheet melt in their model
because they did not have sufficient confidence in those
predictions. The IPCC has a very calming effect. They
ask, what can we scientists agree upon? By the way,
most of the sea level ice comes from thermal expansion
into the water and not from the sea ice—not sea ice
but glacial ice sheets. But this century we’re going to
see an increasing contribution from Greenland and ice
sheets around the world. Virtually all (probably 98
percent) glaciers are now losing mass. The IPCC also
made clear that predictions are scenario dependent.
For example, if we consider how far sea level might
have risen by the end of the 21st century, we can find
low and high projections. The low projection is: 0.28
meters (11+ inches). The high projection is: 0.39 meters
(15 + inches). Recent literature projects a rise of about 1
meter.
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What might happen in the United States? Studies
suggest we will see dramatic shifts in temperature
regimes, though scenarios vary. Projections must
take into consideration a variety of factors to assess
how a coastline might be affected: tidal range, wave
height, coastal slope, coastal shoreline change rates,
geomorphology, historical rates of relative sea change.
Virtually all the models we now run say that the
Southwest is really going to get hit by droughts of a
pretty dramatic nature. These droughts may last, not
just a few years, but many decades. Analysts think
it might take as long as a century to recover. Beyond
that, no one is willing to talk. We’re going to see shifts
in the type of vegetation, and entire ecosystems will
change.

What about time scales? If we're really aggressive
and say, “Okay, we're going to bring our greenhouse
gasesdownover thisnextcentury,” whathappens? First
of all, it's going to take several hundred years to stabilize
CO? because its resident time in the atmosphere is 120
years. So it could take some time for this supertanker
called climate change to level off. This is a new
world —a world that is two to three degrees warmer
will look a lot different from the world we are familiar
with. Everything we are used to emerged during the
human “sweet spot” of relative climatic stability of
which I spoke earlier. At this higher temperature, ice
is going to continue to melt, and the oceans are going
to continue to experience thermal expansion. There is
a real lack of symmetry between how long it took to
set these changes in motion, and how long it will take
to stop/reverse the problem. Even if temperatures are
stabilized within the next hundred years, it will take
centuries to millennia for sea level rises to stabilize.
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How are we going to come to grips with this
problem? There are solutions. We can take one step
at a time: increase fuel standards, reduce vehicle use,
increase energy efficiency, etc. If you do that, you will
start undoing some of the damage. Eventually over
the course of the next 100 years, you may be able to
stabilize matters.

In the final analysis, remember this is where we are.
We are living on a tiny little planet. It is the only place
we have. We need to take care of it.
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A Threat Assessment

Richard A. Matthew
University of California, Irvine

Introduction.

The purpose of this paper is to put climate change
into the context of global politics, talk alittle bitabout the
work that has already been done linking environmental
change and security around the world, and then look
at ways we might think of linking climate change to
security. The geographic focus will be on South Asia.

The previous two panelists have already described
in detail the science of climate change, so I will not
reiterate any of this, but will turn immediately to how
climate change interacts with other global forces. I also
will raise some questions about what we mean when
we use the term security. I do, however, want to make
two points about the science. First, we should bear in
mind that the pace of change (whether global climate
changeisabrupt or gradual) will affect security. Second,
while scientific models capture broad trends very well
and help us to imagine the future, the precise impacts
of climate change are likely to vary enormously from
place to place, which means, of course, that the security
effects will vary. We know that we should expect such
consequences as water scarcity, desertification, and
sea level rise. We know that changes are going to take
place that will affect food production and microbial
activity. We do know that all these elements could
become security concerns, but we cannot predict how
and where with any precision.'

There is a good reason for this, and it relates to the
broader point I want to make, which is that climate
change is taking place in the context of a lot of other
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global changes. In thenext few decades, we are probably
going to be living in a relatively new world, in which
humans experience things not experienced before. It
is going to be a new world in the sense that its climate
will be different. But it is also going to be a new world
in a lot of other ways. The natural environment is
undergoing multiple forms of severe stress due to land
and energy use, and significant social changes also are
taking place throughout the planet.

For example, an important demographic change
is taking place. We are soon going to be living in one
the oldest societies known to humankind. Some of the
planet’s societies are going to move towards an average
age of 50 during the course of our lifetimes. This has all
sorts of implications for things like health care needs
and retirement planning, but it also is likely to interact
with climate change. Specifically, we know that things
like heat waves take a higher toll on elderly people.

What else is happening? We know that we are in
a world in which a vast and unprecedented informal
economy has grown up alongside trade liberalization.
This informal economy has received scholarly and
policy attention because it has become home to all sorts
of criminal activity, as well as a rich menu of poverty
alleviation initiatives. But the unregulated character
and sheer size of the informal economy also has
implications for fuel wood and other energy sources.

We know that global terrorism, or transnational
networks of terrorists with global agendas, has become
an increasing problem in the last decade and is likely to
continue to be a grave threat. We can imagine scenarios
in which energy supplies are attacked during heat
waves, causing considerable problems to us.

Another notable global change is the extent of
democratization that has taken place since the end of
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the Cold War, something that has been in many ways
a tremendously positive development. I just got back
yesterday from a meeting in Stockholm with a group
of people from Nepal who are at the forefront of the
democratic change taking place there. The excitement
and the enthusiasm these people express are
tremendously affirming. However, the expectations
that they have for quick and permanent social gains
are remarkably unrealistic in a lot of ways. It is not
easy to quickly provide extensive public goods, and
opportunities to acquire private goods, in places that
are characterized by enormous inequality. Indeed,
democratic efforts have stalled twice in the past in
Nepal. The same thing has been true for a number of
other countries around the world trying to make this
change. Nothing is certain, but climate change could
conceivably deepen inequalities in ways that make
political reform even more daunting.

One of the most widely observed forms of
global change has to do with the pace and extent of
technological innovations and diffusions that give
people worldwide access to information and an
unprecedented ability to learn about and become
involved with things that are taking place far from
where they live and work. I was talking to a group of
epidemiologists at The University of California-Irvine,
and they were describing how quickly the world is
sharing scientific information these days. Real time
global scientific collaboration meant that scientists
were able to understand the characteristics of Severe
Acute Respiratory Syndrome (SARS) far more quickly
than they did Human Immunodeficiency Virus (HIV)/
Acquired Immune Deficiency Syndrome (AIDS). Of
course we also know that there are dangers that have
developed which are inherent in the globe spanning
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information and communication technologies, as
we have no effective way of denying terrorists and
criminals access to them.

Another positive development around the world is
the steady institutionalization of the empowerment of
women. This, too, has implications that we can scarcely
anticipate.

In short, a lot of things that are happening in
the world are changing people’s values, practices,
institutions, and beliefs. We do not know exactly
what they will mean for complex processes like global
climate change. But clearly, climate change does not
operate in a vacuum. Rather, it competes and interacts
with a lot of other important global forces.

Defining National Security.

At a conference dedicated to studying the national
security implications of global climate change we need
to think about what we mean by national security.
Political scientists who are focused on security studies
and international relations tend to look to things like
territorial integrity, critical infrastructure, national
identity, protection of people, a government’s ability
to govern, and our military’s readiness when they
seek to define national security. But in a world that is
changing dramatically, it may be that these things, so
long a part of security studies, need to be reconsidered.
For example, compare the notion of territorial integrity
to the idea of a state’s ecological footprint, that is to
say, the amount of resources that a country uses to
maintain itself. For much of the world, the latter is
far larger than the former. The United States, Canada,
Australia, and a number of other countries have such
an abundance of resources that we and they could
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probably maintain a very healthy lifestyle for some
time without drawing on resources from the rest of the
world. In the case of other countries—Japan, Israel,
and Switzerland, for example —territoriality does not
really define what they need to be secure in the sense
of being able to maintain their standard of living.

Critical infrastructure no longer stops at national
borders. Technologies have integrated our information
and communication systems into global systems, and
while we depend on these, they have a life of their
own.

National identity is being changed. Here in the
United States we can probably cope—our country is
accustomed to tremendous diversity and to people
engaged in complex relationships with the rest of the
world. But many countries must deal with a sudden
influx of large numbers of people who pose a challenge
to their traditional identity.

In a recent book, Princeton professor Anne-Marie
Slaughter argues that our government is already
becoming transnational. She says, in effect, that we
can no longer maintain the sort of image of territorial
and political autonomy that was so popular during the
19th and 20th centuries. In fact, if we were to cut off
our government from the rest of the world, we would
reduce its capacity in a significant way.>

These challenges to conventional ways of thinking
about security are significant. They may be more
advanced elsewhere, and we may be coming to terms
with them later than, say, the countries that have
formed the European Union and really grasp the
logics of interdependence. Very likely, because of the
somewhat erratic character of global change, national
security will not mean the same things to all people
for a very long time—if ever. I think that today our
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cherished and historically grounded definitions are
not as persuasive to everybody as they were during
the 20th century.

Climate Change and Security.

Both the planet’s climate and its understandings of
security are in flux. Fortunately, when we try to think
of how to link climate change to security, we are not
starting with an entirely blank sheet of paper. For the
past 20-30 years, researchers have been working to
link environmental change and security in a variety of
ways.> Now some people who study security argue
that this linkage does not have a lot of explanatory
power or add much that is new. They believe that
the existing set of theories about war, conflict, and
threat can accommodate things like migrations due to
desertification or competition over oil, which trigger
processes no different than the familiar competitions
over state power or market share.

The environmental security scholars do, however,
have some important and novel insights. For example,
they appreciate the security significance of population
growth.* Not everyone agrees on statistical estimates,
but world population is expected to grow by a couple
of billion during the next 50 to 100 years. It is well-
established that we are already overusing the bio-
productive capacity — therenewable food and energy —
of the planet. Consider that three billion people are
today living in conditions of dire poverty and that
another two or three billion people are going to be
added into this category. Consider further that we are
currently using some 2.3 hectares of bioproductivity
per person to maintain the lifestyle that we have
globally today, and that we probably do not have more
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than about one and a half hectares of bioproductivity
to give to each person on the planet. In other words, we
are using up resources like fish and forests faster than
they can be replenished. Indeed, influential scientists
like E. O. Wilson, the Harvard biologist, are even more
pessimistic about the relationship between renewable
resources and consumption rates than what I am
suggesting here.> This poses a very serious problem.
It means that there are a whole lot of people who have
little, if any, prospects of ever pulling themselves out
of dire poverty and the imperative of basic survival,
no matter how unsustainable this may be. It would be
remarkable if technology could close this gap between
bioproductivity and consumption in the space of
the next 50 or 100 years. Environmental security
scholars looking at the social implications of this type
of scarcity are doing useful work which does, I think,
have enormous implications for climate change, which
is going to place further pressure on many renewable
natural resources.

Another line of scholarly research that has been
pursued examines the relationship between natural
resource abundance, greed, and violent conflict. While
the widespread and violent competition over things
like diamonds, gold, and oil throughout the world does
not add much in terms of theory to our understandings
of security, we should be aware that competition over
resources like oil could increase as the world warms up
or as other types of changes take place and the demand
for energy grows.

According to last year’s Human Security Report put
out by the University of British Columbia, the world is
overall becoming a more peaceful, more cooperative,
and less violent place. This is obviously, on the whole,
encouraging. But although there have been great gains

61



in terms of reducing the number of people killed in
war and displaced by war, there are, nonetheless,
many seemingly intractable areas of extreme violence.
These areas do largely coincide with areas where one
finds conditions of scarcity or violent competition for
control of a natural resource like oil or gold.

So the big question is what will happen as we
add two billion more people to a planet which is not
producing enough for the six billion people already in
existence? Will the additional stress of climate change
create the kind of conditions that make it difficult,
or even impossible, to find rational ways to meet the
needs of the world? Will collaboration continue, or are
we going to see increased competition for pieces of a
pie which will be getting smaller and smaller for a lot
of people? Evidence from the Sudan and Rwanda and
throughout South Asia suggests that thereisa very tight
set of connections between forms of environmental
stress, lack of access to credit, confusion over property
rights, and poverty and inequality.® There is also a
strong relationship between these conditions and the
existence of violent conflict and other forms of human
insecurity.” I think the environmental security literature
has introduced into the security studies field some
ideas that are significant and worth taking seriously.

Against this background, climate change and
security can be linked in a number of ways. Where
climate changes abruptly, security problems will
be immediate and extensive and perhaps even
existential. We can easily envision threats on this scale
in Bangladesh or other poor low-lying countries, but
even here a significant number of Americans would
be affected by a sudden barrage of massive flooding,
Katrina-sized hurricanes, and tropical disease
epidemics — perhaps enough to make climate change
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a national security issue. Another possible threat that
we should take seriously is that of the gradual erosion
of American power as endless demands are placed on
it due to abrupt changes elsewhere. These are likely
to arise as we face humanitarian disasters, as drought
intensifies throughout Africa, and as South Asia
collapses into conflict over things like fresh water. The
greater our sense of interdependence, the greater our
sense that national security depends on the welfare of
things beyond our borders, and the more likely it is
that the climate change will be a real security threat.
This poses a big problem today. To what extent should
we intervene to assist abroad? When should we use
our resources and when should we show restraint? It
is going to be difficult to make these decisions. We are
playing with a lot of uncertainty. We do not know how
other actors in the world will behave.

Gradual climate change, by its very nature, creates
more opportunities for effective adaptation and
mitigation measures, but I want to raise one concern —
complacency. Like many things in life, the sooner
we invest, the cheaper it will be. I think as a nation
we are ignoring a lot of compelling data about what
is happening because so far the changes inside our
country have been quite manageable. But think of the
models of the first two speakers. Now is the time to
work hard to reduce energy use, increase efficiency,
implement green design, revise our education and
research programs, adopt alternative energy forms,
and reduce consumption.

Further complicating matters, we also know
that there will be winners and losers as the world’s
climate changes. Not everyone will experience the
same kind of problems, and some areas will find the
changes conducive to human settlement and increased

63



agricultural output and so on. But overall, the expected
downside massively outweighs any predicted upside.
The menu of likely threats includes severe weather
events, changes in the food supply, massive flooding,
and dramatic changes in microbial activity that will
lead to the spread of infectious disease. Indeed, many
analysts believe that we are very close to a global
pandemic. They anticipate a transfer of disease from
the animal kingdom to the human kingdom that will
be highly virulent. A lot of these transfers have taken
place in the past 3 decades because environmental
conditions are changing and because people are being
forced into marginal environments where they come
into close contact with pathogens with which they
have not had any contact in the past.

South Asia.

At this point, let me put a concrete face on all of this
by looking at a specific place. Let me examine what
might happen in South Asia. A quarter of the world
lives there. It is a region already facing water scarcity.
Much of the fresh water comes from the mountain
regions. If the glaciers continue to melt and snow
patterns continue to change as we now see happening,
people may, for a couple of decades, think that there
is a lot of fresh water to be had. That is, there will
be a temporary increase in many areas. But this will
suddenly and quite abruptly change, and the people
there will soon find that there is, in fact, a real scarcity
of fresh water in an area that has one and a half billion
people and in which there are two nuclear powers.

Now there is disagreement in the academic
literature over the extent to which competition over
water leads to violent conflict rather than being worked

64



out institutionally. But whatever the trends of the
past, there is general agreement that climate change
could create an entirely new type of water politics.
South Asia is an area of considerable concern in this
regard. If we look at water-related conflict in South
Asia, there have been 10 incidents of violent conflict in
the past 7 years. In the 53 years before, there were only
three incidents. In other words, water-related violent
conflict has increased 24-fold in the past 7 years. Fresh
water is clearly the cause of grave concern throughout
the subcontinent these days. Nepal, Pakistan, and
Bangladesh worry that India is using its enormous
power to negotiate a series of bilateral agreements that
may not be on their best interests. So these countries
are already very nervous about their prospects for
fresh water over the next 20, 30, or 40 years, but they
are not sure what to do.

They are aware, however, that their fresh water
supply could collapse dramatically, and they are
concerned about how this will play out. Let me give
you one example from my own research that I think
is somewhat illustrative of what might lie in the not
too distant future. Nepal, of course, is a fairly small
country, 30 million people, but it is an extremely poor
country, a country with a very low literacy rate and low
rates in things like the United Nations (UN) Human
Development Index, where it ranks at the very bottom
of the planet’s 192 countries or close to the bottom. It
is a country that has experimented with democracy. It
has also experienced 10 years of extreme civil conflict
that has driven the government to invest less and less
in education and fresh water and sanitation and more
and more in security. Nepal has a population that is
very youthful, growing very rapidly, concentrated
in a small number of areas. In short, it has all the
conditions for violent conflict. It is transforming into
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a democracy, it is extremely impoverished, there is a
high population density, and the big issue today is land.
During 10 years of insurgency, the Maoists promised to
redistribute land once they came into power, but since
they joined the parliamentary system in November,
they have backed away from this promise in two ways.
Now they are saying, “Well, we will not redistribute
any land of less than 10 hectares because that would be
costly and disruptive, and, as for the formula for the
rest, we have no idea what it should be, because we do
not want to throw our economy into chaos by scaring
away our local expertise and foreign investors.”

So right now the politics of Nepal is defined by
a tremendous expectation for land reform and very
little clue of how to reform land ownership and access.
What people are also starting to recognize is that land
reform will need to be somehow integrated with access
to fresh water. But fresh water is something that Nepal
has been losing. It sees itself as a water rich country,
but it has been losing a considerable amount to India.
For example, in the 1950s people were encouraged
to move to a wetland area of the Koshi River system
to take pressure off the Kathmandu Valley. Half of
this wetland was then leased to India because India
has tremendous thirst for fresh water and needed it
for irrigation in the north. Then the other half was
turned into a protected site because the people were
destroying it. What happened to the people? Well, the
people, feeling uncompensated, appear to have been
mobilized by the Maoists, who promised to return the
wetland to them as soon as they were in power. Now
you have a situation in which millions of people are
waiting to recover or gain access to water and land that
they believe is rightfully theirs, and the Maoists have
no idea how they are going to satisfy this expectation —
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one they cultivated. Meanwhile, Maoists have risen in
power significantly in India in the past couple of years.
These Naxalites are calling the Nepali Maoists soft
because they are not dealing with the water and land
issues that they promised they would deal with. This
is a sort of pattern we are going to see more and more
of. Ultimately there is no easy solution to the land and
water issues in South Asia. Climate changes are likely
to make these problems even more difficult to solve
than in the past.

In conclusion, we face a gap between what we need
to do to ensure security and what we are actually doing.
Technology has moved us into a new world where we
have new needs. Our old institutions are not adequate
to meet these needs. The question is, are we going to
be able to develop new institutions? Or are we going to
try to use our existing ones? Time does not permit us
to elaborate on how we might close this gap but clearly
research on institutional reform and cooperation are
key elements.
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Commentator

James A. Rotenberg
University of North Carolina, Wilmington

At the G8 conference back in 2005, British Prime
Minister Tony Blair referred to Climate Change as
“Probably long term, the single mostimportantissue we
faceasa global community....” The Intergovernmental
Panel on Climate Change (IPCC) Climate Change
Report which came out earlier this year made the same
point. On page 5, it says that the warming of climate is
unequivocal. We are now about 90 percent confident of
the accuracy of our data. We not only have historical
data and more recent climate change models, but we
also are more certain in our understanding of how
climate change might affect security. We probably
should mention that not everyone agrees —it has been
said that global warming is the “greatest hoax ever
perpetrated on the American people.”

Let us briefly put this issue into a broader context. I
myself am a tropical environmental ecologist. I study
birds as environmental indicators of change. Global
warming affects human populations, as we have heard.
It also affects other biological organisms. A recent study
looked at the range of occurrence of various different
birds of about 35 neotropical migratory species that fly
south for the winter and come back to North America
to breed in the spring and summer. The breeding range
of seven of these have already shifted significantly in
the past 25 years on an average of more than 65 miles,
likely due to climate change. What does that mean
or why should we even care? In fact, these birds can
serve as the proverbial canary in a coal mine. They
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can provide us with significant information about the
availability of resources. Another study done by Jeff
Price for the American Bird Conservatory used aclimate
model to model bird activity and the bird activity to
look at future rain distribution for North America.
The model predicted definite net changes for birds all
across America—with some birds moving to different
areas in response to climate, and other species being
lost altogether. E. O. Wilson (preeminent scholar of
Ecology, and author of books such as Biodiversity and
The Future of Life) recently visited UNC-Wilmington. I
asked him, “What is the greatest issue facing us right
now, Dr. Wilson?” Immediately, he responded with
“climate change,” and in particular he went on to say
that climate change and global warming will alter our
resources and resource needs for the future.

I'm sure most of you have heard of Rachel Carson’s
Silent Spring. Why “silent?” Well, because the birds
were not singing anymore. The book, published in the
1960s, was about pesticide use and its negative effects
on birds. A few decades later, John Terborgh wrote a
book on bird conservation, entitled Where Have All the
Birds Gone? Essays on the Biology and Conservation of Birds
That Migrate to the American Tropics, which addressed
bird population declines due to habitat destruction in
the topics. Will the pivotal book of the next decade be
on Birds and Climate Change?

Let me conclude by posing several questions. First,
how will environmental change, in particular, resource
needs, such as water, food, and energy, shape our world
in the future? To what extent will security concerns
affect our thinking on the environment? This first panel
has made me realize that I do, in fact, address security
dimensions in my global environmental class—I
talk about such matters as the needs of the poor, the
changing demographics of human populations, and
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how water scarcity may really change how we look at
things. Second, what is the role of the military? Can
they really combat climate change? And third, can we
be a giving nation as well as a nation that sees to its
own needs? Thank you.

Discussion

Q: Can global climate models predict local changes?
If not, what can be done to improve our capability in
this area?

Corell: Global models, which call for supercom-
puters, do not provide nuanced information about
local changes. To get a finer scale, we have developed
two techniques. The first entails dynamic downscaling,
which is expensive and still calls for powerful
computers. You nest a finer grid within the larger grid
and connect the two. The second is called statistical
downscaling. You use weather stations and databases
to characterize what is going on in aregion over a given
period and then build a statistical relationship between
that fine scale behavior and large scale computer
models. It takes about 30 years to get the statistics to
stabilize. The results are interesting: In Norway, for
example, the computer model Global One says there is
no temperature difference between north and south.
When one is using downscaling, we get a five to one
difference.

Q: You talk about the gradual erosion of American
power that may occur as humanitarian disasters take
place what do you mean?

Matthew: Our military capability is only so great.
Last year there were 800 natural and human disasters
around the world. If that number continues to increase
as predicted, our resources will be strained.
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Q: How high will sea levels rise in the course of this
century?

Corell: Estimates differ. In its February 2 report
based on the computer models, the IPCC suggested
something on the order of a foot and half. Remember,
that they cannot use any data that has not been
published in peer reviewed journals. They also do
not include material published in the last 18 months.
Most scientists would argue that the ice sheet melts
from Greenland and Antarctica, and from the glaciers
of the land mass, will push that number up closer to
a meter. I don’t think any responsible persons are
talking about a three, four, or five meter sea level rise
during this century. Remember, though, that there will
be differences—rather remarkable ones—around the
globe, depending on the topography and other effects.
The Chesapeake Bay, for example, is rising at twice the
global rate. That is because it is a Helmholtz resonator
which amplifies effects as tides move about. It also
experiences subsidence. There was a glacier there that
ended by the bay bridge. As the glacier formed, the
elastic soil pushed a bow wave ahead of it. As it goes
away, this wave subsides —that is what causes the 50
percentrelative sea level rise. All this causes confusion.
I would argue in favor of an estimate of about a meter
rise in the general sea level this coming century.

Weart: I was at a meeting very recently with the
Assessment Group looking at rapid ice sheet change.
They noted that ice sheets are more sensitive than
previously thought to temperature rise, so we may see
more than this. And we may also see very rapid rises.
A surge that would raise sea levels by a meter within
a few decades would be very catastrophic for coastal
populations.
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Q: A professor at The Massachusetts Institute of
Technolgy (MIT) spoke of a moderating effect that will
keep the temperature rise to one or perhaps one and a
half degrees over the next 100 years. Have you heard
this explanation?

Corell: Yes. | have debated this with him in public
and private. One of the beauties of science is that
there is always someone to challenge the system. The
lonely voice ought always to be encouraged but not
necessarily believed as equal to the collective wisdom.
We should remember that the IPCC arrives at its
conclusions only after looking and judging a wide
range of scientific papers and after a lot of debate and
discussion. It also chooses its words very carefully. So
when it says something is likely or very likely, that has
statistical meaning.

Q: Can you speak to the likelihood of abrupt climate
change?

Corell: This is something which we are still
struggling to get a handle on. Most of the models are
monotonic in their behavior. Our best estimates use
what we might call the analog. This means we go back
in time and try to find a case where the conditions
were similar and then draw some conclusions about
abruptness. At the moment we can speak with much
less confidence about abrupt than long-term change.
We do know, though that these things happen: We
know, for example, that the thermal hyaline circulation
was dramatically readjusted in the North Atlantic as
we came out of the last ice age. At the Heinz Center,
we are looking at threshold systems/tipping points.
We can do a little better in ecological systems. Certain
plant species are temperature sensitive, so changes in
their growing area can tell us what is happening. Those
tipping points are driven by temperature, and other
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tipping points are driven by phase change between ice
and water. The methane release in the Arctic is going
to be dramatically affected by the bog and permafrost
melt. On the grand scale, I would say it is still pretty
tough to give you some sense of what will happen—ina
century or two we might see thermal haline circulation
adjustment.

Weart: It is possible to frame climate change as
an insurance problem. In the late 1990s reinsurance
companies and others who handle events like massive
hurricanes began to be concerned that climate change
mightincrease the occurrence of such abruptevents. We
could, I think, follow the insurance model in national
security. When it comes to climate change, there are
things that we are pretty sure will happen. We need to
invest considerable resources into dealing with these.
At the same time, there are things that probably won’t
happen but could. Given their potentially catastrophic
nature, we must still make some provision for these.

Corell: I want to build on that. We need to put this
whole problem in some sort of a risk management
framework. The military really does understand how
to evaluate risk. For us to govern our lives by the
mean temperature would make no more sense than
for military strategy to be dictated by the average of
something happening. It makes sense to put what we
are doinginto some sort of risk probabilistic framework.
I recently met with Pacific Gas and Electric. It took some
of the senior managers a while to take to the notion that
their company ought to be become the first ever to be
fossil free. What made them see the value in what we
were doing was when we asked them, how many of
you ever have had your house burn down? No hands
went up. How many of you have fire insurance? Every
hand went up. Nesting climate change and these other
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factors that are affecting our future in this framework
will go a long way towards giving us a much sounder
ground on which to work.
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CHAPTER 2
HUMAN SECURITY

How exactly climate change and conflict are linked
remains an area of controversy. Scholars disagree as to
how far resource shortages, the spread of disease, human
migration on a massive scale, and other climate-generated
factors might exacerbate existing conflicts. In Chapter 2,
Dr. Erika Weinthal considers water-generated conflict, Dr.
Andrew Price-Smith focuses on disease, and Dr. Timothy
McKeown analyzes the complex way demographic shifts
relate to conflict.

Water, Climate Change, and Human Security

Erika Weinthal
Duke University

I was asked to speak today about water, which is a
very broad topic. Although most of my work on water
has concentrated on the Middle East and Central Asia,
events elsewhere highlight the tremendous disparity
in freshwater resources worldwide. In particular, I am
referring to the tremendous downpours and flooding
in Europe over the last few years and, most recently, in
Indonesia. Yet, elsewhere, the picture is very different.
In the Middle East, shortages are increasingly the norm.
Take the river Jordan. We think of it as the “Mighty”
Jordan, but in the summer, it is a mere trickle. You
cannot even bathe in it. Water scarcity, is, in fact, where
I want to begin. I then want to tie this issue of scarcity
to climate change, and consider how this combination
has an impact upon both human security and conflict.

My first point is that when we think about water as
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a source of conflict, water scarcity usually is the first
thing that comes to mind.! There are several reasons
why this is so. First of all, the global distribution of
water is uneven. Some states have plenty of water — for
example, there is a tremendous amount of fresh water
in Lake Baikal in the Russian Federation, and Latin
America has about 31 percent of global fresh water —
while other parts of the world (e.g., Northern Africa
and the Middle East) are poorly endowed.

Secondly, it is not just that water is unequally
distributed, but also that most of the world’s major
sources of freshwater are shared between states, forcing
states to negotiate with their neighbors to determine
the appropriate distribution of resources. There has,
nonetheless, been a greater potential for conflictamong
riparians since the end of the Cold War, largely owing
to the breakup of the Soviet Union and Yugoslavia,
which produced several new international river basins.
Whereas in 1978, there were 214 shared international
river basins, today there are 263.> Take the Aral Sea
Basin. During the Soviet period, it was an internal
river basin whereby Moscow would decide how to
allocate the water among the five different Central
Asian republics. When the Soviet Union collapsed,
new territorial borders sprang up, and conflicts arose
between the upstream and downstream riparians in
Central Asia over how water would be utilized for
both irrigation and hydroelectricity generation.* The
Danube River basin, following the reconstitution of
East Central Europe, is now shared by 19 countries,
and here conflicts have transpired in the early 1990s
over the Gabcikovo-Nagymaros dams.

The situation is no different if you look to other
regions. In South Asia, the Ganges Brahmaputra
is shared by six states and the Indus by five. In the
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Middle East, the Jordan is shared by five. Finally, in
Africa, there are a large number of river basins that are
shared —the Congo, the Zambezi, the Okavango, the
Volta, the Niger, and the Nile, which is shared by no
less than 11 countries.

Water sharing in Africa is especially complicated
becauseitis aregion thathasbeenravaged by numerous
internal conflicts over the last few decades. It is also
a region that will likely be greatly affected by climate
change—in particular, an increase in desertification
along the Sub-Saharan zone. Thus, finding solutions to
Africa’s water crisis will also invariably entail dealing
with the effects of climate change as well as other socio-
political issues related to water resources distribution.

The region that is usually most associated with
water related conflict is the Middle East. In a famous
quote, Boutros Boutros-Ghali said: “The next war in
the Middle East will be fought over water and not
politics.”* A number of people have suggested —not
without good reason—that water will drive future
political conflicts in the Middle East.

For example, how the waters of the Jordan River
should be used and by whom has been very contentious
for those riparians with a claim to its waters. That the
issue is so highly contested is attested by its inclusion
in the formal peace treaty between Jordan and Israel.
Similarly, the Oslo Accords had a section on water
and a section on the environment, as water is of vital
economic importance to both Israelis and Palestinians.
The Israelis and Palestinians agreed to negotiate a
solution to share the mountain and coastal aquifers
at the height of the Oslo Accords. This is unusual. In
the aftermath of wars, there is usually a tendency to
postpone dealing with really heated issues —and in the
Middle East, water belongs to that category.® Thus, it
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is rare to find water (and other environmental issues)
directly included in a peace treaty. In both these cases,
however, peacemakers clearly recognized that a
resolution to the issue of water sharing was essential
for maintaining the peace and rebuilding economies
and societies.

It is the scarcity of the resource, then, which is most
closely associated in people’s minds with conflict and
human insecurity. And, to tie this talk back to climate
change—the primary theme of the conference—we
do know that changes in precipitation, temperature,
and carbon dioxide levels will affect the supply of and
demand for renewable water resources. However,
scarcity is only one part of the picture. There are other
things which we need to factor in when assessing the
role played by water in conflict, including the capacity
of state institutions to adapt, the quality (as opposed to
simply the quantity) of water, and demographics.

The effects of climate change will vary because
some states are more vulnerable and less able to adapt
than others. Developing countries often do not have
the institutional or technological capacity to plan for
some of the changes that are most likely to come about.
When we come up with models, it is important that
we consider what kind of states we are looking at and
think about whether or not we need to develop different
planning strategies for different states—that is, the
ability to implement our models might be contingent
upon the particular institutional configuration within
any one state.

Water quality, moreover, must also be taken into
consideration. There are 1.1 billion people worldwide
that lack access to clean water, and 2.6 billion people
that lack access to sanitation.® Most of this population,
again, is in Sub-Saharan Africa or in Asia. A society —
even one likely to be dramatically affected by climate
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change —is not likely to give much thought to planning
for this eventuality if most of its energies are focused on
just trying to procure water to meet very basic human
needs.

Let us return to a consideration of the Middle East.
This region is very arid. Countries with an annual
availability of less than 1,000 cubic meters per person
are considered to be water-scarce. Countries which
have less than 500 cubic meters annually are considered
absolute scarce. The Gaza strip, for example, is very
water stressed.” Each person has access to no more
than about 320 cubic meters annually. The water
resources—from the coastal aquifer—are shared
between Israel and the Palestinian Authority. Here,
water flows from Israel into the Gaza Strip —that is,
towards the Mediterranean Sea. In the Gaza Strip, the
water quality is extremely poor —the water salinity is
very high. In addition to an overall water shortage,
there is a significant shortage of safe drinking water.
Add to this the fact that Gaza has one of the fastest
growing populations in the world —about 4 percent
growth rate per year. It is very common for individual
women to have about seven children. Nearly 1.5 million
Palestinians live on a very small piece of land, and the
population is expected to reach 2.5 million in the next
decade. Given the current consumption rates of water
resources, the natural replenishment rate is far lower,
which means that there is a growing water deficit and
increasing magnitude of the water crisis.

Attention must also be paid to demographics.
Population growth is going to exacerbate the effects of
climate change especially in regions like the Gaza Strip.
The net effect of climate change on water availability
will be limited in some regions. In other regions,
climate change, compounded by population growth,
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will actually have a much greater impact globally.?
This is especially true of regions such as North Africa
and the Middle East. It is estimated that in the year
2025 about 3 billion people might be living in water-
stressed areas.

How will climate change affect the more long-term
prospects of a post-conflict society? We tend to focus on
the conflicts themselves and how to bring them to an
end. We do not devote enough time to thinking about
the next stage. What happens after a conflict ends?
A recent finding suggests that many people will die
following a civil war because they lack good drinking
water and are forced to live in unsanitary conditions.’
Far more people, in fact, die every year from poor water
quality than they do in war. For example, 1.8 million
children die from diarrhea and water-borne illnesses
yearly.

People also migrate during and after conflicts. This
not only leads to the spread of infectious diseases but it
putsadded stress onstrained water resources. Consider,
forexample, the case of Iraq today. Thousands of people
are moving into Jordan. It is one of the few places they
can go. They have also been trying to get into Syria.
Water is already scarce in these areas. In Jordan,
current supplies barely provide enough water for its
rapidly growing population. Thus, the government
could face mounting pressure to develop more rapidly
its fossil (i.e., nonsustainable) groundwater. Consider
also the case of Bangladesh. Here, if the models are
correct, monsoons will be more intense, and flooding
will also be more intense in the future. In that case, we
are likely to see an unprecedented scale of migration
within Bangladesh and into neighboring countries
such as India. Groups are likely to compete for scarce
resources and/or poor quality resources—another
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situation ripe for conflict.

Before I conclude, I would like to return to the
question of adaptability. Why are some countries
more vulnerable to climate change than others?
More particularly, why do some countries choose
not to adapt? Sometimes it is because to do so would
require reforming their economies, which would entail
tremendous social and political costs. To understand
this, one must understand something about agriculture
and water use and bear in mind that approximately
80 percent of water consumed worldwide goes into
supporting agriculture.

Central Asia provides a classic example. Two rivers
here feed into the Aral Sea: the Syr Darya and the Amu
Darya. Water has been withdrawn from these rivers
for 50 years to support a system of cotton monoculture.
This form of agriculture in turn supported a system
of social and political control.’ It kept people on the
farms, and more importantly allowed governments to
control the economy and, essentially, to control people’s
livelihoods. It ensured that they would not have the
chance to challenge the government (especially during
the Soviet era) because they had certain basic needs
provided for.

This cotton monoculture desiccated the Aral Sea,
basically dividing it into two lakes—a northern lake
and southern lake. Today there are still more demands
being made on the water system. The conflict in
Afghanistan has ended, and steps have been taken to
rebuild its feeble economy. Afghanistan contains about
17 percent of the water resources in the Aral Sea Basin.
There has been a lot of interest among the international
community inhelping Afghanistanredevelop the upper
watershed for agriculture as the basis for economic
reconstruction there. But this will have tremendous
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effects on the downstream states such as Uzbekistan
and Turkmenistan which are highly dependant on this
water for agriculture.

More importantly, the rivers in Central Asia are
fed by glaciers in the mountains of Kyrgyzstan and in
Tajikistan. Climate change could accelerate snowmelt,
which would affect the seasonal flow. This would affect
thousands of livelihoods downstream, as it could have
an impact upon the current cropping patterns.

In short, these systems are all interlinked. If we
just focus on the snowmelt and what is happening
with the glaciers, we will fail to see what is happening
downstream in Uzbekistan and Turkmenistan. Here
you find a system of cotton farming, which in turn
is linked to government and social control. If these
countries find themselves forced to restructure their
entire economies so as to be able to deal with climate
change, they may find themselves facing increased
social unrest.

To conclude, when we think about water and
conflict, and how these two relate, it is important that
we think about the complex ways natural processes
and social processes are linked. Thank you.
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On Climate Change and Infectious Disease:
Implications for Political Destabilization
and Conflict

Andrew Price-Smith
Colorado College

On Etiology and Emergence.

In the 21st century, novel pathogens are currently
“emerging” at the rate of approximately one new agent
per annum. Emerging diseases often are the result of
“emergent properties” wherein antecedent variables
(e.g., population density, speed of transport) combine
in unusual and unforeseen ways that facilitate the
emergence of a given pathogen which then becomes
endogenized within the human ecology. The classic
modern example of such emergent properties leading
to viral proliferation is the severe acute respiratory
syndrome (SARS) coronavirus which appeared in
Guangzhou, China, in late 2002, and subsequently
spread throughout the Pacific Rim nations. In that
particular case, this virulent coronavirus spread from
its natural reservoir in east Asian bat populations,
into palm civets. The variant of the virus that infected
civets was transmissible among humans, amplified
by elements of the human ecology such as the “wet
markets” of East Asia, the closed environments of
modern hospitals which amplified degrees of infection,
and modern jet airplane technology that facilitated the
rapid spread of the virus throughout the Pacific theatre.
Individually these disparate variables would not
predict the emergence of epidemic disease; however,
when combined together, the SARS contagion of 2002-
03 resulted.
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The dynamics of contagion frequently exhibit
such emergent properties,' and the relations between
pathogen, human host, and vectors of transmission
(e.g., mosquitoes) are central to both the transmissibility
and lethality of any given manifestation of contagion.
Furthermore, epidemics and pandemics exhibit
nonlinearities and threshold dynamics. For example,
pathogens may simmer in a given population for some
time, but once the rate of transmission passes from <1 to
>1, the proliferation of the pathogen may then increase
on an exponential scale. Diseases also exhibit high
levels of interactivity, and the capacity for co-infection.
The classic example is HIV which destroys the host’s
immune system, and thereby facilitates colonization
by other pathogens (e.g., tuberculosis) that ultimately
kill the host.

What, then, is the relationship between climate
change, infectious disease, prosperity, and political
stability and security? The complexity of such
interactions is enormous, and so we begin with the
relations between climate and disease, focusing on
malaria in particular.

Data provided by the IPCC regarding changes
in precipitation from 1900-2000 indicate enormous
variance on a global scale. Certain regions, such
as the arctic and sub-arctic regions of the northern
hemisphere, the northeastern sector of south Asia, and
Eastern Australia are clearly enjoying increased levels
of precipitation. Certain vectors of disease, (such as
mosquitoes and snails) thrive in wet environments.
Consequently, increases in precipitation will induce
the proliferation of vectors, and thereby increase the
transmission rates of certain pathogens such as malaria
and schistosomiasis.
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Annual precipitation trends: 1900 to 2000
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Figure 1.

Annual temperature trends: 1976 to 2000
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Figure 2.
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Pathogens and their vectors of transmission are
often highly sensitive to changes in temperature as well.
IPCC data from 1976-2000 clearly indicate increasing
temperatures for much of the surface of the planet,
with the greatest increases evident in the temperate
to polar regions. As isotherms shift toward the polar
regions, this will expand the latitudinal range of the
vectors in question (i.e., anopheles mosquitoes) and
thereby permit the expansion of malaria in previously
nonmalarious zones. Similarly, increasing surface
temperatures permit the movement of malaria in
higher altitudes than before. For example, Nairobi has
historically been nonmalarial due to its altitude, but
in recent years increases in temperature have seen the
pathogen moving into the region. The temperature-
induced expansion of malaria is problematic because it
exposes novel populations, who often lack any genetic
or acquired immunity to the pathogen. Thus, the
mortality and morbidity in such regions may be much
higher than in zones where malaria is endemic.

Increasing temperatures also affect the biting rate of
vectors. As temperatures rise, the vectors (mosquitoes)
feed with greater frequency, and therefore increase
the transmission rate of the plasmodium (the parasite)
into human populations. Furthermore, increasing
temperatures also affect the extrinsic incubation rate
of the pathogen, such that it replicates within the gut
of the vector at a greatly augmented rate. Thus, under
conditions of higher temperatures, there are greater
numbers of plasmodium within the vector, and the
vector bites with much greater frequency.? On a macro
level, all of this means that as temperatures increase,
the burden of disease (e.g., malaria) is likely to increase
to a significant degree. Precipitation and Sea Surface
Temperatures (SSTs) are strong predictors of malarial
incidence.’
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In the case of cholera, increasing SSTs are highly
correlated with the growth of algal blooms. The blooms
move across oceans courtesy of dominant currents and
winds and function as vectors of transmission of the
vibrio. Thus, we see a long-term empirical association
between SSTs and the incidence of cholera. In the case of
cholera, we have also seen that incidence is responsive
to the modulation of the EI Nino Southern Oscillation
(ENSO), with preliminary evidence from case studies
carried out in Bangladesh.* There is also considerable
evidence of thresholds and nonlinearities, such that
warming temperatures may produce minor and linear
increases in wvibrio incidence until a threshold point
is reached, after which the numbers of the pathogen
increase at an exponential scale.

Schistosomiasis is a frequently lethal disease
induced by parasitic blood flukes, and it is prevalent
in tropical and temperate zones. The vector of the
parasite is the snail (oncomelania) which thrives under
conditions of increased precipitation, and within the
temperature range of 15.3 degrees Celsius (C) to an
optimal temperature of 30 degrees C. The balance of
available evidence suggests that global climate change
(GCC) will shift the distribution of the vectors into
new regions, and thereby afflict previously uninfected
populations. A caveat however, the IPCC data clearly
indicate that certain regions (e.g., West Africa) are
becoming increasingly arid, which is inimical to the
vector. Consequently, thosezonesthatwitnessdeclining
precipitation levels will see a decline in the incidence
of schistosomiasis in their respective populations. In
those regions that exhibit increasing precipitation
coupled with increasing temperature, we are likely to
witness augmented geographic zones of transmission
and increased frequency of transmission within those
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regions. Thus, GCC will result in winners and losers,
dependent upon the particular pathogen in question,
and its sensitivity to aridity and temperature.’

Economic Outcomes.

The economic historian Robert Fogel won the
Nobel Prize in economics in 1994 for his analysis of
the hypothesis that population health was the central
driver of economic productivity.® If health promotes
prosperity, then disease erodes productivity and
wealth. At the microeconomic level, disease erodes pro-
ductivity through mechanisms such as the debilitation
of workers, increased absenteeism, increased medical
costs, reduced savings and investment, and the
premature death of breadwinners. At the sectoral
level, disease imposes a particular burden upon those
sectors of the economy that are labor-intensive, such
as agriculture and resource-extraction, and thereby
imposes a relatively greater effect upon the economies
of the developing world.

The impact of malaria is illustrative at the
macroeconomic level. Sachs and Malaney estimate
that for those countries where malaria is endemic, the
pathogen generates a 1.3 percent drag on their gross
domestic product (GDP) growth rate, per capita/per
annum. Further, Gallup and Sachs estimated that a 10
percent decline in malaria incidence resulted in a 0.3
percent increase in the growth rate of GDP per capita/
per annum. McCarthy estimated that malaria imposed
a drag on the GDP growth rate of affected nations, at the
level of 0.25 to 0.55 percent per annum.” In case studies
of individual nations, malaria control has resulted
in greater prosperity for the polity in question. For
example, malaria control measures in Zambia resulted
in a $7.1 billion increase to that nation’s economy.?
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The burden of infectious disease falls primarily
upon the poor and middle classes, and therefore as the
burden of disease increases in certain regions, it will
likely exacerbate both the perceived and real level of
economic inequities between socio-economic strata.
Historically, such perceptions of inequity have led to
periods of social and political destabilization.” On a
global scale, GCC-induced increases in the burden of
disease will exert a drag on the global economy, and
the perpetuation of poverty within the less developed
countries.

Assessments of the economic burden of a given
illness (e.g., malaria) are complicated by the lack
of adequate surveillance infrastructure throughout
much of the developing world where the disease is
endemic.'” Moreover, the complexity of measuring the
economic impact of GCC-induced infectious diseases
is augmented by the interactivity of various pathogens
in a given population. For example, the population
of country X may be increasingly beset by increased
incidence of malaria, dengue fever, and schistosomiasis,
and certain individuals may exhibit co-infection with
one or more pathogens.

Pathogens may also erode the functionality and
efficacy of the state as well. For example, disease-
induced economic stagnation (or contraction) of the
macro economy will consequently reduce tax-based
revenues available to the state. Diminished revenues
will in turn impede the state’s capacity to provide
public goods and services (e.g., education and law
enforcement) to its population. This may in turn
reduce the populace’s perceptions of the legitimacy of
the state. In the domain of human capital, disease may
further erode state capacity by debilitating and/or
killing trained and skilled personnel, thereby reducing
institutional resilience and efficacy."

92



On Poverty, Instability and Conflict.

The association between poverty, political
destabilization, and outright conflict is complex. In
particular, there is an endogeneity issue regarding the
direction of causality. However, we can make some
preliminary observations at this point. First, various
iterations of the State Failure Task Force conducted
empirical investigations and determined that infant
mortality (as a measure) is a strong empirical predictor
of state failure."? Ted Gurr argued that increasing levels
of poverty induced a psychological state of deprivation
(perceived injustice) that often led to intrastate conflict.”
This hypothesis that conditions of deprivation (both
real and perceived) led to civil strife was supported by
Deininger, and low levels of the Human Development
Index are associated with conflict in Indonesia.'* Other
political scientists have found that poverty combines
with ethnic fragmentation to produce intrastate
conflict.”® Charles Tilly has argued that inequities are
directly associated with intrastate conflict.’® Further,
there is empirical evidence that social polarization
leads to conflict, and that conflict may function as a
“coping strategy” for those populations confronted
with extreme levels of economic deprivation.”
Convincing arguments take the form of the state
weakness hypothesis wherein deprivation combines
with a weakened state to offer both the motive and
the opportunity for political violence, with evidence
from numerous case studies.' Political scientists have
also hypothesized that increased levels of infectious
disease may lead to conflict between sovereign states."
Although there is evidence that contagion leads to
political acrimony and trade disputes between nations,
there is no evidence that infectious disease results in
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war between nations.” Despite the proliferation of
literature to support the hypothesis that economic
deprivation generates political violence at the intrastate
level, additional cross-national empirical analysis,
using time-series data, is required. That said, the
balance of existing evidence supports the hypothesis.

Conclusions.

Pathogens function as stressors that impose burdens
on both populations (i.e., society), and upon the
structures of the state itself. Historical analysis of the
stresses generated by epidemic disease demonstrate
that pathogens have exacerbated pre-existing conflicts
between socio-economic classes, between ethnicities,
and between those of different religious affiliations;
and have frequently induced conflicts between states
and societies.?? Thus, the GCC-induced proliferation
of disease may facilitate socio-political destabilization,
particularly in the weak states and impoverished
populations of the developing world. However, such
destabilization is contingent upon several factors, it is
pathogen-specific, and it depends upon existing socio-
economic and political cleavages within the polity
in question. Areas at risk of such disease-induced
destabilization include the subtropical to temperate
zones as tropical pathogens and their attendant
vectors expand into these contiguous zones to affect
immunologically naive populations. Thus, we should
be concerned about nations in South Asia, Central and
East Asia, Southern Africa, and South America.

The effects upon the security of the United States
will beindirect. However, in the post September 11,2001
(9-11) era, we now recognize that weak and failed states
in the developing world may generate externalities
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(such as terrorism) that threaten the material interests
of the dominant powers of the international system,
including the United States.

In conclusion, further research is required to flesh
out the complex chain of possible causation that I
have detailed above. This will require the formation
of interdisciplinary teams of both social and natural
scientists who will then model the impacts of climate
change upon disease, and the consequent effects
upon the economic and political domains. This might
involve the compilation of a time-series dataset across
a representative sample of countries. One obvious
problem involves modeling the long-term processes
of climate change. However, we might use the ENSO
effect to model how short-term changes in climate
induce variance in disease incidence, and then observe
the resulting economic and political impacts over the
very short term.
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Climate Change, Population
Movements, and Conflict

Timothy J. McKeown
University of North Carolina, Chapel Hill

Climate change will directly affect the operating
environment of military forces through such specific
changes as the melting of polar ice packs and the
thawing of permafrost. However, its impact on
international security will arguably be greater through
its pervasive and complex effects on the globe’s human
societies, especially on population movements. As the
2005 example of Hurricane Katrina illustrates, extreme
weather events sometimes trigger large, unplanned
population movements. Even when the effects are felt
in the form of less dramatic but lengthier departures
from established patterns, sizeable emigrations can be
triggered when local conditions reach a point where
local economic and social support systems begin to
break down. The experience of eastern Oklahoma
during the Dust Bowl period of the 1930s is a good
example of this.

In this section,' I summarize the array of effects on
societies identified in current climate change research
based on the 2007 report of Working Group II of the
Intergovernmental Panel on Climate Change (IPCC).?
Next, I discuss effects on the United States, then the
results of a project that has developed a procedure
for representing each nation’s vulnerability to climate
change by a climate change vulnerability index.
The index numbers are a simple way to depict how
climate change might confer relative advantages or
disadvantages on a number of powers. A fourth section
summarizes research on how population movements
—a likely response to extreme weather or to climate
changes rendering some regions less habitable —are
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related to the occurrence of violent political conflict.
I conclude with a discussion of the implications for
national security if the forecast changes in climate and
associated population changes do indeed take place. It
is, of course, possible that some forecasts are unduly
pessimistic, others unduly optimistic, and that some
significant effects simply have not been anticipated at
all. However, all national security planning takes place
in an environment of uncertainty, and enough research
has been conducted that many of the forecasts have a
substantial basis in historical data and experimental
observations.

Current Assessments of the General Impacts
of Climate Change.

Even among highly educated members of the
U.S. population, the most common understanding of
climate change is to view it as a long, gradual process
producing gradual changes, with the whole system
readily stoppable or reversible once we believe that we
are certain about our understanding of climate change
dynamics.’ That is a faulty understanding for several
reasons, but the one that is most salient from a national
security standpoint is that human vulnerability to
climate change is highly likely to make itself felt not
though the cumulative effects of long, gradual, smooth
processes, but by sudden, extreme events. The recently
completed Report of Working Group II of the Fourth
Assessment of the IPCC finds that extreme weather
conditions will generally become more common over
the 21st century. This is significant because “Climate
change vulnerabilities of industry, settlement and
society are mainly related to extreme weather events
rather than to gradual climate change.”* Unfortunately
for predictive purposes,
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Vulnerabilities to climate change depend considerably
on specific geographic, sectoral and social contexts. They
are not reliably estimated by large-scale (aggregate)
modeling and estimation. . . . The significance of climate
change (positive or negative) lies in its interactions with
other non-climate sources of change and stress, and its
impacts should be considered in such a multi-cause
context.’

Thus, highly specific and detailed forecasts are
subject to high levels of uncertainty. Although they
are sometimes useful in sensitizing an audience to
possibilities that they had not previously considered,
the fact that most such forecasts are inevitably
inaccurate can also lead an audience to conclude that
forecasters are “crying wolf” simply in an effort to
attract attention. If treated more modestly, as a source
for a series of “rule of thumb” claims, extant research
on climate change does provide helpful insights on how
human societies are likely to be affected. The vividness
of highly specific and detailed predictions is lost, but a
certain level of credibility is gained.

The kinds of claims that current research supports
are summarized below. Taken from the 2007 findings
of Working Group II, this array of forecast social
impacts illustrates a wide variety of climate change
impacts beyond increases in average temperatures.
It also suggests that who is affected is a product of
economic factors —who has access to what resources —
as well as political ones—which governments are
going to adopt and successfully implement policies
designed to mitigate the impacts of climate change?
The issue of who is affected is also not just a matter
of geography, but also of demographics, with some
groups —especially those dependent on the smooth
functioning of the larger social system—especially
vulnerable to negative events.
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Climate Phenomena

Other Casual Factors

Projected Impact

Zones,Groups Affected

a) Increased frequency of extreme events

Tropical cyclones,
storm surge

Population density,
land use in flood-prone
areas; flood defenses;
institutional capacities

Increased vulnerability

in storm-prone coastal
areas; possible effects on
settlements, health, tourism,
economic and transportaion
systems, buildings and
infrastructures

Coastal areas, settlements
and activities; regions and
populations with limited
capacities or resources; fixed
infrastructure; insurance
sector

Extreme rainfall,
riverine floods

As above, plus drainage
infrastructure

As above, plus drainage
infrastructure

As above, plus flood plains

Heat or cold waves

Building design and
internal temperature
control; social contexts;
institutional capacities

Increased vulnerabilities
in some regions and
populations; health
effects; change in energy
requirements

Mid-latitude areas; elderly,
very young, ill or very poor
populations

Drought

Water systems;
competing water uses;
energy demand; water
demand constraints

Water resource challenges

in affected areas; shifts in
locations of population and
economic activities; additional
investments in water supply

Semi-arid and arid regions;
poor areas and populations;
areas with human-induced
water scarcity

b) Changes in mean levels of climate variables

Temperature Demographic and Shifts in energy demand; Very diverse, but more
economic changes; worsening of air quality; vulnerability in places with
land-use changes; impacts on settlements’ populations with more limited
technological innovations; | livelihoods depending on capacities and resources for
air pollution; institutional melt water; threats to built adaption
capacities environment from thawing

permafrost soils in some
regions
Precipitation Competition from other Vulnerabilities in some areas | Poor regions and populations

regions or sectors. Water
resouce allocation

to effects of precipitation
increases (e.g., flooding,
but could be positive) and
in some areas to decreases
(see drought above)

Saline intrusion

Trends in groundwater
withdrawl

Increased vulnerabilities in
coastal areas

Low-lying coastal areas,
especially those with limited
capacities and resources

Sea-level rise

Trends in coastal
development, settlement,
and land uses

Long-term increases in
vulnerabilities of low-lying
coastal areas

As for saline intrusion

¢) Abrupt climate change in general

Demographic, economic,
and technological
changes; institutional
developments

Possible significant effects on
most places and populations
in the world, at least for a
limited time

Most zones and groups

Source: Adapted from IPCC (2007: Table 7.3)

Table 1. Projected Social Impacts
of Climate Change.
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These effects are not easily summarized. They
show a wide variety of undesirable changes, an equally
wide variety of affected areas and groups, as well as
substantial uncertainty about the timing, location, and
magnitude of specific events. Because climate change
as a threat is multifaceted, broad-scale, and nonspecific,
we can only be certain that we will be responding to
it, without necessarily knowing which of the above
processes will be most important at any given time or
location.

Effects on the United States.

The 2007 working group II assessment suggests
that the most significant effects on U.S. residents will
likely be:

* effects on coastal regions due to rising oceans,
rising ocean temperatures, more variability in
weather, and more severe weather. Increased
variability of weather not only means more
flooding, but also more droughts.

* effects on river basins due to greater variability
in precipitation, declines in precipitation in arid
and semi-arid areas, and greater winter and
smaller summer flows from snow packs and
glaciers.

* effects on forest, food, and fiber agriculture as a
result of changes in average weather conditions,
and the occurrence of more extreme weather
conditions. In middle to high latitudes, crop
yields might modestly increase, and adaptation
to climate change might minimize negative
effects, but this is less likely to be successful in
lower latitudes and in arid or semi-arid regions,
and for larger increases in temperatures. “Over
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the 21st century, pressure for species to shift
north and to higher elevations will fundamen-
tally rearrange North American ecosystems.”®

* effectsonpublic health ashigh temperatures and
extreme weather likely lead to more heat-related
mortality, pollution, storm-related fatalities and
injuries, and infectious diseases. The geographic
range of various pests and diseases will shift,
with tropical and sub-tropical varieties moving
to higher latitudes.

Overall, the forecast effects are significant and mostly
negative. However, that is true for most countries.
How is the United States likely to fare compared to
other powers?

Cross-National Comparisons.

Although climate change has and will continue to
impose costs around the globe, these costs are not borne
equally. National security analysts rightly focus on
factors affecting not merely absolute but also relative
capabilities. To the extent that nations differ in their
exposure to adverse effects, their capacity to adapt to
the changes or to mitigate the damages that the changes
inflict, their relative advantages or disadvantages in
military or nonmilitary competition, will be affected.

Maplecroft is a British firm that specializes in
research, management consulting, training, and other
forms of organizational development that bear upon
corporate social responsibility at the global level.
The firm has developed an index of climate change
vulnerability that provides a useful starting point for
considering the question of how differences in national
vulnerabilities to climate change translate into the
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conferring of security advantages or disadvantages
on the world’s nations. Their index relies on a small
number of general measures widely available for the
nations of the world. Scores on the three dimensions
of coastal vulnerability, inland vulnerability, and
health-related vulnerability are averaged to generate
a single summary statistic that serves as a guide to
relative vulnerability. (Details on the construction of
the index are provided in the Appendix). The skeptical
reader might note that it is but one of many such
possible approaches to constructing an index, and that
at this point there is no basis for strongly preferring
it to other plausible contenders. The skeptical reader
would, of course, be correct. However, the necessity to
begin the consideration of the questions involved, its
ready availability, and transparent documentation all
commend it as a useful starting point.

Social Processes Triggered by Climate Change.

The human impacts of these changes that have the
most implications for social disruption —and hence for
national security —fall into two related categories. The
first are the generic consequences of extreme weather
conditions triggering large-scale natural disasters:
large-scale loss of life; of habitation; of essential services
such as drinking water, sewage treatment, and energy;
and of the capacity of the governments in question to
provide order and emergency assistance, and begin the
process of recovery. The second category is all of the
impacts that are a result of relatively large and sudden
migrations of human populations. These might be the
result of a large natural disaster, but can also occur as a
result of gradual deterioration leading to the crossing
of some threshold, after which the situation takes a
dramatic turn for the worse.
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Country Overall RANK* Coastal Inland Health
Exposure Impact (among 189 Exposure Exposure

countries)
Poland Low 12th Medium Medium Medium
Japan Medium 35th High Medium Low
Australia Medium 44th High Medium Low
Russia Medium 46th Medium Medium Low
China Medium 73rd High Low Medium
Germany High 93rd Medium Extreme Low
Brazil High 95th Medium Medium High
India High 103rd High Low Extreme
Iran High 155th Medium High High
Canada Extreme 168th High Extreme Low
USA Extreme 174th High Extreme Low
Iraq Extreme 185th Medium High Extreme

* From least to most vulnerable. See Appendix for detailed
explanation of the rankings.

Source: Based on data provided by Maplecroft to accompany
their map of climate change impacts. The map, as well as maps
and data covering greenhouse gas emissions, carbon resources,
renewable energy use, and energy security risk, can be found at
http/fwww.global-risks.com/content/maps/.

Table 2. Selected Countries Ranked by Forecast
Vulnerability to Effects of Climate Change.

The possibility that climate change could trigger
large populationmovements, and thatthese movements
would spawn political conflict and perhaps even large-
scale violence, has already begun to attract attention
within the U.S. national security community. In a
2003 report, consultants to the Defense Department’s
Office of Net Assessment explored the national
security implications of a relatively abrupt climate
shift triggered by sudden changes in ocean currents.
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In such a situation, large scale population movements
could be triggered by food shortages due to decreasing
global agricultural production, decreased fresh water
supplies, and disruptions in transoceanic movements
of oil and coal.”

Responding to natural disasters is part of the
repertoire of organizational skills that governments
in developed countries supposedly possess. While
in that sense climate change does not pose a novel
challenge, the frequency and the magnitude of such
disasters are likely to increase, and such developments
might impose demands on the existing infrastructure
of civilian and military governmental organizations,
as well as nongovernmental organizations, that these
organizations are not presently equipped to meet.

Similarly, while migration has been a constant
feature of human history, the proportion of the world’s
population migrating at any given time might well
substantially increase, and patterns of migration might
well depart from those experienced in the recent past.
The report of Working Group Il is cautious in assessing
these possibilities, merely noting that:

large numbers of displaced people are a likely
consequence of extreme events. Their numbers could
increase, and so could the likelihood of their migration
becoming permanent, if sucheventsincreaseinfrequency.
Yet, disaggregating the causes of migration is highly
problematic, not least [because] individual migrants may
have multiple motivations and be displaced by multiple
factors.® . .. Estimates of the number of people who may
become environmental migrants are, at best, guesswork
since (a) migrations in areas impacted by climate change
are not one-way and permanent, but multi-directional
and often temporary or episodic; (b) the reasons for
migration are often multiple and complex, and do not
relate straightforwardly to climate variability and change;
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(c) in many cases migration is a longstanding response
to seasonal variability in environmental conditions, it also
represents a strategy to accumulate wealth or to seek a
route out of poverty, a strategy with benefits for both the
receiving and original country or region; (d) there are
few reliable censuses or surveys in many key parts of the
world on which to base such estimates (e.g., Africa); and
(e) there is a lack of agreement on what an environmental
migrant is anyway.’ . . . [R]ising ethnic conflicts can
be linked to competition over natural resources that
are increasingly scarce as a result of climate change,
but many other intervening and contributing causes

.. need to be taken into account. For example, major
environmentally-influenced conflicts in Africa have
more to do with relative abundance of resources, e.g.,
oil, diamonds, cobalt, and gold, than with scarcity.” This
suggests caution in the prediction of such conflicts as a
result of climate change."

U.S. history presents us with a small-scale analogue
to possible global migratory patterns in the form of
the drought-induced exodus of farm families from
Oklahoma in the 1930s. The case is instructive partly
because later droughts in eastern Oklahoma that were
comparable in severity to the “dustbowl]” drought did
not spur nearly the same level of emigration.? Changes
in the economic vulnerability of the population to
drought, theattractivenessofeasy-to-reachdestinations,
and the capacity of local institutions to counteract the
effects of the drought or adjust to them all help to
account for differences in human responses to highly
similar climatic events. Similarly, Sen and Davis® have
shown that famines can be as much the consequence
of social, political and economic inequalities that affect
access to food, as they are of pestilence or extreme
weather.
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The Political Consequences of Demographic
Changes.

Nazli Choucri pioneered the modern study of the
political impact of migration and other demographic
changes. Her summary of the importance of demo-
graphic factors in violent conflicts™ is still a useful
summary of the factors that are politically significant.
(See Table 3 below.)

Although all of these factors play some role in
some situations, the most frequently important one
is segmental divisions, a category that captures
ethnic or religious differences. Events since 1984
(especially since the break-up of the Soviet empire)
have, if anything, further confirmed the significance
of segmental divisions as sources of violent political
conflict. However, Table 3 is also a useful reminder that
such segmental divisions hardly exhaust the sources of
violent conflict.

Migrating populations often have distinct
characteristics that differentiate them from either
the population from which they are departing or the
ones that will be their new neighbors. Probably the
single most important one from a military security
standpointis that those mostlikely to migrate are young
males” —the primary recruitment pool for militaries
and guerrilla armies the world over. Conversely, a
migrating population with large numbers of children or
the elderly means that such a group will require more
aid, or a relatively quick and successful integration of
employable family members into local communities to
provide them with the earnings that they will require
to feed and house their dependents. It also means that
relatively fewer will be of fighting age and joining
militaries or paramilitaries or gangs, and that those
who are of the correct age might feel the tug of family
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Total

. Background | Minor | Major Central Sole

Variable Number . . .
of Cases Factor Irritant | Irritant | Importance | Determinant

Population size* 22 3 15 1 2 1
Absolute size 16 8 4 2 2 0
Size in relation to 19 y 8 7 2 1
resouces
Population change 19 8 6 5 0 0
Absolute rate of growth 25 10 10 3 2 0
Differential rates of 9 3 5 y 0 0
growth
Population
Distribution 35 ’ 10 13 S 0
Rural/urban
distribution 16 3 10 3 0 0
Population density 7 2 3 2 0 0
Spatlial location in 18 3 4 8 3 0
relation to resources
Spatial location in
relation to borders 15 4 S 4 2 0
Population Movement 30 1" 6 8 5 0
Population
Composition 82 ! 6 1 13 1
Sex distribution 4 2 2 0 0 0
Age distribution 10 3 3 4 0 0
Segmental divisions 31 2 1 10 12 6
Level of knowledge % 4 9 10 3 0

and skills

* General factors are in bold type, specific factors are not. The number of cases where a specific
factor affected outcomes is typically less than the number of cases where the general factor did,
because for some cases a given specific factor played no role.

Table 3. Importance of Demographic Factors
in Violent Conflict.

obligations. Assessing the political impacts of any
given flow of people across borders will require going
well beyond simply counting heads and figuring out
how many thousand calories of food will be needed
each day by each group.

Migration becomes easier to the extent that
a migrating population already has ties to their
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destination region. Early migrants play an important
role in welcoming later arrivals, providing them with
familiar products and services, help in adapting to
their new locale, and an immigrant community into
which they can integrate. Thus, migration patterns
tend to exhibit some persistence or inertia.'* Knowing
historical migration patterns has some value for
forecasting where subsequent migrating populations
will go. However, widespread alteration of the earth’s
ecosystems might also disrupt currently observed
migration patterns and create new ones.

Conclusions.

The possibility that climate change will lead to
more instances of extreme weather not easily forecast
far in advance, and that such weather will bring about
sudden and large movements of affected populations,
is probably the most important security challenge that
climate change presents in the near term. Over a long
period, more gradual and longer-term processes are
forecast to drive various ecosystems across thresholds
into new configurations where previous patterns of
human settlement and economic activity might no
longer be possible. Taken together, these forecasts
suggest a substantially greater demand for disaster
management by the array of government agencies,
international organizations, and nongovernmental
organizations that now engage in such activities. The
expected increase in population movements, especially
sudden and unplanned movements, implies the
likelihood of an elevated level of “normal” social and
political turmoil, and a correspondingly higher level of
global political turbulence.

The disruptive effects of climate change will like-
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wise have broad effects on national capabilities. In an
absolute sense, most nations will experience significant
effects; in a relative sense, the resulting distribution of
gains and losses will tend to disadvantage some more
than others. The Maplecroft index suggests that North
America will suffer greater net negative impacts than
most other regions,"” suggesting that there is a strong
casetobemade for U.S. leadership in efforts to minimize
the negative effects of greenhouse gas emissions simply
in terms of traditional national security concerns about
relative national capabilities.

While coping with the implications of high levels of
greenhouse gases will require a global response beyond
the capabilities of any single national government,
the United States over much of the post-1945 era has
several times confronted situations where national
objectives could only be met by international action. The
United States has often responded to these situations
by becoming a leader in fashioning international
institutions to create international public good in the
realms of military security and economic prosperity.
Both U.S. and global interests would be well-served by
a similarly energetic and imaginative effort to create
the international institutions that will be necessary in
order to cope with the looming consequences of climate
change.
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Appendix

The Maplecroft Climate Change
Vulnerability Index

The Maplecroft Climate Change Index is intended
to capture nations’ relative levels of exposure to the
physical and health impacts of climate change. The
index has three components: coastal exposure, inland
exposure, and health exposure. The Index is simply the
unweighted mean of each country’s three scores.

Coastal Exposure.

This component quantifies the exposure of each
country to rises in sea levels and increasing coastal
flooding during storms. It is based on the following
indicators:
* Percentage of land below five meters above sea
level.® Weight: 40%.

* Percentage of population living below five
meters above sea level.” Weight: 40%.

* Total number of people affected by tropical
storms between 1975 and 2005 as a percentage
of the population.? Weight 20%.

Inland Exposure.

This component quantifies the exposure of each
country to extreme temperature events, inland flood-
ing, and food availability. It is based on the relative risk
factors presented in the World Health Organization
(WHO) publication, “Comparative Quantification of
Health Risks.”?' The risk factor is defined as future
changes in global climate attributable to increasing
atmospheric concentrations of greenhouse gases.
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Projections of the extent and geographical
distribution of climate change within each nation were
calculated by WHO by applying various emissions sce-
narios to the Hadley Centre’s HadCM2 global climate
model.”? The HadCM2 model generates projections
of changes in temperature and other climatic factors
which have been verified by back-casting. Average
climate conditions during 1961-90 provide the baseline
observations.?

The data used for calculating the inland exposure
component came from the high estimate for 2030 using
the IPCC 1S92a scenario (unmitigated greenhouse gas
emissions). The scores were calculated by summing the
relative risk factors for extreme temperature events,
inland flooding, and food availability.

Health Exposure.

The health exposure component was calculated
using data for estimated mortality attributable to
climate change from McMichael et al.** WHO calculated
mortality attributable to climate change for five specific
health outcomes selected on the basis of their observed
sensitivity to temporal and geographic climate
variation, their importance in terms of mortality and
burden of disease, and the availability of quantitative
global models.” The five health outcomes and the class
that they proxy are as follows:

Outcome class Outcome

Direct effects of heat and cold Cardiovascular disease deaths

Food-borne and water-borne diseases | Diarrhea episodes

Vector-borne diseases Malaria cases
Natural disasters Unintentional deaths and injuries
Risk of malnutrition Nonavailability of recommended calorie intake
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Mortality estimates were based on observations of
the effects of recent shorter-term climate variation (e.g.,
the effects of daily or interannual climate variability on
specific health outcomes) or the present (e.g., climate
as a determinant of current disease distribution), or
on specific processes that may influence health states
(e.g., parasite and vector population dynamics in the
laboratory, determining the transmission of infectious
diseases). These quantitative relationships were then
applied to future climate scenarios.

Adjustments were made for possible changes in
vulnerability through biological or socioeconomic
adaptation. Estimates of future effects were then
interpolated back to give anapproximate measure of the
effect of climate change that has occurred since 1990 on
mortality and burden of disease in the year 2000. This
gives a measure of the magnitude and distribution of
health impacts of climate change. The health exposure
component was calculated by indexing the calculated
deaths per million population for the combination of
the above five health outcomes.
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Commentator

David Gilmartin
North Carolina State University

I really appreciate being asked to do this. I have
to say global climate change is not the area that I am
most familiar with. I am a historian, and have worked
in particular on the politics and the history of water in
India and Pakistan, but from that angle I do have some
ideas on some of the interesting presentations we just
heard.

To begin with, I would like to go back to the first
panel this morning, and make a couple of comments
as a way of framing how we might think about these
papers and their relevance to the overall topic. The
papers this morning on climate change were, for me,
fantastic, because they were a real introduction to a lot
of what is going on in the scientific community on this;
and particularly to the science.

One thing that really struck me, though, was how
significant the “global” part of the equation was. We
saw the image this morning of the globe taken from the
moon several decades ago. This global dimension is, I
think, one of the reasons why global climate change
is such an important and critical issue in popular
politics. The power of this issue lies in the way that it
creates a framework for thinking about humanity as
a single community. It puts the role of scientists, and
an international community of scientists, at the very
center of the discussion.

And itisaquite powerful force this way, particularly
as juxtaposed to the notion of globalization as an
economic issue. Economics, of course, also defines
world-wide processes, though it does so through
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theories that posit notions of integration through
people pursuing their distinctive self-interests. Climate
change has, of course, been significantly influenced
by the changes that economic globalization has
produced, particularly in the wake of the industrial
revolution. Understanding environmental change thus
undoubtedly depends on understanding the operation
of the world economy. But the importance of studying
climate change in long-term perspective lies precisely
in the fact that it also allows us to stand outside these
economic processes and look at the human community
in different sorts of terms. Like the image of the globe
taken from the moon, it creates an image of human
community that transcends the realities of the world
economic system, and thus transcends also economic
perspectives.

As we try to figure out how to approach the topic of
climate change, we thus need to think about how to put
these perspectives together. We need to understand
what is happening in the world economy to understand
climate change and to understand possibilities for
action in dealing with it. But the significance of
environmental perspectives lies in imagining a human
community in relationship to the environment that
stands outside such strictly economic perspectives,
and outside the conflicts over resources that strictly
economic valuations generate. If these perspectives
are not put together, no projection or models can fully
capture the past and point us toward the future. One
way to do this is through history.

Now let me turn to the three papers, all of which
I enjoyed. I would like to put them a bit further into
historical context: Without knowing how we got to
where we are, it is pointless to try to figure out what
might happen in the future.
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Let me start with Erika Weinthal’s presentation,
which I found very challenging and enjoyable. We
talk about environmental changes caused by climate
change. But, of course, as her paper illustrates, there
have been vast environmental changes associated
with water that are linked to what some would call
the “Irrigation Revolution” of the last 100 or 150 years,
which in some ways, utterly constrain the ways that
we can respond to climate change now. In fact, the
very meaning of water scarcity, as she points out, is
conditioned by the ways that water has been used for
irrigation in the creation of irrigated societies. If people
were to step back and imagine a world outside history,
many people would say the massive development of
extensive irrigation on arid lands in the last century
makes no sense whatsoever. But, historically vast
expenditures and investment in irrigation have
transformed huge areas of the world and created the
water environment that exists in the world today. This
is therefore an environment that today we live with.

WhatIreally liked about Erika’s paper was her point
that now —and if one looks at the history, one can see
this as well —irrigation development has been deeply
embedded in particular forms of power, in particular
kinds of social structures, and in notions of state
authority and how it operates in irrigated societies. All
these things now create a huge constraint, and create
a framework in which conflict may occur. Large-scale
irrigation systems, almost by their very nature, make
water scarce. But we need to remember the history of
how it got that way. When we think about what water
scarcity means, we should bear in mind that scarcity
is not solely, or even primarily, a concept defined by
nature, but one defined by the histories of the ways
that states have sought to extend their power over
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land. As Erika makes clear, trying to understand water
scarcity, as a technical problem, without understanding
history, is a fool’s errand. Water scarcity may have
potential implications for international conflict, but
these implications cannot be addressed apart from the
processes of state-building that have produced them.

It would also be useful, I think, to put Andrew
Price-Smith’s presentation—which [ also learned
a lot from—into historical context. To take a huge
historical frame for this, one could say that the greatest
change in human history, which opened the doors
to the worst ravages of disease on human societies,
was the Agricultural Revolution. This was one of the
critical moments, of course, in the development of
human societies. At the same time, it was a moment
which made possible, because of the environmental
changes associated with it and particularly, as some
have argued, the relationship between domesticated
livestock and human beings, a vast expansion of the
place of endemic diseases in human life. This reminds
us that disease has a very complex relationship to what
we would see as some of the most important advances
in human history, and so, as we think about the future,
one would have to ask questions about that. No easy
generalizations about disease and human progress are
possible.

I think that Price-Smith’s point about poverty,
disease, and conflict is a very interesting one. Let me
suggest, however, that, although disease undoubtedly
has an impact on state capacity and poverty (and thus
for potentially engendering conflict), from my own
perspective, the causation in the other direction has
historically been far more powerful. Poverty and its
attendant malnutrition has historically been one of the
great enablers of the spread of disease. So, I find it a bit
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problematic to talk about the impact of disease on state
capacity without emphasizing, more basically, how
povertyitselfisrelated inmyriad waystostatestructures
and to the relationship of states in the international
economy. As far as poverty and international conflict
goes, one need only look at the history of the world
economy to see the range of arguments on this. Some of
the most powerful historical arguments, going back to
John Hobson’s critique of imperialism at the beginning
of the 20th century, argued that there was a direct
connection between inequality in European societies
(and poverty) and what one might call Europe’s
military adventurism overseas. One could well argue
that that relationship, though it is a controversial one
among historians, has by no means gone away. In
fact, the relationship between domestic inequality and
overseas militarism and conflict remains an important
issue in the discussion about America’s overseas
military policy even today.

The final presentation was also very illuminating for
me. Here again, though, I think a historical framework
would really help. I am not sure how one can gain
perspectives on climate change, demography, and
conflict without putting the subject into the broader
context provided by the history of world population
change and its relationship to industrialization and
the world economy. The theory of the demographic
transition would provide an invaluable perspective.
Demographic change has, of course, been intimately
related to the vast economic changes both before and
after the industrial revolution which, after all, have
been critical to processes of global warming.

I would just stop there with those few comments
and thank the panel givers very much for some very
interesting papers.
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Discussion

Q: Migration from the northeastern sectors of
Brazil into Sao Paolo and Rio de Janeiro arguably led
to a coup by the Brazilian army. Does this kind of case
study help us understand how demographic shifts
caused by climate change might become national
security threats?

Weinthal: I cannot really speak to Brazil, but I can
point to other areas where natural processes disrupted
livelihoods. These are not necessarily related to shifts
in climate. In Rwanda, for example, it was misuse of
land that played a role. It is often hard to prove that
climate change is a direct cause of conflict. Whether
or not an environmental event becomes politicized
and has a disruptive outcome depends on the broader
social and economic context.

Q: A lot of questions surround global precipitation
cycles. It seems to me that societies are growing more
sensitive to short-term precipitation deficits. Is that
true? Does the security risk come from pressures on
existing water supplies caused by growing populations
or from long-term climate change and what it will do
to water supplies?

Weinthal: A bit of both. Short-term provision of
water is a concern. It is a problem, though, if we limit
ourselves to short-term solutions. Jordan, for example,
has limited sources of water as it is. If the region is
going to become more arid, it is essential to engage
in long-term planning. Relying on fossil groundwater
will do in the short, but not the long-term.
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Q: Do we need to just build more dams to capture
rain when it does fall and use this during the dry
periods? Or must we engage in social engineering?

Weinthal: Again, a bit of both. There are ways to
augment water supplies. One way is desalination (a
technique proposed for Gaza). But this is problematic —
desalination is energy-intensive. It might work for
Saudi-Arabia, but for Gaza? And, of course, this is
only going to contribute to the problem of climate
change which is adversely affected by the use of fossil
fuels. Another way is to use recycled waste water in
agriculture or introduce drip irrigation. But here,
too, there are problems, as experience has shown. In
Central Asia, Israel