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 Figure 1.1 illustrates how the impact of climate change rises at an acceler-
ating pace as temperatures increase. Suppose, for example, that the expected 
increase in temperature is 2° C. As indicated in the fi gure, this corresponds 
to a certain level of impacts. Th ese include impacts on the economy, health, 
national security, agriculture, and more. If the warming we actually experi-
ence is somewhat less than anticipated—if it is 1.5° C instead of 2° C—you 
can see that the corresponding impacts are reduced. If, on the other hand, cli-
mate change is more severe than expected and the change in temperature is 
2.5° C, the impacts are greater. Th e key thing to notice is that the diff erence 
between the impacts felt at 1.5° C and at 2° C is much smaller than the diff er-
ence between 2° C and 2.5° C.      

 Because the harm from climate change increases at an accelerating rate 
as temperature changes, the diff erence between what is predicted and what 
actually happens is much bigger if we underestimate climate change than if we 
overestimate it. Even a small underestimation of the changes coming to our 
climate might cause us to overlook enormous impacts. It is bett er to face the 
reality now that these terrible events might come to pass, while we still have 
a chance to do something to avoid them, than to seek the false comfort that 
comes from ignoring them, only to realize in the future that they have become 
inevitable. 

 In Al Gore’s famous 2006 movie,  An Inconvenient Truth , the former vice 
president used the familiar metaphor of boiling a frog to describe the crisis 
of climate change. Th e story, which you have likely heard many times applied 
in many instances, goes like this: If a frog is placed in a pot of cold water that 
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 Figure 1.1      Impacts accelerate as temperature increases.  
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o v e r h e a t e d32

 Th e obvious solution, and the one I will use here, is to look at several 
 diff erent time periods. In the end, whatever time period you use, the message 
is the same: temperatures are rising at an unprecedented pace. 

 We are interested in the question of how much the earth has warmed as a 
result of human activity. It is the release of GHGs by humans that causes this 
warming. For most of human history, we have not released enough GHGs into 
the atmosphere to aff ect the climate in important ways. Th at changed with the 
Industrial Revolution, which started a process of ever-escalating emissions. 
Temperatures started rising around the same time. But before we look at the 
last century and a half, let’s go back farther with one of the most controversial 
pieces of information in the entire climate-change debate: the hockey-stick 
graph. 

 Th is graph has it all: a dramatic message, a great name, and controversy 
about its creation. Th e original hockey-stick graph was produced by Michael 
Mann in 1998. Since then, a large number of similar studies have been done. 
Th e version presented here (fi gure 2.1) is from a 2004 article by P. D. Jones and 
M. E. Mann.      

 Th e hockey-stick graph presented here shows average temperatures in the 
Northern Hemisphere from the year 200 to the year 2000, relative to the aver-
age temperature from 1961 to 1990. Th e solid line shows estimated fi ft y-year 
average temperatures, which makes the long-term trends much easier to see. 
Th e shaded region, on the other hand, shows the statistical range of plausible 
values (known as the 95-percent confi dence interval). Th e line and the range 
feature similar upward movement toward the very end of the time period. 

 It is a dramatic picture. Temperatures are mostly fl at for the fi rst 1,700 years. 
Th ey then start to climb rapidly. Th e change is so sharp and rapid that the graph 
resembles a hockey stick—a long, fl at shaft  and then the upward movement 
of the blade. It shows clearly that temperatures in the Northern Hemisphere 
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 Figure 2.1      Th e hockey stick.   Source: P. D. Jones and M. E. Mann, “Climate over Past 
Millennia,”  Review of Geophysics  42 (2004).  
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Association. He also has ties to a number of think tanks that receive funding 
from ExxonMobil. 

 Several others on the list are scientists, but they are not experts on climate. 
Th e second person on the list—Bjorn Lomborg—is no longer a denier at all. 
He had previously argued that eff orts to combat climate change should take 
a back seat to other global priorities such as fi ghting malaria or HIV/AIDS. 
On the question of whether man-made climate change is real, he has long 
been a believer, stating that the fact that “humanity has caused a substantial 
rise in atmospheric carbon-dioxide levels over the past centuries, thereby 
contributing to global warming is beyond debate.” 57  In 2010, he reached the 
conclusion that climate change should be a priority, and he now advocates 
spending $100 billion per year to fi ght climate change. 58  He says, “If we care 
about the environment and about leaving this planet and its inhabitants with 
the best possible future, we actually have only one option: we all need to 
start seriously focusing, right now, on the most eff ective ways to fi x global 
warming.” 59  

 Two of the people on this list have hardly participated in public debates 
on the subject at all. Ivar Giaever, a retired physicist from the Rensselaer 
Polytechnical Institute and cowinner of the Nobel Prize in physics in 1973, 
made the list by virtue of a few comments made at a single conference of 
Nobel laureates. He has done no scientifi c work on the subject and has not 
writt en on it. 

 Alan Carlin is an economist who worked at the Environmental Protection 
Agency for decades. He became a darling of deniers because of a scandal in 
which it was alleged that his contrarian views on climate change had been sup-
pressed by his superiors. It turned out that there was very litt le to the scandal, 
but the key for our purposes is that Carlin has no background in science, has 
not done any research on the subject, and rose to the att ention of deniers for 
reasons having nothing to do with a contribution to climate science (or any 
other science). 

Name Expertise
Active Writer on Climate 

Science?
Freeman Dyson Physics No
Bjorn Lomborg Political Science No

Myron Ebell Think Tank Director No
Kiminori Itoh Chemistry No
Ivar Giaever Physics No
Will Happer Physics No
Ian Plimer Mining No

Michael Crichton Novelist No
Alan Carlin Economics No

Patrick Michaels Climate Science Yes

 Figure 2.2      Business Insider’s ten most respected global-warming skeptics.  
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 My personal favorite on this list, however, is Michael Crichton. 
Crichton, who passed away in 2008, was a famous writer whose novels reg-
ularly populated best-seller lists. He earned a place on this list as a result 
of his novel  State of Fear , the plot of which revolves around global-warming 
issues and ultimately delivers the message that global warming is a hoax. 
There is little doubt that Crichton wrote the book as a way to express his 
own views on the subject—he was, indeed, a denier of climate change. But 
why would he be on the list of “most respected” skeptics? The answer is 
that it is difficult to find full-throated skeptics with backgrounds in the 
relevant science. Crichton is here because his writing reaches many people, 
not because there is any particular reason to think that he knew what he 
was talking about. 

 Keep in mind that the issue here is the fundamental question of whether the 
climate is changing and, if so, what role humans are playing. Th ese are ques-
tions about climate science. Th e fact that a list of the ten most respected deniers 
includes only one climate scientist and that this individual has strong ties to 
the energy industry speaks volumes about the scientifi c consensus among cli-
mate scientists. 

 To be fair, let’s compare the above list with a list of the most respected advo-
cates for the view that man-made climate change is happening. In November 
2009, the  Financial Times  assembled its own list of the top ten climate scien-
tists, based on the importance of their original research and their infl uence 
on scientifi c debates. Figure 2.3 shows its list, which does not include a single 
climate-change skeptic. 60       

 All of these people are scientists, all have been published in peer-reviewed 
scientifi c journals, and all have deep expertise in climate issues. Among them 
are the director of climate science at the United Kingdom’s National Weather 
Service, the head of climate analysis at the National Center for Atmospheric 
Research in Colorado, the chairman of the IPCC, a senior scientist at the 

Name Expertise
Active Writer on Climate

Science? 
Stefan Rahmstorf Oceans Yes

John Mitchell Climate Modeling Yes
Rajendra Pachauri Energy Efficiency Yes

Myles Allen Statistics and Modeling Yes
Tim Lenton Earth Systems Science Yes

Kevin Trenberth
Global Energy and Water

Cycles 
Yes

Chris Rapley Earth Systems Science Yes
Susan Solomon Atmospheric Chemistry Yes

Carl Wunsch Oceanography Yes
Isaac Held Climate Dynamics Yes

 Figure 2.3       Financial Times ’s top ten climate scientists.  
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one that would cause a lot of damage around the world, but it represents only a 
piece—and not the most important piece—of the puzzle. Th e table also helps 
us to understand some of the confusion around rising seas. Th e two sources 
included in the table are the ones we understand best. For this reason, it makes 
sense to ask what eff ect they will have. Th is allows us to speak with some pre-
cision about at least a part of the problem. It also allows us to identify a lower 
boundary. It is unlikely, for example, that we will escape with less than a 30-to-
40-centimeter increase in sea levels, and 83 centimeters is likely the upper 
limit of what could happen this century from these two sources.      

 To summarize what we have so far, seawater expands as it warms, but this 
cannot generate more than about a half-meter increase in sea levels by 2100. 
Th ere is also some increase in sea level as glaciers melt into the ocean, but this 
is not enough water to cause a massive rise.  

  D. It’s the Ice Sheets, Stupid 

 In the run-up to the 1992 presidential elections in the United States, it appeared 
that President George H. W. Bush would be reelected easily on the basis of 
good foreign-policy news, including the end of the Cold War and success in 
the Persian Gulf War. Th e campaign of candidate Bill Clinton recognized the 
situation and concluded that it needed to turn att ention from foreign policy 
to the domestic economy, which was not doing well. In an eff ort to keep cam-
paign workers on message, campaign strategist James Carville hung a sign at 
campaign headquarters that read, “Th e economy, stupid.” 

 With Clinton’s victory, the phrase “It’s the economy, stupid,” came to sym-
bolize the importance of identifying and focusing on the single most impor-
tant issue at hand while avoiding the distractions of secondary issues—even 
when those secondary issues are themselves important. In the presidential 
campaign, it was the economy that motivated voters. In the context of climate 
change and sea-level rise, it’s the ice sheets, stupid. 

 Let’s return to thinking about the sink full of water, with chunks of ice around 
it. So far, we have a prett y good sense of what is going on and the potential 

Source Low Estimate High Estimate
Thermal Expansion 20 cm 50 cm
Glaciers & Ice Caps 10–20 cm 33 cm

TOTAL 30–40 cm 83 cm

 Figure 3.1      Sea-level rise att ributable to thermal expansion and glaciers.   Source: Anil 
Ananthaswamy, “Sea Level Rise: It’s Worse Th an We Th ought,”  New Scientist , July 1, 2009. Data 
from Golam Mahabub Sarwar and Mamunal H. Kahn, “Sea Level Rise: A Th reat to the Coast of 
Bangladesh,”  Arnold Bergstraesser Institut  (2007): 375–397.  
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impacts of climate change on the level of the water. Th ere is, of course, some 
uncertainty about how warm things will get and therefore how much the water 
will expand, and we cannot be sure just how fast the pieces of ice next to the 
sink will melt, but overall, we have a fairly good sense of the situation. 

 Th e only way the oceans can rise beyond the amount already discussed is if 
a lot of water is added to the sea. It happens that there are only two places on 
earth that have enough water to make a diff erence: Greenland and Antarctica. 
Th at is the good news. 

 Th e bad news is that there is a  lot  of water in these places. In both, vast 
expanses of ice—known as ice sheets—sit on the land. Because they are on 
the land, sea levels will be aff ected if this ice or its meltwater fi nds its way into 
the oceans. In terms of the water in your sink, imagine placing two enormous 
blocks of ice, one on each side of the sink. Th ese represent the Greenland and 
Antarctica ice sheets. 

 It is important to understand just how big these sheets of ice are. One way to 
get your mind around the sheer size of the ice sheets is to compare them with 
places you know well. Th e Antarctic ice sheets cover 98 percent of Antarctica’s 
14 million square kilometers (5.4 million square miles). Th is is an area equiva-
lent to almost 60 percent of the United States. Th e ice in the ice sheet is, on aver-
age, about one mile thick. Th e Greenland ice sheet is much smaller (656,000 
square miles) but still covers an area larger than Texas, California, Florida, 
New York, Pennsylvania, Ohio, and Virginia combined. It averages almost one 
and a half miles in thickness. 

 If all of the water found in those ice sheets were put into the ocean or if 
the ice itself were to slide into the ocean, the sea level would rise perhaps 80 
meters (the Antarctic ice sheets would account for more than 90 percent of 
this sea rise). Th e table in fi gure 3.2 shows just how much water is in these ice 
sheets and what would happen if all of that water were to fi nd its way into the 
oceans.      

 Needless to say, a sea-level rise of this magnitude is unimaginable. 
Fortunately, there is no evidence that such a dramatic change is happening. 

Location Volume (km3) Potential Sea-Level Rise (m)
East Antarctic ice sheet 26,000,000 64.8
West Antarctic ice sheet 3,300,000 8.1

Antarctic Peninsula 200,000 0.5
Greenland 2,600,000 6.6

All other ice caps, ice fields, 
and valley glaciers

180,000 0.5

Total 32,280,000 80.5

 Figure 3.2      Potential contributors to sea-level rise.   Source: United States Geological Survey.  
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 Starting in 1968 and continuing in subsequent years, rainfall began to 
decline in frequency and strength, especially in the northern regions of the 
Sahel. At the same time, there was also a shift  in rain patt erns that had a severe 
and negative eff ect on the agricultural economy. 79  Th ese changes all trans-
lated to less water for the people of the Sahel, for their plants, and for their 
livestock. Without enough water, there was not enough food; crops withered, 
and animals died. Th is, of course, triggered a food crisis for the human popu-
lation. At the time (and, indeed, still today), much of the region was isolated 
from major population centers and had poor ground transportation. Th ese 
facts, combined with the poverty of the region’s inhabitants, meant that when 
local food sources failed, no good alternatives were available. In normal times, 
residents relied on what they could grow themselves. When the crops did not 
grow, there was nothing else. 

 Figure 4.1      Th e Sahel.   Source: htt p://mapsof.net/uploads/static-maps/map_sahel.jpg.  
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Th is is at least in part because the arid conditions in the country lead to low 
agricultural yields. Irrigation technology would help but was largely absent in 
the early 1980s. In 1984, only 3 percent of irrigable land had actually been fi t-
ted with irrigation systems. Th is left  the large majority of Ethiopia’s farmers 
reliant on rain as the primary source of water for their crops. 

 As was the case with the Sahelian famine, this one began with a drought. Th e 
country endured several consecutive years of low rainfall prior to 1983. Especially 
poor precipitation in the second half of 1983, including a rainy season that ended 
a month earlier than usual, delivered the critical blow. Th e consequence for food 
production was catastrophic. Crop production fell by almost 2 million tons—
enough to feed between 6 million and 8 million people. In a country already 
racked by poverty, there was no safety net and few alternative sources of food. 

 Th e Ethiopian government was aware of the problem long before 1984. 
As early as May 1981, before the worst of the drought, it sought international 

 Figure 4.2      Ethiopia.   Source: CIA World Factbook, 2012, htt ps://www.cia.gov/library/
publications/the-world factbook/maps/et_largelocator_template.html.  
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change will generate a competition for resources that could well be that trig-
gering event in many places, leading to warfare, death, and suff ering that might 
have been avoided in the absence of climate change. It will be the spark.  

  II. Th e First Climate-Change War? 

 During the fi rst decade of this millennium, Darfur, in Sudan (see fi gure 5.1), 
endured the latest instance of humanity’s greatest evil: genocide. (What 
was Sudan during the time period at issue is now divided into Sudan and 
South Sudan.) Th e region suff ered through violence from 2004 to 2009. 
As a result of these years of fi ghting, 300,000 people died, and 2.7 million 
fl ed their homes. Th e Janjaweed, a militia of Sudanese Arabs alleged to have 
ties to the Sudanese government, systematically targeted black African eth-
nic groups—the Fur, Zaghawa, and Masalit. Acts of staggering cruelty and 
violence were perpetrated. In one town, for example, the Janjaweed killed 
at least sixty-seven people, abducted sixteen schoolgirls, and raped ninety-
three others, some in front of their families. As if the rapes themselves were 
not barbaric enough, the hands of rape victims were branded as an eternal 
reminder of the assault and as a tool to ensure the victims’ ostracism from 
the community. 4       

LIBYA EGYPT Halā’ib SAU.
AR.

Red
Sea

ERIT.

SHAMAL
DARFUR

CHAD

GHARB
DARFUR

Nyala
JANUB DARFUR

Malakāl

Bor

Juba
Nimule

UGANDA

kinyeti
DEM. REP. OF THE CONGO

C.A.R.

KENYA

ETHIOPIA

Kūstī
Al Qaḑārif
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 Figure 5.1      Sudan, including Darfur.   Source: htt p://mapsof.net/uploads/static-maps/
darfur_map.png.  
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And although water is certainly not the only, or even the most immediate, rea-
son for the problems in the Middle East, it is an important part of the equation, 
and it will become more so as the planet warms.      

 Th e specifi c water issues vary from place to place in the Middle East, but 
the general theme is always the same: everybody needs more water, and there 
is only so much (or so litt le) to go around. Downstream countries accuse 
upstream countries of not sharing the resource appropriately, countries 
believe their neighbors are using more than their fair share, and water projects 
to increase access in one country are viewed as threats to the water supply in 
another. 

 Th e Middle East has everything that makes a climate war likely. First, it is 
chronically short of water. Second, it has a history of confl ict that stretches 
back thousands of years, continues unabated today, and features some of the 
oldest and most venomous religious and ethnic animosities. Th ird, the region 
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 Figure 5.2      Th e Middle East.   Source: htt p://www.worldatlas.com/webimage/countrys/
me.html.  
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 Th ere is a single dominant upstream country in the Middle East: Turkey. 
Turkey occupies a privileged position at the head of the region’s most impor-
tant water source, the Tigris and Euphrates rivers. Th is fact of geography makes 
it a critical and powerful player in regional water politics. 

 Th e Euphrates and the Tigris start separately in eastern Turkey and wind 
their way southeast through Syria and Iraq until they join in southeast Iraq and 
then empty into the Persian Gulf (see fi gure 5.3). Th is river system provides a 
critical source of water in the Middle East. 19       

 Like any country, Turkey wants to take advantage of its resources—includ-
ing water. To do so, it launched an ambitious water program in the 1960s called 
the Southeast Anatolia Development Project (GAP). Th e project, which is still 
not complete, calls for twenty-two dams, nineteen hydropower projects, and 
irrigation of more than 6,500 square miles of land. Th e goal is to promote the 
development of the southern Anatolia region of Turkey, home to some 9 million 
people. Along the way, it is expected to more than double the irrigated cropland 
in the country, increase electrical output, and make Turkey a food exporter. 20  
Th ese are all laudable goals—it is hard to criticize eff orts to grow more food and 
create more hydropower, at least if we look at it from Turkey’s perspective. 

 Viewed through Syrian or Iraqi eyes, on the other hand, the GAP project 
is a disaster. Th e GAP is expected to reduce Syria’s water supply from the 
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 Figure 5.3      Th e Tigris and Euphrates rivers.   Source: htt p://ehsworldstudiesjackoboice.
wikispaces.com/Mesopotamia+-+Tigris-Euphrates+River+Valley+%28Current+Events%29.  
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governments can be counted on to prompt bloody confl icts that impede Western 
access to oil and give terrorist groups strongholds on the continent. 

  A. Focus on Nigeria 

 Historically, Africa has not been an especially signifi cant part of the world in 
terms of its impact on American interests. Th is reality has changed, however, 
as the continent’s importance to global oil markets has grown and as the mod-
ern threat from international terrorism has reached Africa. Today, any region 
where ineff ective government and law enforcement exist alongside economic, 
religious, and social conditions that encourage extremism threatens American 
security. Africa has a number of such places, including, for example, Somalia, 
Sudan, Chad, the Democratic Republic of Congo, and, the focus of my discus-
sion here, Nigeria (see fi gure 5.4).      

 Figure 5.4      West Africa, including Nigeria.   Source: htt ps://www.cia.gov/library/
publications/the-world-factbook/maps/nI_largelocator_template.html#.  
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