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p r e f a C e

Earlier this year, I had an opportunity to travel with the Chief of Naval Operations, 
Admiral Gary Roughead.  Our conversation on that trip ranged from the emerging 
strategic picture in Asia to the future of the fleet, but it was on the subject of climate 
change that Admiral Roughead and I had our most interesting interactions.

I personally believe strongly that global climate change will become a driving secu-
rity challenge for the next generation of strategic thinkers – in the United States and 
around the world. So it was encouraging to hear one of today’s great strategic think-
ers asking all the right questions about what climate change might mean for the U.S. 
Navy and maritime forces.

As a result of that conversation, Admiral Roughead asked the Center for a New American Security to do 
an initial survey for the U.S. Navy of the ways in which climate change may affect the Navy’s operations, 
including the strategic environment of the future.

I hope that all Navy personnel who read this report come away with a sense of looming danger, but also 
of tremendous possibility. There is much the U.S. Naval Services can do to anticipate, prepare for, respond 
to, and in some cases even prevent some of the changes and consequences that may occur in the next 30 
years (the scope of this study). And let me be clear: there is little doubt today that human activity is spur-
ring changes in the global climate. There are now decades of actual observations – from satellites and other 
advanced sensors – documenting temperature rises that are putting the world on a path toward a climate 
not seen in the history of human civilization. 

More to the point, Navy personnel have an important source to confirm this; many of their brethren in the 
maritime services are already bearing witness to the changes in the world’s oceans and littorals. Captain 
Ray Chartier, Commander of the Naval Ice Center, for example, made it clear in a workshop we held that 
the changes he is seeing in the cryosphere – right now, in real time – are deeply troubling. CNAS has appre-
ciated, in particular, the leadership of Rear Admiral Bill Burke and Commander E.J. McClure in the Navy’s 
Quadrennial Defense Review Integration Group, who have been studying these issues in great depth, as part 
of the Navy’s contribution to the Quadrennial Defense Review. 

There are those who will be slow to accept global climate change as an emergent threat or “threat multi-
plier,” but there are many leaders in the U.S. Navy who know better. I hope this study makes a contribution 
in some small way to their efforts to shape the Navy’s response to one of the great challenges of our age.

Dr. Kurt M. Campbell 
Co-Founder and CEO 
Center for a New American Security
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e x e C u t i v e  S u M M a r y

The 2007 report of the 

Intergovernmental Panel on 

Climate Change (IPCC) clarified the 

nearly unanimous, global scientific 

opinion that climate change is real, it is 

already occurring, humans are respon-

sible for most of the change that has 

occurred since 1950, and that these 

changes will continue for decades 

into the future.1  The 2007 Cooperative 

Strategy for 21st Century Seapower 

acknowledges this reality and analyzes 

how climate change will affect the 

future strategic environment, but is less 

clear about the implications for the U.S. 

Navy’s core capabilities. 

For the next 30 years, a certain amount of climate 
change is locked in; a failure to cut global green-
house gas emissions will mean even more dramatic 
change by the end of the century. The U.S. Navy 
must start considering how it will deal with global 
climate change over the next 30 years, with a tre-
mendous range of impacts and uncertainty. This 
paper looks at anticipated changes in the operating 
and strategic environments, with consideration 
for implications for the Navy’s strategy, planning, 
and requirements. The principal audience of this 
study is the U.S. Navy. Many of the forecasted 
impacts to the Navy as outlined in this paper are 
likely to affect both the U.S. Marine Corps and 
the U.S. Coast Guard in a similar or related fash-
ion. Therefore, for the sake of simplicity, the term 
“Navy” or “Naval Services” refers to any or all of 
the services, as appropriate.

First, the Navy’s operating environment is chang-
ing. This includes the background environment of 
politics and national policy, where there are likely 
to be new requirements for the Navy to curtail fuel 
use and emissions of greenhouse gases. Legislation, 
Executive Orders and Presidential Directives for 
increased energy efficiency and the use of alterna-
tive energy sources could affect designs of new 
vessels, require retrofitting of the existing fleet, 
and push changes in the design, operations, and 
management of installations. By anticipating such 
changes, the Navy can capture the benefits and 
minimize the costs, help shape the nature of new 
mandates and directives, and assert national lead-
ership on key security concerns over use of energy 
supplies and climate change.

There will be changes in the more literal oper-
ating environment, as well—the undersea and 
surface environment. Changing conditions of 
the oceans—in sea level, temperature, thermo-
cline depth, stratification, currents, acidity, and 
salinity—may affect undersea and surface navi-
gation and require more frequent mapping and 
sampling of the ocean. These changes may also 
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affect the maintenance of ships, engines and other 
equipment.

Other likely effects of climate change, such as 
sea-level rise combined with increased severity of 
mid-latitude and tropical storms (including hur-
ricanes), will increase the threat to naval bases, 
ship-building facilities and other coastal installa-
tions. Although sea-level increases for the next 30 
to 40 years are likely to be modest (significantly less 
than one meter), when combined with increased 
weather intensity, some currently safe facilities may 
become marginal, and some currently marginal 
facilities may become unsafe. Because facilities are 
protected to a given sea height, modest increases in 
average storm surge height can produce a dispro-
portionate increase in how frequently defenses are 
overwhelmed. Although vulnerability assessments 
are clearly being conducted for some installa-
tions, a comprehensive assessment is needed, 
based on the best available regional climate change 
projections, and such vulnerabilities should be 
incorporated into all planning for future facilities.

Second, as the 2007 Cooperative Strategy for 21st 
Century Seapower acknowledges, there are likely to 
be changes in the strategic environment in which 
the Navy operates. Climate change is very likely to 
exacerbate humanitarian suffering. In Africa alone 
the 2007 IPCC report notes that “by 2020, between 
75 and 250 million more people are projected to 
be exposed to increased water stress due to climate 
change.” And “in some countries, yields from rain-
fed agriculture could be reduced by up to 50%.” 
Heat waves and droughts will be more common, 
and coastal flooding is projected to affect millions 
more people per year. Africa and parts of Asia with 
massive coastal populations are very likely to be at 
a significantly increased risk. As climate change 
progresses over the next several decades, the Navy 
is likely to be called upon increasingly to conduct 
and support humanitarian and disaster relief oper-
ations, related to these changes. In this and other 
ways, these secondary effects could impact the 

underlying security environment and U.S. security 
strategy in general, as well as maritime strategy 
specifically and the demands for naval missions. 

There is also a possibility of increased great power 
conflict. Although it may not be highly likely 
to see great power conflict over stressed natural 
resources within a 30-year period, the melting of 
the Arctic ice may be a harbinger of future tension 
and conflict. The opening of new sea routes and 
resources in the Arctic has the potential to herald 
a new era of great power naval competition and 
resource competition, and at the very least is likely 
to open new shipping lanes. There is tremendous 
uncertainty, however, in the timeline. Because win-
ter temperatures rise more rapidly than summer 
temperatures, especially at higher latitudes, winter-
time warming in the Arctic over the 21st century 
is projected to be three to four times greater than 
the global wintertime average. Combined with 
increased summertime melting of sea ice, increas-
ing winter temperatures ensure that less and less 
sea ice will reform as warming continues in future 
decades. In 2005, the Northeast Passage along the 
Eurasian coastline opened up for the first time in 
human memory. In 2007, the Northwest Passage 
through the Canadian Archipelago opened up for 
the first time. In 2008, both passages were open for 
a short while. The timing and extent of the Arctic’s 
opening to routine shipping is uncertain, but 
whenever it occurs it will create new opportunities 
and risks for the United States, as well as new mis-
sions for the U.S. Coast Guard and Navy.

The effects of climate change underscore the 
importance of many themes in the Maritime 
Strategy, beyond the most obvious implications 
for humanitarian assistance and disaster relief 
(HADR) missions. Climate change will create new 
challenges for the Navy, particularly as it seeks to 
grow naval cooperation with allies and prevent 
conflict escalation in hot spots. And with the 
expanded stresses on the global commons caused 
by climate change, the United States may have to 
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rely more on its allies to share some of the naval 
load.

The specific effects of climate change are uncertain 
and will be highly variable both across regions and 
over time. To successfully manage these challenges, 
the Navy must begin thinking about climate 
change in a new light, specifically to ensure a stra-
tegic approach by considering near-term (the next 
five years), mid-term (next 20-30 years), and long-
term (beyond 20-30 years in the future) elements 
together in planning and acquisitions processes. 

In the near-term, the Navy should anticipate 
legislation and presidential directives and regula-
tions aimed at cutting energy use and reducing 
emissions of carbon dioxide and other greenhouse 
gases. Over the mid-term, the Navy should begin 
to prepare now for the effects of climate changes 
over the next 30 years on operations, installations, 
missions, and strategy. 

Over a long-term (more than 20 years) time hori-
zon – appropriate for considering the location of 
future installations and the characteristics of the 
next generation of naval capabilities – the continu-
ation and exacerbation of all of the above-noted 
challenges is likely. Moreover, there is the possibil-
ity of catastrophic climatic effects. 

Congress mandated in Public Law No. 110-181 
that the Defense Department consider climate 
change in its planning, and use “the mid-range 
projections2 of the fourth assessment report of the 
Intergovernmental Panel on Climate Change,” or 
“subsequent mid-range consensus climate pro-
jections if more recent information is available.” 
Because of the enormous uncertainty associated 
with climate change effects, however, the Navy 
should also consider the possibility of climate 
change that is more severe and/or occurs earlier 
than currently projected. The fact that many cli-
mate processes, including sea level rise, contraction 
of Arctic sea ice, and increases in extreme weather 

events are already well out-pacing model projec-
tions is a strong indication that the IPCC may 
project more significant changes in its next assess-
ment, due in 2014. The Navy should take current 
mid-range estimates as a starting point, but be 
prepared to adjust as new estimates are provided. 
Improved monitoring and incorporating the possi-
bility of wildcards and abrupt change into strategy 
and plans will be important tools. Moreover, with a 
planning horizon of many decades, the Navy must 
be sure to hedge against the possibility of much 
more extreme change.
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pa r t  i :  i n t r o d u C t i o n

2008 was a volatile year in climatological terms. 
Hurricane Nargis ravaged Burma, killing more 
than 100,000 people and displacing millions more. 
Many of those affected may still lack reliable 
access to clean water, food, and basic services six 
months later, due in some measure to an uncoop-
erative government. Record snowstorms in China 
stranded millions and caused billions of dollars in 
damage, stoking popular anger at the government’s 
inability to respond in central, eastern, and south-
ern China. Closer to home, floods in the American 
Midwest affected thousands and hurricanes in the 
Gulf of Mexico heavily damaged oil and gas pro-
duction facilities and almost destroyed Galveston, 
Texas. Indeed, two months after Hurricane 
Ike, hundreds of people are still missing and 
energy production facilities are still recovering. 
Throughout 2008, parts of the southeastern, south-
western, and western United States have struggled 
with persistent drought conditions, with wildfires 
destroying more than five million acres, according 
to the National Interagency Fire Center. 

These weather events may or may not be con-
nected to global climate change, but the 
Intergovernmental Panel on Climate Change 
projects that these are the types of events that are 
increasing in frequency and severity as a result of 
global climate change. In particular, the volatility 
of weather patterns and the uncertainty of which 
effects will occur when and where is likely to be 
commonplace in the decades ahead. If global emis-
sions of carbon dioxide and other greenhouse gases 
continue unabated or increase, these effects could 
become far more dramatic and even catastrophic 
by the end of the century or sooner. 

Climate change is likely to affect the United States 
naval services in a range of ways, from changing 
the ocean environment in which the Navy operates 
to changing the Navy’s missions. To investigate 
how climate change might influence the Navy, the 

Center for a New American Security (CNAS) con-
vened workshops bringing together naval officers, 
climate scientists, and experts on climate change 
and international security from inside and out-
side the government. The workshops (participants 
listed in Appendix A) featured presentations on 
our ongoing research with responses from experts, 
creating a laboratory of ideas for discussing and 
debating key concepts. CNAS also conducted inter-
views with experts familiar with climate change 
issues, as well as uniformed and civilian members 
of the Navy whose responsibilities intersect with 
those areas most affected by climate change. 

Building from an assessment of current evidence 
on climate change, this report considers an array 
of potential challenges for the U.S. Navy created by 
climate change, incorporating the strategic priori-
ties as delineated in the 2007 Cooperative Strategy 
for 21st Century Seapower (referred to subse-
quently as the “Maritime Strategy”). 
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pa r t  i i :  t H e  C u r r e n t  S tat e  o f 
k n o w L e d g e

Scientific evidence of climate change
Recent decades have seen record-high average 
global surface temperatures. Thermometer read-
ings sufficient to provide reliable global averages 
are available back to 1850.3 According to data from 
the University of East Anglia’s Climatic Research 
Unit—the surface temperature data most often 
used by climate scientists—the 27 warmest years 
on record all occurred in the 30 years from 1978 
through 2007.4  Over the past century, global sur-
face temperature increased by about 1.4oF (Fig. 1). 
Over the last three decades, satellite measurements 
show that the lower atmosphere warmed by 0.22 to 
0.34oF per decade, equivalent to 2-3oF per century.5  
The amount of heat energy stored in the oceans has 
also increased over the past half-century (Fig. 1).6  

Other evidence that the Earth’s surface has 
warmed rapidly in recent decades includes acceler-
ating global sea level rise (Fig. 2),7 the synchronous 
retreat of mountain glaciers at different lati-
tudes around the world,8 rapid shrinkage of the 
Arctic sea ice,9 and net loss of land-based ice on 
Greenland and Antarctica.10  

Together, these independent observations led 
the Intergovernmental Panel on Climate Change 
(IPCC) to conclude in 2007 that “Warming of the 
climate system is unequivocal, as is now evident 
from observations of increases in global average 
air and ocean temperatures, widespread melting of 
snow and ice, and rising global average sea level.”11  

Only a few environmental factors (forcings) could 
possibly drive a persistent warming of the global 
climate, some of which are natural, such as changes 
in solar radiation or volcanic activity. Other pos-
sible climate forcings arise from human activities, 
particularly the release of heat-trapping gases 
(greenhouse gases) from the burning of fossil fuels 
and land-surface changes.12  Which of these factors, 

or combination of them, is primarily responsible 
for the strong warming trend of the past century 
has been the focus of intensive research over the 
past two decades. The resulting scientific progress 
led the IPCC to conclude recently that “Most of 
the observed increase in global average tempera-
tures since the mid-20th century is very likely 
[i.e. greater than a 90 percent chance] due to the 
observed increase in anthropogenic greenhouse 
gas concentrations.”13  Although several forcings 
are probably involved in producing the detailed 
pattern of global warming of the past century, no 
combination of forcings that excludes manmade 
greenhouse gases can explain the strong trend 
of the past several decades (Fig. 3). An accessible 
explanation of the scientific approach to identify-
ing the causes of contemporary global warming is 
available from the Pew Center on Global Climate 
Change.14 

rising Global Temperature and changing 
Patterns of Precipitation
According to the 2007 IPCC Fourth Assessment 
Report (AR4) “best estimates” of the increase of 
global average surface air temperature during the 
21st century range from 1.8 to 4.0°C (3.2 to 7.2°F), 
depending on future man-made greenhouse gas 
emissions.15  Temperature over land, particularly in 
continental interiors, warms about twice as much 
as the global average, as surface temperatures rise 
more slowly over the ocean. High northern lati-
tudes also warm about twice as fast as the global 
average. 

Extremes change more than averages, leading 
to fewer freezes, higher incidence of hot days 
and nights, and more heatwaves and droughts. 
Larger warming at high northern latitudes leads 
to faster thawing of permafrost, with consequent 
infrastructure damage (e.g., collapsed roads and 
buildings, coastal erosion) and feedbacks that 
amplify global warming (e.g., decrease in sun-
light reflectivity as snow cover declines).16  Winter 
temperatures rise more rapidly than summer 
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temperatures, especially at higher latitudes. 
Wintertime warming in the Arctic over the 21st 
century is projected to be three to four times 
greater than the global wintertime average. 

A consistent feature of model simulations is an 
increase in average global precipitation as a result 
of increasing greenhouse gas concentrations.17  
However, the geographic distribution of this 
change is very uneven, and some regions experi-
ence decreased precipitation. In general, areas that 
are currently wet (i.e., the moist tropics and high 
northern latitudes) become wetter, while currently 
dry areas (i.e., the arid and semi-arid subtropics 
and mid-latitude continental interiors) become 
drier (Fig. 4). Consequently, areas that currently 
suffer from seasonal flooding and areas that cur-
rently suffer from frequent drought will see these 
problems intensified by climate change.18 

Increases in the average intensity of mid-latitude 
and tropical storms are also projected.19 Over the 
past several decades there has been a trend toward 
a larger fraction of total precipitation falling in 
heavy events, with the strongest trends occurring 
in the wet tropics and the northern mid-latitudes.20 
Similarly, over the past 30 years the strongest 
tropical cyclones (i.e. major hurricanes and super 
cyclones) have become more intense on aver-
age.21 The largest intensity increase is observed in 
the North Atlantic. In the North Atlantic there 
has also been a 50 percent increase in the aver-
age frequency of all tropical cyclones since 1995 
compared to the long-term average.22 Outside the 
North Atlantic there has been an increase in the 
number of very intense tropical cyclones but not 
an increase in total tropical cyclones. Climate 
model simulations suggest that in most oceans 
the total storm frequency may decrease as warm-
ing proceeds, but the most intense and damaging 
storms become more frequent, as has already 
been observed.23 More intense storms lead to 
higher average wave heights, higher storm surges 
striking land, higher wind speeds, and heavier 

precipitation. Wind damage increases exponen-
tially with wind speed, so that small increases in 
wind speed greatly increase the destructiveness of 
an intense storm.

A given change in regional climate, such as a 
degree of warming or a 10 percent change in 
precipitation, does not affect all regions the same 
way. Some regions experience a stable climate, 
and natural and human systems have developed 
around this stability; in such regions, even a 
small change may generate significant impacts. In 
regions with historically large climate variability, 
however, larger changes are required to exceed the 
bounds of climate variability to which natural and 
human systems have adapted. Appendix B provides 
a summary of IPCC projections of regional climate 
change. 

Potential Societal effects of climate 
change
Potential societal effects for the next 30 years that 
have potential security implications include:

Coastal and low-lying island settlements •	
disrupted by more damaging coastal storms 
and degradation of water supplies by saltwater 
intrusion

More flashfloods in the wet tropics and mid- •	
and high-latitude regions

Millions more people under water stress, espe-•	
cially in Asia, Africa, and Latin America (Fig. 4)

Increased incidence of waterborne diseases in •	
the wet tropics (e.g. the Indian subcontinent 
and sub-Saharan Africa)

Changes in the distribution of malaria in •	
Africa, Asia, and Latin America

Heat and extreme-weather driven declines in •	
crop yields in low-latitude countries and on 
agricultural deltas in Asia and Africa 

Loss of grazing lands and more heat-related •	
deaths in livestock in Africa and Asia
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Increased incidence of malnutrition in low-•	
latitude countries

More heat-related human illnesses and deaths •	
in urban centers in Europe, Asia, and North 
America. 

climate change mitigation and 
adaptation
Two completely different concepts inform climate 
change policy decisions: mitigation and adapta-
tion. Mitigation refers to any actions taken to limit 
the extent of future climate change by reducing 
manmade greenhouse gas emissions. Adaptation 
refers to any measures taken to reduce the effects 
of climate change on nature or society. Examples 
of adaptation include building levees or sea walls 
to protect against increased storm surge heights, 
enhancement of health and safety education to 
reduce the impact of heatwaves on urban popula-
tions, and policies that limit coastal and wildland 
development to reduce the number of people and 
built structures vulnerable to coastal storms or 
wildfires. 

Although the degree of future climate change 
can be reduced by the implementation of policies 
to reduce manmade greenhouse gas emissions, 
there is a delay of two to three decades from when 
a parcel of greenhouse gas is emitted and when 
the associated global surface warming occurs.24  
This delay results from the thermal inertia and 
slow mixing of the ocean. More than 80 percent 
of the additional heat captured by the enhanced 
greenhouse effect is mixed into the ocean initially. 
Subsequent equilibration of the atmosphere with 
this heat takes 20 to 30 years. Since there has been 
no mitigation of greenhouse gas emissions over the 
past three decades, the IPCC estimates that the cli-
mate system will continue to warm by about 0.2 to 
0.4oF per decade for the next 20 to 30 years regard-
less of future attempts to reduce emissions.25  

In other words, climate change for the next 30 

years is unavoidable. Despite the uncertainties 
involved in what that climate change will mean 
for human societies, the Navy must be prepared 
to adapt. Furthermore, given the risks of unabated 
carbon and greenhouse gas emissions, the Navy 
also will be required to aid in mitigation steps 
where possible. The first step in developing com-
prehensive adaptation and mitigation measures is 
to consider how climatic changes could affect the 
Navy.
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Figure 1:  Average global surface temperature based on thermometer measurements (red line, left axis; adapted from Brohan et al. 2006; © 
Crown 2006, data supplied by the Met Office) and average heat content of the upper 700 m of the global ocean (blue line, right axis; adapted 
from Dominigues et al. 2008). Temperature rise during the 20th century is much larger than the uncertainty range.

Figure 2: Acceleration of global mean sea level rise. The vertical width of the tide gauge record shows the 95 percent uncertainty range (green 
shading, adapted from (Church and White 2006). Satellite data (red line) are updated from (Cazenave and Nerem 2004).
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Figure 3: Analysis of the causes of global surface temperature change (Meehl et al. 2004). Results with only natural forcings included (blue 
line) do not account for warming since 1975. When natural forcings are combined with manmade forcings (red line), the results match the 
observed climate record (black line). Anthropogenic greenhouse gas emissions strongly dominated the warming after 1975.

Figure 4: Large-scale changes in annual runoff (surface water availability, in percent) for 2095, relative to 1990. Values represent the median 
of 12 climate models using a mid-range greenhouse gas emissions scenario. White areas are where less than 66% of models agree on the 
direction of change and hatched areas are where more than 90 percent of models agree on the direction of change. The global map of 
annual runoff illustrates a large scale and is not intended to refer to smaller scales. In areas where rainfall and runoff is very low (e.g. desert 
areas), small changes in runoff can lead to large percentage changes that may have little meaning for impacts. In some areas with projected 
increases, different seasonal effects are expected, such as increased wet season runoff and decreased dry season runoff. (Source: IPCC AR4 
Synthesis Report).
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pa r t  i i i :  H o w  C L i M at e  C H a n g e 
Co u L d  a f f e C t  t H e  n av y

In a globalized world, the oceans are increas-
ingly important. As the avenue for more than 90 
percent of global trade and a source of sustenance 
for billions of people, the global maritime com-
mons are literally the lifeblood of the planet. The 
new Maritime Strategy also recognizes that this 
rising importance of the oceans is taking place 
in an overall context of strategic uncertainty and 
complexity.

Indeed, the Maritime Strategy lays out an inte-
grated Navy-Marine Corps-Coast Guard strategy 
specifically to deal with a changing and uncertain 
world, including global climate change. It defines 
the goal of the naval services as “apply[ing] sea-
power in a manner that protects U.S. vital interests 
even as it promotes greater collective security, 
stability, and trust.”  Relative to previous seapower 
documents, there is a significant shift in emphasis 
toward preventing wars rather than fighting wars 
and focusing on cooperative maritime endeav-
ors to promote security and stability on the seas. 
Indeed, the strategy acknowledges that security 
and stability are increasingly threatened by com-
mon global challenges requiring a global response. 
The document identifies the Navy’s main strategic 
imperatives: limit regional conflicts; deter major 
power war; win the Nation’s wars; defend the 
homeland; foster, and sustain cooperative inter-
national relationships; prevent or contain local 
disruptions through forward presence; maintain 
deterrence; exert sea control; protect maritime 
security; project power; and conduct humanitarian 
and disaster relief operations. 

Climate change is likely to affect the Navy’s ability 
to execute most if not all of the Maritime Strategy’s 
imperatives through changes in the operational 
and strategic environment. This paper will look 
first at how climate change will likely affect the 
Navy’s operating environment, including the 

political and policy context, surface and undersea 
conditions, and infrastructure issues. Then the 
paper will look at the shifting strategic environ-
ment, including an increase in local and regional 
conflicts, possible new homeland defense missions, 
and the possibility of new sources of major power 
tension and conflict. Finally, the paper will exam-
ine the implications for Navy strategy, planning, 
requirements, and acquisitions.

a changing operating environment
In this context, we are defining the “operat-
ing environment” broadly to mean the political 
environment in which the Navy as an institution 
operates, from budgeting decisions to strategy; the 
undersea and sea surface environment in which 
Navy ships, aircraft, and submarines operate; and 
the infrastructural environment that supports 
Navy operations. In each case, climate change is 
already changing the environment in which the 
Navy operates in ways that may have immediate 
implications, ranging from the laws and directives 
that guide the Navy’s decisionmaking to long-term 
decisions about new installations and shipbuilding 
facilities.

cHaNGiNG coNdiTioNS iN THe PoliTical eNviroNmeNT

Volatile fuel prices coupled with concerns about 
the effects of global climate change have been grad-
ually changing the political context in which the 
Navy operates. The new president and Congress are 
virtually certain to continue and deepen this trend, 
with added pressure from some state and local 
governments, the private sector, and international 
partners and allies. 

In the political context, energy security (largely 
referring to oil prices and the security of supply) 
and climate change traditionally have been treated 
as separate issues. There is broadening recognition, 
however, that energy security and climate change 
are inextricably linked, and that any legislation 
designed to reduce greenhouse gas emissions will 
affect the production and cost of fossil fuel energy 
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sources, given that the consumption of fossil fuels 
is the number one source of manmade greenhouse 
gases.26  Indeed, with further budget constraints 
looming in the current economic crisis, many 
businesses and interest groups are pushing for 
policies that address both problems with the same 
investments. 

The last three presidents have achieved such poli-
cies through directives and Executive Orders. In 
particular, past Executive Orders have required 
federal agencies to trim their energy use and look 
for ways to reduce carbon emissions, and legis-
lation has directed such measures, as well. The 
Energy Policy Act of 2005 and Executive Order 
13423, for example, required DoD to: reduce 
energy use by 30 percent by 2015; build buildings 
that are 30 percent more efficient than ASHRAE 
(American Society of Heating, Refrigeration and 
Air Conditioning Engineers) standards; supply 7.5 
percent of its energy from renewable sources by 
2013; reduce fleet vehicle petroleum use by 20 per-
cent by 2015; increase use of non-petroleum fuel by 
10 percent annually; and switch to plug-in hybrid 
vehicles when they become life-cycle cost effective. 
President-Elect Obama said during the campaign 
that he would require the federal government as a 
whole to reduce its energy consumption 15 percent 
by 2015.

All military installations have been subject to such 
requirements, although military operations have to 
date been largely exempt from direct reductions. In 
the future, at a minimum, the Navy is likely to be 
subjected to new and more stringent presidential 
and/or legislative requirements to improve energy 
efficiency and promote alternative fuels; it is pos-
sible that past exemptions for operational energy 
use will no longer stand. It is also possible that the 
Navy will be required to reduce greenhouse gas 
emissions in a measurable way.

More broadly, the domestic debate over how best 
to address climate change will coincide with U.S. 

negotiations toward a follow-on international 
agreement to the 1998 Kyoto Protocol. The U.S. 
government agreed to a roadmap for a post-Kyoto 
architecture in Bali in 2007,27  and will attempt 
to negotiate the final treaty in Copenhagen in 
November-December 2009 or sometime before 
the expiration of the Kyoto Protocol in 2012. 
According to the roadmap, developed countries 
will agree to reduce their greenhouse gas emissions 
dramatically, but without specific, binding tar-
gets delineating how quickly or what mechanisms 
countries must adopt to achieve the reductions. 

Whether or not domestic legislation to reduce 
greenhouse gases passes before international nego-
tiations conclude, a diverse array of interest groups 
are pushing for cohesive national action of some 
kind to patch together the current web of state reg-
ulations and programs that are making it difficult 
for businesses—and indeed the military, with bases 
across the country—to plan effectively. Thirty-four 
states have standards or goals for renewable energy 
production;28  many take part in regional emissions 
reductions agreements of various kinds, and most 
have state laws applying energy or emissions rules. 
This has created a difficult atmosphere for com-
panies and government entities to operate within, 
and pressure for federal standards is increas-
ing. The most likely legislation to pass through 
Congress is a so-called “cap and trade” bill, which 
will cap total carbon emissions and introduce 
a permitting scheme in which the right to emit 
carbon dioxide is a tradable commodity. How this 
may apply to the Navy and other military services, 
which together are the 10th largest energy user in 
the country, is unclear.

Implications for the Navy
Higher energy prices have been straining the 
Navy’s budget and may exacerbate tradeoffs in 
funding for operations, maintenance, reset, pro-
curement and other requirements; new legislation 
could further affect energy or production prices 
(i.e. materials such as steel or cement are highly 
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energy intensive to produce). 

There could well be further new requirements 
for the Navy and other military services to cut 
energy use and/or control emissions. Such require-
ments may affect the Navy by adding new costs for 
retrofitting existing installations and systems or 
adding new Key Performance Parameters to future 
contracts. 

Recommendations
Promote Energy Security Proactively. Rather 
than waiting for directives, mandates, or legislation 
to go into effect, the Navy should anticipate and 
shape how it will meet national energy security and 
climate change priorities now. The Navy should 
consider:

Collaborating with the other services on rel-•	
evant R&D and strategies for cutting energy use 
and emissions.

Finding a way to calculate the Navy’s total •	
greenhouse gas emissions in order to establish 
a baseline against which to measure progress 
(particularly if required by law to do so). 

Taking proactive measures to cut operational •	
energy use, either through efficiency measures, 
demand management, or substituting fuels, 
which would save money and cut emissions, 
and may well improve operations. 

Accounting for emissions standards and/or •	
higher energy prices in procurement and in 
considering new technologies.

Incorporating climate change and energy secu-•	
rity reporting and discussions as part of normal 
interactions with Congress in order to antici-
pate and shape future legislation.

Directing the Office of Naval Research to •	
increase R&D on climate change and related 
technologies. ONR is already conducting rel-
evant R&D, though it is mostly at the discretion 
of lab directors and investigators. A strategic 

emphasis on R&D to support an improved 
energy posture may well yield results with 
strong possibilities of commercially viable tech-
nology development.

cHaNGiNG coNdiTioNS iN THe SUrface aNd UNderSea 
eNviroNmeNTS

While navigating the shoals of the political world 
may be complicated, the Navy has a great deal of 
experience in navigating a dynamic ocean environ-
ment. That experience will be important as climate 
change is likely to significantly affect the ocean 
environment. 

This section will attempt to identify a range of 
operational considerations for the Navy from the 
changing ocean environment. The warming of 
ocean water and melting of land ice will produce 
rising sea levels, decrease salinity at high latitudes, 
increase salinity in the tropics, and could cool 
ocean water in the northern North Atlantic. The 
uptake of carbon dioxide in seawater will increase 
ocean acidity. Climate change is also likely to affect 
ocean currents. These changes will affect sur-
face and undersea navigation, and possibly affect 
operation and maintenance of ships, engines, and 
other equipment. Some changes may require more 
frequent mapping and sampling of the ocean.

Subsurface Operations
While these changes may affect subsurface naval 
operations, it is difficult to “strategize against” 
them because there is tremendous uncertainty 
about what will happen where, when, and to what 
extent. This may not require any new equipment 
or even training, but it may require the Navy to 
anticipate and plan for more dynamic and unpre-
dictable operational conditions. 

The underwater impacts of climate change may 
have several direct and indirect operational effects 
on subsurface naval operations. First, ice melt will 
change water densities, as an infusion of fresh 
water lowers the density of high-latitude northern 
waters, while increased evaporation from a warmer 
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atmosphere increases the density of tropical waters. 
In 1999, the Sturgeon-class nuclear-powered attack 
submarine, USS Hawkbill, noted how changes 
in water salinity—attributed to polar ice melt—
made it harder for the captain to maintain neutral 
buoyancy. According to one report, “A change 
in salinity of just one part per thousand causes 
a buoyancy shift of nearly 8,000 pounds in the 
Sturgeon-class attack submarine.”29 While such 
changes are well within the Navy’s current capa-
bilities to manage, they may be an important part 
of the changing environment. 

Water density affects not only submarine mobility 
but also sonar. Submarines have historically played 
an important role in countering the anti-access 
challenge—particularly against the Russians—and 
will likely continue to do so, especially as the 
Chinese navy grows more sophisticated and poten-
tially more assertive. The use of passive and active 
sonar to detect approaching Russian submarines 
and submerged vessels was key to many of the 
Navy’s successes in the Cold War. 

Increased seawater acidity may also change under-
water acoustical properties. A recent study found 
that “reasonable projections of future fossil fuel 
CO2 emissions” could lead to a decrease in low 
frequency sound absorption by almost 40 percent 
by mid-century. The study’s authors concluded, 
“Ambient noise levels in the ocean within the 
auditory range critical for environmental, military, 
and economic interests are set to increase signifi-
cantly due to the combined effects of decreased 
absorption and increasing sources from mankind’s 
activities.”30  This shift may be well within the 
Navy’s current technical capabilities to meet, but is 
worth anticipating.

Anti-Submarine Warfare systems depend on 
long-established predictions systems of underwa-
ter acoustic propagation pathways.31 Widespread 
changes in the density of ocean water have the 
potential to complicate sonar-based detection, or at 

least call for ongoing anticipation and adjustment. 

Sonar detection is especially crucial in arctic 
regions, where it is necessary for detecting under-
water ice ridges. Accurate detection will be critical 
in the coming years, as submarine operators have 
to contend with the continued break up of major 
ice sheets, which can drive ice ridges deeper under 
water. In the 1999, aforementioned expedition by 
the USS Hawkbill, the crew noted risks associated 
with detecting ice ridges. 

Subsurface naval operations may also be influenced 
by changing thermoclines. In addition, as men-
tioned in the arctic section, polar melting may also 
facilitate new azimuths for submarine launched 
ballistic missiles (SLBMs), creating new opportuni-
ties and risks for the United States. 

Changes in water salinity, density, and acidity may 
eventually offer new strategic opportunities and 
risks for the U.S. Navy. This may include nontra-
ditional threats, such as narcotics traffickers using 
semi-submersibles but with limited ability to adapt 
to changing conditions.32 

The subsurface challenges sketched out in this 
section are not meant to provide a comprehensive 
view of how climate change will affect subsurface 
operations. Instead, it seeks to suggest how climate 
change might complicate underwater missions. The 
U.S. Navy may need to conduct further research 
to better determine the ocean density, salinity, and 
acidity thresholds at which climate change may 
impact sub-surface operations.

Surface Operations
Changes in surface conditions may also have impli-
cations for the U.S. Navy. Climate change may have 
effects on ocean currents (e.g., the North Atlantic 
Current) and induce violent weather events (e.g., 
hurricanes) that will mean new challenges. 

Severe weather events may have consequences 
on naval mobility, operations, and maintenance. 
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Today, the Navy deals with extreme weather largely 
by avoiding it, thanks to an extensive system of 
sensing technologies, largely managed through the 
Naval Meteorology and Oceanography Command 
and civilian agencies. 

Despite past and anticipated improvements in 
forecasting, the possible increase in the frequency 
of intense tropical storms means that such weather 
systems may become harder to avoid and more 
dangerous. Current doctrine is to avoid significant 
storms by finding safe harbor or calmer seas. 

Furthermore, violent tropical storms also put 
tremendous stress on U.S. ships and vital facili-
ties that are susceptible to damage from high 
winds and waves. Maintenance and construction 
schedules could be disrupted, for example, if port 
facilities are damaged by tropical storms and high 
storm surges. The late Admiral Donald Pilling, 
USN (ret.), noted, “We spent a few billion to restore 
Pascagoula after Hurricane Katrina—and we’re 
not done yet. But at least that’s an impact you can 
see.”33 Restoring operations for these facilities can 
cost billions of dollars as well as reduce operational 
availability of ships.34  

Moreover, severe storms can have direct impacts 
on operational readiness and training. According 
to General Paul Kern (USA, ret.) as quoted in the 
ground-breaking CNA study on climate change 
and national security, large tropical storms 
and hurricanes force the military to reposition 
assets out of harm’s way. This involves tremen-
dous amounts of manpower, energy, resources, 
and time. Kern draws upon an experience when 
Hurricane Hugo was projected to hit Savannah, 
Georgia. During this time the Navy was also 
preparing for a military exercise with NATO 
counterparts. Unfortunately, the storm diverted 
resources by forcing American forces to deal with 
moving equipment to safe harbor, which eventu-
ally produced suboptimal results for the military 
war game. This led Kern to conclude that extreme 

weather conditions can have deleterious effects on 
operational readiness.35   

Additionally, there is growing evidence that power 
projection can be hindered by extreme weather 
events. Even though the men and women of 
America’s armed forces are trained and prepared 
to fight in any condition, inclement weather does 
take a toll on sailors’ physical and mental well-
being. For example, in warmer climates, such as 
the Middle East, surface temperatures on the decks 
of aircraft carriers can reach temperatures above 
120oF, putting great strain on the deck crew’s abil-
ity to launch planes.36  Additionally, leading studies 
have shown that this can have negative repercus-
sions on the crew’s ability to sustain high tempo 
operations.37  Although naval training already 
prepares sailors for a variety of inclement condi-
tions, the Navy may need to reassess this training 
for more persistent high-heat conditions and other 
new considerations associated with climate change, 
such as the presence of cyclonic storms in unantici-
pated locations (e.g. Hurricane Vince in 2005) or 
more intense storms. 

More frequent and intense weather events will also 
compel ships to deal with greater fluctuation in sea 
states, which may affect naval mobility. Because 
of these fluctuations, ships may need to re-chart 
courses to avoid high-waves or risk being battered 
and damaged by large waves. Note that the inde-
pendent deployers are more at risk, given that they 
rarely have a meteorological capability (METOC 
detachment) on board. Furthermore, during 
high-sea states, aircraft carriers may need to cur-
tail flight operations as landing planes becomes 
extremely difficult. In such circumstances, flight 
deck personnel and aircraft are at great risk. These 
operational challenges are difficult to plan against, 
but training programs can help. 

Finally, climate change may result in major 
changes to ocean currents, though it is possible 
that such changes may be beyond the 30 year 
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horizon of this report. Scientists believe the most 
significant climate-induced threat to ocean systems 
is the potential for a shutdown of the thermoha-
line circulation system.38  Increasing amounts of 
fresh water caused by ice melt in the Arctic will 
decrease—and potentially stop—the transport of 
warm waters from the tropical North Atlantic to 
the northern North Atlantic. These changing cur-
rents would have dramatic impacts on the climate 
of the North Atlantic region and may affect naviga-
tion routes. In the near- to mid-term, the United 
States should consider supporting international 
efforts aimed at better understanding and monitor-
ing of major ocean currents.

Implications for the Navy
The unpredictability and volatility of climate 
change mean that in addition to the challenges 
noted in this section, the Navy may face other 
emergent operational challenges. The U.S. Navy 
has unparalleled capability for monitoring and 
adjusting to a changing ocean environment; in 
coming years, this capability may be in higher 
demand by the U.S. Navy, as well as other U.S. 
military services, civilian agencies, and partner 
nations.

Recommendations
Move beyond stationarity. Traditionally, plan-
ners dealing with the natural environment have 
assumed “that natural systems fluctuate within 
an unchanging envelope of variability,” a concept 
known as stationarity.39 But in a changing cli-
mate, the future may be hard to anticipate. New 
strategies are needed to assess the Navy’s future 
operating environment and for managing risks 
that fall outside the historical envelope of vari-
ability. There is no convenient replacement for the 
assumption of stationarity and increased uncer-
tainty may be a persistent element of planning for 
future operating environments. The Navy should 
train for greater uncertainty and use a “multicast-
ing” strategy of preparing for multiple plausible 
futures.

Adjust Navy Capacities for Climate Change. The 
Navy should study which technologies, prac-
tices, and skills will be needed more frequently or 
improved in order to deal with changing undersea 
and surface conditions. The Navy’s scientific and 
technical support capabilities are robust enough to 
adjust and adapt to climate change over the course 
of the next 30 years; however, it will be important 
that the Office of Naval Research, Meteorological 
and Weather Command, and other relevant assets 
work closely with operational fleet forces to focus 
resources on how climate change is affecting and 
will affect the Navy’s operating environment.

The U.S. Navy should consider, consistent with 
the cooperative emphasis of the new Maritime 
Strategy, expanding and deepening cooperation 
with other services, the maritime forces of other 
nations, and relevant civilian agencies to track 
changing conditions.

Build Knowledge Repositories for Climate 
“Lessons Learned.” The U.S. Navy should consider 
providing a further public good to U.S. civilian 
agencies and other global navies by coordinat-
ing with NOAA and other relevant agencies the 
development of a set of “lessons learned” for best 
practices in response to climate change. All navies 
will have to deal with changes to the undersea and 
surface environment caused by climate change and 
handle the implications of rising sea levels for naval 
operations. Specifically, the Navy could consider:

Improving the ability to share meteorological, •	
seismic, radar, communications, and other data 
that can help anticipate and deal with severe 
events.

Emphasizing the development of doctrine, •	
training and operational awareness of changing 
conditions in the oceans. This should extend to 
national forces and multinational cooperation.

Installations
The IPCC’s 2007 report and more recent peer-
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reviewed scientific research show that sea level rise 
accelerated during the 20th century.40 Acceleration 
of sea level rise is a predictable consequence of 
climate change because ocean water expands as it 
warms and because surface warming melts land-
based ice, adding more water mass to the oceans. 
Hence, the rate of sea level rise is expected to 
increase as global warming continues. However, 
predicting the rate of acceleration is difficult and 
there is significant uncertainty regarding how 
much sea level will rise within a given window of 
time, such as by the end of the current century. 

Based on climate model estimates of thermal 
expansion of ocean water and ice melt from gla-
ciers and continental ice sheets, the 2001 IPCC 
Third Assessment Report (TAR) projected that 
sea level would rise by 0.09-0.88 meters (0.3-2.9 
feet) by the end of the 21st century.41  In 2007, the 
Fourth Assessment Report (AR4) projected a nar-
rower range of 0.18-0.59 meters (0.6-1.9 feet).42  The 
decrease at the upper end of this range relative to 
the TAR confused many observers, who incorrectly 
inferred that the IPCC was lowering its overall 
sea level rise projections. However, the authors of 
the AR4 omitted a key component of future sea 
level rise from their calculation—the contribution 
from future changes in ice flow from land to sea 
from the Greenland and West Antarctic ice sheets. 
Because of this omission, the AR4 clearly states: 
“Because understanding of some important effects 
driving sea level rise is too limited, this report does 
not assess the likelihood, nor provide a best esti-
mate or an upper bound for sea level rise.” Hence, 
this was not a downward revision of the IPCC pro-
jection because the projection was not considered 
by the authors to be complete. 

Since the IPCC’s release of the AR4, two peer-re-
viewed scientific studies have attempted to project 
sea level rise to the end of the 21st century, taking 
all contributors into account. The first analysis 
projected sea level to rise by 0.5 to 1.4 meters (1.6 
to 4.5 feet) by the end of the 21st century.43  Using 

a different method, another study projected 0.8 to 
2.0 meters (3.3 to 6.6 feet) of sea level rise by 2100.44  
We know that sea level rise at this rate is feasible 
because sea level rise averaged 1.5 meters (4.9 feet) 
per century during the last warm interglacial about 
125,000 years ago, when global average surface 
temperature was only about 1-2°C warmer than it 
is today.

The current 10-fold range of uncertainty (0.2 to 2 
meters) for 21st century sea level rise is significant; 
the lower end represents a significant nuisance to 
most coastal nations—low-lying island nations 
notwithstanding—whereas the upper end would 
have severe effects on most major countries.

Implications for the Navy
Taking the range of uncertainty into account, ris-
ing sea levels will threaten to some degree naval 
installations and the other maritime infrastructure 
necessary for naval operations. Combined with a 
second maritime implication of climate change—
the possibility of increasing hurricanes and other 
storms with their associated storm surge in water 
levels—every aspect of maritime operations may 
face new challenges. 

Losing access to key low-lying overseas bases (e.g., 
Diego Garcia) and reorienting spending to harden 
domestic naval facilities against storm surges could 
hamper naval power projection and require greater 
reliance on long-range strike capabilities. Overseas 
U.S. naval bases at locations such as Diego Garcia 
and Guam could be compromised by rising sea 
levels and higher storm surges. 

The Bush administration had committed to 
upgrading U.S. military facilities in Guam. Guam 
is slated to host a growing number of submarines 
and Marine units and to service an increasing 
share of overall naval and air assets in the Pacific. 
However, climate change will increase the risk that 
major storms could cause severe damage on Guam. 
For example, Super Typhoon Pongsona in 2002 
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caused over $700 million in damages. As these 
types of events become more frequent and more 
intense, they could threaten the viability of many 
coastal and island installations. America’s overseas 
naval bases, especially its island bases, are critical 
to U.S. power projection capabilities and ensur-
ing that U.S. ships can navigate global waters with 
ease. Climate change places these overseas bases at 
risk due to rising sea levels and growing storms.

A growth in the frequency of intense storms will 
also threaten U.S. naval installations on the U.S. 
mainland, requiring costly repairs or even aban-
donment in the event a storm hits. This is not just 
a theoretical question – it already became a reality 
in 1992 when the costs associated with recovering 
from Hurricane Andrew forced the shuttering of 
Homestead Air Force base. Additionally, in 2005, 
Hurricane Ivan-related damage forced the closure 
of much of the Pensacola Naval Station for a year. 
There is a large concentration of maritime mili-
tary installations in the United States that may be 
susceptible to the effects of sea-level rise, which 
could include inundation of land, increased storm 
and flood damage, loss of wetlands, changes in 
erosion patterns and rates, salt water intrusion 
in surface and ground waters, rising water tables, 
and changes in tidal flows and currents.45  The 
Department of Defense’s Strategic Environmental 
Research and Development Program is currently 
studying46 the susceptibility of:

Hampton Roads, Virginia Naval Installations•	

Naval Station Norfolk•	

Naval Air Station Oceana•	

Little Creek Amphibious Base•	

Marine Corps Base Camp Lejeune, North •	
Carolina

Naval Station San Diego and Naval Air Station •	
North Island, California

Naval Station Pearl Harbor, Hawaii•	

Also, the June 2008 National Intelligence 
Assessment on the National Security Implications 
of Global Climate Change to 2030 included an 
annex of 31 U.S. military installations judged to be 
at risk of flood-related damage, based on the U.S. 
Geological Survey’s Coastal Vulnerability Index. 
The Index judges vulnerability according to a 
number of indicators, principally relative sea-level 
rise, tidal range, and coastal geomorphology. The 
analysis did not assess level of risk or site-specific 
vulnerabilities.

One of the most direct threats climate change pres-
ents to naval operations comes from the disruption 
of existing port infrastructures due to climate 
change. From a commercial port perspective, even 
minor disruptions in major global ports, such as 
Hong Kong, can cause hundreds of millions of 
dollars in damage. A Congressional Budget Office 
study in 2006 estimated that a one-week shutdown 
of the ports of Los Angeles and Long Beach, for 
example, would cost $450 million, or $65 million 
a day.47  Major damage to key global ports could 
cripple global shipping. More frequent intense hur-
ricanes resulting from rapid climate change could 
induce severe damage to underlying infrastructure 
at ports around the world.

Disruptions to global shipping and commercial 
ports resulting from climate change will present 
challenges to the Navy. First, since open global 
maritime trade is important for the American 
economy, the Navy already works to keep sea lines 
of communication (SLOCs) and other access routes 
for trade open. As a threat to maritime trade, port 
disruptions could draw in the U.S. Navy. In par-
ticular, as the most powerful maritime actor in the 
world, maritime rescue and recovery operations 
could draw on U.S. naval resources, especially if 
American allies and major trading partners control 
the at-risk ports. Second, naval deployments are 
often facilitated by visits to ports in many nations, 
only some of which host official American naval 
installations. Disruptions to key commercial 
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ports could force changes in how the Navy plans 
deployments. Finally, commercial ports serve as 
coordinating hubs for maritime trade. Focusing 
trade on key hubs allows for the concentration of 
safety and security resources around patrolling 
those sea-lanes between the hubs. Major damage 
to key commercial hubs could drive a diffusion of 
maritime trade to many smaller hubs. The growth 
in piracy off the coast of Somalia in recent years 
highlights the risks involved in even a relatively 
coordinated global maritime network. 

In addition, climate change could put major 
commercial and especially military shipbuild-
ing facilities at risk, potentially undermining the 
defense industrial base. Today, six privately owned 
major shipyards (Bath Iron Works, ME; Electric 
Boat, CT/RI; NASSCO, CA; Avondale, LA; Ingalls, 
MI; Newport News, VA) control all of naval ship 
construction. Only two yards—Bath Iron Works 
and Newport News (now renamed under the 
Northrop Grumman shipbuilding reorganization 
early in 2008)—can build nuclear-powered vessels. 
The Navy has already recognized the way extreme 
weather events can influence the shipbuilding 
industry and naval procurement. In the aftermath 
of Hurricane Katrina, shipbuilding was delayed 
and the Navy awarded special repair and/or 
replacement contracts to Gulf Coast shipbuilders 
to help them recover. The Navy feared the impact 
of losing more shipbuilding facilities. 

Dealing with these risks will require extensive 
cooperation between private industry and the 
Navy. It is necessary to engage in planning to 
determine both how to respond in the case of a 
storm surge and whether the long-term viability 
of any key shipyards is at risk. Adaptation should 
begin now to ensure the strength of naval ship-
building over the long-term.

Recommendations
Conduct Vulnerability Assessments. To deal 
with the consequences of climate change for naval 

facilities, both overseas and domestic, the Navy 
should first and foremost carry out comprehen-
sive vulnerability assessments of naval facilities to 
storm surges and flooding, as well as evaluate the 
adequacy of contingency plans. 

Vulnerability assessments will help the Navy do 
the type of cost-benefit analysis that can help the 
Navy determine if some installations are more at 
risk than others. This may help determine which, 
if any, assets should be shifted in anticipation 
of climate change, as well as cost out and devise 
response plans. 

Assessments might consider at least two mid-term 
and two long-term scenarios for climate change. 
The mid-term scenarios should include: (1) the 
mid-level assessments of the 2007 IPCC report (as 
required by current legislation), and (2) a scenario 
with more dramatic change that is more consistent 
with observations over the last several years (e.g., 
the A1FI scenario in the IPCC report). The longer-
term scenarios, set in the 2100 time frame, can also 
be taken from the IPCC report, and should span 
from modest to catastrophic impact.

The Navy also should work with partner nations 
to conduct combined vulnerability assessments, 
particularly those that have ports and other instal-
lations important to U.S. naval operations and the 
execution of contingency plans.

Implement Cost-Effective Preventive Measures.
Preventive measures to boost the ability of the 
Navy to rapidly respond to the consequences of 
extreme weather events on naval installations 
could also generate long-term cost savings. Given 
that repairing damaged installations in response 
to current weather events has already ranged into 
the hundreds of millions of dollars, events that 
occur as the result of storm surges would almost 
certainly magnify those amounts. Accurately pre-
dicting rising sea levels could also save hundreds of 
millions of dollars in long-term costs.
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Some naval stations may require significant 
upfront investments to design them for operations 
in a world of rising sea levels. Others may become 
too costly to utilize. Building more robust new 
facilities or redesigning old facilities will in most 
cases be cheaper than having to pay to recover 
from a climatic “event” like a hurricane or a 
long-term sea level rise, which would involve both 
paying the damage and cleanup costs and design-
ing new facilities or rebuilding old facilities.

The Navy will want to focus on the highest lever-
age investments, considering factors including 
the costs of prevention versus the costs of repairs, 
potential impact to the Navy’s ability to conduct 
operations and support the full range of engage-
ment and operational plans, the availability of 
other installations, and (for overseas installations) 
the potential for partners to contribute to both 
prevention and response.

Create Local Response Plans. The Navy should 
also consider crafting response plans to rapidly 
adjust if naval stations are rendered inoperable due 
to storms or rising tides. Response plans should 
incorporate pier readiness—shore cables, hotel 
services, crane services, and other infrastructure, 
such as electric power plants—necessary for any 
repair mission. The Navy should also work with 
local industry surrounding all of its bases to iden-
tify other higher or more inland areas to serve as 
satellite basing if a naval station is damaged.

Recognize Threat to Power Projection and 
Prepare for the Worst. The Navy should also 
prepare for potentially more drastic adjustments 
in basing locations in response to climate change. 
The loss of or significant damage to bases at loca-
tions such as Diego Garcia and Guam would be 
important, but if the Navy recognizes the threat 
and plans in advance, the Navy can reduce the 
consequences for readiness and power projec-
tion. Examples might involve shifting naval forces 
between nations within broader regions, such as 

the Mediterranean or Indian and Pacific Ocean. 
More fundamentally, the Navy should examine 
potential locations for bases on slightly higher 
ground that are more likely to survive sea level rise.

Maintain Naval Supremacy. As described above, 
climate change could present important chal-
lenges to the power projection capabilities of the 
Navy, especially given the risks to overseas bases 
and the naval industrial base. As the Maritime 
Strategy describes, the ability of the Navy to proj-
ect seapower across great distances is critical to 
U.S. alliance relationships. Ensuring that climate 
change does not limit the naval power of the 
United States may be an important step in fulfill-
ing the cooperative maritime vision laid out in the 
Maritime Strategy. 
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changes in the Strategic environment
Although changes in the operating environment 
for the Navy—both the more figurative political 
operating environment and the literal under-
sea and surface environments—will have broad 
implications for how the Navy fights and wins the 
nation’s wars, the way climate change will affect 
the strategic environment will be important, as 
well. 

The high probability of increased humanitarian 
stress and regional conflict and the possibility 
of new great power conflict speak directly to the 
Navy’s strategic priorities and may significantly 
change or reprioritize the Navy’s missions. Natural 
disasters and low-level conflict resulting from 
migration, resource scarcity, and state failure may 
be the primary flashpoints for military involve-
ment. Although no country—including the United 
States—will be immune, low-latitude developing 
nations with limited adaptive capacity are the most 
vulnerable to climate change and will see nega-
tive impacts even at moderate levels of change.48 
Water stress, declining crop yields, extreme 
weather events, waterborne diseases, malaria, and 
exposure to sea level rise will all be more acute in 
low-latitude developing nations, affecting millions 
of people. Africa, South and Southeast Asia, Latin 
American, and the Caribbean are particularly vul-
nerable.49  Weak and failing states may be unable to 
maintain security and protect their citizens from 
threats such as epidemic diseases that result from 
changing climate conditions and the migration 
of exposed populations. Cross-border migration 
within developing regions may spark ethnic and 
sectarian conflicts. Attempts to emigrate to devel-
oped countries are likely to increase the number of 
migrants on the seas. 

The eventual prioritization of climate change-re-
lated missions will have to come from the National 
Command Authority. In the meantime, the Navy 
should consider anticipating this shift in its strat-
egy, planning, requirements, and acquisition 

processes. 

THe PoTeNTial for iNcreaSed HUmaNiTariaN diSaSTer

Among the expected impacts of climate change 
are growing resource scarcity (including water, 
agricultural productivity, and forestry products) 
and a sharp rise in natural disasters, such as floods, 
wildfires, and tropical storms. The former phenom-
ena tend to be “slow-onset” or chronic disasters 
and harder to reverse, while the latter are “sudden-
onset” events from which nearer-term recovery 
is possible. Costs for full recovery may become 
prohibitive in some cases (costs associated with 
Hurricane Katrina, for example, are estimated to 
be more than $100 billion, and recovery is ongo-
ing three years later), but rebuilding and returning 
home is at least feasible. In both cases, advance 
preparation and resilience can cut costs dramati-
cally, both in lives and resources.

Responding to sudden-onset disasters is a proven 
capability for the Navy, as has been demonstrated 
most dramatically in the 2004 Indian Ocean 
Tsunami. There are a number of lessons in the 
response to that disaster, Operation UNIFIED 
ASSISTANCE, for a future in which such relief 
missions may be more common. First, the Tsunami 
relief efforts demonstrated the importance of 
seabasing during disaster relief, both for reasons of 
cultural sensitivity and due to the destruction of 
coastal infrastructure. Relief operations also dem-
onstrated the importance of advance information 
and preparation, joint operations, and the value of 
partnerships (U.S. forces cooperated with forces 
from Indonesia, Sri Lanka, Thailand, Australia, 
Japan, Singapore, Russia, France, and Malaysia). 
Indeed, Operation UNIFIED ASSISTANCE also 
demonstrated the importance of joint, combined 
exercises; U.S. familiarity with the region due to 
Cobra Gold exercises was crucial to the speed of 
the response. Moreover, given the forward presence 
of U.S. assets, within only 10 days of the disaster 
“UNIFIED ASSISTANCE included over twenty-
five U.S. Navy ships, forty-five fixed-wing aircraft, 



wo r k in g paper

|  27

and fifty-eight helicopters. By this point American 
forces had already delivered more than 610,000 
pounds of water, food and other supplies to the 
region.”50  

These missions may not be in other nations. Recent 
experience with Hurricanes Katrina, Rita, and Ike 
has demonstrated that an increase in sudden-onset 
disasters in the United States is likely to increase 
the Navy’s support to civil authorities in homeland 
security missions. 

Resource Scarcity and Migration
Over the last few decades, social scientists have 
attempted to unravel the relationship between 
resource scarcity, migration, and conflict, although 
the links are complicated and the research lim-
ited.51  Today, around the world, most refugees 
from political and environmental stress tend to 
stay within their own regions, and almost all are 
eventually repatriated to their homes. In such 
cases, it appears that there is not a noted increase 
in conflict.52  Climate change may well introduce 
new migration patterns, however, if migrants flee-
ing environmental stress are unable to return home 
or meet basic survival needs within their regions. 
There is very little research on how a changing 
climate may affect migration patterns, particularly 
if whole regions are experiencing resource scarcity. 

Current labor or economic migrants—those who 
move to find work, rather than to flee a dangerous 
situation—tend to follow fairly well-established 
paths, and it is possible that future “climate refu-
gees” (note that the use of such a term is considered 
controversial, given the multiple causes involved in 
decisions to migrate) may follow similar paths. If 
that is, indeed, the case, current patterns of African 
migration to Europe; Caribbean and Latino immi-
gration to the United States; and Southeast Asian 
migration into China and Australia may increase.53 

While there is not total agreement about a causal 
link between resource scarcity, migration, and 

conflict,54 Africa appears especially vulnerable to 
such conflicts. The Sahel and the Horn of Africa 
are rife with food insecurity (Fig. 5), and about 
half of the world’s internally displaced people are 
in Africa.55  A recent study found that “natural 
resource-related conflicts are the predominant 
types of conflict” in the West African Sahel.56  

Climate change will increase some of the rea-
sons that Africans migrate, elevating the risk of 
conflict. Pre-colonial African societies developed 
traditional adaptation strategies to make them 
resilient to natural climate variability. One of the 
key strategies was to move when climate condi-
tions became inhospitable.57  Given population 
increases and modern settlement patterns, mov-
ing may be a problematic option. In recent years, 
it does appear that competition among migrants 
in Africa, particularly pastoralists and farmers 
especially vulnerable to climate changes, may have 
already contributed to conflicts in the Sahel and 
in Darfur.58  As climate change progresses, the 
number of displaced will grow because of the low 
adaptive capacity of African societies. As the num-
bers grow, more people will likely cross borders, 
increasing the possibility of cross-border conflicts. 
Water shortages, in particular, are a potential 
flashpoint across borders as resources dwindle in 
northern, southern, and Sahelian Africa. 

Failed States
A tragic harbinger of the links among resources, 
conflict, and migration and the ways in which cli-
mate change can push a borderline nation further 
into state failure can be found in Somalia. Engulfed 
now in a nearly anarchic situation, Somalia is an 
example of how different types of instability per-
petuate one another. It has long been a weak and 
unstable country, but climate challenges (which 
may or may not be related to climate change) have 
exacerbated its already severe economic, social, 
and political problems in recent years. Nearly two 
years of harsh drought conditions coupled with 
inflation and other economic troubles have caused 
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Figure 5: Estimated food security conditions, 2nd Quarter 2008 (April-June). Source: Famine Early Warning System Network  
(http://www.fews.net).

Figure 6: Arctic Sea Passages85
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widespread famine and strained aid programs.59  
Violence and political turmoil, on top of this, have 
pushed Somalia’s numbers of internally displaced 
people into the hundreds of thousands. The UN 
World Food Programme was forced to suspend 
humanitarian operations late in 2007, and several 
Somalis were killed in riots over food prices earlier 
this year.60  The desperate situation of millions of 
people starving and on the move has led to wide-
spread lawlessness and affected all neighboring 
nations. Indeed, one neighbor, Ethiopia, intervened 
militarily in an as-yet unsuccessful bid to stabilize 
the situation. 

The turmoil in Somalia has translated into mili-
tary missions for the U.S. Navy in recent years 
(i.e., subsequent to U.S. action in 1993). First, the 
instability and violence of the country, including 
rule by a radical Islamist group, provoked direct 
U.S. military action in late 2006 and 2007. Second, 
the lawless climate provides hospitable conditions 
for terrorists, and the Navy has been involved in 
striking terrorist locations in Somalia. Indeed, the 
State Department’s Country Report on Terrorism 
identifies Somalia as the most significant terror-
ism threat to American interests in Africa, citing 
the presence of both al-Qaida and local groups. 
Finally, recent dramatic headlines have focused 
on the problem of piracy off Somalia’s coast—a 
problem the U.S. Navy has been dealing with for 
years but which has dramatically increased in 
recent months. Somali pirates have been taking 
commercial ships and holding hostages, and since 
November 2007 international ships delivering 
food aid to the starving population—those that are 
not scared away altogether—have required naval 
escorts.61  

As climate change exacerbates these ongoing 
problems in Somalia and other unstable, violent, 
and underdeveloped failed or failing nations like it, 
the Navy will likely face more missions to counter 
opportunistic extremist governments, terrorist 
organizations (including terrorists of global reach), 

and piracy that can actually challenge sea control 
and freedom of navigation in key sea lanes.

According to Raleigh and Jordan,62 the nations 
most at near-term risk for chronic vulnerability 
(i.e., political and economic weakness, low adaptive 
capacity, and high risk for climate change effects) 
include: Afghanistan, Bangladesh, Burkina Faso, 
Madagascar, Malawi, Mozambique, Nepal, Nigeria, 
Rwanda, Somalia, Sudan, and Tanzania.

Implications for the Navy
The enormous humanitarian spillover conse-
quences from climate change will present an 
important challenge for the U.S. Navy. Most 
directly, the Navy is likely to see an uptick in 
humanitarian assistance and disaster relief 
(HADR) missions, particularly in Africa and South 
and Southeast Asia. Hurricanes, floods, droughts, 
and other climate-induced weather patterns will 
generate tremendous destruction and insecurity. 
The first victims of many of these weather events 
are the poor and people living in the margins of 
society. Cyclone Nargis in Burma, which caused 
massive death and destruction in May 2008, is just 
one example of how major weather events can gen-
erate tragic consequences, which weak or perverse 
governments can magnify. Many of the states most 
likely to be affected by climate change have such 
governments, raising the prospect of more interna-
tional peacekeeping and humanitarian missions. 
Criminal and terrorist groups that thrive on these 
conditions also make disaster relief operations 
critical components of an effective and integrated 
anti-terror strategy by removing important drivers 
for terrorist recruitment—mainly, perception of 
government abandonment and neglect. Of course, 
the presence of these groups also complicates relief 
efforts and draws in military assets for the protec-
tion of relief convoys.

The migration patterns described above resulting 
from sudden- and slow-onset disasters will likely 
redraw the lines for many of the world’s most 
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populous regions and threaten U.S. assets abroad. 
Coastal regions experiencing severe climate change 
may become increasingly ungovernable, creating 
economic incentives for piracy, safe havens for ter-
rorists, and a lack of capacity on the part of local 
governments to deal with the issue themselves. As 
the leading global guarantor of freedom of naviga-
tion, these concerns will necessarily involve the 
Navy.

Rapid population growth and overfishing com-
pounded by climate change will decrease fish 
stocks. Disputes over securing rights to fish stocks 
will increase chances of high-seas skirmishes 
among fisherman contesting territory. States—such 
as China and Japan (both highly dependent on 
fish)—may increasingly intervene to guarantee 
supply. Involvement by the United States would be 
diplomatic at first, but if fishery conflicts become 
intractable they could involve a U.S. naval presence 
to help ensure the security of fish stocks. 

Other areas with implications for the Navy include 
the consequences of changing coastlines and mass 
erosion. With respect to rising sea levels, this is 
likely to be a slow-moving process to which people 
can adapt, although there is a possibility of abrupt 
change. However, major storms can dramatically 
shift the coastal environment in an instant, risking 
massive short-term refugee flows that can become 
permanently stateless populations. One result of 
the changing coastlines and erosion is a major 
relocation of coastal dwellings toward urban areas. 
Major population shifts (~1 billion people) toward 
urban environments may induce overcrowding, 
competition over scarce resources, riots, and place 
additional stress on central governments. While 
this is not directly related to the Navy, naval sup-
port is a necessary component of any peacekeeping 
or humanitarian operations.

Recommendations
Support Assessments of Second-Order Climate 
Impacts. The level of knowledge of migration 

patterns, the relationship between climate chal-
lenges and state failure, and even more broadly 
the relationship between humanitarian and 
disaster relief, migration, and conflict are not 
well understood. How climate change will affect 
these conditions, and vice versa, is even less well 
understood. The Navy could help improve the 
level of knowledge by funding studies of the nexus 
between climate, conflict, instability, humanitar-
ian relief, and migration—and the implications for 
naval forces.

Train and Equip for Humanitarian and Disaster 
Relief Missions. The Navy should ensure that the 
SH-60 fleet is ready to respond in difficult environ-
ments. Presently, the SH-60 and the CH-53 are 
the most capable aircraft to support this mission. 
The Navy might also explore a SH-60 follow-on 
helicopter variant, V-22 variants, and UAVs 
optimized for HADR tasks. It might even be pos-
sible to partner with other Services or agencies of 
the government to fund the development of such 
helicopter variants, since their mission will cross 
Service and agency lines. The Navy should con-
sider improving existing Search & Rescue (SAR) 
capabilities and improving doctrine to incorporate 
missions further inland. Indeed, the future strate-
gic environment may require the Navy to readdress 
its strategy and long-term programming.

Improve Readiness to Rapidly Respond to 
Humanitarian Crises. The Navy should lever-
age the capabilities of Military Sealift Command 
(MSC) as part of its efforts to bolster its humani-
tarian response capabilities. Several types of ships 
under the control of MSC could be helpful for 
humanitarian missions related to climate change. 
Combat stores ships (T-AFS), by means of under-
way replenishment, provide all types of supplies 
including: fresh, chilled and frozen food, dry 
provisions, repair parts, and mail. T-AKEs have 
enhanced dry stores capacity. Fast combat sup-
port ships (T-AOE), high speed vessels designed 
to carry fuel, ammunition and supplies, can 
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quickly and rapidly get to trouble spots. Underway 
replenishment oilers (T-AO) provide underway 
replenishment of fuel to Navy combat ships and 
jet fuel for aircraft aboard carriers at sea. The Navy 
should work to integrate fuel replenishment ships 
with the humanitarian mission, not only in their 
normal role in sustaining forward operations from 
the sea, but also as platforms for ship-to-shore 
movement. Also, Maritime Prepositioning force 
ships, both current (MPF) and future (MPR(F)) 
ships, properly loaded, can play key roles in  
HADR from the sea. 

Continue Emphasizing Humanitarian Relief 
as One of the Navy’s Missions. The successful 
deployment of U.S. naval assets in response to the 
Asian tsunami represents a model for the incor-
poration of humanitarian relief as a major Navy 
mission. This is already recognized in the new 
Maritime Strategy document. 

After any disaster, there may be an immediate need 
to respond with aid. The U.S. Navy/Marine Corps 
team provides the sea/air/ground skills to deliver 
these needs. The Navy should plan on enhancing 
and expanding existing capacity-building exer-
cises to help host governments cope with potential 
challenges. One example of a possible mechanism 
for cooperation is the Global Fleet Station concept, 
which provides platforms for routine cooperation 
in such regions as the Caribbean and West Africa. 
The Navy will have to bolster existing naval sup-
port to local navies in building capacity in order to 
ensure the transit of commerce through sea lines 
of communication, probably with engineering and 
design assistance. This indicates a need to shape 
both existing and future naval personnel (includ-
ing Naval Mobile Construction Battalions) to 
help assist in training and infrastructure support 
projects.

Responding to mass refugee movements requires 
integrated efforts from the land and sea, and 
seabasing, in particular, proved critical to relief 

efforts in 2004. Large amphibious ships, LCACs, 
HSVs, and LCUs are critical assets to execute this 
mission. In addition to what Marine Expeditionary 
Units and SEABEEs can provide, the Navy also 
should consider developing more robust humani-
tarian-related infrastructure, and be prepared for 
more frequent forward-deployment  construction 
assets to areas of interest or bases close to potential 
areas of interest. SEABEE units and other con-
struction assets can restore power grids and water 
resources to recovering regions. Naval Mobile 
Construction Battalions (NMCBs) provide respon-
sive military construction support to Navy, Marine 
Corps and other forces in military operations, and 
can help construct facilities while being prepared 
for defensive operations. 

Expand Maritime Cooperation Focused on 
Responding to Climate-Derived Challenges. The 
priority in the Maritime Strategy on developing 
partner capacity will be important for dealing with 
climate change, given the importance of building 
local capacity, both for response and prevention. 
The Navy should expand military-to-military 
operations with friends and allies—and even 
nations that may not be either, such as China and 
Russia—focused on humanitarian operations and 
deployments to deal with environmental crises. 
Increasing these sorts of exercises can build the 
capacity of global navies to work with the U.S. 
Navy and respond to humanitarian and environ-
mental crises as well as traditional conventional 
military contingencies. While the Navy already 
participates in a variety of multilateral exercises 
across the globe, most focus on conventional oper-
ations. In part due to cutbacks in naval funding 
that date back several decades, most other global 
navies currently lack the experiences in compli-
cated humanitarian and peacekeeping operations 
gained in recent years by the U.S. Navy. By focus-
ing more on cooperative exercises that emphasize 
the skill development of potential HADR part-
ners, the Navy can help prepare them to share the 
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burden of response around the globe. 

Build Knowledge Repositories for Climate 
“Lessons Learned.” In addition to sharing “les-
sons learned” for best practices in response to the 
operational challenges of climate change, the U.S. 
Navy could extend this to the strategic environ-
ment. While not revealing information that would 
compromise U.S. national security, the Navy could 
build goodwill with other countries by taking the 
lead in sharing the best practices it has developed 
from its humanitarian deployments over the last 
decade and inviting navies around the world to do 
the same. The maritime environment is one impor-
tant area where the costs of cooperation are likely 
to be relatively low but the benefits potentially very 
high.

Recognize Link Between Climate Change and 
Traditional Security Challenges. Climate change 
could also place pressure on the U.S. Navy in 
its role of power projection for more traditional 
military missions. Given the way climate change 
could increase instability throughout the devel-
oping world, especially coastal nations, the Navy 
should strengthen its “brown/green water Navy” 
capabilities, increasing its focus on presence in lit-
toral environments. Climate-related disputes could 
also lead to maritime crisis situations that draw 
in the U.S. Navy and risk escalation. For example, 
one potential risk is that a China-Japan fisheries 
dispute might force U.S. involvement. In that case, 
the U.S. Navy could end up entrapped in a dispute 
it was not initially a party to, due to alliance com-
mitments. More broadly, disputes over fisheries 
and resource development around EEZ borders 
could lead to conflicts between foreign navies that 
require American mediation to help prevent esca-
lation and/or conflict.

Support Freedom of Navigation in Affected 
Areas. The threat to naval facilities from climate 
change, as described above, requires adapting 
American basing plans both domestically and 

overseas. Given that bases are a critical element 
of sustainable sea control, supporting freedom of 
navigation over the next generation may eventu-
ally require building some new naval bases on 
terrain that is significantly higher in order to deal 
with potential sea rise and storm surge. The Navy 
should also enhance bilateral agreements with var-
ious actors and allies in possession of ports capable 
of supporting U.S. vessels. Finally, to ensure access 
to bases, the Navy should explore contingency 
options if key states in affected areas lose the abil-
ity to govern. All of these actions are sensible even 
if climate change predictions turn out to be much 
less severe than the best available science suggests 
is likely.

THe PoTeNTial for NeW GreaT PoWer coNflicT

Within the next 30 years, it is unlikely that strug-
gles for control of dwindling natural resources 
or other climate change-related stresses will lead 
to war between major powers. It is highly likely, 
however, that  these factors will reshape geopolitics 
and generate new tensions between major pow-
ers.63  Some of this tension, such as disputes over 
relative contributions to historic greenhouse gas 
emissions, is unlikely to have a direct effect on the 
Navy, though it may affect relationships with some 
partner nations. 

There is one geographic area in particular where 
climate change could generate very traditional 
security challenges and expanded Navy missions 
within the next 30 years, however, and that is the 
Arctic. The Navy has already acknowledged the 
strategic importance of a thawing Arctic in the 
new Maritime Strategy, but how the United States 
and the U.S. Navy handle changing conditions 
there may be a key element of future great power 
relations over climate change.

The climate is changing more rapidly in the Arctic 
than in any other climate zone region. The extent 
of Arctic sea ice, both its summer minimum and 
its winter maximum, has been declining steadily 
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for four decades and the rate of decline is accel-
erating. A succession of new record low summer 
minima have occurred over the past decade. In 
2005, the Northeast Passage along the Eurasian 
coastline opened up for the first time in human 
memory. In 2007, the Northwest Passage through 
the Canadian Archipelago opened up for the first 
time. In 2008, both passages were open for a short 
while (Fig. 6). Although one could not say that 
these passages are generally navigable today, there 
have been research and military cruises through 
these passages in recent years. There is a clear and 
rapid trend toward ice-free conditions during the 
summer in the Arctic, and the trend is much faster 
than climate scientists imagined possible a few 
years ago.64 

Several nations have claimed iced-over territory 
in the Arctic for themselves, raising questions 
of freedom of navigation and resource extrac-
tion. Consistent with its more active international 
profile over the last few years, Russia has been 
extremely assertive in its claims to sovereignty 
over Arctic spaces and is already moving to take 
advantage of the potentially large resource depos-
its currently encased in or under ice. The timing 
and extent of the Arctic’s opening is uncertain, but 
whenever it occurs, it will create new missions for 
the U.S. Coast Guard and Navy. Arctic melting 
may also create some new azimuths for submarine 
launched ballistic missiles (SLBMs), creating new 
opportunities and risks for the United States.

Scott Borgerson, the Visiting Fellow for Ocean 
Governance at the Council on Foreign Relations, 
recently estimated that the Arctic could be “ice 
free” during part of the year by 2013, since it is cur-
rently melting much faster than the rate initially 
projected by the IPCC.65   There is an important 
distinction between open water and navigable 
water. Navigable water can include ice chunks 
and other potentially significant impediments to 
transportation, while open water is more easily 
traversed. Furthermore, even if the Arctic becomes 

navigable for a larger period of the year, ice shelf 
breaks will create navigational hazards that are 
hard to monitor and track via satellite. Therefore, 
dealing with a melting Arctic will require adapta-
tion on the part of the Navy to prevent Russian 
dominance, help American companies safely 
operate, and potentially take advantage of the 
Northwest Passage as a faster trans-oceanic route.

Implications for the Navy 
Rich fossil fuel reserves, the prospect of tourism, 
and potential fuel savings for the shipping indus-
try give the Arctic allure. The Arctic Ocean could 
become seasonally navigable within the 30-year 
span of this report. All of the nations surrounding 
the Arctic Ocean have relatively advanced econo-
mies and clear interests in securing free navigation 
for their ships and access to the vast mineral 
resources currently inaccessible due to the Arctic 
ice cap.66   Hence, the Navy should plan for greatly 
increased activity in the Arctic.

Commercial Usage. Melting ice is creating new 
transit passages through the Arctic, a trend that 
will accelerate as the amount of “navigable” time 
in the Arctic increases over time and navigation 
becomes easier. Commercial shippers and global 
navies would benefit from these sea routes. There 
are three main areas of interest; the Northern Sea 
route (or Northeast Passage) over Eurasia, the 
Arctic Bridge between the Hudson Bay and Berents 
Sea, and the famous Northwest Passage, which 
links the Arctic Bridge to the Bering Straits via 
North America. The route is already a locus for 
commercial transport and as key spots along the 
Arctic Bridge continue to melt, could see growing 
trade volume. The route is 40 percent shorter for 
trade between East Asia and Europe than mari-
time transit through the Suez Canal.67   The Arctic 
Bridge offers faster shipping times from the United 
States and Canada to Europe, and the Northwest 
Passage offers vastly faster shipping times between 
East Asia and eastern North America.
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In 2008, U.S. satellites confirmed that, for the first 
time, melting had opened both the Northern Sea 
Route and Northwest Passage at the same time. 
Mark Serreze, a senior scientist at the University 
of Colorado’s National Snow and Ice Data Center, 
stated in 2007 that “We’re several decades ahead of 
schedule right now.”  Vessels without ice hardening 
can already pass through the Northern Sea Route 
for part of the year. By 2025, it is even possible that 
ice-hardened vessels will be able to travel directly 
across the North Pole in the summer, circum-
venting the Northern Sea Route entirely.68  More 
conservative estimates suggest such an outcome is 
possible by 2050.69  

Unfortunately, conflict over control of Arctic pas-
sages could undermine their commercial utility. 
There are several sovereignty disputes concerning 
access to the Arctic, including a dispute between 
the United States and Canada over access to 
the Northwest Passage. Canada argues that the 
Northwest Passage is a Canadian territorial sea, 
meaning they have the right to control passage. The 
United States believes that the Northwest Passage is 
open international water, meaning its ships do not 
need permission from Canada to travel through 
the passage. While physical limits to transporta-
tion through the Northwest Passage limited the 
scope of this dispute in the past, further melting 
will eventually force the issue to the forefront.70   
Russia and Denmark both claim sovereignty over 
the majority of the North Pole, with each arguing 
that the Arctic seabed is an extension of their ter-
ritorial shelf, meaning they should have exclusive 
economic access. Such claims threaten the poten-
tial for open shipping in the Arctic. Therefore, one 
potentially important reason for increasing naval 
preparedness for Arctic operations is the need to 
protect American claims and access to Arctic ship-
ping routes.

If the Arctic sea-lanes are opened for trading 
during the summer, even among a relatively 
smaller number of vessels due to the need for ice 

hardening, it could cause a major shift in maritime 
transportation. The Arctic could become a critical 
sea line of communication (SLOC) as companies 
around the world take advantage of the shorter 
transit time and begin shipping goods through 
the Northwest Passage. A major growth in Arctic 
shipping would directly affect the Navy by adding 
an additional surface theater to patrol to ensure 
trading lanes stay open. 

The resulting shift in global trade could also 
decrease the relative importance of the Straits of 
Malacca, for example, and increase the importance 
of the Bering and Davis Straits. Ports in Norway, 
Alaska, and Russia could grow in importance 
at the expense of Southeast Asia locales, such as 
Singapore, requiring changes in how the Navy 
plans its patrols and allocates resources across the 
oceans. Changing trade flows could negatively 
affect the economies of Singapore, Malaysia, and 
other states along the traditional Suez, Panama, 
and Cape Hope trade routes while bolstering 
regional economies in areas of Canada, Norway, 
and Denmark. The Navy must be able to anticipate 
and respond to these challenges, reinforcing naval 
ties with Northern allies.

Natural Resources. A recent study by the U.S. 
Geological Survey revealed an enormous quantity 
of natural resources north of the Arctic Circle: 
“90 billion barrels of oil, 1,669 trillion cubic feet 
of natural gas, and 44 billion barrels of natural 
gas liquids may remain to be found in the Arctic, 
of which approximately 84 percent is expected 
to occur in offshore areas.”71  This is estimated to 
total about 22 percent of technically recoverable, 
undiscovered global oil and natural gas resources. 
While many of these resources are concentrated 
in the Russian Arctic, they also exist in U.S. Arctic 
waters and international waters. To some extent, 
interest in natural resources in the Arctic will 
depend on energy prices, which have recently 
declined sharply in the face of a global economic 
slowdown. However, presuming a significant shift 
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to renewable energy sources does not happen in 
the short- to mid-term, economic considerations 
will drive interested nations to develop whatever 
resources are available in the Arctic region.

Decreasing ice coverage combined with shifting 
fishery stocks in the North Atlantic and Pacific 
will also drive indigenous and commercial fish-
ing further into the Arctic. While glacial melting 
might actually generate short-term improvements 
in the habitat for cold-weather fishery stocks, the 
Navy and Coast Guard will also likely be required 
to assist in search and rescue for fishing and other 
commercial vessels in northern waters.72 

As referenced above, Russia is already position-
ing itself to gain access to Arctic resources, but 
uncertainty over the legal “rights” continues. The 
United States risks being left out of a scramble for 
valuable natural resources if the Navy lacks the 
capability to help American businesses succeed in 
this environment. More importantly, the United 
States will have to utilize its bilateral alliances and 
international institutions to ensure any develop-
ment of the Arctic occurs in ways consistent with 
international law. 

Naval Competition. At present, the Arctic geopo-
litical terrain is being shaped by the Russian Navy. 
Even with faster-than-expected melting, navigating 
the Northwest Passage and other recently opened 
passages when they become available in the sum-
mer requires heavy ice hardening and icebreaking 
vessels to clear the paths for commercial transport. 
Unfortunately, the U.S. Navy lacks icebreaking 
capabilities, while the U.S. Coast Guard only main-
tains three icebreakers. Moreover, the Polar Star, 
one of three ice-breakers, has been out of service 
since 2006. Despite a recent allocation of over $30 
million to undergo much-needed repairs, the Polar 
Star faces an uncertain future. More generally, 
even with three active icebreakers, U.S. maritime 
capacity trails the Russian Navy, which already 
operates twenty icebreakers and has commissioned 

a new generation of nuclear-powered icebreaking 
vessels in preparation for further Arctic melting.73 

Especially with Russia’s more assertive interna-
tional stance in recent years, Russian control may 
pose risks to America’s ability to secure Arctic 
waters as vital SLOCs. Russia is aggressively pursu-
ing Arctic control in several areas, including a 
symbolic mission last year to plant a Russian flag at 
the North Pole. In the worst case, as climate change 
continues freeing up the Arctic for naval transit 
and it becomes an important location for commer-
cial traffic, the Arctic could become a flashpoint 
for renewed U.S.-Russian naval competition. If the 
Russians do gain control of a more “open” Arctic, 
it is possible, certainly in light of recent tensions 
between the United States and Russia, that Russia 
could choose to restrict the transit of U.S. Naval 
vessels, especially submarines, potentially even 
influencing SLBM launch azimuths.

Naval Operations. Arctic melting means there 
will be an increasing proportion of the year when 
military vessels can make it through the Northwest 
Passage and other Arctic areas without icebreak-
ers. However, transit will remain unrealistic for 
unhardened commercial vessels and risky for 
military vessels as well. Building the capacity to 
increase naval operations in the Arctic on the 
surface would require designing ships with thicker/
hardened hulls and systems that can withstand 
extremely cold temperatures. For example, ships 
operating in the Arctic have to be hardened not 
just against free-floating ice, but also against the 
extreme cold that could place the safety of sailors 
at risk. Some electronic systems, to say nothing of 
helicopters, are not currently designed to survive in 
the Arctic—even during the summer—and would 
require adaptation as well. There are two concerns 
here—the cost of building new ships to operate at 
higher latitudes and the cost of retrofitting older 
ships for such operations.

Arctic climate change will also shift the subsurface 
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operating environment. At present, sea ice cover 
significantly degrades the effectiveness of sonar in 
the Arctic, making it a prime location for sta-
tioning strategic submarines since they are more 
difficult to detect under ice, and even harder to 
track if detected. However, submarine opera-
tions in shallower waters are very risky due to the 
ice coverage. Climate change could significantly 
change the subsurface operating environment. 
Arctic melting will reduce and in some case 
eliminate the ice keels that shield submarines from 
detection and expose the Arctic sea surface to 
winds, increasing overall ambient noise and allow-
ing for active sonar detection.74 

Recommendations
Work with the Scientific Community to 
Investigate Arctic Operations. While some of this 
undoubtedly occurs already, the Navy should work 
on integrating its war-gaming of Arctic operations 
with the scientific community to take advantage 
of growing expertise in climate change issues. 
Scientific models of climate change have improved 
over the last decade. These improved models 
should allow for more informed planning and 
gaming of a variety of Arctic naval contingencies. 
Better war-gaming of Arctic contingencies will also 
help in developing accurate threat assessments, 
especially with regards to the growing Russian 
naval presence.

Invest in Ice Breaking Capacity. Since the U.S. 
Coast Guard possesses only three icebreakers, one 
of which is not currently operational, the Navy 
should encourage and support Coast Guard invest-
ment in new icebreakers. The use of icebreakers 
will still be necessary for the near future even if the 
Northwest Passage becomes navigable for a greater 
portion of the year. An operational icebreaker fleet 
is critical for helping U.S. Naval vessels, as well 
as maintaining U.S. presence and defending U.S. 
economic and other interests in the Arctic. 

Consider the Cost of Retrofitting Some Existing 

Vessels for Operations in Higher Latitudes and 
Building New Vessels. Unfortunately, it will likely 
be more expensive to retrofit existing vessels for 
operations in the Arctic than it will be to design 
new vessels. Hardening against the cold and ice 
requires strengthening the bow and stern and 
altering the design of propellers and even fin sta-
bilizers.75  Ice hardening also requires making sure 
that air assets and weapons systems can function 
in the cold and that personnel have cold-hardened 
quarters. The Navy should also consider building 
a class of combat vessels specifically designed for 
Arctic operations. However, the sunk costs in exist-
ing vessels and budgetary constraints may make 
retrofitting a more realistic option in the short to 
medium term. 

Work with the Coast Guard to Meet National 
Security Responsibilities. As the only service 
with operational icebreakers, the Coast Guard 
has a critical role to play in Arctic operations. 
Coordination between the Navy and Coast Guard 
is necessary to ensure the safe passage of naval 
vessels in the Arctic. The Navy and Coast Guard 
should work together to meet overall U.S. respon-
sibilities for Arctic operations. As commercial 
fishing and resource extraction in the Arctic 
increase, there is a greater chance that the Coast 
Guard (and the Navy) will be called on for search 
and rescue operations. 

Plan for Shifts in Subsurface Environment. If 
the Arctic becomes a more “normal” subsurface 
operating environment, it could lead to several 
operational changes for American submarines. In 
addition to increasing the utility of sonar, helping 
American subs track the subs of other countries, it 
will also make increased submarine operations in 
the Arctic a more attractive possibility. However, 
Arctic melting may increase exposure of American 
submarines to their Russian counterparts as well, 
meaning the Navy will have to consider the impli-
cations for the patrol routes and planned launch 
points of its strategic submarine force.
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i v.  Co n C Lu S i o n

a framework for considering climate 
change
As delineated in this report, climate change is an 
important issue for the Navy to incorporate into 
its near-, mid-, and long-term operational, acquisi-
tion, training, and infrastructure planning. To add 
to these challenges, climate scientists have consis-
tently underestimated the rate and scope of climate 
change impacts over the last few decades. Even 
the best predictions might be flawed in ways that 
understate the potential consequences. 

Advanced preparedness will therefore prove criti-
cal in managing many of these challenges to ensure 
that the Navy effectively handles these shifts and 
that the United States maintains its global eco-
nomic and military leadership role. This is no small 
task. In an ideal world, the Navy could fully imple-
ment all of the recommendations listed in this 
report. In the real, resource-constrained world, the 
service’s leaders will need a framework for think-
ing about the climate change issue that aids in 
setting priorities and allocating resources. 

The Navy will have tough choices to make. It will 
have to decide between expensive maintenance on 
some of its key bases to preserve their viability or 
shifting operations to newer locations. Shifts in 
salinity, key currents, and cyclonic storm intensity 
might drive changes in optimal navigation pat-
terns. As the nation faces more humanitarian and 
disaster relief missions at home and around the 
world, the Navy will likely see a different mix and 
emphasis in missions and capabilities, which has 
implications for current procurement. 

A robust decision-making framework is needed 
that is suitable to multiple plausible outcomes, that 
takes advantage of “no-regrets” policies, and that 
hedges against severe outcomes that are plausible 
but for which probabilities are either low or cannot 
be estimated at this time. The IPCC calls for an 

“iterative risk management process that includes 
mitigation [i.e. reduction of greenhouse gas emis-
sions] and adaptation [i.e. changes in systems and 
practices that reduce vulnerability].”76  A risk-based 
planning approach would protect stakeholders 
against unexpected losses, guided by valuable but 
incomplete information about future risks. An 
iterative risk management approach requires flex-
ible policies that can be adapted based on new and 
improved information over time. 

The timeframe under consideration in this report 
is 30 years. In 30 years, according to the best avail-
able climate research at the present time, climate 
change will have already inexorably influenced 
the maritime environment as well as the rest of 
the globe. Though change is unlikely to happen 
linearly over the next 30 years, and there may in 
fact be periods of rapid change followed by periods 
of relative stability, changes in the climate seem 
inevitable over the next 30 years. Hence, this is not 
a problem that can be put off for 30 years. 

Long term planning is a vital necessity for the 
Navy for several reasons. First, if climate change 
requires a shift in maritime strategy, it will also 
require designing the optimal Navy to implement 
that strategy. Ship procurement is a long process. 
From the initial order to commissioning, despite 
the experience gained from building previous 
Nimitz-class carriers, it took nine years until the 
commissioning of the USS Ronald Reagan and it 
will take about eight years for the USS George H.W. 
Bush if it is commissioned on schedule. If a major 
overhaul is necessary, it could require designing 
new classes of ships to deal with different mari-
time environments, meaning the time to adapt for 
the Navy will be measured in decades. Moreover, 
because climate scientists have been extremely 
conservative in their projections over the last two 
decades, the climate may well continue changing 
much more quickly and in less predictable ways 
than researchers originally anticipated. 



Uncharted Waters:
The U.S. Navy and Navigating Climate Changed e c e m b e r  2 0 0 8

38  |

Given certainty that climate change will occur but 
uncertainties about its specific consequences, a risk 
management approach is the best way to frame 
how the Navy should respond to climate change. 
The CNAS “Age of Consequences” report use-
fully lays out three alternative climate futures that 
the Navy can use to guide its decisions. The first 
scenario, the “expected” scenario, is drawn from 
the best current projections of climate researchers, 
a linear extrapolation of existing trends (drawn 
from the IPCC’s A1FI data series). The expected 
scenario projects warming of 1.3°C, on average, 
with an average sea level rise of .23 meters. The 
“severe” scenario presumes that current projections 
are systematically biased in a way that underesti-
mates the consequences of climate change. Climate 
researchers have already been surprised by the 
extent to which the rate of change outpaces the best 
models, making this scenario a reasonable second 
scenario. Warming in the severe scenario averages 
2.6°C, with an average sea level rise of .52 meters. 
Finally, the catastrophic scenario is the worst-case 
outcome—massive and rapid climate change that is 
well beyond what current research projects, warm-
ing averaging 5.6°C with an average sea level rise of 
2 meters.77  

We recommend that the Navy plan for an “expect-
ed-plus” scenario, with the “plus” signifying the 
fact that climate change is already outpacing the 
best climate models and may do so in the future. 
This means the Navy should adopt a hedging 
strategy for severe to catastrophic risks, includ-
ing information and intelligence collection (both 
of real-world climate shifts and how other navies 
around the globe are responding), gaming and 
analysis, research and development, and selective 
investment. 

Given budgetary realities, the Navy should still 
focus its investments on platforms and capabili-
ties that will have utility across a range of different 
climate scenarios and which will enhance the 
ability of the Navy conduct more littoral missions, 

to ensure sea control and power projection. This 
perspective recognizes that the Navy has a broad 
range of missions, and faces budget challenges. 

Finally, long-term risk-based planning will prove 
critical to infrastructure and training decisions for 
an uncertain future.

The bottom line
Is the United States Navy prepared for global cli-
mate change?  The answer is yes—and no. 

First, the answer is yes because the Navy has 
acknowledged that global climate change is a chal-
lenge in its Maritime Strategy. Moreover, the Navy 
largely has the capabilities it will need to adjust 
current operations to climate change over the next 
30 years. Current meteorological forecasting capa-
bilities, for example, should be sufficient to monitor 
any increase in severity of storms. Current under-
sea monitoring capabilities should be sufficient 
to test for and adjust to changing conditions. As 
for increased humanitarian missions or regional 
conflict, how much the Navy needs to rebalance its 
requirements ultimately will depend on a national 
decision for how to respond to such contingencies. 

On the other hand, the answer is no, most imme-
diately, because the Navy has not traditionally 
considered energy security and climate change as 
priorities (the Maritime Strategy is an exception, 
but it is worth noting that while it contains strong 
analysis of climate change as a strategic challenge, 
the discussion of “expanded core capabilities” 
does not illuminate how they will help meet such a 
challenge). Put simply, Navy personnel will not be 
anticipating climate change if there is no direction 
to do so. The Navy will not see changes it does not 
expect, such as tropical storms at unexpected times 
and locations (e.g., in 2005, Hurricane Vince was 
the first tropical system to make landfall on the 
Iberian Peninsula since 1842). Leadership direction 
to proactively monitor climate change, look for 
the unexpected, and plan for how to adapt current 
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systems to projected conditions will be important 
going forward.

The Navy also has not taken sufficient steps to 
curtail fuel use and carbon emissions that contrib-
ute to climate change. Although the Office of Naval 
Research is conducting germane work to improve 
the Navy’s use of energy efficient systems and alter-
native fuels, it is on an ad hoc basis, largely at the 
discretion of the lab directors or investigators. The 
Navy should consider providing strategic direction 
to its R&D organizations and partners (includ-
ing other services) to incorporate the need to cut 
fuel consumption and develop alternatives into its 
research plan. Also, Navy leadership should re-
emphasize to the fleet the need to promote energy 
efficiency and consider how to monitor and reward 
success in cutting fuel use. The Navy may wish to 
find a way to measure its greenhouse gas emissions 
in order to measure its success, particularly as it 
may be required by law to do so at some point in 
the future.

Another shortfall is external and has to do with 
the range of uncertainty involved with global 
climate change. One facet of that uncertainty is 
that there is a strong likelihood of unanticipated 
surprises, including the possibility of catastrophic 
shocks. The Navy—and indeed, society at large 
—needs to do more to anticipate the possibilities. 
Incorporating wildcards into strategic planning, 
particularly scenario planning and war gaming, is 
important. 

In 2008, Lawrence Livermore National Laboratory 
(LLNL) produced an analysis of the various 
responses to global climate change. According 
to LLNL, if Plan A is business as usual, and Plan 
B is most of the schemes now in consideration 
for reducing greenhouse gas emissions—such as 
efficiency improvements and R&D into alternative 
fuels—the nation needs a “Plan Z.” Plan Z refers 
to the fact that reality appears to be outstripping 
our ability to project the future; emissions are 

rising faster and effects are happening sooner and 
more dramatically than models projected. Plan Z 
also refers to the fact that to truly have a chance of 
heading off catastrophic climate change, the nation 
will need a way to get to zero emissions of green-
house gases, and probably within the next two 
decades, which is very unlikely.

The Plan Z argument points to the fact that in 
the usual range of defense planning scenarios, 
from “most likely” to “most dangerous,” the “most 
dangerous” scenario for climate change may soon 
become the “most likely” scenario. Even though 
Congress directed the Department of Defense to 
consider the “most likely” case when incorporating 
climate change into the National Defense Strategy, 
National Military Strategy, and Quadrennial 
Defense Review, the Navy should consider the 
“most dangerous” case, too, in its planning. The 
Navy should consider working with civilian agen-
cies (primarily NASA, NOAA, and the National 
Laboratories) to develop new projections based on 
current observations, as well as to figure out where 
current observations are insufficient for under-
standing longer-term trends.

The Navy should treat the possibility of cata-
strophic climate change very seriously. This is a 
worst case scenario that may come to pass—prob-
ably not until the end of the century, but there is a 
chance it could happen sooner. The Navy should 
incorporate such concerns not only into its strate-
gic thinking, but also develop contingency plans 
for catastrophic climate change. 

Finally, the Navy’s ability to adjust to climate 
change and to prevent catastrophic climate change 
will depend entirely on national resolve and 
international partnerships. Simply put, it is not the 
responsibility of the Navy or of the Department of 
the Defense to solve the energy and climate change 
problem on behalf of the nation. It is a national 
responsibility for all civilian agencies, Congress, 
and every American – and every citizen of China, 
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India, France, Germany, and any other nation that 
generates greenhouse gases or is vulnerable to the 
effects of climate change. 

That level of social acceptance and social change 
is very difficult to achieve, however, and the Navy 
does have a very important role to play in that pro-
cess, as well. According to Gallup, the military has 
been the most trusted institution in America since 
1988, by a significant margin. For the nation’s mili-
tary leaders to acknowledge that climate change 
is a national security issue and a challenge for the 
armed forces and the nation to meet will be critical 
to developing national resolve. It will also signal 
the seriousness and unity of national purpose on 
these issues. Without question, the Navy will have 
many opportunities to show leadership on climate 
change at home and abroad in the coming years. 
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a p p e n d i x  a :  a  S u M M a r y  o f 
r e Co M M e n dat i o n S  f r o M  t H i S 
pa p e r  t H at  C a L L  f o r  f u r t H e r 
S t u dy

The Navy should study how to calculate its total 
greenhouse gas emissions, in part to establish a 
baseline against which to measure progress in 
reducing emissions (particularly if required by law 
to do so) (Part III, p. 18).

The Navy should conduct research to determine 
the ocean acidity, density and salinity threshold 
at which climate change may impact subsurface 
operations (Part III, p. 20). 

The Navy should produce a regular “lessons 
learned” report, in coordination with NOAA and 
other relevant agencies, on dealing with climate 
changes in the operational environment. This 
could also be a report that focuses on best prac-
tices, and could be shared with partner nations 
(Part III, p. 22). In addition to sharing “lessons 
learned” for best practices in response to the 
operational challenges of climate change, the U.S. 
Navy could extend this to the strategic environ-
ment. This could, for example, cover humanitarian 
deployments (such as that produced for Operation 
UNIFIED ASSISTANCE) and involve sharing 
reports with partner nations (Part III, p. 34).

The Navy should carry out comprehensive assess-
ments of naval facilities’ vulnerability to climate 
change (particularly storm surges and flooding), as 
well as evaluate the adequacy of contingency plans. 
In conducting these assessments, the Navy should 
consider a mid-level assessment of climate change 
and a more extreme case. The Navy should also 
work with partner nations to conduct combined 
vulnerability assessments. First priority might be 
given to those that have ports and other installa-
tions important to U.S. naval operations and the 
execution of contingency plans (Part III, pp. 25-26).

Research on localized response plans to rapidly 

adjust if naval stations are rendered inoperable 
due to storms or rising tides will be important. 
Response plans should incorporate pier readi-
ness—shore cables, hotel services, crane services, 
and other infrastructure, such as electric power 
plants—necessary for any repair mission. The Navy 
should also work with local industry surround-
ing all of its bases to identify other higher or more 
inland areas to serve as satellite basing if a Naval 
Station is lost (Part III, p. 27).

The Navy could help improve the availability of 
data and observations it needs in order to conduct 
assessments, plan for future contingencies, and 
improve operations in the near- and mid-term by 
funding studies of the nexus between climate, con-
flict, instability, humanitarian relief, and migration 
– and the implications for naval forces (Part III, p. 
33-34).

The Navy should work on integrating its war-
gaming of Arctic operations with the scientific 
community to take advantage of growing expertise 
in climate change issues. Better war-gaming of 
Arctic contingencies will also help in developing 
accurate threat assessments, especially with regards 
to the growing Russian naval presence (Part III, p. 
39-40).

The Navy should incorporate wildcards into stra-
tegic planning, particularly scenario planning and 
war gaming (Part IV, p. 41). 

The Navy should consider working with civil-
ian agencies (primarily NASA, NOAA, and the 
National Laboratories) to develop new climate 
change projections based on current observations, 
as well as to figure out where current observations 
are insufficient for understanding longer-term 
trends (Part IV, p. 43).
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a p p e n d i x  C .  r e g i o n a L  i M paC t S  o f  C L i M at e  C H a n g e

regional impacts of Climate Change

Africa By 2020, between 75 and 250 million of people are projected to be exposed to increased •	
water stress due to climate change.
By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 50 per-•	
cent. Agricultural production, including access to food, in many African countries is projected 
to be severely compromised. This would further adversely affect food security and exacerbate 
malnutrition. 
Towards the end of the 21st century, projected sea level rise will affect low-lying coastal areas •	
with large populations. The cost of adaptation could amount to at least 5 to 10 percent of 
Gross Domestic Product (GDP).
By 2080, an increase of 5 to 8 percent of arid and semi-arid land in Africa is projected under a •	
range of climate scenarios (TS).

Asia By the 2050s, freshwater availability in Central, South, East and Southeast Asia, particularly in •	
large river basins, is projected to decrease.
Coastal areas, especially heavily populated megadelta regions in South, East and Southeast •	
Asia, will be at greatest risk due to increased flooding from the sea and, in some megadeltas, 
flooding from the rivers.
Climate change is projected to compound the pressures on natural resources and the environ-•	
ment associated with rapid urbanization, industrialization and economic development.
Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods •	
and droughts are expected to rise in East, South and Southeast Asia due to projected changes 
in the hydrological cycle.

Australia and
New Zealand

By 2020, significant loss of biodiversity is projected to occur in some ecologically rich sites, •	
including the New Zealand Great Barrier Reef and Queensland Wet Tropics.
By 2030, water security problems are projected to intensify in southern and eastern Australia •	
and, in New Zealand, in Northland and some eastern regions.
By 2030, production from agriculture and forestry is projected to decline over much of south-•	
ern and eastern Australia, and over parts of eastern New Zealand, due to increased drought 
and fire. However, in New Zealand, initial benefits are projected in some other regions.
By 2050, ongoing coastal development and population growth in some areas of Australia and •	
New Zealand are projected to exacerbate risks from sea level rise and increases in the severity 
and frequency of storms and coastal flooding.

Europe Climate change is expected to magnify regional differences in Europe’s natural resources and •	
assets. Negative impacts will include increased risk of inland flash floods and more frequent 
coastal flooding and increased erosion (due to storminess and sea level rise).
Mountainous areas will face glacier retreat, reduced snow cover and winter tourism, and •	
extensive species losses (in some areas up to 60 percent under high emissions scenarios by 
2080).
In southern Europe, climate change is projected to worsen conditions (high temperatures and •	
drought) in a region already vulnerable to climate variability, and to reduce water availability, 
hydropower potential, summer tourism and, in general, crop productivity.
Climate change is also projected to increase the health risks due to heat waves and the fre-•	
quency of wildfires.
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regional impacts of Climate Change

Latin America By mid-century, increases in temperature and associated decreases in soil water are projected •	
to lead to gradual replacement of tropical forest by savanna in eastern Amazonia. Semi-arid 
vegetation will tend to be replaced by arid-land vegetation.
There is a risk of significant biodiversity loss through species extinction in many areas of tropi-•	
cal Latin America.
Productivity of some important crops is projected to decrease and livestock productivity to •	
decline, with adverse consequences for food security. In temperate zones, soybean yields are 
projected to increase. Overall, the number of people at risk of hunger is projected to increase 
(TS; medium confidence).
Changes in precipitation patterns and the disappearance of glaciers are projected to signifi-•	
cantly affect water availability for human consumption, agriculture and energy generation.

North America Warming in western mountains is projected to cause decreased snowpack, more winter flood-•	
ing and reduced summer flows, exacerbating competition for over-allocated water resources.
In the early decades of the century, moderate climate change is projected to increase ag-•	
gregate yields of rain-fed agriculture by 5 to 20 percent, but with important variability among 
regions. Major challenges are projected for crops that are near the warm end of their suitable 
range or which depend on highly utilized water resources.
Cities that currently experience heat waves are expected to be further challenged by an •	
increased number, intensity and duration of heat waves during the course of the century, with 
potential for adverse health impacts.
Coastal communities and habitats will be increasingly stressed by climate change impacts •	
interacting with development and pollution.

Polar Regions The main projected biophysical effects are reductions in thickness and extent of glaciers, •	
ice sheets and sea ice, and changes in natural ecosystems with detrimental effects on many 
organisms including migratory birds, mammals and higher predators.
For human communities in the Arctic, impacts, particularly those resulting from changing •	
snow and ice conditions, are projected to be mixed.
Detrimental impacts would include those on infrastructure and traditional indigenous ways of •	
life.
In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as •	
climatic barriers to species invasions are lowered.

Small Islands Sea level rise is expected to exacerbate inundation, storm surge, erosion and other coastal •	
hazards, thus threatening vital infrastructure, settlements and facilities that support the liveli-
hood of island communities.
Deterioration in coastal conditions, for example through erosion of beaches and coral bleach-•	
ing, is expected to affect local resources.
By mid-century, climate change is expected to reduce water resources in many small islands, •	
e.g., in the Caribbean and Pacific, to the point where they become insufficient to meet de-
mand during low-rainfall periods.
With higher temperatures, increased invasion by non-native species is expected to occur, •	
particularly on mid- and high-latitude islands.

This appendix provides examples of some projected regional impacts. It is taken from Table SPM.2. of (IPCC 2007a).
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a p p e n d i x  d.  a r e a S  v u L n e r a B L e  to 
r i S i n g  S e a  L e v e L S

More than 100 coastal cities and low-lying mega-
deltas populated by hundreds of millions of 
people are situated at or near sea level.78  Examples 
illustrated here are the San Francisco Bay and 
Mid-Atlantic regions of the United States, the 
Australian cities of Sydney and Newcastle, and the 
Mekong Delta of Vietnam.

United States
The United States has more major cities vulner-
able to sea level rise than any other country.79  
Significant portions of the U.S. Atlantic and Gulf 
Coasts are vulnerable, as well as key sections of 
the Pacific Coast. The extreme vulnerability of the 
Mississippi River Delta, oil and gas facilities in 
Texas and Louisiana, and Florida coastline recently 
gained notoriety in the aftermath of several major 
2005 and 2008 hurricanes. The Sacramento/San 
Joaquin River Delta is an inland delta connected to 
the ocean via the San Francisco Bay (Fig. 7a). It is 
one of the most agriculturally productive regions 
in the United States and has a population of about 
400,000 residents. Most of the land in this delta lies 
below sea level and relies on more than 1,000 miles 
of levees to keep 700,000 acres of land dry (Fig. 
7b).80 

The Atlantic Coast from Cape Cod southward 
is largely susceptible to sea level rise and coastal 
erosion—especially the coastlines of New Jersey, 
Delaware, Maryland, Virginia, and North Carolina 
(Fig. 7c). The coastlines of these states’ support 
strong tourism industries that are dependent on 
erosion-prone beaches and wetland-dependent 
sport fishing. Economically and ecologically 
important estuaries with extensive wetlands 
would be heavily impacted by 1 meter of sea level 
rise, including the Delaware Bay, the Chesapeake 
Bay/Potomac River, and Albemarle and Pamlico 
Sounds. The Chesapeake Bay fishery is supported 
by coastal wetlands that would become inundated 

with only moderate sea level rise (Stedman and 
Hanson). Major population centers in this region 
are also vulnerable to inundation and/or increased 
storm surge, including Baltimore, Washington, 
D.C., and the Virginia Beach-Norfolk-Newport 
News metropolitan area (Fig. 7c). 

mekong and other large river deltas
Large river deltas, which support 5-10 percent of 
the world’s human population, are among the most 
vulnerable land masses to sea level rise and coastal 
storm surge.81  Asia hosts the largest number of 
heavily populated and agriculturally productive 
mega-deltas (Fig. 8). 

The Mekong River Delta in Vietnam, for example, 
has about 20 million inhabitants and supports a 
major portion of the region’s staple grain (rice) 
production (Fig. 7e,f). Nearly the entire delta would 
be inundated by 1 meter of sea level rise; 2 meters 
would inundate significantly more land area and 
threaten Ho Chi Minh City. Other major Asian 
cities situated on large deltas near sea level include 
Calcutta, Dhaka, Rangoon, Bangkok, Hanoi, and 
Shanghai. Similar circumstances prevail in mega-
deltas on other continents as well, including the 
Nile, Niger, Amazon, and Mississippi Deltas.

australia
Australia is largely a coastal nation, with about 50 
percent and 30 percent of its population located 
within 7 and 2 kilometers, respectively, of the 
shoreline, and about 6 percent (1.25 million) of 
its residences in coastal zones below 5 meters 
elevation.82  

Sydney, Australia’s most populous city with 4.3 
million residents, is situated partially below 
1 meter elevation (Fig. 7d). The nearby city of 
Newcastle, with about 0.5 million residents, 
lies mostly below 1 meter elevation. Other 
Australian cities susceptible to sea level rise 
include Melbourne, Adelaide, Cairns, and Darwin. 
Auckland, New Zealand, is also vulnerable.83 
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Figure 7: Examples of coastal areas vulnerable to sea level rise. (a) San Francisco Bay and the Sacramento/San Joaquin River Delta with area 
inundated by 1 meter of future sea level rise shown in red. (b) Elevation map of the Sacramento/San Joaquin River Delta showing areas below 
sea level. (c) Middle Atlantic Coast of the United States with area inundated by 1 meter of future sea level rise shown in red. (d) Southeastern 
coastline of Australia with area inundated by 1 meter of future sea level rise shown in red. (e) Mekong Delta, Vietnam, with area inundated 
by 1 meter of future sea level rise shown in bright red and additional area inundated by 2 meters of future sea level rise shown in dark red. (f) 
Mekong Delta, Vietnam, with population density in the low-elevation coastal zone (LECZ; area below 10 meters elevation) shown in shades of 
red and population density outside the LECZ shown in shades of green. SOURCES: (a),(c),(d),(e): (Weiss and Overpeck 2007); (b): (CDWR 1995); (f): 
(McGranahan et al. 2007), adapted and used with permission based on Creative Commons 2.5 Attribution. License:http://creativecommons.
org/licenses/by/2.5).s
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Figure 8: Major populated and agricultural deltas of the world. Color/size of dots indicate relative vulnerability based on population size. 
However, other criteria could be used to assess relative vulnerability, such as market assets exposed, infrastructure at risk, and impact on food 
security. Source: IPCC 2007, Working Group 2.
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e n d n ot e S

The phrase global warming refers narrowly to a rise in 1. 
the global average surface temperature of the Earth, 
and it is a key diagnostic by which scientists detect 
changes in the Earth’s energy balance. However, average 
temperature is only one of many elements of climate, 
and not the most important in terms of the U.S. Navy’s 
interests. Other aspects of climate include daily and 
seasonal temperature variability, frequency and amount 
of precipitation, storminess, and the frequency, duration, 
and intensity of extreme weather events (e.g., droughts, 
heatwaves, flashfloods, and storm surges). Moreover, 
global averages are not meaningful to people, towns, 
or ecosystems, which experience climate through 
prevailing local weather conditions. The phrase climate 
change captures the various elements of climate and 
can be applied to any spatial scale, from an individual 
town or ecosystem to the globe.  
 
Climate change is therefore a more useful planning 
concept than is global warming. The primary cause 
of climate change is that more heat is accumulating 
in the climate system as a whole, but the effects 
of this accumulation play out in different ways in 
different regions. This heat is altering the prevailing 
climate conditions in most parts of the globe by 
changing patterns of temperatures, winds, storms, 
and precipitation. See IPCC. 2007a. Climate Change 
2007: Synthesis Report. Contribution of Working Groups 
I, II and III to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core 
Writing Team, R.K. Pachauri and A. Reisinger (eds.)]. Pages 
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In this case, “mid-range” refers to the data range, not a 2. 
timescale. 

Brohan, P., J. J. Kennedy, I. Haris, S. F. B. Tett, and P. D. 3. 
Jones. 2006. “Uncertainty estimates in regional and 
global observed temperature changes: a new dataset 
from 1850.” Journal of Geophysical Research 111: D12106, 
doi:10.1029/2005JD006548.

CRU. 2008. HadCRUT3 dataset [Accessed September 23, 4. 
2008]. Available from http://www.cru.uea.ac.uk/cru/data/
temperature/.

Christy, J. R., and R. W. Spencer. 2005. “Correcting 5. 
Temperature Data Sets.” Science 310: 972.

Domingues, C. M., J. A. Church, N. J. White, P. J. Gleckler, 6. 
S. E. Wijffels, P. M. Barker, and J. R. Dunn. 2008. I”mproved 
estimates of upper-ocean warming and multi-decadal 
sea-level rise.” Nature 453: 1090-1094; doi:10.1038/
nature07080.

Church, J. A., and N. J. White. 2006. “A 20th century 7. 
acceleration in global sea-level rise.” Geophysical Research 
Letters 33: L01602, doi:10.1029/2005GL024826.

Oerlemans, J. 2005. “Extracting a Climate Signal from 169 8. 
Glacier Records.” Science 308: 675-677.

Stroeve, J., M. M. Holland, W. Meier, T. Scambos, and 9. 
M. Serreze. 2007. “Arctic sea ice decline: Faster than 
forecast.” Geophysical Research Letters 34: L09501; doi: 
10.1029/2007GL029703.

Shepherd, A., and D. Wingham. 2007. “Recent sea level 10. 
contributions of the Antarctic and Greenland ice sheets.” 
Science 315: 1529-1532.

IPCC. 2007a. 11. Climate Change 2007: Synthesis Report. 
Contribution of Working Groups I, II and III to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change [Core Writing Team, R.K. Pachauri 
and A. Reisinger (eds.)]. Pages 104 pp. IPCC, Geneva, 
Switzerland.

Ibid.12. 

Ibid.13. 

Pew Center. 2008. 14. The Causes of Global Climate Change. 
Pages 6 pp. Available from http://www.pewclimate.org/
docUploads/global-warming-science-brief-august08.
pdf. Pew Center on Global Climate Change, Arlington, 
Virginia.

IPCC. 2007. Summary for Policymakers (WGI). 15. Climate 
Change 2007: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New 
York, NY, USA.

Anisimov, O. A., D. G. Vaughan, T. Callaghan, C. Furgal, H. 16. 
Marchant, T. Prowse, H. Viljalmasson, and J. Walsh. 2007. 
Polar Regions in M. Parry, O. Canziani, A. Allali, J. Stone, 
E. d. A. Alcaraz, G. Love, J.-P. v. Ypersele, and L. Kajfez-
Bogataj, eds. Climate Change 2007: Impacts, Vulnerability 
and Sustainability. Contribution of Working Group II to 
the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press, 
United Kingdom and New York, NY, USA.

IPCC. 2007. 17. Climate Change 2007: Synthesis Report. 
Contribution of Working Groups I, II and III to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change [Core Writing Team, R.K. Pachauri 
and A. Reisinger (eds.)]. Pages 104 pp. IPCC, Geneva, 
Switzerland.

Ibid.18. 



Uncharted Waters:
The U.S. Navy and Navigating Climate Changed e c e m b e r  2 0 0 8

50  |

Ibid.19. 

Ibid.20. 

Elsner, J. B., J. P. Kossin and T. H. Jagger. 2008. “The 21. 
increasing intensity of the strongest tropical cyclones.” 
Nature 455:92-95

Webster, P. J., G. J. Holland, J. A. Curry, and H. R. Chang. 22. 
2005. “Changes in tropical cyclone number, duration, 
and intensity in a warming environment,” Science, 309, 
1844– 1846.

Knutson, T. R., J. J. Sirutis, S. T. Garner, G. A. Vecchi 23. 
and I. M. Held. 2008. Simulated reduction in Atlantic 
hurricane frequency under twenty-first-century 
warming conditions. Nature Geoscience 1:359-364; 
IPCC. 2007b. Summary for Policymakers (WGI). Climate 
Change 2007: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New 
York, NY, USA.

Ibid.24. 

Ibid.25. 

For more on this, see Sharon Burke and Christine 26. 
Parthemore, eds., “A Strategy for American Power: 
Energy, Climate and National Security,” (Washington, 
D.C.: Center for a New American Security, 2008).

See an overview of the Bali conference and resulting 27. 
documents at “The United Nations Climate Change 
Conference in Bali,” at http://unfccc.int/meetings/
cop_13/items/4049.php.

See the Pew Center on Global Climate Change, 28. 
“Renewable Portfolio Standards (RPS),” at http://www.
pewclimate.org/what_s_being_done/in_the_states/rps.
cfm.

Richard F. Pittenger and Robert B. Gagosian. “Global 29. 
Warming Could Have a Chilling Effect on the Military,” 
Defense Horizons (October 2003), p. 13.

Hester, K. C., E. T. Peltzer, W. J. Kirkwood, and P. G. 30. 
Brewer. 2008. “Unanticipated consequences of ocean 
acidification: A noisier ocean at lower pH.” Geophysical 
Research Letters, doi:10.1029/2008GL034913.

Gordon Peterson, “Undersea Science at the Top of the 31. 
World,” SCIEX-99 (1999). www.navy.mil/navydata/cno/
n87/usw/issue_4/scicex_99.html 

See, for example, “U.S. Navy, U.S. Coast Guard Capture 32. 
Drug-Running Semi-Submersible,” U.S. 4th Fleet Public 

Affairs (16 September 2008), at http://www.navy.mil/
search/display.asp?story_id=39773; and Kevin G. Hall, 
“At $2 Million Each, Subs Become the Drug Transport of 
Choice,” McClatchy Newspapers (18 July 2008). 

“National Security and Climate Change,” Center for Naval 33. 
Analysis, (2007): 33.

Ibid., 33 34. 

Ibid., 35 35. 

Center for Naval Analyses, CRM D0008026.A2/Final. 2003. 36. 
Susceptibility of Carrier Flight Deck Crewmen to Heat Stress 
(U). A Jewell, T. A. Roberts, K. M. DeBisschop. March 2003. 
Also, see: CNA Report p. 37 

Ibid.37. 

Richard F. Pittenger and Robert B. Gagosian. “Global 38. 
Warming Could Have a Chilling Effect on the Military,” 
Defense Horizons (October 2003), p. 4.

Milly, P. C. D., J. Betancourt, M. Falkenmark, R. M. Hirsch, 39. 
Z. W. Kundzewicz, D. P. Lettenmaier, R. J. Stouffer. 2008. 
“Stationarity Is Dead: Whither Water Management?” 
Science 319:573-574.

IPCC. 2007. Summary for Policymakers (WGI). 40. Climate 
Change 2007: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New 
York, NY, USA; and Jevrejeva, S., J. C. Moore, A. Grinsted, 
and P. L. Woodworth. 2008. Recent global sea level 
acceleration started over 200 years ago? Geophysical 
Research Letters 35: L08715, doi:10.1029/2008GL033611.

IPCC. 2001. Summary for Policymakers (WGI). 41. Climate 
Change 2001: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New 
York, NY, USA.

IPCC. 2007. 42. Climate Change 2007: Synthesis Report. 
Contribution of Working Groups I, II and III to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change [Core Writing Team, R.K. Pachauri 
and A. Reisinger (eds.)]. Pages 104 pp. IPCC, Geneva, 
Switzerland.

Rahmstorf, S. 2007. “A semi-empirical approach to 43. 
projecting future sea-level rise.” Science 315: 368-370.

Pfeffer, W. T., J. T. Harper, and S. O’Neel. 2008. “Kinematic 44. 
constraints on glacier contributions to 21st-century sea-
level rise.” Science 321: 1340-1343.



wo r k in g paper

|  51

FY 2009 Statement of Need, Strategic Environmental 45. 
Research and Development Program Sustainable 
Infrastructure Focus Area, Assessment of Sea Level 
Rise on Military Infrastructure, http://www.serdp.org/
Funding/upload/SISON-09-05%20Level%20Rise%20
FINAL.pdf

FY 2009 Statement of Need, Strategic Environmental 46. 
Research and Development Program Sustainable 
Infrastructure Focus Area, Assessment of Sea Level 
Rise on Military Infrastructure, http://www.serdp.org/
Funding/upload/SISON-09-05%20Level%20Rise%20
FINAL.pdf “The Economic Costs of Disreuptions in 
Container Shipments,” Congressional Budget Office, 
March 29, 2007.

IPCC. 2007a. 47. Climate Change 2007: Synthesis Report. 
Contribution of Working Groups I, II and III to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change [Core Writing Team, R.K. Pachauri 
and A. Reisinger (eds.)]. Pages 104 pp. IPCC, Geneva, 
Switzerland.

Gary Yohe et. al, “A Synthetic Assessment of the Global 48. 
Distribution of Vulnerability to Climate Change from the 
IPCC Perspective that Reflects Exposure and Adaptive 
Capacity,” CIESIN, Columbia University, April 2006.

Bruce A. Elleman, “Waves of Hope: The U.S. Navy’s 49. 
Response to the Tsunami in Northern Indonesia,” Naval 
War College Newport Papers, February 2007.

See “Climate Change and Displacement,” 50. Forced 
Migration Review, Issue 31, October 2008.

Clionadh Raleigh and Lisa Jordan, “Climate Change, 51. 
Migration, and Conflict,” Paper for the World Bank Social 
Development Group, December 2007.

National Intelligence Council, 52. 2025 Global Trends 
Report, November 2008, p. 53. http://www.dni.gov/nic/
PDF_2025/2025_Global_Trends_Final_Report.pdf

Clionadh Raleigh and Lisa Jordan, “Climate Change, 53. 
Migration, and Conflict,” Paper for the World Bank Social 
Development Group, December 2007.

IDMC. 2008. Internal Displacement in Africa. Internal 54. 
Dislpacement Monitoring Centre, Geneva, Switzerland 
(http://www.internal-displacement.org/).

Nyong, A. 2008. Climate-related conflicts in West Africa. 55. 
Environmental Change and Security Program Report 
Woodrow Wilson International Center for Scholars, 
Washington, D.C.

Niang, I., A. Nyong, B. Clark, P. Desanker, N. Din, A. 56. 
Githeko, M. Jalludin, and B. Osman. 2007. “Vulnerability, 

impacts, and adaptation to climate change,” in L. Otter, 
D. O. Olago, and I. Niang, eds. Global Change Processes 
and Impacts in Africa: A Synthesis. International START 
Secretariat, Washington, D.C.

Military Advisory Board. 2007. 57. National Security and 
the Threat of Climate Change. The CNA Corporation, 
Alexandria, Virginia; and Nyong, A. 2008. “Climate-related 
conflicts in West Africa.” Environmental Change and 
Security Program Report Woodrow Wilson International 
Center for Scholars, Washington, D.C.

Stephanie McCrummen, “Africa’s Hungry Horn; Harsh 58. 
Grip of Famine Threatens Millions in Ethiopia and 
Somalia,” The Washington Post (2 July 2008): A6.

Edmund S. Ers and Lutfi Sheriff Mohammed, “At Least 5 59. 
Killed in Somalia Food Riots,” LA Times (6 May 2008).

See, for example, “U.S. Navy Seizes Pirate Ship Off 60. 
Somalia,” Associated Press (23 January 2006); and Jeffrey 
Gettleman, “Somalia’s Pirates Flourish in lawless Nation,” 
The New York Times (31 October 2008): 1. 

Clionadh Raleigh and Lisa Jordan, “Climate Change, 61. 
Migration, and Conflict,” Paper for the World Bank Social 
Development Group, December 2007.

National Intelligence Council, 62. 2025 Global Trends Report, 
November 2008, pp. 52-53 . http://www.dni.gov/nic/
PDF_2025/2025_Global_Trends_Final_Report.pdf

Stroeve, J., M. M. Holland, W. Meier, T. Scambos, and 63. 
M. Serreze. 2007. “Arctic sea ice decline: Faster than 
forecast.” Geophysical Research Letters 34: L09501; doi: 
10.1029/2007GL029703.

Scott Borgerson, “Sea Change: The Transformation of 64. 
the Arctic”, The Atlantic (November 2008), http://www.
theatlantic.com/doc/200811/map-arctic (Accessed 
October 28, 2008).

Jessie C. Carman, “Economic and Strategic Implications 65. 
of Ice-Free Arctic Seas,” in Globalization and Maritime 
Power, edited by Sam J. Tangredi (Washington, DC: 
NDU Press, 2002), http://www.ndu.edu/inss/books/
books_2002/Globalization_and_Maritime_Power_
Dec_02/10_ch09.htm (Accessed October 20, 2009).

Carman, 2002.66. 

Borgerson, November 2008.67. 

Richard A. Kerr, “A Warmer Arctic Means Change for 68. 
All,” Science 30 August 2002: Vol. 297. no. 5586, pp. 1490 
– 1493.



Uncharted Waters:
The U.S. Navy and Navigating Climate Changed e c e m b e r  2 0 0 8

52  |

Doug Struck, “Dispute over NW Passage Revived,” 69. 
The Washington Post, November 6, 2006, p. A18. 
http://www.washingtonpost.com/wp-dyn/content/
article/2006/11/05/AR2006110500286.html (Accessed 
October 21, 2008)

Bird, Kenneth J., et al, “Circum-Arctic resource appraisal; 70. 
estimates of undiscovered oil and gas north of the 
Arctic Circle,” U.S. Geological Survey Fact Sheet 2008-
3049, Version 1.0, July 23, 2008, http://pubs.usgs.gov/
fs/2008/3049/ (Accessed October 27, 2008).

United States Arctic Research Commission, “The Arctic 71. 
Ocean and Climate Change: A Scenario for the U.S. Navy.” 
(Arlington, VA.: USARC, 2001), http://www.natice.noaa.
gov/icefree/NavyArcticPanel.pdf (Accessed October 20, 
2008), p. 11.

Amy McCullough, “Coast Guard gets $30M to overhaul 72. 
icebreaker,” Navy Times, October 17, 2008, http://www.
navytimes.com/news/2008/10/cg_polarstar_101608w/ 
(Accessed October 25, 2008).

United States Arctic Research Commission, “The Arctic 73. 
Ocean and Climate Change: A Scenario for the U.S. Navy.” 
(Arlington, VA.: USARC, 2001), http://www.natice.noaa.
gov/icefree/NavyArcticPanel.pdf (Accessed October 20, 
2008), p. 15.

Office of Naval Research, Naval Ice Center, 74. 
Oceanographer of the Navy, and the Arctic Research 
Commission, “Naval Operations in an Ice-Free Arctic 
Symposium,” April 17-18 2001. Final Report. http://www.
natice.noaa.gov/icefree/FinalArcticReport.pdf (Accessed 
October 20, 2008), p. 3.

IPCC. 2007. 75. Summary for Policymakers (WGIII). Climate 
Change 2007: Mitigation of Climate Change. Contribution 
of Working Group III to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change. 
Cambridge University Press, United Kingdom and New 
York, NY, USA.

Kurt Campbell et al. November 2007. 76. The Age of 
Consequences: The Foreign Policy and National Security 
Implications of Global Climate Change (Washington, DC: 
Center for Strategic and International Studies and Center 
for a New American Security), http://www.csis.org/
media/csis/pubs/071105_ageofconsequences.pdf, pp. 
38-41.

Gulledge, Jay. 2008. “Three plausible scenarios of future 77. 
climate change,” in K. M. Campbell and R. Weitz, eds. 
Climatic Cataclysm: National Security and Global Climate 
Change. The Brookings Press, Washington. Appendix B.

Ibid.78. 

CDWR. 1995. Sacramento/San Joaquin Delta Atlas. 79. 
California Department of Water Resources. Available at 
http://rubicon.water.ca.gov/delta_atlas.fdr/datp.html 
(accessed June 4, 2007). Figures 8a and 8b.

Ericson, J. P., C. J. Vorosmarty, S. L. Dingman, L. G. 80. 
Ward, and M. Meybeck. 2006. “Effective sea-level rise 
and deltas: Causes of change and human dimension 
implications.” Global and Planetary Change 50: 63-82.

Chen, K., and J. McAneney. 2006. “High-resolution 81. 
estimates of Australia’s coastal population.” Geophysical 
Research Letters 33: L16601, doi:10.1029/2006GL026981.

Gulledge, Jay. 2008. “Three plausible scenarios of future 82. 
climate change,” in K. M. Campbell and R. Weitz, eds. 
Climatic Cataclysm: National Security and Global Climate 
Change. The Brookings Press, Washington. Appendix B.

Hugo Ahlenius, UNEP/GRID-ArendalI, 83. GEO Yearbook, 
http://maps.grida.no/go/graphic/arctic-sea-routes-
northern-sea-route-and-northwest-passage (Accessed 
October 28, 2008).



About the Center for a  
New American Security

The mission of the Center for a New American 
Security (CNAS) is to develop strong, pragmatic, 
and principled national security and defense 
policies that promote and protect American 
interests and values. Building on the expertise 
and experience of its staff and advisors, CNAS 
aims to engage policymakers, experts and the 
public with innovative fact-based research, ideas, 
and analysis to shape and elevate the national 
security debate. A key part of our mission is to 
help inform and prepare the national security 
leaders of today and tomorrow.

CNAS is led by co-founders Dr. Kurt M. Campbell, 
CEO, and Michèle A. Flournoy, President. The 
Center is located in Washington, DC, and was 
established in February 2007. CNAS is a 501c3 
tax-exempt nonprofit organization. Its research 
is nonpartisan; CNAS does not take specific policy 
positions. Accordingly, all views, positions, and 
conclusions expressed in this publication should 
be understood to be solely those of the authors. 

© 2008 Center for a New American Security.

All rights reserved.

Center for a New American Security
1301 Pennsylvania Avenue, NW 
Suite 403 
Washington, DC 20004

TEL 202.457.9400 
FAX 202.457.9401 
EMAIL info@cnas.org 
www.cnas.org



1301 pennsylvania avenue, nw
Suite 403
washington, dC 20004

Strong, pragMatiC AND prinCipLed 
NATIONAL SECURITY AND DEFENSE POLICIES

teL 202.457.9400
fax 202.457.9401
eMaiL info@cnas.org

www.cnas.org


	Preface
	Executive Summary
	Part I: Introduction
	Part II: The Current State of Knowledge
	Scientific Evidence of Climate Change
	Rising Global Temperature and Changing Patterns of Precipitation
	Potential Societal Effects of Climate Change
	Climate Change Mitigation and Adaptation
	Figure 1: Average global surface temperature based on thermometer measurements
	Figure 2: Acceleration of global mean sea level rise
	Figure 3: Analysis of the causes of global surface temperature change
	Figure 4: Large-scale changes in annual runoff 

	Part III: How Climate Change Could Affect the Navy
	A Changing Operating Environment
	Changing Conditions in the Political Environment
	Implications for the Navy  (p.17)
	Recommendations (p.18)

	Changing Conditions in the Surface and Undersea Environments
	Sub-Surface Operations
	Surface Operations
	Implications for the Navy  (p.22)
	Recommendations (p.22)
	Installations
	Implications for the Navy (p.23)
	Recommendations (p.25)

	Figure 5: Estimated food security conditions, 2nd Quarter 2008 (April-June).
	Figure 6: Arctic Sea Passages

	Changes in the Strategic Environment 
	The Potential for Increased Humanitarian Disaster 
	Resource Scarcity and Migration 
	Failed States 
	Implications for the Navy 
	Recommendations

	The Potential for New Great Power Conflict 
	Implications for the Navy (p.37)
	Recommendations (p.40)


	IV. Conclusion
	A Framework for Considering Climate Change
	The Bottom Line 

	Appendix A: A Summary of Recommendations from this Paper That Call for Further Study
	Appendix B: Workshop Participants
	Appendix C. Regional Impacts of Climate Change
	Appendix D. Areas Vulnerable to Rising Sea Levels 
	United States 
	Mekong and Other Large River Deltas 
	Australia
	Figure 8: Examples of coastal areas vulnerable to sea level rise
	Figure 9: Major populated and agricultural deltas of the world

	Endnotes

