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Introduction
While the oceans are vast, long-distance maritime traffic often flows through just a
few passages due to confined geography and the desire to travel the shortest distance
possible. 3 These marine chokepoints are critical to the continuous movement of goods
around the world and are essential elements of the geostrategic landscape. These
chokepoints include the Strait of Malacca (Malaysia), the Strait of Hormuz (Iran and
the United Arab Emirates), the Suez Canal (Egypt), the Bab el-Mandeb Strait (between
Yemen, Djibouti, and Eritrea), the Panama Canal, the Danish Straits, and the Turkish
Straits. 4 Additionally, Arctic Ocean passages are likely to become important in the
coming decades in a warming world due to climate change.
These maritime chokepoints may be viewed as a valuable and scarce natural resource,
subject to increasing demand, finite supply, and few affordable alternatives (See Figure
1). 5 All greatly affect global trade dynamics through the capacity and size limitations
they impose. 6 For instance, in 2013 the oil shipped through the Straits of Hormuz and
Malacca alone represented a combined 36% of the total oil supplied globally, at 17
million and 15.2 million barrels per day, respectively. 7
Each of these critically important passages face a dynamic host of challenges. Iran
temporarily closed the Strait of Hormuz to maritime traffic through the use of mines as
recently as the 1980s, 8 and it has recently increased the frequency of its “provocations”
(as defined by the U.S. Central Command). 9 While instances of piracy in the Gulf of
Aden (which connects to the Red Sea via the Bab el-Mandeb Strait) have declined
precipitously since the mid-2000s, the Strait of Malacca and the surrounding waters
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Figure 1

of Southeast Asia have experienced an almost 84% increase in the number of actual
and attempted acts of piracy from 2011-2015, rising from 80 to 147 documented
incidents, respectively. 10 The October 2016 guided missile attack by Houthi rebels on
a UAE vessel near the Bab el-Mandeb Strait underscores the ongoing threat concerns
surrounding strategically important maritime straits. 11 All of these challenges are
likely to grow in importance as the effects of global climate change alter the
geophysical patterns undergirding national economies and patterns of life
across significant segments of the world. The impacts of climate change are likely
to accelerate challenges in many of the regions with maritime chokepoints, and it is
important to understand the range of impacts and plan for resiliency.
The 2014 U.S. Department of Defense Quadrennial Defense Review (QDR)
described climate change as a “threat multiplier that will aggravate stressors abroad,
such as poverty, environmental degradation, political instability, and social tensions
– conditions that can enable terrorist activity and other forms of violence.” 12 The
National Intelligence Council’s January 2017 Global Trends: Paradox of Progress
report framed global climate change as a long-term force that will shift temperature,
precipitation, and extreme weather event patterns in many regions, affecting agriculture
and water supplies and accelerating pressure on fragile and failing states. Sea-level rise,
coastal extreme events, and localized air pollution will also affect population patterns
and infrastructure investment decisions. Climate change impacts are magnified by the
increasing concentration of humans in climate-vulnerable locations, such as waterstressed, coastal, and urban areas. Combined, all of these factors will increase stress on
social, economic, political, and security systems in many areas surrounding maritime
chokepoints, as well as induce both geopolitical competition and cooperation. 13
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Maritime Straits with Potentially Major Climate Change Impacts
Some maritime straits will be directly affected by climate change through impacts to
operations and availability. The Panama Canal is a major trading artery linking the
Atlantic and Pacific Oceans, and the U.S. East Coast and Asia in particular. In June
2016, the Panama Canal Authority dedicated the “Third Set of Locks” project, which
included deepening and widening the canal’s channels. The expansion effectively doubles
the overall capacity of the canal while also increasing the size limit for vessels utilizing
the canal (from 5,000 to 12,500 Twenty Foot Equivalent Units (TEUs)). However, this
newly expanded capacity is sensitive to the water levels in Panama’s Gatun Lake, which
are affected by El Niño meteorological events and may be affected by climate change. 14
The Panamanian National Environmental Authority (ANAM) in a 2013 application
for funding identified the recent history and potential future risks associated with
increased precipitation during the wet season and decreased precipitation during
the dry season, especially during El Niño Southern Oscillation. 15 One recent study
projected the Panama Canal region could experience increased rainfall and runoff
from May to December (i.e. the wet season). 16 Climate-induced precipitation changes
could result in changes in the expected shipping capacity of the expanded Panama
Canal, both during droughts and flood events. However, additional understanding is
needed to project climate impacts on the local scale, where relatively small (on the
global scale) changes in precipitation and evaporation can have significant impacts.
Inter-seasonal precipitation (i.e. wet season vs. dry season) is also an important area for
future study as scientists and engineers assess climate change impacts on the Panama
Canal watershed.
While future impacts in Panama are uncertain, scientists have observed significant
impacts in the Arctic. 17 Perhaps no other shipping region will be affected by climate
change more than the Arctic. Since World War II, the Arctic Ocean has been a major
geopolitical theater of interest for the U.S. Bordered by the U.S., Canada, Russia,
Greenland/Denmark, and Norway, 18 the ice-choked ocean was viewed as strategically
important during the Cold War due to the regions surrounding it, rather than shipping
or mineral wealth located on or under it. However, Arctic summer sea ice is diminishing
rapidly and not rebounding as much as it used to in the winter months. 19 While the
research community continues to investigate time frames and specific impacts, the 2014
National Climate Assessment assessed that summer Arctic Ocean sea ice is expected to
“virtually disappear” by the middle of the century. This trend is expected to increase
access for marine shipping, offshore mineral development and coastal erosion, and to
significantly alter marine ecosystems. 20 Indeed, the burning of the petroleum products
shipped through existing marine chokepoints is contributing to the change that is
opening up a new waterway in the Arctic. 21
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Seasonal
availability
of
the Northeast Passage (or
Northern Sea Route) following
Russia and Norway’s coastline,
the North Pole route passing
through the center of the Arctic
Ocean, and the Northwest
Passage (tracking close to the
U.S. and Canada’s coastline)
are expected to significantly
expand the demand for Arctic
Ocean maritime shipping. 22
These routes are thousands
of nautical miles shorter than
current routes and can offer substantial time and fuel savings for commercial shippers.
A Northern Sea Route can save as much as two weeks on Asia to Europe routes
(compared to present-day shipping via the Suez Canal), and also shorten routes from
Europe to the U.S. West Coast. 23, 24Among the Arctic passages, the Northern Sea Route
is projected to be the most accessible shipping option in the near-term, with the transpolar route becoming increasingly viable in the longer-term. 25
In addition to its utility as a transport corridor, the Arctic Ocean contains vast mineral
and resource wealth. As the Arctic warms, increases in access is likely to be unevenly
distributed across the Arctic nations – Russia is projected to have the greatest percentage
increase in access to its exclusive economic zone by late century. 26 According to the U.S.
Geological Survey, the “Arctic continental shelves may constitute the geographically
largest unexplored prospective area for petroleum remaining on Earth.” 27 Increasing
utilization of the Arctic Ocean as a result of global climate change may further strain
international relations with Russia 28, while also increasing demands on border nations’
emergency services and militaries due to increased shipping traffic in highly remote and
more ice-prone waters. For example, increasing commercial utilization of the Arctic
Ocean during the summer is likely to place new demands on the U.S. Coast Guard and
Navy. In the past, ice and equipment failures had little impact on commercial vessels
because there were few of them in the Arctic Ocean. However, when equipment fails
or conditions unexpectedly worsen, as they inevitably will, it will often fall to the U.S.
Coast Guard and Navy to provide aid. Both services have limited icebreaker capacity
and a limited infrastructure in the Arctic region from which to project operational
capability. 29
Throughout most of the 19th Century the British and Russian empires engaged in “The
Great Game,” a diplomatic and political contest for influence and resources in Central
and Southern Asia. A new Great Game may be about to unfold in the Arctic Ocean,
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as vast mineral wealth and strategic trade routes are unlocked, potentially reshaping
global trade between the eastern and western hemispheres. While some climate change
impacts may not be apparent until the future, some are clearly already under way. An
820-foot (250m) cruise ship, the Crystal Serenity, traversed the Northwest Passage in
the summer of 2016, opening the door for increased activity in the immediate future. 30
Existing ocean policy institutions are highly fragmented, with differentiated mandates
for numerous separate international bodies managing human activity in international
waters. A strategic approach to this complicated nexus of issues and actors is required. 31

Maritime Straits with More Diffuse Climate Change Impacts
Many other regions with maritime straits will experience indirect effects from climate
change. Climate and weather patterns have affected states throughout history, although
the impacts have often only been recognized in retrospect. They exert pressures on
a nation’s economic, political, and social fabric. In 2016, the Office of the Director
of National Intelligence assessed that climate change is likely to impact U.S. national
security over the next 20 years through six major pathways:
“Threats to the stability of countries;
Heightened social and political tensions;
Adverse effects on food prices and availability;
Increased risks to human health;
Negative impacts on investments and economic competitiveness; [and]
Potential climate discontinuities and secondary surprises.” 32
These six pathways are likely to result in diverse impacts across the major maritime straits
of the world. Regional stability threatening the free movement of energy commodities
through the Strait of Hormuz is a perennial concern, given the narrow size of the
passage, the potential for disruption, and the strait’s importance to the global energy
industry. In addition, the Danish Straits and Turkish Straits are increasingly important
to Russian energy exports. Changes in geopolitical alliances, global oil demand trends,
and Russian contributions to regional tensions could affect energy flows, investment,
and security.
Yet the challenges aren’t limited solely to energy transit routes, as disruptions to
connected energy, food, and water systems can cascade across regions. Populations
around global maritime straits, and in coastal states around the world, depend on access
to the maritime commons for food and trade. Food supplies have also become more
globalized -- many regions have increased their reliance on importing or exporting
food, and the volume of agricultural exports has increased by 60 percent from 2000
to 2012. 33 Embedded in the growing amounts of food exports are non-renewable
groundwater resources used in countries for irrigation. 34
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Divergent precipitation patterns are expected in many regions, whereby precipitation
rates in already wet regions are expected to increase while precipitation rates in already
dry regions are expected to decrease. Much of this decline in precipitation is expected
to occur over the Middle East, northern Africa, western Central Asia, southern Africa,
southern Europe, and the U.S. Southwest. For instance, between 80 and 90 percent of
existing food supply in Gulf Cooperation Council states is imported, 35 and precipitation
over Algeria, Saudi Arabia, and Iran is expected to decline by 2050. 36 This is likely to
increase the scale and importance of food imports via maritime shipping, utilizing
the Suez Canal, the Bab el-Mandeb Strait, and Strait of Hormuz. Twenty percent of
the existing food imports to Gulf states originate in the Black Sea region, which is
also threatened by rising temperatures and variability in precipitation. For food to
travel from the Black Sea region to the Gulf, ships have to travel through the Turkish
Straits, the Suez Canal, Bab el-Mandeb, and potentially the Straits of Hormuz. 37 Thus,
challenges in one region can affect energy and food flows in other regions.
In addition, the degraded health of ocean ecosystems, rising water temperatures, and
increasing population could lead to increased competition and degraded stability.
The impacts of climate change are likely to stress both freshwater resources and
freshwater fisheries, 38 resulting in a greater reliance on ocean fisheries that are also
shifting geographically because of warming waters. 39 Changes in the productivity and
geography of some ocean species and agricultural products could accelerate food
security challenges in existing vulnerable states. 40 These issues are further exacerbated
by overfishing and illegal fishing, 41 such as the challenges faced by fishermen in West
Africa due to fishing by Chinese distant-water fishing vessels. 42 In the increasingly
contested areas of South China Sea, fishing disputes between China and Vietnam have
sometimes resulted in violence, 43 and shifting fish stocks could be a catalyst for further
incidents. As waters warm and ocean traffic continues to increase, these trends may
also place increasing stress on already fragile nation states across the world.
Finally, climate change impacts will stress the performance and integrity of the coastal
infrastructure that enables trade and disaster response. The Intergovernmental Panel
on Climate Change has assessed with high confidence that coastal infrastructure (e.g.
railroads, ports, airports, roads, power and water supply, storm and sewage water
management, etc.) are highly sensitive to a host of climatic and extreme weather events
associated with climate change. Increased storm surges and precipitation events, on
top of increased global mean sea levels, put additional infrastructure assets at risk
of temporary or permanent flooding. Many industrial facilities and networks are
periodically retrofitted in their original design location, meaning that siting locations
made decades or even a century ago will continue to have an impact well into the
future. 44
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While these direct impacts are more likely to be felt at the coast compared to the
deep shipping channel, land-side facilities at ports and supporting facilities are facing
major investments under climate change. For example, underinvestment and weatherrelated vulnerability threaten road and rail infrastructure in Russia and Ukraine, which
are critical in moving agricultural products to ports. 45 Responding to disasters and
extreme weather events will also require reliable access to coastal support facilities,
which need to be resilient to the increasing impacts from climate change. An example
of this effect is already occurring at Naval Station Norfolk, the world’s largest naval
station. Decades-old piers are being partially submerged every few months, requiring
the utility conduits built into the piers to be shut off. This disrupts operations on the
vessels docked at these piers, delaying maintenance work and potentially impairing
operational readiness. 46 It is critical that investments in military and civilian coastal
infrastructure maintain critical capabilities to respond to emergencies as conditions
evolve 47, both for the U.S. and the international community.

Path Forward
The continuous and open flow of energy, food, and other goods through maritime
straits is essential to improving economic opportunities and stability, and hence is
in the interest of the global community. Many of the existing chokepoints will be
stressed under the impacts of climate change, as well as with changes in trade demands,
patterns, and alliances. It is important to further analyze and understand how maritime
chokepoints, and the regions surrounding them, will be stressed under climate change.
Policies and programs that strengthen state resilience to disruption will become
increasingly important in regions with maritime straits. A growing and urbanizing
population will increasingly rely on the maritime commons for food and trade, and
initiatives that support food security in fragile states will be critical to stability. Equally
important are the efforts to continue to diversify the sources and fuels used for energy
to increase the resiliency of national economies to an oil price shock due to tensions
at marine chokepoints. Also, because of the interconnected food, water, energy, and
trade systems, disasters in one region can have global cascading impacts. Hence nations
must enhance adaptive capacity to respond to disasters, which includes investing in
resilient coastal infrastructure to maintain critical capabilities.
Global marine chokepoints have been critical geographies throughout history. The
changing geostrategic landscape of the future and the role of climate in accelerating
those changes means that these straits will likely remain key points of interest and
power. The global community can reduce tensions in these chokepoints by undertaking
investments and initiatives that increase resiliency to disruptions to food, energy, and
water systems in a warming world.
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