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n ote F rom t he e ditors
Caitlin Werrell and Francesco Femia

“Epicenters of Climate and Security: The New Geostrategic Landscape of the
Anthropocene” is a multi-author, edited volume exploring a range of “epicenters”
of climate and security and how they shape the geostrategic map of the 21st century.
These epicenters are defined as “categories of systemic risk” driven by a changing
climate interacting with other socio-political-economic dynamics.
A systemic risk is a risk to a component or components of a system that, due to the
critical nature of the components, can significantly disrupt (and sometimes collapse)
the whole system that depends on it. In this report, an “epicenter” is defined as
a category of systemic risk, or simply a collection of systemic risks with similar
characteristics – a kind of “super-systemic risk.” For example, the Strait of Malacca is
a major maritime trade route connecting the Indian and Pacific Oceans that is critical
for global trade and security. Risks to freedom of navigation through the Strait of
Malacca, or broader risks to the stability of the Strait, can therefore be described as
a systemic risk to global trade and global security. However, there is more than one
critical maritime trade route in the world. The Strait of Hormuz, the Panama Canal,
the Arctic Northwest Passage are just a few of these critical nodes in the global trade
system. Many of these straits will face disruptions as a result of a changing climate.
Together, these straits present a category of systemic risks to global trade and security,
and are therefore considered an “epicenter” of climate and security. 1 This volume
explores many such epicenters.
These epicenters are, in many ways, without precedent and unique to the “Anthropocene”
era - the period of Earth’s history we are currently in, according to Simon Lewis and
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Mark Maslin. 2 The Anthropocene is characterized by humans having considerably (and
possibly irreversibly) altered the global ecosystem, including the atmosphere. The risks
described in each of the epicenter chapters are risks that could exist, in one form or
another, during a time of climate stability. However, rapid climate change exacerbates
these risks significantly.
These epicenters encompass a range of critical geographies that together make up
central pillars of global security. Their vulnerability to climate change presents a
significant risk to that security. The epicenters of climate and security explored in this
report have characteristics that meet the following three criteria:
1. Critical for global security (e.g. a localized disruption to the epicenter could
scale-up to higher order security scenarios and to the regional and international
scale);
2. Vulnerable to a rapidly-changing climate (e.g. increased intensity and
frequency of extreme weather events, sea level rise);
3. Categories of risk present in multiple locations around the world, rather than
being specific to one geographic location (e.g. megacities, small island nations,
water-weaponization).
Each of these epicenters, individually – indeed, each of the systemic risks contained
within each epicenter - should be cause for concern among policy-makers and
planners worldwide. Collectively, however, the vulnerability of these epicenters
presents a potentially dramatic threat to global security with considerable disruption
to the geostrategic landscape. In that context, each chapter in this volume presents
a particular “epicenter,” while the whole volume presents a picture of a potentially
unprecedented threat to global security. Hence, the nature of these risks mean that the
tools required to anticipate and manage them will have to evolve to find the signals in
the noise.

notes
1 See “Dire Straits: Strategically-significant International Waterways in a Warming World,” by Adam H.
Goldstein and Constantine Samaras in this volume for more on straits as epicenters of climate and security.
2 Lewis, S, and Maslin, M, “Defining the Anthropocene,” Nature, Vol 519, pp. 171-180, March 12, 2015
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i ntroduCtion
Shiloh Fetzek and Bessma Mourad

Multilateral political treaties. Just-in-time supply chains. Internet server infrastructure.
Each of these illustrates the complex web of interdependence and reciprocity in our
globalized society. The threats and challenges that confront it are often just as complex,
with climate change being a particularly wicked problem, as uncertainties are many,
impacts are diffuse, and the risks are constantly evolving.
The chapters in this volume explore the nature of epicenters of risk and highlight
examples of how climate impacts can intersect, amplify and ripple across countries
or regions in unexpected ways. Topics examine the central themes and drivers of
the climate and security field – agriculture, energy, water, migration – but also look
beyond the climate-conflict nexus, to connect the dots across sectors and examine
unanticipated or under-explored climate impacts on the broader geostrategic landscape.
Christine Parthemore explores how the dynamics of nuclear security in the
Anthropocene present growing risks and complexities as the world considers how
to use nuclear power as a low-carbon energy source. Growth in nuclear capabilities
may happen in novel ways, in new regions, and may give rise to complex geopolitical
challenges, as with, for example, China’s plans to build floating nuclear reactors in
disputed areas of the South China Sea. With fast-breeder reactors planned in countries
such as India as a measure to address climate change, weak governance and the risk of
theft of nuclear materials by non-state armed groups could create new and challenging
risks.
Climate impacts on a range of economic sectors could also scale up into higher-order
security challenges, threatening both food security and livelihoods. Much attention has
The Center for Climate and Security
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rightly been focused on the effects of climate change on staple and subsistence crops,
but fisheries and cash crops are also important areas to examine. Michael Thomas
examines the risks fisheries face from the Arctic, to the South China Sea, and to the
Great Lakes region in Africa. With fishing rights already a source of competition
that has occasionally sparked confrontation between fishing fleets and nations, these
dynamics will worsen as climate change exacerbates resource depletion in combination
with overexploitation.
Climate change will also dramatically shift the areas suitable for growing some cash
crops, including coffee, in the coming decades. Shiloh Fetzek shows that the countries
whose economies are most dependent on coffee exports also face underlying security
risks. Many of these countries, including the growers and laborers who produce their
coffee crops, face potentially devastating economic consequences from climate change
that could exacerbate transnational security issues.
The transnational ripple effects of climate impacts on water are also substantial and
varied. Troy Sternberg, as well as Marcus King and Julia Burnell explore two particular
angles - the risks that are common to geographies whose water source is snow melt from
mountain ranges, and how water is being weaponized by non-state armed groups such
as ISIS and Boko Haram. The dynamics of water weaponization currently observed
in some parts of the world – notably the Middle East and North Africa - could come
into play in other regions, potentially with broader geopolitical impacts.
Changing oceans – from sea level rise to a transforming Arctic, as explored by Katarzyna
Zysk and David Titley – will also transmit risks across geographies. Small island states
and coastal megacities face threats from rising seas, contributing to migration pressures
and governance challenges, as outlined by Andrew Holland and Esther Babson, as well
as Janani Vivekenanda and Neil Bhatiya. Many coastal megacities are under-equipped
for the challenges they face from climate change, and what happens in cities can
often destabilize neighboring regions and strategically significant waterways - issues
addressed by Adam Goldstein and Constantine Samaras.
While each of these issues may begin as a localized event, they are often interconnected.
Migration and health are two examples. Robert McLeman looks at potential increases
in forced migration globally, and Kaleem Hawa illustrates the complex intersection of
climate change, health and international security.
Any one of these risks - never mind combinations of them - may contribute to the
erosion of the social contract between citizens and their governments in a number of
states across the world, which can have a significant impact on world order. Francesco
Femia and Caitlin Werrell explore this dynamic.
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The approaches that decision-makers use to manage risk must evolve with the changing
nature of risk in a climate-changed world. The last section of this report explore the
tools and practices necessary for addressing these epicenters of climate and security.
The chapters emphasize preventive modes of governance that will require new and
more versatile tools for anticipating, managing, mitigating and eliminating these risks.
Sinead O’Sullivan explores how Earth observation technologies such as satellites
and drones can provide data to enhance situational awareness around climate and
environmental changes, and support data-driven decision-making to manage epicenters
of risk in the Anthropocene. Detailed mapping of the most climate-vulnerable and
unstable areas can also help to identify which localities are the highest priority for
interventions and shape decision-making and early warning systems to limit the
potential for localized disruptions to scale up into regional security issues, as outlined
by Joshua Busby.
Finally, foresight tools including vulnerability assessments and scenario building can
help to surface potential interactions and combinations of events that can inform
risk management decision-making, while advances in the digital age may provide new
ways of monitoring and identifying patterns of emerging systemic risk, as outlined by
Bessma Mourad and Amy Luers as well as Chad Briggs.
While such complex problems are by their nature difficult to solve, it is necessary
to understand, manage, and develop effective approaches to address them. This
volume demonstrates the kind of cross-sectorial thinking needed to anticipate and
mitigate climate-related systemic risk and the interconnected categories of risk that
are increasingly likely in the new geological and geopolitical age.
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ERODING SOVEREIGNTY

C limate C hange , the e rosion oF
s tate s overeignty , and W orld o rder

1

Francesco Femia and Caitlin E. Werrell 2

The formation and spread of the nation-state has occurred during a relatively stable
climatic period—an 11,000-year-plus epoch referred to by geologists as the Holocene.3
The Holocene, thought to be the longest warm and “stable” climatic period of the
last 400,000 years, may have played a significant role in facilitating the development of
human civilization. 4 The epoch encompasses the advent of agriculture, the rise and fall
of empires and monarchs, and the birth and spread of the nation-state to all corners
of the globe. In short, all of modern civilization occurred within the Holocene. In
this context, the foundation for the current system of nation-states rests in part on a
common assumption that the baseline climatic and natural-resource conditions present
until today will generally continue. The flaw in this assumption is that atmospheric
conditions, due to human activity, have shifted in an unprecedented way since the
mid-20th century, and are changing rapidly. This phenomenon, coupled with massive
demographic changes, has led some to assert that that the Earth may have entered a new
epoch called the “Anthropocene.” 5 The rapid changes inherent in this epoch could stress
the very foundations of the modern nation-state system.

the

nature oF the threat

Regardless of whether or not the Earth is, indeed, in a new epoch, the influence of
rapid climatic change on natural resources must be factored into our understanding
of state fragility, state sovereignty, and the world order that rests on that sovereignty.
This includes rising sea levels and an increase in the frequency and severity of extreme
weather events, which will increase stresses on the critical resources underpinning
The Center for Climate and Security
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national security - water, food, transport, and energy systems. If left unmanaged, these
pressures can decimate livelihoods and contribute to a broad range of destabilizing
trends within states, including population displacements, migration, political unrest,6
state fragility, internal conflict, and, potentially, state collapse. 7 The transboundary nature
of some climate impacts such as melting sea ice and migrating fish stocks in contested
waters 8, can also increase the likelihood of conflict between states. 9Therefore, the threat
comes not from climate change itself, but rather, from how these changes interact with
the existing security landscape – including the ability or inability of governments to
effectively manage rapid change, ensure security and prosperity for their publics, and
maintain their legitimacy.

the

six erosions oF state sovereignty

State sovereignty, in the modern sense, is built on both a state’s output and input
legitimacy. 10 Output legitimacy involves a state’s ability to meet its citizens’ demands
for basic resources or prosperity (e.g., food, water, energy, employment), while input
legitimacy involves a state’s ability to offer its citizens a say in how they are governed (e.g.
a vote and legal recourse). Climate change, by compromising a state’s ability to provide
basic resources to its population, can significantly erode its output legitimacy. This
erosion can contribute to state fragility and state failure, which, in turn, has implications
for regional and international insecurity. 11 Cumulatively, these risks can significantly
challenge a world order built on an international system of cooperating sovereign states.
That challenge derives from the contribution of climate change to six key phenomena:
1
2
3
4
5
6

Catch-22 states;
Brittle states;
Fragile states;
Disputed zones among states;
Disappearing states;
Non-state actors.

1. Catch-22 states
As natural resources within the territory of nations are strained, modern states have
often turned to the global market to meet the difference between their capacity to
provide food, water, and energy, and the demands of their populations. However, the
global market is increasingly vulnerable to price fluctuations driven in part by an increase
in the frequency and intensity of extreme weather events. 12 This presents a catch-22 for
resource-stressed nations. Syria and Egypt are instructive examples.
Prior to the country’s ongoing civil war, the al-Assad regime in Syria prided itself on being
one of the few Arab nations to produce a significant percentage of its wheat locally, as
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well as lucrative cash crops such as cotton, despite the water-intensity of those pursuits.13
However, these crops were challenged by phenomena linked to climate change: multidecade winter precipitation decline and the worst drought in Syria’s recorded history,
from 2007 to 2010.14. Population pressures and inefficient agricultural practices, such
as flood irrigation, dramatically depleted the country’s water table to a critical level. 15
These dynamics contributed to agricultural and pastoral devastation across Syria, and
the displacement of nearly two million people. The al-Assad regime’s ideal of greater
self-sufficiency, which diminished the country’s dependence on the global food market,
was ultimately unsustainable due to local climatic, natural resource, and infrastructural
conditions. Poor political decisions made by the regime, including mismanagement of
natural resource, accelerated Syria’s transition from relative stability to being one of the
most conflict-ridden states in the world
The global food market has also been buffeted by climate change, making overdependence
on it a risky venture. Egypt, like many of its neighbors, is one of the most highly
dependent countries on the global wheat market. 16 In 2010, major drought and heatwave events in China and Russia — the events in Russia explicitly connected to climate
change by recent studies — devastated local wheat harvests, driving China and Russia
to panic buy extraordinary quantities of wheat on the global market.17 This was a major
factor in the 300 percent price increase for bread in Egypt between 2010 and 2011. 18
Egyptian bread subsidy policies were unable to bring the price down in many rural areas. 19
While protests were occurring in Cairo and other cities, the appeal of the revolutionary
movement in Egypt broadened to the countryside, where at least three major food riots
occurred in 2011. 20
Other nations in the Middle East, North Africa, Central Asia, and elsewhere are already
facing a similar catch-22 situation, wherein both local agricultural production and
dependence on the global food market are not optimal. If climatic and demographic
projections continue along current trends, the number of states facing this catch-22
dilemma could increase. 21

2. Brittle states
The security landscape hosts a number of seemingly stable nation-states that are
nevertheless quite vulnerable under the surface from a resource perspective. In “brittle
states,” as opposed to fragile ones, the appearance of stability — due to either the
imperviousness of such states to outside inquiry or ignorance of the role of natural
resource vulnerabilities in contributing to political unrest — can lead analysts and
policymakers to fail to anticipate fragilities and make ill-informed political, economic, and
natural resource management choices. 22 One might also refer to these cases as “Potemkin
Village” states — stable only on the surface. Brittle states may score relatively high in
“state fragility indices” when compared with those more widely considered “fragile” or
“failed.”23 These indices focus primarily on social, political, and economic circumstances,
The Center for Climate and Security
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often underestimating or excluding natural resource vulnerabilities that could render the
body politic far more fragile. 24 For example, merely days prior to revolution erupting
in Syria in 2011, political analysts identified the country as stable in comparison to its
Middle Eastern and North African neighbors. 25 A late 2010 assessment by the Obama
Administration concluded that Syria and Saudi Arabia were the states in the region
“least likely” to experience political turmoil in the wake of unrest in Tunisia, Egypt, and
Libya. 26 Generally missing from the analysis of Syria’s stability were significant natural
resource vulnerabilities, exacerbated by three decades of climate-induced precipitation
decline and natural resource mismanagement. 27
Prior to the events of the “Arab Awakening,” Egypt was also considered a generally
stable nation.28 In addition to vulnerabilities related to dependence on the global wheat
market, Egypt’s internal natural resource picture suggests a brittleness. A combination
of factors—including sea level rise, the over extraction of water from coastal aquifers,
and the sharing of Nile waters with neighboring states—has left the already low-lying
Nile Delta in a precarious situation. The Delta is heavily populated, containing many of
Egypt’s major cities and the vast majority of its population. Thirty percent of Egypt’s
labor force works in the agricultural sector, mostly in the Delta and Mediterranean coast,
which are responsible for 30-40 percent of the country’s total agricultural production. That
production could be devastated by increases in saltwater intrusion exacerbated by rising
sea levels.29 Coupled with the vulnerability of Egypt’s population to global food price
shocks, failure to address rising sea levels and the Nile Delta’s health, could contribute to
the erosion of the legitimacy and resiliency of current and future Egyptian governments.30
Other nations, such as Saudi Arabia, while not ranking high in measurements of state
fragility, are both heavily dependent on a volatile global food market and likely to experience
precipitation decline and dangerous heat levels as a result of climate change.31 Coupled
with ethnic, demographic, and political pressures, climate change and water insecurity could
threaten Saudi Arabia’s stability.32 Other nations with seemingly stable institutions, yet serious
natural resource vulnerabilities under the surface, include Iran — which is suffering from
many of the same climatic, water, and food security pressures as Syria — and North Korea,
which is very resource poor and increasingly vulnerable to a changing climate.33

3. Fragile states
Climate change also increases the fragility of already fragile states. The populations
of nations that are poorly governed and resource-stressed are likely to be among the
hardest-hit. Climate impacts on water systems, for example, even challenge nations with
robust institutions like the United States. States with weak institutions are likely to fare
worse. A great number of fragile states — such as Sudan, Ethiopia, and the Central
African Republic in Africa; Pakistan and Bangladesh in South Asia; and Yemen and
Libya — are all projected to experience some of the most dramatic effects of climate
change in terms of rainfall variability and sea level rise.34
The Center for Climate and Security

www.climateandsecurity.org

EPICENTERS OF CLIMATE AND SECURITY

14

In the absence of significant adaptation efforts, a slowing of the rate of climatic change,
or significant improvements in natural resource governance, such nations are likely to
become even more fragile than they already are, potentially increasing the incidence of
state failure. As states fail, refugee crises are also likely to increase in frequency and scale.
Nationalistic responses to such dynamics, in Europe, for example, can place significant
strains on those institutions intended to maintain regional order, such as the European
Union. 35

4. Disputed zones among states
Climate change can also increase the possibility of tensions between major powers over
zones subject to competing territorial claims, which could have important implications
for world order. Two clear examples of this disputed zone/climate change nexus are
the South China Sea and the Arctic Ocean. The South China Sea is one of the most
critical geostrategic choke points in the world. Seafaring vessels carry $1.2 billion of
U.S. trade through its waters annually.36 Sovereignty over significant areas of the China
Sea is bitterly disputed by adjacent countries, while the United States and China have
competed over its control for some time — with the U.S. viewing China’s expansionist
territorial claims to the sea as a threat to its interests in the Asia-Pacific region and to
the security of key allies and partners.37 Overlaid on this tense geostrategic environment
is a warming ocean. Coupled with over-fishing, this phenomenon is driving fish stocks
to migrate northward into colder (and contested) waters.38 As the populations of small
nations bordering the sea, such as Vietnam, are highly dependent on its fish stocks as
a major source of protein, fishing fleets are likely to venture farther north, and with
greater frequency, into zones that are subject to competing claims between their nation
of origin, China, and the United States. 39 Such a dynamic could increase the likelihood
and number of regional security disputes in the future.
On the other hand, the Arctic is host to extraordinary cooperation between nations, in
a region that could have easily become a Wild West of water and ice. This cooperation
may be due to successful intergovernmental regional institutions, such as the Arctic
Council, and a desire among nations involved in the Arctic to maintain stable sea lanes
for global economic commerce. However, due to rapidly melting ice, the Arctic is
changing significantly. This has already had a measurable effect on the security landscape
in the Arctic. 40 Since Russia’s incursion into Crimea and eastern Ukraine, each member
state of the North Atlantic Treaty Organization (NATO) has suspended all forms of
military cooperation with Russia, including in the previously apolitical zone of “military
cooperation” in the Arctic. In a context of possibly greater interaction between Arctic
nations (due to melting ice), but less cooperation due to diplomatic conflicts elsewhere
in the world, the probability of heightened tensions between major powers increases.
While the current probability of conflict in the Arctic is low, the future is uncertain due
to a rapidly changing physical and geopolitical landscape.41
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5. Disappearing states
Rising sea levels will also lead to the eventual disappearance of certain low-lying states
as well as the loss of significant territory for other states. This includes island states,
such as the Maldives, and large swaths of countries, such as the low-lying coastal zones
of Bangladesh. 42 For small island nations, climate change and sea level rise present
an existential threat (and thus the possibility of a total loss of sovereignty). The
international community has no experience in managing the disappearance of nations
as a result of environmental processes. 43 In fact, there are no international legal norms
designed to account for such an eventuality — including no formal recognition of
“climate refugees” or “environmental refugees.” 44 The loss of entire states, or large
zones within states, may contribute to a mass increase in stateless peoples, which could
present a humanitarian, political, and security crisis of the highest order. The full
nature of the consequences of such an event are not broadly understood, and given
the rapid rate of sea level rise, this unknown represents a challenge to the current
world order.

6. Nonstate actors
As climate change contributes to water and food insecurity and increases the likelihood
of state failure and conflict, it is likely that nonstate actors with grievances against
the state will take advantage of the loss of state legitimacy and the expansion of
ungoverned spaces to gain power and leverage. 45 These expansions of ungoverned
spaces may include an increase in organized criminal entities that engage in natural
resource provision and a potential increase in the number and strength of nonstate
actors who may ideologically reject the legitimacy of the states they operate in. 46 There
is a wide and deep literature demonstrating the proliferation of nonstate actors in
environments where states are weak and unable to provide food and water.47 Today,
Syria and Iraq are strong examples of this dynamic, given climatic projections for the
region as well as the water insecurity, political fragmentation, and strength of terrorist
organizations within their borders. As Dr. Marcus King notes, given that water resources
are scarce, nonstate actors — including international terrorist organizations such as the
Islamic State (IS) — are increasingly seizing such resources and using them as leverage
against adversaries and as weapons against populations they wish to terrorize. 48 In the
future, such leverage may be utilized to further erode the legitimacy of the state. 49 This
is not to say that climate change causes terrorism. Rather, climate change can place
additional strains on resource security in such a way that may contribute to an increase
in the power of such nonstate actors.

managing a Changing order
The cumulative effect of climate change contributions to the erosion of state legitimacy
may be far more significant than is currently appreciated. By placing strains on the
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resources necessary for the viability of the nation-state system and the well-being of its
populations, and by physically changing key geostrategic environments, climate change
presents a threat to global security. In the face of such far-reaching implications,
policies designed to address climate change cannot be fully commensurate to the
threat if they are formulated primarily or exclusively in niche institutions. National
governments, as well as regional and international security institutions will need to
integrate the effects of climate change into their strategies, plans, and operations,
and shift resources accordingly. Improving, augmenting, and possibly even creating
new governance structures for addressing climate change may also be necessary for
maintaining a stable world order.
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WATER TOWERS

W ater t oWers : s eCurity r isks
C hanging C limate

in a

Troy Sternberg 1

Since the Boutros Boutros Ghali, then Secretary General of the United Nations
stated that the next war in the Middle East will be over water, not politics, the global
community has focused on water flashpoints, particularly in the Middle East.2 But
examining micro- to meso-scale dynamics has confined thinking to rivers, aquifers and
watersheds at national levels. While important, discussion has often ignored the megascale threat of human and climate changes 3 to the world’s mountain ‘water towers’
4
and the resultant implications to security and human well-being. For example: two
billion people depend on water originating on the Tibetan Plateau 5. Hundreds of
millions more drink from global water towers, including the massive Andes, Rockies,
Tien Shan, Caucasus and Alps to the more modest Ethiopian and Guinean Highlands.
In each, climate change affects glaciers, water resources and runoff 6. If it were only
a matter of harnessing water from a nation’s territorial mountain, the issue would be
structural; the complication comes when water flows through several states. Riparian
nations stress natural, human and economic rights to water that crosses their realm,
yet without physical control, states remain vulnerable to upstream users. This gives
a hegemonic dynamic to control of water towers with significant implications for
national and regional security.

Water toWers as regional and global risks
The key link between water towers and security lies in their transboundary nature. In
most instances massive mountain systems stretch beyond national borders. Thus factors
affecting water dynamics have a cascading effect on riparian states that rivers traverse. 7
Any change upstream has a potential corresponding impact downstream. This global
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phenomenon affects 4 billion people across the continents (Table 1) 8. Consider the
countries that share mountain water resources – many riverine environments are today’s
conflict flashpoints 9. Think of the sources of the Euphrates, Tigris and Jordan rivers
in the Middle East, the Nile and Himalayan rivers flowing through India and China
and the potential for clashes over water rights. Contrast this with the International
Commission for the Protection of the Danube River where 14 signatory nations have
agreed to share and protect the river.
table 1: 10, 11
Mountain contribution to total water discharge; relative size of mountain area

River

Discharge % Area % Countries

Orange
Colorado
Rio Negro
Amu Darya
Nile
Euphrates
Tigris
Indus

100
100
100
98
93
85
80
76

42
46
60
68
44
22
41
31

Lesotho, South Africa
US, Mexico
Colombia, Venezuela, Brazil
Tajikistan, Afghanistan, Turkmenistan, Uzbekistan
Ethiopia, Sudan, Egypt, Uganda, South Sudan, etc.
Turkey, Syria, Iraq
Turkey, Syria, Iraq
China, Pakistan

Niger
Rhine
Mekong
Danube

58
49
34
32

11
22
48
16

Guinea, Mali, Niger, Benin, Nigeria
Switzerland, Austria, Germany, France, Netherlands
China, Myanmar, Laos, Thailand, Cambodia, Vietnam
Germany, Austria, Hungary, Serbia, Romania, etc.

The table emphasizes how water tower dynamics and issues are shared around the world.
Mountain glaciers are the source of major rivers 12, have geographical distribution,
diverse political contexts, and confront similar challenges. Foremost are climate
change, population, human action and extreme events. Processes are linked by cause,
impact and outcome in both environmental and social spheres as water towers serve
half of humanity (Table 2). These forces mean that changes to water towers affect
well-being and security at regional and continental levels, not just at national scales.
table 2: 13, 14 Water Tower Facts
Serves 50% global population
>80+% runoff in river basins
>50% area supplies downstream water
Mountains cover 25% land surface
Provides hydropower, domestic, industry,
Source of crops - potatoes, maize, barley, etc.
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As with so many climate and security issues today, a discussion of water towers starts in
China as the de facto potentate of the Tibetan plateau 15. Its thirsty population (22% of
the world’s population, 7% of the water) needs increasing water supply for domestic,
agriculture and industrial growth. The country’s major rivers are heavily tapped; at
times the Yellow River no longer reaches the sea. The South to North Water Transfer
projects come at great cost ($77-plus billion) 16 and uncertain effectiveness. Chinese
scientists have considered a Lake Baikal to Beijing water pipeline as well as inter-basin
water transfer schemes, dams, diversions and desalination to increase water supply. No
wonder that the Politburo seeks to maximize water resources on the Tibetan Plateau 17.
In keeping with their communist-era tradition, the government focuses on domestic
exigencies rather than cross-border concerns or regional relationships. When in 2013
the Chinese mentioned diverting the Yarlung Tsangpo/Brahamputra from the Tibetan
border region, India was apoplectic 18. The idea was presented as an innocent refill
for the Yangtze (imagine the physical implications there). The statement that nuclear
explosions could be used to blast a passageway through the Himalayas conveys a
threatening security message to the sub-continent downstream.
This issue reflects the anger, volatility and folly a discussion of manipulating water
towers can generate. India’s unsurprising response was that any diversion would be
an act of aggression. The potential for the two most populous and nuclear-equipped
nations going to war dwarfs anything the Middle East can present. However, when
in 2016 India announced its plans to divert parts of the Brahmaputra there was no
concern for downstream users in Bangladesh19 – apparently the country was too small,
and without nuclear weapons, to be of much concern. In this way the future of water
towers very much reflects a power game, both in terms of who is able to control and
manipulate the water, and whether or not this actor can rebuff any challenge from
downstream users.

elusive Control oF Water
The sheer power of water carves a path through landscapes leaving several practical
issues for societies to contend with. Maps may show clear lines of national control
but mountain territory is, by definition, notoriously rugged and a difficult geography
in which to place “boots on the ground” Consider Pakistan and India’s multidecade skirmish over Kashmiri lines of control at 6,000 meters. While the Ganges,
Irrawaddy, Salween and Mekong are sourced on the Tibetan Plateau, rivers have a
way of meandering, bifurcating, joining and splitting on their journey to the ocean.
This makes water hard to control and variable over time; consider that the Niger once
flowed from the Guinea Highlands through Timbuktu. The very nature of water –
fluid, heavy, unconfined, awkward to transport -- requires much infrastructure and
great cost to move from source to end-user. These qualities and challenges mean that
location is important for access and control. Upstream states have first-user advantage
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on rivers, making downstream riparians subject to decisions and actions beyond
their control. The process gives water a transboundary, political dynamic that can be
cooperative (Danube) or contentious (Tigris, Mekong) and contributes to securitization
and conflict. This can be exacerbated by major water projects that become “nationbuilding” exercises. Think of the significance Turkey attached to the Greater Anatolia
Project 20 or China’s self-importance about the 3 Gorges Dam when it was initiated in
the 1980s. This leads to social and philosophical dimensions of water: can abstraction
of water tower resources be justified physically, diplomatically, economically and to
the long-term benefit of one or several state authorities?

Climate Change
So far the discussion has side-stepped the elephant in the water tower – climate
change 21, 22. Pandey (2017) 23 gives a sobering assessment of climate implications in the
Himalayas where the recession of glaciers is part of a global trend. New techniques
for assessment, such as the remote sensing, the Normalised Melt Index, cryospheric
analysis and data-driven hydrological modelling, can identify changes in the world’s
water towers 24. Climate impacts particularly affect water processes including glacial
and snow melt, precipitation patterns, temperature and changing global weather
dynamics 25 (Table 3). These factors will change downstream water availability, increase
volatility and affect water resources and recharge along water basins both today and
in the future as the volume of water stored in ice caps and permafrost decreases. The
consequences for water access and food supply26 are immense and a vital concern for
poorer, agriculture-dependent societies as shifts in water resources affect populations,
politics and security.
Dynamic water processes can become irreversible as climate and weather patterns are
transformed. Decreased glacial mass, changes in albedo (surface reflection), timing
and seasonality of precipitation, temperature variability, shifts in cloud cover and
wind patterns may reinforce deleterious impacts27. For example, climate-influenced
snow and ice cover has seen Glacier National Park (U.S.) decrease from 150 glaciers
to today’s remaining 25. This exemplifies the irreversibility of climate impacts on
mountain systems. As frozen water sources are depleted they will not return on a
human timescale. Such historically unprecedented change has corresponding impacts
on living conditions and could threaten social stability and provoke state conflict over
water resources.

The Center for Climate and Security

www.climateandsecurity.org

EPICENTERS OF CLIMATE AND SECURITY

23

table 3: Climate Change Impact on Water Towers
Reduced glacial cover, mass
Affect weather patterns, seasonality
Temperature impacts streamflow
Decreases downstream runoff
Loss of water stored as permafrost
Increased glacial lakes
Increased extreme events - floods, debris flow, glacial lake outbursts
Impact soils, wetlands, water supply
Contributes to food shortages, loss of renewable energy, conflict
Disrupts transborder stability

inFrastruCture
Mountain water towers and access to their transboundary rivers present a delicate
balance between users. Water withdrawals from rivers are encouraged to serve local
needs, predominantly for agriculture and domestic water supply. This is like sticking a
straw in a glass and drawing out as much water as can be swallowed before others can
drink. Until recently this had been hard to monitor, particularly if many straws were
drinking from the river. Satellite data now provides new methods of identifying water
flow and vegetation density, recording changes over time, and insight into national
water regimes.
Infrastructure changes river patterns, flow, amount and access, benefiting upstream
users to the detriment of downstream states. Most common are dams, including run-ofthe-river dams that generate electricity but do not involve water retention. Large-scale
dams have greater riverine impact in their ability to change and govern water amount
and flow, provide vast storage, control discharge, timing, flooding and regularity. At
the same time dams reduce or remove sediments from rivers as they are trapped in
reservoirs, diminishing the natural benefit of nutrient replenishment downstream.
River channelization is another impact, often involving straightening or deepening
waterways for human convenience and profit – to increase boat and barge transport
capacity and speed while neglecting potential detrimental effects as natural barriers to
rapid water flow. Curves, meanders, fields and plants are eliminated in the name of
efficiency. The problem, highlighted by 2005’s Hurricane Katrina, is that in extreme
events the astonishing power of great volumes of water overwhelms feeble man-made
defenses to great human and economic cost. In transboundary environments water
infrastructure exemplifies assertion of hegemonic rights and control.
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likelihood oF ConFliCt
Variegated circumstances flowing from water towers draw together physical, social
and environmental dynamics in such a way that if water resources are compromised,
societies are at risk 28. At this point the specter of national security becomes a concern;
when essential resources upon which a country depends are damaged, the threat to
human and social survival can potentially lead to conflict. 29, 30 The scenario is basic:
< water = < agriculture = < food = livelihood stress and then directly to protest
and civil unrest. Responses reflect power relations: can a state persuade or force an
upriver abstractor to let water flow? If political resolution is not feasible, are local
and state actors prepared for confrontation? Can pressure be brought to bear from
state-to-state relations, from the international community, through the auspices of the
United Nations, African Union, ASEAN or other trans-national organizations? In the
above context it is unlikely the Mekong Delta countries have the political, economic
or military power to change Chinese action, yet China may recognize that there can be
a breaking point in state water manipulation. Conversely, the China-India scenario is
more problematic and asks the question, “will states go to war over water?”
The idea of Mexicans, Bulgarians, Sudanese or Laotians commandeering naval vessels
and heading upriver to attack an exploitive water usufruct is rather preposterous.
Already waterways are manipulated, altered and reconfigured as perceptions and use
of water are transformed. Indeed, development changes water needs as conception
and presentation of state power and industrialization moves away from mega-projects
toward technology. Instead of the 3 Gorges Dam and vast infrastructure representing
state advancement, China now stresses its astronauts and high-tech industry. The role
of water for agriculture continues to evolve as economic progress transforms how and
where a society uses water. Today farming consumes ~ 65% of China’s water while in
India the rate remains >90% 31. Other options – reuse, desalination, taking advantage
of “virtual” water and making water delivery systems more efficient are ways to reduce
riverine pressures and flashpoints.
Today’s awareness of the value of water can have a salutary impact on transboundary
water cooperation 32. The Middle East, of all places, offers an example of collaboration
replacing conflict. Driven by new desalination capacity, Jordan and Israel trade
water, in the south and north, to the benefit of both countries. The process reflects
a willingness to overcome political barriers for mutual advantage, reflected in the
Danube River coalition.
Can this be replicated across the world’s water towers? 33 Shared interests, alarm
over domestic unrest, political realities, costs and fear of regional hostilities need
to be continually discussed and balanced. Positively, water towers in the Americas,
Europe and much of Africa, while presenting challenges, are not conflict-prone. This
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reflects the ability or resignation of states in resolving or accepting de facto mountain
water regimes. On a geo-political scale, powerful states infrequently share key water
resources; a Russian, U.S. or China confrontation is unlikely, though an Indian-Chinese
water-driven clash is conceivable. More likely are confrontations between large and
small states and conflicts driven by population, demand for food and economic/
infrastructure differences.
Present dynamics and potentially unknown future crises will be influenced by climate
change disrupting water resources 34. Climate impacts present a clear risk to long-term
water supply, while the capacity for a global response that is commensurate to the risk
is less clear. At stake are human and national well-being and threats to sovereignty
and security, both real and perceived. This makes water towers one of the vulnerable
pillars of regional and global security that will test the world’s ability to adapt and
respond to changing climates and water resources via peaceful means.
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DISAPPEARING ISLANDS

a tlantis 2.0: h oW C limate C hange
C ould m ake s tates d isappear – and
W hat t hat m eans For g lobal s eCurity
Andrew Holland 1 and Esther Babson 2

introduCtion
In the Fourth Century B.C., Plato wrote of how the great city of Atlantis was submerged
beneath the ocean as punishment by the gods for becoming corrupt and greedy. In
Plato’s telling, an advanced civilization was lost forever in a single day because its
people had strayed from the will of the gods. Since then, the story – whether based in
historical truth or only a lesson in morality – has captivated generations. Now, 2300
years later, the world may be facing a new Atlantis, as sea level rise – caused by climate
change – is threatening to inundate civilizations again.
The threat is global, but it is not shared equally. Like most of the effects of climate
change, those most harmed by it are the populations with the fewest resources. At
first, the greatest impacts will be felt by those living on low-lying islands like Kiribati
and the Marshall Islands in the Pacific or the Maldives in the Indian Ocean. Life is
difficult enough on these small islands, surrounded by the vastness of the ocean,
without adding the challenges of sea level rise, more dangerous extreme weather, and
the loss of food and fresh water resources.
Unlike Plato’s Atlantis, however, the threat to small islands is easily predictable, if not
preventable. Thankfully, we don’t expect the islands to disappear in “a single day and
night of misfortune” as Plato said of Atlantis’ fate. 3 Allowing for some uncertainty,
we know how sea level rise has accelerated on these islands over the past century,
and we can predict the impacts. However, the effects will not be limited to only the
small population of people living on islands. Alone, their economic and geopolitical
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significance is miniscule. But, great powers remain interested in the strategic value
of islands, and sea level rise will present a series of tests to them about how to
manage conflicts. In the near term, the fate of small islands will present a series of
“mini crises” about how and where to relocate peoples and societies, and who retains
control of the resources they once owned. But, how the world manages those crises
will offer a preview of how the world will respond to the far greater challenges that
may lie decades hence; for one day, our civilization’s great cities may face the same fate
Atlantis did.

Climate Change is already adding to risk on small islands
The science leaves no question that the Earth’s climate is changing, and the seas are rising
as a consequence. Since 1951 temperatures have risen by at least .72ºC, and within the
past decade, sea levels have risen at a rate of at least 2.8 mm/year. 4 While the entire globe
will be impacted by climate change, small island states have become a “poster child”
for climate change. For good reason: small island states with large populations near sea
levels have already seen rates of sea level rise four times higher than global averages. 5
This higher rate is due to a few factors, such as winds and gravity, that create regional
differences in sea levels around the globe. For example, winds blowing in one direction
move water the same way, creating higher sea levels in the direction the wind blows.
A similar concept can be applied to ocean currents with a slower current leading to a
“pile up” of water. Gravity also plays a major role in shaping sea levels. Whether they
are polar ice sheets or a mountain range under the ocean, these features have additional
gravitational force and, therefore, can draw more water towards them, creating a bump
on the surface. 6 Finally, Earth’s rotation creates a bulge around the equator as the
middle of the Earth must move faster than the poles to complete a revolution in the
same amount of time. 7
All this means that different places around the world will see differing amounts of
sea level rise, depending on location. Many of the most vulnerable islands are on
the equator, leading to a naturally higher sea level to begin with. In the Maldives and
Tuvalu, 100% of the population lives less than 16 feet above sea level. 8 Within the
Marshall Islands and Kiribati, over 95% live below that mark. 9 With just 3 feet of sea
level rise, the Maldives are likely to be submerged. 10
Clearly, continued increases in sea level will have disastrous effects. Even if island
nations aren’t completely pushed beneath the waves, there are significant consequences.
Islands are already seeing increased coastal inundation, erosion and even community
displacement as the rising seas eat away at their land. Rising tides threaten to flood
fresh water reserves with salt water. At the same time, a recent drought in the Marshall
Islands caused more than 16,000 people to suffer from food and water shortages. 11
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The ocean itself is also affected by increasing temperatures. Growing ocean acidity
and warming water have resulted in serious concern about the stability of coral
reefs – and declining coral health undermines island communities because the reefs
provide a source of food and income, as many are reliant on fish sales and tourism.
Coral reefs have the added benefit of acting as a natural barrier against storm surges.
Unfortunately, the impacts of a warmer ocean are already visible in many nations.
Kiribati has seen unprecedented bleaching events with some islands seeing 100% coral
mortality within the lagoons. 12
Changes in human systems are equally apparent within many small island nations.
Shifting biodiversity ranges, decreasing freshwater due to saltwater intrusion, changing
precipitation patterns, more coastal development, and increasing incidence of diseases
are all currently observed impacts. 13 Future trends are likely to only expand and multiply.

prospeCtive risks For the Future
While modeling for islands is incredibly difficult due to scale, predicted trends are not
optimistic. Even with a decrease in emissions today, the climate will continue to warm
into the future. Predictions vary by region but studies suggest a 1.2ºC to 2.3ºC increase
in temperatures by 2100. 14 Such an increase will result in serious consequences for
the future of these islands. Estimates suggest that sea levels could rise up to 3 feet by
2090, submerging Kiribati, Tokelau, and Tuvalu. 15
Many of the phenomena occurring already will accelerate. 16 In addition to rising seas,
extreme precipitation is expected to increase, with both floods and droughts becoming
more common. Increasing storm surges on already higher oceans will leave coastal
communities at risk. If greenhouse gas (GHG) emissions continue to increase, the
consequences will be far greater. A catastrophic melting of Greenland alone would
result in about 6 feet of sea level rise, easily submerging entire cities and countries. 17
As the impacts of climate change become more and more pronounced, secondary and
tertiary consequences will begin to unfold. Due to the high dependence on reefs as a
source of revenue, livelihoods will be threatened by the increasing level, temperature
and acidity of oceans. Beyond loss of property and livelihood, one of the greatest
concerns is complete loss of country. Rising seas will not submerge all islands, but
many are severely threatened by even a meter of sea level rise. Where will these people
go? What will happen to their submerged territory? And who will care enough to do
anything about it?

The Center for Climate and Security

www.climateandsecurity.org

EPICENTERS OF CLIMATE AND SECURITY

30

What happens to the inhabitants?
Because of the inexorable nature of sea level rise, for many of the islands the best hope
is not to protect the land with new sea walls, but to undertake controlled migration
away from the islands. That will mean finding ways for people to move to new islands
within the country or to new land in a new country. The president of Kiribati has
announced an arrangement to buy land in Fiji. 18 That land is now being used to produce
food for the inhabitants of Kiribati, but one day it could provide a new homeland.
Such a controlled migration – which the Kiribati government calls “migration with
dignity” – is unique in that it amounts to a government planning its country’s demise.
This process depends on foresight by the government, extra resources to buy the land,
and a willing seller. Unfortunately, those aren’t always paired in poor countries with
weak governance.
Instead, what we should expect is more uncontrolled migration from island to island,
to cities, and developed countries. This could play out similarly to Australia’s asylum
policies, which have pushed the country to turn boats away and detain migrants in
offshore processing centers in countries such as Nauru and Papua New Guinea. It
is a high-profile humanitarian disaster. When migrants are forced from their homes
in an unplanned manner. The evidence suggests that this acts as a trauma that can
undermine their long-term quality of life. 19
Clearly, the better alternative is to attempt to replicate the Kiribati alternative as
closely as possible. The society must debate how to adapt, whether through migration
or coastline protection, then plan for it in an organized way and execute the plan
together. Unfortunately, the realities of migration mean that decisions about when and
where to migrate are usually made at the individual or family level. Seldom do entire
communities pick up and move – and even when entire communities are physically
removed, their lives are forever altered.

What happens to the resourCes?
Countries are afforded territorial rights to resources within their borders under
customary international law. For islands, the relevant portion of law is the United
Nations Convention on the Law of the Sea (UNCLOS), which codifies rights to
resources within what is called an “Exclusive Economic Zone” (EEZ). These can be
sub-sea deposits such as oil or natural gas, or resources such as fisheries that exist
within the sea itself. Under Article 21 of UNCLOS, an island is entitled to an EEZ
extending 200 miles into the sea, from a baseline point that is always above sea level.
However, they must be considered an island and not just a “rock.” A rock is defined
as a place “which cannot sustain human habitation or economic life of their own.” 20
Rocks, therefore, are not eligible to have a surrounding EEZ or territorial waters.
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As the seas rise, we could see portions of countries change from “islands” under
international law, to “rocks.” They do not even need to become permanently submerged,
only incapable of sustaining “human habitation or economic life.” One potential
scenario could be previously habitable islands losing their fresh water sources due
to salt-water intrusion. Fortunately, it seems that the architects of the Convention
gave some thought to the problem of shifting baselines, stating under Article 7 that,
if a baseline is drawn in accordance with the rules of the Convention, and the lines
are submitted and publicly disclosed, then the baselines are deemed permanent until
changed. 21
This would imply that the threat of sea level rise is not a threat to a nation’s EEZ, so
long as the nation remains. However, that raises a bigger question: if a country ceases
to have any land, does it cease to be a country? And, if it ceases to be a country, what
body retains the rights to the resources within the EEZ?
There is little precedent for this within international law. In the past, countries have
willingly ceded their rights to territory, and their very existence, to another country;
East Germany joined the Federal Republic of Germany to become a single German
state in 1990. Or, is this a case more akin to the lawfully elected governments of
many European states during World War II reconstituting themselves as “governments
in exile” in London. If, for example, the government of Kiribati moved its people
and leadership to its purchased land in Fiji, would it remain a full Member of the
United Nations General Assembly? Would it maintain rights to the resources within its
EEZ? Would it be a country? Or would these people simply be migrants to Fiji? The
answers to questions like these are not obvious, and are fraught with moral and legal
permutations.
These questions of international law would seem to make for an interesting academic
exercise, aside from the fact that they present very real challenges for those living
through these challenges.

the geopolitiCal impliCations oF lost islands
In recent years, there has been a significant increase in funding from China to the
South Pacific, an area traditionally dominated by aid from New Zealand, Australia, and
the United States. 22 In 2014, Chinese President Xi Jinping made a state visit to Fiji to
herald a closer relationship. China’s efforts in the South China Sea show how much the
country values sea borders and maritime control.
There are several geopolitical reasons for the great powers to compete over influence
and access to resources.
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The first is the global power of many voices speaking as one. Founded in 1990 as the
voice of the Small Island Developing States in debates concerning climate change, the
Alliance of Small Island States (AOSIS) has become a key voice in international climate
forums, far outreaching their small population size and economic status. Together, the
AOSIS includes 44 states, of which 39 are independent nations with voting status in
the UN General Assembly. As China becomes a stronger global player, they have made
efforts to portray themselves as a leader of developing countries. By courting favor
with this bloc, China could bring a strong voice, with many General Assembly votes,
to their side.
Secondly, great powers have recognized the military importance of island bases for
centuries. Since the Second World War, the United States has built military infrastructure
around the world on islands that now are at risk from sea level rise. Diego Garcia in
the Indian Ocean, for example, is a critical logistics hub for the U.S. and U.K. militaries
in the Middle East. On Kwajalein, an island in the Marshall Islands in the Pacific,
the United States has invested billions of dollars into significant radar and ballistic
missile defenses. Furthermore, both Kwajalein and Diego Garcia are used as ground
stations assisting the operations of the Global Positioning System (GPS) navigational
system. 23 A sea-level rise of several feet would cause the American military to lose
geographically strategic outposts around the world.

ConClusion –a risk not limited to small islands
If the plight of the small nations of Kiribati, the Marshall Islands, or Tuvalu do not
rise to the level of great geopolitical crisis, perhaps we should argue instead that they
are the canaries in the coal mine. These problems are not unique to small, poor island
nations. It is only that they will be forced to deal with them first. Already, in the
United States, communities in coastal Louisiana and northern Alaska are reckoning
with moving their entire towns because of sea level rise and coastal erosion. The costs
are significant.
Not far down the line, however, the great metropolises of the world face similar threats.
In the United States, cities such as Miami and New Orleans face an existential threat
from sea level rise. Likewise, the low-lying Pearl River Delta region of China, around
which China’s economic powerhouses of Hong Kong, Shenzhen, and Guangzhou are
clustered, could see vast swaths of its land submerged. This is not inevitable: prompt
action to slow global warming and stop polar ice melt could save these cities. But, if the
world fails at the relatively easy and predictable coordinated challenge of evacuating
small islands, and solving their legal challenges, we should be pessimistic about solving
the real challenges of Atlantis 2.0 that could come decades later.
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DIRE STRAITS

d ire s traits : s trategiCally s igniFiCant i nternational W aterWays
in a W arming W orld
Adam H. Goldstein 1 and Constantine Samaras 2*

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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NUCLEAR & CLIMATE

t he C limate -n uClear -s eCurity
n exus : a C ollision C ourse or a r oad
to n eW o pportunities ?
Christine Parthemore 1

Today, the international community is facing a range of nuclear challenges. New nations
are pursuing civilian but dual-use nuclear capabilities. The threat of non-state actors
seeking nuclear materials may be growing. Countries and international organizations
are debating proper ways to enhance nuclear safety, security and nonproliferation
systems to keep up with the pace of change. At the same time, governments worldwide
are having difficulty managing the effects of a rapidly changing climate, such as more
damaging natural disasters and resource stress. The relationships among nuclear,
climate, and security risks are growing more complex and interconnected, and these
issues are likely to begin converging in new ways -- possibly forming new types of
geostrategic epicenters within countries, across regions, and globally.

a ConFluenCe oF ConCerns
While experts have long spoken of a “nuclear renaissance” in the global energy market,
a confluence of recent events related to both nuclear energy and climate change are
contributing to heightened concerns about nuclear security and other security problems.
The 2015 Iran nuclear agreement raised to a truly global debate the decades-old tensions
between allowing peaceful nuclear energy programs to advance and preventing the
expansion of nuclear threats and weapons. The International Atomic Energy Agency
(IAEA) and Kazakhstan are moving forward on an international fuel bank to hold and
supply low-enriched uranium for nuclear reactors, with a goal of reducing the desire
of countries to invest in their own fuel enrichment capabilities. 2The climate change
negotiations concluded in Paris in December 2015 raised yet more questions about the
world’s nuclear trajectory.
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Climate change, energy needs, regional political balancing, and other drivers have
combined to push many countries to pledge increases in their nuclear energy capacity,
a trend revealed by the Nationally Determined Contributions (NDCs) submitted by
many countries in support of the Paris summit. How these plans are reshaped and
implemented will continue to be unveiled through future climate change mitigation
pledges, movements regarding nonproliferation treaties and export control mechanisms,
investment decisions by individual countries and companies, and other indicators.
Trends in Asia and the Middle East, where nuclear dynamics are changing the fastest
and carry the starkest strategic and security consequences, are particularly important
spaces to watch.

Four key trends have already emerged that animate specific security concerns. These
are concerns, however, that if addressed comprehensively can create opportunities for
making both climate and nuclear security policies more effective.

1. Clarity on the increasing scale of nuclear ambitions. The scale, scope, and
speed of some countries’ ambitions have caused perhaps the most concern by those
focused on nuclear affairs. China’s plans have been a major focal point as the country
added public details on the extreme rate of its nuclear energy expansion efforts in late
2015. The country has announced plans to build 6 to 8 new reactors per year through
2020 and increase the rate of production thereafter, becoming the world’s top nuclear
energy supplier by 2030. 3 In April 2016 China publicly revealed plans to develop
floating nuclear power stations to increase its electricity availability in disputed areas
of the South China Sea. 4 These plans, if carried out, could be seen as enhancing the
country’s military capabilities in the region and contributing to already-rising tensions.
2. Detailed intentions on nuclear technologies of high concern. Less noticed
are cases such as India, whose NDCs not only state the scale of its nuclear energy
expansion goals but also provide details that raise deeper security questions.5 India’s
NDC submission specifically notes its continuing commitment to develop fast breeder
reactors -- of higher concern for their rate of plutonium production -- to illustrate
the emissions mitigation technologies the country is eyeing. As the media in India
reported in early December 2015, the country is planning six additional fast breeder
reactors after the prototype that is currently being finished becomes operational. 6 This
is particularly worrisome in light of the “presence of groups interested in and capable
of illicitly acquiring nuclear materials” and other factors that recently led the Nuclear
Threat Initiative to rank India as one of the countries of highest risk for theft of
nuclear materials. 7
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3. Nuclear programs being pursued in absence of climate considerations. In
a third category of concern are countries that appear to be reinvigorating their pursuit
of nuclear energy without linking these ambitions to climate considerations. For the
international community, this can exacerbate fears that these countries seek to develop
latent nuclear weapons capabilities or challenge the existing balance of power among
their neighbors. Saudi Arabia is the most extreme case, having directly tied its nuclear
energy ambitions to the Iran nuclear agreement in 2015 while simultaneously omitting
its nuclear energy activities from its NDC submission to the Paris negotiations.
The absence of nuclear-climate nexus thinking can be equally dangerous for domestic
political and social reasons. Countries such as Jordan, Saudi Arabia, and Bangladesh are
pursuing nuclear energy despite the clear indicators that the changing climate coupled
with existing population and geographic constraints might limit their future ability
to operate water- and land-intensive power stations. Governments pursuing nuclear
power in spite of climate pressures risk driving social instability and stoking political
opposition, which can raise new security risks within and beyond their borders.

4. A changing export marketplace weakening nuclear norms and standards.
The emerging dominance of Russia among nuclear energy exporters is already
beginning to reshape how global norms and standards of nuclear safety, security, and
nonproliferation are being set. The rising international interest in expanding nuclear
power generation may be on a collision course with trends of importing countries
signing more extensive deals to work with suppliers with lower standards for nuclear
materials tracking and less capital to invest in providing strong verification and
monitoring systems. If, as planned, China becomes a prominent nuclear supplier, its
actions will play a central role in setting global standards. These increasingly pervasive
but little explored changes will necessitate evolution in U.S. and international nuclear
security and nonproliferation policies and programs, most of which are grounded in
outdated assumptions that countries such as the United States will remain the heavyhitters in the future international market for nuclear technologies.
The international community must manage these challenges -- and others that may not
yet be obvious -- if countries move forward with the nuclear aspects of their climatechange commitments and other recently announced nuclear plans.

seCurity and other risks
A number of countries are already taking steps toward establishing or expanding
nuclear power programs, including Saudi Arabia, Jordan, the United Arab Emirates,
South Korea, Vietnam, China, India, Bangladesh, Turkey, Belarus, Poland, Kazakhstan,
and Pakistan. The countries exploring nuclear energy but not yet moving forward on
concerted paths include Thailand, Indonesia, Italy, Nigeria, Kenya, Laos, Malaysia,
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and Morocco. 8 Some of this growth, if it occurs, will be offset by a significant portion
of the world’s existing nuclear reactors aging out of the system or ending operations
for financial reasons. Still, the nuclear program expansions that do take place among
these and other countries in the decades ahead will carry direct and indirect security
challenges that must be mitigated.
There are a number of direct safety and security risks of concern. Depending on
the dominant players, the resources they are willing to commit, and other factors,
nuclear norms and standards may be either weakened or strengthened in the coming
decades. If global stocks of nuclear materials increase overall, this will raise concerns
that recent progress in reducing the risks of diversion by terrorist organizations and
other disruptive non-state actors may be slowed or set back. Of equal or greater
concern is the potential for nuclear energy-consuming countries to develop their
own domestic enrichment and reprocessing capabilities. Safety and security laws and
regulations, human capital, operational acumen, and robust training regimens take time
and sustained support to develop. A hastened rate of global nuclear expansion may
make it easier for standards to be compromised as countries develop these systems. In
areas of heightened risk of terrorist and other sub-national groups targeting critical
infrastructure, nuclear reactors may form attractive targets. 9 This is a growing concern
even in countries such as Belgium where, until recent years, that risk seemed relatively
low. 10
Indirectly, some of the countries listed above may be challenged by social disruptions
or political instability if they move forward as robustly on nuclear energy as they have
indicated in recent climate commitments. News reports since 2015 have shown the
potential for national-level decisions regarding nuclear energy (whether for climate or
other reasons) clashing with local desires. 11 Likewise, any countries advancing nuclear
energy projects without sufficient consideration of the climate-related risks involved
– such as water stress, power generation issues, and other resource challenges – may
trigger backlash.
Foreign and security policy concerns abound as well. With increasing nuclear investments
will come increasing international demand for transparency that may contribute to
rising suspicions or alter threat perceptions among countries. The unending concerns
that non-nuclear weapon states such as Japan and South Korea will put their peaceful
nuclear capabilities to military use show how pervasive these issues can become,
even when countries devote great political capital and resources to promoting nonproliferation. These concerns are perhaps highest for countries that appear to now be
moving forward on nuclear power but for which these plans seem detached from their
climate-related commitments or actual energy needs.
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potential opportunities
All these risks can be managed and mitigated – in some cases, more readily than those
associated with the production and consumption of other energy resources. The international
community may find new opportunities in addressing the challenges outlined above.
Continuing strong international support, including financial resources, for the IAEA
will have broad-spectrum benefits. The trends outlined in this brief make nuclear
security and safety – and the critical global security responsibilities of the IAEA – as
imperative as ever. But the agency’s contributions to these global security issues extend
well beyond the nuclear energy realm. IAEA leaders are increasingly touting the utility
of nuclear-related technologies in mitigating and adapting to the effects of climate
change, including in health, agriculture, and environmental monitoring and detection.
The IAEA conducting training for detection of the Zika virus as it spread in 2016 was
an example of the agency’s potential future utility as the changing climate contributes
to different patterns of vector-borne diseases.12
Next, countries, experts, and scholars should explore – not ignore or muffle – the social
and political disruptions triggered by nuclear-related decisions whenever they occur.
Nuclear-related protests are not new. However, the encroaching effects of a changing
climate, the continually expanding access to information, legacy and emerging security
dynamics, and other trends are combining in new patterns that may be changing the
potency of these disruptions. Luckily, the understanding of complex crises that arise
from thorny combinations of modern drivers has advanced significantly in recent years.
Because of the interrelated nature of the issues, it will be key to investigate the balance
of local concerns across the range of economic, security and safety, environmental,
and other issues. Anti-nuclear protests may actually be about nuclear-related concerns,
but they may also be predominantly driven by water stress, unemployment, injustice,
and other challenges. These distinctions will be necessary to understand for designing
effective remedial policies.
Finally, ensuring decision makers connect security, nuclear, climate, and other intertwined
topics as they develop new policies and programs can help ensure there are complementary
gains across these issue sets. For example, keeping climate and nuclear issues connected
may create new diplomatic opportunities. Addressing climate change has created
productive avenues of cooperation – notably, between the United States and China –
that may be built upon to develop the trust and confidence required for discussions on
notoriously thorny issues such as arms control. Multilateral and international mechanisms
that originally focus on climate concerns may also be grown or leveraged in the future
to further mitigate nuclear risks, and vice versa.13 For the United States, any adjustments
the next administration makes to the national security strategy and regional cooperative
plans must thoroughly account for both the risks and opportunities that will come from
whatever trajectory dual nuclear and climate trends take.
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ConClusion
There exists today a decidedly worrying lack of examination of how nuclear and
climate trends may shape one another in the years ahead to alter the geostrategic
landscape, and how addressing these trends in tandem could both mitigate risks and
create opportunities. It’s imperative that conducting this kind of cross-sectoral analysis
and identifying related new avenues for enhancing security happen in earnest, as both
climate change-related risks and nuclear security risks are rising, and rising fast.
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HEALTH SECURITY

h ealth and C limate s eCurity :
i nterConneCted s eCurity C hallenges oF
C limate Change and i nFeCtious d isease
Kaleem Hawa 1

introduCtion: When Climate Change, global health, and seCurity interseCt
From Zika to Ebola, and from avian flu and SARS before them, security agencies,
military officers, and civilian policymakers have increasingly been forced to come to
grips with the impact of health and disease on national security. A key turning point
for this concept – when the HIV/AIDS epidemic was deemed a national security
threat by the U.N. Security Council and the U.S. National Intelligence Council2 – has
since been followed by myriad policy and defense adjustments. The White House
National Security Strategy, the U.S. Department of Defense (DoD) National Military
Strategy, and the Quadrennial Defense Review have all cited the spread of pathogens and
infectious disease as a major security concern. 3 The National Security Council employs
a senior director for global health security and biodefense while the DoD employs an
assistant secretary of defense for health affairs 4 as well as a deputy assistant secretary
of defense for health readiness policy and oversight, whose remit includes “force
health protection, national disaster support, medical research and development, […]
and medical readiness for 2.3 million Service members.” 5
As another emergent security concern, climate change has also been increasingly
integrated into military policy and planning. 6 It is perceived by U.S. national security
leadership as a threat multiplier 7 and a “direct risk to U.S. military readiness, operations
and strategy.” 8 Policy and governance have followed suit, urging planners to view
the geopolitical and socioeconomic instability linked to extreme weather as a security
threat and to improve climate preparedness and resilience.9
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It is where these two phenomena intersect that has been most interesting to watch,
with the DoD’s 2014 Climate Change Adaptation Roadmap 10 and the Congressional
submission National Security Implications of Climate-Related Risk and Changing Climate 11
both citing global health and pandemics as potential security risks linked to climate
change. And this intersection is having real-world implications for the United States
right now: Climate augmentation has led Zika and other insect-transmitted diseases to
be identified as areas of concern for 2017, especially in temperate Texas, Florida, and
the U.S. Gulf Coast. 12
It is clear, therefore, that policymakers must increasingly equip themselves to
understand the complex ways climate change and health intersect and the implications
this will have on security. This short paper will outline some of the milieus in which
the three are already interacting and how they may collide in the future.
First, climate change may alter disease trends of vector-borne illnesses in ways that
directly affect the health of defense forces. Second, as climate change contributes to
changing patterns of natural disasters and extreme weather events, disease transmission
may be augmented. Third, climate interactions may drive conflict and refugee migratory
dynamics, increasing health risks for U.S. humanitarian assistance and disaster relief
personnel. Finally, serious pandemics and outbreaks hold the potential to be an
existential threat, with outsized impacts on international order and, therefore, global
security.

intensiFying the risk:
Climate Change, veCtor-borne inFeCtion, and the seCurity Community
Promoting the health of defense forces has long been a core responsibility of the
DoD and its counterparts in countries around the world. The DoD invests heavily in
monitoring the health of at-home and deployed military personnel, tracks disease trends
that may affect their global operations or readiness, develops medical countermeasures
and diagnostics, and partners with civilian agencies to promote global health security.
This is no small part of their remit either; with budget appropriations exceeding USD
$579 million, the estimated global health expenditure by the DoD is larger than that
of the Centers for Disease Control or National Institutes of Health in FY 2012. 13
Therefore, as the changing climate alters disease trends and conditions in a manner
that influences public health, defense forces will continue to have emergent needs and
interests in these developments.
One component of the DoD’s health security investments that converges with climate
change is vector-borne illnesses (VBIs). Transmitted by vectors such as mosquitoes,
ticks, fleas, and sandflies, this class includes malaria, Dengue fever, and Zika, and
accounts for more than 17% of all infectious diseases, causing more than 1 million
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deaths annually. 14 The DoD has noticed – the Global Emerging Infections Surveillance
and Response section of the Armed Forces Health Surveillance branch of the Military
Health System partners with a variety of overseas laboratories to monitor the growth
of VBIs as a threat in regions with active military deployment. 15
To understand the VBI security risk in the context of burgeoning climate change,
it is important to review the multiple factors that affect rates of transmission: the
speed of vector reproduction, the frequency of vector interactions with humans,
and the geospatial range of vector distribution. 16 In all three dimensions, climate
disruption plays a role in intensifying the effects. Considering mosquitoes as a sample
vector, evidence suggests that increases in temperature reduce extrinsic incubation
periods, leading to faster mosquito maturation and proliferation 17; in warmer climates,
mosquitoes digest blood faster and feed more often, increasing transmission rates 18;
and increased precipitation patterns can expand the range of breeding sites for the
mosquitoes, putting them in contact with more people. 19
In this way, climate change becomes a force multiplier for global health risks. This
is of unique concern to the DoD and other military organizations because, as a
number of defense community health specialists articulated in a 2011 journal article,
DoD personnel “are especially vulnerable to VBIs due to occupational contact with
arthropod vectors, immunological naiveté to previously unencountered pathogens,
and limited diagnostic and treatment options available in the austere and unstable
environments sometimes associated with military operations.”20
A recent case study - the Zika epidemic – helps illustrate this. Evidence suggests that
climate change was a factor in the disease’s proliferation – the unusually temperate
2015 El Niño likely amplified the spread of the disease, 21 while epidemiological
modeling concludes that climate change had produced the most optimal conditions for
mosquito-borne transmission of Zika since 1950, with higher simulated biting rates,
lower mosquito mortality rates, and lower extrinsic incubation periods. 22
The effects of this have been felt across civilian and military populations alike. As
of December 2016, there were 4,809 Zika cases reported in the continental United
States, and an additional 33,865 cases reported in U.S. territories like Puerto Rico. 23
Among active U.S. military personnel and their dependents, Pentagon officials have
confirmed at least 41 reported cases contracted in the line of service, 24 prompting the
Walter Reed Army Institute of Research (WRAIR) to describe a safe and effective Zika
vaccine as an urgent global health priority. 25 Given the aforementioned connection
between vector-borne illness and the climate, WRAIR and other DoD organizations
that focus on infectious disease surveillance will become increasingly important in the
years to come.
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And it is not just mosquitoes that policymakers should be concerned with; aside from
the traditional VBI transmitters, hundreds of species (eg. ubiquitous rodents, birds, and
livestock) can serve as disease reservoirs, each with complex zoological interactions
with the climate, and each with the possibility to cause full-scale pandemics if the
mitigation and control efforts are mismanaged.

moved

into

harm’s Way: health seCurity

in

extreme Weather events,

natural disasters, and international ConFliCt
The previous section described how climate change can increase the transmission
of illnesses to military personnel, putting their health and safety at risk. But when
considering the suite of military, development, and philanthropic responses typically
employed by American coordinating agencies like the DoD or USAID to engage
internationally, it becomes clear that climate change can intersect with health and
security in additional, meaningful ways. This section will describe two major climateconnected categories of events that simultaneously (1) increase the presence of U.S.
personnel in regions at high risk for disease transmission and (2) increase the likelihood
of disease transmission and difficulty of treatment in these regions. They are extreme
weather events/natural disasters and international conflicts/refugee crises.
Extreme weather events and natural disasters are defined by the National Centers for
Environmental Information (NCEI) – formerly the National Climatic Data Center
(NCDC) – as including heat waves, tornadoes, hurricanes, tropical cyclones, severe
storms (tornadoes, hail, and straight-line winds), wildfires, crop freeze events, and
winter storms 26 as well as what the DoD defines as “persistently recurring conditions”
such as flooding and drought. 27
Scientific evidence suggests that global warming can increase both the frequency
and severity of these extreme events, with most of the evidence concentrating on
heat waves, 28 precipitation and flood risks, 29 hurricane seasons, 30 and storms, tropical
cyclones, and monsoons. 31 Insofar as climate change can expand and intensify the risks
of these extreme events, more and more U.S. military and development personnel may
be deployed in humanitarian assistance and disaster relief (HA/DR) abroad.
Climate-driven extreme events can themselves also exacerbate the underlying factors
behind disease transmission, making HA/DR deployment locations more dangerous.
For example, short- term increases in temperature and rainfall have been linked to
accelerated parasite development that led to Plasmodium falciparum malaria epidemics
and Rift Valley fever in Kenya. 33 Should the U.S. deploy humanitarian support to the
region, they would have found themselves at heightened risk.
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These extreme events and natural disasters don’t just have implications for individuals
working overseas in military or aid capacities. A study in PLoS Neglected Tropical Diseases
suggests that the Gulf Coast of the southern United States – home to a number
of critical military bases and sites – is increasingly at risk of infectious diseases, in
part because “periodic exposures to climate and environmental hazards, including
hurricanes, floods, droughts, and oil spills” amplify risk factors such as poverty and
poor sanitation. 34 Looking nationally, the NCEI estimates through its monitoring
systems that the United States has experienced more than 200 such extreme events
since 1980 in which overall damages were above USD $1 billion – at a total cost
exceeding USD $1.1 trillion.35 Globally, such estimates are more difficult to quantify,
but are in fact both more frequent and more devastating in temperate climates with
less developed infrastructure and response capacities – often the very places that most
need American HA/DR responses.
Military missions have similarly been shaped by disease and climatic factors over the
course of human history. Consider the spread of pandemic influenza in 1918 across
U.S. military bases and army training camps in the First World War. 36 More recently,
this has manifested itself in very real ways, such as the spread of Old World cutaneous
leishmaniasis across areas of Syria and Iraq occupied by the Islamic State. 37
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The climate/health/security linkages are clear, and the security community has already
taken notice. For instance, the U.S. National Security Strategy suggests that climate change
has contributed to increased refugee flows and conflicts over basic resources such
as food and water, thereby driving more substantial troop deployments into regions
with high risk for disease transmission.38 The World Bank reinforces this position,
suggesting that climate change has significant implications for armed conflict and
refugee movement given its intensification of natural disasters, deepening of resource
scarcities, and effect on rising sea-levels. 39
Moreover, these climate-assisted conflicts and migratory patterns can themselves drive
outbreaks that endanger military and aid personnel. Research points to the spread
of kala-azar across East Africa as a result of the conflict in South Sudan, 40 which
itself has been intensified by climate change and drought according to the nation’s
environment minister, Deng Deng Hoc Yai.41 It is clear, therefore, that military and
aid deployments to these locations of heightened disease transmission risk present a
health security challenge that policymakers will have to integrate into long-term policy
and planning.

ConClusion: a blaCk sWan song
There are many interconnected and overlapping chains of causality in this report.
Climate change contributes to extreme weather events, natural disaster, conflict, and
migration in a way that threatens the health of civilians as well as of military and
HA/DR personnel. These events - as well as climate change in and of itself - also
augment disease transmission in at-risk regions, particularly related to VBIs and other
infectious diseases – which would be particularly worrying in an outbreak or pandemic
scenario. Taken together, this is an important emerging risk trend for security and
health policymakers across the world.
Though the mortality burden of such effects may be considered comparatively low
(when judged against other security risks), this status quo is not assured. The National
Intelligence Council’s Global Trends 2030 report identifies pandemic threats as the Black
Swan externality with the greatest potential to disrupt the international system and
cause widespread death and suffering.42 This presents the threat posed by climate
change in stark relief, given the potential for a climate-augmented pandemic as an
existential international security event.
Therefore, what makes climate change and health security such an important intersection
for policy analysis and investment is precisely this double potency as an amplifier: a
warming climate can multiply the impact of existing threats and vulnerabilities in
indigenous settings and also empower these local threats to potentially become global
in nature.
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COASTAL MEGACITIES

C oastal m egaCities vs . the s ea :
C limate and s eCurity in u rban s paCes
Janani Vivekananda 1 and Neil Bhatiya 2

introduCtion
Cities are on the sharp end of a range of risks from criminal violence and terrorism
to demographic pressures, climate and environmental change. Coastal megacities3 are
especially at risk given the specific impacts of climate change they face, including
accelerated global sea-level rise, increased storm frequency and severity, and damage
to critical infrastructure such as port facilities, energy installations, and rail and
road linkages, all of which are amplified as urban populations become ever larger.
All these risks can lead to the loss of livelihoods as well as significant loss of life
itself. Furthermore, the interaction of these risks could exceed the existing coping
capacity of communities and governments, contributing to an increase in insecurity
and possibly violent conflict.
The ways in which cities are particularly vulnerable or resilient to climate impacts are
essential for understanding how climate risks link to political and security risks. Also
essential is an understanding of the opportunities presented by cities to mitigate these
risks. The nexus of risk need not hinge on a dramatic climate shock to breed security
problems. The failure of service delivery, economic loss (especially unemployment)
from disasters or resource security, failure to effectively manage migration, and
marginalization of communities, all mean that even low-level climate change can
contribute to human insecurity in megacities. Below we define the scope of the problem
and how to think about workable solutions, especially with regard to governance of
climate risks and migration.
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Climate Change, Cities and Compound risks
The next 50 years will see an unprecedented period of urbanization. 4 Most urbanization
will occur in lower-income countries, with urban centers in South Asia, the Middle
East and North Africa expected to see urban population double by 2050. In 2014, the
proportion of the population living in urban areas was 39 % in lower-middle-income
countries and 30 % in low-income countries. By 2050, these countries are expected to
reach, on average, 57 % and 48 % urban, respectively. 5
The IPCC’s latest assessment states that climate change will have profound effects
on a broad spectrum of city functions, infrastructure, and services, and will interact
with and may exacerbate many existing stresses.6 These impacts can occur both in
situ and through long-distance connections with other cities and rural sites of
resource production and extraction. Climate change could potentially contribute to
violent conflicts and contribute to migration from highly vulnerable sites in cities
or increasingly environmentally stressed locales. Two specific issues that characterize
both urban resilience and vulnerability are the highly heterogeneous nature and the
mobility of communities. This poses unique challenges to policy and governance,
which need to take account of potentially weak social cohesion and governance
capacity when considering any intervention. However, due to the lack of research
on the issue, the IPCC qualifies this by stating that there is considerable uncertainty
regarding projections. 7
The concerns raised by the IPCC add to the growing literature exploring the political
instability and complex security dynamics of urban areas, and how urban planning can,
in certain contexts, contribute to instability. There has also been increased attention
from the security community of the growing importance of urban areas as concentrating
a host of human security challenges. For example, a recent assessment by the U.S.
Army found that “megacities are rapidly becoming the epicenters of human activity on
the planet and, as such, they will generate most of the friction which compels future
military intervention.” 8
While the U.S. Army analysis may be overly deterministic, the compound nature of
climate and security risks in cities is pertinent. It must also be stressed that the new
urban agenda currently lacks specific attention to capacity-building in institutionally
fragile and conflict-affected contexts where existing approaches may not be fit for that
purpose. Peaceful management of the nexus of food, water, and energy in urban areas
will contribute to the human and economic security goals of low- and middle-income
countries. Failure to do so, conversely, will act as a net drag on productivity and could,
in extreme situations, lead to political instability and civil conflict.
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the rise oF megaCities: Fragility vs resilienCe
The growth of megacities of course is not to be viewed simplistically as a driver of
fragility. Cities can offer financial, social and cultural opportunities to their inhabitants.
They can also bring economic risks and a breakdown in the traditional social and
cultural behavior patterns that traditionally supported less urbanized populations.
Problems common to megacities, particularly in developing countries, include inadequate
land for development, unclear land tenure rights and legislation, underdeveloped
infrastructure, water shortages, poor sanitation, air pollution and traffic congestion.
Coastal megacities experience these as well as other special problems related to their
coastal location. These include coastal erosion, sea water intrusion to freshwater supply,
loss of habitats for birds, fish and other wildlife, the depletion of fishery resources
as a food supply, and public health problems related to seafood contamination. Land
subsidence can occur due to construction and water extraction, and the deterioration
of marine environments as an area for amenity due to marine pollution - which also
poses a threat to fisheries and tourism. Natural disasters, including extreme weather,
sea–level rise and its impact on critical maritime transportation infrastructure, and
conflicting uses of increasingly fragile coastal areas, also pose a threat.
These challenges run headlong into a governance context where resources and
expertise are already stretched. Given demographic trends of both urbanization and
urban growth, these megacities are likely to come under increasing pressure, and only
very few of them are equipped with the governance mechanisms to deal with the risks
they are highly likely to encounter. Many of these cities will experience risks that
induce fragility – thus limiting their capacity to fulfill their core functions, such as
ensuring the physical security and safety of the population, maintaining infrastructure,
delivering basic services such as water, sanitation and electricity, and safeguarding
rights. 9 Balancing rapid economic growth, the preservation of coastal environments
for sustainable development and managing relations and service provision between
residents and incomers are core governance challenges facing coastal municipal
authorities.
It must be noted, however, that megacities and large cities are not necessarily the most
susceptible to fragility. Indeed, it is the smaller second cities that are growing most
quickly and which lack the investment, institutional mechanisms and infrastructure to
manage this growth. However, certain coastal megacities such as Karachi and Lagos
face a particular set of risks given their pre-existing levels of fragility, meriting special
attention from a security perspective.
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understanding migration
Understanding the role of migration to megacities is essential to understanding how climate
risks can become political and security risks. Peaceful urban governance is difficult if largescale urban migration isn’t anticipated, planned for and managed. Of particular importance
is understanding current and future patterns of migration from rural to urban areas and the
reasons behind these trends in human mobility. Climate change adds another impetus for
the growth of large urban areas, particularly in low-income countries. Emerging research
indicates that we will see increased rural-urban movement within countries, more labor
migration, and more frequent or longer-lasting circular migration patterns, particularly
as the agriculture sector becomes more volatile due to projected climate impacts. With
more people moving to cities, and with many cities already facing increased vulnerability
to climate and disaster risks as well experiencing existing social, economic and political
fragility, these dynamics will be a major determinant of urban resilience.
Climate impacts vary considerably in their potential to instigate migration. Climate change
can affect migration directly or indirectly, but causality is never singular. Direct impacts,
including quick-onset hazards such as flash floods and slow-onset hazards such as drought,
can lead to short-term or distress migration. Indirect impacts, such as climatic shocks to
markets (food, construction materials, energy supply) will have implications on people’s
decisions to move. Both are complex, nuanced and vary according to the particular context.
Moreover, individual, community and national vulnerabilities shape responses as much
as disaster effects do. Focusing on how people are vulnerable as a function of political,
economic and social forces can enable a deeper understanding of post-disaster human
security.
Many challenges and opportunities posed by migration into cities relate to informality.
Some notable challenges exist around adequate policies to deal with undocumented
migrants, how to balance the needs of urban and rural livelihood security, access to capital
for poor, informal settlers, and the ways to engage non-state actors in urban governance.
Informal social capital networks can also be a significant component of resilience through
the social cohesion and safety nets these networks can provide.
It is unlikely that climate stresses will lead to large-scale migration, conflict or instability
in megacities in the short-run, but there are already signs of increased crime and political
grievances in these urban hubs that could intensify and escalate in the face of a sudden
shock. As outlined above, early signs of social discontent linked to climate change are
visible in Karachi and Lagos, although interwoven with economic, social, and political
grievances. Whether these complaints evolve over time into scenarios more ripe for
conflict or can be resolved without recourse to violence will hinge on the effectiveness
of government actions to reduce vulnerability and alleviate the sense of injustice already
felt by climate-affected communities. This is the case not just in megacities, but also in the
regions from which people migrate.
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addressing the governanCe gap
There is a significant overlap between these global urbanization trends and a wider
governmental difficulty in dealing with climate change impacts. This becomes clearer
when comparing the three graphics below:
Figure 1:
global patterns oF
urbanization, 2015
Credit: https://www.weforum.
org/agenda/2016/07/this-mapshows-the-incredible-growth-ofmegacities/

Figure 2:
potential
vulnerability to
Climate Change

Credit: Standard & Poor’s
2014

Figure 3:
City-level
vulnerability to
Climate Change
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The first maps the growth and distribution of urban areas. The second maps the credit
rating agency Standard and Poor’s assessment of state-level climate vulnerability, based
on three criteria (share of the population living in coastal areas below five meters of
altitude; share of agriculture in national GDP 10; and the vulnerability index compiled
by Notre Dame University Global Adaptation Index [ND-GAIN], which measures
the human and financial capital of national governments to adapt to climate impacts).
The third penetrates more concretely to city-level measurements of vulnerability. In
many cases, the three vulnerabilities overlap significantly, so that many large cities are
burdened with local vulnerabilities (often because they are in conflict areas), which
are compounded by national-level vulnerabilities, making any federal government
response to future disaster risk sub-optimal.
Cities are not standing still in the face of these challenges. There are many examples
where cities are stepping up to solve major global challenges. City leaders are forging
networks within and across international boundaries to address shared problems,
including climate change. However, national governments and multilateral entities
such as the World Bank and United Nations are not organized to work with city-level
governance mechanisms. They are still organized around servicing nation states.
Some cities have good connections to central governments and other city networks,
and are thriving while others are failing to keep up with the challenge of climate
change and demographic pressures. In a number of cases, the social contract binding
urban authorities and citizens has unraveled. When expectations of urban residents and
municipal leaders are not matched, cities become fragile. It is possible to empirically
measure the extent of fragility by examining the quantity and quality of basic urban
service provision and access – whether to public security, basic health, transportation
or electricity. 11 And where the social contract is weakened, the risk of social unrest or
conflict increases.

ConClusions and solutions
Despite the growing importance of megacities in international security and politics,
as well as the threat posed by flooding and sea-level rise, relatively little attention has
been paid to the potential for environmentally induced instability in coastal megacities.
Current trends, including rapid population growth, land use patterns and increasing
climate impacts, suggest the costs of inaction in these urban areas are rising.
The new urban paradigm is made precarious by a nexus of population growth without
land-use enforcement and basic public services, intensifying climate impacts, and
divisive politics. This has the potential to undermine their aspirations to be regional
economic hubs and could, over time, lead to conflict.
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Regarding risk management and future urban planning in megacities, it is essential
to understand the particular dynamic and risks relating to climate change. Climate
change will present a profound challenge to urban areas. Facing that challenge will
require resources and political will as well as innovations in governance. The present
international system is built to conduct relations on a state-to-state basis. That
orientation is slowly beginning to change, as new transnational approaches to climate
change governance have demonstrated. But there is still a lot of distance to travel
for the integration of informal as well as formal subnational governance actors as
stakeholders in the international system.
There are reasons for cautious optimism: many cities have the power, the expertise
and the resourcefulness to continue to take meaningful climate action. More than ever
before, they are at the forefront of the issue of climate change as leaders, innovators
and practitioners. However, in already fragile contexts, this dynamism and scope for
engagement to address climate risks is hindered by weak capacity, lack of political will
and the perception that climate change is not a priority.
In terms of practical responses, physical efforts to address climate impacts such as
sea-level rise need to be coupled with attention to socio-economic factors such as
social networks, livelihoods and efforts to enhance governance. It is also critical to
ensure support for rural as well as urban informal livelihoods. Rural areas are where
many of the most vulnerable earn their living and where economic stress and the
push to migrate to urban centers is first felt. Any strategy must ultimately encompass
grievances such as inequality, marginalisation and the disenfranchisement of youth –
especially men.
But to ensure that policy responses genuinely address the complex risks posed to
megacities by climate change, we urgently need a better understanding the links
between migration, urban resilience, climate change and fragility. This issue is a major
lacuna within the research community and, as such, is largely overlooked in policy and
programing. While there is increased focus on the perceived negative implications of
migration on national security, the relationship between climate change, migration,
cities and conflict needs to be understood if attempts to promote sustainable urban
development are to build resilience to climate change and conflict in an increasingly
mobile and urban world.
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WATER WEAPONIZATION

t he W eaponization
C hanging C limate
Marcus D. King 1 and Julia Burnell
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Water stress across the Middle East and Africa is providing an opportunity for
subnational extremist organizations waging internal conflict to wield water as a
weapon. The weaponization of water also drives conflict that transcends national
borders, creating international ripple effects that contribute to a changing geostrategic
landscape.
Climate change-driven water stress in arid and semi-arid countries is a growing trend.
This stress includes inadequacies in water supply, quality, and accessibility. 4 These
countries are consistently experiencing chronically dry climates and unpredictable,
yet prevalent, droughts. Predicted future climate impacts include higher temperatures,
longer dry seasons, and increased variability in precipitation. In the coming decades,
these factors will continue to stress water resources in most arid regions.5
It is accepted wisdom that parties generally cooperate over scarce water resources
at both the international and subnational levels, with a very few notable exceptions
that have resulted in internal, low-intensity conflict.6 However, tensions have always
existed: the word rivalry comes from the Latin word rivalus, meaning he who shares
a river. 7 Rivalry is growing at the sub-state level, leading to intractable conflicts.
Social scientists have long observed a correlation between environmental scarcity
and subnational conflict that is persistent and diffuse. 8 Disputes over limited natural
resources have played at least some role in 40 percent of all intrastate conflicts in the
last 60 years. 9
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Recent scholarly literature and intelligence forecasts have also raised doubts that
water stress will continue to engender more cooperation than conflict. For example,
a key U.S. Department of Defense planning document argues “future water supply
challenges could affect food production, and cause resource competition … that will
aggravate existing stressors such as social tensions – conditions that enable terrorism
and other forms of violence.” 10
Stressors in the form of ethnic divisions feature prominently in the conflicts in arid
zones that we analyzed, including Syria/Iraq, Somalia, and Nigeria. A new study finds
that coincidence of weather variations (such as droughts) and war is dramatically
higher in countries with inter-ethnic social tensions. These divisions play a greater role
than poverty, income inequality, or even past propensity for conflict. 11
Pathways of influence linking water stress and conflict in fragile Middle Eastern and North
African states are becoming more visible and carry worldwide implications for states with
similar characteristics. These paths are extending beyond borders, facilitating the spread
of violent extremism, disrupting energy markets, and deepening human suffering.

Water as a Weapon
The U.S. intelligence community suggests that as water becomes scarcer, states may
begin employing water as an interstate “weapon,” even in areas where cooperative
solutions had prevailed. 12 Our research finds that extremists groups are already using
water as a weapon at the subnational level.
In its most basic form, a weapon is “a means of gaining advantage or defending oneself
in a conflict or contest.” 13 Wielded by a group, it can take the form of an item, action,
or offensive capability used or intended to kill, injure, or coerce. We observed the use
of water as a weapon by sub-state militants across a spectrum of conflict in selected
countries. We classified weaponization incidents by the intentions of the perpetrator
as follows:

- Strategic Weaponization: The use of water 1.) For virtual or actual control
or destruction of large or important areas, populations or infrastructure. or.
2.) As an asset to fund state-like activities such as territorial administration or
major weapons acquisition.
- Tactical Weaponization: generally, the use of water against targets of
strictly military value. Weaponization of water on a small, local scale was
generally characterized as tactical.
- Coercive Weaponization: use of water as an instrument of subjugation
through the creation of fear among non-combatants of water supply disruption
or contamination.
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Ironically, the earliest historical records of water weaponization are among the ancient
Kingdoms of Mesopotamia, a region that constitutes the modern Syrian and Iraqi
battlefield. 14 Indeed, the conflict in Syria and Iraq paints the most vivid picture of
subnational actors’ use of the water weapon. Our extensive research shows that Islamic
State (IS) was responsible for 21 of the 44 weaponization incidents we catalogued rom
2012-2015. The al-Nusrah Front, an al-Qaeda affiliate, was responsible for three. 15

strategiC Weaponization oF Water
Islamic State’s systematic and sustained deployment of the water weapon is
unprecedented in modern conflict. 16 However, IS’s sudden strategic seizure of the
Mosul and Haditha dams has received attention from concerned parties.
On August 7, 2014, IS seized control of the 3.2-kilometer-long Mosul dam on the
Tigris River upstream of the cities of Mosul and Baghdad in northern Iraq. IS’s action
and the corresponding threat of intentional sabotage that could kills thousands and
inundate Baghdad with a wall of water was a factor in prompting the U.S. to launch
an aerial bombing campaign. 17 From August 17-18, Iraqi and Kurdish forces fought a
pitched battle that reclaimed the dam with the support of about 35 U.S. airstrikes. 18

taCtiCal Weaponization oF Water
Islamic State has also successfully wielded the water weapon at the tactical level. In
2014, IS militants intentionally diverted water from nearby rivers in the Shirwain area
of the Iraqi Diyala Province. This action halted the advance of Iraqi security forces on
at least two occasions. In what we call unintentional weaponization, the collateral damage
included the flooding of nine villages and displacement of the resident populations. 19
A feedback loop is discernible in Diyala and other locations where water weaponization’s
impact on infrastructure created desperate conditions and impetus for more conflict.
The prospects of recovery remain dim. As of December 2015, 35% of Syria’s treatment
facilities were damaged by various combatants. 20

CoerCive Weaponization
Like Syria, Somalia was hit by regional droughts in 2011. It was at this time that Somali
government military forces made inroads against the Islamist extremist group alShabaab in the ongoing civil war, eventually retaking most major cities. As a response,
Al-Shabaab changed its traditional guerilla tactics and started to cut off liberated cities
from their water sources so that they could demonstrate at least some kind of power
and presence. Climate change, lack of food and continued conflict involving water
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weaponization took an enormous social toll. 21 Limited access of humanitarian agencies
exacerbated by al-Shabaab’s actions led to more than a quarter million deaths and
hundreds of thousands of displaced persons. 22 Al-Shabaab’s attempt to gain legitimacy
and subjugate the population was ultimately unsuccessful for many reasons. However,
deployment of the water weapon left enormous misery in its wake.

Water as an aCCelerator oF violenCe
In other cases water is both a means and objective of war. A protracted conflict currently
pits members of the semi-nomadic Muslim Fulani tribe against predominantly Christian
farmers in Nigeria’s Middle Belt, an ecologically diverse but increasing arid transition
zone between the relatively temperate Niger River Delta and the arid northeast. The
primary conflict driver is contested access to increasingly degraded grazing lands. 23
The roots of the conflict stem from the overlap of the Middle Belt’s most productive
agricultural lands with the traditional migration route of the Muslim Hausa-Fulani
herdsmen, a large ethnic group spread across northern Nigeria and neighboring states. 24
Their annual search for grazing lands for their cattle encroaches farmlands plagued by
drought. The food security of farmers, including members of the Christian Yoruba
tribe, is increasingly jeopardized.25
When cattle consume or trample crops, retaliation may involve killing of livestock
or direct poisoning of water sources. Hausa-Fulani herders sometimes attempt to
settle. However, they face a system of land tenure and inheritance rights that give
special recognition and social services to generational landowners. 26 These dynamics,
combined with mutual dissatisfaction caused by sparse economic opportunities, has
created a conflict spiral with no end in sight.
The conflict in the Middle Belt is little understood and has not received widespread
media attention. The 2015 Global Terrorism Index reported that “Fulani militants”
alone were the fourth most deadly terrorist group in the world, responsible for the
deaths of 1,229 people in 2014. 27 In 2016, herdsman killed more Nigerians than
Boko Haram, the extremist group widely considered the primary threat to Nigerian
security. 28 However, there is a concerning linkage. Sources within the Nigerian military
allege that Boko Haram members are infiltrating Fulani communities in response to
battlefield setbacks. 29
Poor national policies contribute to deteriorating conditions. Nigerian authorities’
attempts to manage the conflict have been ineffective, and local authorities have
depicted pastoralists as the sole aggressors. 30 Inability to prevent conflict also creates
an unstable environment for effective water management policy.
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global ripple eFFeCts
Internal conflicts in the drought-afflicted countries described herein will have wider
geopolitical, economic and security impacts:
People displaced across borders by drought or conflict present myriad challenges.
Some migrants flee one politically fragile state only to land in another equally precarious
situation. Somali refugees who make the dangerous crossing of the Arabian Sea to
Yemen are an example. 31 Migrants from all three nations we surveyed are seeking refuge
in Europe in large numbers, placing strain on social support and political systems.
In Syria and Iraq, it appears that the military coalition formed against IS will be victorious
in its ground operations. But even as the Islamic State is dismantled, the area is a persistent
epicenter of global jihad. IS-inspired terrorist attacks are pervasive in Europe.
Compounding challenges emerge from the war in Somalia, including large-scale
humanitarian commitments, displacement across borders, and internationalization
of the conflict to neighboring states. 32 Somalia sits on the Bab-el-Mandeb Straits, a
vulnerable touch point between the continent of Africa and the Middle East. Piracy
has been rampant in the strategic route for Persian Gulf oil, natural gas, and petroleum
product shipments to Europe and North America, and European and North African
oil exports to Asia. 33
Nigeria is an important rising power due to its sizable population, oil production
and military posture. Supply disruptions for Nigeria and, to a lesser extent, Iraq have
created uncertainty in the global oil market. Nigeria is also a strategic U.S. partner,
providing a bulwark against extremism through support of regional peacekeeping
missions. Even as Nigeria struggles to manage multiple internal conflicts, al Qaeda in
the Islamic Maghreb (AQIM) has already gained influence in neighboring countries,
and linkages with Boko Haram have been established. 34
Perhaps the greatest concern is the growing linkage between extremist organizations. A
network among the major extremist groups discussed in this article is now discernible.
For example, there are accusations that the Fulani militants have been infiltrated by
Boko Haram. 35 Boko Haram fighters have conducted training in Somalia with alShabaab. 36 Although their strongest ties are with al-Qaeda, a faction of al-Shabaab has
declared allegiance to IS. 37, 38
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ConClusion
A changing climate stresses water resources and increases state fragility in arid countries.
Water stress and poor water governance were factors that enabled extremist groups’
exploitation of the water weapon. Localized conflict is increasingly likely to scale up
to higher order security risks as extremists metastasize and coordinate.
Water weaponization is a tool that will only swell vulnerable populations and create
lasting damage unless swift and decisive policy measures are taken. Better coordination
between the global community and national level actors is essential in countries where
deteriorating ecological and social conditions are creating growing instability.
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A MELTING ARCTIC

s ignal , n oise and s Wans
in t he a rCtiC
David Titley 1 and Katarzyna Zysk 2

The Arctic is a unique maritime domain and physical environment that is changing
faster than any other place on Earth. The trend of abrupt and substantial variations in
ice coverage, increasing temperatures, waves and coastal erosion, and unusual weather
patterns is likely to continue, given persistent emission of greenhouse gases, primarily
by the world’s industrialized countries. These transformations profoundly affect both
weather and climate in much of the Northern Hemisphere, and spur political dynamics
that force governments and organizations to form new policies toward the Arctic
region. Changes in energy and commodity prices, global transportation infrastructure,
environmental and governance policies, as well as Russia’s relations with the outside
world, all impact the trajectory and pace of Arctic development.
This article examines the “signals” (ongoing trends), the “noise” (short-term
fluctuations) and the “swans” (the wild cards) in the environmental changes in the
Arctic and their geopolitical implications. Considering the rate and scope of the
multilayered regional transformations, this paper argues that it is best to focus on the
signals and not the noise, or the short-term fluctuations, while hedging, to the best of
our ability, against the swans.
The Arctic is changing faster than any other place on Earth. The collapse of ice coverage
and thickness, increasing temperatures, waves and coastal erosion, and changing Arctic
weather patterns are not only unprecedented in human civilization, but also likely to
continue, given the persistent emission of greenhouse gases. These physical changes
profoundly affect both weather and climate in much of the Northern Hemisphere, and
spur political dynamics that increasingly link the Arctic to world affairs.
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the signal and the noise:
persistent trends vs. short-term FluCtuations
environmental Change
The most dramatic change in Arctic conditions over the past 30 years is the decrease in both
coverage and thickness of the summer sea ice. The change in sea ice impacts virtually every
other component of the Arctic, both natural and human ecosystems, transportation, exploration,
hunting and subsistence, and potentially even the weather in much of the Northern Hemisphere.3
While there is much year-to-year variability in the amount of ice loss, the decadal
signal is relatively constant, and shows a loss of 80,000 to 90,000 km2 -- the size of
South Carolina -- each year. 4 Much of this loss occurs in the late summer and early fall.
While Arctic sea ice is decreasing in the winter at a rate of 2.6 percent per decade, the
summer sea ice is decreasing at a much greater rate of 13.3 percent per decade.
Equally important, long-term trends show the thickness of Arctic sea ice is thinning,
a consequence of warmer air and ocean temperatures, and the thick multi-year ice
is flowing into the Atlantic Ocean through the Fram Strait, the deepest gateway to
the Arctic Ocean. Although reliable and sustained observations of ice-thickness are
difficult to acquire, estimates based on submarine data show Arctic sea ice to be 33 to
50 percent thinner now than in the 1950s.
Determining the long-term trend signal from the year-to-year noise is particularly challenging.
The Arctic is undergoing changes not previously observed by human civilization so there
is little historical knowledge to draw upon. Until recently, many computer projections
underestimated significantly the rate at which the Arctic was losing summertime ice.
However, as observed in 2013 and 2014, the rate of the decrease is not linear and there
will continue to be seasons where summer ice coverage increases for a few years.
While some of the most aggressive forecasts of an ice-free Arctic later this decade
(i.e., Maslowski’s assessments5), most projections are for a month of nearly ice-free
conditions to occur prior to 2050.6 However, even with that relatively conservative
projection, it is still likely that the Arctic could experience a few days or weeks of
virtually ice-free conditions years or even decades earlier. While the substantive impact
of that event may be limited, it may be another political wake-up call in the Arctic,
similar to the impact of Russia’s policies in 2007–2008, symbolically expressed by
the illustrious planting of the Russian flag under the North Pole in 2007. The event,
although broadly overstated, was accompanied by such dynamics as an increase in
Russian military activity, anti-Western rhetoric, the slump in US/NATO–Russia
relations, and the 2008 war in Georgia. The Russian policies and their perceptions
outside have been major factors – along with the climatic deviations and Arctic energy
euphoria -- that have caused other countries to take notice of the Arctic dynamics.
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eConomiC development
While the environmental changes may be rapid, the economic development is proceeding
at a slower pace. Although the ice is decreasing, its amount in any given location at a
specific point in time is still subject to great uncertainty. This variability, along with
other external influences such as commodity prices, regulations and policies, relative
economic opportunities in non-Arctic regions, and, in the case of Russia, international
sanctions, economic crisis and long-standing structural problems, all modulate the rate
of expansion of human activity in the Arctic.
One example is the rate of growth of the Northern Sea Route (NSR), the shipping
route extending from Europe across the top of Russia, exiting through the Bering
Strait to the Pacific Ocean. Before 2010, the NSR functioned traditionally as a Russian
domestic transport passage. However, after a significant slowdown in the 1990s, the
NSR experienced rapid growth through 2013 with 71 vessels making the NSR transit,
accounting for approximately 1.36 million tons of cargo. 7 The number of transits
decreased, however, to just 31 in 2014. 8 Thicker ice, lower commodity prices, political
tensions and sanctions had a cumulative chilling effect. While the signal is for growth
of the NSR, it is not at the exponential rates the noise suggested between 2008 and
2013.
Tourist traffic on cruise ships is evolving in a similar manner. While tourism in Svalbard,
Greenland and Canada has slowly grown over the past decade 9, the growth has been
variable, or noisy, both from year to year and within each region.
These large fluctuations make policy decisions much more challenging. While no
nation or organization wants to be too late to react to changes in the Arctic, investing
time and resources ahead of the true need is also not wise.

the sWans: Wild-Cards
Nassim Nicholas Taleb defined the concept of “black swans” as events that are rare,
have high impact, and are predictable only in retrospect. 10 Taleb also discusses “grey
swans,” or improbable and significant events that are on the edge of predictability.
Given that the physical changes occurring today in the Arctic are beyond modern
human experience, the Arctic has high potential for either type of “swan” events, as
traditional risk and probability theories based on normal distributions may not apply.
While we do not pretend to have predictive powers, it is helpful to think through
scenarios that could happen and imagine their impact on a future Arctic. The following
scenarios are simply examples of some events that, if they were to happen, could
fundamentally change how the world views the Arctic.
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shipping and oil spill disasters
While cruise ship and oil spill disasters are discussed frequently, there has been little
written about the higher-order consequences beyond the immediate tragedy. In 2014,
nearly 65 percent of cargo shipped along the Northern Sea Route was oil-based
product. 11 What are the long-term impacts of a ship grounding or collision at the eastern
or western edges of the NSR, sending oil into the territorial waters of other nations? Or
the ramifications of a large cruise ship that hits a rock, ice, or catches fire in the Arctic,
resulting in hundreds or thousands of deaths, exposing the lack of rescue capacity
despite the Arctic Council’s 2011 Search and Rescue (SAR) Agreement? What if most
of those fatalities are citizens of a country not a full member of the Arctic Council?
Apart from potential disastrous environmental consequences, an oil spill in the Arctic
is likely to impede the economic development in the region as well as threaten the way
of life of the indigenous population. The long response time in the Arctic makes it
necessary to reach a decision as quickly as possible, potentially made harder when the
accident or its consequences encompass several state and non-state stakeholders.
A different type of shipping disaster would be a large cruise accident in the Arctic.
As the sinking of the Costa Concordia demonstrated, human error and blunders on the
ocean have not been eliminated by modern technology. Dozens of passengers died
from an accident within sight of the Italian mainland. A similar accident in the remote
reaches of Greenland or the Canadian Arctic is likely to have a far-higher death toll
and would expose the inadequate SAR and law enforcement capacity in the region.
In addition to the tragedy of severe and sustained environmental damage or numerous
fatalities, it is an open question how the geopolitical repercussions would unfold. Such
an event could bring nations closer together to work in cooperation to prevent such
future tragedies. The sinking of the Titanic in 1912 spurred the adoption in 1914 of the
first international convention for the Safety of Life at Sea (SOLAS). Or, conversely,
would another nation use the events as a pretext to fundamentally disrupt the Arctic
Council and force a change in Arctic governance?

greenland’s Future
Another potential scenario considered in recent years is that Greenland “goes alone” by
seeking independence and is aggressively courted by China. How might that alter the
dynamics among Arctic nations and between Arctic and non-Arctic states? While the
collapse in the oil markets in 2014 and a general slowdown in the economic viability of
Arctic-related projects have dampened these tendencies, commodity prices will rebound
at some future time. Have Europe and the United States fully thought through the
consequences of an independent Greenland with about 50,000 citizens sitting astride a
strategic strait to the Arctic and halfway between Europe and North America?
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s trange b edFelloWs
Although unlikely today, it is possible that either the United States or Canada could force a
resolution to the Northwest Passage (NWP) sovereignty issue at some point in the future.
Canada claims the NWP as “internal waters,” while the United States and other nations state
the maritime channel is an “international strait” as defined under the UNCLOS. Currently
there is almost no routine shipping through the NWP, and Canada and the U.S. agree to
disagree about the strait’s ultimate status. If the United States or Canada decided to force a
resolution to the NWP sovereignty issue, would Russia and China side with Canada? Russia
already defines the NSR as an integrated national transport route, and China might use the
Canadian NWP precedent to bolster its own claims on control of the South China Sea. What
would that support for China look like? Would there be pressure (asymmetric response)
applied in other parts of the world? Could the dispute be enough to rupture the North
American Free Trade Agreement (NAFTA) and realign trading blocks later this century?

t he r ussia F aCtor
Uncertainty connected to Russia’s domestic, foreign, and security policies and their impact
on the Arctic is a recurring theme in circumpolar relations. While the Russian authorities
have officially assured that they do not see any immediate threats in the Arctic, their anxieties
and fears concern several regional issues. Commander in Chief of the Russian Navy, Admiral
Viktor Chirkov, stated in March 2014 that the Arctic polar region could be potentially used
to create new security threats against the whole Russian territory, which, he said, justifies the
military modernization of both nuclear and conventional deterrence.12 Since Putin’s return as
president in May 2012, Russia has embarked on a large-scale military build-up in the region
including all defense branches. One scenario is that sanctions against Russia continue, the
military situation in Ukraine deteriorates and virtually all communication ceases between the
West and Russia. Russia declares its entire Exclusive Economic Zone in the Arctic to be a
security zone and requires permission for any vessel to sail in or through. Despite volatile
commodity prices and economic recession, Russia has successfully completed upgrading its
Arctic military capabilities and training to modern standards. How will the West respond?
Would the Western countries unilaterally cede military superiority to Russia in the Arctic, or
would the Arctic again become a contested operating theatre?

C onClusions
While the Arctic continues to change rapidly, that change will not be uniform in its rate or
impact. The ever-increasing concentrations of greenhouse gasses in the atmosphere will
continue to force changes in Arctic weather patterns and ice conditions for decades to come.
However, economic development, trade routes, commodity prices, environmental and safety
regulations, and geopolitical events that happen thousands of kilometers away from the
Arctic will all impact the rate and scale of the regional development, which will not be
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linear. One consequence of the variations in the political interest, and related investment
and preparedness, in the Arctic may be a higher risk for accidents in the region, which will
still continue becoming more accessible, even without an energy or transportation bonanza.
Another risk is a greater danger of miscalculation. If we ignore the region and then are
confronted with a sudden crisis, how much expertise and understanding will there be to best
manage that (potential) future crisis?
These factors complicate policy options and actions, as governments do not want to be too
late in a reactive mode nor too early by spending finite resources when they are not yet needed.
The best course of action is to consciously identify and separate out the long-term signals
from the shorter-term noise while continually thinking through potential swan scenarios and
how best to manage and minimize those risks.
For the United States, as for the other Arctic nations, now is the time to invest in long-term,
foundational capabilities that will be required as the Arctic opens up. In addition to mapping,
better weather, ocean and ice forecasting, and infrastructure capabilities, U.S. government
agencies and the private sector should gain experience operating in the Arctic, a region that
is still harsh and without much organic support capabilities. How best to partner with, learn
from, and respect the native cultures that have lived in the Arctic for thousands of years must
also be a component of any Arctic plan.
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FISH & CONFLICT

F ish , F ood s eCurity and F uture
C onFliCt e piCenters
Dr. Michael Thomas 1

introduCtion
Throughout history, fisheries have played a central role in driving economic
development and sustaining human livelihoods and health. But their success has also
been their Achilles’ heel; today fisheries have become ever more contested as nations
have increasingly sought both food and economic security in the face of rising demand
(population growth) and reduced supply (exhausted stocks, pollution, and species
loss). This neo-Malthusian scenario has been somewhat mitigated by the development
of an international rules-based approach to fishing governance designed to regulate
hauls and access, and provide pathways to avoid confrontation. But this balancing
act has now come under increasing pressure from both climatic and non-climatic
factors that are driving unprecedented changes to fish numbers, species composition,
distribution, range and yield. Climate drivers are presenting new and unprecedented
risks to fisheries, including increasing sea temperatures, ocean acidification, sealevel rise and changes to surface and deep water currents. These changes may could
become a proximate cause and/or tipping point for resource conflicts as countries
and companies pursue dwindling fish stocks that — accelerated by climate change —
are also moving beyond sovereign Exclusive Economic Zones (EEZ) and traditional
fishing grounds. Furthermore, conflict over fisheries in one part of the world can have
impacts on regions and economies thousands of miles away, and are now central to
understanding the unique security challenges of the Anthropocene.
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a brieF history oF Fisheries governanCe and Contemporary disputes
Fisheries have been and continue to be a central part of the human story.2 Paleo-studies
suggest fish have been important to the human diet throughout our evolutionary
history, 3 and multiple studies have emphasized their continued importance to food
security. 4,5,6,7 Beyond their important place in our evolutionary and civilizational history,
fisheries are an essential part of the modern global economy. Annual catches of fish
are nearing 100 million tons by an industry that indirectly supports the livelihood of
more than 1.5 billion people and supplies 3.1 billion people with 20% of their protein
requirements. 8 As global population is expected to reach 9.7 billion by 2050, fisheries
will remain a crucial pillar of food security. Annually, the fisheries contribute more
than USD$270 billion to global GDP and, of the 120 million full-time and parttime people employed by the fishing sector, roughly 47% are women and 97% are in
developing countries. 9 More than just a mere food source, fisheries have been, and
continue to be, fundamental to global economic development and human health.
Viewed this way, it is axiomatic that any substantive variation to fisheries (such as
changing availability, reduced yields, loss of access to fishing grounds, increased
competition, as well as changing fish ranges, distribution and species loss) has the
potential to significantly impact human, national and — in extremis — international
security. This has been recognized since at least the 1950s when the exponential
growth of the fishing industry — from local near-shore fishing fleets to the rise of
industrial-scale flotillas (about 4.6 million fishing vessels in 2014) — necessitated a
lattice of international conventions and agreements designed to regulate catch and
avoid confrontation through the promotion of a rules-based approach. 10 This idea has
been especially significant for the high-seas, where the tyranny of distance and limited
sovereign jurisdiction renders entire areas susceptible to illegal, unreported, unregulated
(IIU) fishing. 11 Despite all of this, the agency and effectiveness of international fishing
laws, norms and institutions have been limited by the voluntary nature of nations
acceding to the various agreements and to the complexities and challenges associated
with enforcement. The point that almost one-third of world’s fish stocks are overfished
and that marine populations have declined by almost 50% since 1970 lends urgency to
resolving the structural challenges of fishing governance. 12, 13
The rise of an international, rules-based fishing order has, on occasion, been sorely
tested in more direct ways. Between 1952 and 1976, the so-called ‘Cod Wars’ saw
Britain and Iceland repeatedly square off over disputed access to fishing grounds
in the North Atlantic. Characterized by major public demonstrations, ramming of
ships at sea, and the deployment of opposing naval forces, the conflict climaxed when
Iceland threatened to leave NATO, thereby exposing Europe to Soviet submarines
operating across the Greenland-Iceland-UK (GUIK) gap. 14
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Similar disputes have also occurred between France and Brazil (the so-called ‘Lobster
Wars’ in the early 1960s); 15 in 1993 between France and Britain (the ‘Cherbourg
Incident’); 16 and in 1996 between Canada and Spain over fishing rights on the Grand
Banks of Newfoundland (the ‘Turbot War’). 17 The Mediterranean has also repeatedly
been a region of intense disputes exacerbated by over-exploitation of fisheries for the
past 50 years and disputes over maritime boundaries. 18 The region has lost 41% of its
marine mammals and 34% of its total fish population 19 Morocco and the European
Union (EU) have, since the 1970s, had several major disputes over fishing ground
access and claims of over-fishing. Likewise for Spain and the UK, while the ongoing
dispute between Turkey and Greece in the Aegean Sea originated, in part, over fishing
rights. 20
More recently, Vietnam and China have repeatedly clashed over fishing rights in the
South China Sea, including a 2005 incident where Chinese patrol boats opened fire
on Vietnamese fishing trawlers, killing nine crewmen, reminiscent of a 1988 incident
in which 64 Vietnamese were killed. 21 With multiple overlapping and competing
territorial claims and large populations dependent on fisheries and other resources,
violent incidents and military brinkmanship between multiple nations in the South
China Sea remain persistent and unresolved. 22
Despite the seriousness of these disputes and associated structural challenges, one
mitigating factor (variability aside) has been the constancy of the climate. But this
dependability — a bedrock of fisheries and human livelihood for millennia — can no
longer be relied upon.

Climate Change: a neW FaCtor in Fisheries
neW physiCal and ChemiCal CharaCteristiCs
Climate change is now widely recognized as a major factor shaping the world’s oceans,
posing a threat to global fisheries and the existing international rules-based approach. 23
Central to this is the unprecedented change in the underlying physical characteristics
of the world’s oceans. Since the 1980s ocean heat content has increased by 15 x 10 24
joules or roughly 270 times the total amount of energy used by all the people on
Earth for one year (Figure 1). 24 This is increasing ocean sea-surface temperatures
(0.11ºC per decade 1971-2010 for the upper 75m) and is a contributing factor to
sea-level rise through thermal expansion and its role in melting sea-ice, particularly
across the Arctic. 23 Climate change is also causing the world’s oceans to become more
acidic, driving changes in salinity levels, altering oxygen and carbon concentrations,
and affecting the variability of the planet’s major ocean surface currents and deepwater circulation systems. 24
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Figure 1: Climate change is
driving up global ocean heat
content. sourCe: US EPA.25
Such changes are negatively impacting
fish physiology, phenology, and
behavior, resulting in changes to spatial
distribution, productivity, species
numbers and composition.25 Some
studies, for instance, estimate that ocean
warming and shifts in net primary
production could lead to a reduction
in total global fish catch by 6%, and
as much as 30% in the tropics, by
2050.26 Others have assessed that ocean
warming in association with declining
oxygen levels could reduce the body
weight of fish by 14-24% globally,
with a 20% reduction in fish biomass
experienced across the tropics.27

Climate change is also particularly damaging to coral reef and mangrove systems; 28
often considered as the engine rooms of marine productivity, wherein they serve as
incubators and as oases for larger pelagic fish and marine mammals. 29 The overall
changes imposed by climate change on the oceans are crucial from a food security
perspective, particularly across developing nations, where fish accounts for some
20% of the daily diet (by weight) for 1.39 billion people, and where creating access
to alternative sources of micronutrients often is beyond the capacity of poor local
communities, much less weak states.30 In this challenged ecosystem – where denuded
marine ecosystems, already under stress from over-exploitation, IIU, industrial pollution
and poor governance, rapidly translate into loss of income, livelihood and in some
cases malnutrition of communities that rely on fish as a key source of nutrition,31 –
climate change stands to be a major threat to global food and economic security.

Figure 1: Changes in
marine catch as a result
of climate change
and other factors
is projected to be
acutely felt across the
equatorial belt and in
developing countries.
sourCe: Nature.32
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neW extremes
Climate change is also driving more extreme events, laying waste not only to marine
habitats but also to the critical infrastructure (vessels and ports) required to support
fisheries’ livelihoods. Related to this is the prospect of larger and more intense El Nino
and La Nina that are harbingers of more extreme droughts, cyclones, floods, wildfires
and downpours across the planet. 33 This is also the case in the marine environment, as
evinced by the 1972/73, 1982/83 and 1997/98 El Nino that witnessed decreased catch,
surging fish prices, and adverse economic consequences. 34
In particular, extreme El Nino and La Nina events have the ability to significantly
disrupt marine nutrient supplies (such as phytoplankton and zooplankton) that are
critical to virtually all higher forms of marine life.35, 36 While disruptions to nutrient
supply related to the Peruvian Current are well known under El Nino conditions, a
recent study found that nutrient production in the South China Sea also was suppressed
under extreme La Nina conditions, 37 which due to climate change, could potentially
increase in frequency.44 Ultimately, less nutrients means smaller and fewer fish. As
history has shown, this usually leads to one of two outcomes: increased competition
and tensions over existing fishing grounds, or a move by foreign fleets to exploit new
locations.
On the latter point, a recent report highlighted how Chinese Distant Water Fishing
(DWF) companies have pushed into West African waters, exploiting the lax maritime
enforcement and costing West African economies $2 billion a year.38 In the case of
Senegal, fish prices have soared as scarcity has increased due to the presence of
destructive Chinese bottom trawlers that sap 40,000 tons of fish a year from their
waters. Already gripped by climate-related drought, the decline of the Senegalese
fishing sector has led to economic and food security concerns that have been cited as
one factor in driving their youth to make the hazardous journey to Europe and adding
to existing migrant tensions and instability across the continent.39

Fish seCurity epiCenters
Three global “fish security epicenters” have emerged where climate change has the
potential to significantly impact regional and global security: the South China Sea
(SCS), the Arctic, 41 and the African great-lakes. 42
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Figure 2: With local
waters exhausted,
China has deployed
its Distant Water
Fleet (DWF) into
other areas around
the globe, reducing
fish stocks and
impacting food and
economic security
for littoral nations.
sourCe: Greenpeace.40

the south China sea
The SCS is an area fraught with security dilemmas. While energy resources are often
cited as a factor, 43 fisheries plays a major — if not defining — role. 44 An overview
captures the high-stakes: the area is home to more than 3,360 marine species, generates
12% of the world’s catch, worth $21.8 billion, employs almost 4 million people and
feeds hundreds-of-millions more. 55% of the world’s fishing fleet operates in an area
that possesses an increasingly dwindling resource base that has seen a 70% to 95%
depletion since the 1950s. 45 Moreover, competition among nations has been manifest
for decades, and fishing fleets are widely regarded as proxies for staking maritime
claims. Arguably, China is the most advanced and uses its 200,000-strong fishing fleet
as a “maritime militia,” operating with impunity as an irregular naval force, claiming
islands, ferrying goods and materials to assist the PLA in port and military-base
construction, and collecting maritime intelligence inside the so-called nine-dashed
line. 46 However, while many point to aggressive Chinese tactics, other littoral nations
have been equally bold. Indonesia, Vietnam, Malaysia and the Philippines have all
blown up or threatened to blow up vessels that enter “their” waters and regularly use
their navies to intercept and destroy foreign fishing vessels.47, 48
It is in this overall context that climate change has emerged as an SCS threat-multiplier,
layering existing problems with new dilemmas that serve as a further catalyst for
conflict. This can occur in several ways. First, climate change has the potential to
cause SCS fish stocks to migrate away from the region, potentially causing fleets to
pursue stocks into more northern (Taiwan Strait, East China Sea, or Sea of Japan),
southern (Indonesian archipelago) or eastern waters (Philippine Sea). In such a tight
operating space, with hundreds of thousands of fishing vessels, unresolved territorial
claims and depleted fish stocks, even the slightest migrations present risk. Second,
climate change has the potential to reduce SCS marine productivity through coral
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bleaching, habitat destruction and changes in nutrient production. In the absence of
alternatives, particularly for those nations lacking distant water fleets, reduction to
fisheries productivity exposes millions to food and economic insecurity.

the arCtiC
More than any other region on the planet, the Arctic is being transformed by climate
change. The narrative, by now, is an unhappily familiar one: the region is warming twice
as fast as the global average and summer sea-ice has been declining more than 10% per
decade since 1979 49 such that it is ”likely” to be ice-free by summer 2050, 24 with some
estimates as early as 2030.50 The loss of ice has produced a negative feedback loop, in
which an increasing amount of the sun’s energy is being absorbed rather than reflected.
No longer the global refrigerant, increased temperatures have triggered widespread
tundra-melt, hastening the release of stored methane, which acts as an accelerant to
climate change. In lock-step with these changes has been increased interest by nations
to exploit the Arctic’s increasing accessibility and accompanying socioeconomic
opportunities. Foremost, they seek shorter shipping routes that connect the global
commodity markets of Europe with Asia-America and offer the opportunity to exploit
untapped natural resource deposits, fishing, tourism opportunities and scientific
expeditions. 51 As countries position themselves, national military forces are being
marshaled as a means to secure these opportunities. Military force projection into the
region and future expansion plans by the militaries of Russia, the US, Canada, Norway
and others have fed perceptions that the Arctic is being unnecessarily “securitized,”
with the possibility that it may lead to grave misunderstandings. The possibly of the
Arctic as a future theater of conflict has not been dismissed.
Fisheries form a part of this increasingly fraught climate-security scenario. Marine
ecosystems, like their surface counterparts, have also warmed twice as fast as the global
average, prompting a pole-wards shift of migratory fish out of the north-Pacific and
Barents Sea at an “invasion intensity” rate five-times the global average. 52 The arrival
of “generalist” fish is causing a retraction and deterioration of existing Arctic species
that may ultimately lead to disruption, even the destruction and extinction, of local
ecosystems and fish varieties. Of particular interest is the movement of commercially
popular species such as cod and haddock, as well as projections that fish size may
actually increase (figure 3), which could make the region increasingly attractive to
non-arctic fishing fleets. In this instance, the unwelcomed and increased presence
of foreign fishing fleets moving into an area of unresolved maritime disputes poses
additional challenges for the region.
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Figure 3. Projected changes in
expected biological responses
of fish communities in terms
of distribution and body size.
sourCe: Nature.53

the great lakes
While much focus is on the impact of climate change on the world’s oceans, climate change
is also impacting inland lakes, rivers and estuaries, which represent a new dimension to fish
and food security. Nowhere is this more prevalent than in the African Great Lakes region.
Located in the East African rift valley region, the African Great Lakes are a vast collection
of lakes54 that possess 25% of the planet’s freshwater supply, 10% of its fish species, and
a source of food and economic security to some 107 million people. This affects almost a
dozen countries, including some of the most crisis-stricken in the Democratic Republic of
Congo, Burundi, Rwanda, Uganda, Kenya, Tanzania, Zambia, Mozambique and Ethiopia. 55
The importance of the lakes to livelihoods and national economies cannot be underestimated.
To take one example, Lake Tanganyika yields up to 200,000 tons of fish per annum and
supplies about 60% of the region’s protein consumption.56 Nonetheless, it is a region
in the balance, wracked as it is by poverty, terrorism, corruption, poor governance,
unemployment, population growth, resource scarcity and violent conflict. Climate change
presents as an additional threat multiplier that exacerbates these challenges. While the
effects of climate change on precipitation patterns, desertification, temperatures, drought
and extreme events are well documented across Africa, it will also be detrimental to fisheries
through declining fish and mollusk species, reduced mixing and upwelling events leading to
suppressed nutrient supply, and impacts on fish habitats through increased temperatures,
decreased dissolved oxygen levels and increased toxicity. 57
Negative impacts on the Great Lake fisheries will have significant consequences for
regional food and economic security, particularly given the litany of existing problems,
but also because of the high reliance of the population on fish as a fundamental source
of nutrition, employment and livelihoods, income and government revenues through
fisheries agreements and taxes.58 A decline in fisheries risks malnutrition, unemployment
and reduced incomes, which serves to increase societal stress and state fragility.
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Such conditions are ripe for exploitation by either entrenched elites or, as has occurred
further north around Lake Chad, by terrorist groups and insurgents. Lake Chad has
been severely stressed by climate change; over the past 50 years it has lost 90% of
its surface with the prospect that it could disappear within 20 years. As the region’s
economic and cultural anchor point, which sustains some 30 million people, such an
event not only would have devastating security consequences, especially in Africa,
but also would drive desperate migrants across the Mediterranean to Europe. In part,
these issues are already playing out in the form of Boko Haram, the terrorist group
that preys on poor and underemployed youth, which has already claimed some 20,000
lives. 59

ConClusion
Fisheries are central to human existence. Climate change has the potential to act as
a major disrupter to fish stocks, distribution and composition. While conflict over
fish has been a constant feature of international relations, climate change is poised to
introduce large-scale changes unmatched in recorded history. The ability of governance
frameworks and institutions to manage these changes remains, at best, a fragile and
uncertain bet. Preventing conflict over fisheries and maintaining food security from
fish protein will require better understanding and preparation for the confluence of
risks. The current international rules in place to regulate fishing do not do enough to
accommodate a changing climate. Food and fishery security and the possibility of these
conflicts scaling up to higher order security risks, suggests that this issue be prioritized.
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THE COFFEE BELT

C limate , C oFFee

and

s eCurity

Shiloh Fetzek 1

introduCtion
Many people view climate change as an abstract threat to other, faraway persons in the
distant future. Take away their morning cup of coffee, though, and they may come to
realize that climate change is happening here, now, to us. But the likely impacts and
consequences of the threat climate change poses to coffee don’t stop with a more
expensive or less reliable cup of morning of coffee. Climate change’s impact on coffee
production could drive broader social and security risks, and disrupt the intricate
and fragile relationship between coffee farming and economic, social, political and
regional security.
Climate change will have a dramatic effect on the coffee market. One estimate suggests
that half of the land suited to production of the Arabica beans that form the mainstay
of the coffee trade will no longer be suitable for growing coffee by 2050. 2As a crop,
coffee is highly vulnerable to climate-related pests and diseases, with an outbreak of
the fungal disease coffee leaf rust causing Guatemala, El Salvador and Honduras to
declare national emergencies in 2013. As the climate changes, it will cause unpredictable
shifts in exposure to pests and diseases that will complicate efforts to insulate the
industry from climate impacts.
There is often an overlap between the areas where these adverse impacts are projected
to be most severe and countries with the highest percentage of GDP derived from
coffee exports. Many of these countries also face underlying security fragilities, such
as a history of recent conflict, serious organized crime, weak state institutions, chronic
poverty, food insecurity, and rapid urbanization, often in combination with high
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unemployment and burgeoning youth populations. The loss of a vital cash commodity
crop for some of the poorest and most vulnerable citizens in these countries, and
the detrimental effect on foreign exchange and GDP for their national economies,
threatens to exacerbate such underlying fragilities and – in some cases – impact the
drivers of insecurity in ways that could scale up to broader regional security concerns.
Despite some economic traits unique to coffee, a similar analysis could be done for any
globally traded food crop or any crop that contributes to regional food and economic
security. But, unlike with staple foods such as cereals, (which for many communities are
necessary for survival), coffee, and the climate-exacerbated shocks to the communities
that depend on it for their livelihoods, are not typically factored into analysis of state
fragility or regional insecurity. In this context, it is possible that the potential security
repercussions of a climate-related crash in coffee production could be overlooked,
raising the risk that coffee crop failures become black swan events that would be easy
to miss while focusing on arguably more immediate threats to staple crops.

CoFFee produCtion in a Changing Climate:
supporting 25 million Farmers
Coffee is one of the world’s most important agricultural commodities and the primary
source of income for 125 million people globally. 3 Coffee beans are a labor-intensive,
high-value crop that can maximize earnings from small landholdings, although coffee
growers and laborers regularly endure hardships associated with this volatile commodity
market. Ninety percent of the coffee that is traded is produced by smallholders, and
it is on these small producers that damage to the coffee industry from climate change
will fall most heavily, particularly as a large majority of the 25 million farmers who
produce coffee may have few agricultural alternatives to provide their livelihoods. 4
While coffee production has matured with time and technology, growing coffee berries
has always been a delicate process. The coffee plant is highly sensitive to temperature
and rainfall variations and has a narrow range of optimal conditions, outside of which
bean quality and yield decline. Coffee flowers bloom only for about 48 hours, and
the plant is vulnerable to disease and pests. Both Coffea arabica L. (Arabica) and Coffea
canephora, syn. Coffea robusta (Robusta) require stable, predictable climatic conditions to
flourish. Arabica is the higher-value variety that accounts for around 60% of export
volume 5 and is the preferred choice for smallholders who produce coffee for export.
The stable, predictable, climate conditions that enable coffee production are projected
to become less stable and predictable. Regional warming and increasingly erratic
rainfall have already increased the frequency of poor coffee harvests in many countries,
affecting regional and global prices. Further climate change will alter the geographic
distribution of areas suitable for growing both main varieties of coffee. By 2050, the
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warming climate could shift the optimal altitude for coffee production from 1,400 m
(in 2020) to 1,600 m.6 As the climate zones suitable for coffee production gradually
“climb up the mountain,” new geographies for coffee production will emerge as
production becomes viable for higher-altitude smallholdings, while farmers at lower
altitudes may no longer be able to produce their cash commodity crop. 7
But any new opportunities to grow coffee may be short-lived as the climate continues
to change and geographical suitability continues to shift. Investment in coffee trees and
trade systems take 8-15 years to come to fruition,8 reducing the window of opportunity
for smallholdings that find themselves passing through a climate optimal zone, making
planning for such shifts difficult. While the few, large trading and roasting companies
will continue to purchase from wherever coffee beans are available, smallholders are less
flexible. Without adaptation or crop diversification small producers will lose income,
but even successful adaptation to the impacts of climate change on coffee production
will increase costs, whether it is from purchasing pesticides and fungicides, diversifying
crops, installing irrigation systems or planting shade trees. Smaller producers already
tend to have more limited resources,9 and declining crop yields and quality will put
further strain on their finances. In turn, this may impair their ability to respond to
disease outbreaks or undertake other climate adaptation measures, creating a vicious
cycle that may be difficult to reverse.
The potential loss of income for small coffee growers and laborers from climatedriven shifts in agriculture threatens not only the economic security of households
across coffee-producing regions, but could also have a significant impact on national
economies in a number of developing countries. In a climate-disturbed world, this
temperamental bean that supports the livelihoods of millions could become an
increasingly unreliable bet.

Climate-related pathogen – CoFFee leaF rust
Coffee leaf rust (Hemileia vastatrix), illustrates the potential of climate-driven damage
to coffee production as an epicenter of risk. This climate-related fungal disease infects
and destroys the leaves of Arabica coffee trees, impeding photosynthesis and gradually
killing the trees. The fungus cannot survive below 50°F/10°C, which previously
limited its spread above elevations of 1,600 m. Warm, humid conditions, rainy weather
and warming night-time temperatures have expanded this ceiling to 2,000 m, bringing
more coffee plantations within its reach. Historically, leaf rust has been a manageable
risk because it is limited to certain elevations and climatic conditions. However, as
with other climate-exacerbated stresses, the coping and risk management methods that
have been developed for historic climates are unlikely to remain reliable.
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risk zone – Central ameriCa
Coffee is the most profitable export crop in coffee-growing regions of Central America.
The industry directly employs more than 2 million people in Central America and the
Caribbean, with hundreds of thousands more employed by suppliers and in service
industries.
A severe outbreak of coffee leaf rust in 2012/2013 impacted half of the approximately
1 million acres of coffee cultivated in Central America. Occurring simultaneously with
a global fall in coffee prices, it meant Guatemala, El Salvador and Honduras saw the
total value of their export coffee crops decline from about US$3.4 billion in 2011/12
to US$1.6 billion in 2013/14. The region saw more than half a million job losses and
all three countries declared national states of emergency. 10
While the reasons for the severe 2012/3 leaf rust outbreak are complex, a 30% fall in
coffee prices resulting from broader market issues contributed to poor institutional
and farmer capacity to respond effectively to the early stages of the outbreak 11 and
limited funds available for fungicide and fertilizer to strengthen trees. It is likely that
increased climate variability was an important factor behind the scale of the outbreak. 12
For smallholders and harvesters in this region, income from coffee is essential for
purchasing food and supplies for the cultivation of staple grains. 13 The loss of income
that accompanied the leaf rust outbreak caused significant food insecurity, with the
Famine Early Warning Systems Network and World Food Program both warning of
potential famine. 14 These dynamics acted as push factors for both internal (primarily
urban) and cross-border migration, a routine coping strategy for Central Americans in
the agricultural sector to improve food security but one that makes migrants vulnerable
to human traffickers and which can exacerbate underlying security fragilities. The
coffee rust epidemic, as part of the wider context of economic stagnation and poverty,
was one potential factor contributing to the 2014 surge in unaccompanied minors
seeking to enter the United States, almost all of whom came from Guatemala, El
Salvador or Honduras. 15
These trends are layered on top of pre-existing tensions and vulnerabilities.
Mesoamerica, and these “Northern Triangle” countries in particular, struggle with
narcotrafficking and serious organized crime resulting in some of the highest murder
rates in the world. 16 Youth who find themselves unemployed in urban areas may have
few economic options other than getting involved with gangs, and the level of gang
activity and violence can, in turn, act as a push factor for migration as well as limit
economic growth and compromise state capacities.
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potential Fragility reperCussions oF Climate impaCts on CoFFee
Not all regions where climate change will significantly affect coffee production have the
underlying security dynamics of Central America. However, because so much coffee
is grown by small producers, climate-driven disruption to coffee production is likely
to impact livelihoods and economic security, and have socioeconomic repercussions
wherever it occurs. That includes in other regions with underlying security fragilities,
where the effect of unemployment, contracting livelihoods and poverty on local
security will emerge in context-specific ways.
The gross value of production of green coffee is over US$16 billion annually. 17 The
table below indicates the countries in which coffee exports (both green and roasted
beans) contributed the highest percentage of GDP from 2003-2013. 18

Country
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
The Center for Climate and Security

www.climateandsecurity.org

Honduras
Nicaragua
Burundi
Ethiopia
Vietnam
Guatemala
Uganda
Papua New Guinea
El Salvador
Rwanda
Costa Rica
Colombia
CÔte d’Ivoire
Peru
Kenya
United Republic of Tanzania
Guinea
Cameroon
Brazil
Jamaica
Togo
Belgium
Switzerland
Indonesia
Madagascar

Percentage of GDP from green
and roasted coffee exports,
averaged over 2003-2013
4.53
3.24
2.83
2.33
1.88
1.67
1.60
1.41
1.12
1.08
0.95
0.75
0.56
0.52
0.49
0.39
0.35
0.32
0.25
0.21
0.20
0.17
0.16
0.14
0.12
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Many of the countries that get the most economic benefit from coffee also face underlying
fragilities such as a history of recent conflict, weak governance and institutions, rapidly
growing youth populations in the context of low economic development and high
unemployment, serious organized crime and other security issues.
This map 19 of regions projected to be suitable for Arabica and Robusta cultivation in
2050 helps identify the countries that face the biggest risks to their coffee industries
from climate-driven changes in coffee production.

sourCe: Ainhoa Magrach and Jaboury Ghazoul, “Climate and Pest-Driven Geographic Shifts in Global Coffee
Production: Implications for Forest Cover, Biodiversity and Carbon Storage,” PLoS One (2015)

Countries at particular risk include:

h onduras
Honduras has both the highest percentage of GDP derived from coffee exports and large
areas of the country where Arabica is currently cultivated that are projected to become
unsuitable by mid-century. A modest increase in areas suitable for Robusta is unlikely to
compensate for this loss, which could present a significant challenge to economic growth and
development, heavily impacting the livelihoods of smallholder producers. The repercussions
of this change could interact with the drivers of instability in Honduras by spurring urban
migration and limiting alternative livelihoods, which could increase the likelihood of
involvement in illicit economic activity. Honduras’s underlying security fragilities include
narcotrafficking and serious organized crime, political instability and weak state institutions.

u ganda
20–30% of Uganda’s foreign exchange earnings are provided by coffee exports, and 90% of
Uganda’s export coffee crop is produced by smallholders on farms ranging from 0.5 to 2.5
hectares.20 A significant segment of the country’s population derive their livelihoods directly
from coffee production – as such, coffee is also important for income and food security.
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The impacts of climate change are already being felt on livelihoods, food security and
migration patterns in Uganda. 21 Uganda grows rain-fed Arabica and Robusta coffee
varieties, with climate change expected to bring a significant reduction in the area
suitable for cultivating both. Uganda’s coffee industry does not have a history of
responding well to shocks, 22 and disrupted coffee production has the potential to
compound underlying fragilities in the country. These include recurring food insecurity,
a large and growing youth population, legacy of conflict, emergence of armed rebel
groups, the effects of an autocratic government and fractiousness in political parties
and election violence. 23
In countries that face the loss of coffee as a viable export commodity, managing the
threat to livelihoods and corresponding security risks might require finding alternative
cash crops that can manage in a changing climate. Crops such as cacao might offer
a viable alternative in some places, but even successful transitions to other crops
will involve an inevitable degree of economic turbulence, and require investment and
planning over significant periods of time. In some cases, weak institutional capacity
in countries affected by instability and conflict could present a barrier to effective
adaptation of the sector.

steps to minimize adverse outComes
Managing the risks to livelihoods, economic development and stability posed by the effects
of climate change on coffee production will require first and foremost a better understanding
of how climate stress to coffee production can increase fragility. If this risk is not being
monitored, it could easily be missed by those whose responsibility it is to prepare for and
manage shocks and stresses, including increased fragility risk and damage to livelihoods.
There are other measures that are also important to preparing for these changes.
These include adapting coffee production through more robust crop varieties, new
pest and disease management techniques and strengthening early warning systems.
It will also be necessary to support livelihood diversification for producers and to
promote local-level adaptation and resilience, particularly where state-level capacities
are weak. The coffee industry has begun to incorporate food security concerns into its
sustainability agenda and supply chain risk analysis; continuing to do so will help to
improve resilience in the face of climate-related risks.
Recent climate impacts on the market have shown that we should prepare for the
unexpected in the near-term, and expect major geographic shifts to coffee production
in the medium-term. As one of the world’s most valuable agricultural commodities,
and a highly climate-sensitive crop produced by smallholders in countries facing an
array of political and socioeconomic challenges, climate risks to the unassuming coffee
bean could have an outsized impact on stability if ignored.
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MIGRATION &
DISPLACEMENT

m igration and d isplaCement
C hanging C limate

in a

Robert McLeman 1

The physical impacts of climate change are set to become the fastest-growing driver
of involuntary migration and displacement globally, beginning in the middle of this
century. Climate change is exerting a growing influence on voluntary migration within
states and between contiguous countries as households adjust and adapt to shifting
local environmental conditions and fluctuations in food and water availability. The
greatest concentrations of climate change migrants and displaced people in the future
will likely be situated in (1) dryland regions with highly seasonal precipitation regimes,
(2) in heavily populated, low-lying coastal areas that regularly experience tropical cyclone
activity, and (3) on atolls in the Pacific and Indian oceans (although this is a dynamic
that will likely be felt globally). The impacts of climate change on people living in
such environments will likely be exacerbated by rapid population growth, declining
per capita global food supplies, and growing per capita water scarcity. The large-scale
migrations and displacements that emerge may undermine development in the world’s
poorest countries, swell urban populations to the point that many cities may become
ungovernable, erode confidence in government institutions, and undermine peace and
stability.
The outcomes just described are not inevitable but grow increasingly likely given the
current absence of meaningful international investments to build adaptive capacity.
The next 20 to 30 years are a critical period for action. Concerted cooperation among
governments, communities, the private sector, and civil society will be needed to
change our current trajectory toward a future of disruptive, climate-driven migration.
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a snapshot oF Current global migration
A first step in changing trajectories is to understand why people migrate in the first place.2
Most people who migrate do so for one or more of the following three reasons. First are
economic motivations, with people moving to take advantage of labor market and financial
opportunities or to pursue education and training. Sometimes this migration is permanent,
other times it isn’t. For example, in dryland countries in sub-Saharan Africa, young adults
often migrate out of the countryside during the dry season, seeking temporary employment
in nearby cities until the rains return and their labor is again needed at home.3
Second, various social and cultural incentives, such as family obligations, lifestyle
preferences, and societal expectations, contribute to migration. Often, these social and
cultural considerations overlap with economic factors. For example, in many dryland
and mountainous regions, nomadic and semi-nomadic pastoralism is simultaneously an
economic practice and a source of social and cultural identity for those who practice it.4
Third, exogenous factors pressure people into migration that they would not otherwise
undertake. These include acts of violence, persecution, conflicts, and political instability, as
well as natural disasters and government-enforced resettlement to make way for development
and infrastructure projects. Involuntary migration for political reasons is currently at its
highest level in 20 years, with more than 16 million people currently recognized as requiring
refugee protection under the United Nations mandate.5 Over half of all refugees globally are
products of conflicts and political instability in just three countries – Afghanistan, Somalia,
and Syria. The number of people displaced by natural disasters varies considerably from
one year to the next but is significant; the International Disaster Monitoring Centre reports
than since 2008, an average of 26 million people annually have been displaced by disasters.6
Migration tends to flow in particular directions; rarely does it take the shape of random
movements of people. In less developed countries, most migration takes place within national
borders and flows from rural areas and smaller communities to larger cities.7 Depending
on local environmental conditions and land-use practices, there can also be large flows of
labor migrants between rural areas. When urban economies contract or collapse, migration
can flow from the city to the countryside, although historically this phenomenon has been
relatively uncommon, localized, and usually temporary.8 International migration is less
common than intra-national migration, with most international movements taking place
between countries that share contiguous borders. The UN Department of Economic and
Social Affairs estimates there are currently 220 million people worldwide who have moved
out of their respective countries of origin. To put this into perspective, it is estimated
there are more than 200 million internal migrants in China alone.9 Although large-scale,
long-distance migration events such as the 2015-2016 movement of more than a million
people to Europe from the Middle East and Africa have dominated media and policymaker
attention, most international migration to date occurs among less developed countries in
the global South.10
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It is also worth noting an important category of people researchers describe as ”rapped
populations,” that is, people who would migrate out of challenging circumstances but
lack the means to do so. 11 Such groups may be found, for example, in locations exposed
to natural hazards such as floods and landslides, in highly polluted environments, and
in locations with degraded agricultural soils.
Climate change will affect all of the aforementioned types of migration and immobility.
Of particular concern is its potential to stimulate larger movements of internal and
international migration across a range of geostrategically important regions.

hoW Climate Change alters global migration patterns
The preceding snapshot of global migration patterns is set to change in four ways as a result
of climate change. First, many regions will experience increasingly severe tropical storms
and associated flood events12 that generate larger volumes of internal displacement and
migration. The evidence for this is found by studying the outcomes of extreme storms
in recent decades, including Hurricane Mitch (Central America, 1998), Hurricane Katrina
(United States, 2005), Cyclone Aila (Bangladesh, 2009) and Typhoon Haiyan (Philippines,
2013). In each case, the storm was followed by a churning pattern of migration as people
struggled to recover from damaged housing and lost livelihood assets.
Governments and relief agencies were not able to cope with the scale of homelessness
and displacement, leaving many people dependent on extended family networks and
informal organizations such as church groups for emergency shelter and support. Large
numbers of young adults migrated out of storm-hit areas in search of short-term job
opportunities, hoping to remit money home to help rebuild their family’s lost or damaged
property. This phenomenon shows up, for example, in U.S. immigration statistics in
1999, which reveal a sudden surge in Honduran nationals apprehended entering the
country clandestinely via Mexico following Hurricane Mitch (Figure 1).
The likelihood of people returning and resettling in storm-hit areas depends on the
extent of damage to housing stocks and basic infrastructure; as seen in Figure 2, the
population of New Orleans did not fully recover following Hurricane Katrina. The
number of people at risk of displacement by future storms in the Caribbean basin, along
the southeastern U.S. Atlantic coast, and in large river deltas of south and southeast Asia
will be augmented by rapid population growth in exposed areas, a result of the combined
effects of natural population increase and high rates of in-migration and urbanization.13
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Figure 1: Undocumented
Honduran nationals
intercepted entering the US
from Mexico
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Rising sea levels present an additional set of risks to coastal populations. The current
global rate of mean sea level rise (MSLR) is estimated at just over 3mm per year, and
appears to have accelerated in recent decades. 14 Scientists warn that if global average
temperatures rise by more than 2ºC from pre-industrial levels – as will occur around
2050 if global greenhouse (GHG) emissions continue on current trends – a sea level
increase of a half-meter or more by 2100 becomes likely in many parts of the world. 15
While tens of millions of people living in the lowest-lying areas will be threatened with
permanent inundation by the end of the century, a more pressing threat is that even
modest MSLR facilitates the inland penetration of storm surges and king tides, raising
the risks of storm damage to property and the salinization of coastal agricultural lands
and groundwater.
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Such risks are particularly concerning for populations living on coral atolls in the Indian
and Pacific oceans, especially those atolls that are subsiding tectonically or are erosionprone.16 In densely populated coastal deltas in Asia, MSLR is exacerbated by the pumping
of groundwater, which accelerates the compaction of loosely consolidated sediments. The
result is that in places such as Shanghai and the Ganges-Brahmaputra delta, the relative
rate of sea level rise is more than double the global average.17 Wealthier nations will be able
to offset such risks by constructing flood barriers and sea walls, such as those that already
protect Venice, the Thames estuary, and the Dutch coastline. But less developed nations
may be obliged to adopt a strategy of planned relocations from low-lying coastal areas. In
the case of atoll nations, there may be no place to retreat to, forcing their populations to
seek relocation to other nations.
A third driver of migration and displacement will be changes in regional precipitation
patterns, greater dryness in arid and semi-arid regions, and increased frequency and/or
severity of droughts. These impacts are expected to be highly variable across and within
regions, and climate models do not currently provide reliable, local-scale projections of
future precipitation patterns in parts of Asia that experience monsoonal precipitation. 18
The most at-risk regions are those that are simultaneously unstable climatically, are easily
susceptible to land degradation, and have disproportionately large rural populations –
a description that applies to large dryland areas in South Asia, western China, Sahelian
Africa, Central America, and eastern South America.19 Agricultural productivity will
become increasingly erratic, and surface water and ground water resources will decline. A
low-end estimate is that 500 million people worldwide will face increased water scarcity
by mid-century, the majority living in the aforementioned regions.20 The already growing
rates of migration and urbanization within these regions will accelerate as households and
communities adjust and adapt their livelihoods to shifting climatic conditions, causing
urban populations to swell.
The fourth way in which climate change will affect future migration patterns is an indirect
one: it will place greater stress on food prices. Climate change is expected to have adverse
impacts on global agricultural productivity, with knock-on effects on the GDP of less
developed nations and on the welfare of the poor.21 Food production and distribution
systems are increasingly interconnected on a global scale, meaning that climate changerelated fluctuations in agricultural production in one region stimulate price increases in
other regions.22 The number of people experiencing food insecurity and undernourishment
will grow significantly by mid-century because of climate change, with one study estimating
an additional 1.7 billion people being in such circumstances.23
Short- and long-term migration rates will expand accordingly in less developed countries
as households and communities seek to diversify their income sources and stabilize their
access to food supplies. Further, wildly oscillating food prices and decreasing household
food security can contribute to greater societal instability, urban unrest, and decreasing
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confidence in government institutions.24 This dynamic was witnessed across much of
North Africa and the Middle East during the 2011 “Arab Spring” in countries where
market structures and high levels of food imports transmit global food-price increases
rapidly to households.25

Climate Change, migration, and ConFliCt
The relationship between climate, migration and conflict is complex and not linear, as
shown in recent studies on the role of drought as a factor within the Syrian conflict and
subsequent large-scale migration to Turkey and onward to Europe.26 The direct causes of
conflicts cannot be solely attributed to climatic conditions or climate-related scarcity of
food, water, or other resources. Rather, climate change adds an additional layer of stress that
can increase state fragility and the likelihood of conflict.27 This happens because adverse
climate conditions undermine household livelihoods, heighten socio-economic disparities,
and generally serve to increase poverty in affected areas. In this way, the impacts of climate
change promote higher rates of population movement, elevate existing social and political
tensions between communities, and, therefore, have the overall effect of exacerbating
existing conflicts and creating greater potential for new ones.28 This in turn increases the
potential for greater future movements of refugees and forced migrants. However – and
this is critical – conflicts and refugee crises do not automatically form in such situations,
and the people who flee are typically victims of violence and not perpetrators of it.
States that are already politically fragile are the most likely future epicenters for climaterelated violence and forced migration events. Of the 20 highest ranked countries on the
Fund for Peace’s current Fragile States Index, 12 are situated in areas of the Middle East,
South Asia, and Sahelian Africa where climate change is expected to create heightened
levels of water scarcity, and three – Afghanistan, Somalia, and Syria – currently account
for more than half the world’s current refugee population (Table 1). 29

Country

Ranking on 2016 Fragile States Index

Somalia
South Sudan
Sudan
Yemen
Syria
Chad
Afghanistan
Iraq
Pakistan
Eritrea
Niger
Kenya

1
2
4 (tie)
4 (tie)
6
7
9
11
14
18
19
20
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note: Large areas of northern
Nigeria (ranked 13th on the FSI) are
also at risk of greater water scarcity in
coming decades.
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summing up
Climate events and conditions have always had the potential to affect migration and
are set to become a dominant influence on regional and global migration in the second
half of this century. Epicenters of climate-related migration and displacement will
emerge in many locations globally, but especially in densely populated, low-lying coastal
areas on most continents, particularly those in tropical cyclone belts; on small island
states in the Pacific and Indian Oceans; and in dryland areas in sub-Saharan Africa, the
Middle East, South Asia, and western China. The key direct drivers will be increased
severity of extreme weather events, rising sea levels, increased precipitation variability
and elevated drought risks. The impacts of climate change on global food production
and food prices will depress household incomes in less developed nations, which will
in turn stimulate increased migration as people seek to diversify their livelihood and
income sources. Urban unrest and political stability may also follow, especially in states
that already have weak institutions and pre-existing conflicts. Avoiding large-scale
involuntary migration and displacement will require concerted and coordinated action
to build adaptive capacity and create policies and programs to protect and assist those
who are in harm’s way.
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MANAGING SYSTEMIC RISKS
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t ools For u nderstanding s ystemiC
r isks l ike C limate C hange
Bessma Mourad 1 and Amy Luers 2

Our world is more interconnected than ever: information and communication
technologies have made it easier to connect with people around the world; modern
transportation systems have made it simpler and faster for people to move to new
locations; and global food systems have enabled the production and trade of crops
and staples across hemispheres. While this interconnectedness has brought benefits to
many, it also has exposed a new set of complex and systemic risks. Systemic risk can
be defined as t “risks imposed by inter-linkages and interdependencies in a system or
market, where the failure of a single entity or cluster of entities can cause a cascading
failure, which could potentially bankrupt or bring down the entire system or market.” 3
The greater the linkages and interdependencies in society and economies, the higher
the likelihood that a shock to any one part of a system could lead to unforeseen,
cascading consequences that might even trigger the collapse of entire systems.
At the same time, society is facing unprecedented challenges associated with climate
change. Climate change is increasing the frequency, severity, duration, and timing of
extreme weather events, including heat waves, floods, droughts, and wildfires. Climaterelated events can have numerous direct and indirect impacts, including loss of crops,
displacement of people, damage to infrastructure, and outbreak of disease. As global
economic and social systems are more deeply intertwined, society is more vulnerable
and exposed to climate-related disruptions. These disruptions can also lead to systemic
risk by affecting supply chains, transportation systems, and trade networks.
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There have been significant efforts aimed at understanding place-based and sectorspecific climate risks. Climate assessments at local, national, and regional levels are
being conducted on an ongoing basis and are designed to consider climate risks to
specific geographic locations as well as a range of sectors, including food, energy, water,
health, and transportation. 4 However, risks to one sector or to one region, can cascade
through networks and across multiple regions. In fact, a study commissioned by the
UK government as part of its first national climate change risk assessment found that,
“Climate change impacts around the world will multiply existing threats to the UK,
and some of these could be an order of magnitude greater than threats from domestic
climate impacts.” 5 Thus, understanding the breadth of current and future risks –
particularly under conditions of climate change and growing inter-dependencies – will
be an important component for building resilience of communities, governments, and
businesses and for increasing human, national and potentially international security.
Despite the difficulty of assessing climate-related systemic risks, there are a number
of tools and methods that can be employed to imagine possible future scenarios,
identify patterns and networks, and demonstrate through narratives how climaterelated systemic risks might manifest.

Foresight tools and methods: gaming and sCenario planning
Serious gaming and scenario planning are foresight tools that have been used by
businesses, military, intelligence, and emergency planners to help think creatively about
the future, inform strategy, and prepare for risks. These methods can provide a venue
to bring together perspectives from across different sectors and aid decision-makers
in developing a set of plausible narratives for the future.

- Serious games are “games that do not have entertainment, enjoyment, or
fun as their primary purpose.” 6 These games – based on real or fictionalized
situations and contexts – lead participants to make decisions in early stages of
the game that will influence both the direction and outcome in the later stages.
Such games have long been used by military and intelligence, as part of war
gaming, and by city and health planners as part of emergency preparedness
simulation efforts. They can be tailored to allow for different degrees of
complexity, from the number of actors involved to the geographies included,
as well as how far into the future they reach. Outcomes of serious games can
help decision-makers test out policies and increase preparedness to a range of
possible futures.
- Scenario planning was popularized in the early 1970s to help inform
decision-making for businesses and is a tool regularly used by the military.
Scenario planning is not intended to develop predictions or probabilistic
futures, but rather to create plausible narratives for the future. As a professor at
The Center for Climate and Security
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the Wharton School of Business described, “Scenario planning is a disciplined
method for imagining possible futures by attempting to capture the richness
and range of possibilities, stimulating decision makers to consider changes they
would otherwise ignore... Above all, however, scenarios are aimed at challenging
the prevailing mind-set.” 7 One study that surveyed nearly 80 companies that
use scenario planning found that formal strategic foresight efforts add value
through (1) an enhanced capacity to perceive change, (2) an enhanced capacity
to interpret and respond to change, (3) influence on other actors, and (4) an
enhanced capacity for organizational learning.”8
When trying to understand and anticipate a complex chain of climate-related risks,
including human behavior and decision-making, gaming and scenario planning offer
complementary ways to integrate multiple perspectives on environmental, social,
economic, and political conditions to develop plausible futures that explore potential
systemic risks. Examples of where these types of foresight tools have been used for
climate risk include:
- In 2015, Lloyds of London commissioned a group of scientists to develop
a scenario for an acute but plausible scenario of disruption to global food
production. This scenario, published in the report “Food System Shock,” 9
aimed to assist the insurance sector in thinking about the implications of a
global food production shock.
- In 2014, the Skoll Global Threats Fund (SGTF) worked with CNA to develop
a serious game for South Asia focused on transboundary rivers. Participants
from the countries represented – Pakistan, India, Bangladesh, and China – spent
two days playing out a game in which decisions on water allocations affected
economic productivity, political acceptance, and social stability in the months
and years ahead. 10 The game allowed participants to negotiate among different
parties and sectors within countries, and among neighboring countries, in an
environment simulating many of the existing challenges in the region.
- In 2015, SGTF and the UK’s Foreign and Commonwealth Office partnered
with CNA to both develop a game and use scenario planning to look at longterm and systemic climate risks over the course of the next century. The game
helped to surface a number of trends, including migration, xenophobia, and
the rise of nationalist parties months before the events in Europe and the
Mediterranean basin unfolded. 11 The experience from this foresight activity
contributed to a chapter on systemic risk in the UK’s Climate Risk Assessment,12
released later in the year.
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These examples illustrate how foresight tools can be used to actively and creatively
engage decision-makers and subject matter experts, test strategy and policies, and
surface systemic risks. As demonstrated by various sectors, foresight tools can be
a valuable way to explore the broader implications of climate-related risks in an
interconnected world. Further enhancing the utility of these approaches are the
innovations taking place in the digital age, which may provide additional opportunities
for considering climate-related systemic risks.

digital age: maChine learning and ColleCtive intelligenCe
The digital age has influenced our social, economic, and political systems in countless
ways – from enabling rapid communication across continents, to the way in which news
is generated and distributed, and even to how social movements are built. Likewise, new
technologies have both generated and enabled the collection of an unprecedented amount
of information. For example, it is estimated that 2.5 quintillion bytes of data are produced
each day (as an illustration, there are 6,000 tweets each second, on average). Remote sensing,
crowdsourcing, and big data analysis all allow decision-makers to see changes taking place
in the biophysical environment as well as patterns and trends in social, economic, and
political systems. Indeed, both machine learning and collective intelligence also could
provide opportunities to anticipate climate and systemic risks, both by improving our
understanding of those risks and recognizing where and how they emerge.

maChine learning
The unprecedented rate of data generation, storage, and processing power is giving way to
the ability to integrate and analyze unstructured and disparate data. For example, advances
in machine learning – simply defined as enabling computers to learn from data – enable
the processing of large amounts of data and provide insight into interactions and patterns
occurring across the globe, including real-time and predictive analytics. The application
of machine learning ranges from identifying disease outbreak, to monitoring the potential
for mass atrocities, to mapping out illegal wildlife trade. The EMBERS program (short
for Early Model Based Recognition using Surrogates) at Virginia Tech has demonstrated
the power of publically available open source data to generate predictive analytics about
human behaviors. Since launching in 2012, 80-90 % of EMBERS forecasts have been
accurate – from protests, to disease outbreaks, to mass migrations.13
Yet, the use of machine learning to identify systemic risks from climate change is in its
infancy. Hence, the opportunity is ripe for processing large amounts of data to understand
the physical dynamics of the planet, identify the interconnections between countries and
regions, and surface the attitudes and trends within a society to identify emerging risks
from climate shocks.
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ColleCtive intelligenCe
Collective intelligence, also referred to as the wisdom of the crowd, has a long tradition
dating back to Aristotle, who said, “When there are many who contribute to the
process of deliberation, each can bring his share of goodness and moral prudence…
some appreciate one part, some another, and all together appreciate all.” 14 Collective
intelligence can draw on the insights from across a company, a group of scientists
or the general public. As demonstrated by Wikipedia, collective intelligence can also
become a source of information, filling the role that encyclopedias once held.
One of the best known experiments using collective intelligence is the Good Judgment
Project, 15 which has the aim of “harnessing the wisdom of the crowd to forecast world
events.” The results have been impressive, albeit surprising. By asking questions on
topics including geopolitics and financial markets, the 5,000 volunteers from the general
public recruited for the project have been able to better predict international events
than U.S. intelligence analysts, including those with access to classified information.16
While the Good Judgment Project aims to generate predictions, collective intelligence
can be used as a tool to engage with experts, develop ideas, and facilitate collaboration
across sectors and geographies. MIT’s Center for Collective Intelligence has been a
pioneer at exploring how new communications technologies are changing the way
people work together around complex climate risks. Its Climate CoLab aims to engage
large numbers of people around the world to address climate change through an online
platform, while its Resilience Dialogues facilitate conversations between scientists,
practitioners, and community leaders to build climate resilient communities.
Drawing on individuals from diverse backgrounds, collective intelligence can
facilitate interactions among cross-sector and cross-regional expertise from around
the world. Applying this approach to understanding climate-related systemic risks
may help decision-makers at local, national, regional and global levels identify
where vulnerabilities to those risks may lie, and be better prepared to address or
prevent worst-case scenarios. Likewise, innovations in both communications and
data technologies can transcend both financial and geographic barriers that may have
previously constrained these critical interdisciplinary collaborations.

C onClusion
Despite what appears to be a growing global trend toward inward-facing, nationalist
and isolationist beliefs and policies, the world continues to be connected in deeper
and more complex ways. Against this backdrop, climate change presents a unique
challenge, one in which direct and indirect risks can manifest across borders and
through networks. Addressing climate-related risks – particularly in the face of a more
interconnected world – will require new approaches and new ways of thinking to
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understand, prepare for, and manage these systemic risks. Fortunately, we have tools
and methods, some old and others new, that can help decision-makers get ahead of
these risks.
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F oresight t ools & e arly W arning
s ystems : v ulnerability a ssessments For
a brupt and n on -l inear C limate r isks
Chad M Briggs, PhD 1

Military and intelligence organizations have been warning about the potential security
impacts of climate change since 1990. 2 We have been told that climate change is a
“threat multiplier” that can worsen instability in critical areas and trigger natural
disasters where we had previously not expected them. Such warnings have been
integrated into national intelligence reports, national military strategies, and even
training exercises such as war games for policymakers and military officers. Yet at the
same time, the public is frequently cautioned that accurate and specific predictions of
climate change impacts are not possible, that in complex systems much uncertainty
surrounds how climate change may manifest itself at the regional and local levels. 3 In
fact, this uncertainty is sometimes used as a rationale for delaying action, for believing
we must wait for full information and that otherwise we are simply making “guesses”
as to security policy alternatives. 4
The challenge lies in understanding that not only does uncertainty not preclude action
in security risks, but also that uncertainty is, itself, a component of risk that can help
guide us in understanding how and where climate change might most severely impact
global and regional security the future. Military and intelligence organizations around
the world have been increasingly addressing this challenge since the first CNA report
was released in 2007, and they have been surprisingly successful in identifying potential
climate risks well in advance.5 This article describes some of the available tools and
lessons learned from the field of climate security in the military and intelligence
communities, and how to manage systemic risks.
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As stated by U.S. flag officers in the first CNA report, National Security and the
Threat of Climate Change in 2007, security practitioners do not have the luxury of
waiting for full information before making decisions on how to act. To do so would
be to invite disaster, as most events are not fully predictable until after they happen.
The abilities to predict or anticipate are distinct in crucial ways, and too often they are
confused when academic and policy communities are communicating on these issues.
Policymakers and academics/scientists often use evidentiary rules that require high
levels of certainty, meaning reducing uncertainty in an attempt to provide clear
predictions on cause and effect, and specific future events. The ability to anticipate
appears similar but is crucially distinct from prediction. In an anticipatory model, rules
and expectations are geared more toward the ability to react given a range of potential
conditions, or in bolstering the resilience of a system so that it can withstand sharp
external pressures. To anticipate, therefore, means having foresight into what the
future may hold, as distinct from being confident in what will happen. 6 Military
training emphasizes the nature of this future uncertainty. In U.S. Air Force training,
for example, pilots must train extensively for a variety of situations that may well
never happen, knowing the potentially catastrophic results of not being prepared for
even highly improbable events. Likewise, climate security rests on an assumption that
changes to the natural environment may result in a variety of potential impacts, and
security communities must be prepared to respond to the spectrum, rather than merely
choosing those events they feel are most probable.
The data for climate impacts comes from scientists, however, and scientists view
uncertainty differently than security planners. Scientists, particularly at universities, are
rewarded for publications that demand at least a 95% confidence interval as part of
the review process. While security planners might appreciate data with high certainty
and confidence, the intelligence community recognized early on that there was a
fundamental mismatch between the nature of climate systems and the type of data
necessary to conduct effective foresight exercises. The highest climate security risks
tend to come from either abrupt shifts in climate systems or in complex combinations
of environmental and related factors (such as energy infrastructure). Both abrupt
and complex climate risks required new tools and approaches for translating
scientific data into workable security assessments.
Abrupt climate change refers to the nonlinear behavior of complex systems, where we
cannot necessarily expect gradual and linear changes to be the norm. Global climate
models can be misleading in this respect, as the global average air temperature suggests
a linear (monotonic) relationship between increasing greenhouse gas concentrations
and warming of the atmosphere. 7 While this is true over geologically historical periods,
this tends to focus too much on air temperature at the expense of other components
of the climate system (such as water, precipitation, melting ice, etc), which can
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blind us to potentially sudden shifts in critical dynamics of climate systems. These
components, such as monsoon rains and ocean currents, can become more unstable
before suddenly shifting to a completely different stability level, meaning the West
Indian monsoon might simply fail to arrive one year rather than gradually changing
over time. 8 Likewise, a combination of smaller changes in environmental conditions
can lead to acute impacts. Viewed in isolation, any one of the changes might appear
to be easily addressed and not significant, but in combination can overwhelm our
ability to respond. Again, the analogy from flight training is in the ability to recognize
“improbable combinations of probable events,” which are the most common causes
of air disasters. 9
A standard tool to help understand future climate security risks is a vulnerability
assessment. Many vulnerability concepts are drawn from the field of ecology, where
there is an understanding that risks are more complex than a simple formulation of
impact x probability. Certain parts of ecological systems are more exposed to outside
hazards, more sensitive to their pressures, less resilient, or so vital that their failure
can lead to collapse of the larger system (e.g. “keystone species”). Similar concepts
are used in field epidemiology, in helping to determine which populations are most in
need of study and monitoring, recognizing that vulnerable populations take highest
priority. In climate security, vulnerability assessments can be scaled from continentwide efforts at examining risks to Africa, to community-level studies of environmental
pressures and refugees. The common theme of vulnerability assessments is to help
identify so-called “hotspots” where security risks may be experienced first, and so help
direct policymakers to make plans for mitigation or adaptation. 10
Vulnerability assessments come in a variety of different forms, depending upon the
scale and focus of the assessment, and assumptions concerning how the climate or
impacted systems work. A common challenge, however, is how to downscale global
climate processes into regional or local impacts, and then identify where climate
impacts in one region may pose security risks to another. While the methodological
hurdles of downscaling from global climate models to regional climate models is
explored at length elsewhere 11, it should be kept in mind that certain regions do not
have high-resolution climate projections on a small scale, and that this uncertainty is
generally multiplied by uncertainties on the ground concerning lack of monitoring,
political instability, questionable economic reporting, and non-climate environmental
changes (such as illegal logging). At times the climate changes can be predicted with
fairly high confidence, such as projected sea level rise and subsequent flooding of land
in Bangladesh. The responses of Bangladeshis, however, or security impacts beyond
the community and state level, simply cannot be predicted in advance.
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Likewise, most climate models for temperature and precipitation predict that European
countries on the Mediterranean will shift to desert conditions similar to those of
North Africa by the end of the 21st century. 12 Given how even short-term predictions
on politics in Europe are extremely difficult, identifying security risks over such a long
time period is nearly impossible. These challenges lead many vulnerability assessments
to focus on shorter-term and most probable outcomes, which while useful in and of
themselves, can lead to blind spots in long-term planning for climate and security risk
resilience. Depending on their methodologies, vulnerability assessments may also have
difficulties with assessing risks of abrupt climate changes, as these non-linear events
are difficult to predict with any accuracy. 13
The second tool for climate security is the development of so-called “dark reports.”
The idea of dark reports is to identify what is not yet known about the subject, why
it is not known, and communicate these findings to help planners anticipate potential
risks associated with this uncertainty. While common practice among military and
intelligence communities, scientists are often discouraged from publishing negative
findings, or from communicating uncertainties to policymakers who keep pressing
for accurate predictions. Yet it is necessary to map out uncertainties in order to place
existing knowledge within a larger context.14 As an example, when the IPCC fourth
assessment was released in 2007, very little mention was made in the report of potential
abrupt melting of the Greenland ice sheet. Although cryologists knew of this possibility
and were increasingly concerned over emerging data, the structure of the IPCC placed
priority on publishing only high-confidence projections. Because of he lengthy review
process, that meant much of the observational data was at least 4 to 5 years old by the
time of publication. This uncertainty over ice sheet modeling meant that no warning
was communicated to policymakers, who then interpreted lack of evidence as evidence
of no risk. 15 Very soon after publication, however, new findings on accelerated ice
melt in Greenland came as a surprise to both journalists and policymakers. As many
climate scientists were aware of this “known unknown” the incident suggested the
need for the intelligence community to engage more meaningfully with the scientific
community.
The next early warning tool to emerge was, therefore, a new approach to opensource intelligence in cooperation with climate and environmental scientists. Early
efforts in climate security recognized the mismatch between standards of evidence
in the scientific and intelligence communities. While natural scientists possessed an
immense amount of information concerning potential risks of abrupt climate changes
and impacts, universities and academies strongly discourage information-sharing of
uncertain concepts. Likewise, standard rules for secrecy within the intelligence and
military communities dictate that the standard model for open-source intelligence
(OSINT) is collection of peer-reviewed articles, with no communication or cooperation
back to the scientists. This OSINT model was insufficient, as scientists were necessary
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for explaining the nature of the research and wished to shepherd their data rather
than merely handing it over to faceless individuals.16 New forms of unclassified
information sharing were developed under the U.S. Department of Energy and U.S. Air
Force, including U.S. Department of Defense research programs under the Minerva
Initiative. Scientists, although often not rewarded by their universities for doing so,
were encouraged to participate in the formation of new climate security scenarios,
where the emphasis was on plausible futures rather than the most probable ones. This
information sharing was also extended to war games. For example, in 2011 NASA
scientists cooperated with the U.S. Air Force on integrating volcanic ash data into
traditional military scenarios. In subsequent years, scientists helped to refine Air Force
scenarios on tropical storm and tsunami impacts to the Hawaiian Islands. 17
It should be noted that the new approach to open source intelligence was necessary
due to the often ignored distinction between open source information and open access
information. Simply because information is unclassified does not mean that security
planners actually have access to such information. At times articles can begin behind
journal and publication paywalls or the information may be known to experts who
only share this knowledge when they can trust that it will be used properly. Likewise,
scientists by their training are skeptical of accepting risk models and conclusions
without knowing the source of information or how certain assumptions were arrived
at. Experience in both the U.S. and Swedish governments in creating climate security
scenarios suggested scientists would often push back against scenarios that had been
“black-boxed,” meaning created by outside experts then simply presented to the public,
and that the best way to overcome such reluctance was to involve those same scientists
in the creation of the scenarios in the first place. 18
Scenario creation exercises by communities of experts became a useful tool for assisting
the military and intelligence communities, both in fostering cooperation among
nonsecurity experts, and in developing unique scenarios that would not previously
have been possible. The open-source scenarios brought together diverse collections
of experts in environmental, energy, security, engineering, and social/political
fields. Given semi-random background components from the fields of energy and
environmental security, facilitators led small groups through the creation of potential
future events. By creating unlikely combinations of environmental “drivers,” within
only a few hours groups were often able to create scenarios that had previously not
been considered, including identification of key vulnerabilities, critical uncertainties,
and “tripwire” events, allowing interpretation of otherwise weak signals into their
importance for possible future risks.
For example, an unpublished scenario developed by the U.S. Department of Energy
(DOE) in 2009 examined a potential future of commercial, undersea mining of
methane (CH4) clathrate deposits. With the east coast of Japan as the focus region, the
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scenario looked at developing technologies and their interaction with environmental
systems. However, the more important lesson to emerge from the scenario related to
the vulnerability of Japanese energy systems to external shocks - information that
proved to be useful preparation for the Fukushima nuclear accident in 2011. Also
in 2009, DOE began mapping potential impacts from tropical storms in the New
York City region, highlighting transport and energy vulnerabilities well in advance of
Hurricane Sandy in 2012. 19 The same approach was used by the U.S. Air Force in 2012
to help engage both military and civilian planners on the rising threats of tropical
storms to the Hawaiian islands. The scenarios highlighted island vulnerability of energy
and food imports, and allowed military planners to assist civilians in understanding
the potential future risks they faced. The Hawaiian scenarios relied upon input from
local scientists who described potential abrupt changes from shifts in ocean currents,
warnings that in more recent years appear to have become accurate. 20
In these examples, which are far from comprehensive descriptions of tools available
for climate security foresight, it is worth emphasizing that the ability to anticipate
potential future events relies upon expertise beyond what is available in one office or
department. The complexity of climate security requires effective engagement with
scientists, military planners, intelligence analysts, and, crucially, local experts who can
give resolution to specific impacts and vulnerabilities. While this engagement often
runs counter to the secrecy of security communities, or the publishing demands of
academia, it is critical for the ability to understand the broad spectrum of climate
security risks, and where the impacts may first be felt.
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m apping e piCenters oF C limate
s eCurity v ulnerabilities

and

1

Joshua Busby 2

Understanding where the worst effects of climate change could come to pass and
what that means for security is an important issue for policy-makers. Research on
potential climate security “hot spots” can inform priorities for foreign assistance,
disaster preparedness, and efforts by intelligence and security agencies to anticipate
where future missions might be needed. 3 Mapping climate security vulnerability is one
tool that researchers and policy-makers can use to better understand and prepare for
these risks.
The basic goal of vulnerability mapping is to provide decision-makers with a visually
intuitive snapshot of likely priority areas in the short- to medium-term. Vulnerability
mapping first requires an understanding of what is meant by vulnerability. Vulnerability
to what and for whom? Many climate vulnerability studies focus on threats to livelihoods,
while much of the climate security literature focuses exclusively on conflict. Mapping
vulnerability can also be conducted by emphasizing the risks of large-scale loss of life,
including but not limited to conflict.

signiFiCanCe oF mapping to poliCy
An increasing number of government agencies and nations have demonstrated an
active interest in climate change as it relates to security and foreign policy priorities.
Although uncertainty remains as to how exactly impacts of climate change will
manifest, there is widespread recognition that climate change magnifies existing
problems and adds additional stressors to already fragile situations. Environmental
factors are being considered for inclusion in early warning systems and assessments of
state fragility. Policy-makers generally agree that a major investment in data collection
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and the improvement of early warning systems is needed. Integrating climate change in
policy decisions requires understanding complex social interactions and incorporating
information from both the natural and social sciences. Policy-makers face the challenge
of how to utilize research and analysis for developing sound policies, especially if
different mapping efforts produce discordant results.
Maps and indices should provide a clear presentation of research findings and their
assumptions while not overstating the case or allowing audiences to take away the
wrong message. A single composite map of vulnerability mapping often has many
uncertainties that are hard to convey on the map itself. Despite the challenges of
creating and using maps, they can provide an important starting point for a dialogue
between research and policy-makers. That said, maps on their own may provide
insufficient guidance to policy-makers. What is mapped largely depends on what is of
interest. Different audiences are likely to need different maps. 4 The critical factor is
for map-makers to be transparent about their choices and for policy audiences to be
critical consumers of whatever maps are put before them.

Challenges oF mapping vulnerability
Vulnerability is often understood be a combination of different factors, including
physical exposure, sensitivity, and adaptive capacity. 5 Indicators that can be used to
define vulnerability include physical exposure, population, household resilience, and
governance. One challenge is that indicators are not always available at the same
spatial resolution. Depending on the purpose of the mapping exercise, indicators can
be aggregated up to the national level. In other mapping projects, some of the subnational differences are retained. Global maps often use national level data to compare
country-level differences. Regional maps might use more fine-grained data to show
sub-national differences within and between countries. More fine-grained data might
be available, depending on the region, for more local-scale mapping exercises.
Data can also be combined in different ways for display on a map. Indicators can
be overlaid one atop the other. Indicators can be transformed into a common scale
and added together, multiplied, or in some combination of different weights. When
the maps are displayed, the colors can be stretched on a continuum or divided into
different discrete colors based on how the data are distributed and how many colors
the map-maker wants to show. Those choices can have major implications for what the
final patterns look like. The different indicators chosen and the scale in which they are
shown will ultimately paint different pictures of vulnerability that can be tailor made
according to the needs of the policy-makers.
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Case study on mapping Climate seCurity vulnerabilities For poliCy-makers
From 2009 to 2016, the Strauss Center research group developed multiple iterations
climate security vulnerability maps at the sub-national level for Africa and for 11
countries in South and Southeast Asia. The Department of Defense’s Minerva
Initiative financed both the Climate Change and African Political Stability (CCAPS) 6
and the Complex Emergencies and Political Stability in Asia (CEPSA) projects, 7 and
a wider research group completed a project for USAID, mapping the intersection of
global exposure to climate-related hazards and state fragility. 8

Climate seCurity vulnerability
Both the CCAPS and CEPSA projects map subnational climate change vulnerability
to identify the locations of likely chronic vulnerability. Both models have an explicit
security focus, emphasizing situations where large numbers of people could be at risk
of death from exposure to climate-related hazards and the follow-on consequences
that could result from inadequate responses to climate shocks, including political
instability and violent conflict.
While the projects explore conflicts affected by climate processes, the research has a
stronger emphasis on humanitarian emergencies and disasters because the mobilization
of militaries for cyclone relief, floods, famine, and other climate-related phenomena
is seen as the most immediate and consistently pressing challenge. These maps focus
on internal threats within states, but it is worth noting that many environmental
phenomena traverse borders and have trans-border security implications. 9

the logiC and the method
In the model, vulnerability is seen as driven by a concatenation of four processes,
or what are called “baskets,” including (1) physical exposure to climate hazards, (2)
population density, (3) household and community resilience, and (4) governance.
The logic is as follows: You cannot have climate vulnerability without physical exposure
to climate hazards, but large numbers of people cannot die if a place is unpopulated or
only lightly populated. Even in populated areas, some communities are more resilient
than others. The first line of defense is the resources and capabilities communities
possess. All else equal, better educated and healthier populations will likely fare better.
However, some hazards may exceed the capacity of local communities to respond.
Whether governments are willing and able to help them in times of need will affect
how deadly and destabilizing climate exposure events are.
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Each of the baskets, save population density, is composed of multiple indicators. For
example, the physical exposure basket includes historic data on cyclones, wildfires,
floods, two indicators related to water scarcity, and low-elevation coastal zones subject
to storm surge and sea-level rise. Indicators were selected at the finest spatial resolution
possible, with the physical exposure and population baskets having fine-grained spatial
resolution and the last two baskets consisting of provincial or national-level data.
The data is normalized on a common scale and then added together to make a
composite index, and thus provides a snapshot of the places likely subject to chronic
climate security vulnerability.

hoW to use the maps
There is a final report 10 and an on-line climate dashboard for the completed CCAPS
project 11 and an initial dashboard for the CEPSA project. 12 Both climate dashboards
include a model-building process with the final composite map and basket maps.
Here is a CCAPS composite map for
Africa. The model shows extensive
vulnerability across the Horn of Africa
(particularly in Somalia and to a lesser
extent Ethiopia), South Sudan, in
pockets around the Great Lakes, with
higher areas of vulnerability throughout
northern Nigeria and southern Niger, as
well as West Africa in Guinea and Sierra
Leone and coastal Mozambique.13
Figure 1: Screenshot of CCAPS
Climate Vulnerability Dashboard
Here is a composite map for Asia.
The current iteration of the model
shows much of Bangladesh, parts of
southern Myanmar – the Ayeyarwady
region – and parts of southern and
northwest Pakistan – Sindh and
Khyber Pakhtunkhwa – as the most
vulnerable.14
Figure 2: Screenshot of CEPSA Climate
Vulnerability Dashboard for Asia
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The maps show the position of the places relative to all of the other places in the
study area. According to the composite map, Somalia is vulnerable relative to the rest
of the continent of Africa, and Myanmar is more vulnerable relative to the rest of the
countries in South and Southeast Asia.
The online dashboard maps also allow viewers to zoom in to areas of interest to get a
more fine-grained picture of specific places and how those locations compare to the
rest of the region.
However, map patterns should not be directly compared to each other, as the data are
scaled relative to their regions. Forthcoming USAID work will allow the comparison of
the relative exposure of different places at the global level, but that is only measuring
physical exposure to climate risks.
These dashboards are part of wider projects that look at patterns of foreign aid and
conflict. The CCAPSs maps include a set of additional layers that can be placed on top
of the base layer of climate vulnerability, including aid, SCAD and ACLED conflict
events, and constitutional design.
In the CCAPS project, the team analyzed where World Bank and African Development
Bank projects were distributed to see if that corresponded with patterns of climate
vulnerability (see Figure 3). 15

Figure 3:
World Bank
and African
Development
Projects 20092010 and
Climate Security
Vulnerability
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The dashboard maps where climate-related
projects from the World Bank were located
from the period 2008 to 2012 (see Figure 4).
What is notable for both wider development
projects and specific climate projects is that
vulnerable countries such as Somalia did not
receive aid. The absence of a functioning
government foreclosed the possibility of
spending money there.
The forthcoming CEPSA dashboard will
allow for overlaying conflict, disaster response, Figure 4: Screenshot of World Bank Climateaid data, as well as related external datasets, Related Aid Projects and Vulnerability
including the ability to import layers from
ArcGIS Online and to design and compare maps. 16

maps as points oF departure
Maps are seductive. They simplify a complex reality. However, if one embraces these
maps as “the truth” without questioning their accuracy or their assumptions, this
could lead to bad policy choices.
For that reason, these maps are points of departure for further conversation and
investigation, including consultation with local experts, comparison with other data
sources, and qualitative assessments.
For example, do the patterns of at-risk areas correspond with what we know about
the geography of past climate-related disasters or conflict sites? Somalia faced two
drought-related famines in the last 20 years, in the early 1990s and again in 2011, with
an unfolding famine risk in 2017. Myanmar experienced some of the largest losses in
recent memory when 140,000 died after the 2008 Cyclone Nargis.
While that provides some support for the maps, one can do this more systematically
by ground-truthing the maps in the field as well as through sensitivity analysis and
examining alternative ways of presenting and aggregating the data. Findings can also
be compared with data collected by others.
For example, if one looks at the areas facing high climate security vulnerability in the
CEPSA model through the perspective of numbers of people or proportion of the
population exposed, the vulnerability in India and Vietnam is elevated and Bangladesh
remains among the most vulnerable. All three have large numbers of people and/or
high proportions of their populace facing high vulnerability.
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Comparing results
One can also compare the CCAPS and CEPSA model results with the geographic
patterns of climate-related disasters. To do this, the research team geo-referenced
climate-related disasters in the EM-DAT International Disaster Database for Africa
and Asia. One can look at this in terms of the number of events, the number of people
killed, and the number of people affected. In Asia, these patterns present different
patterns than the CEPSA composite map (see Figure 5 for number of events). Are
these EM-DAT-based maps, therefore, a more accurate depiction of an underlying
reality compared to the CEPSA maps? EM-DAT data on casualties are not very precise
and rely on reporting from aid groups and others, but the purpose of such comparisons
is not to provide definitive answers but to stress-test the model to see how consistent
the patterns are across different data sources and approaches.
Figure 5:
Climate Disaster
Events in South and
Southeast Asia
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The CCAPS and CEPSA maps are based on historic data on physical exposure to
climate hazards, not future climate change risk. In collaborative work with climate
scientists on Africa, the research team assessed how future hazards are likely to be
distributed, namely the number of dry days, heavy-rainfall days, and heat-wave events
by the middle of the 21st century. 17 For example, the team mapped the difference in
dry days – defined as 21-day periods with less than 1 mm of rainfall – between modeled
results for the late 20th century and the mid-21st century. The difference map below
shows parts of the Sahel are projected to become wetter (in blue below in Figure 6)
while much of southern Africa will experience more dry days (in red below).18
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Composite
vulnerability
strategiC signiFiCanCe

and

Another consideration is how these
findings intersect with the relative
strategic importance of different country
contexts. Decision-makers bring their
own assumptions about what places are
strategically significant, but one can surface
these assumptions by identifying potential
indicators of strategic importance and
overlaying these on the vulnerability
maps, such as piracy attacks, terrorism,
oil reserves, critically important minerals,
and embassies. The map below shows the
patterns for piracy attacks and climate
vulnerability in Africa, which reveal the
historic high incidence of piracy attacks
off the Gulf of Aden. Such maps tell us
nothing about whether climate vulnerability
and piracy are causally related, merely that
there are locations of overlapping risk,
given historic data (see Figure 7).

Figure 6:
Projected Difference in Dry Days for Africa from
Late 20th Century to Mid-21st Century
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Figure 7:
Piracy Attacks and
Climate Vulnerability
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beyond mapping
These maps are a point of departure for a conversation about climate security
vulnerabilities in different regions.
While the past might tell us something about the short-run, future climate change may
shift the geographic patterns of exposure and produce climate effects of a magnitude
the world has not seen in the recent historical record.
Moreover, these maps are meant to tell a story about chronic places of concern.
Different kinds of maps can serve different purposes. The policy community, for
example, is often interested in emergent risks for early warning. Programs such as the
Famine Early Warning Systems Networks (FEWSNET), 19 are critical for this effort.
More geographically comprehensive seasonal forecasts of water scarcity and overall
water balances are also available from the consultancies such as ISciences.20
Even if we agree that these maps reflect an underlying reality, the policy implications
are not straightforward. Should Somalia receive more climate-related aid compared to
its peers because of its vulnerability? Or, is it viable to spend aid money in Somalia,
given weak governance and the violent threat of al Shabaab? If one examines the last
20-year record more carefully, there were four major drought episodes in Somalia.
Only two of them ended in drought. Why is that? Both Ethiopia and Somalia faced
major climate shocks in recent years. In Somalia’s case, the drought ended in famine
while Ethiopia fared better. Why is that? These are the kinds of questions that the
maps can’t answer, but they can start to point us in the right direction as to how to
answer them.
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C apturing C limate and s eCurity
r isks t hrough s atellites and e arth
o bserving t eChnologies
Sinead O’Sullivan 1

introduCtion
It has been well documented that climate change is producing rapid physical changes
globally. 2 Some of these changes are observable over short periods of time, while
others are only discoverable when comparing the current geographical system to that
from thousands of years ago, and are, therefore, less obvious. 3 Climate change has
altered the underlying fabric of how communities and cultures exist and cooperate
with each other, and this is largely through the physical changes that have occurred
in a local context. 4 As globalization and increased sharing of the world’s resources
increases, diminishing resources in certain geographic locations are quickly becoming
problematic and proliferating negative consequences globally. 5
Some of these geographic locations that are experiencing radical physical changes
are simultaneously experiencing political economical changes as well. The geopolitical
significance of these changes can be significant; some of these local vulnerabilities
can create “epicenters,” where there are serious implications for global security.
Understanding the emerging risks around these epicenters is of the utmost importance,
and understanding how to prepare for and mitigate these risks is the responsibility of
all stakeholders in the larger, international context. Satellites and Earth Observation
technologies are among the best means for observing how the world is climatically and
geographically changing, and should be used going forward as a key tool for decisionmaking by policy-makers and other key stakeholders.
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earth observation teChnology
The first images from space were taken on the sub-orbital V-2 rocket flight launched
by the United States in 1946. 6 From then on, taking images of the Earth from space
became a national interest. The first satellite to orbit Earth was in 1957, when the
Soviet Union launched Sputnik I. 7 The “Space Race” between the United States and
the Soviet Union created accelerated “remote sensing” – scanning of the earth by
satellite or aircraft to obtain information about it. Increasingly sophisticated remote
sensing instruments were created and placed aboard satellites and aircraft to monitor
the Earth’s surface.
Moving forward to 2017, there are approximately 4,300 satellites orbiting Earth
according to an index maintained by the United Nations Office for Outer Space
Affairs (UNOOSA). Approximately 380 of these satellites are being used for Earth
observation by both the private sector and governments. 8 In addition to satellites,
drones - or Unmanned Aerial Vehicles (UAVs) are they are also commonly known - are
becoming an increasingly important tool to collect data about the Earth and how it is
being used.
Earth Observation (EO) technologies are vitally important to our understanding of
the physical changes affecting the world. These EO technologies are primarily used to
do three things; first, to collect data that allows constant monitoring of the variation
in climate over time. Second, to allow a process of “change detection” to take place,
whereby precise measurements of how geographical locations are changing over time.
Third, to use satellite and drone observation in near real-time monitoring and precise
response to climate-related events. Being able to observe the Earth in such a granular
manner allows not only constant monitoring of the changes that might bring about
negative consequences, but the collection of vast amounts of data also enables the
scientific models that measure climate change to become predictive, thus allowing
better planning around future likely changes.

emergent risks
seCondary eFFeCts oF Climate Change
Climate change has brought about very specific physical changes that satellites and
drones are able to detect easily. There are, however, secondary and tertiary effects of
climate change that are harder to observe directly. One secondary effect associated
with climate change is a global increase in natural disasters. In 2015, the United
States National Oceanic and Atmospheric Administration (NOAA) released a report
“Explaining Extreme Events of 2014 from a Climate Perspective”. In the report, a
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team of international scientists revealed that 50% of the weather extremes experienced
in 2014 were influenced by human activity-related climate change. These events
included droughts in Syria, a Himalayan snowstorm in Nepal and extreme flooding
in Canada. According to the United Nations Office for Disaster Risk Reduction, 90%
of recorded major disasters from 1995 to 2015 were linked to climate and weather,
including floods, storms, heat waves and droughts. The prediction for future weather
events is unanimous among climate scientists: there will be an increased number of
natural disasters, and the severity of these disasters will be heightened.
Another secondary effect of climate change is the impact on available natural resources
in a given geographic location. In many instances, climate change has led to either a
reduction in or removal of natural resources available to communities or states, thus
placing heightened or extreme pressures on regions as harsh resource constraints and
degradation sparks domestic instability. Scarcity of food and water poses the greatest
hazard. Conflict over food and water scarcity is not new in the age of climate change;
however, with the drastic rate of change of global temperatures, these conflicts will
become more pronounced and frequent. 9 The effects of some of these conflicts have
already been seen; there is substantial academic literature relating the Syrian war to
water shortages and the Arab Spring, and particularly the Egyptian Uprising to food
shortages. 10
Both natural disasters and natural resource disturbances are easily observable with
EO technologies such as satellites and drones. Natural disasters can be very quickly
detected through satellite and drone imagery; they are physical in nature and chaotic
in behavior. 11 Using methods of change detection in imagery, which have been
implemented for several decades, satellite imagery can very quickly detect a natural
disaster. They also can be used in certain stages of the disaster management cycle as
outlined by the United Nations Office of Disaster Risk Reduction (UNISDR), namely
response, rehabilitation, reconstruction and recovery. 12 Given its ability to collect
mass amounts of unbiased data very quickly, especially in conditions that are too
dangerous for human data collection, EO data is exceptionally useful for measuring,
monitoring and even predicting secondary effects of climate change.

tertiary eFFeCts oF Climate Change
Tertiary effects of climate change are much harder to measure through EO technologies,
although satellites do play a very vital role. In this instance, third level effects of
resource insecurities and natural disasters are largely intertwined with the downstream
effects of socio-economic and geopolitical stresses, which can inevitably lead to
human disasters. The United Nations deals primarily with response to humanitarian
needs and emergencies resulting from conflict and global challenges from climate
change and environmental degradation. 13 Humanitarian disasters are defined as single
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event or series of events that threaten the health, safety or well being of a community
or large group of people. 14 In this instance, famine, the migration of communities
and increased conflict are major areas of global concern. It is important to note that
these second- and third-level effects often feed into each other and themselves,15 but
to simplify the response to such effects, they usually are treated as independent.
Of these effects, famine and migration are the most difficult to record both on the
ground and from aerial EO systems. Satellite imagery has a refresh rate of approximately
three days in developed, populated and urbanized areas. However, humanitarian
disasters are most prevalent in geographic locations that are not observed by highly
refreshed satellites, and thus tracing the movement of people is very difficult when
the movement is much faster than the ability of a satellite to capture it. To get around
this problem, satellite imagery, and especially imagery captured by drones, has been
used to observe refugee camps and surrounding areas of movement. Algorithms have
been developed that can take satellite and drone imagery and create an estimate of the
camp population, something that is nearly impossible to do on the ground due to the
volatility in refugee movements from one camp to another. 16
A seemingly trivial calculation of a camp’s population can have profound effects on
both the lives of the refugees in the camp and the economics of disaster management.
Knowing, or being able to predict, a camp’s population means that there is a
streamlining of resources required to sustain the thousands or hundreds of thousands
of inhabitants. Satellite imagery has also been used to monitor the impact the settlement
of refugees has on natural resources and the quantification of this impact. 17 Lodhi et
al use a method of machine learning classification of two images taken in an Afghan
refugee camp in northern Pakistan monitoring changes to forest land cover in the
area. 18 This reinforces the ability to use satellite data to predict conflict in regions of
high numbers of displaced and refugee persons by exploring the fragile relationship
between migration and the unexpected tightening of natural resources in states that
are already fragile, such as in Pakistan.
Similar to the movement of people, famine and food shortages are difficult to visually
detect. Rather than reacting to a famine, satellites (more so than drones) are beginning
to be used in a revolutionary way that will predict future food shortages, both globally
and within key areas of concern such as epicenters. Within the private sector, U.S.based TellusLabs is combining decades’ worth of satellite imagery and using machine
learning to predict economic and environmental future conditions. 19 Within the
commodities industry, TellusLabs are working with government agencies to predict
crop yields across the United States. Their aim is to expand to international markets
and eventually create global grain-supply predictions to locate and prevent weaknesses
in the global and local food supply chain.

The Center for Climate and Security

www.climateandsecurity.org

EPICENTERS OF CLIMATE AND SECURITY

135

The United Nations Institute of Training and Research (UNITAR) does food supply
chain analysis using satellite images in conflict areas, such as Syria and South Sudan.
In an interview, Lars Bromley, the principal analyst for Human Rights and Security at
the United Nations Operational Satellite Applications Program (UNOSAT), described
the methods undertaken to analyze food stability in regions of unrest: “We have just
started a review to look at agricultural production in ISIS-held areas in Syria. Using
satellite imagery, we are analyzing how much of the farmland in the area will be able to
be harvested in the current growing season. The fear is that, should stability come to
the region, there will be food scarcity as farmers have not been able to sow the harvest
and even farms that have been sown, have seen their farmers flee the area.”
This can be seen in conflict zones globally. He added, “This can be seen in Africa, too.
There was a migration of South Sudanese refugees into Uganda who were in search
of food security. The conflict there is so serious that the crops couldn’t be harvested,
and Uganda offered the resources that they badly needed”. 20

Future reCommendations
Earth Observation can provide invaluable global socio-economic, geopolitical insights.21
As political and economical decision-making become more data-driven, satellites and
drones can be valuable tools policy makers should utilize to create sustainable and unbiased
policies to reduce the risks that are emerging due to local and global climate change. This
new technological landscape, however, is complex and difficult for any one country to
navigate alone. There are multiple players across the satellite industry - governments, nongovernmental organizations (NGOs) such as the United Nations and the private sector
with individual satellite companies distributing different data sources. When it comes to
aerial and drone footage, there are complex operational barriers, especially when trying
to acquire imagery over hostile zones such as Aleppo in Syria, where a drone or aircraft
is likely to come under fire.22 Trying to collect relevant data from across the multiple
sources and integrate it into a format that can be analyzed is challenging. Further, the
actual analysis of the imagery is difficult and often requires specially trained engineers to
derive relevant analytics and insights from the data.23 In this context, there are two basic
recommendations for policy-makers interested in pursuing this technologically advanced
method of mitigating global risks. First, that the collection of data is aggressively pursued
where possible. Second, that the international EO community becomes more integrated
and that there is end-to-end support for, and across, the stakeholders in the industry.
It is vital that in order to pursue a data-driven analysis of climate change implications,
the analysis must have enough data to provide accuracy. Many of the methods by which
satellites and drones create insights that can be used in these complex scenarios involve
machine learning and artificial intelligence. Therefore, it is imperative that the algorithms
have enough historical data to “learn” from. This, on a practical level, means that where
possible, data from satellites and drones should be taken at any given opportunity and
stored so that it can be easily accessed.
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To further the second recommendation, the satellite and drone industry is largely
fragmented between operations, hardware and software services. There is no single
platform from which users can access the highly complex data. There is also the
problem of the “digital divide,” whereby several governments do not have the same
levels of computational access to interpret this heavy data as others. Some countries
and agencies, such as the U.S., NASA and the European Space Agency (ESA), provide
open-sourced and free data, whereas other private-sector entities such as DigitalGlobe
and Planet charge users a fee for accessing the data.
Across the industry, there is a strong need to create an integrated approach at all levels
to find an end-to-end solution. This entails a higher level of data integration between
the private-sector satellite companies and, even more importantly, a wider range of
partnerships among government agencies to allow easier access to this data. One
example of a positive approach to collaboration can be seen in the recent Memorandum
of Understanding between the South African and Ghanaian governments that laid out
the ways in which the two countries would share space-related resources, including
EO capabilities, to manage the natural resources that were under duress due to the
degradation of the environment caused by climate change. 24
The concept of sharing spatial capabilities is not new. It is frequently delivered
through policy derived by the United Nations Office of Outer Space Affairs, where
member states of the United Nations are encouraged to participate and give access of
their satellite imagery when possible. 25 These relationships that are created though the
United Nations should continue to be strengthened, and the role of the private sector
in such partnerships should be highlighted.

ConClusion
As the world moves into a new digital age, policy making should not be left behind.
The importance of monitoring, reacting to and predicting climate change-related
consequences has never been higher, as evidenced by the current geopolitical
phenomena occurring worldwide. The creation of “epicenters” and their ability to have
global impacts means that policy-makers are not only encouraged but also required to
advance ways in which climate-related problems are dealt with on an international
scale. Satellites and drones provide new ways to monitor global changes rapidly and
easily, and Earth Observation is fast becoming a tool of national and international
security importance. There is much work to be done to create an integrated approach
to decision-making from Earth Observation analytics, but the data is readily available
to those who seek it, as many do, and use it to prepare for and mitigate against these
risks.
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