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Risks in focus 3:
The water-food-energy nexus

COMMITTED TO
IMPROVING THE STATE
OF THE WORLD

L evers and

trade-offs

Recognizing trade-offs in the
water-food-energy nexus

Tough trade-offs will increasingly be needed between
energy, food and water in terms of resource allocation
and planning. The key challenge is to incorporate the
complex interconnections of this nexus of risks into
response strategies that are integrated and take into
account the many relevant stakeholders. The Forum
is working on such an approach with its innovative
initiative WRG Phase 2, run in partnership with the
Water Resources Group (See page 33: The Forum’s
Water Initiative: Focusing on the Water-Food-Energy
Nexus).

Unintended consequences abound. For example,
because of policy incentives designed to reduce
vehicle emissions, by 2030 the IEA predicts that at
least 5% of global road transport will be powered

by biofuel — over 3.2 million barrels per day.

However, producing those fuels could consume
between 20-100% of the total quantity of water now
used worldwide for agriculture. This is clearly an
unsustainable trade-off. Another example is shale gas
extraction, which promises access to new reserves of
fossil fuels, but is highly water-intensive and may pose
a risk to water quality.

Few governments are developing energy policy with
a goal of not only enabling economic growth and

reducing carbon emissions, but also ensuring water
efficiency; the nature of this nexus, however, means

pursuing multiple goals will become a necessity. Trade-

offs between the three resources, as well as trade-
offs between users in the form of resource rationing,
will become an increasingly important issue, as will
managing these trade-offs through a combination of
market mechanisms and regulation.

However, beware of false dichotomies. It is not
necessary to trade biodiversity for economic growth,
for example. Such trade-offs exist primarily when
policy-makers and resource-users act in a short-
term, reactive and hurried fashion. To avoid these
unnecessary trade-offs and tackle the necessary
ones, the Forum has identified a number of response
strategies for further exploration.

Integrated and multistakeholder
resource planning

The challenges associated with managing trade-

offs of food, energy and water resources rest with
governments. Experts argue that meeting those
challenges is undermined by the existence of

separate administrative structures and policies for
agriculture, water, energy and urban planning. The
development of high-level commissions that cut across
government departments, stakeholders and country
representatives could improve public-sector-led
governance, planning and information flows.

A recent example of a regionally-focused, integrated
approach is the Mekong River Commission’s Strategic
Environmental Assessment. This document examines
the cumulative risks and opportunities of hydropower
projects in five separate countries. It explicitly
considers the links between energy generation, water
availability and food production, including second-and
third-order impacts to ecosystems, social systems and
economic development over a 15 year perspective.

The Forum’s New Vision for Agriculture initiative,
which is now being piloted through national-level
partnerships in Tanzania and Vietham, has developed
a framework for multi-stakeholder collaboration to
accelerate sustainable agricultural growth. In this
model, the government’s national agriculture strategy
provides the framework for focusing expertise and
investments from diverse stakeholders to accelerate
sustainable agricultural growth, thus multiplying efforts
and reducing risk for all involved.
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Regionally-focused infrastructure
development

Multistakeholder coordination on regional infrastructure
investment could significantly enhance resilience

with regard to food, water and energy security. For
example, by investing in regional electricity grids, Gulf
Cooperation Council countries increased the reliability
of their power supply. Experience shows that countries
with adequate levels of infrastructure, coupled with
institutions which ensure that the scarcity value of
water is reflected, can be extraordinarily adaptive.!

Market-led resource pricing

Resource pricing has a large role to play in managing
demand for food, water and energy. Prices are kept
artificially low by government subsidies or other
regulation in many countries, thereby increasing
demand. However, even if they were allowed to

rise through market mechanisms, prices would not
account for many of the negative externalities created
by water, food and energy consumption. Both the
cost of local impacts (such as the long-run social
and environmental costs of resource exploitation)
and global impacts (such as contribution to climate
change through carbon emissions) should ideally be
included in resource pricing. Without accurate pricing
to reflect the full cost of resource use, it is likely that
unsustainable decisions regarding resource use will
continue.

However raising the price of water has significant
and negative social impacts in many regions. To
account for these, market mechanisms must be
managed progressively so as not to endanger social
stahility by disadvantaging poor consumers; the
human cost of higher resource prices should be
recognized by stakeholders and solved with careful
planning. Further, increased resource prices will
inevitably impact economic growth, as higher prices
are passed on to consumers. Experts suggest that
despite such challenges, efforts to create properly-
costed systems are critical to the future sustainability
of global prosperity, as the cost of severe shortages
because of irreparable damage to water and food
sources would far exceed the costs incurred through
proactive resource management. In regions such as
the Middle East and North Africa, market prices may
also attract private investment in infrastructure that can
better preserve the scarce resources currently being
depleted.

Community-level empowerment
and implementation

Experts argued that policies which aim to manage food,
energy or water resources are in many cases well-
designed; many of the barriers to sustainable resource
use relate to implementation. As an example, lack of
sanitary facilities impacts water security through the
contamination of local water sources. However it may
not be enough simply to build sanitation facilities without
also addressing social norms on open defecation; to
ensure that such facilities are used requires implementing
cultural shifts as well infrastructure investment.
Overcoming such barriers means engaging, empowering
and incentivizing local actors at the community level to
ensure that those actually using core resources are also
the guardians of their sustainable consumption.

Technological and financial
innovation for managing the nexus

Further research and investment in transformative
technologies and risk management tools that address
the nexus as a whole are needed. Ensuring that such
tools are locally appropriate and broadly adopted is key
to their success. Many efficiency improvements require
new operational management models and access

to information. Innovations such as synthetic protein
manufacturing, drip irrigation, and hybridization of crops
to make them salt resistant could potentially maintain
food security while simultaneously achieving water

and energy efficiency, but require investment for both
development and implementation.

Innovative financial risk management initiatives also

look promising, such as the development of “safety

net” payments for Vietnamese rice farmers if yields fall
below expected levels due to pests, diseases or weather
events such as droughts, floods and typhoons. In the
past, damages to agriculture due to weather or pests
have resulted in losses of up to 5% of Viethamese GDP;
thanks to multi-stakeholder collaboration between
agricultural banks, insurers and the national government,
this scheme addresses multiple risks to help ensure food
security on a national level, protecting the livelihoods

of farmers and thus increasing the overall resilience of
food production in the country. However, most of these
instruments remain focused on a particular target such
as yield or weather risk, and as such do not address
regional risk management across sectors, or the ultimate
risk of food supply. The interconnected nature of the
challenge suggests that further work in integrating
technical and financial solutions is needed.

In southeast Australia, for example, a 70% reduction in water availability has had big effects on the composition of agriculture, but

little impact on the overall economic value of agriculture.
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The Forum’s Water Initiative:

Focusing on the Water-Food-Energy Nexus

The World Economic Forum has partnered with the Water Resources Group (“WRG”) on an innovative
initiative under the guidance of the Global Agenda Council on Water Security. This initiative, known as WRG
Phase 2, will engage governments who wish to work progressively on a water sector reform strategy; and
then provide a supporting public-private approach. The initiative will follow the ACT process — undertaking
Analysis to help Convene and build Coalitions to develop Transformational policies, programmes,
projects and partnerships — aimed to create “proof points” that such a coordinated platform approach can
work. There are two main steps to this process:

Step 1: Initial diagnostic. The initiative will create a comprehensive fact base on the national water
supply and demand balance to 2030 and the economic implications of the options available to
address any gaps;

Step 2: Country-level work. When invited by the government, the initiative will offer multidisciplinary
support through a public-private advisory platform. This will help the government shape and test
concepts and governance processes that seek to close identified future water volume gaps; to
improve water resource management in a river basin, country or region; and to build this inform
national into regional water adaptation planning.

The outcome of the WRG Phase 2 will be a validated and unique public-private model and a financed
global platform that can support governments who wish to catalyze change in their water sectors.

An example of this initiative in action is the Forum’s ongoing work in Jordan, supported by the Jordanian
Ministry of Planning and International Cooperation, and the Ministry of Water and Irrigation. Step one is
underway, involving deep analysis and building cost-curves to understand the gaps between water supply
and demand, and developing prioritized recommendations and sector strategies. Step two will build on
recent work with the Jordan Business Alliance on Water, a collaboration catalysed at the 2009 World
Economic Forum on the Middle East and involving the Jordanian government, Jordan Chamber of Industry,
American Chamber of Commerce, USAID and GTZ.

A special focus of the initiative is to build awareness and better understanding of the water-food-energy-
climate nexus. This nexus represents the most important global dimension of the water crisis in terms of
managing economic growth and other impacts connected to water scarcity. The Global Agenda Council
on Water Security is a key supporter of the initiative, and will help the Forum develop deeper and more
focused analysis of issues related to the water-food-energy nexus and the associated risks to growth.

The WRG Phase 2 initiative aims to contribute a range of expert briefing documents into the Forum’s
Risk Response Network as well as to relevant Government officials and other stakeholders facing the
challenges of the water-food-energy nexus.

For more information on this initiative, please see http://www.weforum.org/water
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Risks to watch

Some risks in the global risk landscape saw low levels
of confidence or strongly varying expert views as to
likelihood and impact. For these very reasons, such
risks may surprise or overwhelm us, and they have
been designated as “risks to watch”.

Cyber security

Awareness is growing that the real world is vulnerable
to security threats from the virtual world, but the
complexity of “cyber security” issues is still not well
understood and its risks could be underestimated.
Cyber security encompasses online data and
information security and critical information
infrastructure breakdown, and ranges from petty
online theft by disenfranchised youths to government-
led provocations with potentially catastrophic
consequences.

Four distinct global risk-related activities stand out:

e  Cyber theft has become a growing industry with a
long tail, particularly in countries where economic
disparity has recently been combined with access
to global communication technologies. Actors in
this field range from entrepreneurial individuals to
shell corporations built with the hope of economic
gains offset by acceptable risks. Interestingly, some
assessments indicate that cyber thieves experience
a substantially lower feeling of guilt than is apparent
in other criminal activities.

= Cyber espionage, whether by the private or
public sector, has brought the age-old practice of
intelligence-gathering into a new era. Particularly
insidious, as has repeatedly been shown in the
past two decades, is the use of such techniques
not only by countries generally understood as
enemies but also by friendly allies.

e Cyber war is little understood by the general public
and has stirred controversy among civilian and
military leaders. While an open war in cyber space is
possible, experts indicate that the interplay between
cyber war and physical war poses a more likely risk
for society, with aggression online not only serving
but also potentially provoking conventional attacks.
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e Cyber terrorism is perhaps even less understood
and is fuelling concerns over the openness of
the Internet, security and privacy. Many have
inferred a high risk of cyber terrorist attacks
from terrorist organizations’ extensive use of the
Internet in recent years for doctrinal, recruitment,
and operational communication purposes as well
as some occurrences of cyber theft. However,
these practices do not in themselves indicate any
capacity for large-scale cyber terrorist attacks,
and it should be noted that terrorist use of the
Internet equally allows law enforcement agencies
to gather valuable intelligence.

In addition to these intentional or malevolent risks, a
range of risks relate to design flaws in “smart” systems
connected to the Internet. Data gathered for one
benign purpose may be spread to other networks with
unintended consequences, potentially leading to new
machine-to-machine threats.

Further contributing to confusion about cyber
security’s landscape is the constant innovation in each
of the above fields and potential new connections
among them. Nevertheless, understanding the range
of negative consequences is central to managing
effective risk response. The pervasiveness of the
Internet and importance of related technologies to
everyday life and business means that should a major
disruption occur, it is likely to have high impact globally.
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Demographic challenges and
opportunities: population “cluster
bombs”, global graying and
demographic dividends

Demographic change has major implications
throughout the world, ranging from political instability
in fragile states to enjoyment of a “demographic
dividend” in emerging economies to fiscal crises in
advanced economies. The most significant changes —
which vary considerably by country — involve the rate
of population growth, evolution of the age structure
and the pace of urbanization. In addition to their
effects on national income, shifts in these demographic
indicators can have powerful implications for global
income, economic inequality, environmental quality,
social stability and migration.

Ageing populations in many advanced economies

add to fiscal stress as the ratio of the working

age population to the elderly falls. Many emerging
economies are also experiencing rapidly ageing
populations as longevity increases, creating a new set
of development challenges in the absence of adequate
financing solutions.

For certain developing countries, the population

size and growth rate are creating intense and rising
pressure on resources, public institutions and social
stability. In countries where rapid population growth
is combined with weak institutions, lack of economic
opportunties, fragile ecosystems, gender inequality
and severe urban crowding, the potential for large
numbers of disaffected youth engaging in resource-
based conflict is a real risk. The Forum’s Global
Agenda Council on Population Growth has identified
14 countries encompassing 450 million people
where high population growth is combined with
water and other resource stresses. Such “population
cluster bombs” could send myriad shock waves to
neighbouring countries and regions.

One example is Niger. With every woman having, on
average, upwards of seven children, Niger’s population
has gone from 3 million in 1960 to 16 million today
and is projected to almost quadruple to 58 million

in 2050. However, population growth has already
outstipped the country’s ability to produce food. In the
last decade, Niger has experienced several episodes
of severe food insecurity and famine,including a famine
that affected almost half the population in 2010.

In addition, decreasing soil productivity and a high
vulnerability to the effects of climate change mean that
Niger’s ability to further increase food production will
become even more strained. Already there are signs of
increased inter-ethnic conflict over scarce resources.
Implications could be felt more widely, especially since
Niger has one of the most important uranium mines in
Africa.

Emerging economies that have reduced fertility rates
are experiencing a “demographic dividend” as smaller
family size means fewer dependents for each working
adult and greater investment in each child. Realizing
this potenial requires the development of so-called
“21st century skills™2 among young people, and a
supporting institutional environment with an emphasis
on sectors and policies that improve employment
prospects and the operation of financial markets.

As well as national ownership, a strong global voice is
needed to help address population issues. To this end,
the World Economic Forum’s Global Agenda Council
on Population Growth has called on the United Nations
Population Fund (UNFPA) to reaffirm the world’s
interest in global and national demographic dynamics,
including rates of population growth, to reassert its
leadership in the population and development arena,
to rebalance its portfolio of activities and to subject its
activities to periodic external review.

1221st century skills as viewed by experts include: good living and career skills related to global citizenship, civic responsibility, ethics,
environmental awareness, health literacy, cross-cultural sensitivity and leadership. It also includes workforce readiness skills pertaining
to creativity, innovation, entrepreneurship, critical thinking, communication, collaboration, ICT and media literacy. In addition, it

includes basic skills in math, science, reading, geography and history.
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Resource security

Beyond the food-energy-water nexus addressed
above, this cluster of risks involves extreme
commodity price volatility and extreme energy
price volatility. It is a relatively uncontroversial
assertion that demand for natural resources will
increase in the medium term because of a combination
of population growth and projected increases in
per-capita consumption. But there is uncertainty
as to whether supply can keep pace. This leads
some experts to argue that, in the long-term, the
world should expect at best, sustained increases in
commodity prices, and at worst, shortages of key
resources.

Empirically, entrepreneurs have responded to
increased prices in the short-term with technological
and process innovations that have lowered prices in
the long-term. When adjusted for inflation, the price
of most commaodities actually declined from 1950 to
2000 despite rapidly rising overall demand. Some
experts, such as the late Julian Simon, have argued
that such declines are likely to continue.®

However there are two types of supply-side scarcity:
as well as the “soft” temporary limits driven by
inadequate past investment in production, there are
the “hard”, natural limits of a resource’s availability.
Such hard resource limits lead a number of experts
to doubt whether technology and innovation can
continue to increase the supply of core commodities
at the required rate implied by population and
economic growth in the long-term. They argue that
the contribution of technological advancement to
increased supply is slowing; that certain resources —
such as water — have no easy substitutes; and that
the unprecedented growth experienced in emerging
economies in recent years might outpace the
investment required to meet demand.

Externalities also play a role in price increases: as

the most accessible sources of commodities are
exhausted, the technical and environmental challenges
to their extraction are likely to rise, increasing costs
either directly or through regulatory responses.

Sustained increases in commodity prices and
shortages of key resources would have a negative
impact on global economic growth. Further, should
resulting price rises in finished goods be transferred
to consumers, the poorest will likely be worst hit,
increasing economic disparity and the interconnected
risks that this implies.

Increases in resource efficiency can help mitigate this
situation. Behavioural changes on the part of both
consumers and businesses can reduce demand.
Removing perverse incentives for the inefficient use
of some resources — hydrocarbon subsidies and
underpriced water — can support these changes.
Stronger rules on the stewardship of common, trans-
border resources — such as water or fisheries — may
help prevent a generalization of the “tragedy of the
commons”. And continued investment in technologies
and infrastructure that increase the efficiency of
resource extraction, distribution and use is also
necessary.

In the long-term, a model of truly sustainable
consumption where private sector business models
adopt resource limits as a driver of business innovation
— as advocated by the Forum'’s Driving Sustainable
Consumption Initiative —, could shift this current set

of risks to an opportunity for renewed growth and
competitive advantage.

BJulian Simon, The Ultimate Resource, 1981.
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Retrenchment from globalization

As the power and capacity of the United States to
lead diminishes, emerging economies are amassing
increasing political, economic and military power. A
key question in determining the scale and scope of
retrenchment from globalization will be the extent to
which emerging economies will be ready to embrace
leadership for defending the open international system
that facilitated their rise in the first place.

In many advanced economies strengthening

political forces either directly or indirectly advocate
retrenchment from globalization. Economic difficulties
mean policy-makers are increasingly tempted to
resort to protectionist measures and anti-globalization
rhetoric. Some of the stimulus packages adopted
during the financial crisis already entailed elements of
protectionism. Countries with growing current account
deficits will almost certainly continue to seek short-
term adjustments through protectionist or other trade-
restricting measures.

Unemployment and unequal wealth distribution
within both advanced and emerging countries also
disenfranchises large parts of societies from the
benefits of globalization. This may result in socio-
political unrest and general socio-economic backlash
against globalization. There are early signs of this

risk in the rise of extremist parties in Europe (at both
extremes of the political spectrum) and in the US (tea
party) coupling arguments of economic nationalism
with anti-immigration rhetoric. Similar sentiments are
being heard in some emerging economies, such as in
North Africa.

While experts regard full retrenchment from
globalization as a low-probability scenario, even
marginal restrictions to global movements of goods,
people and ideas could lead to economic loss as gains
of trade and the benefits of global division of labour
decrease. Such restrictions could simultaneously
exacerbate other risks by limiting opportunities for
countries to spread risks and share resources across
borders.

Weapons of mass destruction

There is no argument about the high potential impact
of weapons of mass destruction (WMD) but a broad
range of assessments do surround the likelihood of
WMD materializing as a global risk. The chemical,
biological, radiological, and nuclear (CBRN) risk could
occur in two ways. One is through terrorist attacks. The
other is through geopolitical conflict. Both are affected
by global governance failures. While WMD covers a
range of weapons of varying concern, the key WMD risk
is felt by most experts to be that of nuclear proliferation,
both among states and non-state actors, closely
followed by the potential use of biological weapons.

Regimes to restrict the spread of WMD have proven
surprisingly effective, particularly in conjunction with the
high capital and political costs associated with nuclear
weapons in particular. The norm of non-use of nuclear
weapons, in addition, has become well established.
Contrary to widespread fears in the 1960s, only a
handful of states currently carry nuclear arsenals. Some
states such as South Africa and Libya have even gone
so far as to renounce their nuclear ambitions altogether.
More recently, the May 2010 Nuclear Non-Proliferation
Treaty (NPT) Review Conference was broadly viewed as
a marginal success, despite its shortcomings.

Nonetheless, the dynamics of the nuclear status quo
are unstable. While the expansion of nuclear-powered
electricity generation does not pose a weapons
proliferation risk per se, it is still likely to raise concerns
regarding dual-use technologies, thereby highlighting
imperfections in global energy governance. In parallel,
delay in the ratification of the New START Treaty

risks undermining the “reset” in relations between

the Russian Federation and the United States and
weakening the impetus of non-proliferation and arms
reduction — as do recurring worries regarding North
Korea’s nuclear status and the uncertainties surrounding
Iran’s intentions on the matter. Meanwhile, technological
barriers to manufacturing and delivering WMD have
been falling, and illegal transfers of technology have
occurred repeatedly, including in the nuclear realm.

According to some experts, the risk of acquisition

of WMD materials by non-state actors — and their
willingness to use such tools — is considerable and
could increase. While a fully-fledged nuclear programme
is far beyond the capacity of any non-state actor, much
nuclear material remains insecure. Perhaps even more
significantly, the Forum’s community of experts argues
that the use by terrorists of improvised radiological
devices, the sabotage of commercial chemical plants
and/or supply chains, and the possible occurrence of
small-scale biological attacks rank high among risks to
watch in the CBRN field.
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As the different chapters of this report have shown,
addressing global risks requires new capacities in
terms of risk analysis as well as formal and informal
risk response mechanisms at the global level. Three
key features stand out to define the requirements of
these capacities:

*  First, interconnections between risks require us
to better understand the systems behind risks as
well as the risk context. It is no longer sufficient to
simply assess operational risks in the corporate
context or national security challenges in the
government context. Identifying the central nodes
in risk interconnections is a crucial element of risk
response. Analyses such as the one provided
in this report that focus on risk interconnections
therefore play an important role at focusing the
debate on risk response.

= Second, with global risks playing out both at
the global and national levels and different
stakeholders being affected in different ways,
the world faces a significant challenge in
coordinating national and global responses. By
definition, none of the risks discussed in this
report can be addressed by a single actor alone;
we therefore need to continue efforts to create
a common framework for assessing risks in a
multistakeholder, collaborative environment.

e Third, while in an increasingly turbulent global
environment there is the temptation to always
focus on the most recent risk event, it is
important to take a long-term perspective to risk
assessment and response. Many global risks

could emerge over decades rather than months or

years; this is one reason why this report maintains
a ten-year outlook. Long-term commitment is
required to ensure that the effectiveness of the
response matches the magnitude of global risks.

As such, addressing the two central risks in this

report — economic disparity and global governance
failures - could go a long way towards improving both
the effectiveness of risk response and overall resilience
at the global level. Both risks have strong impact on
the three important clusters highlighted by this year’s
risk perception survey. While many of the longer-term
developments and effects of global risks are difficult

to anticipate with a reasonable degree of certainty,
investments in these central risks are certain to have
positive effects on overall risk resilience.

However even with the best analysis, we can never
anticipate or prepare for all risks. In an increasingly
connected world, there is a plethora of risks that
are beyond the planning and assessment capacities
of decision-makers and risk experts alike. To be
prepared for these future challenges and to continue
to seize opportunities in rapidly changing strategic
environments, organizations and decision-makers
must continue to invest in our ability to adapt and
learn, thereby building more resilient systems. We
hope that the Forum’s Risk Response Network will
make a tangible and valuable contribution towards
achieving this goal.
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Appendix 1:

Definitions and methodology

Defining global
risks

For a threat to be considered a “global risk” it

must have global geographic scope, cross-industry
relevance, uncertainty as to how and when it will
occur, high levels of economic and/or social impact,
and it must require a multistakeholder approach to risk
response.

* Global Scope: Risks that affect no less than three
world regions on at least two different continents.
While these risks may have regional or even local
origin, their impact potentially can be felt globally.

* Cross-Industry Relevance: Risks that affect three
or more industries.

e Uncertainty: Uncertainty about how the risk
manifests itself within 10 years combined with
uncertainty about the magnitude of its impact
(assessed in terms of likelihood and severity).

*  Economic Impact: The risk has the potential to
cause economic damage of US$ 10 billion or
more.

=  Multistakeholder Approach: The complexity of the
risk requires a multistakeholder approach for its
mitigation. The risks are classified in five domains:
economic, geopolitical, environmental, societal
and technological risks.
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Further, risks are not all equal. The 2010 report deals
with two main types of risks:

e “Creeping” or “chronic global risks” that manifest
as long-term drains on economic or social activity
but do not occur as major, time-bound events (in
health, chronic disease is in this category);

* “Acute” or “event-driven global risks” that have
an identifiable onset when they occur (pandemics
fall in this category).

We define “resilience” as the ability of a system to
reorganize under change and deliver its core function
continually, despite the impact of external or internally
generated risks.
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Global risk report
methodology and
sources

The insights portrayed in Global Risks 2011, Sixth
Edition are based on:

World Economic Forum Global Risks Survey
2010:

The Global Risks Survey seeks the opinion of experts,
business leaders and policy-makers on a selection

of global risks tracked by the World Economic

Forum. This is a perception survey which received
approximately 580 valid responses across the 37
global risks in five risk categories. Respondents were
asked to assess risk likelihood and impact over a ten
year time horizon (2010-2020) and also provided their
level of confidence in their answers. Respondents

also assessed risk interconnections by choosing up

to six other risks they judged were related in some
way to the risk being assessed. Respondents also
had the option to add data on the dominant type of
interconnection between risks. Data were analysed
using a range of statistical techniques, both descriptive
and analytical. For more information on the full risk set,
please see our interactive website at:
http://www.weforum.org/globalrisks2011.

Note: the starting point for this report is a risk
perception survey. An important point to note is how
risks are perceived is not equivalent to the actual
exposure faced by stakeholders. While drawing

on perception data for insights into global risks, the
Forum’s Global Risks reports explicitly look to combat
perception biases, by taking a 10 year perspective,
encouraging experts to engage in debate and
challenge their own assumptions, and by specifically
focusing on risk interconnectedness and the trade-offs
involved in risk response. Finally, by highlighting how
experts perceive risks, the Forum aims to improve
multistakeholder awareness regarding both well-
known and less-understood risks in the hope that risk
response will be served.

Workshops and discussions with leading
experts:

Eighteen workshops and numerous individual
discussions with the Forum’s community of risk
experts provided valuable context and insight into
the survey data and form the basis for much of the
analysis in this report. Please see acknowledgements
for details of the experts involved.

Collaboration with the Forum’s Risk Partners:

The Forum benefited greatly from data, expertise

and guidance from our four risk partners: Marsh &
McLennan Companies, Swiss Reinsurance Company,
Wharton Center for Risk Management, University of
Pennsylvania and Zurich Financial Services.

Outcomes of the Network of Global Agenda
Councils:

Comprising over 1,000 of the world’s leading experts
across 72 key topics in the global arena, the Forum’s
Network of Global Agenda Councils serves as an
advisory board to the Forum and other interested
parties, such as governments and international
organizations. Input into this report from the councils
included survey data from the Global Agenda Council
Survey 2010 (600 respondents), data and insight
drawn from council reports and proposals, the use of
transcripts from council calls, output from the Summits
on the Global Agenda and individual contributions by
council members.

Desk research and internal expert review:

The World Economic Forum’s internal resources
conducted an extensive research process. In addition,
internal expert reviews were provided by 30 World
Economic Forum topic experts.
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Appendix 2:

Survey data overview 2011

The Global Risks
Landscape 2011

Global Risks 2011, Sixth Edition draws on the insights
of 580 expert respondents to the Forum’s Global Risks
Survey across stakeholder groups and regions. The
survey measured the perception of risk likelihood, risk
impact and risk interconnections from 2010 to 2020
for 37 global risks. A visualization of the results of this
survey can be seen at the beginning of the report. The
risks set is based on previous Global Risks reports

as well as input from the Network of Global Agenda
Councils and the Forum’s risk partners to reflect the
evolving risk context.

The Global Risks Landscape 2011 (Figure 1) reveals
that respondents in general perceive event-driven
risks as having higher impact than risks that are more
chronic in nature and more distributed over time.
This is a well-known bias in risk perception: there is

a tendency to discount the impact of risks which are
long-term and familiar, and the tendency to inflate the
impact of risks which involve extreme “shocks”, such
as fiscal crises and geopolitical conflict.

There are three interesting exceptions to this
observation. First, the risk of climate change; though
defined explicitly as chronic in nature, ranked highest
when likelihood and impact are combined. Two

other “chronic” risks are seen as particularly likely
and of high impact: economic disparity and global
governance failures.

The global risks perceived as having the highest
combined impact and likelihood among those
assessed appear in Table 5 below.

For more information on the Global Risks Landscape
2011, please go to:
http://www.weforum.org/globalrisks2011
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Table 5 Top 10 risks by likelihood and
impact combined

Ranking Likelihood x Impact

1 Climate change

Fiscal crises

Economic disparity

Global governance failures
Storms and cyclones
Extreme energy price volatility
Geopolitical conflict

Corruption

© 00 N o o b~ w N

Flooding

10 Water security
Source: World Economic Forum
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Risks
Interconnection
Map 2011

A key feature of the Forum’s Global Risks Survey is its
assessment of risk interconnections. Table 6 shows
the top 10 risks in terms of average strength of these
interconnections. The Risks Interconnection Map
(RIM) 2011 (Figure 2), which provides a visualization of
perceived interconnections and their strengths, can be
found on the inside cover of this report and is further
explored on http://www.weforum.org/globalrisks2011.

Table 6 Top 10 risks in terms of average strength
of interconnections

Ranking Interconnection

Economic disparity

Global governance failures
Geopolitical conflict
Fragile states

Corruption

Food security

Regulatory failures

Climate change

© 00 N o o B~ W N P

Fiscal crises

10 Asset price collapse

Source: World Economic Forum

The data indicate that the most interconnected risks
are economic disparity and global governance
failures. This makes them central to the visualization
of risk interconnections. It also makes them central to
our understanding of global risk as it implies that they
are particularly important in shaping the contemporary

risk context, creating or exacerbating other global risks
and inhibiting effective response. As such they are
discussed separately.

Interestingly, the distribution of their interconnections
differs substantially. Global governance failures

directly impact a large number of other risks, and are
perceived predominantly as an influencer of other risks.
Economic disparity, on the other hand, has stronger
interconnections with a smaller set of risks and there is
more evidence of perceived feedback loop dynamics.

Further analysis of interconnections revealed three
distinct clusters, which are analysed in the Risks in
Focus section below. One cluster consists of global
imbalances and currency volatility, asset-price
collapse and fiscal crises. The second cluster links
illicit trade, organized crime, corruption, and fragile
states. A third cluster links climate change with
water security, food security and extreme energy
price volatility.

Risks were defined by category, and it is interesting to
observe that societal risks were the most influential on
risks in other categories. While much media attention
is paid to geopolitical and economic risk, social risks
may in fact be of greater systemic concern.
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Differences in risk
perception among
respondents

The Forum’s survey data show that perceptions on the
37 global risks assessed in the survey vary significantly
by stakeholder group and geography. Respondents
tend to worry more about risks which are traditionally
viewed as being in “their” domain: businesses indicate
the highest level of concern about economic risks
while governments and international organizations
tend to perceive societal risks as the most concerning.
Table 7 shows the major differences in perception
across stakeholders and geographic groupings.

Respondent:  : Governments Business Academia

Respondents from the BRIC countries tended in
general to rate risks as lower in both likelihood

and impact than those from OECD countries. This

is surprising in that BRIC countries are at least as
exposed to the downside of global risks as OECD
countries, and for some risks, such as climate change,
exposures may be far greater. The explanation may

lie in a greater comfort with risk-taking in fast-growing

economies.

Economic disparities were viewed as similarly
important by all types of stakeholders and across

all geographies. Both North Americans and Asians
considered environmental risks to be of the greatest
aggregate concern while in Europe, societal risks rated

the highest.

International
Organizations

: North
: America

Table 7 Stakeholder and geographic differences in risk perception from the Global Risks Survey

Europe

Environmental
risks

Most concerned Societal risks
about:

: Environmental
: risks

Environmental
risks

Fiscal crises
(impact > Int. Org)

Climate change
: (likelihood > others)

Perception relative
to other groups:

Climate change

Fragile states
: (impact > others)

Slowing Chinese
economy

(impact > Int. Org)
Biodiversity loss

Fragile states

: Geopolitical conflict

: (> academia, Consumer price (> others)
: business) volatility

: (> academia)

: lllicit trade,

: organized crime, Terrorism

: fragile states
: (> others)

(likelihood > gov’ts)

Food security
(impact < others)

Source: World Economic Forum
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(impact > business)

(likelihood > others)

Climate change
(likelihood > others)

Climate change
(impact > business)

Fragile states
(likelihood > others)

lllicit trade,
organized crime
and fragile states
(> others)

Food security

Global imbalances
: (> Europe)

Regulatory failures
: (> Asia)

: Consumer price
: volatility
: (impact > Asia)

: Retrenchment from
: globalization
: (> Europe)

: Terrorism (> Asia)
(likelihood > others) :

: Critical information
+ infrastructure

: breakdown

: (> others)

: Regulatory failures
1 (> Asia)

: Consumer price
: volatility (mpact
1 > Asia)

Retrenchment from
: globalization
: (> Europe)

Terrorism (> Asia)

: Critical information
: infrastructure

: breakdown

: (> others)

Global governance
failures (> Asia)

Demographic
challenges
(> North America)

Global imbalances
(> Europe)

Retrenchment from
globalization
(> Europe)

Consumer price
volatility (likelihood
> NorthAmerica
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Outliers in the risk landscape for further reflection

Four risks are broadly perceived to be “outliers” in the Global Risks’ 2011 landscape, either because of
high levels of uncertainty about their assessment or because the attributes of these risks are only now
becoming visible. These risks are considered here because under certain circumstances they could move
rapidly to the centre of the risk landscape.

First, space security — the risk of economic damage and geopolitical tension from insufficient regulation of
commercial and military activity beyond the earth’s atmosphere. This was the least familiar risk of the set,
with respondents displaying very low levels of confidence in their responses because of a lack of technical
knowledge or readily plausible scenarios. This led a number of experts to suggest this risk was being
systematically underestimated. The Forum’s Global Agenda Council on Space Security is undertaking work
in this area.

The robustness of the Chinese economy since the global financial crisis means a slowing Chinese
economy was this year perceived to be one of the least likely of the 37 global risks, a significant change
from previous years. However, the potential impact is high, with Chinese growth currently fuelling a
significant proportion of the world’s economic activity. A Chinese slowdown might also precipitate social
instability domestically, leading to political instability that could threaten the entire region.

Ocean governance is another outlier, ranking low in both likelihood and impact despite expert opinion
that places the decline of fish stocks and disputes over marine territories as highly likely and of very high
impact.

A final outlier is threats from new technologies — unintended consequences for human, animal or plant
life from the release of agents into the biosphere created by genetic engineering, synthetic biology or
nanotechnology. Stakeholders rated this threat as of low impact and likelihood. However while experts
interviewed concurred that numerous regulatory authorities in this area lower the risk’s likelihood, it was
being underestimated in terms of impact.
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The focus of this report is on improving understanding
of global risks, rather than analysing optimal risk
response strategies— that is left to the ongoing
discussions in the Forum’s Risk Response Network
and beyond.

Nevertheless, a generic framework for risk response
is helpful when contemplating risk. Figure 10 depicts
five broad, non-exclusive strategies that might be
employed by a government, corporation or individual
to reduce overall risk exposure.

Figure 10 Generic risk response strategies

Initial risk
exposure

Level of severity

Ignore Avoid

Mitigate

Residual
risk

Adapt Transfer Accept

Source: Adapted from Cleary & Malleret’s “Resilience to Risk” and, Vernon L Grose’s “Managing Risk”

The first and most obvious option is to seek to avoid
the risk wherever possible. The second option is to
mitigate the risk directly — to attempt to reduce the
impact or likelihood of the risk at source. For example,
a corporation facing climate change-related risks could
lobby internationally to reduce carbon emissions.

The third option is to adapt to the risk by preparing for
its occurrence. Here, a corporation may strengthen
buildings or prepare emergency response plans.
Homeowners residing in flood-prone areas could
elevate their structures or collaborate to put drainage
systems in place.

The fourth option involves transferring risk. For
individuals and companies, risk could be transferred
to a third party such as an insurer, or through more
sophisticated hedging strategies (see below). The
equivalent from a systemic perspective is to diffuse the
risk, such that the second and third-order impacts are
reduced. For example, ensure that the collapse of a
single bank does not cause the collapse of interbank
lending.
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These options can all reduce the resulting impact of
the risk on an organization or system. But the final step
is also critically important — it involves accepting the
residual risk, such that the organization or individual

is well aware of the potential impact and can hold
reserves or make other provisions to deal with the
possible consequences.
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Catastrophe financing: the use of alternative risk transfer instruments

The most common form of risk transfer, insurance, shifts exposure to insurers in a exchange for a premium.
However this depends on insurers being able to profitably pool and absorb a range of risks through
diversification over time and geography. This is becoming more difficult as disasters are increasingly
regionally and temporally concentrated, thanks in part to development in hazard-prone areas. Of the 25
most costly insured catastrophes in the past 40 years, two-thirds have occurred since 2001.

The World Economic Forum’s Global Agenda Council on the Mitigation of Natural Disasters produced an
analysis* of new forms of risk transfer which involve shifting parts of catastrophe risk exposure directly to
financial markets. Alternative risk transfer (ART) instruments offer innovative financial solutions to meet the
growing needs of financial coverage of catastrophic risks and permit investors to play a more direct role in
that sphere.

One example of such instruments is a catastrophe bond which enables a company, international
organization or a government to issue bonds to protect them against predefined risks. Over 160 “cat
bonds” have been issued to date around the world to protect against pandemics, terrorism and natural
disasters. Another promising financial innovation is weather-index based micro-insurance for subsistence
farmers in countries where traditional insurance is unavailable or unaffordable.

With proper regulation and transparency, such alternative risk transfer instruments can provide additional
capital and offer new ways to hedge catastrophe risks, protect individuals and reduce the systemic impact
of future disasters.

* Michel-Kerjan, Erwann “Hedging Against Tomorrow’s Catastrophes”, in Learning from Catastrophes,
Kunreuther and Useem (Eds), Wharton School Publishing, 2010
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Guide to online global risks 2011 resources

Interactive website

The Forum has prepared a series of interactive
resources related to Global Risks 2011, Sixth Edition.
This includes an online version of this report, a data
explorer showing the results of the Global Risks
Survey, videos, interviews, quotes, data narratives and
an interactive version of the global risks barometer.
Please go to http://www.weforum.org/globalrisks2011

to explore this material.

The global risks
barometer

The global risks barometer assesses the influencing
factors, global impact and risk perceptions of

the 37 risks in the five risk categories: economic,
geopolitical, societal, environmental and technological
at a global level. In Global Risks 2011, Sixth Edition,
the influencing factors and global impact have been
generated and refined though the 18 workshops with
experts in each risk category. The risk perception
characteristics, which include key interconnections,
likelihood, severity, and variation in perception and

confidence level are data extracted from the Global
Risks Survey 2010.

The barometer is designed to trigger discussions on
global risks at multiple levels: at an individual risk
level to understand the factors that influence the risk
and its consequences described as global impact, in
relationship with the highly interconnected risks to
understand the directionality and the feedback loop
with other risks, and at a systemic level as it has been
illustrated in the Global Risk Landscape.

The barometer is a living document for several
reasons. First, the risks that have been captured at

a global level do not necessarily play out at a local
level in a similar manner hence there is a need for
further discussion. Second, the risk characteristics
evolve as the world moves on. Lastly, there are many
interpretations on how the risks may be influenced and
impacted; hence there is a broader need to continually
improve the work.

The full list of barometers, as illustrated in a dashboard
format below (figure 11), is available at the World
Economic Forum’s interactive website:
http://www.weforum.org/globalrisks2011.

Readers are encouraged to provide constructive
contribution to further elaborate this living document
that will feed into future Global Risks reports.

Figure 11 Example of barometer “Asset Price Collapse”

Asset price
collapse

in Billion US $

Perceived likelihood
to occur in the next ten years

Perceived impact

A collapse of real and financial asset prices leads to the destruction of wealth, deleveraging, reduced household

spending and impaired aggregate demand.

Drivers and indicators

Sharp increase and volatility in the prices of financial assets
including mortgages, asset-backed securities and debt instruments

(commercial and private real estate)

bubbles

from low-to high-interest rate countries

Changes in central bank policy frameworks which allocate more
weight to overall financial stability rather than just price stability

Sharp increase and volatility in prices of real assets

Excessive capital flows to emerging markets, inducing asset price

Global impact

Reversals of global economic
growth as collapse in asset prices
undermines consumer confidence
and the allocative efficiency of the
financial system (the current financial
crisis reduced world output by
roughly 2% and contracted advanced
economies by roughly 4%).

New arbitrage opportunities, causing currency carry trades

Possible collapse of banking
systems as investors lose trust in
financial markets and governance
institutions.

Policy shifts encouraging domestic consumption and creating

further productive investment opportunities in emerging economies

Greater transparency and stronger financial regulation regarding
surveillance, capital and liquidity ratios, risk retention and counterparty
risk management in over-the-counter derivative markets
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