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Foreword

This fifth edition of the United Nations Global Assessment Report on Disaster Risk Reduction (GAR) is
being issued four years after the adoption of the Sendai Framework for Disaster Risk Reduction 2015-2030
(Sendai Framework). Now is a time of heightened global urgency, and the need for ambitious collective
action to reduce disaster risk, build resilience and achieve sustainable development has never been greater.

At no point in human history have we faced such an array of both familiar and unfamiliar risks, interacting in a
hyperconnected, rapidly changing world. New risks and correlations are emerging. Decades-old projections
about climate change have come true much sooner than expected. With that come changes in the intensity
and frequency of hazards. Risk really is systemic, and requires concerted and urgent effort to reduce it in
integrated and innovative ways.

Countries adopted the Sendai Framework in 2015 to address a broader scope of hazards and risks. The
Sendai Framework charts a clear policy pathway for governments and citizens to prevent and mitigate
shocks caused by natural and man-made hazards, as well as related environmental, technological and
biological hazards and risks. In making the logical connection between reducing risk and building resilience,
the Sendai Framework provides the connecting tissue for the 2030 Agenda for Sustainable Development, the
Paris Agreement, the New Urban Agenda, the Addis Ababa Action Agenda and the Agenda for Humanity.

This edition of GAR is the first punctuation mark in the implementation of the Sendai Framework. It offers an
update on progress made in implementing the outcome, goal, targets and priorities of the Sendai Framework
and disaster-related Sustainable Development Goals. It provides an analysis of how risk science is chang-
ing, presents areas for additional endeavour, and explores aspects of understanding and managing systemic
risk. It presents innovative research and practice for pursuing risk-informed sustainable development, and
provides an introduction to the wider scope and nature of hazards and related risks to be considered.

This report represents a major step towards a twenty-first century view of risk and its reduction — an under-
standing that is imperative in our collective efforts to craft a sustainable future. We are fast approaching
the point where we may not be able to mitigate or repair impacts from realized cascading and systemic
risk, particularly those due to climate change. The urgency is evident. It demands much greater ambition
around the speed and magnitude of the changes the global community needs to make; changes that must be
proportionate to the scale of threat. Above all, we cannot let inertia and short-sightedness impede action. As
we have been reminded recently by Greta Thunberg (the Swedish climate change activist): “There are no grey
areas when it comes to survival. Now we all have a choice. We can create transformational action that will
safeguard the future living conditions for humankind, or we can continue with our business as usual and fail.
That is up to you and me.”

/

& 2

Mami Mizutori

Special Representative of the Secretary-General for Disaster Risk Reduction
Head of the United Nations Office for Disaster Risk Reduction



Executive Summary

Surprise is the
new normal

Non-linear change is a reality and is threatening all
three pillars (social, environmental, economic) of
sustainable development. It is happening across
multiple dimensions and scales, more quickly and
surprisingly than previously thought possible. New
risks and correlations are emerging in ways that
had not been anticipated. Through global intercon-
nectedness of highly interdependent social, techni-
cal and biological systems, human civilization has
become a “super-organism”, changing the envi-
ronment from which it evolved, and inducing new
hazards with no analogue.

Human activity grows exposure, increasing the
propensity for systems reverberations, setting up
feedback loops with cascading consequences that
are difficult to foresee. Small changes can produce
initial ripples, which can be amplified by non-linear
effects and associated path dependencies, causing
changes that lead to significant and potentially irre-
versible consequences. With increasing complexity
and interaction of human, economic and political
systems within ecological systems, risk becomes
increasingly systemic.

To allow humankind to embark on a development
trajectory that is at least manageable, and at best
sustainable and regenerative (consistent with the
aspirations for 2030), a fundamental re-exami-
nation and redesign of how to deal with risk is
essential.
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Challenging the
assumptions

The way in which such changes - including in
the intensity and frequency of hazards - affect
human activity is as yet difficult to foresee. Current
approaches to risk measurement and management
are inadequate to meet the challenges of the multi-
faceted interconnectedness of hazard, the barely
understood breadth of exposure, and the profound
detail of vulnerability; this inadequacy must be
addressed if we are to ever do more than simply
treat the symptoms.

Existing approaches to understanding risk are
often based on the largest and most historically
obvious and tractable risks for humans, rather than
on the full topography of risks. Most models draw
on historical data and observations, assuming that
the past is a reasonable guide to the present and
the future. The sheer number of people on Earth, a
changing climate and the dynamic connectedness
of biological and physical worlds challenges this,
requiring us to revisit assumptions about the rela-
tionship between past and future risk.

The era of hazard-by-hazard risk reduction is over;
present and future approaches to managing risk
require an understanding of the systemic nature
of risk. This entails quantum improvements in our
understanding of anthropogenic systems in nature
to identify precursor signals and correlations to
better prepare, anticipate and adapt.

Major renovations of current approaches to risk
assessment are therefore needed to be able to
realize the outcomes and goals of the post-2015
agreements — the Sendai Framework for Disaster



Risk Reduction 2015-2030 (Sendai Framework),
the Transforming our World: the 2030 Agenda for
Sustainable Development (2030 Agenda), the Paris
Agreement, the Addis Ababa Action Agenda (AAAA)
and the New Urban Agenda (NUA).

Learning to deal
with complexity

Risk is complex. While it can be practical to cate-
gorize risk so that responsibility can be delegated
to different organizations, institutions or individu-
als, risk management must not be “departmental-
ized”. Complexity challenges the problem-solving
model of separating issues into singularly defined
parts and solving for the symptoms. It is imperative
that our understanding of risk is developed without
resorting to reductive measures that isolate and
remove from context, and ignore systemic charac-
teristics. This applies as much to our institutional
arrangements for risk governance as it does to
community organization, research endeavours or
policy formulation.

The lens of contextual enquiry and trans-contextual
research is one that brings together disciplines
and many other forms of knowledge, including
the place-based wisdom of local practitioners and
cultural and indigenous sensitivities. By incentiv-
izing transdisciplinary, integrated, multisectoral
research engaging non-traditional counterparts,
risk assessment and decision-making efficiency
can be improved, duplication of effort reduced, and
connected collective action facilitated.

National planning bodies with representation from
all sectors must develop risk reduction strategies
that assume an all-of-State institutions approach
to risk reduction, to be able to adequately address
the expanded scope of hazards and risks repre-
sented in the Sendai Framework. A process to
develop a Global Risk Assessment Framework
(GRAF) has been established to facilitate the
generation of information and insights that would
sustain and guide the incorporation of systemic

risk and opportunity into policies and investments.
Sustained, multi-year and creative funding and
collaboration must support State and non-State
actors so that they have the tools they need to
better recognize and address systemic risks and
apply sustainable risk management strategies at all
scales.

Data, direction,
decisions

Turning the aspirations of risk-informed sustainable
development into reality requires robust data and
statistics that are timely, accurate, disaggregated,
people-centred and accessible, and which enable us
to capture progress and direct investments accord-
ingly. Four years after the adoption of the 2030
Agenda and the Sendai Framework, many coun-
tries have taken concrete steps towards meeting
the ambitious aspirations of these transformative
plans, including in the realm of data.

Integrated monitoring and reporting on the Sendai
Framework and disaster-related Sustainable Devel-
opment Goals (SDGs) is a reality — thanks to the
use of common metrics and the online Sendai
Framework Monitor (SFM). National statistical
offices are building the framework to include disas-
ter-related data within the domain of official statis-
tics. The percentage of reporting by Member States
containing economic loss data, for all income
groups, has increased in the last four years.

Data availability and quality is steadily improv-
ing, and the realm of statistical capacity-building
is opening up to accommodate collaboration
and synergies across increasingly complex data
systems. Coordinated, integrated global and
national efforts strengthening data generation,
taxonomy, interoperability, statistical capacity and
reporting must continue. Leveraging related efforts
that are ongoing across different global frameworks
is important - this includes supporting and drawing
from the data revolution for sustainable develop-
ment that was recommended by the United Nations
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Secretary-General’s Independent Expert Advisory
Group (IEAG). Increased international attention and
targeted funding across different goals is slowly
starting to yield results. It is critical that momentum
is not lost.

Data collection is however often fragmented, non-
universal, incommensurable and biased, and the
disconnect among “knowing” something, making
it “available and accessible” and “applying” what is
known, often remains. Many countries are unable to
report adequately on progress in implementing the
Sendai Framework and risk-related SDGs. Others
lack the capacity to analyse and use data, even
if they have the means to collect it. Development
actors, the private sector, and the academic and
research community may have the capacity, but the
true dividends of interoperable, convergent data and
analytics often remain elusive. This will not change
without a sense of urgency translated into political
leadership, sustained funding and commitment for
risk-informed policies supported by accurate, timely,
relevant, interoperable, accessible and context-
specific data.

Investment in physical infrastructure, especially in
the information technology sector, is required to
ensure better online reporting and loss account-
ing at all administrative levels while also building
capacities in cartography and geospatial data. Data
innovations, including citizen-generated data, must
be mainstreamed.

Partnerships with other stakeholders and expert
organizations — including from the private sector
- must be built on a foundation of global public
benefit to enable strong data-sharing networks and
comprehensive reporting, including those address-
ing the data challenges of the 2030 Agenda. Such
partnerships should explore multiple uses of data,
to stimulate demand and intrinsic incentivization
for data collection and sharing — including in the
context of aligned regional targets and indicators
(for example of countries with similar geopolitical
and hazard profiles) that allow spatial comparisons.

Developments in open data and analysis, shared
and interoperable software, computing power
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and other technologies are the technical enablers
of improved data science, risk assessment, risk
modelling, reporting and ultimately evidence-based
policies. For their success, they rely on investment
and the willingness of people to work with other
disciplines, across cultural, language and political
boundaries, and to create the right regulatory envi-
ronment for new and urgent work to proceed.

These are time-critical actions for the achieve-
ment of the goals of the Sendai Framework and the
2030 Agenda by the end of the next decade. With
improved access to good data, Member States can
monitor and report on progress, prioritize where to
invest resources and determine requirements for
course correction.

State of play

This 2019 Global Assessment Report on Disas-
ter Risk Reduction (GAR) is informed by the latest
data - including Sendia Framework target reporting
by countries using SFM — and infers early lessons
on the state of the global disaster risk landscape.
While the observed period is still too short to reach
definitive conclusions at a global scale, it is possi-
ble to ascertain certain patterns in terms of magni-
tude, geographic and socioeconomic distribution of
impacts and abstract several points of departure for
where and how countries have seen successes in
reducing risk.

In terms of losses, severe inequalities between
low- and high-income countries persist, with the
lowest-income countries bearing the greatest rela-
tive costs of disasters. Human losses and asset
losses relative to gross domestic product tend to
be higher in the countries with the least capacity
to prepare, finance and respond to disasters and
climate change, such as in small island develop-
ing States.

Sendai Framework Target A — Mortality relative
to population size has declined in the long
term. However, since 1990, 92% of mortality
attributed to internationally reported disasters



associated with natural hazards has occurred
in low- and middle-income countries, persis-
tently concentrated in the Asia—Pacific region
and Africa. Geophysical hazard events have
taken the highest toll on human lives. While
most fatalities are a result of realized intensive
risk, the proportion of mortality accounted for
by realized extensive risk is rising.

Occurrence of reported disasters associated
with biological hazards has decreased over
the past two decades, while the number of
disasters associated with natural hazards has
slightly increased.

Target B — Multi-hazard disasters affected 88
million people in countries reporting through
SFM in the period 1997-2017, with floods
affecting 76 million people. Disasters stem-
ming from natural hazards have displaced
an average of almost 24 million people each
year over the last decade and remain the main
trigger of displacement.

Target C — 68.5% of all economic losses in the
period 2005-2017 were attributed to extensive
risk events, as was the persistent erosion of
development assets identified in previous
GARs. Losses incurred as a result of the real-
ization of extensive risk continue to be vastly
underestimated and often absorbed by low-
income households and communities.

Target D — Economic losses incurred in the housing
sector account for two thirds of the total, with
losses to agriculture the second most-affected
sector. Data are imperfect, and disaster losses
remain significantly underreported, compromis-
ing accurate calculations of impact.

Target E - Immediate and focused action is
required to meet the 2020 deadline for
national and local disaster risk reduction
(DRR) strategies aligned with the Sendai
Framework. Progress has been steady, but
is insufficient given that such strategies are
seen as the foundation for achievement of the
2030 targets.

Target F — Development assistance for DRR has
been highly volatile, ex post and marginal. It is
miniscule compared with financing for disaster
response. A total of $5.2 billion for DRR repre-
sents 3.8% of the total humanitarian financing
between 2005 and 2017 - less than $4 for
every $100 spent.

Target G — Preliminary reporting on multi-hazard
early warning system practice hints at lessons
to be learned and efficiency improvements to
be made in respect of analysis (data collec-
tion and risk assessment) and ensuing action
(response).

Greater effort is required to move beyond analysis
of direct loss and damage, to understand impact
more holistically. Previous GARs have argued for
more emphasis on revealing the proportion of
income or assets lost within loss analysis. To do
so requires us to look at the indicators of the post-
2015 agreements afresh, across goals and targets,
and establish metrics for those dimensions of
disaster impacts that accrue to the most vulnerable.
Notably, this should be done by going deeper into
distributional analysis, moving away from regional,
national and subnational data to the household
level. Immediate effort is required to understand
in finer detail how shocks affect people’s lives in
a systemic way. Support can then be provided to
countries to design solutions and influence human
behaviour, to prevent the creation and propagation
of risk, as well as to rebound from disasters.

Leaving no one behind

Just as risk is systemic and interconnected, so too
is vulnerability. Risk, impact and capacity to cope
evolve throughout a person’s life cycle. Vulnerabili-
ties may emerge, change, compound and persist
over long periods, and can contribute to the inter-
generational transmission of vulnerability and
widening inequalities.

While disasters magnify existing social inequalities
and further disadvantage those who are already
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vulnerable, vulnerability is not a function of poverty
alone. People do not all have the same opportunity
to make positive choices. Location, age, gender,
income group, disability, and access to social
protection schemes and safety nets greatly affect
the choices people have to anticipate, prevent
and mitigate risks. Vulnerabilities accumulate and
cascade, and so interventions that protect those
groups whose vulnerability profiles make them
more susceptible to disaster are imperative.

The measurement of multidimensional vulnerabil-
ity remains immature, and systematic effort and
sustained funding is required for disaggregated
data collection. However, the use of quantitative
markers, proxy indicators and extrapolated data
represents lines of enquiry to be further elaborated.
These can support the development of a more
coherent, higher-resolution understanding of vulner-
ability in society that can enrich the operational
response and coverage of those left behind. If the
assessments of multiple organizations are pooled,
then coordinated data collection and communica-
tion can be realized for integration within risk reduc-
tion strategies and plans.

People must be put at the centre of data genera-
tion and collection, so that information collected is
contextual and improves our understanding of how
people experience risk and loss, allowing the devel-
opment of solutions that are relevant and effective.
Risk information must be integrated into develop-
ment indicators, and inform the sequencing of plan-
ning, budgeting and action.

Designing effective interventions requires an under-
standing of context — how life circumstances
affect individuals’ likelihood of being healthy and
educated, accessing basic services, leading a
dignified life and eventually “building back better”
after a shock. This requires sound socioeconomic
management that is more fair, inclusive and equi-
table, underpinned by a systemic, multidimensional
understanding of vulnerability. Measuring disas-
ter impact as experienced by individuals requires
consideration of how resources are shared among
regions, cities, communities, as well as members of
the same household.
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Levelling the
playing field

Most of the benefits of socioeconomic develop-
ment, economic integration and trade are shared
by a limited number of countries, leaving others
with constrained policy space to negotiate terms
commensurate with their needs. There is growing
evidence that the benefits of increasing economic
integration have not been equitably shared among
and within countries. Unsustainable patterns of
growth hide the build-up of systemic risks across
different sectors. When realized, these will severely
disrupt economic activity and inflict long-term
damage to sustainable development.

This calls for a fundamental redesign of global
financing and international development coop-
eration systems to include proportionate and
context-driven solutions commensurate with the
disproportionate exposure to environmental and
economic risk faced by many countries. In recogniz-
ing this challenge, the Sendai Framework set Target
F to substantially enhance international coopera-
tion to developing countries, and allow space for
countries to adopt effective policies that enhance
domestic public finance for risk-informed sustain-
able development.

International pressure for a fairer, sustainable, equi-
table planet must materialize mixed and innovative
financing approaches, pro-growth tax policies and
well-managed domestic resource mobilization that
respond to the cascading and interlinked nature of
these risks.

National and local
enabling environments

The primary responsibility for Sendai Frame-
work implementation lies with Member States.
The broader national frameworks of laws, poli-
cies and institutions for risk reduction, sustainable



development and action on climate change have a
significant impact on States’ abilities to formulate
and implement national and local strategies and
plans on DRR, development and climate change
adaptation (CCA). Such frameworks are critical
in empowering and including all stakeholders, in
establishing the basis for gender equality, and for
including people and groups more exposed and
more vulnerable to disaster impacts.

The legislative, policy and institutional structures
and processes that include the views and experi-
ences of women and girls, people with disabilities,
older persons and, for example, people from differ-
ent ethnic or religious backgrounds, and which
include protection measures for children, result in
measures at national and local levels that allow a
more equal and effective reduction of risk.

These enabling frameworks can be understood as
central components of national and local plans for
DRR, development, CCA and emerging integrated
approaches to risk reduction. Coherent and inte-
grated national and local plans are the means by
which Member States can best implement the
combined commitments made under the Sendai
Framework, 2030 Agenda, Paris Agreement, AAAA
and NUA, as well as other agreements related to
particular regions, sectors or themes. The multi-
dimensional nature of these commitments, and
more importantly the underlying risks they address,
require systems-based approaches to assess needs
and make national and local decisions about the
most effective use of available resources.

Governments and national stakeholders, supported
by the private sector and civil society, are therefore
encouraged to review these frameworks to identify
the enablers and opportunities, as well as the barri-
ers to integrated risk governance. These may come
in the form of legislative mandates, institutional
structures, capacity, resources, social equality/
vulnerability, gender roles, and people’s awareness
of and habitual treatment of risk.

Risk reduction processes have multiple connec-
tions with climate change mitigation, adaptation
and vulnerability reduction, and yet few DRR plans

take these connections into account. Given the very
threat to humanity posed by the effects of climate
change, a more integrated approach is required to
adapt to and reduce risk from climate change, as
well as from shorter-term risks from natural and
man-made hazards, and related biological, techno-
logical and environmental hazards and risks, when
seeking to prevent the creation of new risk through
development. Failure to include climate change
scenarios in assessment and risk reduction plan-
ning will build inherent redundancy in all we do.

While regional cooperation mechanisms can
provide key support to knowledge-sharing and
capacity-building among countries with similar risk
profiles and regional concerns, aspects such as
regional risk assessment, risk information systems
and national capacity-building must be more
actively promoted.

The regenerative potential of the social and natural
systems envisaged in the aligned, post-2015 agree-
ments will be better understood, and progress will
be accelerated, by incorporating systemic risk and
systemic opportunity into the design of policies
and investments at all scales. However, few coun-
tries operate centralized coordination mechanisms
among DRR, CCA and development planning, let
alone transdisciplinary, integrated, multisectoral
assessment, planning and decision-making struc-
tures that are required to understand and address
systemic risks.

In seeking achievement of Target E, and the estab-
lishment or realignment of national and local DRR
strategies consistent with the Sendai Framework,
countries employ a variety of approaches. These
include: stand-alone plans and strategies, full inte-
gration within sustainable development plans, inte-
grated DRR and CCA strategies, and urban DRR
strategies or DRR strategies in complex contexts.
With this GAR coming so soon after the adoption
of the indicators for measuring the global targets
of the Sendai Framework and disaster-related
SDGs, insufficient information is available to be
able to determine whether such measures are
affecting outcomes, in particular to the creation of
new risk.



The dynamic, interrelated and multidimensional
risks that exist in urban areas require systemic
approaches that seek to understand the nature
of interacting systems and adopt governance
adapted to the context. Fragile and complex
contexts, especially where there is significant
internal and cross-border migration, present a
particular set of challenges for local and national
risk reduction and for integrated risk governance.
As the risk context is constantly changing, flex-
ibility and agility is required of national- and local-
level processes, to be able to accommodate new
and emerging risks.

Climate emergency

Climate change is a major driver of disaster losses
and failed development. It amplifies risk. Decades-
old projections about climate change have come
true much sooner than expected. The Intergov-
ernmental Panel on Climate Change (IPCC) 2018
Special Report on Global Warming of 1.5°C brings
a new sense of urgency for risk reduction efforts.
The threshold of limiting global warming increase
to 1.5°C above pre-industrial levels, which the Paris
Agreement sought to cap, will be surpassed in the
late 2030s / early 2040s. Worse, IPCC estimates
that if countries restrict effort to the commitments
made in the Paris Agreement (nationally determined
contributions), we are looking at warming in the
realm of 2.9°C-3.4°C by the end of the century.

Non-linear change in hazard intensity and
frequency is already a reality. Affecting the inten-
sive and extensive nature of risk, climate change
can generate more powerful storms, exacerbate
coastal flooding, and bring higher temperatures
and longer droughts. Emergent climate-related
risks will alter most of our current risk metrics.
Growth in death, loss and damage will surpass
already inadequate risk mitigation, response and
transfer mechanisms.

If the 1.5°C threshold is breached, the possibili-

ties to adapt will diminish as ecosystem services
collapse. Unable to support current economic
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activity and human populations, migration on a
scale never before seen may be triggered, with
people moving from arid and semi-arid regions to
low-elevation coastal zones, thus increasing risk.

The urgency is evident; greater ambition is
required with regard to the speed and magnitude
of the changes to be made. Vulnerability reduction
measures — captured in national adaptation plans
for action and DRR plans — must be closely linked
to the simultaneous systemic changes that must be
engineered in energy, industrial, land, ecological and
urban systems if we are to remain below the 1.5°C
threshold.

The development of DRR plans at the local, national
and regional levels, and the assessments that
underpin them, must integrate near-term climate
change scenarios, and elaborate the enabling condi-
tions for transformative adaptation presented by
IPCC.

Own the consequences
of choice

While the onus rests with States, the responsibility
to prevent and reduce risk is a shared one. Risk is
ultimately the result of decisions that we all make,
either individually or collectively.

The consequences of inaction in addressing the
systemic nature of risk to individuals, organiza-
tions and society are becoming increasingly appar-
ent. Even half a planet away, risk that is allowed to
grow unchecked - and in plain sight — can affect
us (for example, the 2008 global financial crisis).
While governments are responsible for incentiv-
izing and leading risk reduction, as individuals, we
must own the consequences of our decisions, our
action or inaction, and the risks that we create and
propagate. This means fundamental changes in our
behaviour.

With the sense of urgency brought by IPCC, we
must mobilize to collectively determine solutions.



We must examine our own decisions and choices -
our inaction as much as our action — to determine
how we are contributing to the risk ledger. We must
honestly review how our relationship with behav-
iour and choice transfers to individual and collective
accountability for risk creation, or risk reduction.
This understanding must translate into action, for
example, by revisiting how and what we produce
and consume.

More broadly, we must provide decision-friendly
scenarios and options at relevant geospatial and
temporal scales, providing data and information to
support people to better understand the nature of
their own risk and how to deal with it.

The ambition, richness and expansive spirit of
cooperation required to meet systemic challenges
will require levels of selfless humanism that match
the scale of the challenge. Humans can (or should)
decide on changing deeply embedded values that
define higher level rules of operation and inter-
action. If not, societies may continue to create
wealth at the expense of declining ecological life
support functions in a positive spiralling feedback
loop that creates systemic risks with cascading
effects and makes overarching economic, ecologi-
cal and social systems increasingly susceptible to
collapse.

This is a time of heightened global urgency; we are
fast approaching the point where we may not be
able to mitigate or repair impacts from cascading
and systemic risk. This calls for intensified efforts,
political resolve and sustained funding — by govern-
ments, by the private sector, by cities, communi-
ties and individuals — to build solutions based on a
better understanding of systemic risk.

We must move away from short-sighted, segmented
planning and implementation to transdisciplinary,
collaborative approaches that build resilience and
regenerate relevant resources, avoiding negative
consequences. We must apply what we know and
acknowledge the gaps in our knowledge, prioritizing
ways to understand what we do not yet know. Our
flexibility must be as dynamic as the changes we
hope to survive.

Above all, we cannot let inertia and short-sighted-
ness impede action. We must act with urgency and
with greater ambition, proportional to the scale of
threat.

Xi
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GAR19 -

A guided tour

The Sendai Framework for Disaster Risk Reduc-
tion 2015-2030 (Sendai Framework) emphasizes
that risk is everyone’s business — explicitly iden-
tifying the need for all-of-society and all-of-State
institutions’ engagement. Past Global Assess-
ment Reports (GARs) presented the now-accepted
wisdom that managing risk does not equate to
firefighters, first responders and civil protec-
tion authorities managing the consequences of

Risk and the context of hazard, exposure and vulnerability

There is no such thing as a
natural disaster, only natural
hazards

We make choices as to where
we inhabit, how we build and
what research we do

(Source: UNDRR 2019)

This puts the onus on all of us to understand
the nature of risk - that death, loss or damage
(impacts that define a disaster — that are the
disaster) are a function of the context of hazard,
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realized risk. Risk must be understood in much
broader terms - contextually and temporally.
Previous GARs also emphasized that risk is a
function of more than simply hazard, that disas-
ters are not natural, but a product of the interac-
tion of often naturally occurring events and human
agency. We define these events as disasters
when people suffer and things we care about are
damaged or lost.

Risk is the combination of
hazard, exposure and
vulnerability

Death, loss and damage is
the function of the context
of hazard, exposure and
vulnerability

vulnerability and exposure. The Sendai Framework
exhorts us to reduce risk by avoiding decisions
that create risk, by reducing existing risk and by
building resilience.



The Sendai Framework translates those messages
into ones that can be used in the real world:

+ Risk is everyone's business: “While the enabling,
guiding and coordinating role of national and
federal State Governments remain essential,
it is necessary to empower local authorities
and local communities to reduce disaster risk,
including through resources, incentives and
decision-making responsibilities, as appropri-
ate.” (Para. 19f)

+ Disasters are not natural: “The present Frame-
work will apply to the risk of small-scale and
large-scale, frequent and infrequent, sudden and
slow-onset disasters caused by natural or man-
made hazards, as well as related environmental,
technological and biological hazards and risks.
It aims to guide the multi-hazard management
of disaster risk in development at all levels as
well as within and across all sectors.” (Para. 15)

Risk is a function of the decisions we take and
how we consume, which then shape the world
around us: “Business, professional associations
and private sector financial institutions, includ-
ing financial regulators and accounting bodies
... to integrate disaster risk management, includ-
ing business continuity, into business models
and practices through disaster-risk-informed
investments.” (Para. 36c)

+ Understanding and managing risk is everyone's
business and integral to the success of all 2015
agendas: “Disaster risk reduction requires an
all-of-society engagement and partnership”
and “Civil society, volunteers, organized volun-
tary work organizations and community-based
organizations to participate, in collaboration
with public institutions, to, inter alia,....advocate
for resilient communities and an inclusive and
all-of-society disaster risk management that
strengthen synergies across groups.” (Paras.
19d and 36a)

The Sendai Framework tells us that the risk land-
scape has changed, that it is complex, that we have
perhaps been slow to realize this, and that we have
a lot of catching up to do. In calling for engagement

of all stakeholders, and integration with policy on
climate change, development and risk financing,
the Sendai Framework identifies that risk and disas-
ters are part of a complex set of human systems
that operate at different scales and along differ-
ent time frames. Failure to manage these systems
will reverse development gains for most people in
the world, and place the functioning of our global
society in jeopardy.

This GAR is about understanding better the sys-
temic nature of risk, how we are able to recognize,
measure and model risk, and about strategies to
enhance the scientific, social and political coopera-
tion needed to move towards systemic risk gover-
nance. It reinforces the message that we need to
reduce vulnerability and build resilience if we are to
reduce risk. It looks at what countries and regional
and international organizations have been doing
according to formal reporting under the Sendai
Framework Monitor (SFM). It also considers country
practices in developing national and local plans to
enhance risk reduction capacity, to integrate disas-
ter risk reduction (DRR) with development planning
and climate change adaptation (CCA), and to pay
special attention to risk in rapidly growing cities and
fragile/complex contexts.

This GAR demonstrates the urgency of the action
and ambition required, reinforced by current climate
science. We can expect non-linear changes in the
intensity and frequency of hazards. We know that
many of the ways in which human activity will be
affected are, as yet, unforeseeable, and that we are
fast approaching the point where we may not be
able to mitigate or repair impacts from cascading
and systemic risk in our global systems. In propel-
ling systems-based thinking and approaches to the
fore, this GAR adds to the call for urgent action to
deal with simultaneous systemic change around
land, ecosystems, energy, industrial and urban
systems, and the social and economic transforma-
tions that these infer.
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Setting the scene

The introduction, Chapter 1: How we got to now,
provides background on a decades-long shift
that has brought us to the Sendai Framework. It
traces how a shared global policy commitment
has emerged from the idea of managing disasters
and seeking to mainstream DRR, to an approach of
managing the wider risks embedded in our social,
economic and environmental activity. The Sendai
Framework is about transitioning towards resilient
and sustainable — even regenerative — societies in
a way that is informed by a deeper understanding of
risk and its drivers.

Chapter 1 also introduces the wider context of the
Sendai Framework as one of a group of key interna-
tional agreements adopted in 2015 and 2016 that
look towards a better future for people and societ-
ies around the globe. These include:

+ Transforming our World: 2030 Agenda for Sus-
tainable Development (2030 Agenda), which
provides a plan of action for people, planet and
prosperity that envisages a world free of poverty,
hunger, disease and want, where all life can thrive

+ Paris Agreement on climate change, which
provides the foundation for sustainable, low-
carbon and resilient development in a changing
climate

Addis Ababa Action Agenda, which outlines fis-
cally sustainable and nationally appropriate mea-
sures to realign financial flows with public goals
and reduce structural risks to inclusive growth

New Urban Agenda, which introduces a new
model of urban development that promotes
equity, welfare and prosperity

+ Agenda for Humanity, which addresses conflict-
related risk drivers and seeks to reduce future
vulnerability through investment in humanitarian
response that builds local capacities

These are reference points for implementation of
the Sendai Framework’s concept of integrated risk
governance, at all scales.
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The substantive elements of this GAR begin with
Chapter 2: Systemic risks, the Sendai Framework
and the 2030 Agenda, which is an examination of
the nature of systemic risk and the systems-based
approaches that the Sendai Framework invokes.
There are profound implications in making the shift
from a hazard-by-hazard view of risk, to a holistic
understanding of disaster risk as a dynamic three-
dimensional topography that changes through
time. This chapter introduces and elaborates the
concept of systemic risk. It delves into this field
to explore what we need to understand, and how
it might be possible to change the ways we think,
learn and act.

The chapter discusses how current approaches
measure and model holistic representations of
disaster risk in light of the concept of systemic
risk. It describes different types of systemic risks
that vary with respect to temporal patterns, the
ways in which feedback works in systems and
the ways in which the scales used to view the
system are related. It then considers the issue of
governance of systemic risks and how it might be
possible to change the ways we think about risk
and behaviour. It examines combinations of theory,
human ingenuity and uses of technology that may
help to tackle risk reduction in systems, and to
interrogate the complicated and complex nature of
the dynamic interactions of social, economic, politi-
cal and ecological dimensions.

Chapter 2 also tackles the topic of collective intelli-
gence, the issue that data can change as a function
of context, and considers the collaboration neces-
sary to advance our understanding of systemic
risks. It introduces the Global Risk Assessment
Framework, which is an open and collaborative
initiative called for, designed and developed by
experts and facilitated by the United Nations Office
for Disaster Risk Reduction. This framework seeks
to help the world deal with complexity, uncer-
tainty and inefficiencies in risk assessment and to
provide decision makers at different scales with
enhanced risk information and actionable insights,
tools and demonstrations that are open, inclusive,
collaborative and recognisant of the systemic
nature of risk.



The Sendai Framework’s
broadened view of
the world'’s risk

(Part I, Chapters 3-6)

Part | highlights how risk science is changing.
Hazards interact with each other in increasingly
complex ways, and our understanding of this is
expanding. Vulnerability can have myriad dimen-
sions. Calculating the exposure to a virus is differ-
ent to calculating the exposure to a landslide.
Representation of risk in this GAR is therefore not
as elegant as it has been in the past. Risk is messy.

The production of calculations to represent the risk
a country faces is a highly complicated task that
relies on complex equations and the inputs of multi-
ple data sets. This produces an elegant series of
metrics and graphics: multi-hazard average annual
loss, probable maximum loss and hybrid loss
exceedance curves. All are impressive scientific
ways to inform a community about how to reduce
risk. However, in practice, they do not actually do
that.

Such metrics may be multi-hazard, but they rely on
hazards being probabilistically measurable. Some
hazards can be measured this way, but with others,
it is harder. Return periods for seismic risk are
well understood, but flooding is more complicated
because there are many more drivers of floods
(coastal and riverine floods, human infrastructure
and settlements, etc.). It is harder still for droughts
and insect infestations. And when hazards are no
longer natural hazards only, but include industrial
accidents, epidemics or agricultural blights, those
elegant calculations become untenable.

The metrics usually rely on measuring exposure
and vulnerability of the built environment. This is
an important part of the cost of disasters and the
nature of risk, but it does not take into account
the human cost in terms of lives lost, health and
livelihoods affected, or the differential impacts of
hazards on vulnerable people.

With this recognition of uncertainty at the fore,
Chapter 3: Risk, investigates how we currently
monitor and model a range of hazards, includ-
ing tsunamis, landslides, floods and fires. Other
hazards are less familiar as they were not part of
the Hyogo Framework for Action. However, they
are part of the Sendai Framework and include:
biological, nuclear/radiological, chemical/industrial,
NATECH (natural hazards triggering technological
disasters) and environmental hazards. Chapter 3
looks at our understanding of how these hazards
interact with exposure and vulnerability.

Chapter 4: Opportunities and enablers of change
highlights that the technological, policy, regula-
tory and scientific context has changed to enable
new kinds of analysis, new understanding and new
ways of communicating risk. It also informs us that
disaster risk science has new partners. Thousands
of people have realized they have a role to play
in reducing risk since the Sendai Framework was
adopted. Epidemiologists, nuclear safety experts,
climate researchers, utility companies, financial
regulators, zoning officials and farmers can all see
themselves reflected in the Sendai Framework.
People interested in protecting life, assets and the
environment have been interlinking their knowledge
and energy.

However, new opportunities unveil new challenges.
Chapter 5: Challenges to change outlines some
issues such as changing our mindsets, political
factors, and technological and resource challenges.
To succeed, the technical enablers of improved
data science, risk assessment and risk modelling
rely on the willingness of people to work with other
disciplines, across cultural, language and political
boundaries, and to create the right regulatory envi-
ronment for new and urgent work to proceed.

Chapter 6: Special section on drought links all
these themes. Drought risk contains elements of
meteorology, climate change, agriculture, power
politics, food security, commodity markets, soil
science, hydrology, hydraulics, etc. Drought is
highly destructive and is projected to become
more frequent and more severe in many parts of
the world due to climate change. This chapter lays
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the groundwork for the GAR 2020 special report
on drought, but in this GAR, it provides a detailed
example of complex, systemic risk that can be
reduced and managed only through a systems
response.

Implementation of the
Sendai Framework
and disaster risk-
informed sustainable
development

(Part Il, Chapters 7-9)

The United Nations General Assembly endorsed
the 2017 recommendations of the Open-ended
Intergovernmental Expert Working Group on indi-
cators and terminology relating to DRR, which was
established to develop indicators for monitoring
implementation of the Sendai Framework. The
reporting period for Member States has thus been
short. Consequently, the data available for infer-
ring trends in terms of the targets is limited and
does not yet offer statistical confidence. However,
we can observe with confidence certain patterns
in terms of the magnitude and the geographic and
socioeconomic distribution of disaster impacts and
abstract several points of departure for where and
how countries have managed to reduce disaster
risk. Nevertheless, we note that the observed period
is still too short to reach definitive conclusions on a
global scale.

Part Il introduces the global disaster risk land-
scape with emphasis on the globally agreed goals
and targets of the Sendai Framework and the 2030
Agenda. It takes stock of experiences so far, with a
comparative analysis of country-specific evidence
on national reporting, including roll out of the new
SFM.

Chapter 7: Risk reduction across the 2030 Agenda
sets out the targets and agreed indicators of the
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Sendai Framework and the disaster-related Sustain-
able Development Goals (SDGs) of the 2030
Agenda, now that integrated and common report-
ing by Member States has been established. Since
2015, significant efforts have been made to imple-
ment the Sendai Framework, by an increasingly
diverse spectrum of stakeholders, reaching across
different geographies, sectors and scales. This
chapter concludes with a discussion of the type
of data needed for effective monitoring and also
recognizes that the current gaps in data and knowl-
edge limit governments’ ability to act and effectively
communicate with the public on reducing risk.

Chapter 8: Progress in achieving the global targets
of the Sendai Framework presents the latest data
available - including those presented by the ninety-
six countries using SFM since it went live on 1
March 2018 - and infers early lessons on the status
of the global disaster risk landscape. There has
been growing awareness since 2015 of the need for
better data. SFM represents a unique opportunity
to streamline interoperable data on disaster losses.
This chapter recognizes that national disaster loss
databases may use different methodologies, and
that reporting data in a comparable manner to the
SFM system remains a challenge for many coun-
tries, not just developing countries.

Chapter 8 also reviews the contribution of SFM
to reporting on relevant SDGs, by underlining the
cross benefits of integrated reporting across the
global frameworks. Recognizing that extra efforts
are required to optimize these interactions to the
mutual benefit of different frameworks, Part Il
offers some insights on improved opportunities for
cross reporting through different SDGs.

Chapter 9: Review of efforts made by Member
States to implement the Sendai Framework looks
at successes and challenges as they emerge from
the first years of reporting, including in terms of
data, statistics and monitoring capability, and
provides recommendations for further improve-
ments. It also highlights best practices in capacity-
building, monitoring and reporting, and discusses
engagement of a broad spectrum of State institu-
tions and non-State actors.



Creating the national
and local conditions
to manage risk

(Part lll, Chapters 10-15)

The Sendai Framework calls on governments to
adopt and implement national and local DRR strate-
gies and plans that meet its essential elements and
which are thereby aligned with its goal and princi-
ples (Target E).

Fulfilment of Target E is a foundational step for
governments to: (a) achieve the ultimate targets
of the Sendai Framework by 2030 and (b) move
towards risk governance that incorporates the
broadened risk scope of the Sendai Framework in
the context of the 2030 Agenda, and which incor-
porates systems-based approaches. It requires
integration across different sectors and levels of
government, engagement with civil society and the
private sector, and contemplation of different time
frames to address current and emerging risks. This
is why Member States agreed that Target E should
be achieved by 2020. National and local DRR strat-
egies and plans are a necessary foundation for
broader implementation of the Sendai Framework
and for risk-informed sustainable development.

Part lll discusses the enabling environment for
Member States to develop and effectively imple-
ment national and local plans and strategies,
including the technical support systems and
resources available around the Sendai Frame-
work and the other post-2015 agendas mentioned
above. Chapter 10: Regional support and national
enabling environments for integrated risk reduc-
tion discusses important aspects of the enabling
environment, including the mutual support and
resources that Member States access through
their regional organizations and agreements. These
can be formal intergovernmental mechanisms or
innovative multi-stakeholder partnerships, and the
governance framework of laws, policies, institutions
and financing in place within Member States at
national and local levels.

Part Il then moves onto the evidentiary chapters on
national and local practices, extending the Sendai
Framework Monitoring data reported in Part Il
with qualitative analysis. Chapters 11-13 provide
research and analysis on current practices in devel-
oping national and local DRR strategies and plans
that align with the Sendai Framework, integration
of DRR into development planning, and integration
of DRR with national climate adaptation strategies
and plans. Taking Sendai Framework Target E as
the starting point, these chapters aim to provide
a picture of the challenges, good practices and
lessons learned in using a systems-based approach
to risk reduction at national and local levels when
developing and implementing these types of
government policy instruments.

Chapter 11: National and local disaster risk reduc-
tion strategies and plans shows that while there
are many examples of good practices around the
world - with case studies highlighting how some
countries have overcome resource and capac-
ity challenges — Member States cannot assume
that existing arrangements are fit for purpose
under the broadened hazard and risk scope of the
Sendai Framework. Likewise, Chapter 12: Disas-
ter risk reduction integrated in development plan-
ning and budgeting examines the challenges and
gathers examples of good practices, notably the
opportunities provided during renewal of national
socioeconomic development plans. Chapter 13:
Integration between disaster risk reduction and
national climate adaptation strategies and plans
examines the degree of integration between DRR
and CCA plans, including in the context of formal
reporting to the United Nations Framework Conven-
tion on Climate Change and the Paris Agree-
ment, and internationally financed CCA projects.
The chapter is couched in terms of the existen-
tial threat posed by global warming if it exceeds a
temperature of 1.5°C above pre-industrial levels, as
presented in the 2018 report of the Intergovernmen-
tal Panel on Climate Change.

Part lll concludes with two chapters on risk environ-
ments that are of concern due to their complexity
and potential for risk creation, including cascad-
ing and compounding risks. Rapidly growing urban
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environments and fragile or complex situations can
create new risks as well as compound risks arising
from natural hazards, armed conflict, poverty,
malnutrition and disease outbreaks, thereby
increasing the vulnerability of affected populations
and reducing their coping capacity. They exemplify
the imperative for systems-based approaches in
risk governance, including addressing socioeco-
nomic vulnerability in government policy and the
engagement of non-State actors in a wide concept
of risk governance.

Chapter 14: Local disaster risk reduction strate-
gies and plans in urban areas considers urban

environments, which are growing rapidly in develop-
ing countries around the globe and which present
challenges for many local governments. These
challenges are amplified where the development
of urban environments is accompanied by the
growth of informal settlements. Chapter 15: Disas-
ter risk reduction strategies in fragile and complex
risk contexts tackles the critical and complicated
aspects of risk reduction in fragile or complex situ-
ations — such as those created by population move-
ments due to armed conflict and famine, in which
decision makers need to take account of known
threats as well as new and emerging sources of risk
that are difficult to foresee.

Conclusions, recommendations and

supporting material

Principal Conclusions and recommendations of this GAR19 are consolidated in the above Executive
summary, as well as in the accompanying document, GAR19 Distilled. They are drawn from the conclusions
and recommendations presented in each chapter and part.

As with previous GARs, this report is underpinned and informed by the extensive research, knowledge and
expertise of experts and competent bodies. This GAR continues the tradition of sponsoring and presenting
additional, innovative research and evidence to support our understanding of the creation and propagation of
disaster risk, as well as the conducive conditions and impediments to its management.

GAR19 introduces a more formal process of generating commissioned research. The online section GAR19
contributing papers presents research selected following a call for papers and which successfully passed
external, academic peer review. Additional material is also available in the online Bibliography.

This GAR, and the supporting material and data that informed its development, can be accessed online and

downloaded from the GAR19 website (www.gar.unisdr.org/2019), which offers readers the opportunity to
explore the report interactively.
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Chapter 1:

How we got to how

1.1 Evolution of the global policy agenda
for disaster risk reduction

The adoption of the Sendai Framework for Disaster Risk Reduction 2015-2030 (Sendai Framework)' at the
third United Nations World Conference on Disaster Reduction (WCDR) - and its subsequent endorsement by
the General Assembly of the United Nations (Resolution A/RES/69/283) in June 2015 - marked the culmina-
tion of a process formally begun in the 1970s.

Figure 1.1. Risk reduction - a journey through time and space
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1970s

Having observed that actual and potential conse-
quences of natural hazards were becoming so
severe, and were of such a scale, that much greater
emphasis on pre-disaster planning and prevention
was imperative, the United Nations Disaster Relief
Coordinator convened an International Expert Group
Meeting in July 1979 to review six years’ worth of
work developing a methodology for risk and vulner-
ability analysis.

1980s

This work laid the foundations for the develop-
ment, 10 years later, of the International Frame-
work of Action for the International Decade for
Natural Disaster Reduction (IDNDR)? beginning on
1 January 1990.3

1990s

Supported by a Secretariat established at the United
Nations Office in Geneva, IDNDR was intended to
reduce — through concerted international action
- loss of life, damage to property, and social and
economic disruption caused by “natural disas-
ters”, especially in developing countries. With a
strong emphasis on engaging and deploying exist-
ing scientific and technical knowledge, IDNDR
succeeded in raising public awareness — notably
of governments — to move away from fatalism and
to reduce disaster losses and impacts. A pivotal
moment in IDNDR was the adoption (in 1994) of the
Yokohama Strategy for a Safer World: Guidelines
for Natural Disaster Prevention, Preparedness and
Mitigation, containing the Principles, the Strategy
and the Plan of Action (Yokohama Strategy)* at the
World Conference on Natural Disaster Reduction.

1994

The Yokohama Strategy marked the beginning of
a significant shift in the political and analytical
context within which disaster reduction was being
considered. While IDNDR was largely influenced by
scientific and technical approaches, the Yokohama
Strategy attributed great importance to socioeco-
nomic vulnerability in disaster risk analysis, empha-
sizing the crucial role of human actions in reducing
the vulnerability of societies to natural hazards and
disasters.

26 Chapter1

2000s

Having been so mobilized, at the conclusion of
IDNDR, Member States determined in 1999 that
IDNDR would be succeeded by the International
Strategy for Disaster Reduction (ISDR).5 This would
seek to: (a) enable communities to become resil-
ient to the effects of natural hazards, and related
technological and environmental disasters, thus
reducing the compound risk posed to social and
economic vulnerabilities within modern societies,
and (b) proceed from protection against hazards
to the management of risk, by integrating risk
prevention strategies into sustainable develop-
ment activities.

At the end of the period covered by the Yokohama
Strategy, in 2004 and 2005, the United Nations
Secretariat of the International Strategy for Disas-
ter Reduction carried out a review of the Yoko-
hama Strategy and Plan of Action for a Safer
World. The Yokohama Review found evidence of
greater official and public understanding of the
effects of disasters on the economic, social and
political fabric of societies, and stated that “signifi-
cantly greater commitment in practice is required”.
It also identified challenges and gaps in five main
areas: governance; risk identification, assessment,
monitoring and early warning; knowledge manage-
ment and education; reducing underlying risk
factors; and preparedness for effective response
and recovery.

2005-2015

The Yokohama Review was submitted to the
second WCDR in Kobe, Japan, in January 2005.
It formed the basis for formulation of the Hyogo
Framework for Action 2005-2015: Building the
Resilience of Nations and Communities to Disas-
ters (HFA). The adoption and implementation of
HFA following WCDR marked a milestone in cata-
lysing national and local efforts to reduce disaster
risk and in strengthening international cooperation
through the development of regional strategies,
plans and policies, and the creation of global
and regional platforms for disaster risk reduc-
tion (DRR), as well as the adoption by the United
Nations of the United Nations Plan of Action on
Disaster Risk Reduction for Resilience.



Member States adopted a series of principles
to support implementation of HFA including: the
primary responsibility of States to prevent and
reduce disaster risk together with empowered
relevant national and local authorities, sectors
and stakeholders; all-of-society, inclusive, engage-
ment; coordination within and across sectors and
with relevant stakeholders at all scales; a multi-
hazard approach and inclusive, evidence-based risk-
informed decision-making; addressing underlying
risk factors through public and private investments
informed by disaster risk; strengthening interna-
tional cooperation; and emphasis on developing
countries.

HFA provided detailed guidance and policy space
to advance the management of underlying risks
in countries’ growth and development — a space
that the disaster risk management (DRM) commu-
nity mostly failed to fill. Nevertheless, in establish-
ing policy, legislative and planning frameworks,
many countries laid the foundation for the shift
from managing disasters to managing risk, which
would eventually be enshrined in the Sendai
Framework. HFA oversaw inter alia an increasing
emphasis on multi-hazard, as opposed to single-
hazard, approaches to risk reduction, albeit in a
context characterized by competition for political
or economic priority, limitations in terms of capac-
ity, technical and financial resources across sectors
and scales, and the subsequent application of risk
information in decision-making.

Least progress was made in HFA Priority for Action
4 (Reduce the underlying risk factors). In general,
institutional, legislative and policy frameworks did
not sufficiently facilitate the integration of disaster
risk considerations into public and private invest-
ment, environmental and natural resource manage-
ment, social and economic development practices
in all sectors, land-use planning and territorial
development.

Weak alignment and coherence in policies, finan-
cial instruments and institutions across sectors
became a driver of risk. Few countries adopted
frameworks of accountability, responsibility and
enforcement and also appropriate political, legal

and financial incentives to actively pursue risk
reduction and prevention.

In addition, few countries addressed the often-
interdependent risks they faced in a holistic manner,
with investments in key sectors such as health, agri-
culture and food security, education, infrastructure,
tourism and water omitting disaster risk. Incentive
structures were found to be in need of reinforcing,
including the encoding of costs and benefits of DRR
in economic valuations, competitiveness strategies
and investment decisions, including in debt ratings,
risk analysis and growth forecasts or the inaccurate
pricing of risk in the global financial architecture.

Therefore, hazard exposure in both higher and lower
income countries increased faster than vulner-
ability decreased, new risks were being generated
faster than existing risks were being reduced. The
value of lost and damaged housing, businesses,
infrastructure, schools, health facilities and other
assets increased relentlessly, leading to increases
in contingent liability and sovereign risk for govern-
ments in many instances.

Underpinned by poorly planned and managed urban
development, environmental degradation, poverty
and inequality, and also weak risk governance,
frequent and extensive low-severity disasters were
found to increasingly affect the more vulnerable
elements of society, thus challenging the achieve-
ment of social development goals. With the causes
and consequences of risk being transmitted across
geographic regions and income classes, between
present and future generations and between
social and economic sectors, HFA helped to iden-
tify disaster risk as a critical issue of global and
regional governance, national safety and security,
and a threat to the achievement of sustainable
development.

2 (United Nations General Assembly 1987)
3 (United Nations General Assembly 1989)
4 (United Nations General Assembly 1989)
5 (United Nations General Assembly 2000)

27

N



At the end of implementation of HFA, Member
States recognized that efforts had not led to
reduced physical losses and economic impacts.
They concluded that the focus of national and inter-
national attention must shift from protecting social
and economic development against perceived
external shocks, to transforming growth and devel-
opment to manage risks, in a holistic manner, in a
way that promotes sustainable economic growth,
social well-being and a healthy environment that
strengthens resilience and stability.

This conclusion formed the basis for the develop-
ment of the Sendai Framework, and the subsequent
increased emphasis on addressing the underlying
drivers of risk, preventing the creation of new risk,
reducing the existing stock of risk and strengthen-
ing the resilience of nations and communities.

1.2

Sendai Framework
and the pursuit of risk-
informed sustainable
development

Soon after the Sendai Framework had been nego-
tiated at the third WCDR, Nepal was struck by the
powerful Gorkha earthquake on 25 April 2015.
Ravaged by the initial event, numerous after-
shocks and another quake 17 days later, 8,891
people lost their lives, 22,303 were seriously
injured and millions were made homeless. Nepal
had to absorb damage and losses of an estimated
$7 billion,® a bill it could ill afford. It was a jarring
reminder of the devastation wrought when the
context of hazard, exposure and vulnerability is
allowed to evolve without adequate attention to
the corollary risk it is building. It demonstrated
anew how apparently disparate decisions across
sectors, geographies and scales — endogenous to
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development processes — are intrinsically braided
together.

Enhancing understanding and management of the
threads of this collective, social construction of
risk, as well as the impacts that impinge upon indi-
viduals, households, communities, cities, countries,
economies or ecologies through time, is at the heart
of the aspirations and goals of the Sendai Frame-
work, adopted by Member States at the United
Nations General Assembly in June 2015. The prin-
ciples reflect the collective responsibility of people,
governments, communities, the private sector,
investors, media and civil society to effectively
prevent and reduce disaster risks. They embody
increased demands for accountability mechanisms
to protect populations and ecosystems, while insti-
tuting risk-informed approaches to better manage
current and emerging risks.

As with the Transforming our World: the 2030
Agenda for Sustainable Development (2030
Agenda),” the outcome and goal of the Sendai
Framework is underpinned by the principle of
universality, recognizing that no society - regard-
less of income classification — is immune to the
negative consequences of realized risk. Tradi-
tional event-based estimates of (predominantly
direct) impact attribute most economic losses
to high-income nations - a function of the higher
monetary value of insured damaged assets -
while the human cost of disasters is substantially
higher in low- and lower middle-income countries.
Such analyses correctly identify the most vulner-
able segments of the world’s population as consis-
tently suffering the most harmful effects — in many
instances, reversing development gains, corroding
resilience, undermining sustainability, eroding well-
being and diminishing socioeconomic growth.

Recognizing the threat that risk poses to sustain-
able development — be it as a result of economic
loss or the disruption to social and ecological
systems® — the Secretary-General of the United
Nations noted (on the International Day for Disaster
Reduction, 13 October 2017):



The challenge is to move from managing disas-
ters themselves to managing risk. Poverty, rapid
urbanization, weak governance, the decline of
ecosystems and climate change are driving
disaster risk around the world. The Sendai
Framework for Disaster Risk Reduction with its
seven targets for the prevention of disasters and
reducing disaster losses is essential to achiev-
ing the Sustainable Development Goals.

Unresolved vulnerabilities, rising exposure and
proliferating, mutable hazard events continue to
drive catastrophic loss of life, disrupt livelihoods
and fuel new displacement - an additional 17.2
million people were internally displaced in 2018
alone as a result of climate-related disasters and
natural hazards.® It is estimated that people in least
developed countries are, on average, six times more
likely to be injured, lose their home, be displaced or
evacuated, or require emergency assistance, than
those in high-income countries.™

The impact is greatest on the most marginalized
populations, exacerbating inequality and further
entrenching poverty, where vulnerabilities trans-
late into reduced access to entitlements, impaired
capabilities and opportunities.” For instance, it is
estimated that 35.6% of the population affected by
floods in Pakistan in 2010 consequently slipped
under the poverty line as a result."? Beyond focused
attribution to single events, when extending the
spatio-temporal nature of consequence analy-
sis, impacts are often found to be a function of
a series of associated shocks — famine, disease
and displacement for instance - that collectively
prompt disruptions in multiple dimensions (e.g. live-
lihoods, educational trajectories or labour-market
opportunities).

(Nepal 2015)
(United Nations General Assembly 2015c)
(Benson 2016); (Hallegatte et al. 2017)
(Internal Displacement Monitoring Centre 2019)
0 (Wallemacq, Below and McLean 2018)
1 (Benson 2016); (Hallegatte et al. 2017); (ESCAP 2017a)

Such analyses remain a grossly under investigated
domain. The longitudinal, indirect consequences
of the realization of accumulated risks are likely to
affect and potentially reverse development gains
in affected areas for generations to come. These
consequences may be in the form of deprivations
in early childhood nutrition, disease, school inter-
ruption, ill-developed cognitive and social skills, or
limited labour-market opportunities. Children are
particularly affected by the disruption of education
and health-care systems;'®* women and girls suffer
higher levels of violence and generally worse eco-
nomic outcomes following disasters;'*'® and the
extent to which mental health, well-being and the
ability to lead a dignified life are negatively affected
is little understood.

Such are the current limitations in understanding of
risk and the interdependencies and correlations that
exist within and among social, ecological, economic
and political systems, which, in turn, dimin-
ish the ability to predict or influence outcomes.
However, the principles of integration and indivis-
ibility that underpin the Sustainable Development
Goals (SDGs), and the related call in the Sendai
Framework for the adoption of systems-based
approaches and an improved understanding of the
dynamic nature of systemic risk, are driving new
lines of enquiry, model methodologies, and oppor-
tunities for data cultivation and exchange among
communities.

1.2.1

Risk reduction post-2015

All post-2015 agreements - namely the 2030
Agenda, the Paris Agreement on climate change,®
the New Urban Agenda (NUA),"” the Addis Ababa

12 (ESCAP 2017b)

13 (Benson 2016); (Kousky 2016)

14 (IFRC 2015); (IFRC 2017)

15 (ESCAP 2017a); (Hallegatte et al. 2017)
16 (UNFCCC 2016)

17 (United Nations General Assembly 2017b)
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Action Agenda (AAAA)'® and the Agenda for
Humanity' - include elements of DRR and resil-
ience in their scope.? They all point to the intercon-
nection of global challenges and risks.

The implementation of these agreements requires
and provides the opportunity to address underlying
risk drivers by fostering risk-informed investment
and focusing on issues such as poorly planned
urbanization, climate change, environmental degra-
dation and poverty.?' In so doing, common actions

Figure 1.2. Risk-informed sustainable development
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will simultaneously support the achievement of the
goals and targets of all agreements, including the
Sendai Framework. The relevance of DRR to the
post-2015 development agreements and the links
among them create opportunities to: build interna-
tional coherence and foster risk-informed policy
and decision-making; promote multi-hazard and
cross-sectoral approaches to assessing risk; and
encourage a deeper understanding of socioeco-
nomic and environmental vulnerability across differ-
ent sectors and levels of government.?

ofewed
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Though each agreement frames disaster risk and
resilience from different perspectives, there is a
common understanding that DRM is one of the
prerequisites to building resilience. This is an imper-
ative to achieving sustainable development and a
reminder of how integrated the responses ought to
be.z Reinforcing the point, the Secretary-General of
the United Nations emphasized that DRR must be
at the core of sustainable development strategies
and economic policies if countries are to fulfil the
commitment in the 2030 Agenda and ensure that
“no one will be left behind”.2*

1.2.2

2030 Agenda

Unlike HFA and the Millennium Development Goals,
implementation of the 2030 Agenda and its SDGs
have now been linked with the Sendai Framework.
This was partly at the request of Member States to
reduce the overlapping reporting burden by estab-
lishing common metrics and integrated reporting
protocols (see Part Il of this GAR), but also due to
a wider shift in recognition that these agendas are
mutually dependent in achieving their objectives
(risk-informed sustainable development).

The 2030 Agenda and its SDGs build on the
achievements of the Millennium Development
Goals, and aim to go further towards ending all
forms of poverty and promoting prosperity, peace
and partnerships, while protecting the planet.?® The
2030 Agenda recognizes the core role that risk
reduction and resilience play in sustainable devel-
opment policy, by making direct reference to the
Sendai Framework, by adopting common indicators
and by setting targets related to risk reduction in
many SDGs.?°

18 (United Nations General Assembly 2015b)

19 (United Nations General Assembly 2016a)

20 (Peters et al. 2016); (Murray et al. 2017); (Garschagen et al. 2018)
21 (UNISDR 2015b)

22 (Murray et al. 2017); (United Nations 2018)

The adoption of common metrics for measuring the
goals and targets of the two agreements and the
development of mutually reinforcing implementa-
tion architectures (including common data and inte-
grated monitoring and reporting protocols) support
the prospect of a greatly enriched data environ-
ment. Disaggregated data sets and statistical data,
hitherto scarce in the disaster risk realm, are now
prerequisites for measuring risk-informed sustain-
able development. Consequently, the international
statistical community has already been mobilized
(see Chapters 7 and 9); improvements in data avail-
ability, quality and accessibility are anticipated as
these capabilities are deployed and other resources
(potentially through the global and national SDGs
architecture) are made available to countries
seeking to redress data and capacity gaps.

The expectation is that with an enriched data envi-
ronment and enhanced assessment capabilities,
there will be an improved understanding of the
forensics of the aforementioned multidimensional
disruptions. This also applies to the systemic
dimensions so essential for a better anticipation
of future opportunities, shocks, risks, precursor
signals, correlations and trends.

1.2.3

Paris Agreement

Disaster risk and resilience are encoded within the
Paris Agreement. At the twenty-first Conference of
the Parties in Paris in 2015, Parties to the United
Nations Framework Convention on Climate Change
(UNFCCC) welcomed the adoption of the Sendai
Framework. Articles 2, 7, 8 and 10 of the Paris
Agreement call for actions that have direct impli-
cations for disaster risk. In particular, the Sendai

23 (Mercy Corps 2013); (IRDR and ICSU 2014); (Peters et al.
2016); (Benson 2016); (Hallegatte et al. 2017)

24 (United Nations 2018)

25 (United Nations 2015d)

26 (UNISDR 2015b)
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Framework notes that “disasters, many of which
are exacerbated by climate change and which are
increasing in frequency and intensity, significantly
impede progress towards sustainable develop-
ment.” The aim of holding the global average
temperature this century below an increase of 2°C
above pre-industrial levels requires systemic risk
management on a scale never seen before, neces-
sitating collective action to address the causal
factors of natural and man-made hazards and
risks. With countries’ nationally determined contri-
butions (NDCs) of the Paris Agreement estimated
by the Intergovernmental Panel on Climate Change
(IPCC) to be leading the climate system to temper-
ature increases of between 2.9°C and 3.4°C,% this
would result in future hydrometeorological hazard
intensities that surpass known experience and
which alter loss and damage equations and fragil-
ity curves of almost all human and natural systems
at risk.

The Paris Agreement recognized the need to
address loss and damage associated with the
effects of climate change. The agreement iden-
tified areas of cooperation central to DRR and
called for investments to address the underlying
risk drivers associated with rising greenhouse gas
(GHG) emission levels and to inspire innovation
and low-carbon growth.?® However, with non-linear
change in hazard intensity and frequency a reality,”®
much greater ambition and accelerated action is
required pre-2030, so as to converge with the goal,
outcome and targets of the Sendai Framework.

Building coherence between the Paris Agree-
ment and the Sendai Framework is currently prin-
cipally framed around commonalities of DRR and
climate change adaptation (CCA). The two frame-
works have the common objective of strengthen-
ing communities’ resilience across the full range
of environmental, technological and biological
hazards, so they build back better. Support for
these objectives manifests through coordinated
action between the United Nations Office for
Disaster Risk Reduction (UNDRR), the Adapta-
tion Committee of UNFCCC and the Least Devel-
oped Countries Expert Group, which is supporting
mainstreaming DRR into national adaptation
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programmes of action (NAPAs). Much more must
be done to understand and integrate the conse-
quences of simultaneous systemic change around
energy, industrial, land, ecological and urban
systems within ongoing vulnerability reduction
measures of NAPAs, local adaptation programmes
of action and DRR plans.

Adaptation has multiple connections with risk
reduction processes at the local and regional
levels, and will be most effectively pursued when
integrated efforts reflect the important relation-
ship between climate mitigation (and its associ-
ated risks, including technological risk), adaptation,
hazard modification and vulnerability reduction.

Key to successful integration of the two frame-
works will be the presence of clear governance
arrangements and accountability mechanisms to
ensure successful collective action and joined-up
monitoring processes, thus minimizing the report-
ing burden on countries while learning from previ-
ous successes.

1.2.4

Addis Ababa Action Agenda

AAAA proposes a global framework for financ-
ing sustainable development efforts post-2015. In
paragraph 34, it refers to the Sendai Framework in
its commitment to develop and implement holistic
DRM at all levels in line with the Sendai Framework.
It also supports national and local capacities in the
development of integrated strategies and plans
towards inclusion, resource efficiency, mitigation
and adaptation to climate change, and resilience
to disasters. AAAA encourages the consideration
of climate and disaster resilience in development
financing (para. 62) and calls for innovative financ-
ing mechanisms that allow countries to better
prevent and manage risks, and to strengthen the
capacity of national and local actors to manage
and finance DRR.*®

AAAA highlights the importance of improving
global economic governance to counter excessive



volatility and support sustainable development by
underlining issues of coherence and consistency
of international financial, monetary and trading
systems. Commitments made by Member States
primarily reflect challenges of systemic risk from
regulatory monetary gaps and misaligned incen-
tives in the financial sector and allow countries
to plan more efficient responses to shocks and
disasters. More fundamentally, AAAA summa-
rized concerns over the sustainability of global
economic growth in the face of increasing environ-
mental, social and financial challenges. It provides
a comprehensive set of policy actions with over
100 concrete measures to address the larger and
more diverse financing needs associated with
transforming the global economy and achieving
SDGs.

AAAA calls on the international community to offer
targeted support to countries whose domestic
resources and debt sustainability are threatened
by disasters, by encouraging tailor-made finan-
cial instruments.?" Relevant examples on disas-
ter risk include sovereign bonds linked to gross
domestic product (GDP), the inclusion of “hurri-
cane” or “catastrophe” clauses in loan contracts,
countercyclical loans and weather-related insur-
ance schemes. Member States also committed
to intensify efforts towards domestic resource
mobilization to develop fiscally sustainable social
protection schemes by setting national spend-
ing targets for quality investment,® to support
the most vulnerable in the aftermath of a disaster
and allow access to essential public services for
all. This translates to a global financial infrastruc-
ture that supports the special needs of countries
most in need, least developed countries and small
island developing States (SIDS), through coordi-
nated polices aimed at fostering debt financing,
debt restructuring, improved access to finance and
domestic resource mobilization. AAAA made one

27 (IPCC 2018)

28 (United Nations 2015c); (UNFCCC 2017)
29 (IPCC 2018)

30 (United Nations 2015a)

message clear with regard to financing for risk-
informed development. While it remains important
to address the short-term risks of today, decision
makers must stay steadfast in promoting a long-
term financing strategy to meet the environmental,
social and economic challenges of tomorrow.

1.2.5

New Urban Agenda

In its vision, principles and commitments NUA
explicitly mentions DRR and resilience, and
promotes proactive risk-based, all-hazard and
all-of-society approaches. It calls for sustain-
able management of natural resources in cities to
promote DRR by developing DRR strategies and
assessing disaster risk periodically (para. 65).
Moreover, it expresses Member State commitments
to improve cities’ resilience to disasters by adopt-
ing approaches in line with the Sendai Framework
(paras. 67 and 77).%

As NUA moves into an operational phase, signifi-
cant opportunities to link more coherently to other
agendas are apparent.®* The synergies between
NUA and the Sendai Framework provide the basis
for expanded collaboration, including between the
UNDRR-led Making Cities Resilient Campaign and
the United Nations Human Settlements Programme
(UN-Habitat). This pursues achievement of Target E
of the Sendai Framework and the objectives of NUA,
particularly on supporting cities in developing and
integrating local DRR strategies into urban develop-
ment plans.

31 (United Nations General Assembly 2015b)
32 (United Nations 2015b)

33 (United Nations 2016b)

34 (Murray et al. 2017); (Garschagen et al. 2018)
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1.2.6

Agenda for Humanity

Reduction of risk and vulnerability on a global scale
is a key message of the Agenda for Humanity,
which calls for the anticipation and prevention of
disaster and crises. It consists of five core respon-
sibilities that are essential to achieve progress to
address and reduce humanitarian need, risk and
vulnerability, namely: political leadership to prevent
and end conflict, leave no one behind, uphold the
norms that safeguard humanity, change people’s
lives from delivering aid to ending need, and invest
in humanity.

The Agenda for Humanity aims to reduce risk by
promoting different ways of working together so as
to transcend the humanitarian-development divide,
and to ensure that investments in sustainable devel-
opment are risk informed. These include: conduct-
ing risk and vulnerability analysis with development
partners and local authorities, and strengthening
existing coordination efforts to share analysis of
needs and risks, and better align humanitarian and
development planning tools and interventions.

Adopted in 2016, the Grand Bargain: A Shared
Commitment to Better Serve People in Need?5,
recognizes that today’s humanitarian challenges
require new and coherent approaches that address
the economic, social and political root causes of
crises, conflict and disaster.

Enshrined in each of the above 2015 agreements
is recognition of the systemic nature of risk, and
so the call for a paradigm shift to adopt systems-
based approaches and work in new ways to
collaboratively reduce the creation of new risk and
manage the existing stock of risk.

35 (Agenda For Humanity 2019)
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Chapter 2:

Systemic risks, the
Sendai Framework
and the 2030 Agenda

The preamble to the 2030 Agenda states that SDGs
are integrated and indivisible, balancing the three
dimensions of sustainable development: economic,
social and environmental. However, this century is
likely to be dominated by the emergence of large-
scale dynamic risks that inherently cut across these
dimensions. The Sendai Framework reflects the
certainty that in an ever more populous, networked
and globalizing society, the very nature and scale of
risk has changed, to such a degree that it surpasses
established risk management institutions and
approaches. Recent events - such as large-scale
prolonged droughts and heatwaves, financial and
commodity market crashes, large scale and long
term human migration, cybervulnerabilities and
political upheavals - carry the potential to generate
diverse types of damage and destruction simulta-
neously, to vital infrastructure and even to the life
support systems of very large parts of societies and
economies.

With non-linear change in hazard intensity and
frequency a reality,*® and now threatening all three
dimensions of sustainable development, the imper-
ative for greater ambition and accelerated systemic
action pre-2030 to converge with the Sendai Frame-
work is clear. The Sendai Framework compels new
conceptual and analytical approaches to improve
understanding and management of risk dynamics
and risk drivers at a range of spatial and temporal

scales. It requires particular emphasis on the inter-
action among physical, technological, social and
environmental hazards, and attention to “anthro-
pogenic metabolism”. (Anthropogenic metabolism
means the systemic interaction between humans
and the environment that consists of the inputs,
outputs and stock of materials and energy required
to sustain physiological needs for food, air, water
and shelter, as well as the products, substances and
services necessary to sustain modern human life.”
It emerges from the application of systems thinking
to industrial and other human-made activities, and
is central to sustainable development.)

Technical communities use models to better “see”
risk in the present or near future, and so the view
of risk is inherently shaped by the tools used to
describe it. Most models have been based on
historical data and observations, assuming that the
past is a reasonable guide to the present and the
future. That assumption is now rendered obsolete
on almost every frontier: by the sheer number of
human beings, never before seen on Earth; by the
changing climate; and by the dynamic and global
connectedness of biological and physical worlds,
individuals and communities.

36 (IPCC et al. 2018)
37 (Brunner and Rechberger 2002)
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With the certainty of near-term non-linear changes,
the critical assumption of the relationship between
past and future risk must now be revisited. The
Sendai Framework defines a new era for the classifi-
cation, description and management of risk.

The Sendai Framework stipulates that the global
community must come to terms with a new under-
standing of the dynamic nature of systemic risks,
new structures to govern risk in complex, adaptive
systems and develop new tools for risk-informed
decision-making that allows human societies to
live in and with uncertainty. Coming to terms with
the limitations of a hazard-by-hazard view of risk
management, the Sendai Framework spurs the
dialogue and action necessary to refine, extend
and enhance the ability to understand and manage
systemic risks.

Today’s environmental, health and financial
systems, supply chains, information and commu-
nication systems are clearly vulnerable. They also
create vulnerability on multiple spatial scales (local
to global) and across different timescales (from
immediate to decadal and beyond). They are chal-
lenged by, and are causal drivers, of disruptive
influences such as climate change, loss of biodiver-
sity and ecological systems degradation, disease
outbreaks, food shortages, social unrest, politi-
cal instability and conflict, financial instability and
inequality.

The eruptions of Eyjafjallajokull in Iceland, the
impacts of Hurricane Sandy in the United States
of America, and the Great East Japan Earthquake,
tsunami and Fukushima Daiichi nuclear accident
are recent examples of complex risk events. They
each encompass critical spatio-temporal contexts,
including elements of surprise and non-linearity. All
incurred immediate and prolonged impacts driven
by significant underlying risk drivers that were
underestimated, including background conditions

38 (Pescaroli and Alexander 2018)

39 (Whitmee et al. 2015)

40 (Klimek, Obersteiner and Thurner 2015)
41 (Harari 2018)
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related to critical infrastructure placement, vulner-
ability and lack of redundancy.®

In today’s globalized economic system, networks
of communication and trade have generated highly
interdependent social, technical and biological
systems. These networks are built on, and have
built-in, incentives to be highly efficient and to
generate economic gains. This narrow focus means
there are often undetected fragilities that produce
an array of changing systemic risks. In effect,
through global interconnectedness, human civili-
zation has become a “super-organism”, changing
the environment from which it evolved, and induc-
ing new hazards with no analogue. Despite techni-
cal and analytical capabilities and the vast webs
of information about social and Earth systems,
human society is increasingly unable to understand
or manage the risks they create. Humans have also
been slow to realize that the degradation of the
Earth’s natural systems is becoming a source of
large-scale, even existential, threat affecting fragile
social systems at local, national, regional and global
scales. Far-reaching changes to the structure and
function of the Earth’'s natural systems represent
a growing threat to human health.*® While global
economic integration continues to strengthen
resilience to smaller shocks through trade adjust-
ments, increasingly integrated network structures
also create expanding vulnerabilities to traditionally
recognized and novel systemic risks.*

This chapter explores the systemic risks that are
embedded in the complex networks of an increas-
ingly interconnected world. The behaviour of these
networks defines quality of life and will shape the
dynamic interactions among the Sendai Framework,
the 2030 Agenda, the Paris Agreement, NUA and
the Agenda for Humanity. Ultimately, the behaviour
of these networks determines exposure and vulner-
ability at all scales. The regenerative potential of
the social and natural systems envisaged in these
aligned intergovernmental agendas will be better
understood, and progress will be accelerated, by
incorporating systemic risk and systemic oppor-
tunity into the design of policies and investments
across all scales.



2.1

Assessing and analysing systemic risks:
mapping the topology of risk through time

It takes strong nerves to question the very fabric of society.*'

A paradigm shift has occurred since the mid-twentieth century. Enabled by increases in computational power
and the availability and mobilization of vast streams of data and observations, models and narratives, systems
approaches increasingly help make sense of the failure of linear constructs in a world where everything is
connected. (Linear constructs refer to the pervasive extraction—production-distribution—consumption-
disposal linear process of resource use in the current economic paradigm). Earth is one system — a system of
systems. Systems thinking is obvious and essential to create the future enshrined in the 2030 Agenda.

Figure 2.1. Topology of risk
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(Source: UNDRR 2019)

37



Traditional understanding of risk can be likened to
a view of the Himalayan peaks from above, with a
cloud cover that obscures the topography below.
From above, humans have described and named
these peaks of risk as if they are separate and inde-
pendent, when in fact, below the clouds, the connec-
tions are clear. Significant and influential peaks of
risk occur that do not rise to the level of the clouds
and currently remain obscured from view but are
nonetheless highly relevant. This chapter examines
several of these, including food system instability,
cyberrisk and financial systems.

211

Examples of systemic risks

By definition, systemic risks are emergent, and
not necessarily obvious using contemporary
hazard-plus-hazard approaches, until the disaster
occurs. Disasters resulting from systemic risks
also may not fall into a traditional disaster taxon-
omy of a sudden event or an event with a clear
start date. Emergent risks are typically obvious
in retrospect — a result of a series of events that
cross human-imposed boundaries, whether insti-
tutional, geographic, disciplinary, conceptual or
administrative.

The term “emergent risk” is most commonly
applied to financial systems (e.g. when one signifi-
cant financial institution fails and others collapse
because of opaque, complex, coupled relationships
that connect them). In banking, emergent risks may
result as a consequence of large interbank depos-
its, net settlement payment systems, investor panic
or counterparty risk on derivative transactions,
such as credit default swaps. Just as the “disease-
fixing” medical establishment is not necessarily
well suited for preventive, holistic approaches to
achieving good health and happiness — and in many
instances has inadvertently created new ills while
curing old ones — traditional disaster response and
mitigation capabilities are not the appropriate appa-
ratus to increase community resilience or under-
standing of systemic risks.
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Multiple breadbasket failure

A projected increase in extreme climate events
and an increasingly interdependent food supply
system pose a threat to global food security. Conse-
quently, it is crucial that agricultural models take
into account local parameters, as these represent
binding constraints on global production resources.
For instance, local shocks can have far-reaching
effects on global agricultural markets. Conse-
quently, it is crucial that agricultural models take
into account local parameters, as these are critical
variables in global food production. Increasing trade
flows and trade network complexity also make the
system more vulnerable to systemic disruption.*
For example, climate shocks and consequent crop
failure in one of the global cereal breadbaskets
might have knock-on effects on the global agricul-
tural market. The turbulences are exacerbated if
more than one of the main crop-producing regions
suffers from losses simultaneously - a scenario
often described as multiple breadbasket failure
(MBBF).



Figure 2.2. Multiple Breadbasket Failure
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Academics, industry and policy experts warn that
a better understanding of the risks of MBBF, as
well as improved modelling, are needed to manage
climate risks and the increasing global demand
for food.*® Of special interest are the effects of
production shocks on crop prices and agricultural
commodity markets. Due to increased demand
and limited production capabilities, the volatility
associated with agricultural prices is expected to
rise in the coming decades.* This trend is already
apparent, notably in the 2007-2008 food price
crisis.*> Energy shocks, increased energy demand

42 (Puma et al. 2015)
43 (Bailey et al. 2015)
44 (FAO 2017a)

45 (Hovland 2009)
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and exchange rate fluctuations, as well as fiscal
and monetary expansions, played a key role in this
process, amplifying the impact of reduced produc-
tion resulting from severe drought and heat-wave
conditions.*®

This experience suggests that the financial sector
has a key role to play in agricultural markets.*” For
example, a number of studies have found ethanol
policies in the United States of America signifi-
cantly affect oil prices, as well as agricultural
commodity prices.* The linkage of energy prices

46 (Gilbert 2010); (Baffes and Haniotis 2010)
47 (Nazlioglu and Soytas 2011)
48 (Saghaian 2010); (Frank et al. 2015)
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and agricultural markets is also documented in
the reverse direction.* These effects are expected
to increase in the future as a result of climate
change.*®

Moreover, changes in financial markets can also
prompt agricultural producers to increase their
production, either through cropland intensification
or through expansion. Both of these responses can
have negative environmental impacts, which would
eventually feed back into the financial markets
(through increased climate variability). This also
implies that financial markets are in the unique
position to support preventive action, avoiding GHG
emissions, and potentially prevent or reduce climate
risks, by reallocating trillions of dollars of invest-
ments and assets under management so as to be
compatible with a global warming target of less
than 1.5°C.

Paragraph 36(c) of the Sendai Framework explicitly
includes the role of private sector financial institu-
tions to integrate DRM into their business models
and practices through disaster risk-informed invest-
ments.®" The main challenge of implementing finan-
cial market policy and changing investor behaviour is
the non-synchronous time horizons and spatial scope
of the modelling instruments available to climate
change researchers and financial policymakers and
investors. Climate change models tend to focus on
long-run horizon scenarios of development, typically
until 2100, while financial market activity is evalu-
ated on annual or multi-annual time horizons, some-
thing that Bank of England Governor Mark Carney has
referred to as “the tragedy of the horizon”.%?

Scenario building in this context can help facili-
tate thinking and decision-making if those involved
are able to consider local events, and regional and
global drivers and trends. Exploratory scenarios
start with the present situation in mind and explore
the future impacts of various drivers, such as envi-
ronmental degradation or climate change, shocks
such as disasters, and trends such as urbanization
and migration.

To fully understand the systemic risks of MBBFs, it
is necessary to understand the gap between global,
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regional and local risks, risk perception, and risk
prevention and mitigation strategies, and to evalu-
ate the potential impacts of financial market regu-
lations and possible innovative financial tools with
regard to their impact on food security and the
environment.

Societal resilience, cyberrisk and network
hyper-risk

Interconnectedness is amplified by the connective
tissue that runs through all of today’s systems —
the digital infrastructure that is itself susceptible
to breakdowns and attacks from malicious third
parties.

Understanding the degree of cascading risk and
developing ways to isolate, measure and manage
or prevent risk is a new challenge in today’s environ-
ment of computer systems and computer actions
that dominate economic, social and even envi-
ronmental systems management. Consequently,
our approaches to risk management and build-
ing our understanding of the interactive nature
of the drivers of risk must focus on this emerg-
ing, massive threat and develop actions based on
knowledge of systems and their interrelationships
and interdependencies.



Box 2.1. Medjacking the infusion pump

Cyberattacks cascading into health systems
and compromising patient lives through
attacks on health-care monitoring devices
(“medjacking”) emerged in 2015. Security
researchers discovered security flaws in the
Hospira infusion pump that could remotely
force multiple pumps to dose patients with
potentially lethal amounts of drugs. In addi-
tion to insulin pumps, deadly vulnerabilities

were found in dozens of devices, including
X-ray systems, computerized tomography
scanners, medical refrigerators and implant-
able defibrillators. After the discovery, regula-
tors, including the United States Department
of Homeland Security and Federal Drug Admin-
istration, began warning customers not to
use the devices due to their vulnerability. The
announcement was the first time the United
States Government advised health-care provid-
ers to discontinue the use of a medical device.

(Source: World Economic Forum 2016)

Modern society has benefited from the addi-
tional efficiency achieved by improving coor-
dination across interdependent systems using
information technology (IT) solutions. Nonetheless,
this IT dependence has also exposed critical infra-
structure and industry systems to a myriad of cyber-
security risks, ranging from accidental causes, to
technological glitches, to malevolent wilful attacks.
The scale of systemic risk emanating from the
increasing vulnerability to cyberattacks on critical
infrastructure systems at national or local levels
is still not fully understood. The cascading effect
beyond the system under attack into interconnected
systems can be devastating, creating chaos across
economic, food and health systems over potentially
prolonged periods well beyond the initial timing of
a cyberattack. Consequently, approaches to risk
management and building understanding of the
interactive nature of the drivers of risk must focus
on the emerging, massive threats in this area, and
develop actions based on knowledge of systems
and their interrelationships and interdependencies.

Models that can describe single-system vulner-
abilities for cyberattack are not helpful for decision

makers to understand and properly prepare for
such systemic risks. By contrast, models that can
describe the degree of risk expansion, as interre-
lated technological systems propagate the attack
deep into the ecosystem of society, are now avail-
able.%® Such models can begin to provide risk
information helpful to governments, the insurance
industry and the corporate world, so that proper
preparations to prevent cyberattacks or manage the
system components that are potentially vulnerable
to attack may be considered.

These models bring together work from two
fields: conceptual models exploring the impact of
cyberattacks on insurance rate setting and other
risk measurement mechanisms, and detailed
mathematical models that explore the impact of
cyberattacks on interconnected economic and infra-
structure sectors. With the shift by Member States
away from hazard-based disaster management
to risk-based strategies enshrined in the Sendai
Framework, these two streams of exploration are
being united to highlight additional hazards, risks
and dynamic interactions that need to be consid-
ered to understand the full impact of cyberattacks.

49 (Enders and Holt 2014); (Harri, Nalley and Hudson 2009);
(Nazlioglu and Soytas 2011)
50 (Gilbert 2010)

51 (UNISDR 2015a)
52 (Carney 2015)
53 (Toregas and Santos 2019)
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The relevance of this methodology to decision
makers grappling with cascading risk problems is
shown in the domain of food security within the
United States of America. The rapid evolution of
American agriculture from analogue to “smart”
farming, transportation and food processing
systems is opening new and often unappreciated
cyberattack vectors. The structure and operation
of modern highly networked food systems (and
the obvious requirement for functional energy,
transportation and other systems) fundamentally
depends on networked information systems, some
of which may not be secured from cyberattacks.
The combined complexities of these networked
systems interacting together stands to amplify
threats and vulnerabilities that exist in any of the
major systems, as well as risk to other dependent
systems. The result is uncharacterized risks that are
highly relevant for food safety and supply, manufac-
turing, banking, commodities, insurance and other
sectors.

Among the salient large-scale features in contem-
porary, industrialized food systems that have poten-
tial to increase cyberrisk are:

a. Increasing farm consolidation with heavy
and rapid reliance on smart technology with
artificial intelligence (e.g. use of robotic milking
machines).

b. Vertical integration through the food supply
chains in which agricultural producers may
directly process agricultural commodities (e.g.
milk processed into dairy products on farms
to directly supply supermarkets and grocery
stores).

c. Widespread lack of compliance with food safety,
traceability and insurance requirements.

d. Rapidly advancing use of smart technology
throughout supply chains and transportation
systems.

54 (Lanier 2013)
55 (Firth 2017)
56 (Lucas et al. 2018)
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e. Increasing interdependency among food system
components in smart markets resulting from
new and often uncharacterized outsourcing
relationships, service and highly coordinated
supply arrangements, creating greater exposure
to inter-organizational cascading defaults and
failures.

f. Lack of systematic surveillance of social
media, markets and other dynamic real-time or
near-real-time reflections of food systems in
a defensive mode to quickly detect precursor
signals or system anomalies (physical and
digital issues) of substantial concern.

Just-in-time distribution further exacerbates
potential fragility in food supply between farm and
table. All of these changes cause, or are caused by,
advances in information flows and interactive sys-
tems that support the food system. Wherever infor-
mation flows are crucial to the regular function of
food systems, the potential for interruption or dis-
ruption via cyberattack exists.

21.2

Measuring and modelling systemic risks

Any information technology, from the most
ancient money to the latest cloud computing,
is based fundamentally on design judgments
about what to remember and what to forget.5

Established risk management techniques deal with
threats generated by factors external, also termed
“exogenous”, to the situation being assessed and
managed. Typically, such situations allow a sepa-
ration between risk assessment and risk manage-
ment. Repetitive historical observations have been
used to characterize risk by statements about the
probability of certain interactions of hazards, vulner-
ability, exposure and capacity. However, the essen-
tial feature of the extreme, catastrophic, risk events
actually witnessed in recent history, is the lack, or
complete absence, of the patterns expected based
on historical observations.



The complexity that underlies systemic risk may
be sufficiently intricate that quantification and
prediction of risk is not easy. In many instances,
the capacity to make pertinent real-world obser-
vations is limited or absent, and yet an improved
understanding of systems dynamics is required
to elaborate estimates that are valid for improved
decision-making. Systemic risk modelling may offer
quantitative information to estimate spatio-tempo-
ral hazard exposures and potential catastrophic
impacts. The design and computation of such
models is typically a multidisciplinary endeavour
with scientific challenges and important judgments
as to what to include and what to exclude.

To make these complex, interconnected systems
more manageable, a new view of risk is needed.
This is analogous to clearing away the cloud cover
to reveal the three-dimensional shape of risk, with a
topology that also shifts through time. The Sendai
Framework impels a move away from an obses-
sion with prediction and control towards an ability
to embrace multiplicity, ambiguity and uncertainty.®

There has been important recent work predicated
on these concepts that suggests that the shape of
risk is similar in very different systems. This “homo-
morphism” of systemic risks in different domains
suggests that as attempts are made to understand
the effects of endogenous triggers and critical
transitions, there will be more patterns apparent in
different domains, which will allow the development
of a consistent understanding of the fundamental
characteristics of systemic risk.>® An apparently
stable macroconfiguration of a complex system
will break down, and will be re-shaped by amplifica-
tions of a series of microevents until a new macro-
configuration emerges. An example of this is the
“invisible” asset price bubble in the housing sector,
which remains unseen until the bubble bursts due
to microscopic fluctuations in the system. To under-
stand these critical aspects and disseminate new
approaches for decision makers at various scales
(in a simple-to-understand format) will require a
more comprehensive understanding of spatio-
temporal dimensions and the differentiated nature
of complicated and complex systems.

Box 2.2. For the curious — systemic risk modelling

To characterize systemic risks, which neces-
sarily involves dealing with information gaps
or ambiguity, it helps to capture the random
patterns of possible disasters, including those
arising from extensive and intensive risks, on
maps of values describing the vulnerability of
objects, infrastructure and activities. A result-
ing systemic risk model will then allow for a
quantification of mutually dependent losses
in space and time, allowing for the use of
stochastic risk management models. Stochas-
tic systemic risk assessment tools recognize
complexity and do not try to simplify things to
make calculations easier. They need to repre-
sent how complex components are distributed
across systems, and even if the probability is
low, they need to encompass extreme events
(distributional heterogeneity and additivity
of extreme events). Such tools are therefore

difficult to establish, and the approach differs
from that taken in multi-hazard modelling,
which relies on “regularity assumptions” that
attempt to make reality less complex and disor-
derly to facilitate calculation.

Scenario analysis and stochastic simulation
are used in many applications by the insurance
industry. The purpose is to identify and evalu-
ate risks and examine possible interconnec-
tions among them. For example, in the area
of natural hazards, earthquake strength and
possible hurricane paths are simulated, impact
scenarios defined and potential losses anal-
ysed. The findings are used for purposes such
as pricing, internal guidelines and management
of a portfolio of insured assets. The ability to
assess risks quantitatively has a direct effect
on the insurability of the hazards concerned.
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To focus the attention of analysts and decision
makers on the indicators that most appropri-
ately capture the character of systemic risk,
the impending phase transitions and regime
changes of the underlying complex system,
new approaches to modelling are required.

If appropriately co-produced, systemic risk
modelling will uncover the incentives driving
policymaker resistance to going beyond
conventional views of risk, and which currently
allow salient early warnings from systemic risk
indicators to be ignored or rejected.

Modelling systemic risks — multi-agent systems research

The adoption of a multi-agent system in assessments subject to systemic risk is an
emerging approach that is growing in importance, as it represents network effects and
allows the random nature of human behaviour and (emotional) decision-making to
be considered. A multi-agent system is a loosely coupled network of software agents
that interact to solve problems beyond the individual capacities or knowledge of each
problem solver. When certain agents pose a deliberate or unintentional threat, systemic
risk management requires the countermeasures taken by other agents to be configured
across all interconnected subsystems to maintain the integrity of the entire system.
The application of multi-agent systems research may be considered appropriate in
approaches to online trading, disaster management or social structure modelling for

example.

Systemic risks might be easy to mitigate early
on. However, failure or even intentional igno-
rance to capture the role of underlying drivers
of systemic risk will allow small risks to grow
into major problems, increasing the opportu-
nity costs of failed interventions and missed
opportunities. Developing and implementing
multidisciplinary approaches to identify and act
on precursor signals and systems anomalies is
critical to minimizing or avoiding discontinui-
ties in complex systems.

There are concepts that are often used interchange-
ably in the field of risk modelling and complex
systems management, but which mean very differ-
ent things. A non-exhaustive collection of types of
risk in the context of systems is provided in Box 2.3
as guidance as to how these terms will be used in
this GAR.
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Assessment and management methodologies
for systemic risks that have been conceived
are still in early gestation, and are not yet part
of the current operations of twenty-first century
risk management institutions. Nonetheless,
there is a growing sense of urgency for a para-
digm shift hitting every major twentieth century
risk management institution, as the limitations
of the linear constructs of that era are now
acutely revealed by the occurrence and pros-
pect of massive failures and potential species-
limiting vulnerabilities.




Box 2.3. Selected definitions relating to systemic risks

The origins of modern investigation in systems and the development of systems-based approaches
can be traced back to the late nineteenth century. These lines of inquiry flourished through the
twentieth century, in the study of complexity science and adaptive systems, through Ludwig von
Bertalanffy’s General System Theory in 1968, to cybernetics, catastrophe theory, complexity theory
and complex adaptive systems.

And yet a commonly accepted vocabulary describing the manner in which risk features in systems
is yet to be developed. The imperative to adopt systems-based approaches in understanding and
managing risk that is enshrined in the Sendai Framework and the 2030 Agenda, has prompted
UNDRR to propose the following definitions to guide the inquiry and the address of risk in systems,
in this GAR, and potentially henceforth in implementation. Definitions may overlap each other.

Systemic risk — risk that is endogenous to, or embedded in, a system that is not itself considered
to be a risk and is therefore not generally tracked or managed, but which is understood through
systems analysis to have a latent or cumulative risk potential to negatively impact overall system
performance when some characteristics of the system change.

Femtorisk — a seemingly small-scale event that can trigger consequences at a much higher level of
organization, often through complex chains of events (after Simon Levin 2011).

Systems risk — the inherent risk of a system when substantive elements of the system contribute to
the entire system having a certain risk profile, which could be anywhere on the risk spectrum from
very low risk, like an intact rainforest ecosystem, to very high risk, like a tar sands mining system.

Network hyper-risk (after Dirk Helbing 2013) or cascading multiple systems risk — the inherent
risk across multiple systems when there are substantive elements contributing to the system of
systems having a certain risk profile, which could be anywhere on the risk spectrum from very low
risk to very high risk. An example of very high risk might be the network hyper-risk across the entire
food system as described by the analysis in the MBBF programme of work.

Existential risk — the risk of a fundamental, irreversible change in the performance of all systems
relative to a specific perspective; for example, the existential risk to the survival of humans on Earth
that is posed by the collective of risks associated with climate breakdown.

Topological map of risk through time (after Molly Jahn 2015) — a dynamic temporal and geospa-
tial representation of risks at multiple scales including representation of the functioning of multiple
complex, non-linear, interlocking systems across all scales and the interlinkages, dependencies,
correlations and relationships among and across all types of risk (as broadly defined in the Sendai
Framework, para. 15). The purpose is to provide an understanding of the current and future condi-
tions on Earth to manage uncertainty through the identification of precursor signals and anomalies,
including sensitivities to change, system reverberations, bleed-over and feedback loops, by utilizing
artificial intelligence and collective human intelligence.

(Sources: von Bertalanffy 1968; Levin 2011; Helbing 2013a; Jahn 2015)
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Complicated and complex systems

In discussing the different types of assessments of
risk, it is important to clarify the distinction between
a “complicated” system and a “complex” system.
A complicated system can be (dis-)assembled and
understood as the sum of its parts. Just as a car

Figure 2.3. Complicated and complex systems
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The priorities for action of the Sendai Framework
spur a new understanding of risk, and the obvious
value of discerning the true nature and behaviour
of systems rather than a collection of discrete
elements. This view allows the use of complexity
theory for risk management problems in the context
of the Sendai Framework and the wider 2030
Agenda. Historically, risk management models, as
well as economic models and related policymak-
ing, have tended to treat systems as complicated.
Applying this method, simplified stylized models are

46  Chapter2

is assembled from thousands of well-understood
parts, which combined allow for simpler and safer
driving, multi-hazard risk models allow for the aggre-
gation of risks into well-behaved, manageable or
insurable risk products. By contrast, a complex
system exhibits emergent properties that arise from
interactions among its constituent parts. Examples
of a complex system include a traffic jam, regime
change or social unrest triggered by natural hazards.

COMPLEX

often applied to single entities or particular chan-
nels of interaction, to first define and then label the
risk phenomena. Methods are then negotiated by
stakeholders to quantify, or otherwise objectively
reflect, the risk in question, and then to generalize
it again to make policy choices. Most prevailing risk
management tools assume underlying systems are
complicated, rather than complex. In fact, these
tools are often deliberately designed to suppress
complexity and uncertainty. This approach is
increasingly out-dated and potentially harmful in a



globalizing and increasingly networked world, and
is likely to produce results that simply fail to capture
the rising complexity of the topology of risks.

Risk and uncertainty are measures of deviation from
“normal”. Risk is the portion of the unexpected that
can be quantified by the calculation of probabilities.
Uncertainty is the other portion of the unexpected,
where information may exist but is not available,
not recognized as relevant or simply unknowable.
Therefore, probabilities for uncertainties cannot
be reliably measured in a manner currently accept-
able to the global risk management community.
Converting uncertainty into acceptable risk quanti-
ties that essentially emanate from complex system
behaviour is currently very difficult, even impos-
sible. Some uncertainties in any complex system
will always remain unmeasurable. The risks can be
characterized and quantified, to some degree, by
networks made up of individual agents whose inter-
actions exert macroscopic consequences feeding
back to individual behaviour. Understanding sensi-
tivities to change and system reverberations is far
more important and more challenging in the context
of complex systems. Simulations of such systems
show that small changes can produce initial ripples,
which can be amplified by non-linear effects and
associated path dependencies, causing changes
that lead to significant, and potentially irreversible,
consequences.

Increasing complexity in a networked world of
anthropogenic systems within nature can be
unstable and uncontrollable, and it may not be
possible to understand them ex ante. This inabil-
ity to adequately understand and robustly manage
systemic risk is an important challenge for risk
assessment in the context of the Sendai Framework
and achievement of the 2030 Agenda.

To allow humankind to embark on a development
trajectory that is at least manageable, and at best
sustainable and regenerative consistent with the
2030 Agenda, a fundamental rethink and rede-
sign of how to deal with systemic risk is essential.
Improved understanding of system components,
including precursor signals and anomalies, systems
reverberations, feedback loops and sensitivities to

change, will be imperative. Ultimately, the choices
made in respect of risk and resilience will determine
progress towards the goals of the 2030 Agenda.

2.2

Spatio-temporal
characteristics of
systemic risks

Systemic risk events can be sudden and unex-
pected, or the likelihood of occurrence can build
up through time in the absence of appropriate
responses to precursor signals of change. An
understanding of systemic risk requires a time-
dependent description of the interacting elements,
the strength of interactions among elements, and
the nature of trigger events. Modelling the systemic
risk behaviour of complex systems is intrinsi-
cally difficult. The degree to which harm is caused
depends on the temporal dependence of the under-
lying processes and the severity of the trigger event,
which are usually studied through numerical simu-
lations. In other words, the impacts of realized
systemic risk depend on the rapidity of interaction
of different parts of systems and how extreme the
event is that triggers the risk.

Time and timing are critical parameters that deter-
mine the properties of the impacts of systemic
risks when realized, or, in more familiar terminol-
ogy, when the consequences of hazard, vulnerability
and exposure manifest. It is salient to mention here
two aspects concerning timing in the context of
systemic risk. The first issue is related to the poly-
synchronous time signature of dynamic systems
and the occurrence of risks; the second refers to the
temporal evolution of how systemic risks build up
and unfold, involving feedback loops of asynchro-
nous operations of system components.
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2.2.1

Polysynchronous time signatures of dynamic
systems

Polysynchronous events refer to simultaneous
disruptions (events) in a system or systems. If a
single extreme event such as a drought occurs,
the system is usually buffered, reducing the
consequences. For example, trade mitigates price
shocks resulting from crop losses in one of the
world’s breadbaskets. However, if multiple extreme
events happen simultaneously (see section 2.3.1),
the system may cross a threshold where nega-
tive impacts increase in a non-linear fashion with
every additional event. Studies have shown that
disasters — such as floods — often exhibit a higher
spatial correlation in the extremes, a so-called

tail-dependency.”” In Central and Eastern Europe,
for instance, river basins show strong positive
cross-correlation in peak discharges owing to
atmospheric circulation patterns. Those interde-
pendencies across regions are not yet sufficiently
included in probabilistic risk modelling, which is
crucial, for example, for the development of robust
insurance schemes. Risks of extreme events in
complex systems will be underestimated as long
as risk projections ignore geographic risk patterns.

One useful method to better account for inter-
dependencies in risk modelling is the copulas
method.%® This is a statistical tool to account
explicitly for non-linear dependencies in complex,
multivariate models. It has been applied in the
fields of finance, medicine and catastrophe model-
ling so far.

Further innovations in risk modelling are needed to better understand polysynchronous events.*® For
example, the risks of current and future hazard events such as wildfires, droughts or extreme precipitation,
as well as their knock-on effects on agricultural production, food prices and food security need to be under-
stood, especially in the context of rapid climatic change. See section 2.1.1 and the risks and consequences

of MBBF.

2.2.2

Feedback loops of asynchronous operations of system components

An adverse event affecting the functioning of an individual system component can cause reverberations or
ripples within the larger system and lead to a breakdown of related system components and potentially the

complete system.

Box 2.4. Systems reverberations — global navigation satellite system

In supply chains and traffic systems, applica-
tions using global navigation satellite systems
- notably the global positioning system (GPS)
— have been expanding exponentially, deliver-
ing innovative and efficiency-enhancing capa-
bilities, revolutionizing the operations across
entire supply chains. Efficiency gains through
just-in-time delivery systems have been

remarkable in the logistics sector and also in
related sectors such as financial services (e.g.
settlement systems), food systems and health
(e.g. manufacturing).* A failure in a GPS will
cause deliveries to be delayed. Order and deliv-
ery jams could cause, through positive feed-
back loops, the simultaneous failure of many
services that are likely otherwise assumed
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to be independent of each other. It is entirely
plausible that the malfunctioning of a rela-
tively small service delivery system, originally

designed to assure the synchronization of

business operations reaping efficiency gains,
could cause large-scale breakdown of food
and health systems at local or even national or
global scale.

* Beneficial efficiency gains must be measured against new risks posed; for example, the potential deleterious
effect of just-in-time food delivery programmes on the resilience of communities.

The most prominent macroscopic example for
asynchronous feedback is the disturbance of the
climate system. The fast extraction of fossil fuels
due to short-term economic incentives leads to
a steadily increasing stock of GHGs in the atmo-
sphere. The unprecedented speed of the transfer
of carbon from the ground to the atmosphere is
not scaled to match with the regenerative dynam-
ics of the natural carbon cycle causing alterations
in the functioning of the Earth system. These altera-
tions are predicted to cause new, more-frequent and
intensive disasters ranging from drought and flood-
ing all the way to changes in seismic activity.®°

Box 2.5. High-mountain Asia

Cascading hazard processes refer to a primary
impact (trigger) such as heavy rainfall, seismic
activity or unexpectedly rapid snow melt,
followed by a chain of consequences that

can cause secondary impacts. These result
in a complex array of vulnerabilities that inter-
act in interdependent and unpredictable ways
and can have tremendous impacts on popu-
lations downstream of the initial triggers.
High-mountain Asia is highly vulnerable to
cascading hazard processes given the tectonic,

(Source: Nussbaumer et al. 2014)

Some of these disturbances lead to feedback
loops such as increased frequency of forest and
savannah burning, and permafrost thawing, which
further accelerate the build-up of carbon stocks
in the atmosphere and cause increased warming,
potentially triggering even more catastrophic abrupt
climate change phenomena. Evidently, a synchroni-
zation of the rate of extraction of carbon from the
ground with the rate of natural carbon sequestration
would have been a more robust development strat-
egy for humankind and is currently envisaged as an
element of a possible future emissions trajectory to
be implemented under UNFCCC.

geomorphologic and climatic setting of the
region, particularly as it relates to glacial lake
outburst floods.

It is expected that the occurrences of glacial
lake outburst floods will increase in the future
due to permafrost thaw and glacial retreat
exposing mountain slopes and destabilizing
the environment. This will increase the poten-
tial of landslides, avalanches and debris flow
hazards, which can hit the glacial lake and
trigger an outburst flood.

57 (Timonina et al. 2015)
58 (Aas 2004); (Aas et al. 2009)

59 (Golnaraghi et al. 2018)
60 (Masih 2018)
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Figure 2.4. Systemic risk stressors and mitigating factors
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Box 2.6. For the curious — modelling asynchronous feedback

Stochastic risk management models have been
developed to help understand and quantify the
dynamics of systemic risk in general and of
asynchronous feedback events in particular.
Numerical models can either be non-structural
time-series models (e.g. vector autoregres-
sive models), structural models (e.g. system
dynamics models) or combinations where
scenarios are generated by a structural model
to specify a non-structural emulator model.
The latter approach then allows for the use of
stochastic optimization models to calculate
robust prevention or response strategies.

For assessment of the systemic risk dynam-
ics of large integrated systems, it is necessary

2.2.3

Multiple spatial scales of systemic risks

HFA primarily focused on risk at the national scale,
to inform public policy and provide guidance to
national governments on DRR. However, risk is inter-
connected across larger and smaller geographic
scales. One example of the smaller spatial scale is
urban areas, which are central sites where people,
economic activity and built assets are concentrated,
and which are increasingly considered as being the
front line for DRR.®' Disasters in urban areas affect
local residents and livelihoods, and also trans-
fer shocks through supply chains and resource
networks to other locations.

Primary risks to urban areas

Previous Global Assessment Reports (GARs) have
divided risk into multiple classes: everyday risk
(which includes food insecurity, disease, crime,
accidents, pollution, and lack of sanitation and
clean water), extensive risk (which includes death,
injury, iliness and impoverishment from smaller

that the resolution in timescales of the system
components are matched with the relevant
dynamics. Fine spatial scale processes might
be measured in seconds while processes on
planetary scales can be measured in decades
or centuries. When the whole of the system
endogenously adjusts itself or gets triggered
through an exogenous shock to a transition to
a new equilibrium by feedback loops, an asyn-
chronous operation of temporal scales might
render the system unstable. In attempting to
understand disruption and collapse of func-
tioning in natural and human systems, it is
likely that such dynamic mismatches are core
drivers.

intensity hazards) and intensive risk (which includes
major disasters causing death to 25 people or 600
houses or more).®? By including these multiple
classes of risk, the need for urban specialists to
work alongside disaster specialists to understand
how risk accumulates in urban areas had become
abundantly apparent by 2015.

The Sendai Framework takes this further by estab-
lishing the need to understand and manage the
interdependent, multidimensional variables of
risk that are created by, and magnified among,
different systems as they interact, across differ-
ent geographic or spatial scales. Considerations
of urban risk must embody the multitude of deci-
sions that interact with the underlying hazards and
conditions that are constantly present in an urban
environment, such as infectious disease outbreaks,
fires and crime. It must also consider risks that are
occasional or exceptional, such as flooding, earth-
quakes, landslides, extreme weather events and

61 (IFRC 2010)
62 (UNISDR 2009); (UNISDR 2011b); (UNISDR 2013b); (UNISDR 2015a)
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sea-level rise, to build a more representative under-
standing of systemic risks.

While systemic risks also affect rural areas, they are
particularly relevant to urban areas because of the
unique characteristics of city regions as complex
systems of systems. For example, sea-level rise
and coastal flood risks are critical concerns for
urban areas. Most of the world’s megacities are
located within low-elevation coastal zones without
adequate structural measures or behaviour adjust-
ments to avoid either the initial trigger events or
the cascading hazard processes.®® Many small- and
medium-sized urban areas are similarly situated
and growing rapidly. The need to understand and
manage systemic risk associated with infectious
epidemics is multiplied in the urban context as a
result of urban population densities.

To reduce or prevent the creation of risk, a better
understanding of the interactions and interde-
pendencies between urban and rural areas is
essential. This requires a functioning urban/rural
(city region) data metabolism to process infor-
mation at appropriate scales to understand the
systems implications. City regions are collecting
and processing progressively more sophisticated
data - increasingly in systems models - includ-
ing through approaches already tested in urban

health observatories.®* This serves to build collec-
tive urban intelligence (see section 2.4.1) among
informed groups of people in city regions across
sectors and disciplines, to make better decisions
together.

Drivers of risk and change in the vulnerability
of urban areas

The nature and scale of urban risks continue to
increase due to the confluence of multiple contem-
porary trends, including rapid urbanization, climate
change and rising inequalities. Increased urban
development pressure can cause settlement growth
in hazard-prone areas, such as the informal settle-
ments on the natural flood drainage areas of Cape
Town, or the landslide-prone gullies and ridges
around Guatemala City. Such settlements can also
destroy natural protective ecosystems that have
historically mitigated the risks of landslides, flood-
ing and storms, such as absorbent wetlands and
binding vegetation cover on steep land. Often, the
areas most affected by these hazards are infor-
mal settlements occupied by populations with
the lowest adaptive capacity, including residents
without land tenure, and recent migrants.

Box 2.7. Risk and interacting urban subsystems — Lagos, Nigeria

In Lagos, Nigeria, between 1986 and 2002,
urbanization resulted in a 13% increase in
developed land, and an 11% decrease in
mangrove, swamp thickets and other natural
vegetation useful for buffering against coastal

floods. Subsequent flooding affected several
slum communities, which had developed on
sand infill land that could not support solid
structures, and that therefore had a low market
value.

(Sources: Okude and Ademiluyi 2006; Adelekan 2010)

With the increased prevalence of hazardous events due to climate change, and dynamic and evolving vulner-
ability and exposure, such corrosive impacts in urban areas are predicted to increase in coming decades.
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Transfer of disaster impacts from urban areas to other distant locations

Disaster risk in urban areas has commonly been studied from the perspective of individual cities. However,
as urban areas are part of a global social and economic network, impacts in one urban area can cascade to

other distant regions.

Box 2.8. Latent systemic risk — Puerto Rico

After Hurricane Maria struck Puerto Rico
in 2017, a major wholesale medical supply
company in San Juan was unable to maintain
production. As a result, hospitals across the
globe faced a critical shortage and a 600%
increase in the cost of intravenous bags. More-
over, Puerto Rican pharmaceutical manufactur-
ers were unable to manufacture drugs needed
to treat diabetes, cancer and heart conditions.
This was not an isolated instance of significant

business interruption. The secretary of Puerto
Rico’s Department of Economic Development
and Commerce considered “the lack of power
is the root of everything”, when referring to the
chronic underinvestment in the electricity grid
in the decades leading up to Hurricane Maria
as a major driver of the prolonged and exten-
sive impacts of what was the largest blackout
in the history of the United States of America.

(Sources: Alvarez 2017; Conrad 2018; Wong 2018)

Recent research has shown that the global urban-
industrial network is more vulnerable to multiple
simultaneous hazards than to singular impacts in
wealthy, large urban areas.®® Therefore, as climate

impacts become more prevalent, impacts capable
of interrupting urban economic flows and creating
social instability may become more severe.

63 (Brown et al. 2013)
64 (International Science Council 2018)
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2.3

Systemic risk
governance

Governance generally refers to actions, processes,
traditions and institutions (formal and informal) by
which collective decisions are reached and imple-
mented.®® Risk governance can be defined as “the
totality of actors, rules, conventions, processes and
mechanisms concerned with how relevant risk infor-
mation is collected, analysed and communicated
and management decisions are taken.”?’ It is usually
associated with the question of how to enable soci-
eties to benefit from change, so-called “upside risk”,
or opportunity, while minimizing downside risk, or
losses. In contrast, systemic risk is usually seen as
downside risk. The realization of systemic risk by
definition leads to a breakdown, or at least a major
dysfunction, of the system as a whole.®® Assessing,
communicating and managing — in short, governing
- systemic risk is compounded by the potential for
losses to cascade across interconnected socioeco-
nomic systems, to cross political borders (including
municipal and Member State boundaries or regional
mandates), to irreversibly breach system bound-
aries and to impose intolerable burdens on entire
countries. Risk governance is also confounded by
almost intractable difficulties in identifying causal
agents and assigning liability.

What needs to be set up so that institutions can
govern systemic risk? Like any emerging phenom-
ena, systemic risk cannot be measured by sepa-
rately quantifying the contributing parts. This
means that effective governance should consider
the interconnected elements and interdependencies
among individual risks. For this purpose, a network
perspective, with attention to interconnected nodes
or agents, can be useful, as well as greater account-
ability and responsibility on the part of individual
and institutional decision makers, for example,
through the establishment of the principle of collec-
tive responsibility.®®

54  Chapter 2

Some of the characteristics of such institutions at
the global scale can be explored through examples
from the global financial system and international
climate change institutions (see Chapter 13).

2.3.1

Global financial crisis in 2008

Systemic risk governance requires new institutional
structures, as was recognized after the global finan-
cial crisis in 2008. Before the crisis, early warning
systems (EWSs) were in place to identify precursor
signals and anomalies in the overall performance
of the complex financial system. Yet they failed to
detect what are now understood to be clear signals.
The probability of a financial crisis occurring in the
United States of America in 2007 was calculated to
be between 0.6% and 1%. For the United Kingdom
of Great Britain and Northern Ireland, the results
were similar, with the probability of a financial
crisis calculated at between 0.6% and 3.4% in 2007.
Financial systems operated in a siloed fashion with
constituents operating rationally from their perspec-
tive and within their mandates. However, such
systems often become corrupted or behave in a way
that is suboptimal or procyclical at a systems level
- namely reinforcing of underlying dynamics. Few
organizations have the wherewithal to investigate at
a system level, let alone a system-of-systems level,
and so ownership of the problem is often lost.”

The global financial crisis prompted the develop-
ment of new — or reshaping of old - institutions
and mechanisms to identify, and ideally prevent,
future systemic risks in the financial system. The
inclusion of key developing economies (such as
Brazil, China and India) in global economic decision-
making processes was a central development -
notably through the G20 group of globally important
industrialized and developing economies plus the
European Union (EU). This was accompanied by a
more important role of the International Monetary
Fund in the surveillance of major economics.”” New
financial mechanisms were also set in place; for
example, the European Stability Mechanism is an
international financial institution designed to help



the euro area countries in case of severe financial distress.”? A systemic risk tax has also been proposed to
decrease the number of banks that are too central to fail.”> However, post-crisis governance structures are
considered by many analysts to be insufficient to prevent a further financial crises.’#75

2.3.2

Climate change

While the global financial crisis focused attention on global interdependencies and cascading risks with
potentially catastrophic consequences, there are a worrying number of other potential triggers. These
include extreme climate events, armed conflict, forced migration, food and water shortages, unregulated
digitalization, pandemics and loss of biodiversity. Climate change is increasingly recognized as a systemic
risk with potentially catastrophic impacts cascading through financial, ecological and social systems. Climate

change also perhaps has the most developed global governance regime.

Box 2.9. Systemic risk governance - global climate change governance

Initiated by the United Nations, global climate
governance took the form of multilateral agree-
ments beginning with UNFCCC in 1992. The
2012 Doha Amendment to the Kyoto Protocol
extends UNFCCC until 2020. As of February
2019, 126 of the 144 Member States required
for the amendment to enter into force had
deposited their instrument of acceptance.
Negotiations held in the context of UNFCCC
resulted in the adoption of the Paris Agree-
ment in 2015, which has been ratified by 185
of the 197 Parties to the Convention. As a

(Sources: de Boer, de Witt and Aiking 2016; Barkenbus 2010)

While neither the governance of the financial system
nor the climate system can claim full success
(note IPCC warnings that NDCs of the Paris Agree-
ment entail a potential global warming trajectory

hybrid of legally binding and non-binding provi-
sions, under this agreement, 183 countries
have outlined their post-2020 climate actions
(through NDCs). Beyond the evolution in offi-
cial global climate governance, alternative
political narratives have emerged that include
market entrepreneurship and lifestyle changes
that will encompass more flexible and partici-
patory approaches to addressing the multifari-
ous problems of climate change. These include
adopting “climate-friendly food” or eco-driving
and car-sharing.

of between 2.9°C and 3.4°C above pre-industrial
temperatures),’® both have raised awareness of
the necessity, and spatio-temporal complexity, of
governance regimes to address systemic risks at

66 (Renn 2008)

67 (IRGC 2018)

68 (Kovacevic, Pflug and Pichler 2015)
69 (Helbing 2013b)

70 (Agathangelou 2018)

71 (Kahler 2013)

72 (Bank for International Settlements 2018)
73 (Poledna and Thurner 2016)

74 (Agathangelou 2018)

75 (Goldin and Vogel 2010)

76 (IPCC 2018)

55

N



the global scale. Moreover, the financial and climate
governance regimes have brought attention to the
complex web of challenges. One major challenge is
establishing causal attribution of systemic losses as
the basis for assigning accountabilities and respon-
sibilities so essential for risk governance.

The attribution of climate change has been
established by accounting for past GHG emis-
sions. Commitments and accountabilities could
be tackled via GHG projections into the future.””
However, attribution in other areas of systemic risk
may be less clear, where large uncertainties exist
in determining the causal effects across complex
geospatial regions, across stakeholders and across
sectors. For example, experts generally agree that
the risk of extreme droughts and floods in some
regions is increased by climate change,’® but attrib-
uting losses from any event to human-induced
climate change is still unachievable. Attribution is
complicated further as systemic risk can evolve
up to the global macroscopic scale through disrup-
tions at the microscopic scale, so-called “scale-free
properties”,” or through behaviour that is indi-
rectly linked to the disruption it causes in a specific
system. Consequently, the difficulty of attributing
accountability bounds the solution space for the
reduction of systemic risks; it also hampers the
development of a joint vision defining clear targets
for its management.

Another challenge, although not unique to systemic
risk, is the often deep uncertainty surrounding the
triggers, exposure and cascading consequences,
which are all the nodes of the network. One way
of tackling uncertainties, albeit not suggested for
nodes with catastrophic potential, is trial and error
through an iterative risk management approach.®
Uncertainties can be hedged by combining
systemic risks with other types of risks so they can
be tackled together.?’ Taking a systems approach
that takes account of network dynamics and social
processes can form a basis for designing risk
governance approaches.

Beyond uncertainty, a more daunting challenge is

a lack of understanding of the systemic nature of
many risk contexts.? One suggestion taken from
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the climate risk community is to use a triple-loop
learning process, from reacting to reframing and
finally to transformation.® This is also in line with
suggestions made towards an increasingly adaptive
risk management framework with a focus on solu-
tions with multiple benefits.®*

At the core of any risk governance framework,
including systemic risk, is the need for inclusive
stakeholder expert processes for co-designing and
co-generating solutions. While the importance of
stakeholder buy-in has become increasingly appar-
ent, there are special challenges for systemic risks.8®
For one, the cascading and uncertain nature of the
losses means that stakeholder communities are ill
defined and often span political borders. Because
of the uncertainty, the issues will likely be character-
ized by varied views on the nature of the problem
and its solution, as well as different “risk constructs”
on the part of the stakeholder communities.® For
the “realists” the risks can be objectively assessed
in terms of their likelihood and impact, whereas for
the “constructivists”, the existence and nature of
risk derives from its political, historical and social
context, that is, it is constructed. The two divergent
views can have a significant impact with regard
to policy implementation.®’” Modernity reflexively
relies on increasing complexity to manage the very
risks it creates, which, in turn, causes disasters that
are often embedded in the construction of social
organizations and institutions.®® Consequently,
iterative approaches are better able to determine
potential conflicts and possible solutions by iden-
tifying precursor signals or anomalies in system
performance at the earliest possible point in time.®
Human agency may play a less-important role in
some systemic risk considerations (e.g. in supply
chain risks) than in others (e.g. political disruption),
which is important for the corresponding gover-
nance approaches. The question is related to the
optimal complexity to govern systemic risk, that is,
how detailed the approach should be, given limited
resources.

It can be argued that in the case of complex
systems and systemic risks, current measures
and approaches represent a collection of failed
attempts.®® Nevertheless, the approaches are



raising awareness and addressing challenges that
can shed light onto critical aspects of what is itself
a complex issue — systemic risk governance.

Emerging approaches (e.g. International Risk Gover-
nance Center (IRGC) systemic risk governance

Figure 2.5. Flexible elements of systemic risk governance

guidelines; see Figure 2.5) seek to address the diffi-
cult problem of assessing or measuring systemic
risk, of modelling cascading consequences, of
applying different management instruments,® and
of implementing participatory processes.*?

PROCESS
MANAGEMENT
& NAVIGATION

Co-develop
Management
Strategies

(Source: IRGC 2018)

Successful implementation of such systemic risk
governance approaches assumes flexibility and
(continuous) adaptation to context (an iterative
process in IPCC parlance). It is contingent upon
strong leadership with mid- to long-term focus,
the willingness to adapt or revise often non-linear,

non-sequential processes, and the willingness to
accept and resolve trade-offs.*® Insights from more
conventional risk analysis,* risk communication
and risk management can be applied fruitfully to
connect systemic risk with more traditional risk
governance approaches.
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2.4

Collective intelligence,
contextual data and
collaboration

Risk is ultimately a human construct, created in
language and meaning to describe the felt or feared
volatility and uncertainty of human life — in other
words, the experience of complexity and of complex
systemic effects. Humans in many societies have
become accustomed and attached to the illusion of
control that the construct of risk has given us. But
as it becomes apparent that the effects of interde-
pendent, globally connected systems and vulner-
abilities may be beyond human measurement or
management, the limits of that illusion must be
acknowledged. So too must the limits of present
systems of governance and organization of human
knowledge. This requires a new paradigm for under-
standing and living with uncertainty and complex-
ity — one that activates the power of human social
and contextual intelligence, and where possible,
leverages it through appropriately designed artificial
intelligence.

Developing the capability for contextual under-
standing and decision-making is a far more effec-
tive way of dealing with uncertainty and complexity
than the present reliance on extrinsic frames of
reference and categorical technical expertise, siloed
into disciplines. In part, such capability can be built
using a lifelong learning approach, so as to grow an
aware, internalized ability to notice the relevance of
context and the role of self; and in so doing, recog-
nize and anticipate interdependencies and non-
linear effects.

Human decision-making is emotional, not ratio-
nal, and is therefore more successfully activated
by mental models based on meaning attached to
values and beliefs.* Over time, use of narrative and
meaning to negotiate the constantly changing rela-
tionship between identity and context has proven
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to be an effective mechanism to build resilience,
to enable rapid sensing, understanding and sense-
making. In this way, collective intelligence becomes
possible as an essential precondition for collec-
tive responsibility, which is at the core of systemic
risk governance. Collaboration with and through
that intelligence holds the key to building systemic
resilience.

2.41

Collective intelligence

“Collective intelligence” is the powerful combination
of human intelligence, artificial or machine intelli-
gence and processing capacity.

Building resilience is necessary to adequately
respond to, and reduce, risks and prevent disasters.
Resilience requires: planning and preparation based
on assessments to avoid or minimize risk creation
and reduce the existing stock of risk; the develop-
ment of capacity to restore functions quickly and
effectively in the face of disruptions; and the capac-
ity to adapt and change after a shock.

By addressing these complex systems challenges,
every individual, organization or group involved in
resilience building could thrive more successfully if
they tapped into a "bigger mind” through collective
intelligence. This could be by drawing on the brain
power of other people with diverse cultural experi-
ence, chronological age, education or occupation
and gender, combined with the processing power of
machines.

While needed for processing big data about the
functioning of complex systems, machine learn-
ing and artificial intelligence do not help people to
solve more complex coordination and governance
problems that require trust between people. They
cannot decide on how people want to live human
lives, for example in cities. Blockchain, a distrib-
uted network solution for coordinating interactions
and exchanges, likewise cannot alone solve this
complex human dynamic problem.



Truly global collective intelligence is a long way
short of being able to solve global problems. It is
now important to assemble new combinations of
tools that can help the world think and act at a pace,
as well as at the scale commensurate with the
complex problems we face. In too many fields, the
most important data and knowledge remain flawed,
fragmented or closed, lacking the context and orga-
nization required for them to be accessible and
useful for decisions; as yet, no one has the means
or capacity to bring them together.

The critical interdependence among human health
and well-being, ecology and technology is highly
complex — both in the nature of connections and
in responses in time and space.®® Achievement of
an improved understanding of human-ecologi-
cal-technological system interactions is essential,
just as is starting to be achieved in climate science
through the application of sophisticated computer
modelling.

This revolution in systems modelling has reached
the point where it is now possible to begin model-
ling the interlinkages and interdependencies among
the economic (values), societal (health, welfare
and productivity) and environmental impacts
of decisions and investments driven by the live
interactions between weather, Earth crust shifts,
soils, land, ocean ecology and human activity.*’
Geodata at multiple scales is available to support
this approach to better understand the interactive
nature of the drivers of risk and for long-term risk
reduction.

In many cases, models of complex ecological
systems used to make projections of future trends,
use data derived statistically from putative causal
associations, but these associations can change
under novel conditions, and thus predictions might
be questionable. Novel models that are based on
an understanding of the underlying processes that

95 (Gatzweiler et al. 2017)
96 (Whitmee et al. 2015)
97 (Whitmee et al. 2015)

cause a system to behave in particular ways are
increasingly needed, spanning and interacting from
global to local levels. They can be used to create a
resilience compass to enable communities to steer
towards a more resilient future.

Such novel models, supported by artificial intelli-
gence and machine learning, can then build collec-
tive intelligence among communities through
independent regional or national transitional
super-laboratories®® — or collaborative laborato-
ries (discussed further in section 2.4.2). These
comprise leading experts from across sectors,
including academic, government, private sector and
community.

Recent advances in computing power, availability of
data and new algorithms have led to major break-
throughs in artificial intelligence and machine learn-
ing in the last six or seven years. Many applications
are entering everyday lives, from machine transla-
tions, to voice and image recognition, to geospa-
tial optimizations, all of which are increasingly
exploited in industry, government and commerce.
Increasingly constructive deployment of artificial
intelligence combined with developing collective
intelligence in the field of DRR will have a positive
impact on saving lives, reducing injuries, minimiz-
ing damage to property and improving economic
systems. At all times, these promote social equality
through enhanced decision-making capabilities. To
do this successfully will require strong evaluation
frameworks that can assess the performance and
the quality of artificial intelligence, and build trust in
this disruptive technology.*®

Further research is needed to understand fair-
ness in the context of automated decision-making.
An algorithm or decision is fair when it does not
discriminate against people because of their
membership in a specific group (e.g. as gender,
race or sexual orientation). In the emerging field of

98 (EU, Directorate-General for Research and Innovation, Direc-
torate | - Climate Action and Resource Efficiency 2018)
99 (Craglia et al. 2018)
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explainable artificial intelligence (i.e. techniques in
artificial intelligence that can be trusted and easily
understood by humans, and which contrast with
the concept of the black box in machine learning
where it is often difficult to explain why the artifi-
cial intelligence arrived at a specific decision'),
there is considerable work in progress to address
these complex issues and replace the black-box
approaches of conventional artificial intelligence, so
as to reduce bias and increase the understandabil-
ity for decision makers.

When it comes to cybersecurity, artificial intelli-
gence is a double-edged sword. It can be greatly
beneficial to increase the security of devices,
systems and applications, but it can also empower
those who seek to attack systems and networks
and thus become an advanced tool in the arsenal
for cyberattacks. The Sendai Framework takes into
account the need to address risks that arise from
technological innovations and their application (see
Chapter 3 of this GAR). Moreover, the robustness
of artificial intelligence against malicious action
becomes an issue, posing the most immediate
danger for the security of cyberphysical systems,
in which artificial intelligence will be increasingly
deployed.

Therefore, technology-based solutions to coordina-
tion problems need to be combined with human-
based solutions (solutions that are made by or
involving humans for solutions at a human scale).
Unlike machines, which need to operate with prob-
abilities, humans — within a social network of trust
— can make decisions under radical uncertainty by
attaching values to decisions. This ability in healthy
human beings is due to emotional responses to
highly complex decision situations to which there
are no solutions from purely calculative and value-
free accounting of costs and benefits.

Purely technological solutions that build on objec-
tivity and value-neutrality detach the human being
from being intrinsically connected to the environ-
ment. Humans can (or should) decide on chang-
ing deeply embedded values that define higher
level rules, and shape attitude, choices and behav-
iour. Otherwise, societies may continue to create
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wealth at the expense of declining ecological life
support functions in a positive spiralling feedback
loop, which creates systemic risks with cascading
effects and makes overarching economic, ecologi-
cal and social systems increasingly susceptible to
collapse.

2.4.2

Contextual data, innovative collaboration and
transdisciplinarity

Complexity vexes the traditional problem-solv-
ing model of separating problems into singu-
larly defined parts and solving for the symptoms.
None of the “wicked problems”,'"" as described by
IPCC'™ and multiple other scientific bodies,'® that
are currently pressuring policymakers to try new
approaches to meet today’'s challenges, can be
understood with reductionist approaches. In other
words, the deliberate simplification of a problem
and its causes by removing it from its context
renders the understanding and ensuing solution
obsolete. The issues with which we are confronted
are wrapped in contextual interdependencies that
require an entirely different approach in assessment
and action.

Most current scientific research tools and method-
ologies pull “subjects” from their contexts in order
to derive detailed, specialized, quantifiable informa-
tion. A wider practice of science in the future may
develop ways to fully use information derived from
detail and interdependency. For now, the cultural
habit of de-contextualizing information, or reduc-
tionism, is the standardized, authorized and empiri-
cal norm. To make more appropriate assessments
of risks arising out of multi-causal circumstances,
observations that can appropriately address this
complexity are urgently needed. The decisions
on what actions to take, by whom and with what
resources, are decisions based upon information
of the situation or event. If that information cannot
hold the appropriate complexity, the decisions will
be founded on inadequate knowledge.



Transdisciplinary research and response

Risk creation and realization in complex systems
do not remain in one sector at a time. Yet, current
institutional structures mitigate these complex
issues through the protocols of attending only to
what is within their specific jurisdiction. Health
crises remain in the realm of health ministries, while
economic issues are under the separate attention
of ministries of finance or employment. Likewise,
ecological risks overlapping with cultural or political
risks are still, in most cases, considered in parallel,
but must be researched and understood better in
terms of their relational interdependence.

Research bridges and increased communication
across societal systems need to be developed.
This is particularly true of public service systems.
Lack of communication and contextual perspective
among systems such as education, health, trans-
portation and communication can increase commu-
nity-level vulnerability. Connection and increased
contact between such sectors will make commu-
nities more robust and resilient to long-term risks
and sudden onset emergencies. The development
of warm data approaches can cultivate the rela-
tionship among sectors to strengthen inter-system
interaction and collaboration.

Box 2.10. Warm data enquiry

Systemic consequences (and consequences of
consequences) are easily disconnected from
their networks of causation and the impor-
tance of the relationships among contexts can
be lost. For example, the caravan of asylum
seekers moving north through Central America
in the latter part of 2018 was viewed by the
media as fleeing either violence or poverty (the

Warm data and contextual information

“Warm data” is a specific kind of information about
the way parts of a complex system (e.g. members
of a family, organisms in the oceans, institutions in
a society or departments of an organization) come
together to give vitality to that system.

By contrast, other data will describe only the parts,
while warm data describes their interplay in context.
Warm data illustrates vital relationships among
many parts of a system. For example, to under-
stand a family, it is not enough to understand each
family member, the relationships among them
must also be understood - this is the warm data.
This warm data is used to better understand inter-
dependencies and improve responses to issues
that are located in relational ways. This includes
understanding systemic risks in health, ecology,
economic systems, education systems and many
more. De-contextualizing gives specific infor-
mation that can generate mistakes, while warm
data promotes coherent understanding of living
systems.

“obvious” drivers of such desperate behav-
iour). In fact, historic drought conditions over
multiple years, exacerbated by climate-induced
shifts in weather patterns without accompany-
ing shifts in human behaviour, policy or infra-
structure development, were an underlying risk
driver. This would be the focus of a warm data
approach to understanding the complex, inter-
dependent set of factors leading to large-scale
migration.
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Context includes the relational processes that come
together to produce a given situation. In fact, most
complex situations or systems are “trans-contex-
tual”, that is, there is more than one context in play.
Trans-contextual information brings together multi-
ple forms of observation, from multiple perspec-
tives. In recognition that information comes in
many forms, a warm data research team would
look for on-the-ground “wisdom” of locals, art and
culture, personal stories and the voices of many
generations. The task of warm data is not only to
incorporate details and data points, but the relation-
ship among details as well, at many scales.

Contextual information in the form of warm data
has begun to be used by researchers, governments,
and public service professionals. They use it to
assess complex situations and identify preventive
approaches or responses to complex community
(or ecological) crises, necessitating expertise that
spans a breadth of contextual conditions.

When applied to specific local contexts and fields,
scenarios using warm data can be useful to involve
local stakeholders and decision makers in an trans-
disciplinary environment - a collaborative labo-
ratory or “collaboratory” — to produce alternative
futures that are robust to the relevant uncertainties
and complexities.’®™ A set of scenario exercises
conducted within an agreed set of parameters
across scales (from smallholder farmers to glob-
ally collaborative institutions) help to identify stake-
holder preferences, motivations, scale-specific
trends and drivers, and most importantly, add the
local contexts needed for the modelling exercises.
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Changing patterns of interaction at local
levels using trans-contextual knowledge
processes

The natural extension of the above process is
bridge-building across systems. This is a step
towards forming collaborative decision-making
bodies at local levels (“collaboratories”). In doing
so, there is the possibility to bring together people
from different, but interdependent fields, to explore
and energize or regenerate local community vital-
ity. As these community groups form and exchange
trans-contextual knowledge, new communication
patterns begin to form, linking otherwise separated
sectors of experience. The place-based solutions
that emerge from the collaborative development of
contextual warm data lend themselves to self-orga-
nizing around actions that are co-created, with local
ownership of data, risks and solutions. By provid-
ing context, warm data is a metashift that gener-
ates connection, communication and action, which
is able to address complexity in new ways. Local
capacity can be increased significantly by drawing
from collective intelligence and mutual learning, .



Figure 2.6. Transdisciplinary knowledge generation
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(Source: adapted from Brown et al. 2015)

When research is done in this way (i.e. across
contexts), the interdependency becomes apparent.
For example, food cannot be separated from the
economic, nor even political, systems; neither can
it be separated from culture nor medicine. Food is
also an important catalyst for strong bonds among
generations. In this sense the work of supporting
food initiatives is not simply to distribute nutrition,
but to also knit relationships among the diverse
contexts into projects and actions that involve the
whole community. The solutions lie in the recogni-
tion of collective response. No single response is
enough to address a complex problem.

Warm data is the overlap across systems and is
produced by teams whose enquiry is practised in
crossing contextual frames, sense-making and
finding patterns. The lens of contextual enquiry
and trans-contextual research is one that not only
brings disciplines together but many other forms

INTERDISCIPLINARY

Joined-up thinking==

In-depth,
disciplinary and
broader context,
interdisciplinary
knowledge

of knowledge also, including the place-based
wisdom of local practitioners, as well as cultural
and indigenous sensitivities.

When superficial solutions are implemented to
provide answers to problems in complex systems,
the problems proliferate. Developing the capability
for contextual understanding and decision-making
is far more effective, and the benefits are felt across
multiple sectors simultaneously. Structures and
approaches are needed that can bring forward infor-
mation that presents the contextual interlinking of
the potential systemic risk impacts as they are felt
at the individual, microscopic level within larger
global, macroscopic contexts.

104 (Vervoort et al. 2014)
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2.5

Shifting the paradigm —
introducing the Global
Risk Assessment
Framework

Figure 2.7. From global risk assessment to GRAF
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Paradigms are not corrigible by normal
science, paradigm change is a value change.'®

Our global society has come to realize that the
systemic risks we create can induce situations of
large-scale instability and even uncontrollability.’®
There is therefore an urgent and growing need to
better understand and manage uncertainties and to
mobilize people, innovation and finance. The impera-
tive to extend standard risk management frame-
works or even to heed the call for a paradigm shift on
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how to deal with both controllable and uncontrollable
risks — the sort of change that the Sendai Frame-
work exhorts — is undeniable. A transition is needed
from one paradigm to another — from managing
disasters to managing risk — and from managing
“conventional” hazards to engineering an improved
understanding of the dynamic interactions with
systemic risks. Exploring the facilitation of a “new
system of relations” that allows future theories and
solutions to emerge that are “wider in scope, more
accurate in prediction, and solve more problems”."%”
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Major renovations of approaches to risk assess-
ment and analysis are needed to fully realize the
challenge and call of the Sendai Framework. As has
been noted, methods today are tuned to the largest
and most historically obvious and tractable “peaks”
of risks for human beings rather than the interde-
pendencies among them.

In recent decades, we have both created and
recognized many other types of risks of the great-
est consequences for humankind. Understanding
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105 (Kuhn 1962)
106 (Helbing 2013b)
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Figure 2.8. GRAF 2020-2030
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the systemic nature of risks, and the opportunities
afforded by new approaches and new concepts of
risk, will be the central challenge of the first half of
the twenty-first century.
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If | had to select one sentence to describe the
state of the world, | would say we are in a world
in which global challenges are more and more
integrated, and the responses are more and
more fragmented, and if this is not reversed,
it's a recipe for disaster.®



In response to this challenge, UNDRR - mandated
to support the achievement of the outcome and
goals of the Sendai Framework and the 2030
Agenda - was called upon by experts to establish
a process to co-design and develop a Global Risk
Assessment Framework (GRAF) to inform decision-
making and transform behaviour, specifically with
respect to systemic risks.

This will explicitly support national and subnational
governments, as well as non-State actors including
private sector businesses and financial institutions
referred to in paragraph 36(c) of the Sendai Frame-
work, to recognize new patterns of vulnerability and
risk formation within efforts to achieve the targets
of all the 2015 intergovernmental agreements, and
assist in measuring progress in reducing risk. GRAF
is also intended to be a crucial component of a
comprehensive United Nations risk assessment and
analysis framework in support of the 2030 Agenda. It
will contribute to the vision of the Secretary-General
of the United Nations to support decision-making
for an Integrated Platform on Prevention as well as
within the United Nations Resilience Framework.

GRAF is designed to inform and focus action within
and across sectors and geographies by decision
makers at local, national, regional and global levels
on the outcomes, goals and priorities for action set
out in the Sendai Framework and the 2030 Agenda.
It addresses multiple issues such as assessing
systemic vulnerabilities of agricultural systems, or
strengthening the resilience of electricity generation
and distribution systems in hurricane-prone loca-
tions, or business continuity planning for public and
private sector actors for basic service delivery in
rapidly growing metropolitan areas.

The goal for GRAF is to improve the understand-
ing and management of current and future risks,
at all spatial and temporal scales. It aims to better
manage uncertainties and mobilize people, inno-
vation and finance by fostering interdisciplinary
systems thinking and enabling identification of
anomalies and precursor signals. It seeks to reveal
the interlinkages, relationships, correlations and
dependencies of multiple risks and actors across
systems to build a shared understanding and enable

decision makers to act.The design and develop-
ment of GRAF is led by the GRAF Expert Group,
GRAF Working Groups and UNDRR. Driven by a
user-centric design process, GRAF will work with all
stakeholders to create a framework and community
of practice for the understanding and sharing of risk
contexts, data, information, models, metrics, risk
communication modalities and decision support.

Paradigm change has been described as
“handling the same bundle of data as before,
but placing them in a new system of relations
with one another by giving them a different
framework”.1%°

Through approaches such as ensemble model-
ling and intercomparison, GRAF will improve
understanding of the multidimensional nature and
dynamic interactions of risks, so as to prevent or
adapt discontinuities in critical systems (includ-
ing human health, ecosystem functioning and
economic development) and create the potential to
transform behaviours. GRAF seeks to enable self-
organization and learning focused on local process-
ing of information by relevant stakeholders on the
impacts and consequences of decisions. Recog-
nizing that major reductions in risk will be achieved
through understanding and addressing patterns of
vulnerability and exposure, and acknowledging that
data on vulnerability (social and environmental) are
severely underdeveloped, experts recommended
this as a priority area for GRAF.

The GRAF Theory of Change sets out early think-
ing about the development and implementation of
key elements of GRAF. It includes causal pathways
(people, science and systems), which are intended
to clearly and explicitly define questions to be
addressed and elements to be tested and estab-
lished. The co-design and development of GRAF will
continue in three broad phases of activity: Phase 1
- design and set up; Phase 2 - building the frame-
work; and Phase 3 — scaling implementation.

108 (Antonio Gutteres, United Nations Secretary-General, Janu-
ary 2019)
109 (Butterfield 2007)
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Figure 2.9. Schematic representation of GRAF
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By providing insights, tools and practical demon-
strations to decision makers at relevant scales
through the development of multi-user, open and
inclusive, collaborative and shared methodolo-
gies for stakeholders on a timely basis, GRAF can
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stimulate interdisciplinary systems behaviours
that will support transformative action. This will
enable warm data research, establishment of
collaboratories and the accelerated development
of collective intelligence about systemic risk to
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Chapter 2
Conclusions and recommendations

The solutions lie in the recognition of collective response. No single response is enough to address a
complex problem."®

Conclusions

With the certainty of near-term non-linear changes, the critical assumption of the relationship between past
and future risk must be revisited.

The regenerative potential of the social and natural systems envisaged in the aligned intergovernmental
agendas will be better understood, and progress will be accelerated, by incorporating systemic risk and
systemic opportunity into the design of policies and investments across all scales. Similarity of the char-
acteristics of systemic risks in different domains suggests that as attempts are made to understand the
effects of endogenous triggers and critical transitions, there will be more patterns apparent in different
domains, which will allow the development of a consistent understanding of the fundamental characteristics
of systemic risks.

Figure 2.10. “Innovation curve” — from destructive to regenerative approaches
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Systemic risks might be easy to mitigate early on.
However, failure or even intentional ignorance to
capture the role of underlying drivers of systemic
risk will allow small risks to grow into major prob-
lems, increasing the opportunity costs of failed
interventions and missed opportunities. Developing
and implementing multidisciplinary approaches to
identify and act on precursor signals and systems
anomalies are critical to minimizing or avoiding
discontinuities in complex systems.

Most prevailing risk management tools assume
underlying systems are complicated, rather than
complex. Understanding sensitivities to change
and system reverberations is far more important
and challenging in the context of complex systems.
Simulations of such systems show that small
changes can produce initial ripples, which can be
amplified by non-linear effects and associated path
dependencies, causing changes that lead to signifi-
cant and potentially irreversible consequences.

To allow humankind to embark on a development
trajectory that is at least manageable, and at best
sustainable and regenerative consistent with the
2030 Agenda, a fundamental rethink and rede-
sign of how to deal with systemic risk is essential.
Improved understanding of system components,
including precursor signals and anomalies, systems
reverberations, feedback loops and sensitivities to
change, will be imperative.

The global urban—industrial network is more vulner-
able to multiple simultaneous hazards than to
singular impacts in wealthy, large urban areas.
Therefore, as climate impacts become more
prevalent, impacts capable of interrupting urban
economic flows and creating social instability may
become more severe.

Systemic risk governance is confounded by diffi-
culties in identifying causal agents and assigning
liability. While neither the governance of the finan-
cial system nor the climate system can claim full
success, both have raised awareness of the neces-
sity and spatio-temporal complexity of governance
regimes to address systemic risks at the global
scale.

While needed for processing big data about the
functioning of complex systems, machine learning
and artificial intelligence are limited in their capabil-
ity to help people solve more complex coordination
and governance problems that require trust among
people. Unlike machines, which need to operate
with probabilities, humans — within a social network
of trust — can make decisions under radical uncer-
tainty by attaching values to decisions.

Complexity vexes the traditional problem-solv-
ing model of separating problems into singularly
defined parts and solving for the symptoms. Such
issues are wrapped in contextual interdependencies
that require an entirely different approach in assess-
ment and action. Warm data is the overlap across
systems. The lens of contextual enquiry and trans-
contextual research is one that brings together
disciplines and many other forms of knowledge,
including the place-based wisdom of local practitio-
ners and cultural and indigenous sensitivities.

Realizing the systemic nature of risks, and the
opportunities afforded by new approaches and
new concepts of risk will be the central challenge
of the first half of the twenty-first century. GRAF
seeks to improve understanding of the multidimen-
sional nature and dynamic interactions of risks, so
as to prevent or adapt to discontinuities in critical
systems and enable local processing of information
by relevant stakeholders on the impacts and conse-
quences of decisions. GRAF can stimulate inter-
disciplinary systems behaviours that will support
transformative action, enabling accelerated devel-
opment of collective intelligence about systemic
risk to create a culture of risk-informed decision-
making, transform behaviours and ultimately
increase resilience of societies and systems. It is
intended to contribute to a comprehensive United
Nations risk assessment and analysis framework
in support of the 2030 Agenda and the Sendai
Framework.

110 (Bateson 2018)
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Recommendations

72

Accelerated action and ambition is needed to
transition from one paradigm to another — from
managing disasters to managing risk — and
from managing “conventional” hazards to
engineering an improved understanding of the
dynamic interactions with systemic risks.

Humans can (or should) decide on changing
deeply embedded values that define higher
level rules of operation and interaction. If not,
societies may continue to create wealth at the
expense of declining ecological life support
functions in a positive spiralling feedback loop
that creates systemic risks with cascading
effects and makes overarching economic,
ecological and social systems increasingly
susceptible to collapse.

To fully realize the challenge and call of the
Sendai Framework, major renovations of
approaches to risk assessment and analysis
are needed. Methods today are tuned to the
largest and most historically obvious and
tractable risks for human beings rather than on
the full topography of risks.

Scenario building and stochastic simulation
need to be included in risk modelling to facil-
itate thinking and decision-making in complex
systems.

A new paradigm for understanding and living
with uncertainty and complexity is required -
one that activates the power of human social
and contextual intelligence, and where possible,
leverages it through appropriately designed
artificial intelligence.

Developing the capability for contextual under-
standing and decision-making can prove a
more effective way of dealing with uncertainty
and complexity than the present reliance on
extrinsic frames of reference and categorical
technical expertise, siloed into disciplines.

Greater focus is required on place-based
solutions that emerge from the collaborative
development of contextual warm data based

Chapter 2

on self-organizing around actions that are
co-created, with local ownership of data, risks and
solutions. Local capacity can be significantly
increased by drawing from collective intelli-
gence and mutual learning.

A better understanding of the interactions and
interdependencies between urban and rural
areas is essential to reduce or prevent the
creation of risk. This requires a functioning
urban/rural (city region) data metabolism to
process information at appropriate scales to
understand the systems implications.

Private sector financial institutions need to
integrate DRM into their business models
and practices through disaster risk-informed
investments.

Structures and approaches to bringing forward
information are needed that present the
contextual interlinking of the potential systemic
risk impacts as they are felt at the individual,
microscopic level within larger global, macro-
scopic contexts.
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Small and medium enterprises (SMEs), includ-
ing small-scale agriculture, are the backbone of
many economies worldwide, and very much so
in the Philippines and neighbouring South-East
Asia. SMEs range from micro-businesses such as
sole retailers in street markets, to manufacturing
plants with significant capital investments in equip-
ment and workforce training. They are recognized
by the Asia-Pacific Economic Commission (APEC)
and the Association of Southeast Asian Nations
(ASEAN) as central to socioeconomic development
in South-East Asia'"", which is the global region most
exposed to natural hazards. Their resilience to disas-
ters is therefore also central to sustainable develop-
ment. In the Philippines, 99.56% of businesses are
micro, small and medium enterprises (MSMEs), and
they provide 62.85% of all jobs."2

When disasters occur, a common image of the
private sector is of large corporations helping with
equipment or relief supplies. However, SMEs rarely
have significant resources to offer others in this way,
and they are often not part of business networks
such as chambers of commerce. SMEs are embed-
ded in their rural and urban communities, sharing
the same risks from natural hazards as their neigh-
bours. They are also at risk from fires, and chemi-
cal, technological and environmental hazards (as
well as potentially being a source of such hazards).
They are set apart from their residential neighbours
in that, in a globalized economy, SMEs are increas-
ingly susceptible to systemic risks related to supply
chains and access to markets from events that may
occur at a great distance away.

Previous GARs and a range of other reports have
documented the systemic impacts of the 2011
Bangkok floods on manufacturing supply chains
in South-East and East Asia'®. Flooding in and
around Bangkok triggered a cascading regional

111 (ASEAN 2015, 2016-25); (APEC 2013); (APEC 2014); (APEC
2015a); (APEC 2015b)

112 (Almeda and Baysic-Pobre 2012); (Philippine Department
of Trade and Industry 2017)

113 (UNISDR 2013); (UNISDR 2015);
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impact because so many components essential
to manufacturing in countries such as Japan were
made there. The disruption of Bangkok manufac-
turing through loss of electricity supply, no access
to their premises and flood damage blocked the
supply chain. Most of the disrupted suppliers in
Thailand were SMEs that lacked resilience to flood
hazards. Few SMEs had contingency plans or alter-
native premises to relocate stock or plant, some
had sensitive equipment and supplies at ground
level and few had relevant insurance cover. Many
that did not have access to capital or recovery
loans never re-opened their doors.” In the delta
city of Bangkok, which is close to sea level, and
in a country where SMEs are the majority employ-
ers, these flood impacts were the realization of a
series of risks that, like many systemic risks, seem
obvious in hindsight, but were not perceived fully
until the impact occurred.

Despite the negative impact, the experience of
the 2011 floods has also had a positive cascad-
ing effect in the region, generating new research
and partnerships among the private sector, govern-
ment and civil society for private sector and SME
resilience. These floods and other disasters in
South-East Asia have shown that it is not only large
multinational enterprises that face systemic risks
in the global economy, but also much smaller and
apparently local enterprises, and therefore the
supply chains that operate among them.

The Philippine Disaster Resilience Foundation
(PDRF) the country’s primary private sector coor-
dinator for disaster resilience — is working with
the Government and other partners to offer train-
ing on business continuity planning and also other
disaster resilience programmes for SMEs.""® In just
a few years, this partnership has trained around
7,000 enterprise owners throughout the Philippines.
The training considers risks to business continu-
ity from the direct impacts of natural and techno-
logical hazards, the indirect or systemic impacts of
hazards (e.g. power blackouts, loss of communica-
tions, breakdown in transport systems and supply
chains) and the more traditionally recognized risks
to business continuity such as economic reces-
sion and other shocks through the global financial
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system. Most SMEs that the partnership works with
have never done this kind of risk-informed planning
in the past.

Soon after it began in 2009, PDRF was formally
recognized as the private sector coordinator to
work with the Government."® A decade later, it has
evolved into the major umbrella organization of
the private sector for disaster preparedness, relief
and recovery. PDRF gained new impetus to support
SMEs from a 2015 regional project on strengthen-
ing disaster and climate resilience of SMEs in Asia,
with the intergovernmental organization the Asian
Disaster Preparedness Center (ADPC) and other
partners.’’

As part of the SME resilience project, a survey of
MSMEs in the Philippines indicated that, although
owners were aware of risks from natural hazards,
few MSMEs had contingency response plans,
business continuity plans, insurance or financial
resources that would see them through a major
event such as a local destructive hurricane or
earthquake."'® Systemic or cascading risk from
hazard events occurring elsewhere was not part of
their calculations. Most of them reported that they
recovered from disasters by working longer and
harder, and often using informal loans for recovery
capital. Essentially, they were starting again each
time a disaster hit, often with additional debt. In
the hazard-prone territory of the Philippines, this
meant they could not grow or build a secure busi-
ness. MSME owners epitomized, in their individual
lives, the premise that disasters reverse develop-
ment gains.

In the same project, an analysis of the enabling
environment made up of legislative and policy
frameworks in the Philippines was conducted. It
revealed that although there was a series of govern-
ment agencies responsible for MSME development,
small business financing, DRR and CCA, there were
no clear mechanisms to bring these together to
support MSME resilience against natural and mixed
hazards and systemic risk. In a sense, Philippine
MSME resilience was “everybody’s business” and
“nobody’s business”, and yet the situation clearly
required a systems response.’®



The Government of the Philippines promptly took
up the challenge. Together with ADPC, it convened
relevant government and private sector organiza-
tions to agree a road map intended to improve
government and private sector collaboration across
sectoral silos, to support Philippine MSMEs to move
towards resilience to the range of shocks they are

likely to experience.’”® The MSME Resiliency Core
Group was formalized in July 2016, made up of a
diverse group of government and private sector
agencies: the Bureau of Small and Medium Enter-
prise in Development of the Department of Trade
and Industry; the Office of Civil Defense; the Phil-
ippine Chamber of Commerce and Industry; the

Presentation during the Train for Business Resilience Course, Tuguegarao, Philippines, 2018
(Source: PDRF 2018)

Philippine Exporters Confederation; the Asia-Pacific
Alliance for Disaster Management, Philippines; the
Employers Confederation of the Philippines; the
Department of Science and Technology; the Depart-
ment of Interior and Local Government; PDRF; and
ADPC. The group is continuing its work and has

114 (ADPC 2014); (ADPC 2017d); (Haraguchi and Lall 2015)
115 (PDRF 2019)

116 (Philippines 2010)

117 Supported by Asian Development Bank, Deutsche Gesell-
schaft fir Internationale Zusammenarbeit GmbH within the
framework of the Global Initiative on Disaster Risk Manage-
ment, and Canada.

assigned various organizations to lead implemen-
tation of different themes, nationally and in the
regions.’?' It is under this core group that PDRF
plays a leading role in business continuity aware-
ness and capacity-building.

118 (ADPC 2017b)
119 (ADPC 2017a)
120 (ADPC 2017c)
121 (ADPC 2017a)
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The idea of supporting individual SME resilience
has also expanded to the regional level, with PDRF
and others joining the Asian Preparedness Partner-
ship (APP), launched in 2017. Adopting a “network
of networks” approach, APP aims to improve
networking, strengthen interactions and partner-
ships, share knowledge and resources among
governments, networks of local humanitarian orga-
nizations, and private sector networks.'?? With
ADPC as its Secretariat, APP has already formalized
national preparedness partnerships in Cambodia,
Myanmar, Nepal, Pakistan, the Philippines and Sri
Lanka.'®

A positive cascade of risk reduction awareness trig-
gered by the Bangkok floods has thus permeated
government policy and action and private sector
engagement in other countries in the region. In the
Philippines, it has energized new ways of working in
“systemic risk reduction” to tackle a broad spectrum
of local and regional disaster risks that affect SMEs’
business continuity and their contribution to socio-
economic development.

122 (ADPC 2018)
123 (ADPC 2018)
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Part I:

The Sendai

Framework's
Broadened View of
the World’'s Risk

Introduction

The basis for understanding risk the world will face
in the coming century cannot rely on past informa-
tion to inform future states. The myriad effects of
climate change, intentionally diverted or dammed
river flows, new dynamics of human interaction, air
quality, new industrial facilities, inevitable accidents,
biodiversity loss, ocean acidification, increasing
social and wealth inequality, and new wars all repre-
sent a context that can be estimated only.

Some hazard effects can be modelled. Hydrody-
namic models can project what would happen in
a given watershed given predefined conditions of
volume, speed, depth and obstacles. Models can be
used to indicate disease spread with a specified viru-
lence, mortality rate, vector type, etc. Their ability to

give an accurate sense of risk in the terms expected
extends to a few years — in some cases decades.
Seismic hazard is driven largely by factors well below
the Earth’s surface, beyond the ability of humanity to
affect them, without ignoring the unknown risk posed
by induced seismicity caused by fracking. But to be
understood in risk terms, seismic hazard research
must forecast the effects of events on exposed
assets, and there too it faces challenges.

The underlying fabric of exposure, vulnerability and
interconnectedness is changing so quickly that the
exposure model presented in the previous version
of this publication (GAR15) has been overtaken by
more accurate measurement tools, a world that
has changed drastically in the last five years, and
increased expectations of the understanding of the
effects of hazards on communities, ecosystems
and institutions.
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Figure: The Sendai Framework’s Broadened View of the World’s Risk

CHANGES

The Sendai
Framework for
Disaster Risk
Reduction demands
changes in the ways
we think about how
systems, drivers,
technology,
mindsets and global
responsibility for risk
reduction must
change. This is both
more honest and
more uncertain.

oo

Responsibility

“Animal health experts are -

coordinating with border '

control officials in east
Africa to manage the
transmission of epizootic
diseases”

Out of necessity, the way risk is depicted in this GAR
still makes reference to the way it was done in past
GARs. It still seeks to measure, quantify and trans-
mit messaging about risk that can enable decision
makers to take appropriate action, because these
are the tools that are now available. In this part,
Chapter 3 considers a range of hazards that will be
familiar to readers of past GARs (seismic, tsunami,
landslide, flooding and fire), as well as a range of
other hazards incorporated into the broader risk
scope of the Sendai Framework (biological, nuclear/
radiological, chemical, industrial, NATECH (natural
hazards triggering technological disasters) and
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environmental) and the issues of exposure and
vulnerability to these hazards. In doing so, it aims
to provide an overview of the latest information,
modelling and developments, to support decision
makers in preparing for and reducing risk, based
on what is known. But this part is also, profoundly,
about change.

Chapter 4 explores the enablers of change in terms
of the technology available and how it can be used
(nature of knowledge, the potential of open data
and software, interoperability of knowledge and
data systems, and progress in data science), and
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explores positive developments and opportunities
for multidisciplinary and transboundary collabora-
tion. Chapter 5 recognizes that systemic change,
even when necessary, is extremely challenging,
due to the way people are accustomed to thinking
about risk (mindset challenges) and how to better
communicate it to them, the ever-present political
challenges, and recognized limitations in technol-
ogy and resources.

The last chapter of this part, Chapter 6, is a special
section on drought risk. The incidence of drought is
projected to increase over the coming century. It is

©

Advances
Bringing new opportunities...
... and complications

Complexity
All factors are interrelated
in systems of systems

one of the most complex weather-related hazards
due to its wide-ranging and cascading impacts
that affect socioeconomic activity, social vulner-
ability and development. Yet proactive drought risk
reduction is still a challenge in most parts of the
world, as it is often underestimated as a source of
risk, and its effects are compounded across human
and environmental systems, across short and long
timescales. The chapter highlights a type of risk
that cannot be dealt with through a single-hazard
approach and requires the systemic risk analysis
and integrated risk governance emphasized in the
Sendai Framework.
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Chapter 3:
Risk

The term “risk” has different meanings: (a) as a
synonym for probability of a harmful effect occur-
ring and (b) as a synonym for the mathematical
expectation of the magnitude of the undesirable
consequence (even as a quasi-synonym of conse-
quence, whereby risk has a similar meaning to
undesirable outcome).

Ten years from the publication of this GAR, the
world population is projected to exceed 8 billion,
and by 2055, more than 10 billion. This growth in
population has resulted in an increase in economic
losses due to natural hazards from $14 billion annu-
ally to more than $140 billion between 1985 and
2014

In the period since GAR15, the hazard community
has shifted away from a focus on individual hazards
and broadened its scope to examine more complex,
real scenarios that acknowledge the likelihood of
one hazard eventually leading to another (cascad-
ing hazard), or multiple hazards crossing in either
time and/or space creating an even larger disaster.
In addition, the Sendai Framework has expanded
the range of hazards to be considered.

Most hazard sciences now use open source tools
and are part of a larger movement promoting the
widespread use of sharing open data. The democ-
ratization of risk information empowers individuals,
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communities and governments to draw conclusions
and influence their own exposure and vulnerability.
The shift towards open source and open data has
provided a foundation for greater collaboration on a
global scale within hazard communities and across
hazard science.

The march towards openness, collaboration, inter-
change and cooperation has momentum. While
there will be holdouts to this movement, trends in
technology and data science suggest they will be
increasingly in the minority. Openness solves many
challenges, but there are still challenges to produc-
ing and communicating good risk information.

This part will outline developments related to under-
standing of risk since the publication of GAR15. In
addition to expanding the scope of hazards under
consideration beyond natural hazards, the Sendai
Framework has called for recognition of the impact
on and role to play for local, regional, national and
global actors, and for a richer understanding of
exposure and vulnerability. Furthermore, it consid-
ers an expanded list of hazards including human-
made hazards and natural hazards that have been
historically difficult to represent. In investigating
the dynamic interconnected nature of risk, it calls
for the imperative to develop new ways of think-
ing, living and working together that recognise the
nature of systems.



New challenges call for novel solutions. While the
GAR may never again produce individual risk metric
figures for countries, this GAR is intended to give as
true a picture of risk as possible. Facing that chal-
lenge, it must be acknowledged that: (a) the truth
can be complicated and (b) some readers will be
disappointed that the focus of this section is not
on presenting probable maximum loss (PML) and
average annual loss (AAL) figures. Furthermore,
inasmuch as this GAR seeks to pay due respect
to the expanded scope of hazards in the Sendai
Framework there are hazards this report has previ-
ously covered that are not represented — notably,
wind and storm. This GAR does include many
hazards that have never been covered before,
including biological risk, chemical and industrial,
environmental, NATECH and nuclear/radiological.
The GAR has never been exhaustive in its cover-
age of hazard and while GAR19 makes an effort
to be comprehensive, there are and always will
be sections that stand to be enriched in future
iterations.

People and assets around the world are being
exposed to a growing mixture of hazards and risks,
in places and to an extent previously unrecorded.
Heat-waves mixed with drought conditions can
trigger intense wildfires that cause high levels of
air pollution from burning forests and hazardous
chemicals, such as the dioxins from burning plas-
tics, as well as water pollution from the flame retar-
dants used to fight the fires leaking into waterways,
drinking water and marine systems. In other words,
a perfect storm is created by the complex interlink-
ages of different natural and anthropogenic events
and processes.

This part concludes with an exploration of drought
hazard from a multidimensional perspective. Past
GARs did not present drought risk partly because it
is a highly complicated risk. The drivers are mani-
fold, and the impact is felt more strongly in the
secondary effects (lost livelihoods, forced migra-
tion, and top soil and nutrient erosion) than in
primary effects. The chapter on drought will serve
as an introduction to an off-cycle GAR special
report on drought to be published in 2020.

3.1

The growth of accuracy and sophistication of risk
assessment has been propelled by the hazard
community. This is reflective of a past paradigm
where disaster and hazard were used interchange-
ably. It also reflects the emphasis on empiricism
in risk science. In many ways, that emphasis on
scientific methods to understand hazards has led
to a state in which disaster research is accorded a
certain respect. Hazard research continues to domi-
nate global research related to understanding risk.

The era of the Sendai Framework has opened the
door for the inclusion of a broader community of
research in understanding the true nature of risk.
Social science researchers, economists, public
policy specialists, epidemiologists and others who
can contribute valuable information about the
nature of vulnerability and exposure are finding a
welcoming community whose main objective is to
give increasingly clear and accurate risk informa-
tion. There is no doubt that the nature of risk infor-
mation is and will continue to be quantitative, but
the focus on probabilistic modelling and homoge-
neous data sets is giving way to a future that is less
definitive and more accurately representative of the
world as it is.

In this section, there is still a focus on hazards first,
but the interconnection among hazards and the
connections of the hazard research community
to other risk research is validation of the Sendai
Framework.

(UN DESA 2019)



3.1.1

Seismic

This peril has been responsible for an average
direct death toll of over 20,000 people per year
in the last several decades and economic losses
that can reach a significant fraction of a country’s
wealth. On average, earthquakes constitute 20%
of annual economic losses due to disasters, but
in some years, this proportion has been as high as
60% (e.g. in 2010 and 2011).2 In Central America
and the Caribbean, the earthquakes of Guatemala
(1976), Nicaragua (1972), El Salvador (1986) and
Haiti (2010) caused direct economic losses of
approximately 98%, 82%, 40% and 120% of the
nominal GDP of each country, respectively.®

While global earthquake models have not changed
dramatically, many of the inputs have changed,
as has the way in which earthquakes are being
studied and understood. GAR15 focused on
earthquakes as ground shaking and the impact
of earthquakes as related to structural damage
to buildings due to shaking. Nearly five years on,
knowledge of earthquakes is being informed by
new models, and by a better understanding of
faults and thus movement within time and space.

Box 3.1. Volcano Risk

A particularly interesting development is the
use of information about the drivers of seismic
risk from one location to inform risk scenarios
and planning in other locations with similar
dynamics. This enables experts to understand

models by learning from the results of those
run elsewhere. This technique is also in use
by the volcanic research community. During
volcanic crises, the most challenging task is to
interpret the monitoring data to better antici-
pate the evolution of the unrest and react.*
In other words, volcanologists need to make

(Source: (Costa et al. 2019); (Newhall et al. 2017)
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This has been facilitated by greater collaboration
enabling local-level data to help inform the global
level.

In general, earthquake models are heavily based on
data from past earthquakes: magnitude, frequency,
ground shaking and damage. Thus, models at the
global level have been created mainly through
statistical analyses of past events and empirical
data on damage and mortality. Models are improv-
ing in several ways: increased understanding of
how active faults accumulate seismic energy;
greater availability of ground shaking recordings
from damaging earthquakes; better understanding
of the vulnerability of structures from field observa-
tions as well as computer simulations; and better
descriptions of the human and built environment
from a wide range of sources, including satellite
imagery and crowdsourcing.

Global models now integrate local information
about faults and microfaults as well as to reflect
verified plate movement measurements. There is
a growing emphasis on the use of geodesy (the
branch of mathematics dealing with the shape
and area of the Earth). Each factor affects ground
shaking differently, thus the greater the level of
detail, the more accurate forecasting can be.

an informed decision about what is likely to
happen next. Aside from real-time monitor-
ing data, volcanologists will rely on histori-
cal unrest and past episodes of the same
volcano. Such analysis requires a standardized
and organized database of past events of the
same volcano. Moreover, if the volcano has not
erupted frequently or is not well studied, the
only recourse of the volcanologist is to consult
what has happened at other volcanoes, for
which the need of a robust monitoring data-
base is even more acute.




The Global Earthquake Model (GEM) now includes
nearly 10,000 fault lines. This level of comprehen-
siveness is available only due to the confluence of
improved satellite capability, expanded availability
of computing power and the inputs of hundreds of
national and local seismic specialists.

As the level of available detail varies by location
(by region, by country and sometimes even within
countries), to ensure the most up-to-date data is
incorporated into a global model, it is necessary
to apply consistent methodologies and tools at all
levels of analysis, from local to global. This infor-
mation can then be combined into a homogeneous
mosaic that allows comparisons of hazard among
locations and regions.

Regionally, seismic models have extended such
that there are now models for a larger part of the
world at a better quality with improved catalogues
and geological parameters than ever before. Risk
modelling has progressed to include cascading
hazards in the models. An example of this new
capacity is the increasing focus on modelling
contingent losses or indirect losses. Pilot efforts
are showing that it could be possible to estimate
the price increases for certain types of goods when
disaster events of different scales occur in some
contexts. For risk managers and planners, this will
be useful in understanding the probable knock-on
effects of the event, but also to inform emergency
measures.

Figure 3.1. Example earthquake mosaic map of part of Asia in 2018

Average annual loss (USD) normalised by the construciion cost tUSDIm2] ona
hexaganal grid (0.30x0.34 decimal degrees - about 1,000 km* at the equator)
q )
Low Moderate High
<50 5,000 10,000 >25,000

In late 2018, GEM researchers released a mosaic-
style model that brought together various earth-
quake models to create global hazard and risk
maps that included the most advanced information
available at the national/regional levels for seismic
risk. The mosaic element refers to the fact that

(Source: GEM 2018)

Disclaimer: The boundaries and names shown and the desig-
nations used on these maps do not imply official endorse-
ment or acceptance by the United Nations.

2 (Centre for Research on the Epidemiology of Disasters 2018)
3 (Silva et al. 2019)
4 (Sobradelo et al. 2015)
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this model stitches together regional and national
models from around the world and overlays them as
tiles, using local inputs to inform the global picture.

The improved characterization of active faults
and the ability to associate the locations of future
earthquakes to active fault sources is an impor-
tant shift. The Global Seismic Hazard Assessment
Program (GSHAP),® launched in the mid-1990s,
also promoted a regionally coordinated, homoge-
neous approach to seismic hazard evaluation. In
a divergence from GSHAP, new assessments of
risk for the largest earthquakes are now associ-
ated with specific fault sources, resulting gener-
ally in more refined and accurate estimates of the
most significant earthquake risks. These advances
contribute to a better understanding of the hazard.
Local-level information on faults is changing how
earthquakes are understood and how the move-
ment of the Earth’s plates and subplates (e.g.
microfaults) accretes. The collaborative approach
now includes locally generated information about
faults that can be seen in the hazard map, driving
the shift from a spatial pattern of past earthquakes
to a detailed pattern of faults derived from local
geologic and geodesic knowledge. This level of
detail is available in a few places only, particularly
in more developed countries and near major plate
boundaries. Away from these boundaries, in stable
continental regions, researchers rely on relatively
simpler methods based on historical earthquakes
and general knowledge of geologic conditions.

In the short term, the mosaic model accepts a
degree of loss of guarantee about the pedigree
of the inputs in favour of collaboration and buy-in
while promoting the open data paradigm for risk
assessment. This structure also provides incentives
for national and local risk modellers to produce
high-quality local perspectives of their own commu-
nities — the democratization of the data and the
source material engenders long-term sustainability.

The open source, collaborative approach appears to
be helping increase standardization and permitting
shared information. This is primarily because open
source modelling engines like OpenQuake® have
provided a platform for experts to build consistent

models using well-tested tools and to transpar-
ently compare and evaluate the results. Historically,
public institutions, particularly in developing coun-
tries either did not have advanced analysis tools,
or often relied on external consultants to model
hazard and risk. The shift from reliance on private,
black-box models to public, open source models
enables public institutions to build their own view
of hazard and risk. In turn, this provides open, trans-
parent and high-quality information to raise risk
awareness with a broader range of stakeholders.

Models are generally becoming more complex, with
increased volumes of data, and leading to more
robust results. Though forecasts are still discussed
in terms of decades (rather than years or months),
it is now possible to project probabilities of results
in some areas in 30-year time periods. Most global
seismic models are based on the idea that in any
given year, a location would have the same probabil-
ity of experiencing a 50- or 100- or 500-year event.
And if one such event happened, the next year they
would go back to having the same chance as the
previous year of such an event occurring again.

To understand this, imagine a 50-sided die that was
rolled the first day of every year - this would deter-
mine whether a 50-year earthquake would occur in
that year. Even if an earthquake was unluckily rolled
in a particular year, the next year when the die was
rolled, there would be precisely the same probability
of experiencing an earthquake.

There is research under way in Japan, New Zealand
and the United States of America to produce fore-
casts that are time dependent. These sophisticated
models can make statements like “the San Andreas
Fault is now closer to failure than it was 20 years
ago”. In this sense, if there is a 50-year probability,
towards the end of the 50-year period, if nothing
has happened, the event is more likely than it was
at the beginning of that period. At the end of each
scenario period, model likelihood can be adjusted.

This is mathematically complicated and is even
more complicated to explain to the public, but
aligns well with public perceptions of the ripeness
of events that have not happened in recent memory.



Time-dependent forecasting will not be applicable
to most other hazards. It can work in seismic
science — only with sufficiently detailed data -
because most seismic events are the results of
increasing pressure leading to a slip or rupture, and
the probability does indeed increase.

Understanding the magnitude of losses from
damaging events is fundamental to informing
decision makers and disaster risk managers in
the development of risk reduction measures. For
example, in 2002, a catastrophe insurance pool
for residential buildings was created in Turkey to
transfer the risk from the public sector to the inter-
national reinsurance market.” The establishment of
this financial mechanism required an earthquake
model to estimate the expected economic losses
for each province. More recently, researchers
demonstrated how a probabilistic loss model could
prioritize which schools should be the target of a
retrofitting intervention in Colombia.?

The open source, active fault database is freely
available to use and to contribute to, thus increas-
ingly improving forecasts about the time, location
and characteristics of rupture. The comparison of
scenarios with similar drivers is also being used
by the volcano risk community. The objective is
to include all processed data of historical unrest
from all reliable sources, including that which led
to eruption. The database contains volcano infor-
mation, monitoring data and supporting data such
as images, maps and videos, as well as the alert
levels where applicable.® The data points are time
stamped and georeferenced, so that they can be
analysed in space and time.°

Other advanced tools are seeking to forecast
seismic events from GPS measurements and
land-based positioning of points that show how
plates are moving. Since 2015, the Global Earth-
quake Activity Model has been estimating shallow

(GFZ Helmholtz-Zentrum Potsdam 2019)
(GEM 2019)

(Bommer et al. 2002)

(Mora et al. 2015); (Silva et al. 2019)

earthquakes above magnitude 6 using this tech-
nique." The premise is that to blend data from a
record of historical earthquake events in a given
region with the global strain rate map where strain
rate acts as a proxy for fault stress accumulation,
and earthquakes are the release of that stress.

Groupings of earthquakes can have huge implica-
tions for insurance premiums, with companies
often determining what they cover (only the main
shock, or covering aftershocks within a predefined
period). This makes it increasingly necessary to
understand how earthquakes cluster and define
foreshock versus main shock versus aftershock
and then ensure that the appropriate considerations
are used in planning and risk transfer. For example,
in Christchurch (New Zealand) in 2011, a 6.2 magni-
tude earthquake caused significant damage. This
damage is thought to have been especially severe
because a 7.1 magnitude earthquake had occurred
in the same area the previous year and had weak-
ened structures, although it caused relatively little
damage. Was the Christchurch earthquake an after-
shock or a separate occurrence?

Seismic science is predicted to be affected by
climate change and similar dynamics as they relate
to exposure and vulnerability. Historically, earth-
quake risk models considered only built structures
in assessing exposure and the type and height of
those structures in assessing vulnerability. There
can be little doubt, however, that a more holistic
representation of the human, social, economic and
ecological impact of seismic events must be part of
future research.

There is growing political interest in induced seis-
micity (earthquakes that are caused by human
activity). Recent focus has been on fracking, but
there were recorded earthquakes resulting from
fluid being injected into an oilfield as far back as the
1960s."? Furthermore, there are several examples

(Winson et al. 2014); (Fearnley et al. 2017)
(Newhall et al. 2017)

(Bird et al. 2015)

(Raleigh, Healy and Bredehoeft 1976)



of water dams inducing earthquakes (reservoir
induced) such as the Aswan Reservoir in Egypt.’
Though induced seismicity may not be a new occur-
rence, it is a new factor in hazard models, and in
selected areas where fracking is common (western
Canada and central United States of America), it is
being factored in to hazard maps for updating build-
ing codes.

Change exists in risk exposure and recorded
losses. Most insurance companies predicting risk
anticipate an escalation in losses because there
is expected to be an increase in exposed assets
as economies grow to meet growing populations.
These losses must be put into context; many trends
that have been identified in the developed world are
not necessarily mirrored in their developing country
counterparts. Insurance penetration and regulatory
standards to reduce risk before it is constructed
are vastly more prevalent in richer countries. In
2017, compared with the average emerging market
non-life insurance penetration rate of 1.5%, African
premiums accounted for only 0.9% of GDP. Only
Morocco, Namibia and South Africa exceed 2%,™
compared to the average in Organisation for
Economic Co-operation and Development (OECD)
countries of between 8.5% and 9.5% of GDP."® Policy
changes and a greater focus on risk reduction also
help to decrease risk, but in places where economic
growth outstrips investment in risk management
and governance structures, risk will continue to
grow.

Tsunamis must be treated as a multidisciplinary
hazard. They can be triggered by earthquakes, land-
slides, volcanoes or meteorological events, with
large earthquakes being the most frequent trigger.
Because their drivers require specific conditions
to result in a tsunami, they are decidedly rarer than
their triggering events. Tsunamis have a basis of
historical evidence, but the data set is too sparse
to characterize the tsunami risk on each specific
coastline, especially in confined areas where there
is a limited coastline section. Making this more
challenging, over the last 100 years, only a handful
of truly devastating tsunamis have occurred,
contributing to most of the disaster tsunami
losses across the globe. Large tsunamis occur
with relatively low frequency but have potentially
high impact. In the last two decades, this has been
demonstrated, for instance, by the Indian Ocean
(2004) and the Great East Japan (2011) tsunamis.
The scale of these disasters far exceeded the previ-
ously perceived risk in these areas.

Assessing tsunami risk requires a comprehen-
sive and multidisciplinary approach. It is a topic
that includes a wide range of disciplines, such as
geophysics (e.g. seismology, geology and faulting),
hydrodynamics and flow modelling (e.g. landslide
dynamics, volcanology, coastal engineering and
oceanography), vulnerability and risk assessment
(e.g. geography, social sciences, economy, struc-
tural engineering, mathematical and statistical
sciences), in addition to disaster risk management
and mitigation.

The tsunami maximum wave heights in Figure 3.2
do not correlate with their level of damage. The
largest known tsunami occurred in Lituya Bay,
Alaska, in the United States of America in 1958.
The massive scale of the wave caused relatively
little damage due to the limited exposed stock in
the area at the time. The Great East Japan tsunami
in 2011 and the Indian Ocean tsunami in 2004 were
far smaller than the Lituya Bay tsunami, but they
caused far more losses.



Figure 3.2. Selected tsunami wave heights (maximum wave heights recorded)

M Java and Sumatra-2018 |
H sulawesi-2018 1
Greenland - 2017 |

New Zealand - 2016 | EGEGNG
Chile-2015 1

Iceland - 2014

Solomon Islands - 2013

Japan-2011

Sumatra - 2010

Samoa - 2009

Solomon Islands - 2007

Kuril Islands - 2006

Indian Ocean - 2004

Sea of Marmara - 1999

Papua New Guinea - 1998

Okushiri, Hokkaido, Japan - 1993

Sea of Japan - 1983

Landslide [l
Earthquake [l
Volcanic eruption []

Spirit Lake, Washington, U.S. - 1980

Shemya Island, Alaska - 1965

Alaska, U.S. and Pacific Ocean - 1964
Vajont Dam, Monte Toc, Italy - 1963
Valdivia, Chile, and Pacific Ocean - 1960
I Lituya Bay, Alaska, U.S. - 1958
Amorgos, Greece - 1956

o

100

Wave Height (m)

200 300 400 500

(Sources: National Oceanic and Atmospheric Administration National Geophysical Data Center/World Data Service Global
Historical Tsunami Database 2019; National Centers for Environmental Information 2019)

Tsunami hazards are heterogeneous; smaller
events can cause devastation, as evidenced by the
events in Indonesia with the Palu tsunami in 2018
and the Mentawai tsunami in 2010. These events
exemplify cases where unconventional mecha-
nisms generate tsunamis that are unexpectedly
large given the magnitude of the triggering event.

Due to their infrequent nature, tsunamis often
catch coastal communities off-guard. Perhaps the
most pertinent example is the 2004 Indian Ocean
tsunami that hit a largely unprepared coastal popu-
lation in nearly a dozen countries and resulted in
more than 230,000 fatalities. Due to the enormous
consequences of that tsunami, the need for more
sophisticated and comprehensive methodologies
to understand and manage tsunami risk in a wider
range of locations immediately became obvious.
The most obvious interventions were in risk mitiga-
tion activities such as construction of wave-absorb-
ing sea walls, elevated facilities, evacuation routes
and EWSs. After 2004, tsunami research and risk

mitigation activities spread to many regions that
previously had very little focus on tsunami risk —
particularly South and South-East Asia.

Understanding the drivers of tsunami hazards

The use of probabilistic models for tsunami hazard
analysis started in the early 2000s. A range of appli-
cations followed, from local to regional to global
scales. A great deal of uncertainty is involved in
tsunami hazard modelling, especially in the low-
probability region of hazard curves, which is where
the most extreme consequences are expected.
Traditionally, probabilistic tsunami hazard assess-
ments (PTHAs) have covered intermediate to

13 (Gahalaut and Hassoup 2012)
14 (African Insurance Organization 2018)
15 (OECD 2019)



large regions, providing quantitative estimates
of maximum tsunami elevation in deep coastal
waters. However, as tsunami damage is caused by
the flow onshore where assets and population are
located, additional effort is needed to characterize
tsunami hazard intensities in those areas.

Several measures of tsunami intensity have been
suggested:

» Tsunami flow depth, i.e. the maximum height the
water reaches above land

» Wave current speed
+ Wave current acceleration

+ Wave current inertia (product of wave accelera-
tion and flow depth)

+ Wave current momentum flux (product of flow
depth and square wave current speed)

While it may not provide optimal accuracy, flow
depth is the quantity that is the most frequently
used tsunami hazard intensity measure.’® The
reason is that most building damage observations
and probability assessments of tsunami mortality
risk present vulnerability as a function of flow depth
as the sole damage indicator. Flow depth is also the
most readily observed intensity parameter (using
water or debris marks) at multiple locations once
tsunami water has receded."”

Tsunami hazard is expressed in terms of different
probabilities of exceeding a given tsunami intensity
at a given location. This includes maximum values
of the height of a tsunami in a given time frame. A
tsunami with a maximum wave height of 20 m is
much less likely than one with a maximum wave
height of 5 m. This is because the drivers of tsuna-
mis of those scales are rarer — larger earthquakes,
landslides or volcanic events are less common than
smaller ones. To determine tsunami hazard, PTHA
methods are used to quantifying the probability of
tsunami losses at a global scale. To do this, tsunami
propagation was modelled globally, and offshore
wave amplitudes were converted into estimates of
the onshore maximum inundation height by combin-
ing amplification factors with a statistical model.

PTHA was used to quantify the tsunami hazard
globally for GAR15. But because GAR15 was
oriented to quantifying tsunami risk, official
tsunami hazard maps were never issued. A set of
upgraded global tsunami hazard maps was devel-
oped later, based on the GAR15 data and including
epistemic uncertainty (uncertainty due to lack of
knowledge) stemming from the probabilistic earth-
quake model.’® These global tsunami hazard maps
presented maximum inundation heights at the
shoreline due to earthquake sources for a large set
of coastlines worldwide, using global tectonic infor-
mation from the earthquake model.*

There are other generators of tsunamis that are
more difficult to model. There are also tsunamis
generated by landslides and meteo-tsunamis (rare
events when specific meteorological conditions
create a destructive tsunami).

Risk and impact assessment require the integra-
tion of hazard estimates with exposure data and
vulnerability functions (relationships describing the
expected impact of several levels of hazard intensi-
ties on different types of exposure). This will estab-
lish the likelihood and severity of impacts in terms
of casualties, cost of direct damage or number of
damaged structures. Impact assessments esti-
mate the consequences of one or a few scenarios
(i.e. using deterministic assessment, which estab-
lishes the potential impacts of tsunamis at one or
more sites). Risk assessments include a frequency
component, derived from the hazard frequency, to
describe the expected severity of an event within
a defined time frame (e.g. the amount of loss
expected to be exceeded once on average in, say, a
50-year period), or with a given annual probability of
occurrence.

Due to the complexity of simulating onshore inun-
dation for the large numbers of events in a fully
probabilistic event set, no studies have been carried
out with a full range of probabilistic estimates of
tsunami impact onshore, and only a few have done
so for selected return periods.?’ Frequently, these
scenario-based risk assessments are motivated
by the need for very detailed simulations for engi-
neering requirements; these should ideally happen



Evacuation route in Iquique, Chile
(Source: Flickr.com user Francois Le Minh 2007)

due to disaggregation from probabilistic estimates,
rather than using individual, detailed assessments
to project a global understanding of risk. But they
are indicative of an appetite for detailed and accu-
rate risk information for tsunamis to inform building
codes, mitigation measures, insurance options and
public safety measures.

Researchers have a growing understanding of
vulnerability to tsunamis due to post facto analysis
from recent tsunami events. A variety of new data
has become available in recent years. For example,
findings from the 2011 Great East Japan tsunami
reveals that road bridges appear to be able to with-
stand 10 m flow depth with only 10% probability
of being washed away.?" Further, at flow veloci-
ties of 1 m/s and 5 m/s, small fishing boats will
be washed away with 60% and 90% probabilities,

16 (Behrens and Dias 2015)
17 (Suppasri et al. 2013)

18 (Davies et al. 2018)

19 (Berryman et al. 2015)

respectively.??2 Aquaculture rafts and eelgrass will
be washed away with 90% probability when the
flow velocities are 1.3 m/s and 3 m/s, respectively.
These details enrich the understanding of expo-
sure and its vulnerability to other effects of tsuna-
mis, and serves to refine the quality of the risk
assessment.

In terms of global risk assessments, the proba-
bilistic tsunami risk assessment (PTRA) method
provides PML estimates for direct economic loss
due to building damage for coastal nations world-
wide. This is presently the most advanced global
model on tsunami risk. In absolute values Japan
by far exceeds other countries’ risk. However,
normalizing PML to the total exposed value of
each country, several SIDS face similar relative
tsunami risk.

20 (Dominey-Howes et al. 2010)
21 (Shoji and Nakamura 2017)
22 (Suppasri et al. 2013)
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Countries in the Eastern Mediterranean Basin also
ranked high in the above method. The global PTRA
was one of the first applications of its kind, regard-
less of geographic scale. Consequently, there are
large uncertainties in the different methods and
data applied. For exposure estimation, there are
also major challenges related to the availability of
topographic data sets with sufficient resolution.
Those provisions indicate that while this model
provides some clues about trends in global tsunami
risk, in coming years with refined methods and
better data, future models will provide more refined
estimates of global tsunami risk.

Tsunami risk research has focused thus far on
tsunamis triggered by earthquakes. Further work
is required to characterize events triggered by
landslides, volcanoes and meteorological loading,
particularly in the frame of the current move
towards understanding the systemic nature of
risk, as outlined in this GAR. The understanding
of tsunami risk is not yet at the same level as the
understanding of the hazard. To bring tsunamis up
to speed in the context of the first priority of the
Sendai Framework “Understanding disaster risk”,
more work is needed in enriching a sound PTRA
methodological framework that accounts for expo-
sure and vulnerability in more dimensions.

The evaluation of landslide hazard should entail
diagnosis of the geo-hydro-mechanical processes
bringing about the landslides that eventually gener-
ate damage.

The assessment of landslide hazard based upon
geo-hydro-mechanical analysis of slopes is gener-
ally recognized to be the planning basis for coun-
tries experiencing high landslide susceptibility (e.g.
in Afghanistan, in Himalaya belt slopes in Asia, in
Bolivia, Brazil and the Bolivarian Republic of Vene-
zuela in South America, and in Italy and Spain in
Europe). But the experienced losses from contem-
porary landslide events testify that these assess-
ments, or the mitigation measures they should have
precipitated, are not appropriately developed.

The Multiscalar Method for Landslide Mitigation
is a new methodology for the assessment of land-
slide hazard at the local scale, based on geo-hydro-
mechanical analyses. This method seeks to identify
the geo-hydro-mechanical contexts most common in
the slopes of the region,® and for the corresponding
landslide mechanisms, which are then recognized as
the mechanisms typical to the region.?* Having as a
basis the set of representative landslide mechanisms
can make landslide risk management at the local
scale more sustainable, since it can guide the selec-
tion of the mitigation measures based on awareness
of the typical landslide features and causes.

Urbanization frequently extends over unstable
slopes and ancient landslides. This is particularly
true for informal settlements. Therefore, landslides
often affect the poorest parts of urban areas,
whose expansion is restricted to land that would
not withstand simple engineering tests.

Landslides are the final process of a sequence of
phenomena taking place in the slope that involve
strain localization and progressive failure (overall



defined as the landslide mechanism).?® The landslide
mechanism can be modelled through the math-
ematical reduction of a boundary value problem.
This requires the simultaneous integration of several
differential equations, representing the different
processes influencing the equilibrium of the system,
which is generally in a continuously transitional state.

For the sake of efficiency, researchers usually simplify
the modelling and simulate the most influential

processes. The internal processes may include
the features predisposing the slope to failure; the
external ones are the actions that may trigger the
slope failure. In the case of climate-driven land-
slides, the driving conditions are in continuous
flux through processes such as rainfall infiltration,
water evaporation from the soil and transpiration
through vegetation. Changes to those conditions
may bring about either the onset, or the progres-
sion, of slope failure.

Figure 3.3. Stage-wise methodology for diagnosis of the landslide mechanism

Phenomenological interpretation most
relevant slope factors and processes

Faw

1 Partially Saturated ==

2 Saturated

(Source: Cotecchia 2016)

Landslides have diverse drivers, and a probabilistic
global model is not practical. They can be induced
by precipitation, change in air pressure or seismic
activity, for example. It is similarly impractical to
rely on a regional model; landslide hazard can be
modelled given a sufficiently small target region but
the level of detail required to capture all variables
is impossible for larger scales. To respond to this,
researchers rely on phenomenological study of
the slope topography, lithology and hydrology, the
tectonic structures, the land use and the slope-
structure interaction.?® These are the morphologi-
cal elements indicative of slope movement and
failure. On a detailed level, they provide indications

Limit equilibrium
analyses

Numerical modelling
implementing

the most relevant
factors and processes

about the presence of pre-existing shear bands and
guidance about the numerical strategy to be used
in the definition of the initial slope conditions. The
phenomenological study must also consider the
hydro-mechanical properties of the slope soils, as
obtained from laboratory tests and monitoring data.

23 (Terzaghi 1950)

24 (Cotecchia et al. 2016)

25 (Chandler 1974); (Chandler and Skempton 1974); (Potts, Kova-
cevic and Vaughan 1997)

26 (Cascini et al. 2013); (Palmisano 2011)
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Though numerical modelling may be extremely
advanced, a slope model implementing all the slope
factors and processes is not feasible in most cases
and could produce misleading results. Therefore,
modelling alone is not sufficient for appropriate
hazard diagnosis and must be paired with field
studies.

All the knowledge acquired during Phase 1 in Figure
3.5, along with the methodological steps to be
applied for the assessment of the landslide hazard
in a given specific territorial cell of interest for the
region, should be reported in a landslide manual
using a global information system platform.?” This
gathers together the geo-hydro-mechanical knowl-
edge about the slopes across the region, of reference
for land-use planning or in mitigation design for the
unstable slopes of the region. The model should be
continuously upgraded in any region.

Sequence of actions required to derive landslide hazard assessments

Hypotheses 1 and 2 Phase 1

Surveying and logging
of the slope factors

Data implementation into
the regional GIS system

Data analysis and selection
of the representative
geo-hydro-mechanical
set-ups (GMi)

STEP 1

I: Phenomenological analyses

II: Limit equilibrium analyses

STEP 2

11l: Numerical analyses

Study of the analysis results
and selection of the
representative
landslide mechanism (Mi)

STEP 3

(Source: Cotecchia 2016)

The map database thus obtained then becomes a
guideline in the assessment of the landslide hazard
within the given area of interest. It will include data
representing the landslide factors at the site of
interest, with particular emphasis on those recog-
nized to be predisposed to landslides in the first
phase, and data about the slope movements.

Once the active landslide mechanisms for the
studied region are analysed, it becomes possible to
focus on design of the measures for risk mitigation.
These must be carefully tailored to the character-
istics of the landslide-prone area and can include
the construction of drainage trenches and planting
highly transpiring vegetation to stabilize the slope.



With current methods, assessment of landslide risk
remains highly contextual and localized. At its most
rigorous, it involves different stages of analysis, first
phenomenological, thereafter mathematical/numer-
ical, to characterize the representative geo-hydro-
mechanical context and landslide mechanisms.

In principle, with sufficiently detailed data sets, risk
profiles could be created with input from the specific
landslide hazard assessment mentioned above. This
is simply not practical in most circumstances.

While seismic science has been able to move
forward with a coordinated, collaborative approach
to modelling the hazard, flood science faces several
obstacles that make the process of reaching the
same point more complicated. Floods are simply
the presence of water on land that is usually dry.
The causes of that flooding can be too much
precipitation, snow melt that occurs too quickly, a
dam break, a tsunami or storm surge, inadequate
water management practices, etc. The dynamics
that dictate flood risk are difficult to model - a
key reason why not all flood causations can be
modelled with contemporary resources. There are
models for many different drivers of flooding, but
not all, and the work of harmonizing the different
drivers into a harmonized flood model remains a
challenge for the flood community.

Several different flood models have been developed
for riverine and coastal flooding. But the challenge
in developing a more comprehensive global model is
to combine these models together. A first step in this
direction has been made by linking one hydrodynam-
ics model with downstream boundary conditions
from a tide and storm-surge data set.?® In doing this,
the linked effects of flooding at river water levels
and in estuaries have been mapped globally. Other
initiatives are developing methods to nest local flood
models within global models, thereby increasing
computational efficiency and enhancing localized
accuracy in those areas where the local models exist

When assessing flood risk, a key concern is related
to triggering factors. There is no single source that
causes a flood; it can arise from multiple drivers.
Considering the challenges in accuracy related to
short-term weather forecasts, where at least some
of the dynamics can be modelled, the challenge of
risk projection for precipitation drivers of flooding
are orders of magnitude more complex. Precipi-
tation patterns must consider multiple dynamic
sources. Even in the same catchment area, the
same precipitation distributed in different ways can
lead to vastly different results. Other conditions
must be factored in, including the soil conditions
(very dry, partial saturation, snow melt, etc.), and all
those elements must then be linked to local factors
that are not always possible to project at the global
level. The primary difference between global and
local models is not the processes — those are effec-
tively the same — but rather the ability to tailor them
to a local context that can make the difference for
producing a comprehensive understanding of risk.

Older hydrological models were focused on project-
ing probable discharge of rivers, creating a time
series of the flow in the river and applying those
discharge values to a hydraulics model that incor-
porated flood flow and depth. Now, with the ability
to run calculations on far more powerful computers,
the hydrological cycle can be resolved in a more
accurate way, thus enabling improved simulation
of hydrology and the production of more reliable
values of discharge.

Using these tools, many probabilistic flood maps
are now available. Recent work to combine them
has highlighted the significant advances possible in
recent years. Through the Global Flood Partnership
(GFP), work is under way to compare the various
existing models and identify gaps that will require
further research and development. GFP is a multi-
disciplinary group of scientists, agencies and flood
risk managers focused on developing efficient and

(Mancini, Ceppi, and Ritrovato 2008); (Lollino et al. 2016);
(Cotecchia et al. 2012); (Santaloia, Cotecchia and Vitone 2012)
(Ikeuchi et al. 2017)



effective global flood tools. Its aim is to build coop-
eration for global flood forecasting, monitoring and
impact assessment to strengthen preparedness
and response and to reduce global disaster losses.?
Much like seismic science, the ideal case is to use
locally produced models, and a plan is required to
collect these and figure out how to fill gaps. The
result should provide a basis for other models and
enable them to be mutually improved.

In the past, people working on flood mapping and
flood forecasting were working independently, but
they are now using the same base data and have
slowly come together to use the same timescales.
Since 2015, drought and flood communities have
been working together on a common framework
that provides a single model which indicates simply
whether there is too much or too little water. One
example that clearly shows the interplay between
droughts and flooding is the border between India
and Pakistan. This area experiences sequential
flooding and drought, both of which provide a basis
for agricultural production in the region (as flood-
ing increases the water table, the area absorbs that
water during drought, and the water table is lowered
before the next round of flooding).

The key is to move away from a simple hydrological
risk paradigm and instead focus on impact. If expo-
sure and vulnerability are incorporated into models,
probabilistic modelling then becomes more impor-
tant to provide information on the potential impact,
not just to understand a hazard. It can then inform
decision makers so that they are able to issue
detailed early warnings, or over a larger timescale,
incorporate the information into decisions on land-
use planning, building approvals and infrastructure
development.

Climatological models have also improved, in the
analysis of the past and in their ability to forecast into
the future. More detail is derived with the community
working on high-resolution simulations of the climate.
In 2015, the resolution of the climatological model
was 80 km? now, detailed models are a maximum
of 40 km?, improving the overall global granularity.
Unfortunately, capacity of simulating models at the
global level is limited, but it is expected to improve

in the coming years with even greater increases in
resolution. Meteorological reanalysis has also been
extended further into the past, with the twentieth
century reanalysis providing global hindcasts of
meteorological conditions back to 1851. GFP has
been working to better represent the dynamics of the
hydraulics by improving depth measures but doing
this for total global coverage requires significant
resources. Many researchers are working to improve
the available instruments and build on current
research allowing for an evaluation of the hydraulics
hazards. At the local scale, further research is needed
to go even further so that reliable hazard and damage
computations can become a reality.

Data scarcity is a hurdle for global models and is
fuelled by lack of resources for an area to produce
such data and by concerns regarding the secu-
rity sensitivity of the data, which inhibits the free
exchange on which such a model relies. The avail-
ability of detailed data from satellites is aiding the
calibration and validation of hydrological models
that can be used in parts of the world where local
data are scarce. An example of work that is filling
in the gaps is the Soil Moisture Active Passive sat-
ellite, which provides detailed information on soil
moisture. although the resource has been avail-
able for some time, it is only the latest versions of
models that can incorporate this data.*® Availability
of high-quality and high-resolution digital elevation
data remains a key challenge when undertaking
global simulations of flooding.

The inclusion of epistemic uncertainty represents
another major shift in the way the risk is calculated.
It is difficult to compute flood risk due to the wide
range of variables that are required for model-
ling flood scenarios, as well as the computational
resources that are required (with a single scenario
taking up to a day to run). As a result, it has become
necessary to sample scenarios. The collection of
samples creates a portfolio that produces a mean
result and standard deviation.

Shorter-term forecasts are time dependent (e.g.
three to six hours for flash flooding, normal weather
forecasts of one to three days, medium range being
3 to 15 days and seasonal forecasts are longer



term). Longer-term forecasts for climate change
are based on Poisson distributions (representing
the probability of a given event independently of
the time since the last event). They are normally
depicted with three different horizons: short-, mid-
and long-term futures.

It is difficult to examine changes in flood risk at the
global level. Temperatures are rising, and this will
have drastic effects on how flood risks are studied
and calculated and on the effects of floods in the
world. Using this as a basis, various scenarios have
been developed to examine how anticipated climato-
logical changes will affect flood risk. The challenge
is that the effects of climate change will not increase
the mean temperature in all parts of the world evenly.
Mean temperature changes will vary significantly
from one location to the next. While flooding is likely
to increase overall, as increasing temperatures melt
glaciers and increase water levels, in general, the
warmer temperature is expected to amplify aridity
and evaporation in some regions. There will be more
droughts and more floods, but this balance will serve
to highlight the differences between regions.

At the global level, the consensus is that changes
in mean sea-level, storm-surge levels, the frequency
of storm surges, wave action and water tempera-
ture/volume will have tremendous implications for
the underlying assumptions of the long-term risk
models currently in use. In all scenarios, there will
be an increased risk of coastal flooding in many
parts of the world. Coastal flooding is projected to
have a more significant impact than even riverine
flooding; the value of the infrastructure and assets
that stand to be damaged is increasing.

Using models to predict the probability of suc-
cess and value of possible intervention methods is
another important change in the scientific commu-
nity, and can be used to help inform decision makers.

Global flood risk modelling is now taking a step
forward from simulating scenarios of flood risk,
to developing methods to assess how adaptation
strategies could reduce that risk. For example, the
Global Flood Risk model was applied to examine
the costs and benefits of adaptation through dikes

and levees with scenarios of climate change and
socioeconomic development until 2100.3" To make
such research useful to decision makers, the tool
Aqueduct Floods will be released in 2019 to allow
anyone to assess these costs and benefits for any
country, State or basin.

Recent years have seen a growing recognition in
the flood risk community that many hydrological
and meteorological risks (e.g. floods, wildfires,
heat-waves or droughts) result from a combination
of interacting physical processes having differ-
ent effects across different spatial and temporal
scales, and that correctly assessing the risk there-
fore requires scientists and practitioners to include
these interactions in their risk analyses.®? This can
result in the disproportionate representation of the
probability of extreme events, referred to as “com-
pound flood events”.®® These compound events
have been identified as an important challenge
by the World Climate Research Programme Grand
Challenge on Weather and Climate Extremes. As a
result, a new process has been initiated to: (a) iden-
tify key process and variable combinations under-
pinning compound events; (b) describe the available
statistical methods for modelling dependence in
time, space and between multiple variables; (c)
identify data requirements needed to document,
understand and simulate compound events; and
(d) propose an analysis framework to improve the
assessment of compound events.3

Compound event analysis has been a rapidly
growing field of analysis in large-scale flood risk
analysis. Whereas flood risk studies traditionally
examined floods from one driver (either river flood-
ing, pluvial flooding or coastal flooding), research
is increasingly examining the impact of combina-
tions of these drivers. In 2017, the combination of
unprecedented local rainfall intensities (pluvial flood

(EC 2019)
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driver) with storm surges (coastal flood driver) from
Hurricanes Harvey, Irma and Maria led to major flood
events and damage in Houston, Florida and numer-
ous islands in the Caribbean.?® Hurricane Harvey
is now the second costliest natural hazard event
in American history. Moreover, by not considering
compound flooding, the risk Houston faced was,
and continues to be, underestimated. Despite their
potential for high impacts, compound events remain
poorly understood and are typically ignored in disas-
ter management plans. This is an omission that
fundamentally and seriously biases existing flood
risk assessments.

At local scale, several studies have found that there
is a statistical dependence between the frequency
or magnitude of coastal floods and river/pluvial
floods in Australia, China, European countries and
the United States of America.® Interactions between
storm surge and discharge can lead to elevated
water levels in deltas and estuaries.®” To understand
this, researchers coupled a state-of-the-art global
river routing model with results from a global hydro-
dynamic model of storm surge and tides.*®% Globally,
there was an increase in the annual maximum water
surface elevation of 0.1 m in deltas and estuaries
when dynamic sea-surface levels are used as the
downstream boundary compared to when they are
not, with increases exceeding 0.5 m in many low-
lying flat areas such as the Amazon basin and many
river basins in South-East and East Asia.

There have already been studies to investigate the
effectiveness of various risk reduction measures
as an aid to decision makers. These studies are
based on hypothetical interventions, but they show
that not all risk reduction measures are equal, and
what fits for one scenario might not fit for another.
For example, building up the levees of a river can
protect from losses due to floods to a certain level,
but the most certain measure is moving that popu-
lation to a safer location. However, this also brings
into play the complexities of post facto develop-
ment planning and the myriad legal and social
issues around resettlement.

Another trend has been the increased use of adap-
tive pathway approaches for managing flood risk.

In the United Kingdom of Great Britain and Northern
Ireland, the Environment Agency has established
the Thames Estuary 2100 project, with the aim of
developing a strategic flood risk management plan
for London and the Thames Estuary through to the
end of the century.*’ This was instrumental in intro-
ducing a novel, cost-effective approach to manage
growing flood risk by defining adaptation pathways
that can manage a range of changes as needed.
A possible path of cheaper flood defence options
could be initially followed, but decision makers
could switch to more expensive options if the
drivers of the risk were not sufficiently addressed
by the first pathway. For example, if mean sea level
was found to be increasing faster than predicted
due to accelerating effects of climate change, deci-
sion makers could pursue a different pathway with
different costs and implications such as the instal-
lation of a new downstream barrage. The adaptive
pathways approach is being developed into a tool
for global application.*'

The increased number of intense heat-waves and
wildfires that has been recorded during recent years
on a global basis has raised great concerns. It is
apparent that projected climatic changes may signif-
icantly affect such phenomena in the future. Each
year, wildfires result in high mortality rates and prop-
erty losses, especially in the wildland urban interface
(WUI). These fires affect millions of people and
have devastating global consequences for biodiver-
sity and ecosystems. Wildfire disasters can rapidly
change their nature into technological disasters (e.g.
in mixed areas of forest and residential, in heavy
industrial or in recycling zones). In such cases, there
is a global concern because toxic components such
as dioxins are released, as well as fine and ultrafine
particles with transboundary effects. Even though
international policies and fire safety legislation have
resulted in effective prevention mechanisms, envi-
ronmental and technological fire hazards continue
to threaten the sustainability of local populations
and the biodiversity of affected areas.*



The year 2018 was reported as one of the warmest,
affecting European Mediterranean countries such
as Greece, ltaly, Portugal and Spain, and also the
countries of Central and Northern Europe. For
example, Austria’'s June 2018 national tempera-
ture was 1.9°C above average and was one of the
10 warmest Junes on record.*® Higher tempera-
tures have generally been correlated with extreme
weather events such as prolonged droughts,

heat-waves and flash floods. The short-term precipi-
tation period that is spatially intensive usually
causes flash floods and hence it more often occurs
in drier climates.* Under such circumstances,
fire incidents in dry climate zones can easily be
converted to megafires such as the Greek fires of
August 2007,% which destroyed huge forest areas,
and even within the Arctic Circle, as seen in the
Swedish wildfires of July 2018.4¢

Wildfires in California in the United States of Americain 2018
(Source: Joshua Stevens via the National Aeronautics and Space Administration (NASA) Earth Observatory)
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There is a general challenge surrounding the defini-
tion of fires. In the European Union (EU) the focus
has been on forest fires. More frequent occur-
rences of wildfires have spurred an expanded defi-
nition into wildfire that does not require the fire at
any point to affect a forest. A wildfire is a fire that
is out of control. This excludes fires set for legiti-
mate purposes such as crop burning but would
include the same fires if they spread outside of the
intended area.

A fire in WUI fire can generally be triggered either
by natural (e.g. lightning strikes) or human-made
causes (e.g. campfires or arson). As it spreads, it
can draw fuel from all types of flammable sources,
expand in size and impact, and, under specific
conditions, may turn into a megafire.” Mega-
fires near residential areas (WUI fires) can gener-
ally pose significant risks to populations, critical

Figure 3.5. Tracking aerosols from California’s fires
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infrastructure and the environment. The dramatic
and uncontrolled expansion of fire usually leads to
human casualties and property losses as in Greece
(2018), Portugal (2017) and the United States of
America (2017).

For example, 2018 was the deadliest and most
destructive fire season in California’s history. Fires
burned 766,439 ha, and caused more than $3.5
billion in damage. The Mendocino Complex Fire
burned more than 186,000 ha, becoming the largest
single fire in the California history.*84%%

Apart from the fire expansion impact, smoke
produced by fire also poses significant risks to
health because it is a chemical mixture of a variety
of substances, such as particles or gaseous
pollutants like carbon monoxide, carbon dioxide,
ammonia, dioxins and other highly toxic compounds
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(Source: Copernicus Sentinel data 2017, processed by The Royal Netherlands Meteorological Institute 2017)
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that can be produced based on the types of materi-
als burned towards the fire-front expansion.5 The
huge quantities of smoke produced in combina-
tion with the extreme thermal radiation emitted can
cause suffocation and death for people who are
directly exposed, even well after the fire has been
controlled.>?

In the past, there was often no information on
fires, even at the regional level. It was frequently
not possible to compile the various information
together at the national level because of differ-
ences in methodology, models and definitions. A
first step has been to harmonize systems by collect-
ing fire information from countries and putting it
into a common database, such as the European
Forest Fire Information System (EFFIS). While this
approach is a step in the right direction, it remains
limited by the number of countries that have hetero-
geneous data-collection methods. In the EU, there
are 22 countries providing information into EFFIS,
but there are an additional 39 countries in the
network that do not have a systematic data-collec-
tion method and thus cannot contribute data. This
situation is not uncommon in other regions.

EFFIS has been in development for the last 20
years. The purpose originally was to estimate
potential fire risk. When a fire occurs, the objective
is then to monitor its progress and burned areas
in real time including land-cover damage assess-
ments, emissions assessments and potential soil
erosion estimates, along with vegetation regen-
eration. The EU previously worked on comput-
ing various indexes from individual countries, but
harmonization and standardization have led to
countries using a standardized index.

A global fire information system has been under
development since 2015 - the Global Wildfire Infor-
mation System (GWIS). Its global group working on

(Ronchi et al. 2017); (Intini et al. 2017)
(Geographic Area Coordination Centers 2019b)
(Berger and Elias 2018)

wildfire risk assessment is expected to produce a
global level risk assessment by 2020. GWIS uses
open source tools, is committed to open data and
has records of 350 to 400 million ha of land burned
every year. However, the base information used still
does not include very small fires, so the total area
burned is likely to be higher than these figures. In
Europe alone, it is estimated that between 15%
and 20% of fires are excluded from this data. This
percentage is likely to be the same on the global
level, putting the global estimate of burned hect-
ares at approximately 450 million. Verification of
global data on the ground is expensive. In some
regions, there is a move towards using remote-
sensing data to avoid the expense of data collec-
tion on the ground. Remote sensing works well
for fires because the incidence and the impact are
visually manifest; the combination of satellites and
other sensors are useful for fire monitoring. These
resources have been pooled into GWIS.

New satellites with more sensitive instruments
allow access to higher-resolution sensors and will
soon allow for the inclusion of smaller fires. One of
the largest steps made by GWIS is the analysis of a
data set that was so large at the global level that it
required massive computing capacity to analyse,
which was previously not accessible. With this data
now available, other sectors will be able to incor-
porate it for inclusion in academic research, global
multi-hazard risk assessment and consideration of
chained, or cascading, hazards.

Analysis can be conducted on single fires to under-
stand how they evolve. Twice-daily imagery is anal-
ysed to determine the speed of the fire and spread,
which provides a view of the fire “climate” (if it is
spreading and if the coverage is increasing). But
the base requirement is a database of fires, and the
GWIS database now covers the period from 2000 to
the present.

(Geographic Area Coordination Centers 2019a)
(Dokas, Statheropoulos and Karma 2007)
(Karma et al. 2019)



Figure 3.6. British Columbia, Canada, 2017 wildfire that burned an area the size of Lebanon

(Source: British Columbia Wildfire Service 2018)

Not all fires picked up through remote sensing
are wildfires. Every summer, researchers observe
unusual fire activity in Ireland, but they have learned
that throughout the summer, Ireland celebrates
several bonfire festivals that give false-positive
readings.

In 2017, the Canadian province of British Colum-
bia experienced its largest single fire in its history,
with 1.3% area of its total territory burned. A total
of 12,160.53 km? of forest and residential areas
was burned; almost 40,000 people were evacuated
from their homes and more than 300 buildings were
destroyed.

With the effects of climate change warming the
planet, the incidence of fires will increase, and fires
will arise in areas that have not previously been fire
prone. One significant shift will see increased atten-
tion on the study of fire seasons to determine how
seasons are changing. In 2017 in Europe, the most
damaging fires (in June and October) fell outside of
the traditional fire season (July to September). Fire
seasons are becoming longer with greater areas
being affected each year.
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Figure 3.7 shows that peak season for fire occur-
rence and for average acres burned is between July
and October in California. But 14 out of 20 of the
most damaging fires have occurred in October or
later, and all but three of the most damaging fires
have occurred in the past 20 years

Another output of wildfires is emissions. The envi-
ronmental impact of large-scale wildfires, particu-
larly the huge quantities of carbon dioxide and
water vapour produced, may have a significant
greenhouse effect.®® Equally, flora and fauna are
heavily damaged with major impacts on biodi-
versity.>* Wildfire impact on hydrology, soil prop-
erties and soil erosion by water are also of high
importance,® and physicochemical properties and
microbial characteristics of burned soils due to
wildfires are strongly disturbed. Moreover, some
of the toxic compounds such as heavy metals that
are produced by fires are absorbed into a larger
affected area than that which was burned. Ashes
can be deposited on soil and water,* with conse-
quences for crop quality and food chain safety.
According to a recent study, severe wildfires may
also endanger the water supply in downwind
communities.”” Particulate matter from wildfires is



Figure 3.7. California fire occurrence by month and acres burned by month, 1996-2017
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also a health risk (mostly the result of haze), as are
dust-storms and sandstorms. While still difficult to
quantify reliably, estimates indicate that 260,000
deaths a year can be attributed to smoke from
forest, peat and grassland fires.%®

State-of-the-art dynamic fire simulation models
have been tested in a wildfire-prone region in
Australia.>® These have yielded a novel framework
for modelling wildfire urban evacuation processes
and calculating the safe escape time.®® Personal
fire evacuation plans may prove vital for the
communities near areas at risk of fire. Simplified
family-level plans for coping with WUI fires have
been established in some regions, providing fami-
lies with residential safety checklist and tips to

improve family and property survival during a wild-
fire. However, these are available mostly in wealthy
areas.

All types of fires over 300,000 deaths annually, and
they are the fourth largest cause of accidental injury
globally and represented 5% of all injury deaths
globally in 2014.5" Over 95% of fire deaths and burn
injuries are in low- and middle-income countries. A
high proportion of the urban populations in these
countries are in low-income and informal settle-
ments, with poor-quality housing, limited supporting
infrastructure and services, and high vulnerability
to fires and other hazards. However, little is known
about the incidence, impact and causes of urban
fires in these settings.%?
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56 (Pereira et al. 2013)

57 (Robinne, Parisien and Flannigan 2016); (Hallema et al. 2018)

58 (Johnston et al. 2012)

59 (Beloglazov et al. 2015)

60 (Ronchi et al. 2017); (Kinateder et al. 2014)
61 (WHO 2014)

62 (Rushetal.2019)
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Box 3.2. Selected large informal settlement fires

In February 2011, a fire left 10,000 home-
less in three hours in Bahay Toro, Manila,
Philippines.

In May 2012, a fire affected approximately
3,500 people in Old Fadama, the largest
informal settlement in Accra, Ghana.

3.1.6

Biological

Biological hazards cover a category of hazards
that are of organic origin or conveyed by biologi-
cal vectors, including pathogenic microorganisms,
toxins and bioactive substances. Examples are
bacteria, viruses or parasites, as well as venomous
wildlife and insects, poisonous plants and mosqui-
toes carrying disease-causing agents.®® While
biological hazards also cause diseases in plants
and animals, this chapter focuses on those biologi-
cal hazards that affect human health.

Like other hazards, biological hazards and their
associated infectious diseases occur at differ-
ent scales with varying levels of consequence for
public health. Diseases may be categorized by
the way in which they are spread and people are
infected, namely: water and food-borne diseases,
where the pathogen can enter the body via contami-
nated food or water; vector-borne diseases, which
involve mosquitoes, ticks and other arthropod
species, or other animals that transmit the disease
from animals to humans (zoonotic diseases) or
among humans; air-borne or respiratory infections,
which are spread between humans by the respira-
tory route; and other infectious diseases involving
contact with bodily fluids such as blood.

Biological hazards affect people at all levels

of society. At the extreme, epidemic infectious
diseases affect millions of people every year, with
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In April 2014 a fire in Valparaiso, Chile,
destroyed about 2,500 homes and forced
12,500 people to evacuate.

In March 2017, a fire in Imizamo Yethu
informal settlement in Cape Town, South
Africa, destroyed over 2,100 homes and left
9,700 people homeless.

potentially severe consequences for individuals,
communities, health systems and economies, espe-
cially in fragile and vulnerable countries where they
are most common. However, no country is immune
to the risk. New pathogens continue to emerge by
mutating, re-assorting and adapting. Previously
well-understood infectious agents change their
behaviour or scale of impact as the world is getting
warmer and more populated, with associated
animal husbandry strategies, and with ecosystem
changes, increasing speed of transportation and
mass distribution systems.

As infectious diseases travel easily across adminis-
trative boundaries, the world’s defences are only as
effective as the weakest link in any country’s efforts
to anticipate and prevent emergence and outbreak
at all scales. Biological hazards and their impact
on global public health have brought to prominence
the need for a collective and coordinated mecha-
nism involving all sectors to prevent new risks,
reduce and mitigate existing risks, and strengthen
resilience. This approach is being promoted and
reinforced by the integration of biological hazards
in whole-of-society and all-hazard approaches to
the management of risks, as reflected in the Sendai
Framework, SDGs and the Paris Agreement, which
are complemented by the International Health Regu-
lations (2005) (IHR)®* and other relevant global,
regional, national and subnational strategies and
agreements.



The twenty-first century has already experienced
major infectious disease epidemics. Old diseases
such as cholera and plague have returned, and
new ones like severe acute respiratory syndrome

Major infectious threats of the twenty-first century

(SARS), Middle East respiratory syndrome (MERS),
and HT1N1 pandemic influenza have emerged.
Another Ebola epidemic or a new influenza
pandemic are likely and almost certain. The only
unknowns are when and where they, or a new but
equally lethal threat, will emerge.
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g —
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(Source: World Health Organization (WHO) 2018)

Plague, for example, is commonly considered a
scourge of a past age. However, a major outbreak
in Madagascar in 2017 led to 2,417 cases and 209
deaths, as well as alerts for several countries with
links to the island nation.®® The outbreak was char-
acterized by pneumonic plague, a far more fatal
and infectious form of the infection than bubonic
plague. The outbreak was the result of a scenario
of unfavourable factors occurring over an endemic-
ity in the country such as crowded living condition
in the capital, increased mobility, lack of disease
awareness, and poor infection prevention and
control (IPC) measures. Nine countries and territo-
ries with trade and travel links to Madagascar were
put on plague preparedness alert, highlighting the
transboundary, multisectoral effect of biological
hazards.

2009 2010

Cholera (Haiti) - (I

2011 2012 2013 2014 2015 2016 2017 2018

A novel coronavirus emerged from China in 2002
and swept the globe, causing an unheard-of deadly
illness. More than 8,000 people fell ill with SARS,
and 774 died. The illness spread to several coun-
tries, causing global panic and inflicting enormous
economic damage across multiple sectors before
it was finally contained about six months later.
The estimated economic loss ranged from $30
billion to $100 billion, depending on the methodol-
ogy for counting indirect costs. Following SARS
was avian influenza A(H5N1) virus infection in
humans. Once controlled in Hong Kong in 1997, by

(United Nations General Assembly 2016b)
(WHO 2016)
(WHO 2017)



effectively eliminating the transmission in poultry,
the virus re-emerged from Quin Hai Lake of China,
a crossroad of migratory birds and a huge water-
fowl reserve. The virus spread across Asia and
Africa and resulted in a huge economic loss in
the agricultural sector. In 2009, a novel influenza
virus, HIN1, known to originate in swine, started to
spread, creating the first influenza pandemic of the
twenty-first century. Thankfully, it was not as severe
as expected due to strengthened health monitor-
ing and prevention structures. But in 2012, a new
coronavirus emerged, causing an illness similar to
SARS. MERS is a viral respiratory disease caused
by the coronavirus that was first identified in Saudi
Arabia in 2012 and entered the human popula-
tion via contact with infected dromedary camels.%¢
MERS cases remain active at the time of this publi-
cation, causing concerns that the virus could cause
a catastrophic epidemic in the Middle East and
beyond.

The 2014 Ebola epidemic in West Africa was another
unexpectedly severe event (in Guinea, Liberia and

Box 3.3. HIV/AIDS

One of the largest pandemic killers ever
recorded, AIDS (acquired immunodeficiency
syndrome) is an example of how rapidly a
new infectious disease can take hold glob-
ally. Within a decade of its identification in
1981, over 10 million people across the world
had become infected. The cumulative total
is 70 million, half of whom have died. Thirty-
seven million people worldwide now live with
HIV (human immunodeficiency virus), 1.8
million new infections occurred in 2017, and
every country has been touched. Death rates
have been dramatically slowed by combina-
tion antiretroviral therapy, now reaching nearly
22 million people globally through massive
mobilization of domestic and international
resources, including in the poorest countries
of the world.

Sierra Leone). Instead of being restricted geo-
graphically, Ebola affected three African countries,
spread to several others and sparked global alarm.
The 2018-2019 Ebola outbreak in the Democratic
Republic of the Congo, the country’s tenth outbreak
in four decades, was officially declared on 1 August
2018. The outbreak is centred in provinces where
geographic challenges and security hazards have
hindered containment and management of the
outbreak.

Antimicrobial resistance (AMR) has become
another health threat, compromising the medical
community’s ability to treat infectious diseases.®”
Inappropriate use of antimicrobials in the medical
field and unregulated use in animal husbandry and
food products - added to the natural capacity of
microbes to acquire resistance to antimicrobials -
are contributing to and accelerating AMR risk glob-
ally. It is predicted that the AMR problem will claim
more lives and provoke massive increases in costs
of management.%®

As was often observed at the height of the
pandemic, AIDS exploits the fault lines of a
society. Marginalization, disruption and conflict
become conduits for the spread of HIV. Some
53% of the global total number of people living
with HIV is in Eastern and Southern Africa,
where the epidemic’s spread was fuelled by
the combined effects of poor access to diag-
nosis, scarce treatment of sexually transmitted
infections, sexual mixing patterns dominated
by labour migration, post-conflict demobiliza-
tion and effective response delayed by stigma,
denial and resource scarcity. But in the past
two decades, the region has shown the great-
est progress in curbing new infections and
expanding treatment access and reducing
deaths.

However, a re-emergence is not inconceivable
if the response is neglected in these high preva-
lence regions, or through the widening spread
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of the epidemic - the annual number of new
HIV infections has doubled in less than 20 years
in Central Asia, Eastern Europe, the Middle East
and North Africa. Disaster and related issues of
treatment supply chain (e.g. in the post 2010
earthquake in Haiti), war, or any major stresses
or shocks to fragile national health systems
could easily disrupt treatment regimes and give
rise to a resurgence of the disease.

The case of the global HIV pandemic is a
systemic risk, with roots spread through socio-
economic, cultural and behavioural dimen-
sions. The high incidence of comorbidities
such as tuberculosis (TB) and viral hepatitis
in immunocompromised persons with HIV

(Sources: UNAIDS 2015, 2018; WHO 2019; Schneider 2011)

Drivers of biological risk/causal factors

Unlike some other hazards (e.g. earthquakes
or floods), biological hazards can be constantly
present in the community — endemic — and usually
pose low risk when the population is largely
immune. Biological hazards, which are endemic
in some communities, pose a risk of becoming
epidemics when they are introduced to a new host
community with no immunity. When people migrate
from disease-free areas to endemic regions, they
typically lack immunity, making them susceptible
to infection and transmission of the disease, result-
ing in cases in excess of normal expectancy. These
hazards have the potential to cause many cases
and high rates of morbidity and mortality, and may
spread to other areas of the country or across
borders. The risk may also change when crises or
emergencies such as droughts, floods, earthquakes
and conflicts arise, exacerbating the conditions
favourable for disease transmission and causing
population displacement.

The pattern is clear. Old diseases such as plague
and cholera continue to reappear, and new ones
invariably emerge to join them. This is driven by
a complex and challenging interplay of factors,

infection calls for comprehensive and coordi-
nated responses to HIV, TB, viral hepatitis and
other sexually transmitted infections. The wider
approach to the disease requires population-
wide responses that transcend the diagnosis
and treatment of individuals, looking for long-
term, collective and multidisciplinary measures
that include education, behavioural change,
social services, testing, care and programme
evaluation. Addressing these challenges
demands strengthening of health systems:
communication, IT, logistics, drug and vaccine
supplies, and, particularly, building the capa-
bilities of health personnel and community
leaders and the platforms for them to work in

synergy.

reflecting the interaction between biological
hazards, people’s exposure to hazards, their suscep-
tibility to becoming infected and the capacity of
individuals, communities, countries and interna-
tional actors to reduce risks and manage the conse-
quences of outbreaks.

Almost all the newly emerging or re-emerging viral
infections have come from transmission from
animals. Potentially hazardous changes in land use,
agricultural practices, animal husbandry and food
production have led to increased contact between
people and animals, with little regard for the
ecological and human consequences of connected
systems. Key drivers from domesticated animals
include contemporary farming and livestock
production systems and live animal markets.®®
Wildlife zoonoses can arise from factors related
to hunting practices, deforestation and ecosystem
breakdown.

66 (Zakietal.2012)
67 (WHO 2015)

68 (WHO 2014)

69 (Jones et al. 2008)
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The probability that a new disease threat will spread
is influenced by pathogen- and population-specific
factors.”® In the twenty-first century, ecological
changes such as climate change and water scarcity
have emerged as strong drivers of disease trans-
mission. In a growing number of countries, rapid
and unplanned patterns of urban development are
making rapidly growing cities focal points for many
emerging environmental and health hazards. Zika
virus outbreaks are a case in point; the larvae of the
Aedes mosquitoes thrive in stagnant water, which
is abundant, for example, in slum areas where open
containers, tyres, barrels and drums are used for
gathering rainwater for household and garden use.
Improving the human environment can therefore
reduce exposure to the vector mosquitoes.”

War, civil unrest and political violence and their
repercussions, such as refugee populations,
displaced people and food insecurity, can result
in a resurgence of previously controlled infectious
diseases such as cholera, measles and diphtheria.”
The movement of large numbers of people creates
new opportunities for the spread and establish-
ment of common or novel infectious diseases.
For example, one of the worst cholera outbreaks
in recent history is occurring in Yemen. Since April
2017, more than 1.3 million suspected cases of
cholera and 2,641 deaths have been reported.” The
catastrophic spread of disease is a consequence
of two years of conflict and the resulting decima-
tion of the country’s health, water and sanitation
systems and facilities, coupled with widespread
internal displacement and alarmingly high rates of
malnutrition.

One intention of this GAR is to help understand
how the true nature of risk mirrors the systemic
risk approach practised in public health services
for several decades. The systemic approach for
assessing biological risks affecting human health
begins with the characterization of biological
hazards. These include aspects such as infectivity,
pathogenicity and virulence, infectious dose and
survival outside the host. Next, exposure is defined
by criteria such as host factors, environmental
factors, transmission, reservoirs and vectors.
Finally, vulnerability, a field exhaustively explored

in public health, is characterized by factors such
as population characteristics and population infra-
structure. These factors are further disaggregated
into the so-called social determinants of health:
(a) social and economic environment: education,
health services, social support networks — greater
support from families, friends and communities,
culture, customs, traditions, beliefs, income and
social status; (b) physical environment: clean water
and air, healthy workplaces, safe houses, communi-
ties and roads all contribute to good health; employ-
ment and working conditions; and (c) person’s
individual characteristics: behaviours, genetics and
coping skills.”* The intricacy of the measurement
and interaction of the three risk factors — threats,
exposure and vulnerability — are reflected in the
complexity of the modelling used to assess the
systemic health risk for biological hazards.”™

With regard to biological risk, the health and epide-
miology fields rely on a rich network of partnerships
that span the health sector link with social and
development partners. For non-influenza patho-
gens, sharing takes various forms: ad hoc, routine
surveillance set up internationally, nationally or
locally for the Extended Program on Immunization
or through existing networks of institutions and
researchers.

To respond to the emergence and spread of
zoonotic pathogens, WHO has strengthened collab-
oration with the Food and Agricultural Organization
of the United Nations (FAO) and the World Orga-
nization for Animal Health by forming a tripartite
agreement for sharing responsibilities and coordi-
nating global activities to address health risks at
the animal-human-ecosystem interfaces.’ In the
context of influenza, risk monitoring, preparedness
and response are continuous processes, requiring
constant access to circulating viruses. This involves
sharing viruses every year from as many countries
as possible with the Global Influenza Surveillance
and Response System (GISRS), a WHO-coordinated
global network of laboratories. Based on these



samples, WHO and GISRS can conduct risk assess-
ments, monitor the evolution of seasonal influenza
virus and the disease activity. Vaccine manufactur-
ers use materials and information generated by
GISRS to produce influenza vaccines. In return, the
manufacturers contribute financially and by in-kind
committments for pandemic preparedness and
response (PIP Framework). GISRS also serves as a
global alert mechanism for the emergence of influ-
enza viruses with pandemic potential.

Disease risks can often be prevented or mitigated,
and their harm reduced through vigilance coupled
with a rapid response at all levels.”” The basis of
effective and efficient, well-targeted risk manage-
ment measures is provided by different forms of
risk assessment.

Strategic risk assessment is used for planning for
risk management with a focus on prevention and
preparedness measures, capacity development, and
medium- to longer-term risk monitoring and evalu-
ation, including tracking changes in risk over time.
Strategic risk assessments enable the analysis of
risks through a combination of hazard, exposure,
vulnerability and capacity analyses, so that action
can be taken to reduce the level of risk and conse-
quences for health. Several common risk factors
are addressed in risk assessments for biological
and other hazards, such as population demograph-
ics (age or gender), health service availability and
the capacity of the health and other systems in
society. In addition, some more specific risk factors
or sources of vulnerability apply to populations who
are exposed to biological hazards, overcrowded
living conditions, population displacement and
the environmental factors in which the disease or
vector may survive or grow.

It is also important to assess the risk of biologi-
cal hazards after natural or human-induced events,
including diseases. For example, the functioning of

(Sands et al. 2016)
(WHO 2019)
(Blumberg et al. 2018)
(WHO 2018b)

health facilities including diagnostic function and
the vaccine cold chain can be affected by damage
and interruption of services such as water and
power. Disaster impacts on safe water, sanita-
tion facilities and hygiene conditions may result in
water-related communicable diseases or vector-
borne diseases.

Risk assessments inform policymakers to act to
prevent, detect, prepare for and respond to biologi-
cal hazards. This includes measures to reduce
exposure of groups at increased risk of infection
due to biological hazards, containing the spread
of the risk, and eventually stopping it. Community-
based actions and primary health care are at the
core of strengthening community and individual
resilience to all types of emergencies, by boost-
ing the heath, immunization and nutritional status
of individuals to reduce their susceptibility to
diseases. The provision of primary care in epidemic,
disaster and post-conflict situations is critical for
prevention, early diagnosis and treatment of a wide
range of diseases.

Effective water, sanitation and hygiene (WASH)
planning can prevent or mitigate the risk of severe
diarrheal diseases. The health sector must work
with planners and engineers to ensure safe water
and sanitation infrastructure. Chlorine is widely
available, inexpensive, easily used and effective
against most important waterborne pathogens.
Some specific preventive interventions will reduce
risks of vector-borne diseases such as malaria.
Disease-specific strategies such as bed-nets,
improving drainage to reduce vector breeding sites
or insecticide spraying can help reduce these risks.

National disease surveillance and an EWS that
extends to the community level is essential for

(Sarmiento 2015)
(Sarmiento 2015)
(WHO 2010)
(Morse et al. 2012)



the rapid detection of cases of epidemic-prone
diseases and rapid control. Surveillance and EWSs
to detect outbreaks should be established, and
cases reported through national systems to WHO
when meeting the criteria for reporting under the
IHR. Further risk management measures include
protective equipment, IPC, behaviour-change prac-
tices by raising awareness and education of the
public through risk communication, and effective
treatments and/or routine and emergency vacci-
nations. Risk information is also used to inform
response planning at various levels and capacity-
development measures for health systems, includ-
ing the training of health workers and key personnel
from other sectors, such as logisticians, water and
sanitation engineers, and the media.

Biological risk can often be prevented and harm
can be reduced through vigilance coupled with a
clear regulatory framework.”® In 2005, all countries
agreed to the revised IHR, which are designed to
assist the global community in preventing and
responding to acute public health risks that have
potential to cross borders. The IHR were originally
developed for only three diseases — smallpox,
cholera and yellow fever — and were focused on
arresting the spread of disease at borders and other
points of entry. However, smallpox was eradicated
in the 1970s, cholera reporting was disfavoured
by countries because of negative effects on travel
and trade, and yellow fever control has become
easier thanks to an effective vaccine. But the value
of an internationally recognized regulatory struc-
ture was not lost. A warning episode of H5N1 in
Hong Kong in 1997 and the international spread
of SARS in 2003 showed that an update to the IHR
was required to deal with globalization and the
interconnectivity of systems to forestall yet-unfore-
seeable microbial threats that have since become
a reality. The IHR (2005) that came into force in
2007 are more flexible and future-oriented, requir-
ing countries to consider the possible impact of
all biological hazards, whether they occur naturally,
accidentally or intentionally.

Radioactivity and the radiation it produces existed
on Earth long before life emerged. In fact, they have
been present in space since the beginning of the
Universe, and radioactive material was part of the
Earth at its very formation. But humanity first discov-
ered this elemental, universal phenomenon only in
the last years of the nineteenth century. Most people
are aware of the use of radiation in the nuclear
power production of electricity or in medical applica-
tions, yet many other uses of nuclear technologies
in industry, agriculture, construction, research and
other areas are hardly known at all. The sources of
radiation causing the greatest risk to the public are
not necessarily those that attract the most atten-
tion (Figure 3.10). In fact, everyday experience such
as air travel and living in well-insulated homes in
certain parts of the world can substantially increase
exposure to radiation.”

There is no formal distinction between nuclear and
radiological risks and thus between associated
safety arrangements. However, it is a well-estab-
lished practice to distinguish exposures related
to nuclear power generation from other radiation
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exposures. From the physical point of view, both arise) from the uncertainties in the management of
situations may result in the same kind of radiation a nuclear chain reaction or the decay of the prod-
exposure, so this distinction considers the different ucts of a chain reaction. Consequently, the radio-
characteristics of the source of the risk. This GAR logical risks arise from uncertainties related to any
assumes that nuclear risks arise (or may potentially other activities involving ionizing radiation.

Figure 3.10. Potential biological impacts of radiation damaging a cell
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The starkest manifestation of physical risk associ-
ated with nuclear power is when it affects living
things. Cellular damage caused by ionizing radia-
tion can do one of three things:

a. Repairitself successfully
b. Fail to repair itself and die

c. Fail to repair itself but survive

Outcomes (b) and (c) have very different implica-
tions for the organism as a whole.

Very high doses of radiation can cause serious
damage to the blood-forming organs, stomach,
intestinal tract and central nervous system, which
can lead to death. Doses at this level will normally

Relationship of radiation doses and health effects
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only occur because of very serious accidents, and
only in case of exposures very close to the source
of radiation.

Lower doses of ionizing radiation can cause leukae-
mia and cancer, appearing even many years after
exposure, and can have effects that are manifest
in future generations. High doses of radiation can
cause other health problems, such as heart disease,
strokes and cataracts.

Even though there is no clear scientific proof that
cancer is caused by low doses of radiation, to be
conservative, regulatory authorities around the
world assume that any dose, no matter how small,
is a risk and could be dangerous. It is assumed that
the risk is in linear proportion to the dose.
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In addition to health effects such as acute radia-
tion syndrome and increased incidence of cancer,
adverse effects on mental health are observed.
Mental health was the biggest long-term public
health problem that ensued from the nuclear acci-
dents of Three Mile Island and Chernobyl. The

United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) found that in the
case of the Fukushima Daiichi accident, the most
important consequences on health were mental
health and social well-being. Existing international
safety standards include generic requirements for



provisions that are necessary to consider mitiga-
tion of the psychosocial and mental health impacts
of nuclear accidents. However, they do not offer
explicit descriptions of the required tools. A recent
joint initiative by WHO and the OECD Nuclear
Energy Agency (NEA) aims at proposing practi-
cal solutions/tools for support of the decision-
making process while planning for and responding
to nuclear and radiological emergencies. These
actions are based on the development of a policy
framework that adopts existing WHO guidelines on
mental health and psychological support in nuclear
and radiological emergencies.

The burden of nuclear accidents on mental health,
while specific, is not unique to the nuclear field.
The inclusion of mental health in the Sendai Frame-
work marks a pivotal point in the recognition of the
impact of disasters — of both natural and anthropo-
genic — on mental health, and a global commitment
to its reduction.

The United Nations General Assembly acted to
resolve the question of how objectively adverse
health effects can be attributed to radiation as
compared to the subjective inference of potential
radiation risks.

The UNSCEAR report:8°

+ Distinguishes the objective attribution of health
effects to retrospective exposure situations
from the subjective inference of potential risks
from prospective exposure situations.

+ Concludes that increases in the incidence
of health effects in populations cannot be
attributed to low doses, but risk from planned
situations may be prospectively inferred for
purposes of radiation protection and allocation
of resources.

For the safety standards outlined in the report it is
assumed that there is no threshold level of radiation
dose below which there are no associated radiation
risks.®" The term “radiation risks” is used in these
standards in a general sense to refer to detrimen-
tal health effects of radiation exposure, including
the likelihood of such effects occurring (and to any

other safety related risks, including those to ecosys-
tems in the environment). The fundamental safety
objective in these standards is to protect people -
individually and collectively - (and, in addition, the
environment) from the harmful effects of ionizing
radiation. The standards recognize that the effects
of radiation on human health involve uncertainties;
in particular, “assumptions have to be made owing
to uncertainties concerning the health effects of
radiation exposure at low doses and low dose
rates.”

The most harmful consequences arising from
nuclear facilities and activities have come from the
loss of control over a nuclear reactor core, nuclear
chain reaction, radioactive source or other source
of radiation.

To reduce the likelihood of an accident having
harmful consequences, several design principles,
concepts and tools for optimizing nuclear safety,
as well as the defence in depth (DiD) concept,
have been developed. DiD is based on the military
philosophy of providing multiple barriers of defence
and may be summarized as a sequence of preven-
tive, control (protective) and mitigative measures
in performance of three basic safety functions: (a)
controlling the power, (b) cooling the fuel and (c)
confining the radioactive material. It comprises five
levels, as shown in Table 3.1.82

The effectiveness of protection is established using
the principles of, inter alia, redundancy, diversity,
segregation, physical separation and single-point
failure protection. The protective layers comprise
the physical barriers and also the administrative
procedures and other related arrangements.

(UNSCEAR 2015)

IAEA Fundamental Safety Principles are jointly sponsored
by multiple organizations: European Atomic Energy Commu-
nity (Euratom), FAO, the International Labour Organization,
the International Maritime Organization, OECD NEA, the Pan
American Health Organization, the United Nations Environ-
ment Programme (UNEP) and WHO; (IAEA 2006).

(NEA 2016)



Table 3.1. DiD levels

Level of DiD = Objective Essential means

Conservative design and high quality in construction
and operation

Control, limiting and protection systems and other
surveillance features

Engineered safety features and accident procedures

Complementary measures and accident management

Level 1 Prevention of abnormal operation and failures

Level 2 Control of abnormal operation and detection of
failures

Level 3 Control of accidents within the design basis

Level 4 Control of severe plant conditions, including
prevention of accident progression and mitigation of
the consequences of severe accidents

Level 5 Mitigation of radiological consequences of

significant releases of radioactive materials

(Source: IAEA 1996)

Both nuclear risk analysis methods (deterministic
and probabilistic) use “postulated initiating events”.
These are “all foreseeable events with the poten-
tial for serious consequences and all foreseeable
events with a significant frequency of occurrence
are anticipated and are considered in design."®
Examples include: loss of coolant accident (break in
the cooling system), loss of off-site power (station
blackout), reactivity-initiated accident (boron

Figure 3.12. International Nuclear and Radiological Event Scale
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In the aftermath of the Chernobyl accident, the
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and Radiological Event Scale (INES). This is a tool
for promptly and consistently communicating
the safety significance of events associated with
sources of radiation.®

Initially developed for nuclear events, INES now
explains the significance of events from a range of
activities, including industrial and medical use of
radiation sources, operations at nuclear facilities
and transport of radioactive material. The scale is
based on a numerical rating including seven levels
(each increase in level implies 10x greater severity).
Evaluation of the level is made on the basis of the
impact on three areas:

a. People and the environment
b. Radiological barriers and control

c. DD

The evaluation of economic impacts of a nuclear
accident is controversial and strongly dependent
on subjective assumptions about the types of
losses included in the analysis, the resilience of the
economy to the event, and the behaviour of authori-
ties and population after the accident.®®

One of the factors evoked by an NEA report
concerns the damage to agriculture.®” Many of
the world’s nuclear installations are surrounded,
at least in part, by agricultural lands. These areas
are usually lightly populated, and small farms and
gardens are not uncommon. In such situations,
dealing with post-accident contamination of agricul-
tural areas, while very personal, can also be impor-
tant from economic and social standpoints. These
issues need to be addressed in the context of active
involvement by affected individuals in planning and
decision-making processes.

Moreover, the importance of trust has been high-
lighted in recent lessons learned through analysis.

(IAEA 2016)
(IAEA 2010)
(IAEA 2013); (IAEA 2014)
(NEA 2018a)

Trust in processes that authorize, verify and confirm
safety of domestic and international consumer
markets is central to maintaining viable agricultural
production in radiologically contaminated areas. This
suggests the need for a coordinated communica-
tions strategy involving farmers, fishers, distributors,
consumers, experts (including universities), and local
and central governments to bring stakeholders in
closer contact with the efforts being made and the
results being achieved. Independent, international
validation and inviting co-expertise, for example
through non-governmental organizations (NGOs),
could be considered as trust-building approaches.

Of the many important lessons learned about nuclear
safety over years, the one that has been most diffi-
cult to communicate and difficult to address is
that human aspects of nuclear safety may be as
important as any technical issue that arises during
nuclear operations. Nuclear power is a highly tech-
nical undertaking and those who design, build and
operate nuclear plants are highly qualified special-
ists in a wide range of engineering and scientific
fields. However, technical aspects cannot be the
only area of focus to ensure safety: attention to the
safety culture that exists in the work environment is
also required. Organizations need to consider how
people interact and communicate with each other,
when issues are raised and how are they addressed,
what priority is given to safety — especially when
presented with competing priorities.®®

The ethical and social dimensions are important,
and radiological protection and social sciences
should work together. A better understanding of
the radiation protection system, involving the social
sciences, could facilitate incorporation of new find-
ings, and make the system more flexible.

The effects of climate change might have an impact
on the risk related to nuclear power plants in two
ways.® The gradual change in climate slowly affects

(NEA 2018a)
(NEA 2018b)
(IAEA 2018)



a plant’s operational environment. The main poten-
tial threats are: sea-level rise, which could result in
inundation of coastal sites; the increase of ambient
temperature decreasing a nuclear power plant’s
thermal efficiency; lower mean precipitation reduc-
ing the cooling effectiveness; and higher average
wind speeds affecting the construction of a plant.
Another category arises from the fact that nuclear
power plants, like any other construction, are prone
to the effects of extreme weather events. Notably,
existing site selection and design criteria anticipate
a variety of extreme weather events. Examples of
such events include extreme heat and drought,
which could decrease the cooling efficiency, floods
resulting in inundation or fires affecting plant
construction. Like any other complex technology,
nuclear power generation brings benefits and risks.
Continuous development of more efficient nuclear
risk management brings to the fore a discussion
of value of nuclear power generation as a poten-
tial element in zero-emission energy generation
worldwide. With low GHG emissions over a plant’s
lifetime, nuclear energy is an alternative to the high-
emission fossil fuel technologies that dominate
electricity generation worldwide. A system-wide
shift to a combination of renewable energy sources
and nuclear would contribute to reductions of
carbon dioxide emissions and help to limit global
temperature rise.

No industry is immune from accidents, but all
industries learn from them. There have been three
major reactor accidents in the history of civil
nuclear power: Three Mile Island, Chernobyl and
Fukushima Daiichi. All three have had a significant
impact on nuclear risk management and public
perceptions of the risks of nuclear energy. The
lessons learned have been carefully identified and
are incorporated worldwide. They have contributed
to a level of excellence in risk management in the
nuclear field.

The root causes of nuclear accident have been
found to be cultural and institutional.®® A follow-up
of the International Nuclear Safety Group (INSAG)
emphasizes that “to achieve high levels of safety
in all circumstances and against all challenges,
the nuclear safety system in its entirety must be

robust.”! It identified three stakeholder groups
to be engaged in building a robust and effective
nuclear safety system:

+ Regulator - responsible for independent safety
oversight

+ Industry — including the licensee who holds the
prime responsibility for safety of nuclear power
plant

+ Stakeholders - primarily members of the public.

In its recommendations for the protection of
people from exposure to radiation, the International
Commission on Radiological Protection empha-
sizes the effectiveness of directly involving the
affected population and local professionals in the
management of post-accident situations, and the
responsibility of authorities at national and local
levels to create conditions and provide means
favouring the involvement and empowerment of the
population in the aftermath of a radiological event.

Lessons learned from accident recovery manage-
ment include the following:

+  Trust needs to be built before accidents occur

+ A flexible regulatory framework is needed to
best address the accident conditions that occur

+ Medical community networks should be
identified around known hazardous installa-
tions, and relevant plain-language radiological
information should be ready to send so that
they can address affected stakeholder concerns

+ Governmental decisions should actively
reflect that stakeholder concerns have been
considered

+ Expert resources needed to address affected
stakeholder concerns can be extensive, and
should be planned in an all-hazards framework

+ Personal dosimetry and area monitoring
equipment should be available

For all types of hazards, societal understanding and
acceptance of risk depend on scientific knowledge



and evaluations, and also on perceptions of risk
and benefit. Radiological hazards are among the
most studied risks in modern society. While the risk
of death from exposure to the annual public dose
limit (1 mSv) is small — approximately 0.00005% -
and certainly much lower than other cancer risks
(e.g. age, alcohol, diet, obesity, immunosuppres-
sion, sunlight, tobacco and asbestos), evidence
for any effects on individuals at low doses is still
very limited. This inability to satisfactorily describe
effects at the exposure levels commonly encoun-
tered in most exposure situations can lead to
misunderstanding, mischaracterization of the risk
and disproportionate responses.

The radiation protection and nuclear community
has continued to encounter difficulties in effectively
communicating risk and uncertainty — whether
in respect of siting new nuclear plants or waste
disposal facilities, selecting endpoints for decom-
missioning or legacy-management operations, or
managing emergency or post-accident recovery
operations. However, awareness of the negative
effects on health has evolved over the last decade,
leading to the development of new approaches to
radiation risk communication.

(IAEA 2015); (IAEA 2017)
(IAEA 2017)

Industrial production is a central characteristic of
the modern world economy. Industry creates jobs
and provides a wide range of essential materials,
products and services. However, authorities, in
cooperation with industry, must ensure that indus-
trial facilities producing, handling or storing hazard-
ous substances such as tailings management
facilities (TMFs), pipelines, oil terminals and chemi-
cal installations are safely located and operated, as
accidents can have far-reaching and severe effects
on people, environments and economies.

Industrial hazards originate from technological or
industrial conditions, dangerous procedures, infra-
structure failures or specific human activities.*?
These include toxic releases, explosions, fires and
chemical spills into the air, adjacent water courses
and land. In many countries, industrial hazards are
exacerbated by ageing, abandoned or idle installa-
tions. These problems are amplified by insufficient
institutional and legal capacities to deal with techno-
logical risk reduction. Natural hazards — for example,
storms, landslides, floods or earthquakes — can also
cause industrial accidents by triggering the release
of hazardous substances from industrial facilities
that are located within their path of destruction (see
section 3.1.9). The impact associated with industrial
accidents relate to loss of life, injury, or destruction
or damage of assets that could occur to a system,
society or a community.*® Effective management
of risks requires cooperation within and across
systems, sectors, countries and scales.

Most industrial accidents entail the release of
hazardous substances into water bodies with grave
impacts on water resources, threatening the avail-
ability of safe water for drinking, household use and
agriculture, as well as human safety.

(United Nations General Assembly 2016b)
(United Nations General Assembly 2016b)



For many decades, the issue of industrial accident
prevention, preparedness and response has been
of concern to governments, as well as industry.
In the mid-1980s, the issue took on a new level of
urgency and political importance in response to the
Bhopal accident in India, which resulted in more
than 15,000 deaths and more than 100,000 people
affected. While regulation and new standards have
driven significant progress in industrial safety in
the past 40 years, major accidents still occur as
countries face new challenges and emerging risks.
In recent years, extreme weather-related events trig-
gered industrial accidents with severe environmen-
tal and economic consequences, such as Hurricane
Harvey in the United States of America.

A multidisciplinary and cross-sectoral approach to
addressing industrial accident risk is required. The
Sendai Framework promotes this across its four
priorities in the systems-based approaches to risk
management.

This section explores the trends in industrial risks
and the underlying drivers of these risks (identify-
ing the casual factors). It examines how progress in
managing risks is measured, introduces industrial
accident risk reduction approaches, and explores
challenges and opportunities for effective risk
management in the future.

Industrial accident risk is highly dependent on the
activity of the site, the processes it operates and
the types of dangerous substances it uses. There
are hundreds of processes in oil and gas or chemi-
cals processing industries. They may be present in
land-based facilities (also known as “fixed facilities”
such as chemical establishments, oil terminals and
TMFs), pipelines, transport by rail, road and water,
and offshore oil exploration platforms. Explosives
industries, involving manufacture and/ or storage of
explosives, fireworks and other pyrotechnic articles,
are also prominent sources of industrial accident
risk. Widespread use of dangerous substances, such
as cyanide and arsenic, in metals processing means
that the mining industry also represents a high risk.

Distribution of high hazard, fixed facility sites
(Seveso Directive) in EU and European Economic Area coun-
triesin 2014
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In addition, numerous other industries can be
sources of industrial risk. Sometimes known as
“downstream users”, these include industries such
as food production, power plants and metal plating;
these use dangerous substances in large quantities
for refrigeration, fuel, metal treatment and various
other specialized uses. The latter are particularly
challenging in risk management because aware-
ness about these materials may be lower than in
those industries whose core business involves
exploitation, manufacture, storage or handling of
highly regulated substances.

Figure 3.14 shows information in media reports
worldwide on chemical accidents over a one-year
period, demonstrating that hundreds of people die
every year and at higher rates in some areas of
the world than others. Media reporting does not
represent a complete picture of all incidents that
have occurred, but it does tend to be consistent
and reasonably reliable when citing major impacts,
especially for deaths, injuries, evacuations and
environmental contamination. Of these incidents,
12% (77) involved at least one death, 25% (163)
involved death and/or injury, and evacuations and



Chemical incidents in the media by continent, 1 October 2016 to 30 September 2017

INCIDENTS

Asia 121

Europe 332

North America 167
South America 100
Africa B3
Oceania 32

(Source: Wood and Fabbri 2019)

environmental impacts were involved in an addi-
tional 4% (26) of cases.

There is limited data collected for assessing the
status of industrial accident risk globally. There
are some sources of data on industrial accidents
in government and industry that can be used to
quantify the frequency and severity of some types
of events, but they fall short of providing a complete
perspective that covers all accidents occurring in
industry and commerce globally. Systematic identi-
fication and recording of causal trends and impacts
is largely driven by government requirements (this
excludes “incident notification” databases) and
industry initiatives, so that existing data is frag-
mented and disjointed in nature.®

While industrial accidents are deterministic events
that cannot be fully evaluated with a simple measure
of counting the occurrences or trends of a particular
scale, an industrial accident is still clear evidence
of a failure to control risk. Past accidents can also
provide diagnostic information, particularly if some
accidents have common features (e.g. location, or
type of industry, equipment, substance or cause).

Major accidents are generally rarer events. The
average frequency of events in any one country
across a period of even 10 years will tend to be

extremely low, especially in small countries and
those with a low level of industrialization. However,
many emerging economies have experienced rapid
growth in hazardous operations from expansion of
particular segments of oil and gas, chemical and
petrochemical and mining industries, driven by a
combination of factors including increased demand
in emerging economies, access to raw materials
and the need to lower production costs, facilitated
by a decline in trade barriers and government incen-
tives to attract foreign investors.

The consequences of failure in the design, construc-
tion, operation or management of TMFs — essentially
large dams storing chemical waste at oil terminals
and mining facilities — can release contained hazard-
ous waste products that pose grave risks to human
health, infrastructure and environmental resources.
No publicly accessible inventory of TMFs or data
on the global volume of stored tailings exists.
Howev er, the scale of accidents of this nature can

(Wood and Fabbri 2019)



million m® of hazardous substances, which, when
combined, represent the volume of 20,000 Olympic
swimming pools.*®

be seen in recent disasters. The Mount Polley spill
in Canada in 2014 and the Bento Rodrigues acci-
dent in Brazil in 2015 each released more than 25

Box 3.4. Bento Rodrigues TMF accident, Brazil, 2015 and Brumadinho, Brazil, 2019

The collapse of two TMFs of an iron ore mine
located in Bento Rodrigues, Brazil, resulted in
one of the worst human and environmental
disasters in Brazil's history. Some 40 million
m?® of waste laden with heavy metals flooded
villages downstream, causing 19 deaths and
contamination of the Doce River basin, with
huge damage to biodiversity and drinking
water supplies. The toxic slick flowed 650 km
down river, contaminating 2,200 ha of land and
affecting about 40 municipalities. The disas-
ter revealed critical gaps in regulation, moni-
toring, enforcement, information flow, early
warning, response and coordination mecha-
nisms between the operator and authorities

i

"

at all scales. Three years later, remediation
measures had still not been effectively imple-
mented, and affected populations continued to
endure the environmental and socioeconomic
repercussions of the failure. At the time of
writing, Brazilian state prosecutors are bring-
ing a case against the mine and dam opera-
tors, alleging that as early as 2011, the board
was apprised of seepage in the dam, advised to
consider suspending operations, relocating the
town of Bento Rodrigues and installing early
warning sirens, but had failed to act.

In early January 2019, another dam failure in
Brumadinho, Brazil, collapsed, causing the

Debris and damage at a school in Bento Rodrigues, Brazil from the upstream dam failure

(Source: Rogério Alves/TV Senado 2017)
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tailings. The spilled chemicals have been incor-
porated into river soil and affect the region’s
ecosystem permanently.

death of 186 people and a further 122 missing.
The TMF in Brumadinho, owned by one of the
two parent companies who owned the Bento
Rodrigues dam released 12 million m? of

Box 3.5. Liquefied petroleum gas (LPG) accidents in Ghana

of deaths from LPG accidents at industrial and

In October 2017, seven people were killed at
an LPG distribution point, taking the number

commercial sites in Ghana to 286 since 2007.

Figure 3.15. Fatalities in Ghana related to LPG accidents since 2007
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(Source:UNDRR with data from Citimfonline 2016)

An analysis of TMF failures worldwide over the last
decade indicates that while the overall number of
failures has decreased, the number of serious fail-
ures has increased.®® Despite the many advances
in the mining sector, TMF failures still occur. In the
past six years, there have been eight major TMF
failures in Brazil (three times), Canada, China, Israel,
Mexico and the United States of America. Identifying

TOTAL

DEATHS

TMFs and their hazard potential (including the risk of
failure) is important to target intervention measures
and adjust the legal and policy framework.

95 (Roche, Thygesen and Baker 2017)
96 (Roche, Thygesen and Baker 2017)
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Petrochemical facilities

Petrochemical plants, oil terminals and wells store
and process large amounts of hazardous substances.
In the event of improper design, construction,
management, operation or maintenance, this can
provoke uncontrolled spills, fires and explosions,
with potentially catastrophic consequences in terms

of loss of life or environmental damage. The effec-
tive and safe extraction, storage and distribution of
oil products present technical and environmental
challenges, while remaining essential for economic
activity. As each facility is unique, a tailor-made and
comprehensive approach is needed to ensure that
these facilities are operated in a safe, environmen-
tally sound and economic manner.

Box 3.6. Daugava pipeline spill in Belarus, 2007

The rupture, due to ageing infrastructure,
of a pipeline on 23 March 2007 in Belarus
resulted in a spill of approximately 120
tonnes of diesel fuel into the Ulla River, a
tributary of the Daugava River. The slick
extended over 100 km downstream through
Daugavpils and Riga to reach the Gulf of Riga
in the Baltic Sea. Long-term damage from
the spill was averted by coordinated inter-
national emergency action and coordinated

Figure 3.16. Path of the spill in the Ulla River

Lithuania

(Source:UNDRR 2019)

assessment methodology (Bonn Agreement
Oil Appearance Code) applied by Belarus-
sian and Latvian experts, which resulted in
payments by the company commensurate to
assessed environmental damage.

Russian Federation

Belarus

Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorse-

ment or acceptance by the United Nations
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Box 3.7. Buncefield accident, United Kingdom of Great Britain and Northern Ireland, 2005

On 11 December 2005, overfilling of a petro-
leum storage tank at a fuel storage depot led
to several explosions and a fire that burned for
five days, with no loss of life and relatively few
injuries. It caused the evacuation of approxi-
mately 2,000 people, destroyed 20 homes and
caused damage to 60 businesses, incurring an
estimated total cost of over 750 million euros.

Pollutants contaminated soil and groundwa-
ter and toxic plume dispersed over southern

England to northern coastal regions of France
and Spain. The Major Incident Investigation
Board established in the aftermath provided
recommendations for industry, regulators
and the emergency services related to safety
and environmental standards for fuel storage
terminals and emergency response measures.
Following the accident, inspections were also
conducted inside fuel storage terminals in
France and other European countries.

Toxic plume emanating from the explosion at the Buncefield fuel storage depot, United Kingdom of Great Britain and

Northern Ireland, 2005
(Source: Flickr.com user Ken Douglas 2005)

While data on industrial accidents is often insuf-
ficient to assess the full range of potential
impacts and is difficult to quantify in any stan-
dardized manner, it does exist. Table 3.2 explores
the strengths and limitations of various impact

data available in public databases of chemical

incidents.




Table 3.2. Strengths and limitations of different sources of impact data to measure industrial risk

Type of impactdata | Strengths and limitations

Human health

Historically, fatalities are identified and recorded. Injuries are also usually quantified, but the precision

about the number and severity increases with the severity of the accident varies.

Environmental

Environmental impacts are reported using a variety of denominations to quantify the impact (cubic

metres, length of a river, duration of the power outage, etc.) and rarely include secondary effects or
costs of clean-up and restoration or economic costs from loss of the resources.

Property damage

Data on cost of on-site property damage is often provided, but not as reliably as human health

impacts and usually only for insured losses. Off-site property damage, when it has occurred, is
frequently excluded from reports, rarely appearing in either accident databases or insurance company
statistics. Sometimes, the media will make an estimate for a particularly prominent accident. For
large incidents, the data can sometimes be found in annual insurance reports.

Evacuation and
shelter-in-place

Social disruption

This data is frequently provided as estimates, it is often sufficient for estimating severity of this
aspect but cannot be easily summed for aggregating effects of major accidents over a period of time.

Disruptions to roads and public utilities are among other impacts that generally are ill-defined in

terms of what they include and how they are quantified (hours of disruption, population size

disrupted, etc.).

Economic

Temporary and permanent shutdown of product lines and sites are a significant economic impact of

many accidents. This data is usually provided only in investigation reports and the media.

Long-term health and
social

These effects may include injuries and/or acute exposures with long-term effects, mental health
impacts, as well as long-term effects on the local economy and social life. These effects can be

observed only long after an accident and could not easily be captured in an accident investigation or

analysis report.

(Source: Wood and Fabbri 2019)

Complex nature of industrial accident risk and
risk management processes

The heterogeneous nature of chemicals, the infinite
ways in which chemical engineering transforms
chemicals into products, and the vast infrastructure
of road, pipelines, ships and railways, facilitating
product distribution, are intrinsic to the challenge
of assessing global industrial accident risk and
predicting the next catastrophe. The likelihood of
an incident occurring depends significantly on how
well the risks are managed (the safety management
system) and by decisions of the organization(s)
that affect the functional effectiveness of the safety
management system.®’

At all types of industrial facilities, continuous efforts
by experts and authorities, on site and off site, are
required to avoid accidents. The safety of industrial
facilities and the effectiveness of risk management
is contingent on the quality and implementation of
planning, analysis, design, construction, operational
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diligence, monitoring and regulatory actions at
every level.

With the advent of the Sendai Framework has come
a suite of regulation process and initiatives. Govern-
ment and industry seeking to understand industrial
accident risk began data collection and analysis
in the 1980s, and by the 1990s, collected data on
accidents and near misses was widely accepted as
inputs to understand and correct weaknesses in the
risk control system.

The primary purpose of the databases that ensued
was to foster learning from accidents, but many
of the databases were not publicly accessible. By
contrast, collecting data to assess performance
in controlling industrial accident risk is driven by
lessons learned from disasters as well as contem-
porary developments in national and international
law that unequivocally assign responsibility for
chemical accident risk reduction to site operators.



Frequency and severity of past accidents can
provide no indication as to where the next accident
could occur and how severe it might be. For this
reason, additional data and analysis are necessary
to provide insight on causal trends, typical failure
mechanisms and other signs of elevated risk, to
guide strategies that can help reduce accidents
occurring in future. This type of information gener-
ally includes causal patterns emerging from past
accidents and near misses, evidence of the pres-
ence of potential accident precursors, and other
circumstantial data about a particular site, or that

can be generalized in regard to a specific industry
or geographic location.

The nature of industrial accidents however poses
significant challenges to measuring progress in
reducing this type of risk, as shown in Box 3.8.
Obtaining sufficient incident frequency and severity
data to calculate chemical accident risk metrics is
not practical. Chemical accident statistics measure
only disastrous failures that became accidents; they
cannot measure the disastrous failures that could
happen but have not happened yet.

Box 3.8. Industrial accident risk reduction is difficult to measure using accident data

Industrial accident risk is not a stable
figure. Numerous variables that influence
industrial accident risk make it more likely
that actual risk levels fluctuate significantly
over time.

High-severity industrial accidents are
low-frequency, high-probability events.
Accident data can greatly underestimate
actual risk.

The variables that influence the probability of a
chemical accident are unstable so that the risk
figure associated with any one hazard source is
surrounded by uncertainty and can change dramati-
cally in a short period of time. For every chemical
process, there are some conditions that must be
maintained to prevent a release. Any modification
in those conditions changes the risk. Some leading
industries and authorities have developed diagnos-
tic tools that can suggest elevated risks for specific
types of activities and geographic regions. A rela-
tively new practice, the use of safety performance
indicators to diagnose potential risk, may eventually
be an option for industry-wide self-assessment or
for inspection authorities to assess risks across
specific types of sites and problem areas.*®

Industrial accident risk sources are distrib-
uted over many industries and geographic
areas. It is challenging to have a complete
picture.

Data on industrial accident causality mainly
belongs to companies. Data on what
caused the accident is usually not in the
hands of government.

Loss data obtained following an accident is
due to many actors, and is difficult to col-
lect and quantify.

Methods have also been developed by government
and international organizations to measure the
strength of management systems in industry or
government for controlling industrial accident risk.
However, measuring performance in reducing acci-
dent risk is complicated. The use of frequency and
severity of past accident as a risk measure is not
a solution for global assessment of industrial acci-
dent risk. National governments require more infor-
mation to understand their industrial risk and target
their interventions to reduce them.

97 (Wood and Fabbri 2019)
98 (Wood and Fabbri 2019)
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There is activity seeking to enhance national and
global assessment of industrial accident risk. Three
main data sources are being cultivated to correlate
causal factors and other information in association
with specific hazard sources.

a. Incident data together with causal and failure
trends drawn from analysis of near misses

b. Safety performance indicator programmes
identifying safety-relevant weaknesses

c. Hazard ranking systems geared to forecast the
likelihood that certain weaknesses are present

Land-use planning is central to reducing industrial
risk. Decisions on the siting of industrial facilities
and the planning of surrounding land use are criti-
cal in protecting and minimizing the effects of acci-
dents on the surrounding populations, environment
and property. The enhancement of land-use plan-
ning schemes and zoning mechanisms to enhance
the level of safety and reduce risk to industrial
facilities has been observed in several countries,
primarily by:

Developing risk-informed land-use policies
and plans and establishing land-use zoning
schemes that set requirements on the use of
land, siting and development proposals

Updating land-use planning and industrial safety
procedures to require formal consultations
among the relevant authorities, experts and the
public at an early stage in the planning process

Ensuring that risk assessments and other
industrial safety aspects are incorporated into
decision-making procedures

+ Creating tools to simplify the identification
and communication of risk assessments to
planners, decision makers and other experts for
a common understanding of the risks

The Industrial Accidents Convention is a multilat-
eral legal instrument that supports countries in
establishing and enhancing governance, policymak-
ing and transboundary cooperation on industrial
accident prevention, preparedness and response.
Developed initially for the European region follow-
ing the Sandoz accident in 1986, the approaches
and experience offer insights to countries pursuing
Sendai Framework commitments in technological
risk management.

The convention’s legal provisions, policy forum,
guidelines and capacity-development activities
support countries in preventing accidents from
occurring, reducing their frequency and severity and
mitigating their effects at the local, national and
cross-border levels. The scope of the convention
also applies to industrial accidents that are trig-
gered by the impacts of natural hazards.

Many of the goods and services upon which soci-
eties depend are provided by industrial activities.
From refining, oil and gas production and transport,
to nuclear power generation or the preparation
of specialty chemicals, many of these activities
have constructed inherent susceptibility to shocks,
including those provoked by natural hazards.

Natural hazards have the potential to surpass safe-
guards, triggering negative impacts that may entail
hazardous substance release, fire, explosion or
indirect effects with wider repercussions than those
felt in the immediate proximity. The cascading tech-
nological side effects of natural hazards are called
NATECH accidents.®®

NATECH events are a recurring but often overlooked
feature in many disaster situations. They can add
significantly to the burden of a population already
struggling to cope with the effects of the triggering



Figure 3.17. Hurricane Harvey caused several oil spills and chemical releases in Texas, 2017
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natural event. NATECH event consequences
can range from health impacts and environmen-
tal degradation (e.g. during the 2008 Wenchuan
earthquake)'® to major economic losses at local
or regional levels due to damage to assets and
business interruption (e.g. due to the 2011 Thai
floods).”" In some cases, ripple effects across
sectors can reach global proportions, resulting in a
shortage of raw materials and finished products (as
was the case following the 2011 Great East Japan
earthquake and tsunami)'? and price hikes (e.g.
the impact of Hurricanes Katrina and Rita on the
offshore infrastructure in the Gulf of Mexico).'%

This section introduces the concept of NATECH
risk and the challenges associated with its

99 (Krausmann, Cruz and Salzano 2017)
100 (Krausmann, Cruz and Affeltranger 2010)
101 (Aon Benfield Corporation and Impact Forecasting 2012)

management, with particular emphasis on industrial
facilities and critical infrastructure that process,
store and transport hazardous substances. It pres-
ents the principal factors that influence the risk, and
proposes proxies of how progress in NATECH risk
reduction can be measured.

NATECH risks exist anywhere where hazardous
industry and critical infrastructure are located in
natural hazard-prone areas, which is the case in
many parts of the world. While NATECH events can,
in principle, be triggered by any natural hazard type,
they are not contingent upon catastrophic events.
Many NATECH events with major consequences
have been triggered by natural hazards that were
considered of minor importance, such as lightning,

102 (Fearnley et al. 2017)
103 (Pan and Karp 2005); (Grunewald 2005)
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low temperature or rain.’ In the Baia Mare acci-
dent in Romania in 2000, heavy rain and unexpected
levels of snowmelt coupled with design deficiencies
led to the failure of a tailings dam, releasing large
amounts of cyanide-laced wastewater into the river
system, polluting some 2,000 km of the Danube
River’'s catchment area.’®

No single registry of the location of industrial facili-
ties in natural hazard zones exists, nor are NATECH
events systematically tracked over time. Hence
there is no baseline available to compare risk
trends. Few statistical analyses exploring NATECH
trends exist. An analysis of NATECH events in the
onshore hazardous liquid pipeline network of the
United States of America for the period 1986-2012
using the official database of the United States
Pipeline and Hazardous Materials Safety Adminis-
tration concluded that NATECH accidents experi-
enced increases in impact while the relative number
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Radiation warning sign in Kashiwa, Japan, 2012
(Source: Abasaa 2012)
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of NATECH events remained stable and the abso-
lute number of pipeline accidents from all causes
decreased.’

Where legal obligations for reporting incidents
do not exist, relevant information is lost from the
lesson-learning process. However, even where acci-
dent reporting is mandatory, it usually applies only to
incidents where the impact exceeds a defined sever-
ity threshold. This is also seen in public records,
where media rarely report on low-impact events and
near misses are seldom captured. Underreporting
is further exacerbated as the attribution of NATECH
triggers to a natural hazard is often difficult. Natural
hazard information is often absent in industrial acci-
dent databases; vice versa, information on NATECH
events is often missing in disaster loss databases.
Quantitative NATECH event trend analysis is there-
fore difficult, and proxies are needed for measuring
progress in NATECH risk reduction.




The positive news is that awareness of NATECH
risk and the need for management has increased
over the past decade, not least due to some land-
mark events. In Europe for example, the overwhelm-
ing of protection barriers of a chemical facility in
Czechia - that had been designed for floods with
a 100-year return period — caused the release of
chlorine and other hazardous substances into the
River Elbe.’?” This and other accidents prompted
the EU to initiate action to combat NATECH events.
The Great East Japan earthquake and tsunami and
subsequent Fukushima Daiichi nuclear accident
in 2011 put NATECH risks on the global agenda.
With growing industrialization (notably in emerg-
ing economies), rising vulnerability (e.g. due to
community encroachment and often unplanned
urban development), as well as changing hazard
frequency and occurrence (including as a result of
a changing climate), NATECH risk is expected to
trend upwards."®®

Different factors determine NATECH risk. Some are
of a technical nature and linked with the character-
istics inherent to NATECH events; other underly-
ing causes are a consequence of risk governance
challenges and socioeconomic context. The
boundaries between these risk factors are often
blurred with links between the various causes.’®
Disaster risk reduction (DRR) frameworks have not
fully addressed the issue of technological hazards
in general, and NATECH hazards in particular,
although they usually highlight it as an example of
a cascading multi-hazard risk. Furthermore, instru-
ments for reducing technological risks, such as
chemical accident prevention and preparedness
programmes, often tend to overlook the specific
drivers of NATECH events, leaving an important gap
in managing this type of risk."°

(Krausmann and Baranzini 2012)
(UNEP and OCHA 2000); (EC 2000)
(Girgin and Krausmann 2016)
(Hudec and Luks$ 2004)

NATECH risk is a multi-hazard risk that cuts across
different domains and stakeholder communities
that traditionally have not interacted much with
each other (technological risk, natural risk, indus-
try, civil protection, etc.). For governing such a
cascading risk, a paradigm change is required that
acknowledges the diverse and interdisciplinary
nature of the risk and the challenges associated
with it. What is also crucial is a departure from the
“act of God” mentality, which has often kept stake-
holders from taking responsibility for NATECH risks
and protecting against them. While in the past,
this mindset may have been partly justified by the
unavailability of reliable natural hazard forecast-
ing, lack of knowledge no longer justifies inac-
tion thanks to readily available modern prediction
systems for many triggering natural hazards.

The risk management of an industrial installation
cannot be viewed in isolation from its surroundings,
but should take account of potential interactions
with other industry, lifelines and nearby communi-
ties to capture the potential for cascading events.
Since natural hazards often affect large areas, this
is even more relevant for NATECH risks. A systemic
view is required for the effective management of
NATECH risks, requiring a territorial approach to risk
governance and incorporating physical (e.g. indus-
trial facilities, lifelines and building stock), organiza-
tional and socioeconomic factors into the analysis
of natural hazard risks.”"" In some regions, rules for
land-use planning around high-risk chemical facili-
ties aim to ensure the protection of the surrounding
communities by compelling risk management anal-
ysis to consider domino effects on nearby industrial
installations.

While NATECH accidents in non-nuclear industrial
activities have been happening regularly, it was
only after the Fukushima Daiichi disaster that the
public truly started to take notice of the potential

(Krausmann, Cruz and Salzano 2017)
(Krausmann, Girgin and Necci 2019)
(Krausmann, Cruz and Salzano 2017)
(Cruz, Kajitani and Tatano 2015)



magnitude of the consequences. Following the
sudden media visibility and public interest, regula-
tors stress-tested nuclear power plants around
the world, updated nuclear emergency-response
plans, and research programmes were launched in
many countries to improve NATECH risk manage-
ment. This is an example of how the risk perception
and risk tolerance of society can shape decisions
on protection against safety risks. However, risk
perception is highly subjective, and overreactions
can lead to unsustainable responses. For instance,
a recent study showed how the perceived NATECH
risk in the EU from high winds and earthquakes as
compared to the natural hazards that triggered a
NATECH accident was overemphasized, while the
risk of accidents due to lightning and low tempera-
ture was significantly underestimated.?

Mechanisms for the management of NATECH risks
can take different shapes, ranging from legal frame-
works, research programmes and development
of risk assessment tools to capacity-building and
other initiatives, all with the aim to better identify
and control the risk.

Following several major NATECH accidents, and
with climate change raising the profile of the risk,
several countries have taken measures to enhance
risk control. In the EU, major chemical accident
risks are regulated by the provisions of the Seveso
Directive on the control of major-accident hazards,
and its amendments.™™ The directive requires strin-
gent safety measures to be implemented to prevent
major accidents from occurring, and in case they
cannot be prevented, to effectively mitigate their
consequences for human health and the environ-
ment. From a NATECH perspective, the Seveso
Directive is the most important legal act at EU level.
Thirty years after its inception, it now explicitly
requires that environmental hazards, such as floods
and earthquakes, be routinely identified and evalu-
ated in an industrial establishment’s safety docu-
ment. There are other legal instruments in the EU
that indirectly address NATECH risks (e.g. the Water
Framework Directive or the Floods Directive), as

well as the Union Civil Protection Mechanism with
a requirement for EU member states to prepare a
national disaster risk assessment.”*

In the global arena, several international bodies
have picked up on NATECH risk management. For
example, recognizing the potential for severe health
impacts, WHO has recently issued information for
public health authorities in the wake of chemical
releases caused by natural events.”® The document
focuses on earthquakes, floods and cyclones and
aims to provide brief information to planners in the
health sector and to public health authorities who
wish to learn more about chemical releases result-
ing from natural events. In support of implementing
the Sendai Framework,UNDRR has gathered a team
of experts who prepared Words into Action Guide-
lines for National Disaster Risk Assessment and for
Man-made/Technological Hazards, which contain
chapters that discuss actions and guidance for
NATECH risk reduction.® OECD issued a NATECH
Addendum to its Guiding Principles on Chemical
Accident Prevention, Preparedness and Response,
to provide guidance to all stakeholders on how to
better manage NATECH risk."”

Research initiatives aim to better understand
NATECH risk from a scientific perspective and to
develop the much-needed methodologies and tools
to assess and control the risk. For example, follow-
ing calls by governments, the European Commis-
sion (EC) Joint Research Centre (JRC) developed
the Rapid NATECH Assessment Tool system,
which helps industry and authorities to identify and
reduce NATECH risks by supporting the detection of
NATECH risk hot spots."® It supports land-use and
emergency planning, rapid NATECH damage and
consequence assessment to inform emergency-
response decisions before dispatching rescue
teams or issuing public alerts. The current version
of the system analyses and maps earthquake and
flood-triggered NATECH risks for fixed chemical
installations and onshore pipeline networks, and is
available at http://rapidn.jrc.ec.europa.eu.



Measuring progress in NATECH risk reduction

Traditionally, it is very difficult to measure prog-
ress in reducing NATECH (and technological) risks.
There are no universal performance measures,
and there is no reliable point of reference that can
be used for comparison. To provide a measure

of progress, qualitative indicators can be used as
proxies for the status of NATECH risk reduction.
The nature, complexity and scale of such indica-
tors can vary (e.g. at facility, community or national
levels), and they may differ across countries and
implemented legislative regimes, and according
to country priorities. For example, indicators for

Table.3.3. Examples of qualitative criteria for measuring NATECH risk reduction in a country

Level of NATECH risk reduction

Awareness of None Awareness of natural and

NATECH risk technological hazards
but not of their potential
interaction

Legal framework for No industrial | Legislation considering

NATECH risk risk control only conventional

reduction legislation industrial risks

Collection of No accident Data collection for

accident data data industrial accidents and

collection natural hazards, without

considering interactions

NATECH risk maps None Simple overlay of
industrial facilities and
natural hazard maps

Natural hazards None Major natural hazards

considered

Type of activity None Major onshore hazardous

that considers facilities

NATECH risk

NATECH risk None Qualitative NATECH risk

assessment assessment at local (i.e.
facility) level

NATECH None Preparedness by industry

preparedness

Awareness of NATECH
risk by industry and
authorities

Legislation considering
NATECH risk

Data collection including
NATECH accidents but
without details

NATECH risk maps with
type, extent and
probability of expected
natural hazard-specific
consequences

Major natural hazards
with different severities

Major onshore and
offshore hazardous
facilities and hazardous
critical infrastructure

(e.g. pipelines)

Quantitative NATECH risk
assessment at local (i.e.
facility) level

Preparedness by industry
and authorities

Nore _low __ Medum _____Heh |

Awareness of NATECH
risk by industry,
authorities and the public

Legislation considering
NATECH risk and
guidance on NATECH risk
management

Data collection including
details of NATECH-spe-
cific conditions

NATECH risk maps from
multiple natural hazards
and all hazardous
facilities

All natural hazards
including those
considered minor

All hazardous facilities
(including small- and
medium-size facilities
and hazardous materials
transport)

Qualitative or quantitative
NATECH risk assessment
at local, regional and
national level

Preparedness by industry,
authorities and
communities

(Source: Krausmann, Girgin and Necci 2019)

112 (Krausmann and Baranzini 2012)
113 (EU 2012)

114 (Girgin, Necci and Krausmann 2019)
115 (WHO 2018a)

116 (UNISDR 2018e)
117 (OECD 2003b); (OECD 2015)
118 (Girgin and Krausmann 2012)
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countries in which legal frameworks cover NATECH
risk might differ from those used where no such
instruments exist. Some indicators might be
considered more appropriate than others depend-
ing on the scope of the analysis. Similarly, some
indicators may address only government resources
and systems, while others evaluate industry infra-
structure and competence, or social norms and risk
perception.'®

Proxies for measuring progress in NATECH risk
reduction should relate to human, financial and
physical resources, as well as the legal and admin-
istrative infrastructure in a country. Table 3.3 gives
examples of qualitative performance indicators on
a four-level scale, which assumes as a minimum
level the complete absence of tools for reduc-
ing NATECH risk. The choice of these indicators
is based on expert judgment and assumes that
basic information on technological and natural
hazards already exists (e.g. industrial facility regis-
ters including type of activity, type and amount of
hazardous substances present, industry location;
and natural hazard information including maps).

The indicators proposed are markers that can
consist of one or more subindices. For example,
the indicator on a legal framework for the control
of NATECH accident risk can include subindicators
such as land-use planning, safety cases and emer-
gency planning.

Work is under way to develop a method for the
compilation of the individual indicators into a
composite indicator that reflects the many dimen-
sions of the measured risk. This also includes
weighting of the single indicators according to
their importance for reducing NATECH risks. In
the absence of such a composite indicator, indi-
vidual performance measures from Table 3.3 can
be compared separately or all measures can be
visualized by using radar charts as in Figure 3.19,
comparing two hypothetical country examples with
low and high levels of NATECH risk measures.

Example visualization of comparative NATECH risk reduction measures proposed in Table 3.3 for two hypotheti-

cal countries

Preparedness

Risk Assessment

Industrial Activities

(Source: Krausmann, Girgin and Necci 2019)

Natural Hazards

Awareness

Legal Framework

Data Collection

Risk Maps

=mmm COUNTRY A
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Evidence from the latest intergovernmental and
global assessments shows that the planet is
overheating and becoming increasingly densely
populated. Climate change, food insecurity, rapid
urbanization and growing levels of pollution are
damaging human and ecosystem health. Growing
inequalities in wealth and access to technology and
resources are leading to malnutrition, conflicts and
the displacement of millions of people.™®

Understanding of environmental hazards and
associated risks and distributional impacts
caused by these pressures has been enhanced
through the assessments of various key interna-
tional scientific bodies.”” The concept of inter-
linkages among environmental risks lies at the
heart of the concept of planetary boundaries and
dynamic systems. Four out of the nine planetary
boundaries (climate change, loss of biosphere
integrity, land-system change, altered biogeo-
chemical cycles (phosphorus and nitrogen)) have
now been crossed.'? Fifteen out of 24 catego-
ries of ecosystem services are in decline due to
overuse of resources. The spread of zoonoses
and invasive alien species is being exacerbated
by climate change and global trade, and is already
posing direct threats to native and endemic
species and ecosystem functioning. Overharvest-
ing, land-use change, unsustainable use of — and
lack of fair access to - genetic resources, and
climate change are key drivers of the decline
in wild plant resources, including those used
commercially for food and medicinal purposes.
Approximately 15,000 species or 21% of global
medicinal plant species are now endangered due
to overharvesting and habitat loss.'®

(Baranzini et al. 2018)

(IPBES 2018); (United Nations 2017); (IPCC et al. 2018);
(OECD and OCDE 2018); (FAO 2018); (International Resource
Panel 2017)

Intense heat-waves, wildfires and storms occurred
in 2018. The 20 warmest years on record have all
occurred in the last 22 years. Meanwhile, GHG emis-
sions keep rising (another 2.7% increase in 2018)
and extreme weather-related events continue to
spread and intensify globally.

By 2050, the median projected population is
expected to rise to 10 billion, and to grow to nearly
12 billion by 2100. These figures are based on
current declines in infant mortality coupled with
female education, improvements in health care
and increases in life expectancy. When linked with
rising levels of consumption, the pressures on
global resources will be greater than at any other
time in human history, creating competition for
resources and overstretching the planet’s regenera-
tive capacity.

To fully understand the nature of environmental
risks, it is important to understand their sources.
This means understanding the dynamics of the
hazards themselves, the exposure of human popu-
lations and ecosystems to these hazards, the
vulnerability of the affected people and ecosystems
and their resilience to change.’?* This section exam-
ines some of the principal threats that we face, now
and in the future, emerging from a combination of
natural and anthropogenic factors.

These must be considered when determining how
best to deliver frameworks and intergovernmen-
tal agreements such as the 2030 Agenda, the
Sendai Framework, the Paris Agreement and NUA
in a coherent way. In adopting the Sendai Frame-
work, Member States identified as prerequisite
the need to understand the dynamic interactions
among economic, ecological, social, political,
health and infrastructure systems when consider-
ing risk-informed decision-making across sectors,
geographies and scales. In so doing, the Sendai

(IPBES 2018)

(Rockstréom et al. 2009)

(Schippmann 2006)

(European Environment Agency 2013)



Framework provides the frame for the application
of systems-based approaches in pursuing the goals
and targets of other 2015 agendas.

Given the intensification of many environmental
hazards and their complex interactions, risk reduc-
tion strategies and risk informed decision-making
cannot afford to ignore the integrated, multiscalar,
multiplier effects of environmental hazards.

Climate change is a hazard and threat multiplier.
It is an aggressive driver of environmental change,
affecting human and ecosystem health, and chang-
ing the complex interrelationships among living
organisms and ecosystems. Climate change is
having a detrimental effect on the environmental
and social determinants of health, from the avail-
ability of clean air and water, to heat shocks, food
security and shelter, and has the potential for wide-
ranging systemic impacts on food availability and
large-scale disasters. In this century, it has been
identified as the defining issue for public health'®
and also the biggest global health threat.'?®

Ongoing increases in GHG emissions have put the
world on an extended warming trajectory. Without
rapid decarbonization,'? this will lead to further
sea-level rise, ocean warming and acidification, and
more extreme weather that will amplify existing and
emerging risks, such as the spread of zoonoses
and infectious diseases, especially for the poor and
vulnerable. Cautious estimates from WHO under
a medium-high emissions scenario indicate that
250,000 additional deaths could potentially occur
each year between 2030 and 2050 because of
climate change.'®

As one of the most significant environmental
hazards after climate change, air pollution contrib-
utes to the global burden of disease (GBD) through
atmospheric concentrations of GHG emissions
and their precursors, particulate matter, heavy

metals, ozone and associated heat-waves, leading
to approximately 7 million premature deaths and
economic losses of $5 trillion annually.”? The most
susceptible are the elderly, children and poor, with
air pollution exposure highest for urban residents
compared with rural communities.

Transboundary flows of air pollution are also a
matter of serious concern, hindering countries as
they attempt to meet their own goals on ambient
environmental quality and public health. Studies
suggest that the sum of the health impacts of
transported pollution in foreign nations downwind
of a source can sometimes be larger than the
health impacts of emissions in the source region.'®
Making matters more complicated, reducing some
air pollutants (e.g. sulfates), which would be in line
with air quality remediation guidelines, is likely to
reduce cloud cover and increase incoming solar
radiation, leading to further global warming.

Atmospheric concentrations of carbon dioxide and
other long-lived GHGs continue to increase. This is
driven primarily by fossil fuel energy, industry, trans-
portation, land-use change and deforestation, and
making significant, adverse, irreversible changes in
climate and sea levels inevitable. Decreasing emis-
sions of short-lived climate pollutants such as black
carbon, methane, tropospheric ozone and hydro-
fluorocarbons, can help to limit warming in the near
term, but are no substitutes for mitigating long-lived
GHGs.

Some of these biodiversity-related environmental
hazards and associated risks are being addressed
through multilateral environmental agreements
and their protocols (e.g. United Nations Conven-
tions on Biological Diversity, Climate Change and
Combating Desertification). However, the complex-
ity of the feedbacks and dynamics of ecosystems
and biodiversity means that safeguarding species
and ecosystems requires more than conservation
and protection of natural habitats. It also requires
risk-based decision-making to be represented in
sectoral policies and agreements such as in agricul-
ture, fisheries and forestry.



Agriculture is the single, largest use of land,
accounting for more than one third of the world’s
land surface, excluding Antarctica and Greenland.
Deep tilling, and overuse of pesticides, fertilizers and
antibiotics in agriculture, has led to significant levels
of soil erosion, pollution of surface waters and the
spread of AMR, with very real risks to human and
wildlife health.”®" Rising global temperatures and
changing rainfall patterns are having a detrimental
effect on crop yields, especially in tropical regions,
where the effects of higher temperatures are greater
than in temperate zones. As the growing seasons
change, yield growth has also slowed down. Shifting
rainfall patterns and greater variability in precipita-
tion poses a risk to the 70% of global agriculture
that is rain-fed.’® It is estimated that over 1.3 billion
people are now trapped on degrading agricultural
land.”®® Farmers and pastoralists on marginal lands,
especially in semi-arid and dryland areas, have
limited options for alternative livelihoods.

The environmental impact of industrialized farming
practices cost the environment $3 trillion per year,'3*
and contributes up to one third of global GHG emis-
sions.™5 Livestock takes up 75% of agricultural
land for feed production, pasture and grazing, yet
it only generates 16% of dietary energy and 32% of
dietary protein demands."¢ Approximately one third
of global edible food is being lost or wasted before
getting to market.’?”

Deforestation is creating a wide range of impacts
in the biophysical world, from feedbacks to the
climate system itself, loss of biodiversity and soil
erosion. It is leading to a significant reduction in the
resilience of local communities.

(Chan 2019)

(Watts et al. 2015)

(Rockstrom et al. 2017)

(Hales et al. 2014)

(Health Effects Institute 2018)

(Task Force on Hemispheric Transport of Air Pollution 2010)
(UNEP 2019)

(United Nations 2017c)

(United Nations 2017c)

The marine environment provides multiple ecosys-
tem services, and is therefore key to any consider-
ation of environmental hazards, climate regulation,
resource extraction and food production. Storms
and ocean weather events are the most prominent
of the environmental hazards, but there is also
ocean warming and acidification, and waste and
chemicals pollution. The degradation of coastal
zones and watersheds exacerbates the effects of
natural hazards such as floods and storms, while
land degradation severely exacerbates the effects
of drought and causes an increase in flash floods.™®

The cumulative pressures and multiple stress-
ors on the marine environment are affecting the
health of oceans and their ability to support human
populations. The major risks come from the high
dependency of humans on the oceans for food
and livelihoods. More than 3 billion people rely on
the marine environment for 20% of their dietary
protein.”®® The annual value of fisheries and aqua-
culture is more than $250 billion, and up to 120
million people rely on the sea for their livelihood.#°
But overfishing, illegal and unregulated fishing,
and damaging fishing practices are placing many
fish stocks at risk. Marine pollution, litter and plas-
tics expose marine ecosystems and marine life
to a wide array of chemicals, including microplas-
tics, and heavy metals, which are accumulated
throughout the marine trophic food chains leading
to human exposures when they eat marine food
species. Approximately 8 tonnes of plastics enter
the oceans from land-based sources annually.’
The hazards from eating contaminated marine
sources of food have been well documented and do
not yet have a simple mitigation solution.

(FAO 2015a)
(Campbell et al. 2017)
(United Nations 2017)
(United Nations 2017)
(UNEP 2019)
(UNEP 2019)
(UNEP 2019)
(UNEP 2019)



Ocean warming and acidification have stressed
some marine ecosystems to the point of
collapse.™? Chronic bleaching has led to the death
of many tropical coral reefs, to a point where they
will not have sufficient time to recover between
bleaching events that occur every 6 to 10 years.'
Ocean acidification is also becoming a significant
environmental hazard, affecting plankton popula-
tions in various oceans, causing unpredictable
and potentially irreversible losses across the wider
marine ecosystem.

It is estimated that poor environmental conditions
are the cause of about 25% of GBD and mortality."*
Environmental hazards arising from inadequate
waste management, including food waste, elec-
tronic waste and plastics, is a global concern. Many
countries still face basic waste management chal-
lenges with uncontrolled dumping, open burning
and inadequate access to waste services. Globally,
two out of five people lack access to controlled
waste disposal facilities.™® Synthetic chemicals and
toxic compounds eventually leak into lakes, rivers,
wetlands, groundwater, oceans and other receiv-
ing water systems, as well as aerosolizing into the
atmosphere.’#®

Emerging chemical hazards include: (a) endocrine
disruption, which is likely to have a multigenera-
tional effect on human and wildlife health, (b) anti-
biotic resistance, which will create a new family of
hazards within public health systems and (c) bioac-
cumulation of chemicals in the tissues of crops and
livestock.

Over 80 important plant species and crops are
known to cause poisoning when environmental
conditions trigger nitrate accumulation at the plant
cellular level. Droughts are exacerbating this in key
staple crops such as the pea because they trigger a
defence mechanism at the cellular level, which has
the side effect of producing prussic acid and other

toxins. Even after a drought, the growth in water-
stressed crops can result in accumulation of these
toxins, making some plants poisonous to humans
and livestock. Over 100,000 people suffered paraly-
sis caused by oxalyldiaminopropionic acid™ accu-
mulation due to water stress in certain legumes
during the drought in Ethiopia in 1995-1997.74¢

There are some interesting innovations in the
environmental policy space, where it is not uncom-
mon to see efficacy dividends from the integra-
tion of different policies. Policy developments in
water resources management, and specifically
drought and flood risk management, are increas-
ingly situated at the nexus of water, food, energy,
climate change and human health. Blending policy
approaches allows decision makers to extend
beyond technical fixes and adopt truly multisectoral
risk management approaches to transdisciplinary
challenges.



3.2

In past GARs, the production of the Global Risk
Model and standard risk metrics (AAL, PML and
hybrid loss exceedance curves) relied on a global
data set of standardized and homogeneous expo-
sure data. Due to the heterogeneity of national
reporting and the availability of data, model-based
exposure calculations relied on an understand-
ing of the constructed environment and used data
from satellite observations. These satellite-based
exposure layers were often validated locally through
ground truthing. A team of on-the-ground analysts
would visit a satellite-modelled site and verify if
the model layer accurately depicted the extent
of construction, building use, construction type,
density, floors, materials, etc. The advantage of
this approach was that the loss and replacement
value of construction materials is relatively easy to
describe country by country, even considering local
market variability. A second advantage was that
the use of built assets meant that in the cases of
disaster events that affected areas that were more
often insured, modelling data could be validated
and corrected based on loss claims. Third, many
of the hazards that were modelled were major
natural hazards for which extensive engineering
tests had been done to better understand their
robustness faced with certain natural phenomena.
For example, extensive testing has been done to
understand the maximum ground acceleration due
to earthquakes that the different types of building
materials can withstand or the scales of modelled
flooding a typical family home would be expected
to experience.

(UNEP 2019)
(UNEP 2019)
(UNEP 2017)
(UNEP 2019)
(UNEP 2019)

There are several difficulties in relying on struc-
tural exposure. Huge regions of the world rarely
experience seismic hazards. For example, much
of Africa is at relatively low risk from a seismic
perspective. Furthermore, the nature of construc-
tion materials, population densities and other
elements of structural exposure as modelled for
Africa dictate that the true risk of many African
countries was not fully revealed. As past GARs
have noted, the prevalence of extensive risk in
many parts of the world have been historically
underrepresented. When the predominantly exten-
sive risk profile is coupled with relatively low
rates of insurance penetration and very diverse
construction types, it becomes evident how diffi-
cult it has historically been to reveal the true cost
of risk in many countries. Droughts, epidemics,
epizootics, agricultural infestations, etc., imply
effectively no damage to structures, but their
economic cost in direct and indirect terms could
be devastating.

The Ebola virus outbreak in Guinea, Liberia and
Sierra Leone in 2014-2015, which killed more than
11,000 people, is estimated to have cost 9.4% of
GDP in Guinea, 8.5% in Liberia and 4.8% in Sierra
Leone.™ Liberia lost more than 8% of its health-
care workers. Surveillance, treatment and care of
HIV/AIDS, malaria and TB were set back, and the
entire region suffered economic effects of the
stigma.’® An exposure model predicated on count-
ing and categorizing buildings would have captured
effectively none of the above exposed elements
and thus failed to show the true risk faced by those
countries.

(UNDP 2016b)

(Surya and Rao 2013)

(World Bank 2016)

(Centre for Disease Control and Prevention 2019)



Projected economic losses due to Ebola in Liberia, Guinea and Sierra Leone, 2010-2016
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None of the above should detract from the contin-
ued development and refinement of understanding
of structural exposure. It represents an important
part of the equation. While it is the best-developed
description of exposure in contemporary use, it
benefits from continual improvements.

The increased availability of high-resolution satel-
lite data and crowdsourcing are fostering a capacity
to develop better building profiles, which is impor-
tant for modelling risk for some hazard types. It is
possible to use remote sensing and crowdsourc-
ing to characterize a building’s physical exposure.
The development of building portfolios through a
combination of high-resolution satellite imagery
and crowdsourcing has helped to improve the base
understanding of structural exposure. Knowing the
size and structure of a building can make models
far more accurate and enables better risk assess-
ment in its ability to describe the likelihood of
damage. The damage caused by an event can also
be better and more quickly understood using satel-
lite imagery by comparing before and after photo-
graphs to see if the height of a given building had
changed (indicating damage or destruction). Using
this information, simulations can identify to what
degree changes in adherence to various building
codes would affect outcomes in other areas.
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There are challenges with using satellite data to
impute even structural exposure. For example,
some administrative districts cover very large areas
within which the hazard effects can vary consider-
ably. For this reason, an additional step is needed
to spatially redistribute assets within each area,
based on other sources of information. To identify
where buildings are expected to exist, several auxil-
iary data sets are considered, such as night-time
lights,’® population maps, the location of smaller
roads and public infrastructure information from
open source mapping resources. The evenly spaced
exposure data set can be aggregated following
different approaches to illustrate the distribution
of the building stock at the national, regional or
global scales. The estimated number of buildings
at the global scale is depicted at 0.5 x 0.5 decimal
degrees. Unsurprisingly, the resulting global expo-
sure database indicates a large concentration
of buildings in South-East Asia, Western Latin
America, Central and South Europe, and Eastern
sub-Saharan Africa.

It is technically possible to validate country-level
data by collaborating with local experts and insti-
tutions. Bringing the local level into understanding
exposure is necessary, and there is a clear appetite
among underrepresented governments and citizen
groups, but a more enabling environment is required



Box 3.9. Global human settlements layer

The existing exposure information used in
the global human settlements layer was built
using data from the European Space Agency
(ESA) satellite Sentinel-1. With the launch
of Sentinel-2 researchers expect to be able

to provide much more detail, with smaller
communities being captured that might have
been missed under Sentinel-1. Information
can then also be informed through other
sources such as social networks.

Figure 3.20. Iraq flooding revealed by high-resolution satellite imagery, 2019

Detailed satellite imagery is providing a richer picture of the impact of hazards. This image combines two acquisi-
tions over the same area of eastern Irag, one from 14 November 2018 before heavy rains and one from 26 November
2018, after the storms. The image reveals the extent of flooding in (false colour) red, near the town of Kut.

(Source: ESA 2019: 1 February 2019 10:00 a.m. Contains modified Copernicus Sentinel data, processed by ESA, CC

BY-SA 3.0 1GO)

to encourage people to contribute and share data
about their communities.

At the time of writing, GEM results indicate an
average global loss of $63.47 billion per year due
specifically to earthquakes. Residential building
stocks contribute 64% of the total annual modelled
loss, while commercial and industrial stocks

represent 22% and 14%, respectively. In terms of
the total absolute losses per country; Japan, the
United States of America, Indonesia and China lead
the ranking, mostly due to the considerably high
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economic value of the building stock, as presented
in Figure 3.21.7%2

The evaluation of risk in terms of absolute economic
losses can be misleading, as poor or lesser popu-
lated countries with vulnerable structures will have
annual losses several orders of magnitude below
nations such as China, Japan or the United States of
America. It is thus useful to normalize AALs based
on the total exposed value. Unsurprisingly, the high

range of Figure 3.22 is dominated by countries
with a history of high-impact disastrous events (in
2001, a magnitude 7.7 event in El Salvador, in 2007
a magnitude 8.0 event in Peru, and in 2015 a magni-
tude 7.8 event in Nepal).

The development of the global residential expo-
sure model relied predominantly on data from the
national housing census of each country. These
surveys are performed at different timescales

Highest average annual economic losses due to earthquake risk (in billion $)
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around the world, occasionally at the lowest admin-
istrative level. In the best cases, the survey data
comprises information concerning the number of
buildings, type of structures (e.g. individual houses

or collective accommodation), main material of
construction, material of the roofs, material of the
floors, number of storeys, year of construction and
sometimes the state of the building.

Figure 3.23. Degree of urbanization: red = urban centre; yellow = urban cluster; transparent = rural grid cell
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Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or accep-

tance by the United Nations.

For many nations, the survey data provides informa-
tion only about the type of dwelling and the main
material of the structure. In these cases, a system
is applied using alternative sources of information
and the judgment of local experts. For some coun-
tries, the mapping schemes must be derived using
different techniques within the same region (urban
versus rural areas).

However, there are some challenges with this
approach, such as different definitions of the distinc-
tion between urban and rural (in Japan, areas with
more than 20,000 people are urban; in Australia,

152 (Silva et al. 2019)
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areas above 1,000 people are urban). To solve
this, global human settlements researchers have
created three artificial but homogeneous catego-
ries: urban centres, urban clusters and rural areas.
Urban centres are assumed to have contiguous
grid cells of 1 km? with a density of at least 1,500
inhabitants per km? and a minimum total population
of 50,000. Urban clusters are contiguous grid cells
of 1 km? with a density of at least 300 inhabitants
per km? and a minimum total population of 5,000.
Rural areas are grid cells of 1 km? with a density
below 300 inhabitants per km? and other grid cells
outside urban clusters or centres.’® At the time
of writing, the data layer that contains information

about human settlement is being updated with data
from 2018.

For a few countries there are highly reliable data sets
available. This applies to the Australia, Canada, New
Zealand'* and the United States of America.’®> On
the other end of the spectrum, there are also coun-
tries that have no housing information available or
have been so heavily affected by disasters that after
completion of the national census, the information
is no longer accurate (e.g. Haiti or Nepal). In these
cases, an alternative approach must be adopted that
capitalizes on population data sets, satellite imagery
and open source mapping data.

Figure 3.24. Distribution of number of residential buildings at the smallest available administrative subdivision for 12 coun-

tries in the Middle East as of 2018
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Exposure information regarding non-residential
buildings is rarely compiled systematically at a
regional or national scale. In most cases, secondary
sources of data such as economic census surveys
provide data regarding the number of employees
and various other indicators that are related to
commercial and industrial structures. As a result,
the development of the exposure sources for non-
residential occupancy types relies on three main
sources of data sets: (a) demographic data concern-
ing the workforce across different sectors; (b) data
concerning the number of permits, which may also
specify the date, type of business, size of the facility
and number of workers; and (c) large-scale data sets
that identify regions according to occupancy.’® The
combination of these data sets permits an estimate
of the average number of facilities per occupancy,
which is then distributed across several classes.

The combination of various sources of exposure
information will inevitably lead to a global exposure
data set that is not uniform in resolution, quality or
vintage. And by integrating alternative data sources
to validate information for structural exposure, for
example, a collection of other exposure data is
becoming enriched and validated. And by integrat-
ing data about roads, infrastructure installations,
use of water, distance to food sources, electricity
demand, availability of primary health care, educa-
tion attainment, etc., the global understanding of
exposure beyond the structural level will grow. In
this way, challenges related to the heterogeneity in
data availability and scale will eventually become
obviated as availability of open exposure data grow.

(Melchiorri et al. 2019)

(Nadimpalli, Edwards and Mullaly 2007)
(FEMA 2017)

(Tsionis et al. 2017)

Leaving aside the above-mentioned challenges of
keeping pace with the exposure drivers for the built
environment, the exposure for people, infrastructure
and systems implied in those growth rates repre-
sents an astronomically complicated computation.

Exposure is not static, risk can increase with
changes in exposure (e.g. a three-storey build-
ing can become five storeys over the course of a
few weeks, populations can displace en masse
very quickly or border crossings can be closed). In
Africa, average GDP growth for 2018 was above
4%, with one third of African countries experiencing
real GDP growth of more than 5% year on year.’”’
In developing countries and countries in transition,
growing middle classes and expanded access to
the global market are fuelling growth of exposed
assets while regulatory structures and risk manage-
ment capacity struggle to keep pace. The result
is a compounded risk, as the scale of exposed
assets and lower likelihoods of careful application
of safety standards overtake public investment in
risk management strategies. This applies equally
to construction regulation as to food safety inspec-
tion, industrial facilities verification, disease surveil-
lance, biodiversity preservation, etc.

Urbanization is one of the twenty-first century’s most
transformative trends, posing challenges in terms
of exposure and vulnerability, with implications
in housing, infrastructure and basic services. The
developing world is experiencing 90% of this urban
growth, and it is estimated that 70 million new resi-
dents are added to urban areas in developing coun-
tries each year;'® infrastructure development cannot
keep pace with growth.” Africa is the fastest urban-
izing continent; between 1990 and 2015, the popu-
lation in urban clusters increased by 484 million,

(African Development Bank 2018)
(UN-Habitat 2015)
(Gunter and Massey 2017)



while Asia has 89% of its population living in urban
clusters.’® Low-income countries have seen a 300%
increase in built-up areas and an 176% increase in
population over the past 40 years.'® For example,
the number of fire incidents in formal and informal
dwellings per year are similar, but with approximately

18% of the population living in informal settlements,
the informal settlement dweller is 4.8 times more
likely to be affected by fire than someone residing in
a formal dwelling. The propensity of informal settle-
ments to fire indicates that the burden of fire disas-
ters is often borne by the poor.'%2

Growth in formal and informal urban dwellings in South Africa
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(Sources: Fire Protection Association South Africa 2018)

Historically, many megacities such as Chicago,
London and Tokyo have experienced major urban
fires,'®® but have been able to progressively improve
infrastructure and build structures that take into con-
sideration the hazard. Similar intervention is needed
in new megacities and other growing urban areas to
protect urban communities from preventable risk.

Informal settlements present an increasing chal-
lenge for municipalities. In such areas, as many
as 10,000 people can be left homeless in a single
event like a fire. The urban morphology of informal
settlements contributes to disasters propagating
rapidly, resulting in loss of life, homes and belong-
ings, devastating already-vulnerable communities.

= |inear (Formal dwellings)

Hm Formal dwellings

Linear (Informal dwellings) Informal dwellings

2012 2015

In this way, structural exposure drives other aspects
of exposure to risk.

Fire has as many political, social and economic
properties as physical ones. Fire is a material
condition dependent on ignition, combustion and
fuel. It is also embedded in the history of a loca-
tion, its governance and class structures, and its
specific cultural attitudes towards risk and under-
standings of exposure. Poverty and other forms of
marginalization generate conditions of vulnerability,
contributing to poor housing quality, overcrowding
and failure to invest in protective measures.’®* Of
course, this profile of the multiple dimensions of
intertwined exposure is not unique to fire.



Though flooding is relatively common, damage data
is incomplete because there are so many kinds
of floods that affect so many different forms of
exposed assets. Floods often do not cause struc-
tural damage so there is not the same focus on
data collection that there would be in the wake of
an earthquake.

The exposure calculation for wildfires does not
include human settlement; it includes only the
value of the natural area that was lost (meaning
the cost of wood stocks and the time to replace).
For the EU in 2017, economic losses due to fires
were $11.2 billion, but this did not include the cost
of built assets. Housing has not been traditionally
relevant for fire risk, but is increasingly important to
consider as the economic impact of fires on human
settlements is growing. In densely populated areas,
fires are often started in proximity to human settle-
ments, and the economic cost and mortality is
increasing.

Despite what may seem to be the dehumanization
of disaster impact, it is important for some users of
risk information to measure losses and, by conse-
guence, exposure in monetary terms. This is partic-
ularly important in making the case for effective
mitigation methods like risk-transfer services such
as insurance. The fact is that the return on invest-
ment of risk reduction initiatives is positive (usually
several times over) compared to projected losses;
but not all risk reduction is equal. Public policy plan-
ners are better equipped to make good decisions
when the economic case is made clear. In many
cases, risk reduction initiatives, on their own, are
not politically popular. A politician in a poor jurisdic-
tion may struggle to justify to their constituents an
investment in a warning system that may not sound
the alarm about a hazard for years when there are
children not in school or people who are hungry.

(Devigne, Mouchon and Vanhee 2016)
(Rush et al. 2019)

(Rush et al. 2019)

(Knowles 2013)

Exposure in a global environmental sense takes
into consideration systems for which individual
quantitative figures do not exist. Over the last two
decades, approximately 20% of the productivity of
the Earth’s vegetated surface has shown a persis-
tent downward trend, due to climate change, biodi-
versity loss and poor management practices. With
overharvesting of resources and land-use change
remaining as key pressures, more than half of the
world's ecosystems services are in decline.

The widespread loss of biodiversity and ecosystem
health is evidence of a failure to account for and
manage the breadth of exposed global assets. That
loss also has a major effect on risk reduction and
the mitigation of environmental hazards.'® This
is because ecosystem services help to regulate
climate, filter air and water, and mitigate the impact
of natural hazards. There are other direct benefits
such as availability of timber, fish, crops and medi-
cines, all of which support human health. These are
often lost in the immediate aftermath of a disaster
and can take many years to restore. Freshwater
biodiversity and ecosystem services are threatened
more than any others. Rivers and wetlands the
world over are distorted, dried and overwhelmed
with waste, toxic pollution, invasive species, and are
damaged by overfishing and overuse of irrigation
water. Two thirds of all rivers are highly degraded,'®®
along with the freshwater habitat they support. This
problem affects nearly 5 billion people living in high-
water-threat areas.’®”

Marine biodiversity is at risk from overfishing, ocean
warming and acidification, melting of sea-ice with
the loss of under-ice biota, oil and gas development,
shipping, coastal habitat destruction, loss of coral
reefs, eutrophication and pollution (including marine

(Rush et al. 2019)

(Pacifici et al. 2015)
(Hassan et al. 2005)
(Hassan et al. 2005)



plastics, toxic algal blooms and invasive species).
Terrestrial biodiversity is at risk from rising tempera-
tures, loss of grasslands to deserts and drylands
making them unsuitable for wildlife or agriculture,
deforestation and degradation of tropical forests,
and melting of glaciers in high mountain ecosys-
tems and polar regions.

Exposure to unsafe drinking water and poor sani-
tation already results in 2 million preventable
deaths per year from waterborne infections.'®® With
droughts on the increase in many parts of the devel-
oping world, water-based sanitation will become
even more difficult to implement and sustain, with
the result that the occurrence and extent of hazards
and risk will rise.

Overall, the pressures on exposed biodiversity and
ecosystems (caused by climate change, habitat de-
struction and transformation, as well as land-use
change) mean an irreversible and continuing decline
of genetic and species diversity, and ecosystem deg-
radation at all scales.’® When ecosystems decline
or disappear, important ecosystem services such as
pollination are lost, and so are natural resilience build-
ers such as carbon sinks, natural pest control, and
access to herbal and traditional medicines, which are
important for the health of much of the world’s popu-
lation.”® In the loss of ecosystem biodiversity, there
is the near-certain prospect of more-frequent hazard
events occurring, in addition to sacrificing one of the
remaining resources to mitigate the risk.

In summary, there are different dimensions of expo-
sure beyond what any individual stakeholder is
interested in. This is not an indictment of the analy-
sis of past versions of this GAR, but is reflective of
the new paradigm that the Sendai Framework has
elucidated. Risk is a function of natural and anthro-
pogenic hazards and is a question of management
for all levels of governance, all sectors and all
dimensions of society. A robust health system and
a well-managed road system and network of well-
trained monitors are all mutually building resilience.
For this reason, throughout the Sendai Framework’s
applicability until 2030, it is important that research
and science seek to better understand and repre-
sent as many dimensions of exposure as possible.

3.3

The impact of disasters encompasses more than
just affected people or economic losses. While
every society is vulnerable to risk, some suffer
significantly more and recover more slowly than
others when adversity strikes. Much of the existing
literature on risk remains sector specific and treats
vulnerability as people’s exposure to risk. This
section, building on the analysis offered in previ-
ous GARs and empirical evidence on the multi-
dimensional aspects of risk exposure, reiterates
the need for a more holistic and people-centred
approach to vulnerability. It asks why some people
do better in overcoming adversity than others by
assessing the main obstacles that individuals,
households and societies may face in managing
risk, including challenges in terms of information,
resources and incentives to build back faster and
better.

Vulnerability is defined as the “conditions deter-
mined by physical, social, economic and environ-
mental factors or processes which increase the
susceptibility of an individual, community, assets
or systems to the impacts of hazards.”"”" It occurs
in connection with the incidence of disasters
of varying magnitudes, which negatively affect
the economic, social environmental/ecological
profiles of countries over time. Implicit here is the
notion of “differential vulnerability”, referring to the
different facets and variant levels of risk, to which
populations are exposed, accounting for differenti-
ated impacts and outcomes in disasters.'”?

Hazard identification is only an initial step within
a risk management strategy. While the intensity
remains important, of greater importance is the
profile of a population whose economic, demo-
graphic, environmental, institutional and social
characteristics may place its members at greater
risk before, during and after a disaster. Whereas
evidence suggests that wealthier countries with
more developed institutions or governance are



better able to reduce disaster risk,'”® several coun-
tries have witnessed rapid economic growth in the
last few decades without a commensurable rate of
vulnerability reduction.

The Sendai Framework was conceived as the
world was witnessing impressive reductions
in extreme poverty, major progress in improv-
ing access to schooling and health care, and the
promotion of the empowerment of women, youth,
persons with disabilities and older persons. Yet,
four years later, despite such achievements,
poverty reduction remains uneven across regions,
within countries and among various population
groups. While more than 1 billion people have risen
above the $1.90-a-day line since 1990, millions fall
back into poverty annually due to shocks."”*

Across the globe, in developing and developed
economies alike, those left behind (e.g. people
living in poverty, unemployed and underem-
ployed, persons with disabilities, women and
girls, displaced populations and migrants, youth,
indigenous groups and older people) are often
considered to be stuck in cycles of compound-
ing vulnerability. People living in poverty may be
caught in protracted cycles of unemployment and
underemployment, low productivity and low wages,
and are particularly vulnerable to extreme weather.
Disenfranchised minorities, displaced populations
and migrants are often exposed to discriminatory
practices, have interrupted or no access to formal
justice systems and health services. For those
households, vulnerabilities may have evolved and
persisted over long periods leading to dispari-
ties in income, gender, ethnicity, household and
social status, and job type, which are difficult to
overcome.'”® The governmental challenges of how
to adapt and implement DRR plans in fragile and
complex contexts such as conflict, famine and

(WHO 2018¢)

(Heywood 2017)

(United Nations 2016a)
(OEIWG 2016)

(Shupp and Arlington 2008)

other situations where people are displaced or
migrating in large numbers are discussed further in
Chapter 15.

Disasters significantly interfere with daily life. They
disrupt livelihoods, family and social networks,
and interrupt schooling trajectories, access to
health services, infrastructure networks, supply
chains and connections of essential services, all of
which are critical for people’s well-being. Concep-
tually, the quantification of vulnerability has been
surrounded by debate in recent decades about
appropriate methodologies, metrics and indicators
applied within quantitative, survey-based methods
(single cross sections, panel surveys and commu-
nity surveys) and qualitative ones. Empirical
literature on risk and vulnerability is extensive. It is
therefore inevitable that there would be differences
in how analysts/organizations define and measure
vulnerability in relation to disasters. However,
considering the increasingly damaging impact of
disasters, an improved ability to measure vulner-
ability — albeit incomplete and imperfect - should
be a welcome step towards the promotion of a
disaster-resilient culture.’”®

Vulnerability must be defined in terms of what it is
that a population is vulnerable; its measurement
therefore requires precise characteristics. Expo-
sure to risk should be analysed as one of the many
dimensions of vulnerability. For instance, vulner-
able households are typically more exposed to risk

(UNISDR 2009); (UNISDR 2011b); (UNISDR 2013b); (UNISDR
2015b)

(United Nations Economic and Social Council 2018b)

(UNDP 2014)

(Wei et al. 2017)



and less protected from it."”” Such exposure has
a direct effect on their socioeconomic status and
welfare. Equally important is how risk exposure
causes vulnerability or increases its profundity.’”®
For instance, households, in their efforts to avoid
risk exposure, may be forced to take costly preven-
tive measures, which increases the likelihood of
falling into poverty. Consequently, the decision not
to invest in a high-risk but high-return activity means
foregone income and also a higher likelihood that
a household remains or becomes poor.”® For
example, a disaster can push an already income-
poor household further into poverty or drive a non-
poor household below the income poverty line.”® A
shock may account for the decision to take children
out of school, affect people’'s health permanently,
the ability to obtain sufficient nutrition, a reduction
in life expectancy or access to remedies for treat-
able diseases.

The direction of causality between vulnerability
and risk should also be assessed in reverse order.
Hoogeveen and colleagues offered useful concep-
tual insights on reverse causalities while incorporat-
ing vulnerability in poverty analysis.’®' For example,
to avoid deprivation or food insecurity, a household
may choose low-value crops or may be forced to
cultivate in insecure areas (e.g. landmine-contami-
nated land or areas in conflict) or to live in a hazard-
prone environment (e.g. landslides, flood plains
or along railway lines). It is thus not only exposure
that may lead to detrimental welfare outcomes.
The manifestation of risk (as a shock) also leads to
undesirable welfare outcomes.

Vulnerability assessments can be sectoral or multi-
dimensional, demonstrating the distribution of the
vulnerability indicators used and disaggregating by
sex, family size, location, etc. While several meth-
odologies exist, they are often ex ante and limited
to specific sectors. In addition, many vulnerability
measurements focus on hazards and risks while
overlooking information on capacities to address
them, hence solving only one piece of the vulner-
ability puzzle. They are initiated at the request

of a specific policy question for a specific group
or area (e.g. vulnerability profiles of displaced
population due to disasters in an area), and their
importance is largely overseen for other policy
planning purposes. Lastly, such assessments are
often conducted by international organizations,
NGOs and the private sector within a project life
cycle, compromising opportunities for systemati-
cally integrating their findings into the overall risk
management process and often making supposi-
tions about categories that are influenced more
by stereotypes of vulnerability than measured
vulnerability.

Vulnerability profiling is used to identify groups
that are “liable to serious hardship” - a term coined
by economist and Nobel Laureate, Amartya Sen.
Typical examples include to children and orphans,
pregnant women or girls, nursing mothers, sole
or primary carers (of dependent children, elderly
people or people living with disabilities), people
at risk of sexual or gender-based violence (GBV),
adults or children experiencing family violence,
exploitation or abuse, people living with HIV,
elderly, ethnic minorities, certain castes, internally
displaced persons (IDPs), and households headed
by single women or children. These groups are
often described as vulnerable in the common usage
of the term. However, one point that merits specific
attention is that even though these groups are
characterized as vulnerable, risk is not a core char-
acteristic of their problems, even if in some cases,
risks may have contributed to their destitution as
their opportunities to cope with those risks are
limited.'® In other words, personal characteristics
can be linked to vulnerability, but not define it, and
it is precisely the correlations between vulnerability
profiles and risks that vulnerability assessments
can help determine.

Risks vary by their frequency, intensity and welfare
impact.’® Although the sources of vulnerability are
multiple and diverse, some of the most important
factors that are recurrent in vulnerability assess-
ment revolve around poverty, inequality, gender,’®*
education and health status, disability and environ-
mental concerns. A few examples are presented
in Table 3.4. These outline the risk categories and



possible indicators that measure vulnerability in dictates a different approach. However, a common

disaster contexts. denominator is that indicators should be selected

based on: (a) their validity to represent their under-
There is no perfect answer to the question of which lying concepts appropriately and (b) their ability to
indicators are most appropriate, as each context inform action and policy planning.

Haitian woman takes refuge from Tropical Storm Hanna, 2008

A woman stands in the entrance of the cathedral in Gonaives, Haiti, where up to 400 people took refuge after Tropical Storm
Hanna flooded the region, stranding thousands and killing more than 160 people.

(Source: United Nations 2008; Logan Abassi)
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Table 3.4. Selected risk categories and indicators in vulnerability assessments

Life-cycle/
demographic
risks

Economic risks

Health and welfare
risks

Disability and special

needs risks

150 Chapter 3

Birth, maternity,
old age, family
break-up, death

Unemployment,
harvest failure,
business failure,
resettlement,
displacement,
cross-border
migration

lliness, injury,
accident, disability,
epidemic

(e.g. malaria),
famine, etc.

Access to and benefit

from public services

Family size: household size, number of dependents, recent births, gender
of head, old age, deaths in family, family dissolution, etc. Women’s access
to resources.

Education levels: literacy rate, out-of-school population, pre-primary school
gross enrolment ratio, primary school gross enrolment ratio, primary
school net attendance ratio, secondary school net attendance ratio,
secondary school net enrolment ratio.

Age structure: percentage of elderly population, percentage of children
under five, residents aged 65 and older.

Population characteristics: resident population density, population per
settlement area.

Population growth: crude birth rate, positive birth rate, growth rate of
resident population.

Poverty: proportion of population below the international poverty line, by
sex, age, employment status and geographic location (urban/rural);
proportion of population living below the national poverty line, by sex and
age; proportion of men, women and children of all ages living in poverty in
all its dimensions according to national definitions; proportion of
population covered by social protection floors/systems, by sex, distinguish-
ing children, unemployed persons, older persons, persons with disabilities,
pregnant women, new-borns, work-injury victims, the poor and vulnerable.

Income: per capita income, ratio of high incomes (men/women), average
number of wage earners per household.

Employment: employment to population ratio, status in employment,
employment by sector/occupation/education, informal employment,
unemployment rate, labour productivity, social protection, high qualification
employed, percentage of women with no economic activity, distribution of
working populations in different sectors.

Physical and mental health status: risk of suicide, elderly person,
substance addiction destitution, under five child mortality, neonatal
mortality.

Safe water: population using safely managed drinking water services;
population using safely managed sanitation services; population using
modern fuels for cooking/heating/lighting; air pollution level in cities.

Nutrition: prevalence of undernourishment (food deprivation), prevalence
of critical food poverty (income deprivation) and prevalence of underweight
children (child undernutrition).

Percentage of persons with disabilities living off less than $1.25 per day;
percentage of persons with disabilities covered by social protection, or
percentage of persons with disabilities receiving benefits; percentage of
deaths from persons with disabilities among all deaths due to disasters;
proportion of households with persons with disabilities facing impoverish-
ing health expenditure.



Environmental risks

Pollution, climate
change, deforestation,
land degradation,
landslides, volcanic
eruptions,
earthquakes, floods,
hurricanes, droughts,
strong winds, slash
and burn agriculture,
overharvesting of
forest products,
desertification,
Industrial logging/
illegal logging,
overgrazing/cattle
ranching, soil erosion

Infrastructure: quality of housing, age of construction, population density,
dwelling in five or more storey apartments, air quality, drinking water,
ultraviolet exposure, climate change.

Agri-systems: percentage of land-use changes, proportion of land area
covered by forest and vegetation, percentage of land degradation, arable
and permanent cropland area, reduced dependency on fertilizer and
pesticide use, proportion of land area covered by forest, percentage of area
under sustainable forest management.

Wetlands/rivers: percentage of area maintained as wetlands, riverbank
vegetation maintained, water quality and turbidity, river fragmentation.

Coastal/marine: area of healthy seagrass beds and marine algae,
proportion of marine area protected, health of marine ecosystems, as
measured by marine trophic index, coverage of live coral reef ecosystems,
area of healthy mangroves as buffer zones as measured by area, density
and width.

The feasibility of applying one methodology over another is often dictated by data considerations. While risk analysts for the
past decade have increasingly recognized the importance of assessing the differentiated impacts of disasters through vulner-
ability assessments, a cross-sectional household survey is usually the minimum available for most countries. Identifying data
sources, assessing their suitability for measurement and proposing suggestions for complementary measures are crucial in

developing a vulnerability assessment methodology.'®®

In a vulnerability survey context (single cross
sections, panel surveys or community surveys),
quantitative indicators measure the degree to which
a characteristic is present, while qualitative data
comprises numeric observations that point to the
presence or absence of a characteristic to a single
category. Qualitative data may also include textual
or visual data stemming from interviews, observa-
tions, project data, administrative data or records
and can support inferences. A qualitative mapping
of the strategies that individuals, households and
communities choose to use to anticipate, mitigate
and cope with these disaster risks is also helpful,
not least in terms of broadening the policy options
available.

In the absence of large household surveys, a
small panel component may also serve to under-
stand dynamic issues of vulnerability as related
to systemic risks. As they only cover a certain
year range, retrospective models can assist in
bridging the gap between survey years. In the
(fortunate) event where panel data was collected
before and after a disaster, analysts can examine
variables across the disaster continuum (before,

during and after) by assessing earlier periods
for ex ante mechanisms and later periods for ex
post response.'®® For instance, information on
displacement, migration, income diversification
and livelihood opportunities are useful for ex ante
mechanisms, while variations on employment and
underemployment, remittances and informal trans-
fers are ex post mechanisms.'®’

Secondary data sources may include administra-
tive data, geographic information system (GIS) data,
development/resilience/ livelihoods project data,
census and demographic data, and demographic
and health surveys. Information from such sources
can complement vulnerability analysis given their
ability to capture intertemporal dimensions of risk,
particularly when risk analysts have a single cross-
section survey to base their assessment on.

(UNDP 2016a)
(UNISDR 2013b); (UNISDR 2015b)
(Hoddinott and Quisumbing 2003b)



GIS data is also an extremely useful source of infor-
mation, as it allows analysts to map and spatially
reference units of vulnerability information, hence
exploring relationships among natural hazard
and vulnerability variables. It allows improved

visualization of the spatial distribution of data,
stratification of sampling, identification of spatial
correlates of vulnerability, geographic targeting, and
assessment of the local and non-local (externality)
impacts of some types of shocks.’®®

Enumerator in Bamyan district, Afghanistan, 2010
(Source: United Nations 2010)

Qualitative, interview and focus group data at the
community level will be valuable sources in under-
standing how people react and are thus projected
to react in the future, in the wake of a disaster.
During the 2017 Hurricane Harvey in the United
States of America, more women than men decided
to not evacuate despite alarming messages from
EWSs. Across the world, women and girls are over-
whelmingly tasked, personally and professionally,
with caring for children, housework, the elderly and
people with disabilities. They are often the last to
leave. So, simple life-saving decisions, like decid-
ing when and whether to evacuate a disaster area,
become a difficult choice.'®
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Translating the above into action for vulnerability
assessments dictates that questions on disasters
preparedness and response should be asked at
the household and community levels for cross-
validation. In cases where shocks are multiple and
covariant, community information can provide the
context for individual responses to be analysed and
go beyond the obvious yes or no answers. The use
of proxy questions to ascertain the probability of
certain groups benefiting or, conversely, of being
excluded from risk management plans is also
critical. Vulnerability assessments have repeatedly
proven that disasters discriminate on the same divi-
sions that societies discriminate against people.™



Lastly, census data and demographic surveys
(e.g. demographic and health surveys) are espe-
cially valuable for mapping and analysing life-cycle
risks.™ Census data can improve understanding of
the size of age cohorts as well as the geographic
distribution. Matching the geographic distribution of
the population to, for example, rainfall and seismic
hazard data could prioritize population groups that
are most vulnerable to weather and earthquake
shocks. Furthermore, nutrition and health surveys
can also provide information on issues related to
health and diet, food components, food production,
food safety, food insecurity and highlight regions
with higher likelihood of malnutrition prevalence, as
well as high incidence of contagious diseases.

Risks and capacities to cope accumulate over life-
times. The life-cycle approach has been commonly
used to cluster different vulnerable groups and
prioritize action among them.'? It is founded on a
multidimensional concept of vulnerability, initially
conceived by the World Bank, which allows the iden-
tification of risk factors for each group and thereaf-
ter forecasts the long-term consequences of those
risks into next stages in life.”®® Life trajectories are
the result of investments made in preceding stages
as the consequences of shocks may cascade into
long-term consequences. A setback in early child-
hood has compounding effects throughout the rest
of a person’s life, in terms of growth, job and social
status and the uncertainties involved with growing
older and the transmission of vulnerability to the
next generation.’™ This GAR argues that the cumu-
lative and cascading nature of vulnerability requires
timely and continuous investment to effectively
protect those groups whose vulnerability profiles

(Hoddinott and Quisumbing 2003a)
(Vidili 2018)

(Hallegatte et al. 2016)

(Hallegatte et al. 2016)

(Bonilla Garcia and Gruat 2003)

— many structural and many tied to the life cycle -
make them more susceptible to risks.

Once metrics for observation have been selected,
the life-cycle approach can be used to rank various
groups, by degree of destitution, by their numbers
or a combination of both. As vulnerable groups
are clustered according to their specific character-
istics, poverty data can be extremely useful as a
touchstone because it is well measured and relates
to most of the other characteristics (age, gender,
health and asset ownership).” If such basic data
is not available, the survey-based approach is
preceded by a qualitative analysis to cluster popula-
tion groups.™®

The advantages of a life-cycle approach to vulnera-
bility is that it can forecast socioeconomic impacts
for different population groups and thus prioritize
risk-coping mechanisms but also develop policies
to prevent these risks from cascading into the next
stages in life. In other words, the analysis is not
static; rather it adapts based on learning from the
dynamic processes that perpetuate vulnerabilities
over time.

In practical terms, when it comes to assessing such
vulnerabilities this means that if a vulnerable group
is identified at an early stage of analysis, analysts
can better measure the elements of such vulnerabil-
ities over time by tracking those indicators through
longitudinal surveys. This type of information does
not need to be collected in isolation. Rather, vulner-
ability analysis can inform the development of
existing and future surveys and census data devel-
oped by national statistical offices (NSOs). In ideal
cases, the inclusion of disaster-sensitive indicators
offers improved measurements of disaster inci-
dences, identifies linkages with other aspects of
welfare and integrates those with risk management
instruments.

Irving 1996)

Morrissey and Vinopal 2018)
Hoogeveen et al. 2003)
Lokshin and Mroz 2013)
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An overreliance on asset losses to explain vulner-
ability obscures the relationship between risk and
poverty. By definition, wealthy individuals have more
assets to lose; therefore, their interests dominate in
risk assessments that are limited to asset losses.
But measuring asset losses misses a major dimen-
sion, particularly in the developing world; the poor
are less likely to have assets to lose. Just as highly
developed countries are more exposed to risk (by
virtue of having more to lose), so too are wealthy
people. But the losses felt by less-wealthy countries
and less-wealthy people are not less important. In
fact, they also lack the means and opportunity to
smooth the impact of shocks while maintaining
their consumption, and to recover and rebuild their
assets.

To compensate for the bias towards asset losses
as the key metric of vulnerability, the Unbreakable:
Building the Resilience of the Poor in the Face of
Natural Disasters report introduced the concept of
well-being losses. In addition to traditional asset
losses, well-being losses account for people’s
socioeconomic resilience, including:™’

a. Their ability to maintain their consumption for
the duration of their recovery

b. Their ability to save or borrow to rebuild their
asset stock

c. The decreasing returns in consumption - that
is, poorer people are more affected by a $1
reduction in consumption than richer individuals

Traditional risk assessments evaluate asset expo-
sure and vulnerability to hazards to determine
expected asset losses. The Unbreakable model
additionally incorporates the socioeconomic resil-
ience of the communities to predict