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Climate change, related hazards and human settlements
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The assessments of the Intergovernmental Panel on Climate
Change (IPCC, 2007) have demonstrated that the climate is
changing and the future will see higher sea levels, more heat
waves, intense storms and heavy precipitation events and
extension of drought areas. These climate hazards are having
impacts on human settlements causing major loss of life, social
disruption and economic hardship. Recent literature has
demonstrated that the problem is more rather than less critical.
Linking of climate change adaptation with disaster risk
reduction is important and starting to happen although there
are significant barriers. Less developed countries and the
poorest people in all countries are those most at risk and
usually with the least capacity to adapt and reduce risk. A new
international research initiative, Integrated Research on
Disaster Risk: addressing the challenge of natural and human-
induced environmental hazards (including climate change) has
been established to meet the needs of providing an enhanced
research base on which to develop and implement public
policies.
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Introduction

The harsh impacts of climate variability and change and
related hazards are increasingly being felt across the
world. Populations in low-elevation coastal zones, port
cities [1] and river deltas, which are estimated to include
about 10% of the world’s population [2], have been found
to be exceptionally vulnerable [3]. Already, urban popu-
lations in Asian river deltas such as Dhaka, Kolkata,
Yangoon and Hai Phong are faced with increase flooding,
while coastal cities in Africa such as Abidjan, Accra,
Alexandria, Lagos, Freetown, Maputo and Cape Town
are projected to be severely affected by rising sea level
[3]. The colossal damage associated with climate-related
hazards are extremely daunting—massive loss of human
life, displacement, property damage and total disruption

of daily activities, as witnessed in the Tropical Cyclone
Nargis and Hurricane Katrina. Poor and low income
communities are particularly vulnerable as many people
driven by poverty and unemployment settle in hazardous
physical environments at risk from ecological disturb-
ances, diseases, storms, floods, firestorm and landslides
[4°]. Their physical exposure and vulnerability is often
accompanied by a deficit of adaptive capacity to cope with
the changing climate.

While economic, political and environmental factors are
dominant drivers of displacement and migration today,
climate change and extreme weather events are also
having detectable effects [5,6,7°] as is demonstrated by
cases in Alaska and small island states like Tuvalu and
Kiribati where sea-level rise is forcing thousands of
inhabitants to emigrate to Australia and New Zealand
[8]. In spite of these examples, the relationships between
climate change and migration are highly complex and
unpredictable [5,9] as there are difficulties in separating
other pull-push factors including volatile conflicts, famine,
and poverty. With increasing climate change, disasters of
all kind will continue to be a major driver of short-term
displacement and migration [5].

Despite the strong forces of nature, measures can be
taken to prevent climate-related hazards from becoming
major human catastrophes [10°°,11,12]. This paper thus
addresses questions on how climate-related hazards affect
human settlements with an emphasis on coastal areas and
examines proactive measures that governments can take
to reduce vulnerability and increase communities’
capacity to prevent, absorb and recover from disturb-
ances. The paper also draws attention to the added value
of an integrated approach to climate change adaptation
and disaster risk reduction.

Natural hazards and vulnerable communities

A natural disaster can be defined as a ‘serious disruption of
the functioning of a community or a society involving
widespread human, material, economic or environmental
losses and impacts, which exceeds the ability of the
affected community or society to cope using its own
resources’ [13]. Disasters occur when there is a hazard
impacting on a vulnerable community or population. The
challenge for human settlements is not simply about the
occurrence of natural hazards but the intensity and fre-
quency with which they are happening and also their
increasing vulnerability. The number of reported disas-
ters has increased, from about 65 per year in the 1960s,
200 per year in the 1980s, almost 280 per year in the 1990s
to about 470 per year for the first part of this decade; floods
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(33%), storms (23%, including hurricanes, typhoons, tor-
nadoes, mid-latitude winter storms) and droughts (15%)
are the most frequent triggers for disasters (CRED 2009;
URL http://www.cred.be/). For the period January 1975
and October 2008, 8866 events killed over 2 million
people with economic losses over US$ 1.5 trillion
(CRED, 2009). As noted in the 2009 Global Assessment
Report on Disaster Risk Reduction [14°°], with the very
meaningful subtitle ‘Risk and poverty in a changing
climate, invest today for a safer tomorrow’, only 0.26%
of the events accounted for 78.2% of the mortality, mostly
in developing countries while 0.28% of the events
accounted for 40% of economic loss, mainly in developed
countries. These statistics point out the crucial import-
ance of mega-disasters and how they impact developing
and developed countries differently and how disaster risk
threatens human development [14°°]. In 2008 alone, 354
natural disasters with a death toll three times higher than
the annual average for the period 2000-2007 were
recorded [15]. Tropical Cyclone Nargis resulted in an
estimated 140,000 mortalities in Myanmar, primarily due
to a storm surge in the low-lying densely populated
Irrawaddy River delta [16] while the flooding of the Kosi
River in India affected 3.3 million people [17]. The
Sichuan earthquake in China, a reminder that not all
hazards are climate related, recorded more than 87,000
deaths with more than 60 million people severely
affected. Overall economic losses in 2008 were more than
twice the annual average for 2000-2007 [15].

The Report of the Workshop on ‘Climate Change and Dis-
aster Losses: Understanding and Attributing Trends and Pro-
Jections’ [18°] concluded that direct economic losses due to
disasters had increased, with particularly large increases
since the 1980s. Changing patterns of extreme weather-
related events and the changing vulnerability of commu-
nities were seen as having central roles. With a changing
climate, more intense hazards are expected and better
preparation to respond adequately is necessary such that
losses in human and economic terms can be curtailed.

Information on global disaster statistics is prepared by
several organizations including the Centre for Research
on the Epidemiology of Disasters (CRED, 2009), the
Munich Reinsurance-supported Natural Hazards Assess-
ment Network (NATHAN) and the United Nations
International Strategy for Disaster Reduction (UNISDR).
Gall ¢z a/. [19] have commented on the difficulties and
relative accuracies of these data sources but it is clear that
overall trends are valid. Major events gather worldwide
attention but there are many lower impact events that do
not while still causing great harm. These lower impact
events are often not included in the data bases; for
example, the CRED data base does not register reports
of small-scale disasters below its threshold of 10 deaths,
100 affected people, or a call for international assistance.
As the Global Assessment Report [14°°] notes, many

regions are exposed to more frequently occurring low-
intensity losses affecting large numbers of people with
damage to housing and local infrastructure.

Natural hazards by themselves do not cause disasters;
instead it is the combination of exposure, vulnerability
and ill preparedness of populations that results in disaster
[20]. Vulnerability is a function of physical exposure to
hazards, sensitivity to the stresses they impose, capacity
to adapt to these stresses, susceptibility, fragility and lack
of resilience in socio-economic and physical infrastruc-
tures [10°®,21]. Vulnerability also depends on many other
factors including [12,22°]: magnitude of hazard; timing,
persistence and reversibility of impact; and estimation
and perception of risk. Vulnerability thus becomes a key
distinguishing factor between those who suffer loss and
those who escape it [23] and their resilience is a key
determinant of how well they are able to absorb, adjust
and recover from external shocks like typhoons, floods
and earthquakes.

Geographic disparity and socio-economic inequalities
between and within countries can also have implications
on vulnerability. While developed societies like
Germany, Norway and Japan have built infrastructure
and technological strength that reduces vulnerability and
allow for immediate rapid emergency response to natural
hazards, developing countries, with fewer economic
resources and technology are generally unable to cope
with or manage natural hazards. Geographic disparity can
mean more or less hazards in particular zones; for example
people living along the coast of Florida may find them-
selves exposed to storms and flooding while people inland
and away from rivers are less vulnerable. The overwhelm-
ing damage caused by hurricane Katrina in New Orleans
has been partly blamed on both the technical issues of
poor emergency and evacuation planning as well as on
socio-economic inequalities between those who had the
resources to leave early and resettle temporarily in hotels
and those who had to depend on the State to aid their
evacuation [24]. Climate-related hazards when ill-mana-
ged or inadequately prepared for can easily become
human disasters on a grand scale [25°] deeply affecting
physical, mental and emotional health of people. Even
those who escape death or injury can be left traumatized
by the loss of relatives, friends and belongings, particu-
larly if they are already marginalized by poverty.

A reoccurring question is whether people contribute to
their own predicament by making uninformed or unwise
choices to live in hazard prone areas? This presupposes
that choice is available. But reality shows that this not
always the case [23]. Millions of communities living in
rapidly urbanized countries in Asia, Latin America and
Africa are often driven by poverty and economic con-
siderations to settle in life-threatening areas. For many,
the choice to relocate or remove themselves from this
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situation simply does not exist, leading to a position
where potentially disastrous situations, are created [23].
Overriding issue in an era of climate change are these
equity concerns, since climate change will have strongly
differential effects on people and societies within and
between countries, regions and generations, and on eco-
logical systems.

As the climate changes, a major concern is how to address
the vulnerability of populations in the so-called ‘climate
hotspots’ such as heavily populated deltas (especially Asian
mega-deltas), low-lying coastal urban areas and the atolls
[26]. In many countries the lack of political will and
incapacity of local governments to address environmental
risks currently facing large sections of the population
within their jurisdiction further complicate response to
hazards and perpetuates deficits in protective infrastruc-
ture and services. Climate risks then become an additional
level of risk on already high levels of vulnerability and
deficit adaptive capacity. The Global Assessment Report
[14°°] reflects this concern in its conclusion that: “Global
disasterrisk is highly concentrated in poorer countries with weaker
governance’”’ and that “‘governance arrangements for disaster
risk reduction in many countries do not facilitate the integration of
risk considerations in development.” In the end, critical issues
will be the implementation of good governance and the
generation of the political will to act.

Climate change and related hazards

“Over the last two decades (1988-2007), 76% of all
disaster events were hydrological, meteorological or cli-
matological in nature; these accounted for 45% of the
deaths and 79% of the economic losses caused by natural

hazards. The real tragedy is that many of these deaths can
be avoided.” [27]

With climate-related hazards being the triggers for the
majority of disasters, there is an obvious concern about
how a changing climate will make the situation worse in
the future. The events that have already occurred cannot,
of course, be attributed solely to climate change as other
important factors are population growth, settlement pat-
terns and land-use changes as cities expand. The impacts
on people are related to the relative poverty of many new
city dwellers and poor urban planning, while the growing
economic losses are related to, partly, the growing wealth,
However, the increase in the number of climate-related
events due to heavy precipitation events and related
flooding is consistent with the conclusions of the scientific
studies regarding the increase in the frequency of heavy
precipitation events [28-31] and the summaries of the
Intergovernmental Panel on Climate Change (IPCC)
[32°°]. Typhoons are also a major cause of disasters and
some studies have identified trends in numbers of intense
typhoons and some have found no evidence of trends

[33-40]. The IPCC concluded that it was likely that a
trend occurred in late 20th century (post-1970) in some
regions [41°]. Hoppe and Pielke [18] while noting the
importance of increasing vulnerability concluded that
climate change and variability are factors that influence
trends in disasters. [t was clear that adaptation to extreme
weather events should play a central role in reducing
societal vulnerabilities to climate and climate change.

The IPCC [41°] projects as the climate warms further,
there will be varying impacts in different regions and
likely increases in the frequency of heavy precipitation
events, intense tropical cyclone activity with risks of
floods, drought and risk of water shortage, and incidences
of extreme high sea level [32,42°]. They further [43°°]
adduced sea-level rise would exacerbate inundation,
storm surge, erosion and other coastal hazards, increas-
ingly stressing coastal communities and habitats. These
stresses would interact with development, pollution,
population growth and the rising value of coastal infra-
structure, thus increasing the vulnerability of commu-
nities to climate variability and change.

International concern over climate change has been grow-
ing in response to climate events, the growing movements
in civil society and findings from recent research studies
[44°°.45,46]. Stern [47°] and others have demonstrated
that although the costs of emission reductions are large,
the costs of no action are much higher. These concerns
are reflected in the 2009 Declaration of the Leaders of the
Major Economies Forum (MEF) on Energy and Climate
that states: “‘Climate change is one of the greatest challenges of
our time. ... climate change poses a clear danger requiring an
extraordinary global response, . ..” [48]. The German Advi-
sory Council on Global Change [49°°] concluded that sea-
level rise and storm and flood disasters have already
contributed to conflict, especially during phases of
domestic political tension and in the future could threa-
ten cities and industrial regions along the coasts of China,
India and the USA. Water-related hazards, such as tro-
pical cyclones, storm surges, flooding, landslides and
mudflows are of great threat to coastal and riparian com-
munities whose economies are often closely linked to
climate-sensitive resources [26]. Rapid urbanizing settle-
ments are especially vulnerable as incoming people,
usually with lower economic capacity often live along
river banks, in coastal zones or on unstable hill slopes
[50°] With sea level now rising faster than earlier pro-
jected [51], there is greater concern about the submerging
of low-lying lands, eroding of beaches, increasing salinity
of fresh water aquifers and intense coastal flooding [52].

Addressing vulnerabilities through climate

change adaptation and disaster risk reduction
Vulnerability to climate-related hazards can be addressed
through a combination of two broad approaches: disaster
risk reduction (DRR) and climate change adaptation
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(CCA) [53°°]. The two approaches are different, with
origins in different communities of practice, but they
intersect with investments in one enhancing the other.
The two communities share common nomenclatures and
conceptual notion of risk, hazard, vulnerability, and resili-
ence. There are also practical overlaps in the execution of
their activities and long-term planning strategies. How-
ever, some DRR specialists are skeptical of the sudden
popular interest of the adaptation community in their
work. One major criticism against the adaptation com-
munity (CCA) is the extensive focus on climate as the
main driver of hazards and perceived focus on a long-term
agenda that only encompasses part of the entire array of
hazard (excluding, earthquakes, for instance) [54].
Another major barrier is the mismatch of scales—
temporal, spatial and functional [53]. Disaster risk
reduction, particularly the response and recovery aspects
are usually related to events of short-term duration while
climate change community is mostly focused on longer
term perspectives, which go far beyond immediate dis-
asters. Also, while the disaster risk community is habitu-
ally dealing with local issues, the climate community has
mostly worked on the global scale and the prediction of
events down to the local scale is still problematic. Despite
the differences in both fields, a growing understanding
among practitioners is that a holistic approach that tackles
the proximate and root causes of vulnerability and hazards
will require shared knowledge, tools, method and infor-
mation from both communities.

Disaster risk reduction refers to the development and
application of policies, strategies, and practices that mini-
mize vulnerabilities [55]. It includes measures taken to
protect livelihoods and assets of communities and indi-
viduals from the adverse impact of hazards [20]. Efforts
taken to reduce disasters under this framework may
include: disaster education, information and strengthen-
ing early warning systems; the development of standar-
dized methods for communities: building codes,
emergency management plans; the development of strat-
egies and technologies to reduce the impact of extreme
events on the built environment; promotion of risk wise
behaviour; and, finally, identification of vulnerable sectors
of society including groups and infrastructure and pro-
duce plans that address their special needs [56].

Climate change adaptation refers to any activity that
reduces the negative impacts of climate change and/or
takes advantage of new opportunities that may be pre-
sented [57] and can be either anticipatory or reactive.
Anticipatory adaptations will usually incur lower long-term
costs and are more effective. Designing adaptation policy
for climate change requires careful assessments involving
relevant stakeholders. Limited adaptation to climate-
related hazards has already taken place but seldom taken
within  broader social and development context.
[11,58°%,59]. In many countries, climate change still

remains a highly politicized issue and there are real con-
cerns about investing in what is considered an abstract
problem with low probability of occurrence, at the expense
of other immediate and urgent needs. Information about
climate change and local interpretation of risk assessments
can be cultural and depend on values and ethics
[22°,60°°,61°]. Other barriers include technological, finan-
cial, cognitive and behavioural, as well as significant knowl-
edge gaps. A key issue is the importance of clear
communication of science to decision makers [62]. Because
of these barriers, actions to reduce vulnerability do not
necessarily happen even when there is high adaptive
capacity. Fiscal capacity will be needed but limited by
competing demands onscarce economic resources. Another
limitation on climate change adaptation and related disaster
risk reduction will be the ability to predict the detailed
evolution of climate variability and change [63].

Mukheiber and Ziervogel [64°°] have suggested specific
principles required for adaptation planning at city/
municipal level. The principles include: identify current
trends and future projections of climate change risks on
local vulnerability maps; assess the vulnerability at a
sectoral level; review in this context current development
plans and priorities; develop and prioritize adaptation
options using consultative tools, including participatory
assessment, social accounting matrices and cost benefit
analyses; form a Municipal Adaptation Plan; and imple-
ment, monitor, and review the Plan. Durban, South Africa
is an example of one of a few cities already taking such
approach through the incorporation of climate change into
long-term city planning by addressing the vulnerability of
key sectors such as health, water and sanitation, coastal
infrastructure, disaster management and biodiversity
[65°]. Policy and planning processes for adaptation need
to take these aspects into account in the design and
implementation. Increasing the capacity of countries,
regions, communities and social groups to adapt to cli-
mate change in ways that are synergistic with wider
societal goals of sustainable development should be the
objective. Adaptation for the coasts of developing
countries will be more challenging than for coasts of
developed countries, due to constraints on adaptive
capacity [26]. Climate change adaptation needs to be
seen as integral to enhancing socio-economic develop-
ment and equity throughout the world [66°,67].

The Hyogo framework for Action supports such compre-
hensive approach [68°°]. It calls on countries to reduce
underlying risk by integrating disaster risk reduction
with climate change adaptation and mainstreaming both
into national development plans as a key strategy to
realizing sustainable development [53,67,68°%,69°°]. Also
many of the general principles and requirement for
adaptation listed in the Bali Action Plan [70] are highly
relevant to reducing disaster risk, particularly vulner-
ability assessments, capacity-building and response
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strategies, as well as integration of actions into sectoral
and national planning.

Not taking action now to incorporate disaster risk
reduction and climate change adaptation into public
policies may leave significant public liability later on,
either because the risk may be too onerous for private
sector insurance to carry or because of the sharply rising
cost of disaster recovery and public safety [71] as climate
change impacts become more fierce and urgent.

A research basis for actions

For many years there have been internationally coordi-
nated research programmes on climate change, disaster risk
reduction and related topics. For example, the World
Climate Research Programme [URL http://werp.wmo.int]
was originated in 1980 and the decade of the 1990s was
declared to be the International Decade for Natural Dis-
aster Reduction [URL: http://www.unisdr.org/eng/about_
isdr/basic_docs/GA-resolution/a-res-54-219-eng.pdf] with
a corresponding research programme. Yet, as have been
noted above losses due to hazards (climate related and
otherwise) are continuing to increase despite advances in
the natural and social science of hazards and disasters. The
International Council for Science (ICSU; URL: htep://
www.icsu.org) established first a scoping group and then,
in 2005, a Planning Group on natural hazards research. It
was the assessment of the ICSU Planning Group that,
despite all the existing or already planned activities on
natural hazards (which were summarized by their report
[72°°], an integrated research programme on disaster risk
reduction, sustained for a decade or more and integrated
across the hazards, disciplines and geographical regions,
was an imperative. The value-added nature of such a
programme would rest with the close coupling of the
natural, socio-economic, health and engineering sciences.
Subsequently, the International Council for Science
(ICSU), the International Social Sciences Council (ISSC;
URL: http://www.unesco.org/ngo/issc/) and the United
Nations International Strategy for Disaster Reduction
(ISDR) responded to these identified needs with a new
international research initiative—Integrated Research on
Disaster Risk (IRDR): Addressing the challenge of natural
and human-induced environmental hazards [72°°,73].
With the focus on disaster risk reduction the research will
be aimed at integrated risk analysis, including consider-
ation of relevant human behaviour and decision making
processes in face of risk. The IRDR is guided by three-
broad research objectives related to: the characterization of
hazards, vulnerability and risk; understanding decision-
making in complex and changing risk contexts; and redu-
cing risk and curbing losses through knowledge-based
actions.

The IRDR research programme fulfills the need for an
international, multidisciplinary and an all-hazard research
programme emphasized in the Hyogo Framework for

Action. The added value of such a research programme
lies in its coupling of natural sciences’ examination of
hazards with socio-economic analysis of vulnerability and
mechanisms for engaging the policy decision-making
process. The IRDR will draw upon the expertise and
scientific outputs of many partners in research with the
Earth System Science Partnership [ESSP; URL http://
www.essp.org], the World Weather Research Programme
[WWRP; URL http://www.wmo.int] and others and will
collaborate with the capacity-building and regional
research networks programme, Global Change System
for Analysis Research and Training [START] project.
START has, among other activities, identified cities at
risk as a priority and in 2009 held a major workshop
focusing on Asia’s coastal mega-cities and the risk of
climate change [74].

Conclusion

Integrating climate change adaptation and disaster risk
reduction can prove useful in responding to current and
future climate change. An integrated approach is becom-
ing increasingly relevant and valuable to vulnerable cities
and coastal communities seeking to enhance their adap-
tive capacity and build resilience against a rapidly chan-
ging climate. The UN ISDR Global Assessment Report
makes three recommendations as key towards ‘Investing
today for a safer tomorrow’; these are: investment in risk-
reducing development; incorporating risk reduction con-
siderations; and a risk reduction governance framework.
The report concludes with: “Without strengthening these
arrangements and capacities, even large investments in devel-
opment may have little tangible effect or be counter-productive.
If the governance arrangements and capacities for risk reduction
can be strengthened, small investments can produce huge benefirs.
Investing today to strengthen capacities is essential if future
generations are fo enjoy a safer romorrow.” [14°°] As
countries move forward in addressing the issue of climate
change, with much of the focus on emission reduction
targets and their challenges, the relationship of climate
change and its hazards and the implications for human
settlements around the world must be kept in the fore-
front of thinking and action.
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