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EIA methodology utilizes a range of tools such as matrices, weighted
ranking and computer-aided modelling, which help in comparing and de-
termining the relationship between different actions, environmental
changes and their primary and secondary impacts (Gupta, 2010). Infor-
mation generated by EIAs can help improve early warning because the
EIA process can provide data for risk-mapping and scenario-building in
relation to the potential impacts of projects. Hence, EIAs can be applied
to help assess the conditions of hazards and patterns of vulnerability in
the context of the developmental planning process. EIA reports also in-
clude an environmental monitoring plan. Monitoring parameters usually
can cover early signals of potential disasters.

EIAs applied in the disaster prevention and mitigation phase can help
inform planning for DRR, for instance by providing guidance on choices
of mitigation methods (Gupta and Yunus, 2004), technology investments
and site locations for activities. In a post-disaster context, conducting a
rapid environmental impact assessment (REA) helps to ensure that sus-
tainability concerns are factored into the relief, reconstruction and recov-
ery planning stages (Gupta et al., 2002c). The REA does not replace an
EIA, but fills a gap in an emergency context until an EIA can be appro-
priately conducted (discussed further in the next section).
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Figure 17.5 EIA applications in DRR phases
Source: Gupta and Nair (2012).
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EIAs in post-disaster relief and recovery

Disasters have significant impacts on ecology, infrastructure, people, live-
lihoods and properties. People and their assets are affected either directly
in the form of casualties, injuries or damage, or indirectly through the
impacts of a disaster on ecosystem productivity, environmental services
and the natural resource base. Disaster impacts may be categorized into
the following:

(a) physical (effects on infrastructure, buildings, physical property, indus-
try, roads, bridges, monuments, etc.);

(b) environmental (effects on water, land/soil, land use, landscape, crops,
lakes/rivers/estuaries, aquaculture, forests, animals/livestock, wildlife,
atmosphere/climate, energy, etc.);

(c) social (effects on life, health, livelihoods, employment, relations,
security, peace, etc.);

(d) economic (effects on assets, deposits, reserves, income, commerce,
production, guarantee/insurance, etc.);

(e) ecological (effects on ecosystem integrity and ecosystem health,
structure and functions, productivity, succession, carrying capacity,
etc.).

However, environmental impacts are rarely given consideration in
damage (and loss) assessments conducted following a disaster, although
some consideration is given to environmental components with direct
economic values, for example agricultural production. In the aftermath of
the Indian Ocean tsunami, Blaikie et al. (2005) suggested that effective
recovery and reduction in future vulnerability for local people depended
on:

e recognizing that ecosystem services provide the basis for sustainable

reconstruction and reduction in future vulnerability;

¢ long-term monitoring of both ecological and socioeconomic parame-

ters and a management strategy that encourages adaptation to chan-

ging circumstances;

e providing a clear articulation of the rationale for including biodiversity

conservation concerns in reconstruction planning.

An REA applied in a disaster context is a tool to identify, define and
prioritize potential environmental impacts in disaster situations (Ben-
field Hazard Research Centre-CARE International, 2005: iv). A simple,
consensus-based qualitative assessment process, involving narratives and
rating tables, is used to identify and rank environmental issues and follow
up actions during a disaster. The REA is designed for natural, technologi-
cal or political disasters, and is viewed as a best practice tool for effective
disaster assessment and management. REAs can be used shortly before a
disaster and up to 120 days after a disaster, or for any major change in an
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extended crisis. The REA does not provide answers on how to resolve

environmental problems, but it does provide sufficient information to

allow those responding to a disaster to address key issues raised in the

REA.

In recent years, there have been innovative applications of EIAs in the
context of recovery and reconstruction. For example, WWF and the
American Red Cross developed the Green Recovery and Reconstruction
Toolkit (GRRT, 2010), which contains a dedicated module on the role of
EIA in recovery (see Box 17.3). Moreover, Benfield Hazard Research
Centre and CARE International (2005) have developed more detailed
and comprehensive guidelines on REA in the context of disaster re-
sponse. These guidelines focus analyses in the following areas (2005: v):

e assessment of the general context of a disaster;

e immediate impacts on the environment;

e unmet basic needs of disaster survivors (for example, for fuelwood and
building materials) that could lead to adverse impacts on the environ-
ment; and

e potential negative environmental consequences of relief and recovery
operations.

The methodology is based on qualitative assessments, drawing heavily on

people’s perceptions and often based on incomplete data, but it provides

sufficient information in difficult circumstances to facilitate rapid assess-
ment of needs and priorities.

Post-disaster environmental assessments need to explore whether pro-
posed relief, reconstruction and rehabilitation efforts will have acceptable
environmental impacts (for example, environmentally sound selection of

Box 17.3 Humanitarian response and EIA

WWF and the American Red Cross developed a toolkit to equip field
staff to integrate environmental sustainability into international disas-
ter recovery and reconstruction. The Green Recovery and Reconstruc-
tion Toolkit (GRRT) aims to make communities more resilient by
integrating environmental concerns as part of the recovery process.
Environmental assessment tools are provided to determine the envir-
onmental impacts of humanitarian projects regardless of project type
or sector. Module 3 explains the value of conducting EIAs and
answers the questions of how, when and why an assessment should be
conducted.

Source: <http://green-recovery.org/?page_id=278> (accessed 2 November 2012).
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sites for refugee camps and sourcing of reconstruction materials) and
whether they will strengthen resilience as well as reduce vulnerabilities
to future natural hazards. In addition, they need to ensure that the re-
sponse and recovery process addresses environmental problems caused
by the disaster (for example, contamination of water and soil).

The UN High Commissioner for Refugees developed Environmental
Guidelines (UNHCR, 2005) to incorporate a framework for identifying
and addressing environmental issues associated with refugees, returnees
and disaster relief activities. The Guidelines focus on natural resource de-
terioration and ecosystem services impairment and their consequences
for the health and socioeconomic well-being of the people. Several donor
organizations have established their own guidelines, which include check-
lists on environmental assessment of disaster relief and humanitarian as-
sistance operations — see, for example, the Asian Development Bank
(ADB, 2003); the Swedish International Development Cooperation
Agency (Sida, 2002); and the UK Department for International Develop-
ment (DFID, 2003).

The Joint UNEP/OCHA Environment Unit is the United Nations
mechanism for mobilizing and coordinating emergency assistance to
countries affected by environmental emergencies and natural disasters
with significant environmental impacts. The Joint Environment Unit has
developed “Guidelines for Environmental Assessment Following Chemi-
cal Emergencies” (Bishop, 1999), with the purpose of deploying environ-
mental experts to undertake rapid identification of environment-related
problems following an industrial emergency.

Key challenges and recommendations

Despite the improved understanding of the potential benefits of applying
ecosystem management approaches for DRR, the gap between the two
sectors is wide, especially at the level of policy planning and governance.
There is seldom integration in a real sense, except in academic forums.
EIAs are often viewed with suspicion, because they are known to simply
“rubber stamp” the environmental clearances required from the authori-
ties to gain approval of development projects.

Current EIA and SEA practices do not adequately reflect or incorpo-
rate disaster risk and disaster mitigation concerns, even though environ-
mental legislation and policy frameworks may already support such
integration (for example, in the case of India). Moreover, despite increas-
ing cooperation between DRR and climate change communities-of-
practice, there remains a wide divide across the two communities between
practitioners, their approaches and also the vocabulary used. For example,
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terms such as “vulnerability”, “mitigation” and “risk” are understood

very differently within each community and terms such as “no-regrets

measures” and “adaptation”, which are frequently used by climate change
experts, are less common in DRR parlance. However, this may be
changing as there is increased global recognition for integrating DRR and

CCA and the Intergovernmental Panel on Climate Change (IPCC)

Special Report on Extreme Events (IPCC, 2012) adopts terminology that

is closer to that of the international DRR community.

In order to overcome these challenges, several recommendations may
be presented, drawing from the context in India:

1. The presence of environmental policy and EIA/SEA experts is needed
at the highest levels of decision-making authority and institutions on
disaster management (for example, the National Disaster Management
Authority in India). Conversely, representation of DRR expertise is
warranted at the highest institutional levels of the environment and
natural resource management sectors (for example, the Ministry of
Environment Planning Commission’s Environment Division). This
would ensure increased integration of environment and DRR con-
cerns in their respective policies, programmes and plans.

2. Integrating DRR and environmental management policy and practice
will require adapting and customizing both the disaster management
and environmental management systems and governance. DRR and
environment agencies need to work together and develop common
guidelines for integrating DRR within the EIA process as well as
applying EIA in the context of disaster management (for example,
conducting rapid EIAs in post-disaster response). Further work is
needed in interpreting environmental law and policies, including for
EIAs and SEAs, towards achieving DRR outcomes.

3. Given that SEAs and EIAs are important tools for anticipating the
potential environmental impacts of development activities, there is a
need to apply SEAs and EIAs that are sensitive to disaster risks in the
context of local (regional) and national development planning. A
requirement for regional EIAs (at district level) should be made a
prerequisite to planning. For example, five-year planning cycles are
common in India, and a regional EIA can facilitate an “Environmental
Action Plan” that is also sensitive to disaster risks at district or state
level. A suggested framework of convergence between DRR and en-
vironmental planning is shown in Figure 17.6.

The district is an administrative unit in India and the evolution of
an integrated planning approach across sectors rather than “isolated”
sectoral plans is under way. On the other hand, a Disaster Manage-
ment Plan at district level is required by the Disaster Management Act
of India (2005), which would include hazard, risk and vulnerability
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Figure 17.6 Integration of environmental and natural disaster management at
district level

analyses and plans for disaster mitigation, preparedness and emer-
gency response. It has been suggested that a regional EIA and/or an
SEA of proposed development in the district during the designated
plan period (five years in India) should result in the provision of an
Environmental Management Plan that incorporates the components
of habitat and ecological protection, natural resources management
and DRR and requires the integration of various sectoral plans. This is
useful because the data needed to develop these plans are common to
a great extent, a part from information related to search and rescue.
An Environmental Action Plan at the district level needs to integrate
with the DMP to facilitate environment-based risk reduction and
mainstreaming towards an integrated development planning process.
4. One recent development towards EIA application in disaster manage-
ment is a disaster impact assessment (DIA) component within the en-
vironmental clearance procedure of development projects. Such an
initiative was started by a joint proposal by Pakistan’s National Disas-
ter Management Authority (NDMA) and its Ministry of Environment.
However, the anticipatory assessment methodology framework for a
DIA of a project’s implications in terms of increasing or decreasing
disaster risks and vulnerability in the geographical area of concern is
lacking. India’s National Institute of Disaster Management and Paki-
stan’s NDMA have recently proposed a collaboration to fill this meth-
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odological gap by jointly working on establishing an EIA system that
takes into account the project’s impact on natural disaster risk.

5. Finally, there is a need to update environment-related academic cur-
riculums and training courses to recognize the added value of im-
proved environmental management for DRR. Leading universities in
India and the region have already incorporated “disaster management”
as a specialization in the environmental sciences, but such efforts still
need to be strengthened with case studies of successes and failures, the
use of interdisciplinary knowledge and modern tools such as geo-
informatics and space technology, and the promotion of research.
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Opportunities, challenges and future
perspectives for ecosystem-based
disaster risk reduction

Marisol Estrella, Fabrice G. Renaud and Karen Sudmeier-
Rieux

Introduction

In a world with many competing interests and multiple development pri-
orities, the benefits of disaster prevention remain difficult to measure and
sell politically in spite of some progress in early warning and prepared-
ness (UNISDR, 2011a). Benefits may take years to become tangible and
may need other intervening factors to bring about results. Assessing dis-
aster risk reduction (DRR) deals with less tangible outcomes, for instance
avoided losses; in some cases, disaster risk is never actualized, or will be
but in some distant future. According to the World Bank and the United
Nations, investments in disaster prevention versus relief are highly influ-
enced by “politicians, voters, and the media on one hand; and foreign do-
nors on the other, especially in poor countries where they may have some
influence” (World Bank and United Nations, 2010: 111). Investing in eco-
system management for DRR is subject to the same constraints as other
disaster prevention measures, but, in addition, suffers from a common
preference for technological or engineered infrastructure over ecological
buffers (World Bank and United Nations, 2010).

Although a number of influential policy documents' have recom-
mended investing in ecosystem management and restoration for DRR, in
practice ecosystem management has yet to be mainstreamed into DRR
policies and practices, and these in turn into development plans and pro-
grammes. Policy-makers are still questioning the value-added of ecosys-
tem management for reducing risks related to disasters and climate

The role of ecosystems in disaster risk reduction, Renaud, Sudmeier-Rieux and Estrella (eds),
United Nations University Press, 2013, ISBN 978-92-808-1221-3
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change (PEDRR, 2010). This book is therefore an initiative to fill this gap
between policy and action by highlighting good practices for ecosystem-
based disaster risk reduction and climate change adaptation (CCA). It
includes discussions on a number of natural hazards, namely storm surges,
flooding, landslides, drought and water scarcity, snow avalanches, rock
fall and sea level rise linked to climate change; along coasts, mountains,
wetlands and river basins; in rural and urban contexts; as well as in devel-
oped, emerging and developing countries in South and Southeast Asia,
the Pacific islands, North and Central America, the Caribbean, southern
and west Africa, and Europe. It describes research efforts by scientists as
well as initiatives undertaken by national and local governments, commu-
nities, international organizations and civil society.

Although this volume does not claim to provide exhaustive coverage
of ecosystem-based DRR (for instance, research and case studies on dry-
lands and integrated fire management have not been covered), it con-
tributes to the ongoing discussions by focusing analysis specifically on the
role of ecosystems in DRR. This concluding chapter distils the key
lessons, the challenges and opportunities, and the future outlook for
ecosystem-based DRR, based on this volume’s 17 chapters written by 57
professionals from around the world.

Key lessons
Sustainable livelihoods are at the core of ecosystem-based DRR

As elaborated in Chapters 1 and 2, improved ecosystem management
has the potential to influence all three elements of the disaster risk equa-
tion, in terms of regulating and mitigating hazards, controlling exposure
and reducing vulnerability. Subsequent chapters demonstrated how
healthy and well-managed ecosystems can function as natural infrastruc-
ture that can regulate, mitigate and prevent the hazards themselves, as
well as reduce the exposure of people and assets to hazard impacts (see,
for instance, Chapters 3,4, 5,9, 12, 13, 15 and 16).

However, an equally important — though arguably less tangible — aspect
of ecosystem-based DRR is its contribution to vulnerability reduction.
Given the multiple causes of vulnerability (Birkmann, 2006), it is often
not easy to measure the direct contribution of ecosystems to reducing
vulnerability to disasters. Nonetheless, there is recognition by scientists
and practitioners that sustainable ecosystem management supports basic
needs and local livelihoods and, in this regard, helps reduce socio-
economic vulnerability to hazard impacts (Chapters 4, 5, 8,9 and 11). For
example, in western Jamaica, one coastal community must often rely on
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groundwater from springs for potable water, because storm surges and
flooding can cut off the one main road and water delivery for several
weeks at a time, emphasizing the importance of protecting watersheds
(Chapter 5).

For Tonga, Mavrogenis and Kelman (Chapter 8) emphasize the impor-
tance of linking ecosystem-based DRR and adaptation with meeting local
livelihood priorities, in order to reduce local vulnerability as well as
achieve greater local buy-in and ownership of ecosystem restoration ac-
tivities. Van Eijk et al. (Chapter 9) stress that not all floods are necessar-
ily “bad” and describe efforts in the Mahanadi Delta, India, whereby the
state government and agrarian communities are working together to bet-
ter manage flooding regimes in order to maximize crop production and
flood regulation services provided by wetlands. In this regard, the bene-
fits of ecosystems often go beyond DRR concerns. Sustainable ecosystem
management provides multiple social, economic and environmental bene-
fits — regardless of whether a disaster occurs — and is therefore consid-
ered a no-regret investment (Chapters 1 and 2).

Ecosystem management contributes to an integrated, cross-sectoral
approach to DRR and CCA

From the viewpoint of local communities, disaster and climate change im-
pacts are very much linked, if not often one and the same. Hence, efforts
to better manage and reduce disaster risk are now being undertaken in
reference to CCA, and vice versa. There is a clear trend towards greater
coherence and convergence between DRR and CCA policy and practice.

Similarly, integrating ecosystem management in both DRR and CCA
is increasingly emphasized. Beck et al. (Chapter 6) analyse increasing
vulnerabilities to coastal hazards, including both storm surges and accel-
erated sea level rise (induced by climate change), in New York and Con-
necticut, United States, and formulate development planning tools that
facilitate decision-making on ecosystem-based DRR and adaptation op-
tions, for example the protection and restoration of coastal marshes. Sim-
ilar efforts were undertaken in western Jamaica (Chapter 5) and South
Africa (Chapter 7) to incorporate ecological systems and sea level rise in
the analysis of risk and vulnerability in order to identify ecosystem-based
DRR and CCA options. In Tonga, community-based ecosystem manage-
ment approaches are being implemented to promote both DRR and ad-
aptation (Chapter 8).

A key feature of such integrated ecosystem-based DRR-CCA efforts is
the need to work across development sectors and academic disciplines.
Ecosystem management, DRR and CCA have traditionally been tackled
by separate sectors and communities-of-practice (see also Chapter 2).
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Gupta and Nair (Chapter 17), for instance, note the wide gap that re-
mains in India between the environment and DRR sectors at the level of
policy planning, governance and institutional mechanisms, which con-
strains efforts to adequately incorporate DRR in environmental impact
assessments (EIAs) and strategic environmental assessments (SEAs).
Common terms, such as “vulnerability”, “mitigation” and “risk”, are
understood differently within the DRR and climate change communities.

Several chapters stress the importance of promoting cross-sectoral and
interdisciplinary thinking and practice. Gupta and Nair (Chapter 17) rec-
ommend having environmental policy and EIA/SEA experts present at
the highest levels of decision-making authority and institutions in disas-
ter management, and, conversely, DRR specialists at the highest institu-
tional levels in the environmental and natural resource management
sectors. In order to work towards integrated DRR planning, van Eijk et
al. (Chapter 9) suggest establishing national or regional risk reduction
platforms that adequately represent the different sectors and jointly in-
volve environmental and disaster management actors in all steps of the
risk reduction cycle (see also Chapter 15).

Dalton et al. (Chapter 10) argue that natural resource management
frameworks can no longer ignore disaster risk and they call for integrated
risk assessments and forecasting, for instance in water resources man-
agement and water service delivery. The authors point out the major
opportunities from bringing together the water and DRR communities-
of-practice through recognizing the role of river basins and natural infra-
structure as part of the solutions to reduce disaster risk.

Ecosystem-based and engineered measures may be combined as
hybrid solutions

Another important insight gained from this volume is that ecosystem-
based and engineered measures are not mutually exclusive, and, in many
cases, combined approaches or so-called “hybrid” solutions are neces-
sary and possibly even more effective. Van Eijk et al. (Chapter 9) discuss
how a new DRR paradigm is emerging that employs a combination of
ecosystem-based and engineered solutions to prevent hazardous flooding
and integrates such measures with conventional early warning, prepared-
ness and response measures. The authors point out, however, that the key
priority when applying hybrid solutions is still to maintain and restore
ecosystems and their services. Ecosystem restoration measures could en-
tail engineered interventions such as dyke relocation, depoldering, lower-
ing floodplain areas and the creation of river bypasses, as used in the
Netherlands.
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Dalton et al. (Chapter 10) also note that most modern flood manage-
ment plans now include natural infrastructure solutions, such as protec-
tion or restoration of wetlands and floodplains, as part of a portfolio of
strategies, owing to their unique ability to regulate water and sediment
flows. Papathoma-Koehle and Glade (Chapter 12) further point out that
a common practice for slope stabilization against landslides is bio-
engineering, which combines the use of vegetation and engineering struc-
tures, for example improved vegetation and horticultural practices, coir
and jute netting, or asphalt mulch solutions. Guadagno et al. (Chapter 16)
discuss the successful experience of urban flood management in Boston,
United States, where both engineering and ecosystem conservation meas-
ures were utilized.

Applying the “right” alternative mixes or portfolios of built and natu-
ral infrastructure should be based on rigorous analyses of their various
social, economic and environmental costs and benefits (Dalton et al.,
Chapter 10; see also Chapter 15). Papathoma-Koehle and Glade suggest
that the maintenance costs of silvicultural measures for slope stabiliza-
tion are often lower than engineering measures. The costs and benefits
of applying ecosystem-based DRR are discussed further in the next
section.

Involving local communities in decision-making is key

As discussed throughout this volume, applying ecosystem-based DRR
entails overcoming sectoral divides and calls for behavioural and institu-
tional changes at different levels. One major enabling factor in successful
ecosystem-based DRR is working with local communities and obtain-
ing local buy-in and ownership. Lacambra et al. (Chapter 4) discuss the
importance of involving local populations when considering options of
mangrove reforestation, bioshield programmes or physical engineering
solutions, so they can be more effectively integrated into local land-use
planning strategies. Beck et al. (Chapter 6) describe their successful experi-
ences of working with local decision-makers and community residents in
developing environmentally sustainable and risk-sensitive solutions to
coastal zone development.

Colenbrander et al. (Chapter 7) also stress the importance of engaging
local communities, especially poorer segments of the population, in order
to raise awareness of the negative implications of developing within areas
of high risk and to jointly identify solutions that meet development pri-
orities as well as reduce disaster risk. Mavrogenis and Kelman (Chapter
8) discuss the role of women as well as elders in gaining local support for
ecosystem-based DRR and adaptation initiatives.
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Ecosystem-based DRR is not a panacea

Both scientists and practitioners who have contributed to this volume
fully acknowledge that ecosystems do not provide a stand-alone solution
to DRR. Rather, ecosystem-based measures should be part of a larger
disaster risk management strategy and viewed as complementary to other
essential risk management measures, such as early warning systems and
contingency plans (Chapter 2; see also Sudmeier-Rieux and Ash, 2009).

As with engineered infrastructure, ecosystems also have their own
thresholds and limits for protecting against hazards. Ecosystem composi-
tion (size, density, species) and health status, the type and intensity of the
hazard event, and other geomorphological and topographical features in
specific locations all affect the effectiveness of ecosystems in hazard reg-
ulation, mitigation and prevention (discussed in Chapters 2, 3,4, 9, 12, 13
and 15). Dalton et al. (Chapter 10) stress that ecosystems themselves are
dynamic in their response to changes in the climate, to human pressures
and to natural changes, and their responses are complex. Although
studies in this field are still at preliminary stages (discussed further in
the next section), there is growing evidence supported by scientists, re-
searchers and practitioners, as demonstrated in this volume, that ecosys-
tems provide DRR services, functioning as buffers against natural hazards
and reducing socioeconomic vulnerability. Ignoring the role of ecosys-
tems in the range of DRR options would result in missing opportunities
for sustainable, cost-effective solutions.

Challenges and opportunities

There are several reasons why ecosystem solutions to DRR have not yet
gained full acceptance. There is often greater confidence in engineered
solutions and technology in spite of the high cost and physical shortcom-
ings. This section will discuss what we consider to be the main challenges
to ecosystem-based DRR as well as the opportunities in mainstreaming
ecosystem-based DRR in development programming and planning.

DRR as a fundamental development issue: Land-use planning and
ecosystem investments

We begin by highlighting the challenges inherent in ecosystem manage-
ment as part of land-use planning for DRR. Because this issue is about
where people live and the type of livelihood they have, most of the chap-
ters have addressed land-use planning and DRR directly, indirectly or
implicitly. A majority of the chapters describe various ways in which risk
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is created, because most human settlements develop in naturally hazard-
ous areas such as coastlines, riverbeds, mountains or volcanic slopes. The
various types of trade-offs or conflicting decisions that are taken over
time, space and scale influence how risk is generated. Trade-offs and con-
flicts frequently occur between, on the one hand, people seeking eco-
nomic opportunities in productive yet dangerous places (such as coasts
and river beds) and, on the other hand, governments’ responsibility to
keep people safe and ensure the sustainable use of natural resources
(see also Chapter 7). Oftentimes, conflicts arise when private economic
pressures for development are not compatible with public safety and eco-
system management goals. Actors vary from organized real estate devel-
opers to women and men migrating to informal settlements in economic
hubs, to government agencies mandated to ensure public safety, to envir-
onmental managers entrusted with natural resources management to
planners involved in regulating urban development and land-use plan-
ning. In the best of worlds, land-use planning should be considered the
master plan under which all competing goals are negotiated and consoli-
dated. Yet these goals may be considered mutually exclusive and need to
be negotiated to achieve beneficial outcomes over time, space and scale.

Time

Land-use planning and DRR bring to light conflicting priorities between
long-term disaster reduction and ecosystem management and short-term
livelihood needs. In Tonga (Chapter 8), community priorities were clearly
focused on short-term human security and livelihoods, which were at
odds with the longer-term ecological and climate risk objectives proposed
by national non-governmental organizations (NGOs). Community con-
sultations enabled the NGOs to negotiate objectives to achieve accept-
able outcomes that included both short and longer time-scales. Chapter 11
also illustrated the need to satisfy short-term human security needs while
protecting long-term groundwater resources. Time and long-term plan-
ning are also required for restoring and protecting ecosystems for DRR,
because ecosystems need time to recover and mature, which may be dif-
ficult when political mandates follow shorter time-scales. On the other
hand, as ecological infrastructure matures, benefits accrue, whereas engi-
neered infrastructure decays, requiring more maintenance over time.

Space

Trade-offs might have to be considered when it comes to the use of eco-
systems in DRR in places where land is scarce. Setting up “green” spaces
or vegetative buffers requires space and, in some circumstances, the lack
of space might be a limiting factor, especially in densely populated areas
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where engineering measures may be the main option. In Cape Town,
South Africa (Chapter 7), conflict over coastal space becomes more com-
plex as urban growth pressures increase disaster risks and inequalities,
and remaining green spaces need to be managed as natural buffers for
disaster risks and also to reduce social inequities. Achieving positive out-
comes will require strong institutions, regulations, incentives and commu-
nity involvement in defining the importance of green spaces for DRR.
The critical role of community involvement in negotiating conflicting in-
terests over space was highlighted by several chapters. In Chapter 6, a
community-based approach in the US east coast was employed to man-
age competing economic, public safety and ecological goals, the last goal
being considered crucial for buffering against coastal hazards and pro-
tecting human settlements. Here, positive outcomes over a limited area
were established through a “Coastal Resilience” framework, which pro-
vided the means for negotiating future development towards areas that
are less ecologically and climate sensitive.

Scale

Land-use exemplifies the need for planning at both micro and macro
scales. Examples of how such conflicts can be addressed are highlighted
in Chapter 10, where integrated water resources management (IWRM) is
used to manage and plan for immediate land-use needs and long-term
risk prevention and ecological objectives. The Tacana watersheds project
in Mexico is a good example of how the issue of scale was addressed by
the creation of micro-watershed committees, yet linked at the macro level
through stakeholder consultations at the river basin scale. The project
managed to improve DRR, land-use and ecological objectives by de-
creasing deforestation, reducing flash floods and landslides and improv-
ing early warning systems. Further examples of the need for macro-scale
planning were given in Chapters 15 and 16; regional-level land-use plan-
ning is often critical to protecting watersheds for the provision of clean
drinking water for many of the world’s cities. Thus, land-use planning to
reduce disaster risks can include ecosystem management through various
tools, whether IWRM or integrated coastal zone management, EIAs/
SEAs or community-level planning, which can be an extremely powerful
approach to addressing multiple and conflicting needs, over both the
short and the long term and at multiple scales.

Based on the many examples given in this volume’s chapters, key suc-
cess factors include strong institutions and regulations that provide in-
centives for multiple private and public stakeholders to negotiate
conflicting objectives, and a political willingness to find common ground.
Given the strong demographic, financial and political pressures behind
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urban growth, land-use planning and DRR, finding common ground may
not always be possible. Unfortunately, it often takes a disaster to create
windows of opportunity for collaboration, new thinking and a political
swing, such as the trend towards “green versus grey infrastructure” exem-
plified by the shift towards ecosystem solutions for flood management in
several states in the United States and in European countries (Sudmeier-
Rieux, 2012). Ecosystem solutions mainstreamed into land-use planning
for DRR will require considerable political commitment and resource al-
locations from donors and public institutions that create platforms for
negotiating diverse land-use planning goals.

The economics gap: Valuing ecosystem services for DRR

It is well known that investing in preventive measures, including the pro-
tection of ecosystems, is more cost-effective than rebuilding after a disas-
ter (World Bank and United Nations, 2010). Decisions on public spending
for DRR are often based on cost-benefit analyses of various risk re-
duction options, including whether to invest in ecological or engineering
solutions (or a combination of both). One of the explanations for the lim-
ited investment in ecosystem solutions for DRR is the lack of quantita-
tive figures on the value of ecosystem services, especially in relation to
their regulating functions and other non-use values, and estimations of
returns on investment for ecosystem protection and restoration. The main
challenge in valuations is that ecosystems provide a number of “free ser-
vices” that are often overlooked or undervalued, such as clean water and
hazard regulation, although the Millennium Ecosystem Assessment con-
tributed significantly towards our understanding of all types of ecosystem
values. Yet there are no standards for measuring ecosystem services and
many studies are context specific, making it difficult to compare valua-
tion studies. As a result, the economic benefits of ecosystems to DRR are
often under-appreciated by policy-makers and planners. In order to
enable prioritization of integrated ecosystem management and risk re-
duction strategies, cost-benefit analyses need to take account of eco-
system values, including the “invisible” ecosystem services.

Nonetheless, the tide is turning, and there is now an increasing number
of monetized hazard mitigation analyses of ecosystem services (Chapter
2). For example, The Economics of Ecosystems and Biodiversity (TEEB)
and similar initiatives to incorporate the value of natural capital into na-
tional accounting systems — such as Wealth Accounting and Valuation of
Ecosystem Services facilitated by the World Bank together with several
UN agencies, national governments, NGOs and academic institutions — are
bringing more attention to the economic valuation of ecosystem services,
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including hazard mitigation values, and their subsequent incorporation
into national planning and public investments. Even approximate esti-
mates can be useful to guide resource management decisions.

Chapter 2 provides a number of well-documented examples of values
of ecosystem services for DRR for all different types of ecosystems. For
example, the economic valuation of coastal wetlands for hurricane pro-
tection in the United States was estimated at US$8,240 per hectare per
year (Costanza et al., 2008), compared with US$77,420 per hectare per
year in Spain (Brenner et al., 2010). It is true that discrepancies in valu-
ing coastal ecosystems are likely depending on the elements at risk and
the frequency and magnitude of expected hurricanes. This demonstrates
how each estimate is highly context specific. Dudley et al. (Chapter 15)
also quote a number of very specific ecosystem values for DRR, for ex-
ample the Whangamarino wetlands in New Zealand with an estimated
flood prevention value in 1998 of US$4 million alone (Schuyt and
Brander, 2004). Lacambra et al. (Chapter 4) quote Ronnbéck’s (1999) es-
timate for the global annual market value of capture fisheries supported
by mangroves to be between US$750 and US$16,750 per hectare, whereas
Aburto-Oropeza et al. (2007) calculated the annual value of fisheries as-
sociated with mangroves in the Gulf of California to be US$37,500 per
hectare. Estimates for a specific location thus appear much more useful
for decision-making than more general global economic estimates of eco-
system services.

To be of further use to decision-makers, future ecosystem valuation
studies could strive to differentiate between ecosystem services that have
an impact on the different components of disaster risk, for instance with
regard to direct hazard mitigation or prevention, exposure reduction and
the reduction of social and economic vulnerabilities, as measures of an
ecosystem’s overall contribution to risk reduction. In addition, valuation
studies should capture the cost incurred in replacing ecosystem services
should they be damaged or completely removed. For example, in Chapter
13, Wehrli and Dorren estimated that the value of protection forests in
Switzerland along roads subject to rock fall and avalanches was US$1,000
per hectare per year, compared with a cost of US$18,000-53,000 per hec-
tare for replacement by artificial structures. The first value does not take
into account the additional benefits gained from tourism, wildlife or agro-
forestry; thus, this figure could be even higher. Chapter 15 quotes the es-
timated value of a flood defence scheme in north-eastern Argentina
based on environmental protection, including wetland protection and
management, at US$3.6 million, compared with a total investment of
US$488 million in river basin flood defences, which led to significant
changes in state and municipal regulations in four provinces (Quintero,
2007).
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More innovative financial and regulatory incentives are needed to fur-
ther promote ecosystem solutions to DRR. As highlighted in Chapter 15,
the monetary undervaluation of ecosystem services remains an important
obstacle to the adoption of ecosystem-based DRR, with few countries
taking advantage of tools such as “payments for ecosystem services”
(UNISDR, 2011a). Examples include payments for protecting watersheds
for drinking water as well as downstream flooding, which could attract
both public and private investments (PEDRR, 2011). Local governments
can create innovative financial and regulatory incentives, such as through
“green permitting schemes”, for promoting more “green” infrastructure
and technology not only to provide cooler and healthier cities but also to
reduce flood risks (Chapter 16). New infrastructure projects at local and
national levels can be given financial and regulatory incentives to comply
with both DRR and ecological requirements through EIAs and SEAs
(Chapter 17).

From the many valuation studies quoted throughout this volume, we
can also conclude that, in spite of the challenges in estimating values,
ecosystems provide multiple direct and indirect benefits for DRR (for
example, enhancing human well-being through cultural, aesthetic and
recreation services that cannot easily be valued or provided by man-
made structures). A word of caution, therefore, is also warranted with re-
gard to over-monetizing all values related to ecosystem services. For
example, van Eijk et al. (Chapter 9) illustrate the value of naturally dy-
namic rivers for fishery resources, the well-known creation of favourable
conditions for agricultural production and water purification without nec-
essarily attributing specific economic figures. It is also possible to quan-
tify ecosystem services for DRR based on scientific analytical tools
(Chapters 3, 4, 5, 12, 13 and 14) without necessarily attaching monetary
figures, which may be disputed. Nonetheless, economic valuations will re-
main important in order to estimate the costs of damaging or destroying
ecosystems, which need to be compensated through the public or private
sector, and to influence policy decisions in support of the protection, res-
toration and management of ecosystems as part of DRR strategies.

Bridging the policy and institutional gap

Estrella and Saalismaa (Chapter 2), Beck et al. (Chapter 6) and
Papathoma-Koehle and Glade (Chapter 12) note that, in order for the
role of ecosystems to be integrated in DRR, two conditions need to be
fulfilled. First, an enabling policy environment is needed, including
putting in place integrated policies and legislation that will encourage
ecosystem-based DRR. Second, when in place, these policies and legisla-
tion need to be acted upon and enforced.
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Although addressing the policy gap on DRR has improved over the
years, as documented in the Mid-term Review of the Hyogo Framework
for Action (HFA) 2005-2015 (UNISDR, 2011b), many countries still have
inadequate or no policies that address both environmental management
and DRR under the same policy or legislative framework. Good progress
has been achieved in Europe through the Water Framework Directive
and the Flood Directive, which countries such as the United Kingdom,
France and the Netherlands have translated into integrated flood man-
agement and water resources management strategies (Sudmeier-Rieux,
2012). Ecosystem-based DRR can be achieved only if natural resources
are restored to optimal levels of functionality. This requires a shift in pol-
icy priorities and institutional mandates.

Significant progress can be achieved in promoting ecosystem-based
DRR approaches by ensuring that disaster risks and disaster risk reduc-
tion are addressed explicitly in environmental policies and legislative
frameworks and that environmental management institutions integrate
DRR fully into their mandates. In Mozambique, the National Water Pol-
icy in 2000 was amended to incorporate flood and drought risk manage-
ment through improving water service delivery. This facilitated the
establishment of an institutional support network for water and sani-
tation services, including in the context of emergencies (Chapter 11).
Papathoma-Koehle and Glade (Chapter 12) and Wehrli and Dorren
(Chapter 13) cite forest legislation in several alpine countries (such as
Austria and Switzerland) that recognizes the hazard protection functions
of forests, for instance against landslides, snow avalanches and rock fall.
Gupta and Nair (Chapter 17) discuss how DRR is being integrated into
EIA legislation in different countries and argue for enhanced implemen-
tation of such integrated EIA practices. See also Dudley et al. (Chapter
15) for the specific case of protected areas.

Recognizing the environmental drivers of risk and the role of environ-
mental management in DRR policies and legislation is equally critical in
facilitating increased cooperation between environmental and disaster
management agencies and in lending support to ecosystem-based DRR
solutions, such as the Philippines’ National Disaster Risk Reduction and
Management Framework (Republic Act No. 10121). Beck et al. (Chapter
6) discuss mismatching and conflicting mandates between institutions
working on environmental management, DRR and climate change, which
constrain efforts to address problems jointly. In some instances, new
DRR policy and legislative frameworks are needed that would clearly
articulate the roles and mandates of the various government institutions
in delivering their specific DRR-related priorities.

There are several sectors where the integration of ecosystem manage-
ment and DRR concerns could be better maximized in the respective
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policies and operating frameworks, for instance in water resources man-
agement (Chapter 10), coastal zone management (Chapters 5, 6 and 7),
protected area management (Chapter 15), forest management (Chapters
12,13 and 14) and urban and land-use planning (Chapter 16). Sustainable
drylands management for effective drought management is another im-
portant cross-cutting sector requiring better-integrated planning (United
Nations Environment Management Group, 2011).

Developing capacities for ecosystem-based DRR

At the heart of the institutional challenges for mainstreaming ecosystem
management with DRR is the limited extent or lack of institutional and
human capacities. As outlined by Estrella and Saalismaa (Chapter 2), it is
important to integrate the role of ecosystem management in DRR train-
ing programmes and to continue developing specific ecosystem-based
DRR training modules and courses. These courses are required at every
level: in primary and secondary schools, in training programmes targeting
both professionals (including NGO staff) and public officials, and in terti-
ary education systems (Chapters 2, 8 and 17). Hosting national and re-
gional forums that facilitate the exchange of knowledge and experiences
of ecosystem-based DRR and CCA is another way to support capacity
development (Chapter 8).

Capacity development means enhancing awareness and skills at the
country level and in communities and mainstreaming such integrated
approaches into national and local development planning. Fogde et al.
(Chapter 11) and Mavrogenis and Kelman (Chapter 8) stress the impor-
tance of strengthening capacities in communities and “learning by do-
ing”, so that ecosystem-based DRR initiatives build local self-reliance in
the face of emergencies and harness traditional ecological knowledge and
local experience. However, in order to support community capacity de-
velopment, an enabling national policy environment is needed to facili-
tate local empowerment and community participation in decision-making
processes.

Another critical aspect of capacity development is improving access to
information to guide and inform decision-making. More decision-making
support tools are needed, such as those being developed and tested by
Beck et al. in the United States (Chapter 6) and Colenbrander et al. in
South Africa (Chapter 7). These are based on establishing robust and
reasonable scenarios of impacts and alternatives, which become critical in
facilitating dialogue among stakeholders and handling conflicting inter-
ests. Wehrli and Dorren (Chapter 13) discuss establishing standardized
decision-making processes to support the management of protection for-
ests, for instance through the use of a checklist, forest simulation models
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and stringent monitoring. Gupta and Nair (Chapter 17) propose using
EIAs as a decision support system and information tool to inform plan-
ning through all stages of disaster risk management.

Integrating the role of ecosystems into risk assessments can also help
improve decision-making. Risk assessments often fail to incorporate the
regulatory and protection functions of ecosystems — for example, analys-
ing the role of coastal ecosystems in shoreline protection (Chapter 5) or
the presence of vegetation surrounding the exposed elements at risk
(Chapter 12). By integrating ecosystem services in disaster risk assess-
ments, risk reduction experts can gain critical insights into the way in
which specific environmental conditions drive or reduce risk.

Scientific knowledge gaps: The need for more research

There is already solid empirical evidence that ecosystem-based DRR
works in many contexts, as highlighted in preceding chapters. This ap-
proach allows for the exposure and vulnerability of social and ecological
systems to hazards to be reduced and also contributes to CCA. This is
particularly true when we consider healthy and functioning ecosystems.
However, ecosystem management alone will not lead to the achievement
of all DRR and CCA goals (see Dudley et al., Chapter 15).

Despite the wealth of knowledge available on the role of ecosystems in
DRR, many gaps still need to be addressed by the scientific community,
some of which were mentioned in Chapter 1. We identify here two gen-
eral areas where further research is required.

First, although there is good empirical evidence that healthy ecosys-
tems reduce risks for some hazards (in particular, hydro-meteorological
hazards), we have limited understanding of their role when these hazards
become more frequent or more extreme or when ecosystems are de-
graded. For example, there is evidence that healthy mangroves and other
coastal vegetation types can effectively buffer populations against many
types of coastal hazards such as storm surges (Chapters 3 and 4). How-
ever, their role in high-magnitude and, in some regions, low-frequency
events, such as tsunamis, still needs further investigation and can be very
locally specific. Similar conclusions can be drawn for other hazard types
such as floods, droughts or landslides. Linked to this, we need to move
from a focus on single hazards to consideration of multiple hazards. This
is not easy to achieve because the role of ecosystems can vary greatly
between locations and for different hazard types. Further efforts are re-
quired in understanding better and characterizing more systematically
the role of ecosystems in exposure and vulnerability reduction as well as
in increasing the coping capacities of systems (that is, local communities)
affected by these hazards.
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Second, there is a need for broader-scale research, which would com-
plement localized investigations that typically focus on a narrower set of
research questions. The research objectives should be designed to include
criteria for upscaling approaches and/or replicability through, for ex-
ample, the provision of clear guidelines to steer implementation. Simi-
larly, research needs to address the complexity of coupled social and
ecological systems, as described by Colenbrander et al. (Chapter 7) and
others in this volume. This type of research needs to be both multidisci-
plinary and interdisciplinary. In many cases, research is still piecemeal,
and so-called interdisciplinary projects may still work by discipline rather
than being fully integrated.

Beyond these broader questions, more hazard-specific research gaps
have been identified throughout this book. As highlighted by Lacambra
et al. (Chapter 4), we still need to find out much more about the bio-
physical performance of mangroves during natural disturbances and
about other factors that may reduce coastal populations’ vulnerability to
these disturbances. Research on ecosystems for tsunami protection, as re-
ported by Hettiarachchi et al. (Chapter 3) and other groups around the
world, constitutes a step in the right direction. Yet, to be of practical
value to decision-makers, it could be enhanced with broader socio-
economic considerations of ecosystem-based DRR. Van Eijk et al. (Chap-
ter 9) note that more research is needed to understand the role of
wetlands and other ecosystems in terms of flood risk reduction, since
what works in one socioeconomic and hydro-geomorphological setting
might not work in another. Furthermore, ecosystem restoration method-
ologies require further testing and intensive scientific monitoring to en-
sure they are optimally adapted to a given context and provide maximum
benefits at minimal cost (Chapter 9). More generally speaking, further
applied research is required to understand ecosystem-based solutions in
the context of both DRR and post-disaster recovery (Chapter 10).

With respect to landslide mitigation, Papathoma-Koehle and Glade
(Chapter 12), Wehrli and Dorren (Chapter 13) and Jaquet et al. (Chapter
14) demonstrate the critical role played by vegetation in slope stabiliza-
tion. They point to a few key areas of research that still need to be ad-
dressed: further refinement of models linking climate, slope hydrology,
vegetation cover and slope stability; better understanding of the effects
of vegetation on the different landslide types; the role of the vegetation
surrounding an element at risk and how this element reacts when it is
affected by a particular landslide such as a rock fall or debris flow; and
the incorporation of not only changes in climate and vegetation cover but
also socioeconomic changes in landslide risk assessments. In addition,
Wehrli and Dorren (Chapter 13) consider that there are knowledge gaps
regarding the effects of natural or anthropogenic-influenced forest
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dynamics on stand structure and their protective role against certain nat-
ural hazards.

Another key research priority is to bring together different schools of
thought on vulnerability and risk assessments between the DRR and
CCA communities. Fortunately, the need for this is being increasingly
recognized by scientists and policy-makers (for example, Birkmann and
von Teichman, 2010; IPCC, 2012; Shaw et al., 2010). Perhaps the best
recent example is the consolidation of terminology in the TPCC Special
Report on Managing the Risks of Extreme Events and Disasters to Ad-
vance Climate Change Adaptation (SREX), which was written by scien-
tists from both the CCA and DRR fields of research. One of the outcomes
is that the IPCC SREX report clearly links DRR and CCA within a sus-
tainable development context (IPCC, 2012). Reconciling the two schools
of thought could have many practical implications for linking actors,
policy-making and practices that have often operated in separated
spheres yet should be working closely together. This is important so that
policies, practices and research can concentrate more effectively on find-
ing solutions to saving people and assets as opposed to redefining terms
or assessment frameworks. As highlighted by Mavrogenis and Kelman
(Chapter 8), communities in particular are more interested in solutions to
secure livelihoods than in distinctions between DRR and CCA.

One of the most critical areas for future work and research is develop-
ing more solid methodologies for including ecosystem services in cost—
benefit analyses for DRR measures (discussed in the section in this
chapter on “Bridging the policy and institutional gap”). Research on the
effectiveness of ecosystems for DRR thus needs to be complemented by
research on econometrics, that is, how best to capture the economic bene-
fits of ecosystem services for disaster risk reduction (Chapter 2). Eco-
nomic analysis and detailed studies at various geographical scales are two
of several criteria that have to be considered to determine whether to
invest in ecosystem-based infrastructure, in engineered infrastructure or
in a combination of the two (see Chapters 4 and 15).

Some of the recommendations made above are not necessarily new
and are valid in other contexts too, yet research on ecosystem-based
DRR continues to be localized, to address single hazards and to be ori-
ented to a single discipline. This is not for a lack of recognition by the
research community of the necessity for interdisciplinary and larger-scale
empirical research. However, there are limitations with respect to re-
search funding, which still largely favours typically short-term, case-study-
oriented research. There needs to be a shift away from this, with funding
agencies considering larger-scale, multi-year and interdisciplinary projects
that address both basic and applied research.
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Monitoring and evaluating ecosystem-based DRR

Although implementation of DRR projects and initiatives has increased
over the years, the monitoring and evaluation of DRR interventions have
always posed a major challenge. There are several reasons for this. DRR
is usually about measuring what does not happen or take place (for ex-
ample, damage avoided). Also, because of the multiple drivers of disaster
risk, single interventions can usually tackle only some of these root
causes over limited geographical areas and time-scales. DRR benefits, es-
pecially in relation to vulnerability reduction, may become tangible only
over the long term and may require many years of sustained investment.
For example, the success of the MERET (Managing Environmental
Resources to Enable Transitions to More Sustainable Livelihoods) pro-
gramme in Ethiopia on sustainable land and water management to
mitigate drought risks was based on over 30 years of intervention
(Nedessa and Wickrema, 2010; see also Chapter 1). As a consequence,
continuous monitoring and the establishment of baselines and targets are
frequently not undertaken. Mavrogenis and Kelman (Chapter 8) discuss
how the lack of baseline and monitoring data, which could demonstrate
the effectiveness of ecosystem-based initiatives, inhibits confident deci-
sion-making and careful weighing of options.

In cases where monitoring has been undertaken, examples emerge of
successful utilization of the monitored data. For example, Fogde et al.
(Chapter 11) describe how monitoring was used to measure improved ac-
cess to water and the reduction of outbreaks of water-borne diseases in
the context of flooding conditions between 1999 and 2007, demonstrating
the effectiveness of investing in local capacities in water service delivery.
Such experiences show the importance of monitoring and evaluating eco-
system-based DRR interventions to provide evidence-based advocacy
and to support making choices between alternative DRR options. Moni-
toring and evaluation will need to be incorporated as part of imple-
mentation and adjusted according to scale depending on the level of
intervention (for example, community project versus national pro-
gramme), types of stakeholders involved and the ecosystem services be-
ing monitored for DRR.

Future outlook
The year 2012 fixed DRR firmly in the international development policy

agenda. At the Rio+20 United Nations Conference on Sustainable De-
velopment (20-22 June 2012), DRR was endorsed by the international
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community as an integral component of sustainable development and
poverty eradication (United Nations General Assembly, 2012: paras 186—
189). The G20 Leaders’ Declaration following the Los Cabos Summit in
Mexico (18-19 June 2012) and the ongoing climate change negotiations
have affirmed the importance of DRR in meeting the challenges of de-
velopment. In Durban, South Africa, in December 2011, countries com-
mitted to negotiate a new, legally binding climate change treaty by 2015,
which would include measures to reduce and transfer disaster risk. For-
mal consultations have begun to reflect on what will follow the Millen-
nium Development Goals when they expire in 2015 and how DRR might
be incorporated into the new sustainable development framework. At the
same time, formal discussions have begun to negotiate a new global
agreement on DRR when the HFA expires in 2015.

This unique alignment of international policy processes presents a cru-
cial opportunity to make a strong case for adopting ecosystem-based ap-
proaches in efforts to promote both disaster-resilient and sustainable
development. Ecosystem management provides the “missing bridge” be-
tween DRR and development, in so far as ecosystems are able to miti-
gate or prevent hazards, control exposure and reduce socioeconomic
vulnerabilities through sustainable livelihoods and poverty reduction. As
the term “resilience” becomes much more mainstream in both DRR and
climate change communities-of-practice, an ecosystem-based approach
puts the spotlight on uncovering environmental drivers of risk and re-
ducing underlying vulnerabilities as a keystone for building resilience to
disasters.

The role of ecosystems in DRR is already captured by the HFA
(UNISDR, 2005) under “Priority for Action 4: Reduce the Underlying
Risk Factors” (see Chapter 1), but it is formulated in fairly generic terms.
Future discussions on the post-HFA agreement should consider the role
of ecosystems in DRR but in relation to development policy planning,
integrated risk and vulnerability assessments, sectoral and land-use plan-
ning, capacity development, knowledge and technology transfer, the eco-
nomic valuation of DRR actions in general, and addressing scientific and
information gaps. In addition, greater attention and investment are
needed to support national and subnational (local) efforts to mainstream
and institutionalize DRR and ecosystem-based DRR in sectoral develop-
ment planning, especially in agriculture, water, tourism, forestry, urban
development and land-use planning. Finally, although increased attention
is being paid to involving the private sector in DRR, its role needs to be
better defined in relation to the various actors (for example, private busi-
ness in key sectors such as tourism, insurance companies, large industries)
and how it can best support more environmentally sustainable prac-
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tices with risk reduction outcomes while ensuring their own business
continuity.

Note

1. See Chapter 1; see also IPCC (2012), World Bank and United Nations (2010), UNISDR
(2009 and 2011a).
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of, 255
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sea level rise (SLR), 191, 196-97, 201, 206

seawalls in, 199-202, 206-7, 210

tsunami(s) and, 193, 206-7
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417

disaster risk, 416, 418-22, 425-26, 430-33
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430-31, 433

EIA and humanitarian response, 429
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environmental degradation, 418

environmental impact assessment (EIA),
418-24, 426-33

environmental management, 418, 421-25,
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Germany, 420-21
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416-17
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disaster management, 432
International Strategy for Disaster
Reduction (ISDR), 416
key challenges and recommendations,
430-33
natural hazards, 418, 420-21, 425, 430
Nepal, 421
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Assessment and Disaster Risk
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The Philippines, 421
strategic environmental assessments
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technological hazards, 418
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(EM-DAT)
Emergency Events Database (EM-DAT), 4,
13,20n2-3, 86, 88, 394
environmental degradation
difficulty of disentangling natural and
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disaster loss from, 418-20
disasters and, 3
human vulnerability to disasters and, 223,
372
restoring degraded ecosystems and local
and national disaster reduction
strategies, 372
risk of landslides due to, 33
“Theory of Himalayan Environmental
Degradation,” 346
water-related hazards from, 229
environmental impact assessment (EIA), 19
Eco-DRR and, 39-40, 440, 444, 447-48,
450
EIAS and SEAs in disaster management,
418-24, 426-33
European Union’s Flood Directive, 8
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extreme weather events, 30, 35, 37-38, 372,
374, 379-80
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FAO. See Food and Agriculture
Organization (FAO)
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Federal Emergency Management Agency
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[Nepal] (FECOFUN), 348-49
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Management Agency [USA]
(FEMA)
flood(s)
climate change and, 223
control, 33, 131, 375-76, 378-79
deaths and injuries and economic losses
from, 248
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restoration of wetlands and
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biodiversity, 16
defence structures, 8, 41, 379, 446
gates, 41
generating weather event, 12
management, 8, 19
mitigation, 36-37, 402, 405, 407
natural hydrological cycle and, 251
risk management, 32
walls, 30, 45
floodplains
about, 5, 10, 34, 36-37
Boston’s Charles River Basin, 402
in Cambodia, 225
communities living in, 257, 281
delta sedimentation and, 29
diversity and, 37
downstream flooding reduced by, 226
economic relevance of, 225
flood control in coastal areas, inland river
basins and mountain areas, 34
Inner Niger Delta, 235-38
Mahanadi Delta, India, 230-33
natural ecosystems buffer sudden natural
hazards, 374
Netherlands and “Room for the River”
concept, 241
protection and/or restoration, 256
regulation of water and sediment flows,
441
restoring, 374
urban development on, 391, 409
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from flooding, 252
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drought periods, 34
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floods (flooding), 3-6, 10-11
damage, 43, 59, 232
Eco-DRR and, 29, 32, 34, 36, 40-41,
43-44
in Haiti and the Dominican Republic,
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large-scale, 44
reforestation and, 13
sanitation initiatives during major, 19
vegetation/forest cover and, 12
waterborne diseases and, 37
wetland and swamp preservation and, 41,
43
floodwaters
aquatic/terrestrial transition zone created
by, 224
from dams, and the Indus Basin, 252
drinking water supply in Negril, Jamaica,
37
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million m3 of, 37
periodic rise and retreat of, 224-25
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flooding hazards, 228
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retreat of, 222
flume simulations of coastal features
dissipating energy of tsunami waves,
19, 65, 73-79
Food and Agriculture Organization (FAO),
12,15, 33, 44, 61-64, 72,79, 304
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forests
agroforestry systems, 374
alpine space and protection, 328
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indigenous reserves, 383
in Argentina, for flood control, 379
Austrian Forest Act, 309
for avalanche and landslide control, 32,
373
avalanche-prone slopes, stabilize, 44
on and beneath slopes, 376
carbon sequestration and, 38
catchment, 34
in China, 374
coastal, provide protection from wind
and wave surges, 41, 377, 400,
403
community, in Dolakha District, 19, 353,
356

community forest (CF) in Nepal, 19, 33,
343, 348, 350-53, 356, 363-64

conservation of soil and water, avalanche
control, sand dune stabilization,
desertification control or coastal
protection, 308

conserved by indigenous peoples lose less
forest than other management
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to control natural hazards, 308

economic value of temperate, 400

fires in Kutai National Park, Indonesia
and the Amazon, 377

fires remove, 294

flood control and natural, 379

flooding damage reduced in lowland
agrarian communities, 43

floodplain, in New Orleans, 380

Forest Law, Japan, 401

fruit tree, in arid lands, 374

indigenous reserves and natural forests,
381

in Jamaica, 131

kelp, 175

landslide areas in 1992 covered by, 358

logging of, 294-95

mangrove, 44, 64, 82-84, 89, 92, 94, 96,
307, 380

in Middle East, 374

of mixed tree species, 10

mountains in Madagascar and flood
control, 376

natural storage and recharge properties
of, for flood control, 378

in Parand river basin Argentina for flood
control, 376

peri-urban, 400

protect against rock fall and stabilize
snow, reducing the risk of avalanches,
34

in protected areas accounted for just 3
per cent of tropical forest losses,
383

protected areas and riparian corridors,
376,378

protecting against natural hazards in
mountainous areas, 308-9

protection, 6, 19, 36, 43, 295, 303, 308-10,
313

protection, against rock fall and
avalanches, 10, 303
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protection, in the Alps, 321-31, 333,
335-37,373

protection against regolith
destabilization, 300

protection and risk management in the
Alps

GIS, 349-50

protection for buildings, 302-3

protection forest management, 32

“Protection Forest Platforms,” 310

protection in Japan, 373

reduce risk of floods by increasing
infiltration of rainfall and delaying
peak floodwater flows, 34

regeneration projects In Djibouti, Day
Forest National Park, 377

slope stability and, 300, 313

on steep slopes, 362, 376

in Taiwan, 403

temperate, in Mount Kitanglad Range
Natural Park, Philippines, 377

in tropics, clearing of, 372

urban landscape and, 397, 400

vegetation cover and root structures
protect against erosion, 34

on watersheds, 34

forest cover

community forests, flooding and, 356

Dolakha District, Nepal and, 343-44,
346-54, 356-57, 359, 361-63

Dominican Republic and, 14

Haiti and, 13-14

linked to slope angle for study area,
356

mangrove, 89

methodology scheme for, 350

protected areas and, 383

protection against shallow landslides, 300,
307

rock fall risk and, 335

tree regeneration and, 329

trends in landslide and, 357

trends in Nepal’s, 347

wind destroys, 294

G
GCM. See Global Circulation Model
(GCM)
GDP. See gross domestic product (GDP)
Geographic Information System (GIS)
about, 19, CP4, CP6-CP7

coastal adaptation strategy for Cape
Town, 173, 181, 188n16
dynamic river basins and community
resilience, 231
forest protection and risk management in
the Alps, 349-50
New York and Connecticut area, 144, 146
RiVAMP and Negril, Jamaica, 115-16,
119,128,133
sustainable water supply and sanitation,
276,287
GIS. See Geographic Information System
(GIS)
Global Assessment Reports, 7, 401
Global Circulation Model (GCM), 144-45
Great East Japan Earthquake, 5
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Toolkit (GRRT), 429
greenbelts, 10, 35, 41
gross domestic product (GDP)
of Cambodia, 226
of Cape Town, South Africa, 164
of Dominican Republic, 14
flood damage and, 270
of Haiti, 14, 30
of Jamaica, 112, 114
of Mozambique, 273
sustainable ecosystem management and,
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of Tonga, 193, 211
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GRRT. See Green Recovery and
Reconstruction Toolkit (GRRT)

H
Haiti, 12, 30
deforestation, massive, 13, 29
earthquake, 4, 86, 392
meteorological events, 13
social, economic and governance
indicators for, 14-15
hazard, defined, 18
hazard event (disaster), 3, 5, 20n2, 63-64,
134,270, 391, 442
hazard mitigation
coastal vegetation and, 19
DRR and, 6,9, 27
Eco-DRR and, 30
ecosystem management and, 11
ecosystem services, economic value of,
35-36, 47, 445-46
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relationship between, 256-57
functions of ecosystems, 34-35
hydro-geological, 406
in Jamaica, 112
land-use planning decisions and, 151
mitigation measures and, 57
monetized values of, 55
in New York and Connecticut area, 142,
149-52, 154-55, 157-58
performance of coastal ecosystems for,
57-81
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Hazards U.S.-Multi-Hazards tool
(HAZUS-MH), 146
HAZUS-MH. See Hazards U.S.—
Multi-Hazards tool (HAZUS-MH)
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Hurricane Katrina in New Orleans, xxiv, 5,
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Hyogo Framework for Action (HFA), 6-7,
16, 251-52, 254, 295, 416, 448
“Building the Resilience of Nations and
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Mid-Term Review, 8
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Calamidades [National Disaster
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275-76, 280, 283
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about, 239, 249-54, 257-63, 264n2, 444

climate change adaptation (CCA), 249,
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264
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264n3

International Strategy for Disaster
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257-58,264n3

United Nations International Strategy for
Disaster Reduction (UNISDR),
251-55,257-58, 264

Intergovernmental Panel on Climate

Change (IPCC)

anthropogenic climate change, 191
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Fourth Assessment Report of, 5, 145,
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International Strategy for Disaster
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ISDR. See International Strategy for
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(LiDAR)
Light Detection and Ranging (LiDAR),
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Enable Transitions to More
Sustainable Livelihoods (MERET),
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Future, 33
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provisioning services of ecosystems, 31,

87n5, 167

R

Ramsar Convention on Wetlands, 10, 45,
256, 382

rapid environmental impact assessment
(REA), 427-29

REA. See rapid environmental impact
assessment (REA)
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and Degradation (REDD+), 98
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