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Endorsements

“The application of disaster risk reduction has saved millions of lives and
helped communities globally. But the ecosystems on which communities
depend upon for their protection, economic well-being and recovery
have, until now, been largely ignored in disaster risk reduction. Incorpo-
rating ecosystems into disaster risk reduction can save lives, aid recovery
and help build a more resilient and secure planet for all. This timely book
is an essential tool for policymakers, scientists, economists, sociologists,
and practitioners on why and how to integrate ecosystems into disaster
risk reduction. Scientific studies have repeatedly confirmed the role of
healthy ecosystems in providing resilience against disasters; and they
have demonstrated how environmental degradation contributes to more
severe disasters including droughts, floods, and storm surges. A key chal-
lenge is how to integrate this knowledge into policy and planning. Multi-
disciplinary approaches that combine ecology and engineering, science
with sociology and economics have to be implemented. This book pro-
vides a sobering evaluation of the consequences of ignoring ecosystems
in disaster risk reduction. But it also offers a range of well-considered
and practical solutions which could be used in many existing regulations,
policies and risk reduction activities.”

Deborah Brosnan, Environment and Policy Scientist, University of Cali-
fornia, Davis, One Health Institute

“In 2004, the earth shook, the waters rose, and the Indian Ocean tsunami
changed the world. Almost a quarter of a million coastal dwellers died
that day. Several years later, the earth shook again, this time in Haiti, and
a disturbingly similar number of people lost their lives. In both cases,



sustainable, healthy ecosystems could have substantially mitigated these
disasters.

Recent disasters in Japan, the US East Coast, and several in SE Asia
including Thailand and the Philippines, have led to a simple yet unsolvable
question: How can the world’s most vulnerable populations reduce the
risk posed by natural hazards?

The Role of Ecosystems in Disaster Risk Reduction brings together the
world’s experts on how the natural environment has evolved tools to
buffer against natural hazards in real, sustainable and cost effective ways.
From coastal ecosystems that buffer large waves while providing valuable
services to Indian Ocean communities to protective services that forests
provide in the Swiss Alps, this book is a valuable contribution showing
how environmentally and economically sustainable solutions can provide
real benefits to exposed populations and resources.”

Brian G. McAdoo, College Rector, Professor of Science, Yale-NUS
College

“Why do ecosystems matter in disaster risk reduction? This book meets
an urgent need. Intuitively we understand that working with and not
against nature will help in protecting us from impacts of extreme natural
events, but evidence has been lacking regarding the effectiveness and
efficiency of such measures, particularly as alternatives to or in combina-
tion with engineered solutions. This rich collection of research findings
and tested practices takes us around the globe, from coasts to forests,
from agricultural landscapes to protected areas, from cities to mountains.
It addresses conflicts between socio-economic development and environ-
mental concerns, taken to its extreme in Cape Town where policymakers
and planners have had to overcome the legacy of apartheid to find a sus-
tainable trajectory. And it gives readers an array of methods and instru-
ments to help overcome the sector and disciplinary stovepipes that often
stand in the way of the holistic approaches needed to meet and reconcile
multiple objectives: protecting vulnerable people and assets, halting the
erosion of biodiversity and making sustainable use of our natural re-
source base. Those looking for the state of the art in ecosystem-based
disaster risk reduction now know where to go.”

Johan Schaar, Co-Director, Vulnerability and Adaptation Initiative,
World Resources Institute

“With the human and economic losses of disaster events projected to
grow, and with two-thirds of global disaster losses being caused by hydro-
meteorological events, this is a very timely compilation of the evidence
needed to link up ecosystem management with disaster risk management
as mutually reinforcing initiatives. It comes at a time when the post-2015



development paradigm and framework for disaster risk management are
on the drawing boards. It will surely go a long way in informing the con-
vergence of policies and benchmarks for ecosystem management as an
integral aspect of climate and disaster risk management, to ensure near-
term development gains and long-term climate and disaster resilience.

An extremely timely and comprehensive publication, a game-changer
in the approach to natural resource management for sustainable develop-
ment — and for climate and disaster resilience.”

Prashant Singh, Team Leader, Partnerships and Governance, Global Fa-
cility for Disaster Reduction and Recovery (GFDRR) at The World Bank

“How do ecosystems relate to disasters? How do ecosystems contribute
to disaster risk reduction (DRR)? This book gives us answers to these
questions.

It is timely to address DRR-related coastal issues and water resources
management, which are inevitable to countries being prone to water-
related disasters such as storm surges and tsunamis as well as floods,
droughts and erosion. Forestry and vegetation cover are also dealt with
in relation to land management and landslides. These are serious prob-
lems which many parts of the world are facing in the twenty-first century
under the pressure of sustainable development and survivable societies.
Future perspectives are also given in concluding chapters.

This book will be of interest to disaster managers and policymakers,
eco-hydrologists, coastal and water resources planners, engineers and
managers, research scientists and students, international donor agencies,
and many professionals from NGOs and the media.”

Kaoru Takara, Disaster Prevention Research Institute, Kyoto University,
Japan
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Foreword: Why do ecosystems
matter in disaster reduction?

Margareta Wahlstrom, Special Representative of the
Secretary-General for Disaster Risk Reduction and
Head of the UN Office for Disaster Risk Reduction

The current global framework for disaster risk reduction, the Hyogo
Framework for Action, was agreed in Kobe, Japan, in January 2005 as the
world struggled to come to terms with the loss of life and devastation
caused by the Asian tsunami of a few weeks earlier. Sustainable ecosys-
tems and environmental management were placed top of the list under
the Hyogo Framework’s Priority for Action No. 4 on reducing underlying
risk factors, and a few months later Hurricane Katrina engulfed New
Orleans in a disaster that was both predictable and predicted. As is often
the case following major disaster events, there was much focus on what
should have been done to strengthen the city’s physical infrastructure,
such as improving the levee and drainage systems or building protection
walls.

There is, of course, a very important but less appreciated “resilience
gap” that faced New Orleans and the many small towns and villages that
bore the brunt of the Asian tsunami, and that was the deterioration of
their natural defences. In other words, there was a general failure to ap-
preciate why ecosystems matter in disaster risk reduction and how they
help to build a community’s resilience to disaster events. In the case of
New Orleans, economic development prior to Katrina had taken place at
the expense of losing 4,800 km? of wetlands in the Mississippi Delta,
which took thousands of years to accumulate and helped to dissipate the
energy of storm surges in centuries past.

If one considers that floods disrupt the lives of over 100 million people
every year, then it seems obvious that ecosystems have a role to play in
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limiting the impacts on our built environment and that we cannot simply
pretend we can avoid harm by constructing more dykes, dams, spillways
and other built structures. The proper use and preservation of natural
and constructed wetlands not only help withstand storm surges but also
reduce the volumes of rainwater runoff in urban areas. A key benefit of
wetlands and environmental buffers is to act as flood retention basins
and reduce flooding in built-up areas. One statistic worth pondering in
relation to the value of well-managed ecosystems is that 1.3 million trees
can catch 7 billion m? of rainwater per year, which amounts to a major
reduction in stormwater drainage.

This is a welcome and timely publication that will make a major con-
tribution towards shaping the successor to the Hyogo Framework for
Action, which expires in 2015. It is also a forceful and eloquent reminder
that environmental management is an essential part of best practice in
disaster risk reduction.



Acknowledgements

We are extremely grateful to the following experts who have volunteered
their time and knowledge to peer-review the chapters in this book.
Alphabetically, our sincere thanks go to Sdlvano Bricefio (Science Com-
mittee, Integrated Research on Disaster Risk, Switzerland), George Buoma
(Environmental Policy Advisor, USA), Jane Gibbs (Coast and Flood
Policy, New South Wales Government, Australia), Bruce Glavovic (Re-
source & Environmental Planning Programme, Massey University, New
Zealand), Frank Graf (Institute for Snow and Avalanche Research —
WSL/SLEF, Switzerland), Dennis Hamro-Drotz (UNEP Post-conflict and
Disaster Management Branch, Switzerland), Marcus Kaplan (German
Development Institute, Germany), Brian G. McAdoo (Department of
Earth Science and Geography, Vassar College, USA, and Yale-NUS Col-
lege, Singapore), Jeffrey A. McNeely (Cornell University, USA), Padma
Narsey Lal (Ecosystem Sciences, Commonwealth Scientific and Industrial
Research Organisation, Australia), Hassan Partow (UNEP Post-conflict
and Disaster Management Branch, Switzerland), Jyotiraj Patra (Risk, Re-
sources, Resilience and Global Sustainability — R3GS, India), Jonathan
Randall (Environmental and Social Performance, Millennium Challenge
Corporation, USA), Torsten Schlurmann (Franzius-Institute for Hydrau-
lic, Waterways and Coastal Engineering, Leibniz Universitdt Hannover,
Germany), Rajib Shaw (Graduate School of Global Environmental
Studies, Kyoto University, Japan), David C. Smith (Institute of Sustain-
able Development, University of the West Indies, Jamaica), Keshar Man
Sthapit (HELVETAS Swiss Intercooperation, Afghanistan), Alexia

XXX



ACKNOWLEDGEMENTS  xxxi

Stokes (Institut National de Recherche Agronomique, France), Joerg
Szarzynski (United Nations University Institute for Environment and
Human Security, Germany), Paul Venton (International Development
Consultant: Disasters, Climate Change and Environment, USA), Torsten
Welle (United Nations University Institute for Environment and Human
Security, Germany) and Bettina Wolfgramm (Centre for Development
and Environment, University of Bern, Switzerland, and University of
Central Asia, Bishkek, Kyrgyzstan). We are also grateful to Philipp Koch
and Hannes Etter from the United Nations University Institute for En-
vironment and Human Security for their support during the preparation
of this book.



Abbreviations

ADV
AsgiSA
CAMP
CARICOM
CbA
CBA
CBD
CCA
CCSR
CCT
CDB
CEA
CENOE

CF
CFUG
CRED
CRIiSTAL

Defra
DIA
DMP
DoF
DRM
DRR
EbA

XXXil

Acoustic Doppler Velocity

Accelerated and Shared Growth Initiative for South Africa
coastal area management plan

Caribbean Community

community-based adaptation

cost—benefit analysis

Convention on Biological Diversity

climate change adaptation

Center for Climate Systems Research

City of Cape Town

Caribbean Development Bank

country environmental analysis

Centro Nacional Operativo de Emergéncia [National Emergency
Operations Centre], Mozambique

community forest

Community Forest User Group

Centre for Research on the Epidemiology of Disasters
Community-based Risk Screening Tool — Adaptation and Liveli-
hoods

Department for Environment, Food and Rural Affairs, UK
disaster impact assessment

Disaster Management Plan

Department of Forests, Nepal

disaster risk management

disaster risk reduction

ecosystem-based adaptation



ABBREVIATIONS  xxxiii

Eco-DRR
EIA
EM-DAT
FECOFUN
FEMA
GCM

GDP

GIS

GRRT
HAZUS-MH
HFA

ICZM
INGC

IPCC
ISDR
IUCN
IWRM
LiDAR
MEOW
MERET

MESCAL

MSL

MSV
NDMA
NEP

NGO
NOAA-CSC

NWP
OECD
PAARSS

PARPA

PEDRR
PIOJ
PROFOR
REA
RiVAMP

SBSTA
SEA
SIDS
SLOSH

ecosystem-based disaster risk reduction

environmental impact assessment

Emergency Events Database

Federation of Community Forest Users, Nepal

Federal Emergency Management Agency, USA

Global Circulation Model

gross domestic product

Geographic Information System

Green Recovery and Reconstruction Toolkit

Hazards U.S. — Multi-Hazards tool

Hyogo Framework for Action

integrated coastal zone management

Instituto Nacional de Gestao das Calamidades [National Disaster
Management Institute], Mozambique

Intergovernmental Panel on Climate Change

International Strategy for Disaster Reduction

International Union for Conservation of Nature

integrated water resources management

Light Detection and Ranging

Maximum Envelopes of Water

Managing Environmental Resources to Enable Transitions to
More Sustainable Livelihoods

Mangrove Ecosystems for Climate Change Adaptation and Live-
lihoods

mean sea level

Many Strong Voices

National Disaster Management Authority, Pakistan

National Estuary Program, USA

non-governmental organization

National Oceanic and Atmospheric Administration’s Coastal
Services Center

Nairobi Work Programme

Organisation for Economic Co-operation and Development
Projecto de Abastecimento de Agua Rural e Saneamento em
Sofala [Programme for Rural Water Supply and Sanitation]
Plano de Acgdo para a Reducdo da Pobreza Absoluta [National
Poverty Reduction Strategy]

Partnership for Environment and Disaster Risk Reduction
Planning Institute of Jamaica

Programa de Repoblamiento Forestal

rapid environmental impact assessment

Risk and Vulnerability Assessment Methodology Development
Project

Subsidiary Body for Scientific and Technological Advice

strategic environmental assessment

Small Island Developing States

Sea, Lake and Overland Surges from Hurricanes



xxxiv ABBREVIATIONS

SLR
SLRTF
SOVI
SREX

TEEB
UDDT
UNDP
UNEP
UNESCO
UNFCCC
UNISDR
UNU-EHS

UWI
VDC
WEFP
WSSD

sea level rise

Sea Level Rise Task Force

Social Vulnerability Index

Special Report on Managing the Risks of Extreme Events and
Disasters

The Economics of Ecosystems and Biodiversity

urine-diverting dry toilet

United Nations Development Programme

United Nations Environment Programme

United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
United Nations International Strategy for Disaster Reduction
United Nations University Institute for Environment and Human
Security

University of the West Indies

Village Development Committee

World Food Programme

World Summit on Sustainable Development



Part IV

Sustainable land management for
disaster risk reduction







293

12

The role of vegetation cover change
in landslide hazard and risk

Maria Papathoma-Koehle and Thomas Glade

Introduction

Landslides cause economic losses as well as considerable loss of life
worldwide. They are commonly triggered either by hydro-meteorological
events or by earthquakes. However, preconditioning factors such as to-
pography, geology, soils, hydrological conditions, landslide history and
vegetation cover determine the response of a landslide-prone catchment
to a specific trigger. In this chapter, the focus is on the role of vegetation
within the preconditioning factors and how a change might influence the
consequent landslide risk. Also, aspects of climate change are addressed.

According to the Intergovernmental Panel on Climate Change (IPCC)
Working Group I (2007), the type, frequency and intensity of extreme
events such as heatwaves, droughts and floods are expected to change as
a result of climate variations. Moreover, in a recent IPCC report (2012) it
is suggested that there is high confidence that changes in heavy precipita-
tion will affect landslides in some regions. Moreover, landslide occur-
rence in terms of magnitude, intensity, temporal pattern and spatial
extent might be affected by this change. For example, increasing precipi-
tation frequency and intensity as well as changes in soil temperature
leading to a changed soil moisture regime can reduce slope stability
(UNU, 2006). At large scales, higher temperature and mild winters will
cause permafrost melting and saturation of soils, which might affect slope
stability and eventually the occurrence of landslides (Barring and Pers-
son, 2006). Bo et al. (2008) also point out that climate change will affect

The role of ecosystems in disaster risk reduction, Renaud, Sudmeier-Rieux and Estrella (eds),
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the stability of slopes owing to changes in vegetation and in ground and
surface water levels and they list the types of slopes that are most vulner-
able to such change. Indeed, not all landslide types are expected to have
the same reaction to these climatic changes. According to Geertsema et
al. (2007), landslide types such as debris slides, debris flows and rock fall
respond rapidly to these hydro-meteorological variations, whereas other
types, such as earth slides and flows, have a delayed response. Responses
are also heavily dependent on the magnitude of the triggering event.

Not only might climate change directly affect landslide occurrence but
it can also influence the preconditioning factors of landslide initiation.
For example, vegetation transformation driven by climate change might
lead to changed slope stability and consequent landslide occurrence.
However, such changes occur at different scales. Whereas direct interven-
tions such as deforestation are occurring in rather smaller regions over
short periods, climate change is affecting larger regions and principally at
longer time scales. Thus, changes in vegetation cover as the result of cli-
mate change may be two-fold (see Figure 12.1): (1) climate change might
slowly but constantly develop vegetation cover (for example, a slow shift
in the tree line), and (2) extreme events might result in rapid changes
(for example, fires remove forests or wind destroys forest cover). In addi-
tion to climatic stresses, anthropogenic forces often result in dramatic
vegetation changes. Such forces might be related to (3) the logging of
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Figure 12.1 Schematic representation of various options for vegetation change in
a given catchment/region with (1) continuous climate change; (2) extreme hydro-
meteorological events; (3) forest logging; and (4) changes in agricultural practices
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forests in large areas or (4) changes in agricultural practices owing to
policy decisions or farmers’ economic motives.

Numerous studies have investigated the role of vegetation in relation
to the occurrence of hazardous phenomena such as landslides, rock falls
and debris flows (Alcdntara-Ayala et al., 2006; Bathurst et al., 2009; Dor-
ren et al., 2004, 2006; Gerrard and Gardner, 2002; Glade, 2003a; Green-
way, 1987; Kuriakose et al., 2006; Masuya et al., 2009; Schmidt et al., 2001;
Steinacher et al., 2009; Sudmeier-Rieux et al., 2011; Wasowski et al., 2007;
Woltjer et al., 2008). They all regard vegetation as an important factor
that influences slope stability.

Changes in vegetation as a result of climate change or anthropogenic
factors may affect landslide occurrence but they may also play an impor-
tant role in increasing or decreasing the physical vulnerability of individ-
ual elements at risk. Since vulnerability is of major importance to risk
assessments and risk reduction strategies, as emphasized in the Hyogo
Framework for Action 2005-2015, its role has to be closely examined and
taken into consideration by decision-makers. Vulnerability is affected by
people moving into previously forested areas with consequent impacts on
landscapes because of the construction of critical infrastructure, the
building of urban areas, a change in land use in regions cleared of forests,
etc. Thus, the elements at risk and vulnerability are increasing concur-
rently with a reduction in vegetation cover. In addition, removal of “pro-
tection forests” in already developed regions might increase the
vulnerability of existing critical infrastructure or houses (see below on
protection forests).

Hence, the effects of climate change should not be overestimated. It
is very difficult to assess the impact of climate change on slope stability
owing to a lack of data on historical landslide activity and to other fac-
tors that also affect slope stability (Alcdntara-Ayala et al., 2006). These
other factors range from anthropogenic slope modifications, such as level-
ling, to a changed hydrological regime through drainage and also water
supply to the slopes. According to Winter et al. (2010), these factors might
have a positive or a negative influence on slope stability that even ex-
ceeds that of climatic changes. For example, Wasowski et al. (2007) con-
cluded for their investigated catchment in Italy that changed slope
stability is related not to climate change but to land-use change. Never-
theless, all authors dealing with the effects of climate change on natural
hazards point out that it is urgent for decision-makers to consider climate
change and put mitigation and adaptation strategies high on their agenda.

This chapter examines the ways in which changes in vegetation cover
can affect the spatio-temporal pattern of landslide occurrences, its re-
lated consequences and the implications that these changes might have in
decision-making and disaster management. We review the trends in
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vegetation change resulting from climate change and anthropogenic fac-
tors and the possible consequences for landslide occurrence and overall
landslide risk. We present recent strategies of using land cover and vege-
tation for landslide risk reduction and emphasize the possible gaps and
needs for future research.

Landslide hazard, vulnerability and risk

Landslides can be defined as the downslope movement of soil, rock or
debris as the result of gravitational forces, which can be triggered by
heavy rainfall, rapid snow melting, slope undercutting, etc. (see, for ex-
ample, Crozier, 1999; Glade and Crozier, 2005b). The term “landslide” is
used in this chapter for shallow landslides (defined by BRP, BWW and
BUWAL, 1997, as less than 2 metres deep), debris flow (solid material
with a high water content) and rock fall (loose stones and boulders) ac-
cording to the internationally widely accepted definitions of Cruden and
Varnes (1996) and Dikau et al. (1996). These types of landslides are
mainly affected by vegetation cover and human activity, in contrast to
deep-seated landslides, which are less likely to be stabilized by vegetation
cover and are more affected by geological and hydrological conditions.
The impact of landslides on buildings and infrastructure ranges from zero
(if no buildings are exposed) or minimum (if landslide magnitude is mi-
nor and only negligible damage can be expected) to maximum (collapse
or burial of buildings and infrastructure, loss of life and loss of agricul-
tural land; refer to Glade and Crozier, 2005b, for more details). As far as
debris flows and soil flows are concerned, not only do they influence the
stability of buildings, but also, during low-magnitude events, material can
enter buildings through doors or windows and damage building interiors
(Holub and Fuchs, 2009). In contrast, large-magnitude events damage or
even destroy the building structure such as walls (see Figure 12.2). On
the other hand, rock falls usually affect individual buildings rather than
large areas and they may also damage building interiors. Although, in
Europe, large-magnitude landslides have a low probability of claiming
lives, the concentration of assets on steep slopes, high standards of living
and high population densities have rendered European households vul-
nerable to even small-magnitude landslide events (Blochl and Braun,
2005).

The majority of studies concerning landslide hazards focus on hazard
assessments (mapping and zoning), landslide modelling and landslide risk
management. Although hazard assessments are very important for disas-
ter risk reduction, understanding the vulnerability of the built envir-
onment, the natural environment and society is equally important.



Figure 12.2 Examples of the consequences of landslide occurrence for different
event magnitudes: (a) shallow translational or rotational landslide; (b) debris
flow; (c) rock fall; (d) subsidence and (e) rock avalanche

Source: Based on Glade and Crozier (2005b).
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Vulnerability assessment of elements at risk of landslide-related phe-
nomena is a relatively new field of research (Glade, 2003b; Hufschmidt
and Glade, 2010; Zhihong et al., 2010), which additionally brings together
scientists from different disciplines (Fuchs, 2009). Because there is no
common definition of vulnerability across all disciplines (the social sci-
ences, the natural sciences, engineering), each group of scientists provides
its own definition, clearly demonstrating the lack of common language
and hindering vulnerability research from moving forwards (Brooks,
2003). In the social sciences, vulnerability is related only to the social
context, whereas engineers and natural scientists try to define thresholds
in order to determine acceptable risk and at what point risk reduction
measures should be taken (Bohle and Glade, 2007).

As far as physical vulnerability is concerned, the most common defini-
tion used by natural scientists and engineers is the one proposed by the
Office of the United Nations Disaster Relief Coordinator (UNDRO,
1984: 3): “Vulnerability is the degree of loss to a given element, or set of
elements, within the area affected by a hazard. It is expressed on a scale
of 0 (no loss) to 1 (total loss).” On this basis, the majority of vulnerability
assessment methods for landslides either estimate the associated vulner-
ability (Glade, 2003b) or concentrate on creating vulnerability curves that
connect the intensity of a process to the degree of economic loss of build-
ings (Bohle and Glade, 2007). In a review of methods for assessing vul-
nerability to alpine hazards, Papathoma-Kohle et al. (2011b) suggest that
nearly half of the methods apply vulnerability curves. However, that
means that in most cases only one characteristic of the element at risk
(usually the building type) and of the phenomenon (intensity expressed
as, for example, the thickness of the deposit in the case of debris flow)
is taken into consideration. However, there are studies referring to
other vulnerability indicators, such as demographics and vegetation cover
near buildings (for example, Bell and Glade, 2004; Kappes et al., 2012;
Papathoma-Kohle et al., 2007).

Papathoma-Kohle et al. (2007) introduced a framework to undertake
an assessment of the vulnerability of buildings to landslides, based on the
development of an “elements at risk database”. It takes into considera-
tion the characteristics and use of buildings, their importance for the local
economy and the demographic characteristics of the inhabitants (popula-
tion density, age, etc.). In a modification of this methodology for multi-
hazards, the type of vegetation surrounding a building is also taken into
consideration (Papathoma-Kohle et al., 2011a; Kappes et al., 2012) in as-
sessing its overall physical vulnerability. Four categories of vegetation
surrounding buildings are presented: no trees, few trees, closed tree line
and buildings located within the forest. However, the role of different
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vegetation types in protecting an element at risk has yet to be further
explored.

The role of vegetation cover in landslide risk

Vegetation can reduce the probability of a landslide through the reduc-
tion of the soil pore-water pressure and can reduce the possibility of soil
erosion through reinforcement of soil properties through the root system.
In Figure 12.3, the destabilized slopes on the unforested part of the hills
in East Cape, North Island, New Zealand, are shown. Alternatively, vege-
tation can increase the hazard by overloading the slope with weight and
by weakening the regolith strength through movement of the roots, for
example during strong wind storms (Popescu, 2002; Sidle et al., 1985;
Steinacher et al., 2009). Another observed effect is that the vegetation
cover indeed stabilizes the slope through root reinforcement; however, if
the slope fails, the root weight could actually increase the size of the

Figure 12.3 Destabilized slopes on the unforested part of the hills, East Cape,
North Island, New Zealand
Photo: Michael Crozier.
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landslide. In the case of shallow landslides, rock fall or debris flows, veg-
etation can also reduce the vulnerability of elements at risk. Here, vege-
tation not only prevents the initiation of the landslide process but also
acts as a protective barrier. In this section, the role of vegetation in land-
slide hazard, the vulnerability of the elements at risk and, finally, land-
slide risk are discussed through some examples for shallow landslides,
debris flows and rock fall.

Different land uses and corresponding vegetation cover can have a sig-
nificant influence on slope stability. During a rainstorm event in 2004 in
the East Cape region of North Island, New Zealand, large areas were
affected by landslides. As other studies have shown, the region has under-
gone significant land-use changes over the past century owing to the con-
version of hillsides into farm pastures (for example, DeRose et al., 1995).
Areas affected by landslides recover very slowly, often never returning to
pre-landslide conditions (Smale et al., 1997). The landslide process often
starts as shallow translational soil slides, which develop within the chan-
nels into mud and debris flows. As soon as the displacement of the rego-
lith has been initiated, the transported materials turn into very liquefied
matter. Once the drainage line or channel has been reached, these flow
types can travel for very long distances, from tens to hundreds of metres
downslope, causing damage to buildings and infrastructure that lie in
their way. In contrast, forested slopes remain stable (Figure 12.3). Obvi-
ously, the magnitude of this triggering event was not large enough to
destabilize the areas covered by forests to a similar extent. In the case of
this specific event, the forest functioned as a protection against regolith
destabilization and subsequent landsliding. However, this does not imply
that the forested region and the exposed elements at risk located further
downstream in the valleys are completely safe. It can be expected that,
with an increasing triggering magnitude, even forested areas and ele-
ments at risk near the destabilized slopes will be affected. For events with
a magnitude lower than or similar to that of 2004, forest cover can clearly
be regarded as a protection against shallow landslides and consequent
mud and debris flows.

Also in terms of landslide risk, the consequences are heavily dependent
on the vegetation cover in the source areas of the catchment. In the case
of 2004, regions below the forests were safe and did not experience any
significant damage from landslides. In contrast, exposed elements at risk
located in the non-forested regions experienced significant damage ran-
ging from extensive mud cover (see Figure 12.4) to completely damaged
houses and infrastructure. Therefore, management of vegetation cover can
extensively influence landslide occurrence and consequent landslide risk.

In other regions outside New Zealand, a considerable number of
studies have investigated the role of vegetation (in most cases forests) in
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Figure 12.4 Extensive mud and debris deposits behind a fence following exten-
sive landsliding in the catchment, East Cape, North Island, New Zealand
Photo: Michael Crozier.

slope stability and landslide occurrence. Peduzzi (2010) investigated the
role of vegetation in slope stability in North Pakistan and concludes that
the “presence of denser vegetation has a mitigation effect on landslide
susceptibility” (Peduzzi, 2010: 633). He supports this argument with the
results of landslide modelling with and without considering vegetation
density, determined through the Normalized Difference Vegetation Index.
The susceptibility of the area to landslides rose by 15.1 per cent when the
presence of vegetation was not taken into consideration (Peduzzi, 2010).
On the other hand, Popescu (2002) suggests that, although vegetation
often reduces the occurrence of landslides through water content reduc-
tion and root anchoring, it may also have the opposite effect. He lists
some negative effects of vegetation on slope stability, such as the fact that
trees may destabilize slopes owing to their weight and their exposure to
wind forces. Additionally, Popescu suggests that the roots of trees and
plants can penetrate and expand the joints of rock, thus destabilizing the
slope. However, he emphasizes that these effects are minor and that the
positive effects of the vegetation on slope stability are the dominant ones.
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Table 12.1 The influence of woody vegetation on slope stability

Influences on types
of landslides

Mechanisms Shallow, rapid  Deep-seated

Hydrological mechanisms

Interception of rainfall and snow by canopies of B B
vegetation, promoting evaporation and
reducing water available for infiltration

Root systems extract water from the soil for B B
physiological purposes (via transpiration),
leading to lower soil moisture levels

Roots, stems and organic litter increase ground MA MA
surface roughness and soil’s infiltration
capacity

Depletion of soil moisture may cause MA MA

desiccation cracks, resulting in higher
infiltration capacity of water to a deeper
failure plane

Mechanical mechanisms

Individual strong woody roots anchor the lower B MB
soil mantle into the more stable substrate

Strong roots tie across planes of weakness along B B
the flanks of potential landslides

Roots provide a membrane of reinforcement to B B
the soil mantle, increasing soil shear strength

Roots of woody vegetation anchor into firm B MB
strata, providing support to the upslope soil
mantle through buttressing and arching

The weight of trees (surcharge) increases the MA/MB MA/MB
normal and downhill force components

Wind transmits dynamic forces to the soil A MA

mantle via the tree bole

Source: Marston (2010).
Note: A = mechanism adverse to stability; MA = marginally adverse mechanism;
MB = marginally beneficial mechanism; B = beneficial mechanism.

The role of woody vegetation (trees and plants with hard stems) in
slope stability is discussed extensively by Marston (2010). The mechan-
isms that influence slope stability are divided into two categories: hydro-
logical and mechanical (see Table 12.1, which is modified from Greenway,
1987, and Sidle and Ochiai, 2006).

As far as rock fall is concerned, Corominas et al. (2005) suggest that
falling rocks often lose their kinetic energy as the result of the presence
of trees and never make it to the lowest part of the slope. However, Bigot
et al. (2009) suggest that forests can offer protection to buildings only if
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the forest structure is adapted to this function. They also consider forests
to be not only aesthetically more appealing in comparison with other
protective measures such as nets and dams, but also cheaper to maintain.
Numerous research studies have been carried out, and there is still ongo-
ing investigation in order to determine the effect of protection forests on
rock falls (Dorren et al., 2004, 2006; Masuya et al., 2009; Woltjer et al.,
2008; see also below on protection forests).

The effect of vegetation on debris flow initiation and propagation has
often been investigated in the past (Pabst and Spies, 2001). Kuriakose et
al. (2006) quantify the effect of vegetation on the initiation of debris flow
by using numerical simulation. The results revealed that, although during
high-intensity rainfall the mitigating role of vegetation might be reduced,
vegetation remains crucial to slope stability. Kuriakose et al. also point
out that the mechanical effect (that is, root cohesion) rather than the hydro-
logical effect of vegetation seems to play the most important role.

Rickli and Graf (2009) investigate the differences in shallow landslide
occurrence between open land and areas covered with forests. By looking
at six different landslide areas in Switzerland, they conclude that land-
slide density in open land is clearly higher than landslide density in for-
ested areas. As far as landslide dimensions are concerned, there are no
significant differences, with the exception that landslide depth is greater
in forested terrain. Finally, Rickli and Graf (2009) suggest that shallow
landslides in forested terrain are triggered in areas with steeper slope
inclination.

Furthermore, the role of vegetation in maintaining slope stability has
been investigated globally by numerous scientists in several case studies.
Despite these efforts, there is still the need for more research on the role
of vegetation in relation to the occurrence of rock fall. The vast majority
of studies conclude that the role of vegetation in slope stability is positive
but its significance varies depending on specific local characteristics such
as topography, lithology and hydrology.

Change in vegetation cover and its effect on slope stability
Changes in vegetation cover can result from climate change and from an-
thropogenic activity (for example, deforestation, land-use change, logging,
arson).

Climate change

With respect to climate change, plants may respond in three ways:
persistence, migration and extinction (Theurillat and Guisan, 2001).
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According to Theurillat and Guisan, possible changes in vegetation in the
Alps owing to climate change may include altitudinal shifts of vegetation,
changes in its composition and changes in the growth and productivity of
grasslands. More specifically, as far as Switzerland is concerned, an in-
crease of 3.3°C in mean air temperature would cause an upward altitudi-
nal shift of 600 metres, which would reduce the area of alpine vegetation
belt by 63 per cent (Theurillat and Guisan, 2001). However, the response
of tree species in the Alps may vary. For example, a rise in temperature
might increase the radial growth of the larch pine (Larix decidua), but at
the same time it will reduce the radial growth of the Scots pine (Pinus
sylvestris) because of the lack of water (Theurillat and Guisan, 2001).

In a wider study of the Euro-Mediterranean area, it is suggested that
vegetation in Southern and Eastern Europe as well as in North Africa
will be most affected by climate change. In more detail, in coastal north-
ern Africa and Spain, grass will be replaced by temperate trees, whereas
in non-coastal northern Africa there might be a transition to bare ground
conditions as a result of severe drought (Anav and Mariotti, 2011). Ac-
cording to the same study, in Eastern Europe boreal vegetation and grass
will be replaced by temperate deciduous trees owing to higher tempera-
tures and increased rainfall.

In the United States, the impact of climate change on vegetation has
already been observed, although it varies throughout the country. Model-
ling of vegetation change under different climatic scenarios for the
United States has shown that, for moderate climate change scenarios,
vegetation density will increase, but that, under more severe climate
change scenarios, there will be a decrease in vegetation density. Espe-
cially in the eastern United States, catastrophic fires may cause a transi-
tion from forest to savanna (Bachelet et al., 2001). In addition, existing
land-use practices (for example, timber harvesting, vegetation conversion,
fire, road construction, residential development, mining activities) may
accelerate or counteract the response of vegetation to climate change
(Sidle et al., 1985; Wasowski et al., 2007). For this reason, land-use plan-
ning that takes into account climate change effects on vegetation is cru-
cial (Theurillat and Guisan, 2001).

Deforestation

According to the Food and Agriculture Organization of the United Na-
tions (FAO, 2010), deforestation is decreasing worldwide, although the
rate of deforestation is still alarmingly high. Every year in the last dec-
ade, 13 million hectares of forest were converted to agriculture or were
lost from natural causes. Furthermore, the deforestation rate varies
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significantly from country to country. For example, countries such as
Brazil or Indonesia managed to reduce the rate of forest loss, whereas in
Australia the rate increased as a result of forest fires (FAO, 2010). More-
over, forest areas managed for the protection of soil and water increased
by 59 million hectares worldwide, mainly because of extensive forest
planting in China (FAO, 2010).

Despite these general trends, deforestation is of major importance on
hilly or mountainous slopes with regard to landslide occurrence. Al-
though there are numerous, detailed studies on the effects of deforesta-
tion on slopes and adjacent landslide occurrence (for example, Gerrard
and Gardner, 2002; Wang, 2004), no overall and global information is cur-
rently available on this topic.

Forest fires

Forest fires are often the result of a combination of factors, which may
include ignition agents, fuel condition, topography, climate, wind velocity
and direction, precipitation and humidity. Many studies suggest that an
increase in forest fires should be expected as a result of climate change
(for example, Flannigan et al., 2000). In particular, studies show that there
has been an increase in forest fires in North America and Europe. Inten-
sive forest fires strip slopes of vegetation, which could also have a signifi-
cant impact on the occurrence of landslides (Cannon et al., 1998, 2001;
Gabet, 2003). According to Rice (1977) the immediate effect of wild fires
is similar to the effect of clear-cuts and may not immediately affect land-
slide occurrence. At a later stage, however, the remaining roots of the old
vegetation will disappear, the macro-pores in the regolith will increase
and the landslide hazard may increase. Moreover, Johansen et al. (2001)
suggest that, following a fire, the amount of mineral soil exposed may in-
crease by 60-70 per cent. By applying rainfall simulation and comparing
the results with rainfall simulation on unburned plots, they conclude that
burned plots produced 25 per cent more sediment yield than the un-
burned plots.

Cannon et al. (2003) suggest that burned plots of land are very suscep-
tible to debris flow events. Following a fire, the soil is dry and incapable
of absorbing rainwater. As a consequence there is increased overland
flow. The increased runoff may lead not only to extensive soil erosion but
also to the transport and deposition of this material in the lower areas of
the catchment, for example by channelized debris flows (Cannon et al.,
2003). The effect of vegetation change on slope stability may be greater
from logging, which is short lived (5-20 years, the period between residual
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root decay and subsequent regeneration), compared with forest fires
(Sidle et al., 1985).

Land-use change

In order to assess the impact of land-use change on landslide occurrence,
many scientists have developed models that consider land-use scenarios
in order to assess this impact. For example, Vanacker et al. (2003) mod-
elled the impact of land-use change on landslide occurrence in the Andes,
and Van Beek (2002) and Van Beek and Van Asch (2004) have developed
several scenarios of land-use change in order to assess changes in
landslide-susceptible areas in the Mediterranean.

In Mediterranean environments in Europe, the abandonment of culti-
vated agricultural land is increasing as a result of globalization, mechani-
zation and intensification (Van Beek, 2002). Van Beek and Van Asch
(2004) use a physically based model in order to assess the spatial and
temporal landslide activity for two scenarios of land-use change involving
land abandonment. The results demonstrate that landslide activity is
likely to decrease and consequently the areal extent of landslides will
hardly change. These results might have implications for perceived haz-
ard levels and for the landslide hazard zonation of the area. Vanacker et
al. (2003) modelled landslide susceptibility with a model that suggested
that land-use change would continue in the same way that it had over the
preceding 37 years in the Ecuadorian Andes. The modelling results
clearly indicate that the conversion of secondary forest to grassland or
cropland is likely to increase shallow landslide activity.

Meusburger and Alewell (2008) investigated the ways that land-use and
climate changes are influencing the occurrence of landslides by investi-
gating spatial landslide distributions in the Urseren Valley in Switzerland
between 1959 and 2004. In this period, the area affected by landslides in-
creased by 92 per cent. This can be explained only by the increase in ex-
treme rainfall events and by land-use change. Specifically, goat pastures
and spring pastures had disappeared and remote and less productive
areas had been abandoned, being replaced by uncontrolled grazing within
confined areas. Moreover, the abandonment of traditional farming prac-
tices, in combination with the mechanization of local agriculture, might
have contributed to increased soil erosion and consequently to the occur-
rence of landslides. On the other hand, areas colonized by shrubs show
low landslide density (Meusburger and Alewell, 2008).

Glade (2003a) focuses on geomorphic responses to anthropogenic
land-use and land-cover changes in New Zealand. By analysing sedimen-
tation rates in swamp, lake, coastal and marine environments, Glade



VEGETATION COVER CHANGE, LANDSLIDE HAZARD AND RISK 307

(2003a) concludes that the deforestation that took place after the arrival
of the European settlers was connected with increased landslide activity,
which was reflected in the sedimentation rates in these environments.

Common to all these studies is the strong interlinkage between landslide
occurrence and changes in vegetation cover. Indeed, the link can work
both ways. As argued above, forest cover can protect regions against
landsliding for lower-magnitude triggering events but may also expand
the landslide regions for large triggering events despite root reinforce-
ment of the ground. Nevertheless, the focus of this chapter so far has
been on the role of vegetation in preventing the initiation of landslides;
the possible change in landslide risk and relevant disaster reduction strat-
egies have yet to be addressed in detail.

Disaster reduction strategies

Vegetation has often been used by planners for hazard reduction and to
protect exposed elements against various hazard types such as tsunamis
(Forbes and Broadhead, 2007; Ohira et al., 2012; Tanaka et al., 2006) and
snow avalanches (Brang et al., 2006; Clouet and Berger, 2010; Schonen-
berger et al., 2005). In many cases, restoration of vegetation coverage can
serve as a cost-effective mitigation measure (Peduzzi, 2010). For example,
in the case of tropical cyclones in Viet Nam, planting and protecting man-
grove forests as a protection measure not only proved to be seven times
cheaper than dyke maintenance but also offered secondary benefits to
society such as exploitation of mangrove products by locals in order to
increase their income (IFRC, 2002).

In the case of landslides, Popescu (2002) suggests that, although in the
post-war period landslides were seen as “engineering problems” that
would require “engineered solutions” such as the construction of walls
and fences or the use of nets for rock fall, in recent decades there has
been a clear shift towards non-structural solutions and environmental
consideration. This shift is related to a number of reasons. Not only are
civil engineering solutions such as slope flattening, tied-back retaining
walls or sheet piles very expensive but they may not justify direct short-
term economic investments (Bo et al., 2008). On the other hand, meas-
ures such as reforestation schemes to manage landslide hazards may have
additional benefits to society, for example employment in forestry and
the export of forest products (Phillips and Marden, 2005). As a side-
effect, forests might also be used for recreational purposes. Most recently,
the aesthetic aspect of landscapes, including forested landscapes, has been
expressed as an important added value to society (Taboroff, 2003).
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Within disaster reduction strategies, spatial landslide hazard analysis is
of major importance for landslide risk assessments. The types of methods
range from heuristic assessments to statistical and physically based mod-
elling. Here, the type and spatial distribution of vegetation are some of
the main factors determining, respectively, landslide distribution and haz-
ards. Consequently, vegetation is commonly taken into account in spatial
landslide hazard analysis and in the delimitation of landslide hazard
zones (Van Beek and Van Ash, 2004; Wilkinson et al., 2002).

Besides its consideration within spatial analysis, vegetation is also used
to assist risk reduction strategies worldwide (for example in France —
Berger and Rey, 2004) in order to enhance slope stability (O’Loughlin,
1984). In particular, protection forests have regularly been used for slope
stabilization in many countries in the world for many decades and even
centuries (Stoffel et al., 2005). Here, the steep landslide-prone terrain is
of particular importance. According to the FAO (2010), approximately
330 million hectares of forest (about 8 per cent of the world’s forests)
have as their objective the conservation of soil and water, avalanche con-
trol, sand dune stabilization, desertification control or coastal protection.
The protective functions of the forest are summarized by Sakals et al.
(2006) under the following two categories: retaining material in upslope
conditions; containing, confining and resisting material during transport
and deposition.

Of course, a forest’s ability to protect an area from landslides depends
also on its position in relation to the hazard. Clouet and Berger (2010)
summarize the ability of forests to control different hazards in the depar-
ture and deposition zones (Table 12.2).

Berger and Rey (2004) recognize the role of forests in protecting
against natural hazards in mountainous areas; however, they suggest that
their role also depends on the position of the forest, the type of vegeta-
tion, its age and the spatial scale of the hazard. They stress that the pro-
tection of the forest can be active (when it is located in the hazard

Table 12.2 The ability of forests to control natural hazards

Natural hazard Location Forest control implemented
Avalanches Departure zone Yes
Transit and stopping zone No
Rock falls Departure zone Yes
Transit and stopping zone Yes
Landslides Departure zone No
Transit and stopping zone No

Source: Clouet and Berger (2010).
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departure zone) or passive (when it is located in the departure and stop-

ping zones). Yet the role of forests is rarely taken into account in risk

mapping (Berger and Rey, 2004). Clouet and Berger (2010) suggest that
the age of the forest can significantly decrease its protective efficiency.

Although they recognize that forest management is very important, they

suggest that silvicultural interventions may be very expensive. For this

reason, Clouet and Berger (2010) have developed an analysis tool based
on Geographic Information Systems that can assist in the prioritization
and identification of areas within the forest where intervention is needed.

Berger and Rey (2004) stress that there is a need for a common guide
as a tool for decision-making in the management of forests that offer
protection against natural hazards in countries such as Austria, France
and Switzerland. They present an example from France and make recom-
mendations for better forest management for controlling natural hazards
in mountainous areas. They discuss the methodological steps for protec-
tive forest delimitation. In France, the delimitation of protective forest
areas is used in risk prevention plans. In 2006, a set of guidelines for pro-
tection forest maintenance was published (Wehrli et al., 2007).

In Austria, the role of the protective forests was understood as early as
1870 when the lack of forests in torrential catchments and the poor state
of existing mountainous forests were considered to have contributed to
the catastrophic consequences of floods (Austrian Federal Forests, 2009).
Since then, protective forests have been used to mitigate the impact of
natural hazards such as avalanches and landslides and, according to the
Austrian Forest Act, are divided into three categories (FMAFEWM,
2009):

e site-protection forests: they protect themselves;

e protective forests: they provide protection from natural hazards or
they enhance and maintain positive environmental effects such as cli-
mate or water balance;

¢ object-protection forests: they protect human settlements and agricul-
tural areas.

Based on information provided by the Austrian Federal Ministry of Agri-

culture, Forestry, Environment and Water (Bundesministerium fiir Land-

und Forstwirtschaft, Umwelt und Wasserwirtschaft), at least 29 per cent
of Austrian forests are protection forests and there are at least 83 current
protection forest projects in the country. According to the Ministry, the
ideal protection forest is a typical mixed forest with several types of old
trees. As far as tree types are concerned, larch (Larix decidua) is ideal for
use against rock fall, whereas spruce (Picea) forests are good against
snow avalanches owing to their density. The Austrian authorities recog-
nize that protection forests are a cheap alternative to structural protec-
tion measures but they also stress that sustainable forest management is
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required (Austrian Federal Forests, 2009). The necessary actions for the
protection and management of protection forests in Austria are imple-
mented through the “Protection Forest Platforms” of every federal state
(FMAFEWM, 2009).

Finally, since the early 1980s there have been measures for the man-
agement of protection forests in Switzerland. A large amount of money is
invested every year for their protection and management.

Phillips and Marden (2005) review the use of protection forests in New
Zealand, where the importance of erosion control was already under-
stood in the early 1940s. The first reforestation project using a variety of
tree species started in 1948 and continued in 1953 with the purchase of
eroded land by the government for the establishment of dual-purpose ex-
otic forest, for protection against erosion and for timber production. In
1968 the East Coast Project (1968-1987) was approved so that unforested
parts of the critical headwaters could be planted with protection forests.
In 1988, the project was reviewed following Cyclone Bola, which caused
widespread landslides in the country (Marden and Rowan, 1993). Follow-
ing this event, it was obvious that mature native forest and pine forest
offered significant protection (Hicks, 1991). In 1992, the East Coast
Project was replaced by the East Coast Forestry Project, which aimed to
plant 200,000 hectares in 28 years (Phillips and Marden, 2005).

In Australia, the Australian Geomechanics Society suggested that
changes in vegetation can clearly increase the landslide risk and, for this
reason, it includes retention of natural vegetation wherever practicable in
the guidelines for hillside construction (AGS, 2000). In other countries,
such as South Korea, Taiwan and Japan, forests are also used for erosion
control and landslide risk reduction (Phillips and Marden, 2005). In South
Korea, although erosion control projects started as early as 1907 and the
forest area now occupies almost 65 per cent of the entire country, the
majority of the forests consist of very young trees as a result of forest
management (Phillips and Marden, 2005).

However, although vegetation can be, and often is, used as a non-
structural protection measure against landslides, Peduzzi (2010) stresses
that, depending on the slope, increasing vegetation density may not be
the only solution since other factors contribute to landslide susceptibility,
such as slope characteristics. For example, a common practice for slope
stabilization is “bio-engineering”, a combination of techniques to protect
slopes against erosion, reduce the probability of planar sliding and im-
prove surface drainage (Florineth et al., 2002). Bio-engineering uses ve-
getation in combination with other methods in order to stabilize a slope
and reduce landslide hazard. According to Singh (2010: 385), bio-
engineering is “the successful use of vegetation (both live and dead plants
as well as use of raw materials derived from plants like jute and coir)
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together with engineering structures to increase slope stability. These in-

clude the use of vegetation and horticultural practices, coir and jute

netting, asphalt mulch solution, retards, wattling etc. in combination with
slope modification and improved agronomic practices.” According to

Singh, the most economical and simple method for slope stabilization is

vegetation turfing. Florineth et al. (2002) suggest that the plants used in

bio-engineering are selected on the basis of pioneer plant character, a

dense and deep rooting system, potential and adventitious rooting system

and fast and simple propagation.

In most cases, vegetation has been used mainly to enhance slope stabi-
lization and avoid the occurrence of landslides rather than for mitigating
the vulnerability of individual elements at risk. A review of studies
concerning alpine hazards has shown that there are a limited number of
vulnerability assessment methodologies dealing with the physical vulner-
ability of elements at risk of landslides (Papathoma-Kohle et al., 2011b).
The review highlights that most methods do not take into account the
presence of vegetation (for example forests, single trees, hedges) sur-
rounding the exposed elements at risk (especially buildings). However,
there are exceptions, such as the methods presented by Papathoma-Ko&hle
et al. (2011a) and Kappes et al. (2012), who have included the presence
of trees surrounding buildings in a database of physical vulnerability in-
dicators for elements at risk.

It is evident that landslide occurrence and consequently landslide risk
owing to climate change and anthropogenic factors will change signifi-
cantly in the future. It is expected that vegetation change will have an ef-
fect on slope stability, contributing to an increase in landslide risk. The
following recommendations might be beneficial for societies dealing with
landslide hazard and risk in the face of climate and vegetation change:

1. Decision-making and planning for mitigation and adaptation should
be based on an integrated observation and information system. Thus,
systematic monitoring and robust modelling of landslide occurrence
and also changes in the factors that affect slope stability (for example
vegetation change) are very important (Watson and Haeberli, 2004).
For this reason, a further refinement of models linking climate, slope
hydrology, vegetation cover and stability is essential (as started by
Brooks et al., 2004). Robust monitoring will contribute to determining
the sensitivity of different landslide types to changing boundary condi-
tions such as climate change (Glade and Crozier, 2005a).

2. Legislation should strengthen and expand existing restrictions on de-
velopment in landslide-prone terrain, taking into consideration pos-
sible changes resulting from climate change (Bo et al., 2008). For
example, in Seattle in the United States, municipal codes forbid the
removal or clearing of vegetation or trees within landslide-prone areas
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or any action detrimental to the habitat (Kazmierczak and Carter,
2010). In exceptional cases where vegetation removal has to take
place, a reforestation plan should be ensured (Kazmierczak and Carter,
2010).

3. More research on the effects of vegetation on the different landslide
types should be carried out. Currently, there is some research on the
functions of different vegetation types in slope stability, but it is not
commonly detailed by landslide type (for example, debris flows, shal-
low translational landslides, deep-seated rotational landslides).

4. The consequences of vegetation changes for landslide occurrence, and
thus the landslide risk, have to be further explored. Here, the physical
vulnerability of elements at risk, such as buildings and infrastructure,
might be reduced by the presence of vegetation. Notwithstanding stud-
ies on rock fall, there is sparse research on how landslide risk reduc-
tion can be achieved and which characteristics of the vegetation could
enhance its protective role. This could be done by extensive investiga-
tion of past event damage reports but also by establishing post-event
damage recording protocols (Glade and Crozier, 2005a; Hiibl et al., 2002).

5. There should be a shift from civil engineering measures to sustainable
silvicultural actions that might also benefit the local economy and
community, given that the maintenance costs are not as high as for en-
gineering measures.

6. Climate change should be further taken into consideration in land-use
planning, for example by allocating land susceptible to increased land-
slide activity because of climate change in a way that lowers hazard
exposure. Examples of good practice are using land for open public
space and sports fields rather than for housing development. In some
cases, site abandonment may also be an option (Lee and Jones, 2004).

7. Climate change should be considered in the design of measures for
slope stabilization and erosion control. For example, the specification
of structural measures should allow for climate uncertainty or variabil-
ity in the design parameters (Lee and Jones, 2004).

8. Finally, landslide risk assessments should take into account changes in
climate and vegetation cover — in addition to socioeconomic changes
(for example, the extension of urbanized regions or the development of
new critical infrastructure such as transport networks and power lines).

Conclusions
The role of vegetation in landslide occurrence has been investigated for

many decades. However, its influence on elements at risk (houses, critical
infrastructure), their vulnerability and overall landslide risk is still an
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open question. This is even more so considering the short- and long-term
effects of climate change. Climate and environmental change are ex-
pected to modify vegetation patterns, in particular in sensitive mountain
areas. Land-cover changes in combination with increased precipitation
may increase the probability of landslide occurrence. More research is
needed in order to fully understand the relationship between vegetation
and geomorphology (Marston, 2010), especially in landslide research.
Although most studies suggest that the existence of vegetation increases
slope stability and reduces the occurrence of landslides, many scientists
point out that this is not always the case (Marston, 2010; Rickli and Graf,
2009). There are not sufficient studies quantifying the effects of vegeta-
tion change on landslide occurrence in both time and space and defining
the thresholds of forests or other vegetation types for stabilizing and
destabilizing slopes.

Moreover, the change in both landslide magnitude and intensity is still
a challenging field of research. The use of protection forests is a common
practice in many countries (for example in Austria, China, France, Japan,
New Zealand and Switzerland). In most cases, vegetation cover and land
use are taken into account in landslide hazard assessments and hazard
zonations. However, the protective role of vegetation as far as reducing
the physical vulnerability of buildings and infrastructure is concerned is
usually not considered. More research is needed focusing on the role of
the vegetation surrounding an element at risk and how this element re-
acts when it is affected by a particular landslide such as a rock fall or deb-
ris flow. Last but not least, vegetation and land-use changes caused by
climate change should be taken into consideration in decision-making
and planning processes.
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conservation and reconstruction planning,
428

conservation of agricultural, 16

conservation of local, 398

conservation of national parks and
nature reserves, 373

corridor and dune systems, 169

disaster mitigation and, 378

DRR and, 6

EBA integrates sustainable use, 192

ecosystem services and, 382

ecosystem services loss and, 372-73

457
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biodiversity (cont.)

ecosystem-based adaptation and, 38

ecosystems and, 395

flood prevention by restoring lakes and
floodplains, 37

forest cover and, 362-63

forests as protected areas for watershed
and, 374

human activities and loss of, 84

infrastructure investment and, 380

mangrove ecosystems and, 95, 97

marine, decline after storms, 197

natural forest and, 33

networks and coastal dynamic processes,
186

protected areas and, 372, 374, 383

protection in Argentina, 379

Whangamarino Ramsar wetlands and,

375

C

CAMP. See coastal area management plan
(CAMP)

Cape Town, South Africa. See coastal
adaptation strategy for Cape Town

carbon sequestration, 11, 31, 38, 97-98

carbon storage and forest cover, 362

Caribbean Community (CARICOM), 40,
47n7, 420

Caribbean Development Bank (CDB), 40,
420

Tools for Mainstreaming Disaster Risk

Reduction, 420

CARICOM. See Caribbean Community
(CARICOM)

CbA. See community-based adaptation
(CbA)

CBA. See cost-benefit analysis (CBA)

CBD. See Convention on Biological
Diversity (CBD)

CCA. See climate change adaptation (CCA)

CCSR. See Center for Climate Systems
Research (CCSR)

CCT. See City of Cape Town (CCT)

CDB. See Caribbean Development Bank
(CDB)

CEA. See country environmental analysis
(CEA)

CENOE. See Centro Nacional Operativo
de Emergéncia (National Emergency
Operations Centre) (CENOE)

Center for Climate Systems Research
(CCSR), 142, 144
Centre for Research on the Epidemiology
of Disasters (CRED), 13, 394
Centro Nacional Operativo de Emergéncia
(National Emergency Operations
Centre) (CENOE), 275
CF. See community forest (CF)
CFUG. See Community Forest User Group
(CFUG)
City of Cape Town (CCT), 19, 164, 166-68,
172,175-76, 179-87
Climate Adaptation Fund, 15
climate change
anthropogenic, 191
deforestation and, 294
droughts and, 223, 293, 304, 372, 438
environmental changes in coastal areas,
99
floods and, 223
induced, 20n1
resilience to, 16, 38, 192, 208
strategic environmental assessment
(SEA) and, 47n8
tropical cyclones and, 5
United Nations Framework Convention
on Climate Change (UNFCCC), 7,
15-16, 38, 194
climate change adaptation (CCA)
coastal adaptation strategy, Cape Town,
184
DRR, relevance of ecosystems for, 7-8,
15-16
Eco-DRR and, 37-38, 438-39, 449-50,
452
EIAS and SEAs in disaster management,
422,431
integration of ecosystems, DRR and,
15-16
IPCC Special Report (2012), 7-8
IWRM and, 249, 260, 262
mangroves as natural coastal defences,
85
New York and Connecticut area, 152,
159n2
PROFOR reforestation project and, 33
RiVAMP and Negril, Jamaica, 110, 112,
121,133
sustainable water supply and sanitation,
276
in Tonga, 194-95, 201-2, 212-13
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climate-related risk and vulnerability, 16
coastal adaptation strategy for Cape Town

multiple hazards, dense human
populations and economic assets, 41

apartheid legacy and coastal
development, 168-72

Cape Town map showing apartheid
planning, 166

City of Cape Town (CCT), 19, 164,
166-68, 172, 175-76, 179-87

city’s rates base vs. retaining open spaces,
185

climate change adaptation (CCA), 184

coastal ecosystems, 167, 178-80, 186-87

coastal hazards and, 167, 170

Coastal Protection By-Law, 182

crime, 185-86

ecosystem-based DRR, 187n5

ecosystem-based management and
socioeconomic imperatives, 179-82

ecosystem-based management approach,
164, 167, 170-72, 177-80, 182

GIS, 173, 181, 188n16

ISDR and, 187n2, 187n4

population distribution across the City,
165

risks and vulnerability, current, 172-79

sea level rise (SLR), 167, 170-75, 180-81,
186

storm surges and, 167, 169-76, 178-80,
186

Table Mountain National Park, 167

coastal area management plan (CAMP),

58

coastal areas, 5

of Camps Bay, Cape Town, 164, 171

casualties in tropical, 88

climate change and environmental
changes in, 99

coastal frontage property, Cape Town,
179

ecological resilience of, 85

ecosystems in the dynamic intertidal
zone, 82

flooding events and other hazards in,
86-87

forest fires burned watersheds in Spain,
403

management with increasing populations,
99

mangrove planting in, 201

mangroves break up storm waves, 377

mangroves reduce vulnerability of, 380

of Negril, Jamaica, 112, 128, 133
of New York and Connecticut, 150
risk reduction strategies, City of Cape
Town, 19
of SIDS and RiVAMP methodology, 111
vegetation and, 11, 72
vulnerability of, to natural hazards, 88
wetlands and floodplains control floods
in, 10, 34
coastal ecosystems
barrier islands, 29, 34, 41, 376-77
coastal hazards and, 34, 57-58, 60-61, 72,
79, 82
coral reefs (See coral reefs)
cultural services of, 167
ecosystem services and, 141, 145
mangroves (See mangrove(s))
resilience of, 84-85, 110
saltmarshes, 10, 34, 82, 91-92, 143, 152,
155, 400
sand dunes, 10, 34, 41, 59, 61-64, 178,
376
shallow, 115-16
tsunamis and, 33-34, 61
coastal hazards
Cape Town and, 167, 170
coastal ecosystems and, 34, 57-58, 60-61,
72,79, 82
coastal forests, mangroves, seagrass and
coral reefs, dunes and saltmarshes
mitigate, 400
coastal reforestation projects in Asia
protect against, 33
competing economic, public safety and
ecological goals around, 444
coral reefs and, 400
earthquakes and, 57
ICZM reduce vulnerability to, 41
“Making Space for Water” programme
and, 32
mangroves and coastal vegetation buffer,
19, 450
mitigation and biodiversity conservation,
148-49, 151
New York and Connecticut area, 140-41,
143-49, 153-54, 157-58
Tonga and, 199, 202
Coastal Resilience programme, 141-43,
146-50, 153-57, 159, 444
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coastal vegetation, 10-12, 19
coastal ecosystems protect against
hazards, 59, 64-65
degradation of, and livelihood recovery
efforts, 29
on dunes, energy dissipation and erosion
resistance of, 62-63
extreme weather events, protection
against, 35
flooding from the removal and
degradation of, 132
natural defence against wave action,
currents and flooding from storms,
61
physical modelling using a flume facility,
65
reduces wave heights and erosion from
storms and high tides, 10
storm surges, buffer, 450
tsunami wave passing through, model of,
71-80
community forest (CF)
in Nepal, 19, 33, 343, 348, 350-53, 356,
363-64
Community Forest User Group (CFUG),
343,348-49, 363
community-based adaptation (CbA), 229
in Tonga, 192, 194, 208, 210-13
Community-based Risk Screening Tool
— Adaptation and Livelihoods
(CRIiSTAL), 192
Convention on Biological Diversity (CBD)
about, 47n6, 382, 395
10th Conference of the Parties, 384
coral reefs
coastal hazards, mitigate small-and
medium-scale, 400
degradation of, from invasive species,
114
in dynamic intertidal zone, 82
economic value of ecosystem services,
estimated, 36
ecosystem services value for, 96
ecosystem-based measures for, 41
fishermen destroy, 62
geo-environmental information used/
converted in GIS, 116
Great Morass, Jamaica, 112, 114, 116-17,
119,122, 131, 134-35
hydraulic performance of, 65
natural coastal ecosystems, 59

natural defences against wave action,
currents and flooding from storms,
61-62, 110
natural submerged breakwaters for the
dissipation of wave energy, 61
pollution and overexploitation destroys,
372
protected areas in DDR and, 374, 376-77
reduce wave heights and erosion from
storms and high tides, 10, 34
RiVAMP and, 112, 115-29
temperature rise and ocean acidification
stress, 85
tsunami wave propagation and, 65-71
cost-benefit analysis (CBA), 235, 260
country environmental analysis (CEA),
425-26
CRED. See Centre for Research on the
Epidemiology of Disasters (CRED)
CRiSTAL. See Community-based Risk
Screening Tool — Adaptation and
Livelihoods (CRiSTAL)
cultural services of ecosystems, 31, 35, 167,
187n5
cyclones. See also tropical cyclones
Bangladesh, 86
climate change and tropical, 5
community’s ability to cope with damage
from, 26
damage or risks can be limited or
managed, 26
DRR and, 212
Jamaica and tropical, 112, 119-21
Mahanadi Delta, India and, 230
mangrove ecosystems and, 89, 377
Mozambique and, 271, 273
Tonga and, 193-94
tropical (See tropical cyclones)
UNDP guidelines, 426
Viet Nam and, 307

D
dams
climate adaptation and, 378-79
construction of 45,000 large and 800,000
small, 239
delta sedimentation decreased by, 29
dynamic river basins and, 221, 223, 226,
239
environmental degradation from, 223
flood pulse, loss and disturbance of, 226
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forests vs., 303
in India, 420
protection forests and, 333
for regular and controlled water for
irrigation, 252
water infrastructure relies on water
infrastructure, 256
deforestation. See also forest(s);
reforestation
avalanches in Switzerland and, 373
climate change and, 294
deaths from earthquakes in mountainous
areas and, 372
drought conditions and, 109
DRR and improved land-use and,
444
emissions from, 363
FAO report on, 304-5
in Haiti, 13, 29
of hillsides and flooding, 132
landslide vulnerability and, 111
landslides and, 305, 307, 372
in Middle East, 374
in Mozambique, 404
by Nepali farmers and flooding, 346
in Pakistan, 29
of Rokko Mountain Range, Japan, 401
Tacana watersheds of Guatemala and
flood risk, 262
urban centres/expansion and, 401, 406
watersheds disrupted and riverbed
siltation from, 418
Department for Environment, Food and
Rural Affairs [UK] (Defra), 8, 32,
47n4, 256
Department of Forests [Nepal] (DoF), 348,
350, 354
disaster impact assessment (DIA), 432
Disaster Management Plan (DMP), 422-24,
426, 431-32
disaster risk, 408

EIAS and SEAs in disaster management,

416, 418-22, 425-26, 430-33

“Strategic Environmental Assessment
and Disaster Risk Reduction”
(OECD), 424

Tools for Mainstreaming Disaster Risk
Reduction, 420

disaster risk management (DRM)
about, 9, 44,110, 416
Eco-DRR and, 426, 442, 450

IWRM and, 257, 264
role of ecosystems in, 9-15
role of protected areas in mitigating
disasters, 371, 384
disaster risk reduction (DRR). See also
ecosystem-based disaster risk
reduction (Eco-DRR); urban DRR
and ecosystem services
climate change adaptation (CCA), 15-16
coral reefs and protected areas, 374
Eco-DRR and, 26-28, 40, 44-47, 48n15,
437-54
ecosystem management and, 3, 6-9, 11,
16-17, 255, 263, 430, 437, 44243, 445,
448, 454
ecosystem-based, 187n5
ecosystems’ relevance for, 6-9, 11-13,
15-17,19
EIAS and SEAs in disaster management,
416-18, 420-21, 424, 426-27, 430-31,
433
hazard mitigation and, 6, 9, 27
IWRM and, 249, 251-55, 257-60, 263,
264n3
Mozambique and, 270-71, 275, 278
Tonga and, 194-95, 201-2, 207-8, 212-13
urban disaster risk reduction and
ecosystem services, 408
disasters in cities and metropolitan areas,
notable, 392-94
DMP. See Disaster Management Plan
(DMP)
DoF. See Department of Forests [Nepal]
(DoF)
Dominican Republic, 12-15, 30, 404
DRM. See disaster risk management
(DRM)
drought(s)
about, 4-5, 10-11, 32, 34-35
ADB CEA for Tajikistan and, 425
agro-ecological restoration and resilience
to, 43
agro-ecological restoration of drylands in
Burkina Faso and Niger, 43
Argentina, irregular rainfall patterns in,
379
Botswana, EIA and mining projects in,
422
climate change and, 223, 293, 304, 372,
438
dams for water during, 234
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drought(s) (cont.)
deaths and injuries and economic losses
from, 248
deforestation and, 109
EIAs and disaster risk management, 426
El Nifio Southern Oscillation and, 193
Ethiopia and MERET, 453
Inner Niger Delta and, 235-36, CP7
Mahanadi Delta and, 230
management, 40
mitigation strategy, 40, 42, 276
Mozambique and National Water Policy,
448
Mozambique and Zambezi river, 273, 276,
283,285
Mozambique’s regular cycle of, 418
natural hydrological cycle and, 251
PAARSS water and sanitation
programme and, 276, 282
periods, 42
resilience and flood pulse, 234
risk and downstream water users, 228
role of protected areas in preventing or
mitigating, 377
siltation of riverbeds and, 418
in Southern and Eastern Europe and
North Africa, 304
sustainable drylands management, 449
sustainable water and sanitation and risks
of, 271
traditional cultural ecosystems and crops,
374
urban centres all over the world and, 391
watershed and, 408
DRR. See disaster risk reduction (DRR)
drylands, 10-11, 35, 42-43, 438, 449
dykes, 16, 30
about, 59, 307, 380, 405, 440
DDR and, xxv, 6, 16, 30, 41, 44
dynamic river basins and, 221, 223, 239,
241-42
dynamic river basins and community
resilience
communities in flood-prone areas, 222-23
community-based adaptation (CbA), 229
disaster risk reduction, 221, 223-24,
228-29, 240, 242
dynamic river systems provide resilience,
222
economic relevance of pulsing systems,
225-26

environmental degradation, 223, 229

flood pulse, 224-26, 234-35

floods, 221-22

floodwaters, 222, 224-25, 228

GIS, 231

Inner Niger Delta in Mali, 235-38

integrated ecosystem-based approaches
to flooding, 223-24

International Strategy for Disaster
Reduction (ISDR), 222

Mahanadi Delta, India, 230-33

Netherlands and Room for the River
Programme, 241-42

risk and resilience, 221

water-related hazards, 222-24, 226,
228-29, 234, 240

wetland-integrated DRR, 228-29, 233-34,
238-40, 242

wetlands role in flood and drought
regulation, 226-28

E
earthquake(s)

in Antioch, Turkey, 394

in Beijing, China, 394

casualties and damages from, 86

Christchurch, New Zealand, 392

coastal hazards, mitigation of, 57

deadliest events worldwide (1980-2011),
4

development efforts, undermines local
and national, 3

disaster relief in Pakistan, 382

DRR and, 26

economic losses from, 146, 248

events impact the most people, 86

Great East Japan, 5

Great Hanshin earthquake, Kobe, Japan,
392, 401

Great Kanto earthquake, Tokyo, 393

in Haiti, 4, 86, 392

in Izmit, Turkey and widespread
environmental damage, 391

landslides and loss of life from, 372

landslides cause economic losses from,
293

in Lima-Callao, Peru, 394

in Lisbon, Portugal, 394

in Managua, Nicaragua, 393

in Messina, Italy, 393

in Mexico City, Mexico, 393
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in Peru, 258
in Port-au-Prince, Haiti (2010), 4, 86,
392
in San Francisco (1906), 391, 393
in Tajikistan, 425
in Tangshan, China, 393
in Tohoku, Japan, 20n1, 391-92
in Tonga, 193
in Turkey, 391-92
urban poverty an disaster risk, 403—4
in Wenchuan, China, 392
EDbA. See ecosystem-based adaptation
(EbA)
Eco-DRR. See ecosystem-based disaster
risk reduction (Eco-DRR)
The Economics of Ecosystems and
Biodiversity (TEEB), 35-36, 96, 378,
445
ecosystem(s)
based flood management, 8
contribution to biodiversity, climate
change mitigation and social and
cultural heritage, 131
cultural services of, 31, 35, 167, 187n5
definition of, 31
multiple benefits of, 31
provisioning services of, 31, 167, 187n5
regulating services of, 31, 35, 234, 239

resilience, 46-47, 61, 84, 88, 93, 95, 150-51,

372

supporting services of, 31

ecosystem management

DRR and, 3, 6-9, 11, 16-17, 255, 263, 430,
437, 442-43, 445, 448, 454

eco-DRR and, 27-28, 38-39, 46, 438-39,
449

ecosystem-based DRR and, 187n5

integrated, cross-sectoral approach to
DRR and CCA and, 439-40, 450

land-use planning to reduce disaster risks,

444

mangroves and, 85

PAARSS and, 273

RiVAMP and Negril, Jamaica, 111

in Tonga, 192

for urban risk reduction, 404-5, 408-9
ecosystem services

biodiversity and, 38

to the city, 180

coastal ecosystems and, 141, 145

coastal habitats and, 82

community stakeholders and evaluation
of, 408

in cost-benefit analyses for DRR
measures, 452

current losses of, 372-73

defined, 31

disaster reduction strategies and, 372

disaster risk assessments and, 450

in disaster-prone environment, 288

for DRR, 9, 111, 453

EBA and sustainable use of biodiversity
and, 192

economic benefits of, 452

economic benefits vs. decline of valuable,
226

economic value of, 35-36, 47, 134, 445-46

economic value of mangroves, 96, 98

ecosystem health and productivity, 234

ecosystem resilience and, 85

Global Partnership for Ecosystems and
Ecosystem Services Valuation and
Wealth Accounting, 47n6

habitat communities and, 82

habitat restoration and protection and,
159

hazard regulatory functions, 256

heterogeneity in, 242

human demand for, 32

IWRM helps regulate stress on, 252

livelihoods, dependence on for, 262

local communities understand the value
of, 255

of Mahanadi Delta, India, 230, 233

mangrove ecosystem resilience and, 95

mangrove provide, 83-84, 98, 100

monetary undervaluation of, 371

natural resources and, 30

neighbouring habitats and, 249

PAARSS and, 273

payments for, 371, 385, 447

people derive indispensable benefits from
nature, 30

protected areas and, 381-84

protection and restoration of, 371

revival of important, 239

risk management and quantification of,
153

risk-averse approach to urban
development and, 179

scientific research on, 47

SEA and, 425
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ecosystem services (cont.)

sustainable reconstruction and reduction
invulnerability, 428

UDDTs sanitation technologies and,
282

urban centres and, 395-98

valuing for DRR, 445-47

water infrastructure and, 256

watershed or river basin, 400

ecosystem-based adaptation (EbA)

ecosystems’ relevance for DRR and, 7,
16, 38

mangroves as resilient natural coastal
defences, 96

in Tonga, 192, 194-95, 199, 207-13

ecosystem-based climate change work in
Tonga

climate change adaptation (CCA),
194-95,201-2, 212-13

coastal hazards and, 199, 202

community-based adaptation (CbA), 192,
194, 208, 210-13

cyclones and, 193-94

DRR and, 194-95, 201-2, 207-8, 212-13

ecosystem-based adaptation (EbA), 192,
194-95, 199, 207-13

NGOs in, 195,197, 199, 201, 206, 209-12

non-governmental organization (NGO),
195, 197, 199, 201, 206, 209-12

sea level rise (SLR), 191, 196-97, 201, 206

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

tsunami(s) and, 193, 206-7

ecosystem-based disaster risk reduction

(Eco-DRR). See also disaster risk
reduction (DRR); urban DRR and
ecosystem services

about, 26-54

climate change adaptation (CCA), 37-38,
438-39, 449-50, 452

disaster risk management (DRM), 426,
442,450

DRR and, 26-28, 40, 44-47, 48n15,
437-54

environmental impact assessment (EIA),
39-40, 440, 444, 447-48, 450

hazard mitigation and, 30

Intergovernmental Panel on Climate
Change (IPCC) and, 27, 30, 38, 47

International Strategy for Disaster
Reduction (ISDR), 26-30, 38, 47,
437, 447-48, 454

land-use planning and, 441-45, 449, 454

non-governmental organization (NGO),
443, 445, 449

Partnership for Environment and
Disaster Risk Reduction (PEDRR),
30-31, 35-37, 39-40, 42, 44, 46, 48n16,
437-38, 447

sea level rise (SLR), 438-39

United Nations International Strategy
for Disaster Reduction (UNISDR),
3-8, 18,26-30, 38, 47, 437, 447-48,
454

ecosystems’ relevance for DRR

climate change adaptation (CCA), 7-8,
15-16

DRR and, 6-9, 11-13,15-17, 19

ecosystem-based adaptation (EbA), 7, 16,
38

International Strategy for Disaster
Reduction (ISDR), 7-8, 15, 18

IPCC and, 3-5,7, 15,18

EIA. See environmental impact assessment

(EIA)

EIAS and SEAs in disaster management

Botswana, 421

China, 421

civil disasters and conflicts, 418

climate change adaptation (CCA), 422,
431

country environmental analysis (CEA),
425-26

disaster management, paradigm shifts in,
417

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

disasters based on hazards, classification
of, 418

DRR and, 416-18, 420-21, 424, 426-27,
430-31, 433

EIA and humanitarian response, 429

EIA of mining projects in Botswana,
422

EIAs in disaster management, 426-27

EIAs in post-disaster relief and recovery,
428-30

environmental assessments, 417, 420, 426,
429

environmental degradation, 418

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

environmental management, 418, 421-25,
431-33

Environmental Protection Act, 424

Germany, 420-21
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Hyogo Framework for Action (HFA),
416-17
India, 420, 423
integration of environmental and natural
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
OECD and “Strategic Environmental
Assessment and Disaster Risk
Reduction,” 424-25
The Philippines, 421
strategic environmental assessments
(SEAs), 419
technological hazards, 418
EM-DAT. See Emergency Events Database
(EM-DAT)
Emergency Events Database (EM-DAT), 4,
13,20n2-3, 86, 88, 394
environmental degradation
difficulty of disentangling natural and
human attributes, 149
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
European Union’s Water Framework
Directive, 8
extreme weather events, 30, 35, 37-38, 372,
374, 379-80

F

FAO. See Food and Agriculture
Organization (FAO)

FECOFUN. See Federation of Community
Forest Users [Nepal] (FECOFUN)

Federal Emergency Management Agency
[USA] (FEMA), 146, 158
Federation of Community Forest Users
[Nepal] (FECOFUN), 348-49
FEMA. See Federal Emergency
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
defence by maintenance and/or
restoration of wetlands and
conservation of agricultural
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
water control and protection of assets
from flooding, 252
wet season flows released slowly during
drought periods, 34
Whangamarino Ramsar bog and swamp
complex, 375
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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,
12-13
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
Hubei Province wetlands store 285
million m3 of, 37
periodic rise and retreat of, 224-25
wetlands and on-site or upstream
flooding hazards, 228
wetlands and the regular advance and
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
forest(s). See also deforestation; mountain
forests
agroforestry systems, 374
alpine space and protection, 328
in Amazon, protected areas and
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
systems, 383

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



INDEX 467

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
Green Recovery and Reconstruction
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,
11
of Tonga, 193, 211
urban activities and, 390
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



468 INDEX

hazard mitigation (cont.)
ecosystems and built infrastructure and,
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
UK’s “Making Space for Water”
programme, 32
Hazards U.S.-Multi-Hazards tool
(HAZUS-MH), 146
HAZUS-MH. See Hazards U.S.—
Multi-Hazards tool (HAZUS-MH)
heatwaves, 5, 293
HFA. See Hyogo Framework for Action
(HFA)
Hispaniola (island), 12-13
Hurricane Katrina in New Orleans, xxiv, 5,
29, 41, 87, 380, 392
Hyogo Framework for Action (HFA), 6-7,
16, 251-52, 254, 295, 416, 448
“Building the Resilience of Nations and
Communities to Disasters,” 7, 251
Mid-Term Review, 8

1

ICZM. See integrated coastal zone
management (ICZM)

INGC. See Instituto Nacional de Gestao
das Calamidades [National Disaster
Management Institute] (INGC)

inland river basins, 10, 34

Instituto Nacional de Gestdo das
Calamidades [National Disaster
Management Institute] (INGC),
275-76, 280, 283

integrated coastal zone management
(ICZM), 41

integrated water resources management
(IWRM)

about, 239, 249-54, 257-63, 264n2, 444

climate change adaptation (CCA), 249,
260, 262

disaster risk management (DRM), 257,
264

DRR and, 249, 251-55, 257-60, 263,
264n3

International Strategy for Disaster
Reduction (ISDR), 249, 251-55,
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

climate change affects natural systems
worldwide, 5

climate change and increased frequency
and intensity of extreme events such
as heatwaves, droughts and floods,
293

climate change and trends in global
environmental and natural resource
concerns, 372-73

climate change may aggravate impacts of
floods and droughts, 223

coastal flooding event, by the 2080s up to
561 million people may be at risk of
a 1:1000 year, 87

definitions and UNISDR, 27

Eco-DRR and, 27, 30, 38, 47

ecosystems’ relevance for DRR and, 3-5,
7,15,18

Fourth Assessment Report of, 5, 145,
147-48

Global Circulation Models (GCMs),
144-45

human-created risk exposure and
vulnerability owing to poor land-use
planning, poverty, urbanization and
ecosystem degradation, 5

resilience, defined, 264n1

Special Report on Managing the Risks of
Extreme Events and Disasters to
Advance Climate Change
Adaptation (SREX) (2012), 5, 7-8,
15,293, 431, 452

International Strategy for Disaster

Reduction (ISDR)

coastal adaptation strategy for Cape
Town, 187n2, 187n4

dynamic river basins and community
resilience, 222

Eco-DRR and, 26-30, 38, 47, 437, 44748,
454



INDEX 469

ecosystems’ relevance for DRR and, 7-8,
15,18
EIAS and SEAs in disaster management,
416
Global Review of Disaster Reduction
Initiatives, 371
integrated water resources management
(IWRM), 249, 251-55, 257-58, 264n3
New York and Connecticut area, 149
protected areas for mitigating natural
disasters, 371, 375, 384
urban DRR and ecosystem services,
390-91, 398, 401, 404-5
International Union for Conservation of
Nature (IUCN), 10, 101n4, 192, 253,
258
IPCC. See Intergovernmental Panel on
Climate Change (IPCC)
Ireland’s “Environmental Enhancement of
Rivers,” 8
ISDR. See International Strategy for
Disaster Reduction (ISDR)
IUCN. See International Union for
Conservation of Nature (IUCN)
IWRM. See integrated water resources
management (IWRM)

J
Jamaica. See RiVAMP and Negril, Jamaica

L
land-use planning
about, 5,7, 27, 40, 99-100, 110, 304, 312
Eco-DRR and, 441-45, 449, 454
New York and Connecticut and, 140-41,
151, 156-57
levees, xxiv, 29, 41, 230, 256, 379
LiDAR. See Light Detection and Ranging
(LiDAR)
Light Detection and Ranging (LiDAR),
144, 159n3

M

Managing Environmental Resources to
Enable Transitions to More
Sustainable Livelihoods (MERET),
11,453

mangrove(s)

in Bangladesh and India help to stabilize

wetland and coastlines against
cyclones, 377

climate change adaptation (CCA), 85
coastal areas, planting in, 201
coastal areas, reduce vulnerability of, 380
coastal defences, resilient natural, 85, 87,
96, 99-100
coastal protection and characteristics of,
93
ecosystem management and, 85
ecosystem resilience and ecosystem
services, 95
ecosystem services and, 83-84, 98, 100
ecosystem-based adaptation (EbA), 96
ecosystems and biodiversity, 95, 97
ecosystems and cyclones, 89
ecosystems and tsunamis, 88-89, 91-94
forest cover, 89
forests, 44, 64, 82-84, 89, 92, 94, 96, 307,
380
Green Coasts and Mangroves for the
Future, 33
investing in, 380
plantations in the Kolovai project area,
197
pollution and overexploitation destroys,
372
reforestation, 100, 201, 233, 441
“Relating Ecosystem Functioning and
Ecosystem Services by Mangroves,”
101
sea level rise and, 85, 87, 99-100
sociocultural services of, 95
in the Sopu area, 203
storm surges, buffer, 100, 376, 400, 450
storm waves during cyclones, break up,
377
swamp protecting the coastline in Popua,
203
value of ecosystem services for, 96
wave heights and erosion from storms
and high tides reduced by, 10
Mangrove Ecosystems for Climate Change
Adaptation and Livelihoods
(MESCAL), 192
Many Strong Voices (MSV), 192
Maximum Envelopes of Water (MEOW),
144
mean sea level (MSL)
RiVAMP and Negril, Jamaica, 110-11,
114,117, 119, 130
MEOW. See Maximum Envelopes of Water
(MEOW)



470 INDEX

MERET. See Managing Environmental
Resources to Enable Transitions to
More Sustainable Livelihoods
(MERET)

MESCAL. See Mangrove Ecosystems for

Climate Change Adaptation and

Livelihoods (MESCAL)

Millennium Ecosystem Assessment, 5, 23,

28, 30-31, 35, 239, 445

mountain forests. See also forest(s)

Bavarian high mountains, 323

climate and environmental change
modify vegetation patterns of, 313

community forests’ role in protection and
livelihoods, 343, 348-49

forest cover and land degradation in
Nepal, 346-47

forest degradation in Nepal, 343

forest management in Nepal, 343, 34748,
363

forest management to control natural
hazards in, 309

Government of Switzerland protective
measures for, 323, 327-33, 335

INTERREG project “Network Mountain
Forest,” 337

protect against riverbed erosion, snow
avalanches, rock fall and landslides,
32,308-9,322

protection forests, 337

slopes, deforestation of, 305

Swiss project Protect-BIO, 333-35

vegetation cover and root structures
protect against

erosion and increase slope stability, 34,

36

Center (NOAA-CSC), 142, 155,
159n6

Nature Conservancy, the Center for
Climate Systems Research (CCSR),
142

NDMA. See National Disaster Management
Authority [Pakistan] (NDMA)

NEP. See National Estuary Program [USA]
(NEP)

Netherlands “Room for the River,” 8

New York and Connecticut and coastal
hazards

climate change adaptation (CCA), 152,
159n2

coastal hazards, 14041, 143-49, 153-54,
157-58

GIS, 144, 146

hazard mitigation in, 142, 149-52, 154-55,
157-58

International Strategy for Disaster
Reduction (ISDR), 149

land-use planning, 140-41, 151, 156-57

sea level rise (SLR), 140, 143, 147, 154

NGO. See non-governmental organization
(NGO)

NOAA-CSC. See National Oceanic and
Atmospheric Administration’s
Coastal Services Center
(NOAA-CSC)

non-governmental organization (NGO)

about, 97, 115, 242, 382
Eco-DRR and, 443, 445, 449
sustainable water supply and sanitation,
278,280
in Tonga, 195, 197, 199, 201, 206, 209-12
NWP. See Nairobi Work Programme

Mozambique. See sustainable water supply (NWP)
and sanitation
MSL. See mean sea level (MSL) O
MSV. See Many Strong Voices (MSV) Organisation for Economic Co-operation
Myanmar, 4, 29, 86, 392 and Development (OECD), 40, 47n8,
417,424
N
Nairobi Work Programme (NWP), 7, 16 P
National Disaster Management Authority PAARSS. See Projecto de Abastecimento
[India], 431 de Agua Rural e Saneamento em
National Disaster Management Authority Sofala [Programme for Rural Water
[Pakistan] (NDMA), 432 Supply and Sanitation] (PAARSS)
National Estuary Program [USA] (NEP), PARPA. See Plano de Acgdo para a
155 Reducao da Pobreza Absoluta
National Oceanic and Atmospheric [National Poverty Reduction
Administration’s Coastal Services Strategy] (PARPA)



INDEX 471

Partnership for Environment and Disaster
Risk Reduction (PEDRR)
about, 17, 20n4, 259
Eco-DRR and, 30-31, 35-37, 39-40, 42,
44, 46, 48n16, 437-38, 447
urban DRR and ecosystem services, 402,
408
peat bogs, 8, 376
peatlands, 10, 34, 38, 131, 135, 222, 228, 240,
375, 400
PEDRR. See Partnership for Environment
and Disaster Risk Reduction
(PEDRR)
PIOJ. See Planning Institute of Jamaica
(P1OJ)
Planning Institute of Jamaica (P10J), 112,
119
Plano de Accdo para a Redugao da Pobreza
Absoluta [National Poverty
Reduction Strategy] (PARPA),
275
poverty reduction, 11, 30, 43, 260, 275, 345,
454
precipitation patterns, 5, 30
PROFOR. See Programa de Repoblamiento
Forestal (PROFOR)
Programa de Repoblamiento Forestal
(PROFOR), 33
Projecto de Abastecimento de Agua Rural
e Saneamento em Sofala
[Programme for Rural Water Supply
and Sanitation] (PAARSS), 271, 273,
276-77,279-80, 282-84, 286-87
protected areas role in mitigating natural
disasters
community forest (CF) in Nepal, 343,
348, 350-53, 356, 363-64
disaster risk management (DRM), 371,
384
The Economics of Ecosystems and
Biodiversity (TEEB), 35-36, 96, 378,
445
ecosystem services, current losses of,
372-73
ecosystems, restoration of degraded, 385
environmental management, 371
Global Assessment Report, 2011
(UNISDR), 371, 375
Global Review of Disaster Reduction
Initiatives (UNISDR), 371
International Strategy for Disaster
Reduction (ISDR), 371, 375, 384

mangroves, maintenance or restoration
of, 380

Natural Hazards, Unnatural Disasters:
The Economics of Effective
Prevention (World Bank), 375

protected areas and disaster mitigation
strategies, 381-82

protected areas maintain vegetation
cover, 383

protected areas reduce vulnerability to
disasters, 373-75

protected areas vs. infrastructure,
investing in, 375, 378-80

protected natural forests and flood
control in Argentina, 379

role of protected area habitat type and
the hazards, 376-77

United Nations International Strategy for
Disaster Reduction (UNISDR), 371,
375,384

wetland protection for regulating floods
in New Zealand, 375

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)

REDD+. See Reducing Emissions from
Deforestation and Degradation
(REDD+)

Reducing Emissions from Deforestation
and Degradation (REDD+), 98

reforestation. See also deforestation;
forest(s)

coastal reforestation projects in Asia, 33

in Haiti, 13

in Honduras, 376

landslide hazards, to manage, 307

mangrove, 100, 201, 233, 441

PROFOR reforestation project, 33

project in New Zealand for erosion
control, 310

to replace vegetation removal, 312

in Rokko Mountain Range, Japan, 401

in Spain for flood control, 376

of upland areas to reduce sediment
inflow, 240



472 INDEX

regulating services of ecosystems, 31, 35,
234,239
resilience
to climate change, 16, 38, 192, 208
coastal, 144
of coastal ecosystems, 84-85, 110
Coastal Resilience programme, 141-43,
146-50, 153-57, 159, 444
community, 19, 27, 33, 42, 140, 234-35, 271
community-managed risk reduction and,
240
defined, 18, 140-41, 264n1
to disasters, 67, 11, 249, 425, 454
to droughts, 10-11, 35, 43
DRR measures and, 271
dynamic river systems provide, 222
EbA and, 192
ecosystem, 46-47, 61, 84, 88, 93, 95,
150-51, 372
ecosystem services enhance, 239
to extended dry periods and landslides,
33
to flood and drought, 234
of forest structure, 93
of hazard-prone communities, 31
to hazards, 30, 33, 38, 254
of human and natural communities, 140,
148
of the landscape, 258
livelihood, 36-37
for managing disaster risks, 258
of mangrove ecosystems, 94-95
of natural systems, 65
PAARSS water and sanitation
programme and, 276-86
refugee camps and, 430
rehabilitation measures contribute to, 239
of residents to hazards, 131
of rural communities during seasons of
extreme weather, 279
in rural livelihoods, 33
to sea-level rise, hurricanes and river
flooding, 41
social, economic and ecological, 424
of social-ecological systems, 17
of society to disaster risk, 226
threshold values of, 72
of the vegetation to tsunami waves, 77
to water-related hazards, 223-24, 229, 234
of wetland-dependent communities, 228
Rio+20 conference, 7, 15, 453

risk, defined, 18
Risk and Vulnerability Assessment
Methodology Development Project
(RiVAMP), 19, 110-12, 115, 118, 120,
133-35
risk governance, 27, 408
RiVAMP. See Risk and Vulnerability
Assessment Methodology
Development Project (RiVAMP)
RiVAMP and Negril, Jamaica
climate change adaptation (CCA), 110,
112,121,133
coral reefs, 112, 114, 116-17, 119, 122, 131,
134-35
GIS, 115-16, 119, 128, 133
mean sea level (MSL), 110-11, 114, 117,
119, 130
sea level rise (SLR), 110-11, 114, 117-18,
123, 125-26, 128, 134-35
storm surges and, 114, 117, 120-21, 126,
128, 131-32, 135
tropical cyclones and, 111-12, 119-21, 134
UNEP and, 111-15, 119, 121, 125-26,
128-30, 132-34

S
saltmarshes, 10, 34, 82, 91-92, 143, 152, 155,
400
sand dunes, 10, 34, 41, 59, 61-64, 178, 376
SBSTA. See Subsidiary Body for Scientific
and Technological Advice (SBSTA)
SEA. See strategic environmental
assessment (SEA)
Sea, Lake and Overland Surges from
Hurricanes (SLOSH), 144
sea grasses, 10
sea level rise (SLR)
about, 5, 34, 38, 41, 57, 241
coastal adaptation strategy for Cape
Town, 167, 170-75, 180-81, 186
Eco-DRR and, 438-39
mangroves as resilient natural coastal
defences, 85, 87, 99-100
New York and Connecticut area, 140, 143,
147,154
RiVAMP and Negril, Jamaica, 110-11,
114, 117-18, 123, 125-26, 128, 134-35
in Tonga, 191, 196-97, 201, 206
urban DRR and ecosystem services, 380,
400
Sea Level Rise Task Force (SLRTF), 154



INDEX 473

seawalls
about, 16, 44, 60, 63, 188n11, 256
in Tonga, 199-202, 206-7, 210

shallow coastal ecosystems, 115-16

shelterbelts, 10, 35, 42

SIDS. See Small Island Developing States
(SIDS)

SLOSH. See Sea, Lake and Overland
Surges from Hurricanes (SLOSH)

SLR. See sea level rise (SLR)

SLRTF. See Sea Level Rise Task Force
(SLRTF)

Small Island Developing States (SIDS)

about, 87,111, 134
Tonga, 191-94, 198, 204, 208, 212

social mapping, 33

Social Vulnerability Index (SOVI), 146-47,
149, 151

SOVI. See Social Vulnerability Index
(SOVI)

Special Report on Managing the Risks of
Extreme Events and Disasters to
Advance Climate Change
Adaptation (SREX) (2012), 5, 7-8,
15,293, 431, 452

storm surges

Cape Town and, 167, 169-76, 178-80, 186

CCT and, 180, 186

cities exposed to, 249

coastal defences against, 379

coastal wetlands, tidal flats, deltas and
estuaries reduce the height and
speed of, 34

coral reefs and, 131

DRR and dykes, 6

dune ecosystems and coastal wetlands
and, 179

dunes and, 63, 169-70, 178

ecosystems and natural buffers mitigate,
405

ecosystems reduce physical exposure to,
32

environmental pollution; damage
infrastructure and ecosystems, and
seriously affect human lives and
livelihoods, 59

groundwater and, 439

integrating ecosystem management and,
439

Jamaica and, 114, 117, 120-21, 126, 128,
131-32,135

mangroves, barrier islands, coral reefs
and sand dunes create barriers to,
376
mangroves, coastal forests, seagrass, coral
reefs, dunes and saltmarshes
mitigate, 400
mangroves and, 100, 450
New York and Connecticut, 144, 153
sand dunes and barrier islands dissipate
wave energy from, 34
Small Island Developing States (SIDS)
and, 111
Tonga and, 193
vegetation protects coastal areas against
erosion or the impacts of, 11
wetlands, tidal flats, deltas and estuaries
absorb water from, 10
wetlands and, xxiv, Xxv
strategic environmental assessment (SEA)
adaptation to climate change and, 47n8
in disaster risk management, 19, 426
for DRR, 40, 424-26, 431-32
environmental impact assessments
(EIAs) and, 39-40, 419, 430-31, 440,
444,447
framework for agricultural policy, 425
Subsidiary Body for Scientific and
Technological Advice (SBSTA), 7, 16
supporting services of ecosystems, 31
sustainable water supply and sanitation
climate change adaptation (CCA), 276
disaster preparedness, 283-86
disaster risk reduction, 270-71, 275, 278
disasters, living with, 273-74
GIS, 276, 287
National Adaptation Programme of
Action, 270, 276, 289
National Water Policy, 271, 276-78, 284,
448
non-governmental organization (NGO),
278,280
Projecto de Abastecimento de Agua
Rural e Saneamento em Sofala
[Programme for Rural Water Supply
and Sanitation] (PAARSS), 271, 273,
276-77,279-80, 282-84, 286-87
risk reduction innovations and deep
groundwater tables, 282-83
tropical cyclones, 271, 273-75, 285
Swiss Development Cooperation, 33, 348,
352



474 INDEX

T
TEEB. See The Economics of Ecosystems
and Biodiversity (TEEB)
tropical cyclones. See also cyclones
about, 3-5, 86, 194
Jamaica and, 111-12, 119-21, 134
Mozambique and, 273, 285
Viet Nam and, 307
tropical storms, 33, 86, 114, 131-33, 144
tsunami(s)
Asian (2004), xxiv, 88, 92, 94, 100, 392
causing coastal erosion, flooding, damage

to infrastructure and ecosystems, and

environmental pollution, 59

coastal development and resilience-
building for, 33

coastal ecosystems and, 34, 61

coastal vegetation as buffer to, 11-12, 44

damage is high in areas of coral mining,
62

DRR and, 212

dunes and, 63

dykes and seawalls in areas prone to, 6

ecosystems for protection, research on,
451

environmental pollution, damaged
infrastructure and ecosystems, 59

episodic hazards of limited predictability,
57

flume simulations of coastal features
dissipating energy of, 19, 65-71

forests and protection against, 44

Great East Japan Earthquake and, 5

Green Coasts and Mangroves for the
Future and, 33

high-magnitude disaster events, 86

Indian Ocean (2004), 4, 6-7, 11-12, 33,
61-62, 71,79, 86, 428

Italy and, 393

Lima-Callao earthquake and, 394

Lisbon Portugal and, 394

long waves of high amplitude
accompanied by massive inundation
and flooding, 59

mangrove ecosystems and, 88-89, 91-94

mitigation potential of coastal
ecosystems, 33

Tohoku (2011), 391-92

Tonga and, 193, 206-7

vegetation for hazard reduction, 307

wave and waterlogged coastal vegetation,

71-79

U

UDDT. See urine-diverting dry toilet
(UDDT)

UN General Assembly

Thematic Debate on Disaster Risk
Reduction, 7

UNDP. See United Nations Development
Programme (UNDP)

UNEP. See United Nations Environment
Programme (UNEP)

UNESCO. See United Nations Educational,
Scientific and Cultural Organization
(UNESCO)

UNFCCC. See United Nations Framework
Convention on Climate Change
(UNFCCC)

UNISDR. See United Nations International
Strategy for Disaster Reduction
(UNISDR)

United Kingdom

“Living Rivers,” 8

“Making Space for Water” programme, 8,
32

United Nations (UN)

Department of Humanitarian Affairs and
the International Decade for Natural
Disasters Reduction, 86

High Commissioner for Refugees, 430

United Nations Development Programme
(UNDP), 40

Disaster Risk Index, 273

Human Development Index, 345

integrated SEA process in Sri Lanka, 40

Nepal and, 345, 363

risk, defined, 18

United Nations Educational, Scientific and
Cultural Organization (UNESCO),
382

United Nations Environment Programme
(UNEP)

about, 19, 28. 29, 37, 40, 48n15, 110

RiVAMP and Negril, Jamaica, 111-15,
119, 121, 125-26, 128-30, 132-34

United Nations Framework Convention on
Climate Change (UNFCCC), 7,
15-16, 38, 194

Bali Action Plan, 15

Cancun Adaptation Framework, 16

ecosystem-based approaches to
adaptation, 16

United Nations International Strategy for
Disaster Reduction (UNISDR)



INDEX 475

about, 149, 187n2, 187n4, 222,249, 416
Eco-DRR and, 3-8, 18, 26-30, 38, 47, 437,
447-48, 454
forest cover and landslide trends in
Nepal, 371, 375, 384
Global Assessment Reports on Disaster
Risk Reduction (2011),7,371, 375,
401
integrated water resources management
(IWRM), 251-55, 257-58, 264
Making Cities Resilient campaign, 390,
405
urban DRR and ecosystem services,
390-91, 398, 401, 404-5
United Nations University Institute for
Environment and Human Security
(UNU-EHS), xvii, xviii, Xxi, Xxviii
University of the West Indies (UWI),
112-14, 128, 132, 134, 136n7
UNU-EHS. See United Nations University
Institute for Environment and
Human Security (UNU-EHS)
urban DRR and ecosystem services. See
also disaster risk reduction (DRR);
ecosystem-based disaster risk
reduction (Eco-DRR)
disaster risk, 408
disasters in cities and metropolitan areas,
notable, 392-94
DRR and, 408
ecosystem management for urban risk
reduction, 404-5, 408
flood reduction in Boston’s Charles River
Basin, USA, 402
globalization and, 391
green aeration corridors in Stuttgart,
Germany, 399
Green Permit Program in Chicago, USA,
399
ISDR and, 390-91, 398, 401, 404-5
local ecosystems, 397-98
“Natech” events, 391
Partnership for Environment and
Disaster Risk Reduction (PEDRR),
402, 408
policy measures dealing with various
natural hazards and their
relationship with the local ecosystem
in various regions, 406-7
reforestation in the Rokko Mountain
Range, Japan, 401
regional ecosystems of cities, 398-401

risk governance, 408
sea level rise (SLR), 380, 400
sustainable environmental management,
405
UNISDR Making Cities Resilient
campaign, 390, 405
United Nations International Strategy for
Disaster Reduction (UNISDR),
390-91, 398, 401, 404-5
urban centres and ecosystem services,
395-401
urban flood reduction in New York, USA,
398
urban poverty and disaster risk, 403—4
urban risk and disasters, interaction of
social and ecological systems in
urban areas in the production of,
396
urbanization, 389-90, 395, 399, 401, 4034,
400, 408-9
urbanization, environmental degradation
and disaster risk, 401-3
wetlands in the urban periphery, 400
urbanization, 389-90, 395, 399, 401, 4034,
406, 408-9
urine-diverting dry toilet (UDDT), 282, 287
UWIL. See University of the West Indies

(UWI)

v

VDC. See Village Development Committee
(VDC)

Village Development Committee (VDC),
344,346, 349, 351, 353-54, 356,
363-64

volcanic eruptions, 3, 17, 91, 193, 393-94

vulnerability, defined, 18

vulnerable populations, 273, 391

w
water risk management, 8
water-related hazards, 222-24, 226, 228-29,
234,240
Wealth Accounting and the Valuation of
Ecosystem Services (WAVES), 47n6
weather-related hazards/events
deadliest events worldwide 1980-2011, 4
human pressure and impacts of extreme,
63
risk governance capacities and economic
loss risk, 27
wet grasslands, 10, 34



476 INDEX

wetland(s)

about, 8, 10, 34

absorb water from upland areas, storm
surges and tidal waves, 10

carbon-rich, 96-98

coastal, 34, 109, 179, 236, 376, 378, 446

coastal, in New York and Connecticut,
140, 145, 147, 150, 154

coastal vegetation and, 72

drought mitigation strategy and
restoration of, 40

“Environmental Enhancement of Rivers”
(Ireland), 8

flood control in coastal areas, inland river
basins and mountain areas, 10

flood defence by maintenance and/or
restoration of, 16

flood management and community
resilience, role in, 19

for flood mitigation in China, 36-37

for flood protection in New Orleans, 41

hazard mitigation functions, 34

integrated coastal zone management and,
41

intertidal, 91, 96

in Mississippi Delta, xxiv

preservation of natural and constructed,
XXV

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

restoration programme, Hubei Province,
37
as shoreline buffers during extreme
events, 100
store water and release it slowly, reducing
the speed and volume of runoff, 34
tidal, 148, 151
for water retention capacity, 32
‘Whangamarino Ramsar site, New
Zealand, 43
wetland-integrated disaster risk reduction,
228-29,233-34, 238-40, 242
WEP. See World Food Programme (WFP)
wildfire management, ecosystem-based,
48n15
wildfires, 17, 32, 42, 392, 395
windstorms, 4
World Bank
Natural Hazards, Unnatural Disasters:
The Economics of Effective
Prevention, 375
World Conference on Disaster Reduction,
7
World Food Programme (WFP), 11
World Rain Forest Movement, 101n4
World Summit on Sustainable Development
(WSSD), 250, 264n2

X
Xynthia (Atlantic storm), 5



