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Foreword

Each year, disasters occupy headlines in different parts of the world. The frequency
and impacts of disasters have increased in the last few decades due to human
activities and exacerbated by a changing climate. Disasters such as earthquakes,
landslides and floods cost human lives and affect economic growth of countries.

The Himalayas region, in particular, is highly vulnerable to disasters, while at
the same time, it serves as a water tower and supports more than 1.5 billion people
in the southern plains. Nepal as a country in the central Himalayas is listed in the top
20 most disaster-prone countries in the world, experiencing hundreds of disasters
every year. The country faced tremendous loss due to the 7.8-magnitude earthquake
that occurred in April 2015, killing more than 9000 people and several hundred
thousand livestock and damaging numerous building, infrastructure and cultural
sites.

We have long understood that taking care of our environment and working with
nature constitute two of the best defences we have against natural hazards and
climate change. Healthy, well-managed ecosystems can mitigate or prevent certain
hazards, buffer against hazard impacts as well as enhance community resilience by
providing basic needs and supporting livelihoods. But the potential role of
harnessing nature and ecosystem-based solutions for reducing disaster and climate
risks remains largely untapped globally.

I wish to mention one unique ecological zone referred to as the “Chure” in
Nepal. Located between the southern Terai and northern midhills and with Hima-
layan mountains ranging from 300 to 1000 m above sea level, the Chure zone is
experiencing rapid deforestation and rampant extraction of sand and gravel. Eco-
system degradation in the Chure has resulted in increased landslides, severe soil
erosion and flash floods and has significantly reduced agricultural production in the
region, known as the “breadbasket” of the nation. As head of state of the govern-
ment of Nepal from 2008 to 2015, the government of Nepal initiated the “Chure
Conservation Program” and established the President Chure Terai Madhesh Con-
servation Board, which was solely dedicated to manage the Chure region and
reduce disaster risk through ecosystem management and climate-smart
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programmes. Drawing from these experiences, Nepal also has many lessons to
share with the global community.

It is in this context that this book can make an important contribution. It was
produced in a year when three major global policy agendas were negotiated,
namely, the Sendai Framework for Disaster Risk Reduction (SFDRR), Sustainable
Development Goals (SDGs) and the UNFCCC COP 21 Paris Agreement. Imple-
mentation of these agreements in countries and communities will demand inte-
grated strategies. The book examines how improved ecosystem management helps
to maximize the integration of disaster risk reduction, climate change adaptation
and sustainable development. I appreciate the content of the book and congratulate
authors and editors for their contribution in highlighting opportunities of working
with nature to address our global challenges.

President of The Federal Democratic Ram Baran Yadav
Republic of Nepal (2008-2015)
Kathamandu, Nepal
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Chapter 1

Developments and Opportunities

for Ecosystem-Based Disaster Risk Reduction
and Climate Change Adaptation

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

Abstract In the past few years, many advances in terms of research, implementa-
tion and policies have taken place around the world with respect to understanding,
capturing and facilitating the uptake of ecosystem-based approaches for disaster
risk reduction (DRR) and climate change adaptation (CCA). We highlight some of
these advances here, particularly for coastal (various hazards), riverine (floods), and
mountain (landslides) environments. We also highlight that many international
agreements reached in 2015 can facilitate the uptake of these approaches whereas
ecosystem-based solutions can facilitate the achievement of many goals and targets
related to DRR, CCA, and/or sustainable development enclosed in these agree-
ments. Finally, the chapter provides an overview of the rest of the book.

1.1 Introduction

The role of ecosystems for disaster risk reduction (DRR), climate change adaptation
(CCA) and development is increasingly recognised globally. In the short time since
2013 when the book “The role of ecosystems for disaster risk reduction” was
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published (Renaud et al. 2013), tremendous developments have taken place in the
field of ecosystem-based DRR (Eco-DRR) research, policies, and implementation
on the ground. Some of these new insights were discussed at a workshop'
co-organised, among others, by the Partnership for Environment and Disaster
Risk Reduction (PEDRR), the Centers for Natural Resources and Development
(CNRD), and the Indonesian Institute of Sciences (LIPI) in Bogor, Indonesia, in
June 2014. The workshop focused on the role of ecosystems for disaster risk
reduction and climate change adaptation (Eco-DRR/CCA) and had four main
themes, namely (i) Evidence and economics of Eco-DRR/CCA; (ii) Decision
making tools for Eco-DRR/CCA; (iii) Innovative institutional arrangements and
policies for Eco-DRR/CCA; and (iv) Cutting edge scientific research and technical
innovations on Eco-DRR/CCA. These themes were selected as they addressed
some of the gaps that were identified in the first book (see Estrella et al. 2013)
and now loosely provide the structure for this volume. Chapters written for this
book emanate both from participants in the workshop and from invited authors.

2015 has been a critical year in terms of major global agreements and advancing
international recognition of ecosystem-based approaches to DRR and CCA: first in
March, the Sendai Framework for Disaster Risk Reduction (or SFDRR; UN 2015a)
was approved in Sendai, Japan, replacing the Hyogo Framework for Action
(UNISDR 2005). In September the UN General Assembly adopted the Sustainable
Development Goals (or SDGs; UN 2015b). Finally in December, a new agreement
to address climate change was reached in Paris (UNFCCC 2015). Ecosystems and
ecosystem services are critical for helping achieve disaster risk reduction, sustain-
able development and climate change mitigation and adaptation, and this is now
recognised by these agreements and others (Fig. 1.1).

In the last couple of decades, the number of concepts on the use of ecosystems
for DRR, CCA and sustainable development has rapidly increased, and concepts
such as Ecosystem-based Adaptation (EbA), Ecosystem-based Disaster Risk
Reduction, Nature-based Solutions, Green Infrastructures, Working with Nature,
and many more have emerged or been further developed (see Box 8.1 in van
Wesenbeeck et al., Chap. 8). This recognition has facilitated increased implemen-
tation of Eco-DRR/EbA projects on the ground. Nonetheless, the variety of
ecosystem-based concepts and definitions has generated some confusion, particu-
larly for practitioners and policymakers.

With rapid progress made on concepts, policies, and implementation, it is
perhaps time to take stock again on where we stand with respect to Eco-DRR/
CCA. This is the purpose of this book, which was produced at a time when the three
major global agreements mentioned above were being negotiated and agreed upon.
In the next sections of this chapter, we will briefly discuss the concept of Eco-DRR/
CCA, and show how in recent years the concept and other related ones have been
promoted in research and practice. We will provide insights into some of the
scientific advances related to coastal, riverine and forest ecosystems and their role

"http://pedrr.org/training/current-event/international-science-policy-workshop-bogor-2014/
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——— Eco-DRR/CCA contributes to the achievement of these processes. Only main ES sated

Processes provide policy leverage to implement Eco-DRR/CCA

Fig. 1.1 Linkages between major international agreements and Eco-DRR/CCA. ES means eco-
system services

in disaster risk reduction and finally, present the structure and chapters of the book.
Opportunities for the further development of Eco-DRR/CCA concepts and practice
are discussed in more detail in the concluding chapter (Estrella et al. Chap. 24).

1.2 What Do We Mean by Eco-DRR/CCA?

Two key concepts feature in most of the chapters of this book: Eco-DRR and EbA.
Definitions for each are given in Box 1.1. The two definitions are very similar
(i.e. with a focus on ecosystem management, conservation and restoration for
specific objectives and linking these to sustainable development), given that the
Eco-DRR definition developed in 2013 drew on the existing definition of EbA
which pre-dated it. One important difference is that one concept specifically
addresses DRR and the other CCA. However, it can be easily argued that there
are more similarities between the concepts than divergence, especially when
addressing climate-related hazards (Doswald and Estrella 2015). Another key
feature of both concepts, even if not spelled out explicitly in the definitions, is the
fact that the approaches provide multiple benefits, beyond strictly DRR and CCA
functions.
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Box 1.1: Definitions of Eco-DRR and EbA

Ecosystem-based Disaster Risk Reduction (Eco-DRR) “is the sustainable
management, conservation, and restoration of ecosystems to reduce disaster
risk, with the aim of achieving sustainable and resilient development”
(Estrella and Saalismaa 2013:30).

Ecosystem-based Adaptation (EbA) “is the use of biodiversity and eco-
system services as part of an overall adaptation strategy to help people to
adapt to the adverse effects of climate change. Ecosystem-based adaptation
uses the range of opportunities for the sustainable management, conservation,
and restoration of ecosystems to provide services that enable people to adapt
to the impacts of climate change. It aims to maintain and increase the
resilience and reduce the vulnerability of ecosystems and people in the face
of the adverse effects of climate change. Ecosystem-based adaptation is most
appropriately integrated into broader adaptation and development strategies”
(CBD 2009:41).

Although the definition of Eco-DRR does not include a reference to climate
change, it was always considered that Eco-DRR could also contribute to climate
change adaptation, as climate change is considered to be a risk amplifier now and in
the future (Estrella and Saalismaa 2013). However, in this chapter, to be more
explicit, we use the acronym Eco-DRR/CCA in order to emphasise that ecosystem-
based approaches play a role for achieving both DRR and CCA. Therefore, we
define Eco-DRR/CCA as: ‘“‘the sustainable management, conservation, and
restoration of ecosystems to reduce disaster risk and adapt to the consequences
of climate change, with the aim of achieving sustainable and resilient develop-
ment”. Although we use the term Eco-DRR/CCA in this chapter, authors of
subsequent chapters have been given total freedom to elaborate on and use termi-
nology that best describes their work.

1.3 Eco-DRR/CCA Gaining Steam Globally

Ecosystems for DRR and/or CCA have been advocated in many “commentaries” and
“perspectives” of leading journals, particularly for coastal systems. For example,
Barbier (2015) discussed in the journal Nature the feasibility of having three lines of
coastal defenses: green and grey infrastructure as well as local stakeholders® engage-
ment with a potential for application globally. This builds on an earlier perspective in
Science where restoration of coastal ecosystems was considered a necessary step for
long-term coastal adaptation (Barbier 2014). Again in Science, the case for “nature-
based engineering solutions” in delta environments was made by Timmerman and
Kirwan (2015), building on an earlier perspective in Nature encouraging a broader
consideration of ecosystem-based, coastal defenses (Timmerman et al. 2013).
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In Nature Climate Change, Cheong et al. (2013) discussed the role of ecological
engineering for coastal adaptation. Finally, Martin and Watson (2016) made a general
plea in Nature Climate Change for the consideration of ecosystems in adaptation to
climate change. Furthermore, many scientific papers have been published on the topic
during the last few years, some of them are reviewed in Sect. 1.4 of this chapter.

In addition to articles in scientific journals, many other publications related to
ecosystem-based approaches have recently been published. Without intending to be
exhaustive, a few can be mentioned. A recent example is a technical report by the
European Environment Agency on Green Infrastructures as an option to mitigate
climate change-related hazards, with a specific focus on landslides, avalanches,
floods, and storm surges (EEA 2015). On the occasion of the 2014 World Parks
Congress, the International Union for the Conservation of Nature (IUCN) published
18 case studies illustrating the interlinkages between protected areas and DRR and
CCA (Murti and Buyck 2014). Ecoshape also showcased other examples such as
oyster reefs to mitigate erosion, seabed landscaping to boost biodiversity, and more
generally, the multiple benefits provided by Nature-based Solutions (De Vriend and
Van Koningsveld 2012).

Technical and general guidelines are also increasingly being published. Exam-
ples include the role of protected areas for DRR (Dudley et al. 2015) which was
released during the World Conference on Disaster Risk Reduction; the develop-
ment of hybrid solutions for large scale coastal erosion control (Winterwerp
et al. 2014); the use of mangroves (Spalding et al. 2014a) or natural and nature-
based features (Bridges et al. 2015) for coastal protection and resilience; and
comparisons of ecosystem-based and engineering solutions for coastal protection
in Fiji (Rao et al. 2012).

In addition, and linked to the work leading to some of the publications above,
many initiatives around the world have been developed that consider ecosystems as
stand-alone solutions or as a component of hybrid solutions for DRR and/or CCA.
Naming just a few and in no particular order: Living shorelines to restore America’s
estuaries”; the Building with Nature programme in Indonesia’; and the Coastal
Resilience programme* (Beck et al. 2013).

As noted in the introduction, many positive developments have also taken place
on the policy front. Ecosystems are mentioned as playing a critical role for DRR
and CCA, a fact highlighted or reinforced in many recent international agreements.
The role of ecosystems or of the environment features in numerous places in the
Sendai Framework for Disaster Risk Reduction (SFDRR) (UN 2015a); they also
play a critical role for many of the Sustainable Development Goals (SDGs)
(UN 2015b); environmental or ecosystem integrity is mentioned in several places
of the Paris Agreement (UNFCCC 2015); the Convention on Biological Diversity
also puts an important emphasis on ecosystem-based solutions for CCA and DRR in

2https://www.estuaries.org/living—shorelines (accessed Oct 2015)
3http://www.ecoshape.nl/overview-bwn.html (accessed Oct 2015)
“http://coastalresilience.org/ (accessed Oct 2015)
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a decision reached during the 12th Conference of the Parties (CBD 2014); and the
Ramsar Convention on Wetlands adopted resolution XII.13 on “wetlands and
disaster risk reduction” at its last Conference of the Parties in 2015 (Ramsar
2015). Figure 1.1 shows the possible linkages (the list is not exhaustive) between
major international agreements and Eco-DRR/CCA.

There is clearly increasing interest in ecosystem-based solutions for DRR and
CCA globally. In the next section, some recent scientific advances are further
described for coastal protection, flood protection, and landslide risk reduction.

1.4 Progress on the Science Front

1.4.1 Coastal Ecosystems for Coastline Protection

Coastal social-ecological systems are exposed to various types of hazards
(e.g. tropical cyclones, storm surges, tsunamis, flooding, erosion, sea-level rise)
and are relatively vulnerable because of a variety of factors such as increasing
population densities linked to urban expansion, and high levels of economic
activities (e.g. Nicholls et al. 2008). As can be inferred from Sect. 1.3 of this
chapter and in Chaps. 13, 14, 18, 19 and 20, many Eco-DRR/CCA activities have
taken place or are being planned in coastal environments, particularly linked to the
rehabilitation or conservation of coastal ecosystems, such as mangroves and sand
dunes (Cunniff and Schwartz 2015; Gedan et al. 2011; Temmerman et al. 2013).
Lacambra et al. (2013) provided a comprehensive review of the multiple roles of
mangroves in terms of coastal protection. In the span of several years, many
additional publications on the subject have emerged addressing the multiple dimen-
sions regarding the role of coastal vegetation in buffering populations and infra-
structures against hazards but also in providing other ecosystem services. Examples
include reviews highlighting:

« the multiple benefits coastal ecosystems provide in the context of DRR such as
reducing flooding and erosion, the ability of many ecosystems to self-repair or
adapt to changing environmental factors, and the cost-effectiveness of
ecosystem-based solutions (e.g. Spalding et al. 2014b);

« the critical role of coastal vegetation (e.g. mangroves, salt marshes, seagrasses)
in terms of climate change mitigation (carbon sequestration) and adaptation
(e.g. dissipation of wave energy, elevation of the land or the sea floor, sediment
trapping, protection against coastal flooding and erosion) (Duarte et al. 2013).
Mangroves, in particular, can store large amounts of carbon (Wicaksono
etal. 2016), particularly below ground (Donato et al. 2011), and their destruction
can lead to large emissions of carbon to the atmosphere (e.g. Murdiyarso
et al. 2015);

e the reduction in height of wind and swell waves by mangroves (Mclvor
et al. 2012a, 2015);
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« the linkages between mangrove presence and their ability to reduce storm surge
peak water levels, flow speed and surge damage behind mangroves (Mclvor
et al. 2012b);

« the ability of mangroves, in many circumstances, to keep pace with local sea
level rise (Duarte et al. 2013; MclIvor et al. 2013) as long as there is a sustainable
supply of sediment and organic matter (see also Alongi 2008). In addition,
mangroves can migrate landward when facing e.g. rising sea levels but only if
there are no obstacles behind them such as natural features or human infrastruc-
ture (Alongi 2008; Lovelock et al. 2015).

All these studies emphasise the fact that the cause-effect relationship between
ecosystems and disaster risk reduction can be highly localised as multiple factors
are at play when considering wave attenuation effects or increases in elevation of
the land. Regarding the latter, Lovelock et al. (2015) noted that in 70 % of sites
surveyed in the Indo-Pacific region, sea-level rise exceeded soil surface elevation
gains. Nevertheless, based on these new insights and an increasing body of empir-
ical evidence not reviewed here, several technical guidelines for experts and
policymakers have been and are currently being developed (e.g. Spalding
et al. 2014a; Dudley et al. 2015). Five chapters in this book discuss in varying
details the role of coastal vegetation for DRR: Friess and Thompson (Chap. 4); van
Wesenbeeck et al. (Chap. 8); Furuta and Seino (Chap. 13); Takeuchi et al. (Chap. 14);
and David et al. (Chap. 20).

Another important type of ecosystem in the context of DRR are coastal dune
systems (CDS) which provide a variety of ecosystem services, and in particular the
physical buffer function that protects inland areas from coastal hazards such as
tropical cyclones, storm surges, and coastal floods (Hettiarachchi et al. 2013).
Coastal dunes can even prevent or at least mitigate tsunami impacts depending on
the circumstances (Liu et al. 2005; Bhalla 2007; Mascarenhas and Jayakumar
2008). Furthermore, intact CDS control geomorphological processes such as
coastal erosion (Prasetya 2007; Barbier et al. 2011) and mitigate effects of sea
level rise and saltwater intrusion (Heslenfeld et al. 2004; Saye and Pye 2007). The
effectiveness for hazard mitigation and long-term adaptation to climate change
depends on the integrity of the protective ecosystem services. These are composed
of the physical conditions, in particular height, width, shape and continuity
(G6émez-Pina 2002; Takle et al. 2007; Thao et al. 2014), the ecological status
(Nehren et al. in Chap. 18), and the dynamics of the CDS.

Despite their importance for coastal protection and CCA, losses and degradation
of CDS are widespread phenomena around the globe, mainly triggered by urban-
isation processes, overexploitation, mining, and tourism (Martinez et al. 2004). The
growing global demand for sand and gravel (Peduzzi 2014) will most probably lead
to intensified sand mining activities along beaches and shorelines in the near future,
and further accelerate degradation processes in many coastal regions of the world —
with severe consequences for biodiversity and the livelihoods and vulnerability of
coastal communities.
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In many mid-latitude countries, particularly in Europe and the USA, the problem
has been recognized, and conservation and restoration measures for CDS have been
established or are underway (Doody 2013). In these countries, current research
related to DRR, CCA and ecosystem management of CDS focuses among others on
mid- to long-term effects of climate change — in particular sea level rise and storm
intensities — on morphology, species composition, and habitat losses of CDS
(e.g. Feagin et al. 2005; Psuty and Silveira 2010; Prisco et al. 2013; Seabloom
et al. 2013; Pakeman et al. 2015). Another research line deals with the protective
services of CDS as well as conservation and restoration measures to maintain or
restore these services (e.g. Feagin et al. 2010; Hanley et al. 2014; Sigren
et al. 2014).

In tropical and subtropical countries, the databases on CDS and their role in
coastal protection and adaptation are often very limited. Even though CDS of
tropical and subtropical regions are frequently described as degraded (Moreno-
Casasola et al. 2008), these assessments are often based on geographically
restricted field studies and observations, so that inferences to larger areas are not
possible. Due to the lack of ground-based data particularly in tropical and subtrop-
ical countries, there is as yet no global overview on the ecological status and change
patterns of CDS. Considering the significance of CDS for coastal protection,
climate change adaptation and biodiversity conservation, there is an urgent need
to foster research and action with respect to the status and management of CDS in
developing and emerging countries, where livelihoods of coastal dwellers are most
affected. Furthermore, in-depth research on the protective and other ecosystem
services of CDS are needed for a more targeted implementation of conservation,
restoration and sustainable use measures. Finally, policymakers need to be con-
vinced that in many cases the short-term benefits of sand dune exploitation are
associated with higher costs for coastal protection in the long run. This requires an
improved database on the socio-ecological system including the valuation of
ecosystem services of CDS.

1.4.2 Riverine Ecosystems for Floods Protection

Flooding is the hazard that causes the majority of disasters and economic losses.
Between 1994 and 2013, floods accounted for 43 % of all recorded events and
affected nearly 2.5 billion people (EM-DAT 2015). In addition to higher concen-
trations of populations in flood plains, more extreme precipitation is one of the
hazards likely to become more frequent due to climate change (IPCC 2014).
Reducing flooding can be very costly, and mitigation measures range from high-
technology structural engineered flood defenses around densely populated areas, to
non-structural measures such as early warning systems or floodplain zoning
(Senhoury et al. Chap. 19). Along with increasing numbers of flooding events,
high economic losses and the uncertainty that flood defenses are inadequate to
protect against increasing flood risk, a shift is occurring to consider more integrated
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flood risk management, including natural flood defenses (Bubeck et al. 2015; Day
et al. 2007; van Wesenbeeck et al. 2014; van Staveren et al. 2013, van Wesenbeeck,
Chap. 8). These include wetlands, lakes and rivers which have been restored to
make “room for water” and can retain water in upper catchments and provide space
for excess water (Bubeck et al. 2015). The importance of Integrated Water
Resources Management (IWRM) which considers water management issues in
watersheds and river basins was especially highlighted in the SFDRR.

However, the uptake of integrated approaches varies considerably among coun-
tries, depending on the frequency of flooding events and the public demand and
support for certain types of flood risk management (Bubeck et al. 2015). The major
floods which struck Europe between 1998 and 2004 led to several important
European Union directives, including the Water Framework Directive (EC 2000)
and the Flood Directive (EC 2007). The Water Framework Directive, in particular,
is one of the few directives with a dual ecological and DRR component while
promoting an integrated approach to water and drought risk management. It points
to the need to achieve a balance between ecological requirements and the need for
drought measures and flood defense based on good ecological science (Sudmeier-
Rieux 2013). As a result of these two directives, a number of countries, notably the
Netherlands, U.K., Germany, Belgium and France developed programmes, which
promoted the use of wetlands, rivers and other natural spaces as reservoirs for
excess water. One example is the Netherlands’ “Room for the River”, a €2.3 billion
programme which was conceived to create more space for the rivers while improv-
ing flood protection, recreation possibilities and improved environmental quality of
rivers in the country. According to the main government agency overseeing the
project, in addition to flood protection, any extra space created for the rivers will
also remain permanently available for this purpose and for other recreational and
ecological functions (Dutch Ministry of Water Management, Transport and Public
Works 2012). Although not part of the EU but following this paradigm shift in flood
management, the Government of Switzerland’s third Rhone River Correction
programme is a 30-year initiative which will allow to control potential flood
damages, re-establish and strengthen biological functions of the river and maintain
social and economic priorities along the upper catchment of the Rhone River
(between the town of Brig and the mouth of river in the Canton of Vallis) (Pahl-
Wostl et al. 2006).

Global estimates of inland (freshwater) wetlands vary between 5.3 and 9.5
million km? but are also considered underestimated (Russi et al. 2013). The
Economics of Ecosystem and Biodiversity (TEEB) report on water and wetlands
(Russi et al. 2013) has estimated that inland wetlands (floodplains, swamps,
marshes and peatlands) provided regulating services of 23,018 USD/hectare/year
and a total of 44,597 USD/hectare/year. This value does not consider the many
non-monetary values that wetlands provide, such as aesthetics, rich biodiversity,
educational, cultural and recreational ecosystem services.

The core of the new flood risk management paradigm is a recognition of
ecosystem services in attenuating flooding, which needs to be based on a careful
scientific analysis of the linkages between wetlands and flooding (Janssen
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et al. 2014; van Wesenbeeck et al. 2014). According to van Eijk et al. (2013), river
basins are highly dynamic systems, and the periodic rise and fall of floodwaters is a
normal pulsing feature in the river landscape. The role of wetlands in regulating
floods is far from universal and will depend on the scale of the flood event, the size
and health status of the wetlands, its location in a river basin and local climate.
Depending on the study, wetlands can both contribute to flood reduction and
increase it (van Eijk et al. 2013). This points to a wide heterogeneity of ecosystem
services related to flood attenuation, which requires more localised expertise and
study. Thus according to the situation:

« Peatlands, wet grasslands and other wetlands can store water and release it
slowly, reducing the speed and volume of runoff after heavy rainfall or snowmelt
in springtime (Brouwer and van Elk 2004; Javaheri and Babbar-Sebens 2014)

» Marshes, lakes and floodplains release wet season flows slowly during drought
periods and can contribute to recharging ground water (Maltby 2009; Wilson
et al. 2010)

However despite their many benefits, wetlands face severe pressures especially due
to land conversion, development of dams, eutrophication and pollution due to
intensification of agriculture. In Europe, 80 % of wetlands have disappeared over
the past 75 years, as compared to 50 % in North America (van Verhoeven 2013). In
2012, 28 % of 127 governments reporting to the Ramsar Convention stated that
their wetlands had deteriorated, while only 19 % reported any improvements (Russi
et al. 2013).

1.4.3 Protection Forests for Landslide Risk Reduction

From the geological and geomorphological viewpoint, landslides can be principally
considered natural phenomena, which are usually triggered by rainfall or earth-
quakes. However, human interference, such as road construction, quarrying, defor-
estation, agricultural practices in mountainous terrain, can contribute to or
aggravate their destructive forces (Dolidon et al. 2009; Walker and Shiels 2013).
Another important root cause for landslides is the change of the vegetation cover
(Papathoma-Koehle and Glade 2013). To mitigate in particular the risk of shallow
landslides (i.e. with a depth of 2—-10 m), conservation and restoration of vegetation
(e.g. from grasses with deep roots to mountain forests) are recommended, often
combined with engineered structures such as fences and debris flow barriers
(Dietrich et al. 1998; Wehrli and Dorren 2013).

The effectiveness of protection forest depends on various factors, such as the
hazard type, the geological and topographical setting, the location of the forest, its
tree composition and dynamics, as well as management aspects (Wehrli and Dorren
2013). There are many experiences with respect to the creation and maintenance of
protection forests particularly in Europe and the US, where protection forests are
not only used for landslide risk reduction, but also as buffers against rockfall,
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avalanches, debris flows, flooding and erosion (Brang et al. 2006). A prominent
example is found in the Swiss Alps, where protection forests are a main component
of the national disaster risk reduction programme, and the Government spends over
USD 120 million per year on the management of its protective forests (Wehrli and
Dorren 2013). However, the planning process takes a time span of 50—100 years and
requires public willingness to contribute to the forests’ maintenance. On the other
hand, Wehrli and Dorren (2013) point out that the creation and maintenance of
protection forest cost 5-10 times less than structurally engineered structures
over time.

Current research on protection forests is concentrated in Europe, North America,
Australasia, and Japan and focuses among others on the ideal composition of tree
species to maximise the degree of protection. Models that take into account the
structural diversity and species composition include parameters that have a major
impact on slope stabilisation, such as root density, root tensile strength, and root
orientation (Danjon et al. 2008; Mao et al. 2012; Preti 2013). These models build on
studies on root systems of different tree species in various environments
(e.g. Schmid and Kazda 2001, 2002; Roering et al. 2003; Bischetti et al. 2005,
2009; Mattia et al. 2005; De Baets et al. 2008; Abdi et al. 2009) and works on root
characteristics (Stokes et al. 2009). Other models include the effects of vegetation,
reinforcement and hydrological changes (Greenwood 2006), forest structure
(Kokutse et al. 2006) and hydro-mechanical effects of different vegetation types
(Gonzalez-Ollauri and Mickovski 2014). Important research along these lines
include the impact of successional stages and plant density for landslide control
(Cammeraat et al. 2005; Pohl et al. 2009; Loades et al. 2010), management aspects
of protection forests (Dorren et al. 2004; Schonenberger et al. 2005; Brang
et al. 2006; Runyan and D’Odorico 2014; Basher et al. 2015), and
geomorphologically-controlled variations of ecological conditions on root rein-
forcement (Hales et al. 2009). A quantitative tool developed to determine the
slope stabilising effect of protection forests in Switzerland is presented by Dorren
and Schwarz (Chap. 11).

Within the last years, the potential of protection forests for landslide risk
reduction has also been recognised in developing countries and emerging econo-
mies, and several projects have been implemented, often together with local
communities. In this context, Anderson et al. (2014: 128) stress the implementation
challenges of community-based landslide risk reduction measures in developing
countries and point out “the need for disaster risk reduction researchers and
practitioners to develop future environmental scenarios as the basis for modeling
landslide triggers in vulnerable communities.”

For landslide-affected areas in Asia and the Pacific, the FAO (2013) published a
report that provides a good overview of the affected regions and shows strategies
for effective risk management, with a focus on protection forests and land manage-
ment practices. For Dolakha District in central-eastern Nepal, Jaquet et al. (2013)
analysed landslides trends and demonstrated that proper management of commu-
nity forests significantly contributes to slope stabilisation and thereby reduces the
risk of shallow landslides. For China, there are also some studies that focus on
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floristic and vegetational aspects, in particular the root systems of different forest
types (Genet et al. 2010; Ji et al. 2012).

Also in Latin America as well as in Sub-Saharan Africa, the role of forests and
good agricultural management including slope terracing, agroforestry, and
silvopastoral systems for landslide and flood prevention has become increasingly
recognised. However, the number of scientific publications, in particular with
respect to ground-based data, is still limited. Among the few publications that
exist are those by Anderson et al. (2011) on community-based landslide risk
reduction in the Eastern Caribbean; Lange et al. (Chap. 21 in this book) on risk
perception for participatory ecosystem-based adaptation to climate change in the
Atlantic Forest of Rio de Janeiro State; Lange et al. (2016) on the potential of
ecosystem-based measures for landslide risk reduction in the city of Rio de Janeiro;
and some studies that have been conducted on landslides in the Mt. Elgon area
(Bintoora 2015).

The Eco-DRR/CCA advances reviewed above for coastal, floodplain and moun-
tain environments show the increase interests of the scientific and practitioner
communities on the concept. However, much more knowledge remains to be
generated to fully understand the role ecosystems can play in mitigating hazards
of different magnitudes and frequencies and in helping societies adapt to climate
change. This could be further facilitated in the future by the recognition of the role
of ecosystems for DRR, CCA and development in major international agreements
(Fig. 1.1). Further advances, practical examples, and suggestions for the way
forward for Eco-DRR/CCA are presented in the following chapters of the book.

1.5 Structure of the Book

This book comprises 24 chapters divided into four main sections as well as an
overall introduction (this Chapter) and an overall conclusion by Estrella et al.
(Chap. 24) which summarizes the main points developed throughout the book,
and discusses emerging issues related to the four themes mentioned earlier in this
chapter.

Part I, entitled “Economic approaches and tools for Eco-DRR/CCA” is com-
posed of four chapters, which examine how best to capture, from an economic
perspective, the multiple benefits generated by Eco-DRR approaches. Emerton
et al. (Chap. 2) present and discuss a conceptual framework for the integration of
ecosystem values in development planning in the context of climate change.
Applications of the framework are presented for coastal areas in Kenya and Sri
Lanka. Vicarelli et al. (Chap. 3) make the case for the consideration of cost-benefit
analyses for Eco-DRR and EbA projects, by providing a detailed review of best
practices and providing examples from case studies. Friess and Thompson
(Chap. 4) discuss the concept of Payment for Ecosystem Services for mangroves
in the context of DRR, outlining some of the pre-requisites that are necessary for
these types of schemes to work efficiently. Finally, Harmackova et al. (Chap. 5)
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present a case study in the Czech Republic where participatory scenario building,
GIS modelling and economic evaluation were used to analyze economic costs and
benefits of adaptation scenarios.

Part II of the book entitled “Decision-making tools for Eco-DRR/CCA” com-
prises seven chapters. Whelchel and Beck (Chap. 6) provide, through the analysis of
case studies, lessons learned and recommendations related to decision support tools
and approaches for Eco-DRR and EbA. In Chap. 7, Krol et al. provide an overview
of the use of geo-information tools for Eco-DRR and how they can be used to
compare different DRR options. The decision support tool RiskChanges is also
presented. Van Wesenbeeck et al. (Chap. 8) present approaches which could better
integrate the role of ecosystems in coastal flood risk management engineering
projects and, by doing so, provide additional incentives for coastal engineers to
consider ecosystem-based solutions for coastal flood management. Kloos and
Renaud (Chap. 9) review ecosystem-based approaches for drought risk reduction,
with a focus on Sub-Saharan Africa. The chapter also presents some criteria to
determine when approaches can be considered ecosystem-based. In Chap. 10,
Bayani and Barthélemy show how the Integrated Valuation of Ecosystem Services
and Tradeoff (InVEST) tool can be used to assess ecosystems and disaster risk in
data-scarce environments, with examples from Haiti and the Democratic Republic
of the Congo. In their chapter, Dorren and Schwarz (Chap. 11) present a quantita-
tive tool called SlideforNET which was developed to determine the slope
stabilising effect of protection forests in Switzerland. In the last chapter of Part
II, Kumar et al. (Chap. 12) describe a cluster approach used for disaster risk
reduction planning in the Mahanadi Delta, India.

Part III of the book entitled “Innovative institutional arrangements and policies
for Eco-DRR/CAA” is composed of five chapters. The first two chapters (Furuta
and Seino; Takeuchi et al.) address the integration (or lack thereof) of ecosystem-
based approaches in the rebuilding process in the aftermath of the 2011 Great East
Japan Earthquake (GEJE). In both chapters, the debates and policies enacted after
this disaster are discussed in detail. Furuta and Seino (Chap. 13) also describe the
role that ecosystems played during the GEJE. In addition to the GEJE case study,
Takeuchi et al. (Chap. 14) showcase the multiple benefits of Eco-DRR activities in
two other regions of the world, Ghana and Myanmar. Sandholz (Chap. 15)
addresses urban disaster risk reduction through the example of Kathmandu Valley
in Nepal and illustrates how unplanned urban development, political instability and
the non-enforcement of existing policies and laws constitute hurdles to the integra-
tion of ecosystem-based approaches in DRR. Kieft et al. (Chap. 16) discuss
anticipatory management of peat fires in Indonesia and the integration of the
concept into existing procedures of fire prevention and into spatial and development
planning. The early warning system “Fire Risk System” is also presented. Finally,
McNeely (Chap. 17) argues for the greater consideration of protected areas in
national strategies linked to CCA and DRR and proposes various management
approaches for protected areas in this context.

Part IV “Research and Innovation” has six chapters. Nehren et al. (Chap. 18)
highlight the importance of coastal dune systems for DRR through case studies
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from three countries: Vietnam, Indonesia, and Chile. They also suggest indicators
for assessing the degradation of coastal dune systems and for assessing ecosystem
services. In Chap. 20, David et al. elaborate on the perspectives of coastal engineers
on ecosystem-based coastal protection measures and highlight the multiple benefits
as well as the limitations of “low-regret measures”, such as green belts, coir fibers,
and porous submerged structures. Senhoury et al. (Chap. 19) present an assessment
of flood risk for Nouakchott, Mauritania, and highlight, among other things, the
importance of preserving and restoring the coastal dune belt that can protect the
city. Lange et al. (Chap. 21) present research results from a case study area in Brazil
that focused on perception analysis to determine how to more effectively promote
local community participation in Eco-DRR and EbA activities; the hazards consid-
ered in this chapter are landslides, mudslides and floods. Dhyani and Dhyani
(Chap. 22) also address land degradation, but this time from the Indian Himalayas’
perspective, and discuss the important role of forests for DRR, and critically, for
improving local livelihoods. They show in detail the complex interactions between
society and their natural environment and discuss the role that fodder banks can
play in supporting livelihoods and ecosystems. Last but not least, Fedele et al. (-
Chap. 23) discuss the role of forest ecosystems for livelihoods when disasters strike
in Indonesia. Through an analysis of ecosystem services, they emphasise the roles
that forests play in reducing the vulnerability of communities exposed to various
hazards.

With this second book volume, we hope to spark ongoing dialogue, research and
practice that advance global understanding and, most importantly, applications of
ecosystem-based solutions for disaster risk reduction and climate change
adaptation.
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Chapter 2

Valuing Ecosystems as an Economic Part
of Climate-Compatible Development
Infrastructure in Coastal Zones of
Kenya & Sri Lanka

Lucy Emerton, Mark Huxham, Jil Bournazel, and M. Priyantha Kumara

Abstract Even though ‘green’ options for addressing the impacts of climate
change have gained in currency over recent years, they are yet to be fully
mainstreamed into development policy and practice. One important reason is the
lack of economic evidence as to why investing in ecosystems offers a cost-
effective, equitable and sustainable means of securing climate adaptation, disaster
risk reduction and other development co-benefits. This chapter presents a concep-
tual framework for integrating ecosystem values into climate-compatible develop-
ment planning. Case studies from coastal areas of Kenya and Sri Lanka illustrate
how such an approach can be applied in practice to make the economic and business
case for ecosystem-based measures. It is argued that, rather than posing ‘grey’ and
‘green’ options as being necessarily in opposition to each other or as mutually
incompatible, from an economic perspective both should be seen as being part and
parcel of the same basic infrastructure that is required to deliver essential develop-
ment services in the face of climate change.
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2.1 Introduction

Several authors have noted that, even though ecosystem-based approaches are
gaining in popularity, they are for the large part yet to be fully mainstreamed into
development decision-making as compared to more conventional ‘grey’ measures
(ProAct Network 2008; UN Global Compact et al. 2011; Renaud et al. 2013). It is
argued that a major reason for this omission is the lack of economic evidence as to
why investing in ecosystems offers a cost-effective, equitable and sustainable
means of securing climate adaptation and disaster risk reduction benefits (Colls
et al. 2009; UNEP 2011; Munroe et al. 2012). Intensifying competition over scarce
private and public investment funds, coupled with increasing demands from share-
holders and taxpayers for information about how their money has been spent, means
that the need to demonstrate cost effectiveness and value for money is becoming an
ever-more pressing concern (Tompkins et al. 2013; Ferrario et al. 2014). While
figures are readily available on the benefits of hard engineering or built infrastruc-
ture options, and are routinely used to guide and report on investment decisions,
much less information is on hand about the potential gains associated with investing
in green disaster risk reduction and adaptation measures.

This chapter describes how economic valuation can assist in communicating the
advantages of ecosystem-based options for climate-compatible development
(CCD) in coastal areas. It contends that, rather than posing ‘grey’ and ‘green’
investments as being necessarily in opposition to each other, or as mutually
incompatible, both should be seen as being part and parcel of the same basic
economic infrastructure that is required to deliver essential development, adapta-
tion and disaster risk reduction services. In turn, if CCD is to reach its full potential,
decision-makers must be equipped with the tools and information that will enable
them to explicitly recognise the economic values associated with ecosystem ser-
vices, factor them into investment calculations, and develop policy instruments and
management approaches which will better capture and harness them in support of
climate adaptation and disaster risk reduction. This requires a shift in the way in
which land use and development trade-offs are conceptualised and evaluated —
moving from a paradigm which undervalues ecosystem services to approaches
which count and invest in them as an economic part of climate-compatible devel-
opment infrastructure.

2.2 The Economic Value of Coastal Ecosystem Services

On the face of it, coastal planners and decision-makers would seem to be well aware
of the value of natural resources. Such figures are accorded a prominent role in most
national economic statistics and indicators, and in the development decisions they
inform. For example, a compilation of country-level trade accounts indicates fish to
be the most valuable agricultural commodity on world markets: recorded export
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earnings are now worth more than coffee, cocoa, sugar and tea combined (OECD
2008). Sea fisheries, alone, are documented to generate income in excess of USD
80 billion a year, provide for around 35 million jobs and support the livelihoods of
more than 300 million people (Beaudoin and Pendleton 2012).

While these kinds of statistics suggest that it is hardly a novel insight that coastal
natural resources make a major contribution to local, national and even global
economies, there has long been a tendency to conceptualise ecosystem values only
in terms of the commodities that are traded in formal markets, such as fisheries,
timber, minerals or tourism (Emerton 2006). This definition however remains an
incomplete one, because it excludes the host of other goods and services that coastal
ecosystems generate. In particular, the economic values associated with
subsistence-level and non-market production and consumption and with the pro-
tection and regulation of natural and human systems — arguably those which are of
the most importance to adaptation, disaster risk reduction and climate-compatible
development — tend to be largely left out of the equation. Almost half the global
population are thought to depend on marine and coastal biodiversity in some way
for their basic livelihoods (SCBD 2009). In Myanmar, for example, the food, fuel,
construction materials and medicinal products obtained from natural ecosystems
contributes around 83 % of per capita GDP for rural populations in the coastal zone
(Emerton 2014c). Meanwhile, at least 100 million people, worldwide, benefit in
economic terms from the disaster risk reduction services provided by coral reefs or
would incur hazard mitigation and adaptation costs should these ecosystems be
degraded (Ferrario et al. 2014). Up to three times this number are thought to be
vulnerable to other climate-related effects in coastal areas (ProAct Network 2008).

The economic significance of these largely uncounted ecosystem services is
substantial, and often far outweighs that of the direct physical products that are
obtained from coastal lands and resources (Agardy et al. 2005; UNEP-WCMC
2006; Barbier et al. 2011; Shepard et al. 2011). Recent work carried out in India and
Thailand, for example, finds that mangrove coastline protection and stabilization
services are worth around USD 10,000/ha/year (Das 2009; Das and Crépin 2013;
Barbier et al. 2011). Similarly, the protection afforded by natural ecosystems
against waves, storm surges and other extreme weather events in Indonesia, Malay-
sia and Singapore has been calculated at just under USD 200,000 per km of
coastline (MPP-EAS 1999). In Belize, coral reefs and mangroves help to reduce
beach erosion and wave-induced damages to coastal property by up to USD
250 million a year, a value that translates to more than a quarter of national GDP
(Cooper et al. 2008). In Sri Lanka coastal wetlands provide flood control and water
purification functions to a value in excess of USD 2500 per hectare (Emerton and
Kekulandala 2003), while mangrove storm protection services were assessed to be
almost USD 800,000/ha/year just before the 2004 Indian Ocean tsunami (Batagoda
2003).

Not only do these figures make the point that the value of coastal ecosystems
extends far beyond that which is conventionally included in the calculations that
inform development decisions, but they also serve to demonstrate that managing
ecosystems for their services is frequently a far cheaper and more cost-effective
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option than employing artificial technologies or taking remedial or mitigative
measures when these essential functions are lost (ProAct Network 2008; Haisfield
et al. 2010; Beck and Shepard 2012; Sudmeier-Rieux 2013; Temmerman
et al. 2013; Spalding et al. 2014). Every dollar invested in coastal ecosystem-
based mitigation is, for example, estimated to reduce the US taxpayer burden by
USD 4 in terms of avoided costs, losses and damages from storm-surge effects and
other natural hazards (MMC 2005). In southern Vietnam, the restoration of
12,000 ha of mangroves has saved an estimated USD 7.3 million/year in dyke
maintenance, a figure that is more than six and a half times the costs of planting
(Powell et al. 2010). On the west coast of Sri Lanka, long-term climate adaptation
benefits and costs saved were found to be more than twice as high as the costs of
conserving coastal and estuarine ecosystems (De Mel and Weerathunge 2011).

2.3 How Undervaluation Poses a Problem for Development
Decision-Making

Despite these impressive figures, coastal ecosystem undervaluation remains a
persistent problem. For the most part, calculations of the relative returns to different
land, resource and investment choices simply do not factor in such costs and
benefits. A review of past patterns of coastal development would reinforce the
observation that decision makers have perceived there to be few economic benefits
associated with the conservation of natural ecosystems, and few economic costs
attached to their degradation and loss. The net result is that even though substantial
amounts of public and private investment funds have been ploughed into
establishing the built infrastructure that is required to stimulate and sustain eco-
nomic development processes in coastal zones, much less attention has been paid to
maintaining (or even improving) the natural capital base that underpins and
protects them.

As a consequence, investments in CCD infrastructure in coastal zones tend to
continue to be heavily skewed towards those hard engineering and built infrastruc-
ture options for which a monetary return can easily be calculated (Ferrario
et al. 2014). Most of the cost-benefit analyses that are applied to investigate the
relative desirability of different investment choices simply do not take environ-
mental values into account (Chadburn et al. 2013; Shreve and Kelman 2014; also
see Vicarelli et al. Chap. 3). The small number of cases where economic methods
are used to assess ecosystem-based approaches for adaptation and disaster risk
reduction tend to confine themselves to direct, physical costs and benefits — thus
underestimating massively the gains and value-added that can be secured as
compared to, or in combination with, ‘hard’ and ‘grey’ infrastructure options.
There remain very few real-world instances where broader ecosystem values and
development co-benefits are factored into calculations (also see Vicarelli
et al. Chap. 3).
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The effects of undervaluation are also manifested at the policy level. Across the
world, there is a long history of economic policies which aim to stimulate produc-
tion and growth having also hastened the process of resource and habitat, degrada-
tion and discouraged ecosystem-based investments. In coastal zones, a wide variety
of tax breaks and fiscal inducements, often combined with low or non-existent
environmental penalties and fines, provide a powerful incentive to intensify
resource exploitation and modify and reclaim natural habitats for more ‘productive’
commercial uses. One obvious example is fisheries subsidies, estimated to be worth
between USD 30-34 billion a year worldwide (MRAG 2009), which have led to a
massive expansion in the capacity of fishing fleets and resulted in the over-
exploitation (and in some cases collapse) of fish stocks (UNEP 2004). Another
well-known case is the generous tax breaks, import duty exemptions, export credits
and preferential loans offered to shrimp farming in many countries (Primavera
1997; Bailly and Willmann 2001).

The policy distortions and perverse incentives that result from ecosystem under-
valuation mean that prevailing prices and market opportunities in many countries
mean that it frequently remains more profitable for people to engage in economic
activities that degrade ecosystems — even if the costs and losses that arise for other
groups, or to the economy as a whole, outweigh the immediate gains to the land or
resource user that is causing the damage (Mohammed 2012). The loss of potential
economic benefits in the global fishery due to subsidy-driven fish stock depletion
and over-capacity is for example estimated to cost more USD 50 billion per year
(World Bank and FAO 2009). At the local level, work carried out in the Togean
Islands in Indonesia shows that while the costs associated with the loss of ecosys-
tem services caused by commercial logging and agriculture in coastal areas out-
weigh the income they generate by a factor of more than four, it is still more
profitable for households and businesses to clear and reclaim coastal habitats than to
engage in other more sustainable land and resource uses (Cannon 1999; Emerton
2009). Similarly, in Sri Lanka, it is possible to gain high market returns from
clearing mangroves for shrimp farming; however, if the costs and negative exter-
nalities associated with ecosystem service loss were factored into prices and
markets, shrimp farming would cease to be a financially viable land use option
(Gunawardena and Rowan 2005).

In many ways undervaluation can thus be seen to have encouraged a negative
investment process in coastal areas, whereby ecosystems have been destroyed,
degraded and converted in the course of expanding the built environment, stimu-
lating particular sectors or production activities, or even while attempting to take
action to reduce the risk of disasters and protect against the effects of climate
change (Emerton 2014a; also see Freiss and Thompson, Chap. 4). If ecosystems
have no value, then such decisions would be perfectly rational ones from both a
financial and an economic point of view. In a similar vein, should there be low or
zero costs attached to ecosystem degradation and depletion, then there would be no
particular economic advantage to be gained from considering green adaptation and
disaster risk reduction measures. This is however clearly not the case. The problem
is not so much that ecosystems have no economic importance, but rather that this
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value is poorly understood, rarely expressed in numerical or monetary terms, and as
a result is frequently omitted from decision-making. A pressing question then
becomes: how can we better articulate the economic opportunities, value-added
and costs avoided that are associated with adopting ecosystem-based approaches,
and integrate this information into climate-compatible development planning?

2.4 Frameworks for Identifying and Demonstrating
Ecosystem Values

Over the last two decades, a set of useful (and increasingly widely-used) economic
methods and tools have been developed which help to overcome the problems
associated with ecosystem undervaluation. The concept of total economic value has
now emerged as one of the most commonly-applied frameworks for identifying and
categorising ecosystem values. This represents a move away from the very narrow
definition of benefits that economists traditionally applied, which saw the value of
ecosystems only in terms of raw materials, physical products and traded commod-
ities. Total economic value also encompasses subsistence and non-market values,
ecological functions and non-use benefits (Fig. 2.1) — in other words, the full gamut
of provisioning, regulating, supporting and cultural services that ecosystems gen-
erate (Millennium Ecosystem Assessment 2005). Looking at the total economic
value of an ecosystem essentially involves considering its full range of character-
istics as an integrated system — its resource stocks or assets, flows of environmen-
tal services, and the attributes of the system as a whole.

The question of how to ascribe values to ecosystem services has long posed
something of a challenge to economists. The easiest and most straightforward way,
and the method used conventionally, is to look at their market price: what they cost
to buy or are worth to sell. However, as ecosystem services very often have no
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Fig. 2.1 Total economic value and ecosystem services (Adapted from Emerton 2006, 2014a)
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market price (or are subject to market prices which are highly distorted), these
techniques obviously only have very limited application. Parallel to the advances
made in defining and conceptualising the economic value of ecosystem services,
techniques for quantifying ecosystem values in monetary terms have also moved
forward substantially over the last 20 years or so.

Today a suite of methods is available for valuing ecosystem services that cannot
be calculated accurately via the use of market prices, including in coastal environ-
ments (see, for example, van Beukering et al. 2007; UNEP-WCMC 2011; Wattage
2011; Beaudoin and Pendleton 2012). Applying these methods basically requires
carrying out three interrelated steps: characterising the change in ecosystem struc-
ture, functions, and processes that gives rise to changes in ecosystem service(s);
tracing how these changes influence the quantities and qualities of ecosystem
service flows to people; and using valuation to assess and articulate changes in
human wellbeing that result from the change in ecosystem services (see Barbier
et al. 2011).

These methodological developments enable a wide range of formerly unvalued
or undervalued coastal ecosystem goods and services to be expressed in monetary
terms, and — in principle at least — incorporated into the calculations that are used to
inform development decisions. Ecosystem valuation has for some time been a
relatively well-accepted and widely-used component of environmental and biodi-
versity conservation research and planning. For example, a large volume of studies
now exists on the economic value of coastal ecosystems, covering most major
habitat types and many regions of the world. Yet, although it can in theory provide a
powerful tool for placing ecosystem-based options on the agenda of development
planners and decision-makers, the use of ecosystem valuation techniques in climate
adaptation and disaster risk reduction still remains in its infancy and as yet there
have only been a small number of real-world applications (also see Harmackova
et al. Chap. 5; Clark et al. 2012; Naumann et al. 2011; Chadburn et al. 2013; Rao
et al. 2013; Emerton 2014b; Shreve and Kelman 2014).

The following sections illustrate how economic valuation approaches were
applied to generate information which could be used to assist in making the case
for integrating ecosystem-based options for CCD into coastal zone planning in
Puttalam Lagoon, Sri Lanka and the Kwale coastline, Kenya. The objective was to
demonstrate to national and local decision-makers and budget-holders the potential
gains from green CCD strategies as well as the costs and losses associated with
failing to factor ecosystems into coastal development planning. The studies
focussed on assessing the costs, benefits and trade-offs associated with investing
in mangrove rehabilitation and conservation as a means of strengthening climate
adaptation and disaster risk reduction, at the same time as generating other devel-
opment co-benefits for coastal populations.
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2.5 Weighing up the Opportunity Costs of Land Use
Change in Puttalam Lagoon, Sri Lanka

Puttalam Lagoon is located on the north-west coast of Sri Lanka, and covers a
surface area of some 33 km?. It connects to the open sea at the northern end, and is
separated from the Indian Ocean on the west by a narrow strip of sand dunes and
long sandy beaches. Mangroves are currently estimated to cover between 700 and
1000 ha of the lagoon’s inner shoreline (Weragodatenna 2010; Kumara 2014;
Bournazel et al. 2015). Tidal flats, seagrass beds, salt marshes, dry monsoon forest,
coastal scrub jungles and dry thorny scrublands are also found (Kumara and
Jayatissa 2013). On the eastern and southern fringes, large tracts of land have
been converted to agriculture and aquaculture, including around 1500 ha of crop-
land, a similar area of salterns, several thousand hectares of coconut plantations and
at least 1000 ha of mainly small-scale shrimp ponds (Weragodatenna 2010;
Bournazel et al. 2015). Some 45,000 households or 185,000 people live in the
administrative divisions abutting the lagoon.

The expansion of shrimp farming in Sri Lanka over the past three decades has
dramatically changed the coastal landscape, and Puttalam has experienced some of
the most destructive development in the country. It is estimated that a third or more
of mangrove cover in the lagoon has been lost since the early 1990s (Bournazel
et al. 2015). Meanwhile, problems with disease meant that many shrimp farms
performed poorly in financial terms, leading to their being abandoned after a
relatively short time, leaving denuded and unproductive landscapes (Dahdouh-
Guebas et al. 2002; Westers 2012). The conversion of mangroves to aquaculture
ponds and their subsequent abandonment pose potentially serious risks to develop-
ment in the Puttalam Lagoon area, in terms of negative effects on local livelihoods
and increased vulnerability to the impacts of climate change.

Ecosystem-based approaches have been proposed as a means of addressing the
problems associated with environmental degradation, and are also being mooted as
a way of strengthening the livelihoods and adaptive capacity of local communities.
These are envisaged to be based around the restoration of mangroves in abandoned
shrimp farms, and the promotion of environmentally sustainable aquaculture tech-
nologies and practices among functioning and developing enterprises. However, in
order to have traction with local and national decision-makers (especially those in
the fisheries and agricultural sectors that exert such a heavy influence on land use
change patterns), the economic rationale for these green CCD options needs to be
made explicit. There is still a widespread belief that mangroves and other natural
habitats comprise “‘uneconomic’ areas, or land ‘taken out’ of production. There has
to date been little recognition among decision-makers of the far-reaching economic
costs, losses and damages that can result from the modification and conversion of
coastal environments.

Against this backdrop, the valuation study assessed the trade-offs associated
with alternative land use development options, with a view to demonstrating the
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opportunity costs of mangrove conversion in terms of climate compatible develop-
ment benefits foregone.

First of all it was necessary to identify the main ecosystem services and eco-
nomic processes associated with the mangroves in Puttalam Lagoon, and select the
techniques that would be used to value them. Seven services relating to climate
adaptation, mitigation and associated livelihood benefits were identified as being of
key importance: fuelwood, timber, non-wood/non-fish products, protection against
saline intrusion, water quality regulation, carbon sequestration and avoided emis-
sions, and provision of breeding and nursery habitat for fisheries' (Emerton 2014b).
As is so commonly the case in ecosystem valuation, conventional market price
techniques only had limited applicability: for valuing wood and non-wood/non-fish
products (using local farmgate prices) and carbon storage services (via the
prevailing voluntary forest carbon price for Asia). The protective functions of
mangroves were valued based on the replacement costs of installing and operating
wastewater treatment facilities which would bring the quality of water being
discharged into the lagoon to a commensurate level (for water quality regulation
services), and the expenditures on alternative drinking water sources in order to
mitigate or avert the effects of surface water contamination (for protection against
saline intrusion). The role of mangroves in maintaining nursery populations and
habitat for commercially-important fish species was assessed by tracing effects on
the productivity and catch of near shore and lagoon fisheries.

The resulting analysis indicated that the 731 ha of mangroves in Puttalam
Lagoon are currently providing ecosystem services worth some USD 2.8-3.0
million a year, or between USD 38004100 per hectare (Table 2.1).

The second step was to examine the economic impacts of mangrove degradation
and loss. The analysis covered the period 1992-2012, for which mapping, land use
change analysis and carbon modelling had been carried out (see Bournazel
et al. 2015). This period registered a net loss of some 934 ha of mangroves, most
of which were converted to shrimp farms, salt pans, coconut plantations and other
agricultural land uses (Fig. 2.2).

The extent to which, or ways in which, human populations utilise or depend on
mangroves in Sri Lanka is not the same today as it was 20 years ago. Thus, in
addition to considering the impact of changes in mangrove area on ecosystem
values, the economic model also accounted for the ways in which the real price
or value of ecosystem services had altered over time. This involved tracking the
considerable socio-economic changes which have occurred in and around Puttalam
Lagoon since 1992 (these are well-documented in the literature: see, for example,
TUCN 2012; Kumara and Jayatissa 2013). Factors such as shifts in demography and
settlement patterns, fluctuations in production and demand, changes in the relative

"It should be noted that two ‘classic’ mangrove ecosystem services do not appear in Puttalam
Lagoon: protection against shoreline erosion and extreme weather events. This is due to the fact
that the sheltered lagoon/estuary system is not exposed directly to the sea, and mangroves are
found only on the inside shores, not on the coastline abutting the Indian Ocean.
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Table 2.1 Current value of mangrove ecosystem services in Puttalam Lagoon

Total value Unit value
Ecosystem services (USD “000) (USD/ha)
Provisioning | Wood products 367.4 506
Non-wood/non-fish products 121.3 167
Regulating Support to fisheries productivity 1757.5 2421
Water quality regulation 553.3 762
Protection against saline intrusion 192.3 265
Carbon sequestration & avoided 183.9 217
emissions
Total 2808.4-2991.9 |3832-4121

Note: Individual ecosystem service values cannot simply be summed to give a total, as this would
result in double-counting. As some services are partially or wholly mutually exclusive, a range of
values is given. Water quality regulation services are applied only to those mangrove areas which
protect major freshwater inflows into the lagoon
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Fig. 2.2 Land use change in mangrove areas of Puttalam Lagoon 1992-2012 (Based on data
presented in Bournazel et al 2015)

scarcity or abundance of natural resources, varying human dependence on (and
preference for) mangrove products, and the price and availability of substitutes
have all affected ecosystem service values.

The resulting analysis showed that the loss of mangroves in Puttalam Lagoon has
been accompanied by a progressive decline in the value of ecosystem services”
(Fig. 2.3). Overall, the value of mangrove services today is around USD 4 million
lower than that which was available in 1992. This is even though in many cases the
per hectare value of mangrove regulating services has actually shown a steady

There are two exceptions to these general trends — carbon and fisheries. The slight improvement
in carbon sequestration and avoided emissions values after 2007 is accounted for by the slowed
pace of mangrove conversion. The dip in fisheries productivity values in 2005 and 2006 can be
attributed to the sharp drop and then slow recovery of fish catch resulting from the impacts of the
2004 Indian Ocean tsunami.
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Fig. 2.3 Puttalam Lagoon: change in mangrove ecosystem service values 1992-2012 (Based on
data presented in Emerton 2014b)

Table 2.2 Financial and economic impacts of land use change in Puttalam Lagoon 1992-2012
(based on data presented in Emerton 2014b)

Value (USD mill)
Added income from shrimp farms 12.43
Added income from salterns 0.04
Added income from coconut plantations 0.17
Total added income from mangrove conversion 12.63
Foregone value of mangrove ecosystem services —32.29
Net economic gain/loss from land use change —19.66

increase over time, mainly due to population growth, and the intensification of
settlement and industry in the area.

The third and final stage of the economic analysis entailed comparing the
ecosystem values foregone due to the loss of mangrove habitats with the additional
income and revenues earned from their conversion to other land uses. It was
important to carry out this comparison, so as to consider the full opportunity
costs and economic impacts of alternative land use, investment and development
choices. The three land uses which together account for the vast majority of
mangrove conversion since 1992 were considered — shrimp farms, coconut planta-
tions and salterns. Per hectare budgets were developed for establishing, developing
and maintaining each of these enterprises (including the restoration and rehabilita-
tion of mangrove cover), and applied to the annual land use change figures. This
showed that in total, mangrove ecosystem services worth USD 32.29 million (with
a net present value (NPV) of USD 9.5 million) were lost between 1992 and 2012
(Table 2.2). This figure is around two and a half times more than the income earned
from the shrimp farms, coconut plantations and salterns that were established on
cleared mangrove land.
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2.6 Articulating the Economic Gains from Ecosystem-
Based Approaches on the Kwale Coastline, Kenya

Even though Kenya’s mangroves generate a wide range of economically valuable
goods and services to surrounding populations, they are being rapidly depleted,
degraded and converted. Mangrove cover in 2010 was estimated at just over
45,000 ha, representing a reduction of 18 % from that recorded in 1985 (Kirui
et al. 2013). The southern portion of the coastline has witnessed some of the highest
rates of loss, driven largely by rapid population growth, escalating resource
demands and intensifying settlements, infrastructure and industry (Rideout
et al. 2013); if current trends continue, it is likely that mangroves may soon
disappear altogether at many southern sites (Huxham et al. 2015).

There is presently a great deal of debate about the relative merits of different
development approaches in Kenya’s coastal zone. In the face of growing concerns
about the vulnerability of the local population and economy to the effects of climate
change, CCD has been gaining ground. Current development plans specify an
ambitious (and costly) array of investments and activities aiming to protect and
climate-proof coastal settlements and infrastructure, and strengthen the resilience
and adaptive capacity of local livelihoods and production systems. Yet there
remains very little information about the potential gains and relative cost-
effectiveness of ecosystem-based approaches. As a result, green CCD options
have to date been accorded only a minor role in public investment programmes.
In an attempt to fill these gaps in evidence, the valuation study aimed to demon-
strate the gains and value-added from investing in mangrove rehabilitation and
conservation as a core component of climate-compatible development in the coastal
zone. It focused on Kwale County on the southern Kenyan coast, which stretches
approximately 90 km south from Mombasa to the border with Tanzania. The study
area covered the four main mangrove areas of Mwache, Gazi, Funzi, and Vanga,
which together contain just under 5600 ha of mangroves and around 22,000 people
or 4500 households.

The study followed a process similar to that outlined above for Puttalam Lagoon.
This first of all calculated the current baseline value of mangrove ecosystem
services, moved on to assess the economic consequences of ecosystem change,
and then articulated the value-added and costs-avoided that might be gained from
integrating ecosystem-based approaches into CCD planning. Ten mangrove eco-
system services were valued: honey, fuelwood, timber, protection against shoreline
erosion, defence against extreme weather events, carbon sequestration, nursery
habitat for fisheries, tourism, research, and cultural practices. A variety of market
and non-market valuation techniques were applied (see Huxham 2013 for further
details). These included looking at mitigative and avertive expenditures on coastal
defence structures (for protection against coastal erosion services), replacement
costs of building and maintaining seawalls for storm and wave protection (for
shelter against extreme weather services), and effects on fisheries production (for
nursery habitat services).
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Table 2.3 Current value of mangrove ecosystem services on the Kwale coastline (based on data
presented in Emerton 2014b)

Total value Unit value
Ecosystem services (USD “000) (USD/ha)
Provisioning | Timber, fuelwood & honey 1148.1 206
Capture fisheries (finfish) 609.0 109
Capture fisheries (crustaceans) 716.2 129
Regulating Protection against coastal erosion 2196.5 395
Protection against extreme weather 192.5 35
events
Carbon sequestration 1397.3 251
Tourism, education & research 228.6 41
Total 5747.5-6488.1 | 1033-1166

Note: Individual ecosystem service values cannot simply be summed to give a total, as this would
result in double-counting. As some services are partially or wholly mutually exclusive, a range of
values is given

The calculations suggested that the services generated by Kwale’s mangroves
are currently worth between USD 5.75-6.5 million a year, or around USD 1100 per
hectare (Table 2.3). It is worth pointing out that coastal protection services (includ-
ing climate mitigation, erosion control and defence against extreme weather events)
dominate these figures. Together they are worth more than one and a half times as
much as the direct income from the provisioning services — forest and fisheries
products — that economic value estimates would conventionally be confined to.

Two possible development and ecosystem futures were then modelled: business
as usual (BAU) and ecosystem-based climate-compatible development (CCD).
These reflected qualitative storyline scenarios developed by local stakeholders
(including representatives from government, NGOs, communities and regulatory
bodies), which laid out alternative visions for future land use and development
along the Kwale coastline over the next 20 years (see King and Nap 2013; Huxham
et al. 2015). In brief, BAU was depicted as entailing the gradual loss of mangrove
cover and degradation of remaining forests, decline in fisheries resources, increas-
ing coastal vulnerability and poverty, while CCD emphasised ecosystem conser-
vation and sustainable management resulting in healthy mangroves supporting
improved local livelihoods and enhanced resilience. Quantitative risk mapping
and modelling of forest cover was also carried out (see Huxham et al. 2015),
informed by the stakeholder scenarios and assuming the continuation of key risk
factors and past trends in mangrove forest loss (Kirui et al. 2013; Rideout
et al. 2013).

The risk mapping and land use change projections suggested that a 43 % loss of
mangroves would occur over the next 20 years under BAU (with 100 % loss at the
most vulnerable site, Mwache). Under the CCD scenario, forest cover was
predicted to expand by 8, 7, 9 and 13 % in Funzi, Gazi, Mwache and Vanga,
respectively (see Huxham et al. 2015). Because most of the area cleared of
mangroves over the past 25 years has been left unused, mangrove restoration
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would generally not entail opportunity costs. Thus, unlike in the Puttalam study, no
comparison was made between mangroves and the value of alternative land uses.
However, as was the case for Puttalam, the economic model allowed for changes in
the real value of ecosystem services, according to likely future trends in resource
demands, user numbers and relative dependency on mangrove goods and services.
Running the scenario analysis indicated a progressive decline in mangrove values
over the next 20 years under BAU and a sustained increase in ecosystem benefits
under CCD, yielding total values of USD 95 million and USD 156 million respec-
tively, or NPVs of USD 43 million and USD 61 million (Fig. 2.4, Table 2.4).
Using these figures, it was then possible to portray the economic implications of
the two coastal development alternatives for the Kwale coastline. Should BAU
continue, the economic model indicated that ecosystem services worth more than
USD 41 million will be lost over the next 20 years as compared to those that would
have been available had the area and quality of mangroves remained at current
levels (Table 2.5). In contrast, the CCD scenario stands to generate economic gains

10 Business as Usual Climate Compatible Development
gl (BAU) | L(cCcD) {58 Timber, fuelwood & honey
= s
2 [ 1 1L Capture fisheries (finfish)
E 7
8 6 . Capture fisheries (crustaceans)
)
<+ 57 Protection against coastal erosion
o 4 CHHHH
QN ! )
-~ B 717
o 3 EHM"E::‘;HEI-. RARAdRRnti it /_/4,/2é24 /Prolecuon against extreme weather
2 l.ll._l... L{HE %2_4/_"44/4(4 .
g 21 [zt (741 ICA% minEEE B —| Carbon sequestration
1l ! ﬂrl:.{ ]I }L [ |J||
- _|.. HEEE £ '--5---'_: -‘:—rLJ - Tourism, education & research
0 WO NNDNDNDN
H» O 0909090090 OO Q9
®» = 2 DN NMNPOND @D
D O ®ONBEO®®ON R
5
5}

Fig. 2.4 Kwale coastline change in mangrove ecosystem service values under Business as Usual
(BAU) and Climate Compatible Development (CCD) scenarios 2014—34 (Based on data presented
in Emerton 2014b)

Table 2.4 Kwale coastline value of mangrove ecosystem services under BAU and CCD 2014-34
(based on data presented in Emerton 2014b)

BAU value (US mill) CCD value (US mill)

Total NPV@10 % Total NPV@10 %
Timber, fuelwood & honey 16.17 8.01 19.82 9.20
Capture fisheries (finfish) 9.25 4.20 13.78 5.45
Capture fisheries (crustaceans) 12.92 5.43 19.68 7.42
Protection against coastal erosion 28.36 12.94 50.24 19.72
Protection against extreme weather 5.11 1.81 14.29 4.14
Carbon sequestration 20.10 9.02 33.55 13.04
Tourism, education & research 3.07 1.44 5.13 2.03
Total 94.98 42.85 156.48 61.01
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Table 2.5 Incremental costs and benefits of BAU and CCD scenarios for the Kwale coastline
2014-34 (based on data presented in Emerton 2014b)

Total (USD NPV@10 % (USD
mill) mill)
Costs incurred by BAU over the baseline —41.27 —12.38
Value-added incurred by CCD over the 20.23 5.77
baseline
Value-added incurred by CCD over BAU 61.50 18.16
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Fig. 2.5 Kwale coastline CCD value-added over BAU 2014-34 (Based on data presented in
Emerton 2014b)

of more than USD 20 million as compared to the baseline. Adding these two figures
together indicates the potential value-added and costs avoided of shifting from
business as usual to an ecosystem-based climate-compatible development model
would be in excess of USD 60 million (Fig. 2.5). This is, in effect, the return to
investing in ecosystem-based CCD measures (or, conversely, the cost of policy
inaction as regards mangrove conservation and rehabilitation). By the year 2034,
mangrove ecosystem services will be generating values worth just under USD
10 million a year under a CCD scenario (almost 40 % more than they are worth
today), as compared to under USD 3 million under BAU (less than half of today’s
value).

2.7 Encouraging Investments in Ecosystems as Climate-
Compatible Development Infrastructure

Case studies from Sri Lanka and Kenya have been used to illustrate the ways in
which economic valuation can serve to articulate both the gains from investing in
ecosystems as a key component of climate-compatible development infrastructure,
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and the losses that can result from not doing so. On the one hand, the findings from
Puttalam Lagoon demonstrate clearly the cost of omitting natural ecosystems from
land use development planning. Since 1992, the conversion of mangrove habitats to
seemingly more ‘productive’ or ‘profitable’ uses has cost the local economy more
than USD 31 million in foregone benefits. These losses amount to a sum that is
more than twice as high as the income earned by shrimp farming and the other land
uses that replaced mangroves. In the Kwale case study, ecosystem-based CCD
options were shown to offer the potential to secure an additional USD 20 million of
adaptation, disaster risk reduction and other livelihood benefits over the next
20 years as compared to those that would have been available if the area and
quality of mangroves remains at current levels. This is more than one and a half
times as much as the gains that would realised under a continuation of a ‘business as
usual’ model for coastal development.

These kinds of approaches thus offer a means of generating potentially powerful —
and usually much-needed — evidence and data about the economic opportunities, cost
savings and avoided losses associated with ecosystem-based approaches. The
resulting figures make the important point that green options have value not just
because they provide a cost-effective way of securing climate adaptation and disaster
risk reduction gains, but also due to the considerable development co-benefits that
they generate in terms of value-added and costs avoided to other economic sectors
and processes. The implication is that, from an economic perspective, ecosystems
should be treated, counted and invested in as an integral part of climate-compatible
development infrastructure — as a stock of facilities, services and equipment which
are needed for the economy to function, grow, adapt and maintain its resilience in the
fact of climate change and other hazards (Emerton 2006, 2014a).

It is, nevertheless, important to underline that valuation is not an end in itself.
While a lack of economic evidence may act as a major constraint to ecosystem-
based approaches being fully mainstreamed into development decision-making, the
story does not end with generating strikingly large figures on costs and benefits.
Even if information on ecosystem values is a necessary condition for increasing the
budgetary and policy priority given to green adaptation and disaster risk reduction,
by itself it is rarely sufficient. In both the Sri Lanka and Kenya cases, considerable
further work was required to develop and deliver a communication strategy and set
of messages which would prove convincing to coastal decision-makers. Equally
importantly, however much ecosystem services are demonstrated to be worth in
theory, and however convinced decision-makers are that it is in the public or private
interest to invest in them, this has little meaning unless it translates into real-world
changes in the way in which policies are formulated and decisions are made, and is
reflected in the prices and profits that people face as they choose between alterna-
tive land, resource and investment options. Ultimately, it is those who manage, use
and impact on natural ecosystems on a day to day basis who must be willing — and
economically able — to invest in their continued upkeep and maintenance.

Yet, for the most part, a better understanding, and more accurate quantification,
of the economic benefits of ecosystem conservation (and economic costs of eco-
system degradation and loss) is still reflected weakly in the policies, markets and
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prices which actually drive people’s economic behaviour. The Sri Lanka case, in
particular, illustrates that what might be the most profitable or desirable or benefi-
cial land, resource or investment choice from the perspective of the wider economy
is not necessarily the one which has the most immediate appeal to landholders in
coastal areas. Converting land to aquaculture and agriculture makes more financial
sense to local landholders than sustainably using and managing mangroves. Shrimp
farming, coconut farming and salt production all generate higher cash returns and
more immediate sources of earnings for the landholder — even if (as is the case for
shrimp farming) this income cannot be sustained over the long-term, or imposes
significant negative impacts and externalities on other groups and sectors. The
bottom line is that there remain few economic incentives for landholders to
maintain mangroves on their land.

The key challenge then becomes one of moving beyond merely articulating the
value of ecosystem services for adaptation and disaster risk reduction, to identifying
where there are needs and niches to capture these values as concrete incentives and
finance for ecosystem management. The application of ecosystem valuation tools
and approaches does not just involve estimating and demonstrating ecosystem
service values, but also seeking solutions using economically informed policy
and management instruments (TEEB 2008, 2010). The aim is to help to change
the economic conditions and circumstances that cause people users to convert or
degrade ecosystems in the course of their economic activities, and instead set in
place the economic opportunities and rewards which will encourage, enable and
motivate the investments and actions that are required for continued maintenance of
valuable ‘natural’ climate compatible development infrastructure.
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Chapter 3

Cost Benefit Analysis for Ecosystem-Based
Disaster Risk Reduction Interventions: A
Review of Best Practices and Existing Studies
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Abstract Cost Benefit Analysis (CBA) is underutilised in assessing Ecosystem-
based Disaster Risk Reduction (Eco-DRR) interventions, the protocols used are not
always rigourous and the analytical framework is unclear. However, CBAs which
follow best practices could be extremely beneficial and helpful to policy makers in
establishing priorities for Eco-DRR interventions. A robust and systematic eco-
nomic analytical approach might be useful, if not necessary, to justify large upfront
investments and promote the implementation of this type of risk reduction inter-
vention at an even broader scale. Identifying a common core of best practices for
CBA applied to Eco-DRR would also increase comparability between studies,
reproducibility of assessments, and facilitate much needed external review. The
purpose of this chapter is to (i) outline the fundamental principles and best practices
of rigourous cost-benefit analysis (CBA) applied to ecosystem-based adaptation
(EbA) and (Eco-DRR) interventions; (ii) review existing studies; and — based on
this review of past work — (iii) outline the possible areas of improvement to
strengthen future CBAs of Eco-DRR projects.
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3.1 Introduction

The purpose of this chapter is to (i) outline the fundamental principles and best
practices of rigourous cost-benefit analysis (CBA) applied to ecosystem-based
adaptation (EbA) and ecosystem-based disaster risk reduction (Eco-DRR) inter-
ventions; (ii) review existing studies; and — based on this review of past work — (iii)
outline the possible areas of improvement to strengthen future CBAs of Eco-DRR
projects. The motivation behind this chapter is that CBA is underutilised in
assessing Eco-DRR interventions, the protocols used are not always rigourous
and the analytical framework is unclear. However, CBAs which follow best prac-
tices could be extremely beneficial and helpful to policy makers in establishing
priorities for Eco-DRR interventions (also see Vackar et al., Chap. 5).

There is a growing literature on Eco-DRR interventions, however existing
studies usually highlight the environmental and socio-economic benefits of such
interventions but they seldom discuss long-term costs and benefits in economic
terms (also see Emerton et al, Chap. 2). And, in particular, social welfare implica-
tions at the community or household level are hardly examined. In fact, to our
knowledge, most studies are qualitative and very few apply a systematic method-
ological framework for performing an economic assessment of long-term costs and
benefits (IFRC 2011).

Cost benefit analysis (CBA) has its limitations and it should not be considered as
either necessary or sufficient for making policy decisions. However, it can provide a
very useful framework for consistently organizing disparate information. It can help
to compare and choose between policies and programmes. And it can also be useful
to retrospectively assessing existing interventions. In general, by illuminating the
tradeoffs involved in making different kinds of social investments, CBA may
inform policy decisions and improve their outcomes (Arrow et al. 1996; Goulder
and Stavins 2002).

The abundant qualitative assessments of Eco-DRR interventions seem to show
that benefits are disproportionally larger than implementation costs, especially in
light of current climate change projections (IPCC 2014). Yet, the uptake of
Eco-DRR approaches is slow and one reason is that their net benefits are
undervalued (Renaud et al. 2013). A robust and systematic economic analytical
approach might be useful, if not necessary, to justify large upfront investments and
promote the implementation of this type of risk reduction intervention at an even
broader scale. Identifying a common core of best practices for CBA applied to
Eco-DRR would also increase comparability between studies, reproducibility of
assessments, and facilitate much needed external review. This chapter attempts to
identify a core of best practices to implement CBA to Eco-DRR projects, including
data requirements and collection strategies.

The remainder of this study is organised in three sections. The first section
outlines the fundamentals of CBA, presents best practices to effectively perform
CBA of Eco-DRR interventions, and discusses optimal data collection strategies
and protocols. A box at the end of the section proposes a didactic exercise: it
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superimposes a CBA framework to an existing Eco-DRR project in Bangladesh.
The second section reviews in detail existing Eco-DRR studies applying CBA, and
discusses strengths and limitations of their methodological approach. The final
section concludes and provides recommendations.

3.2 Economic Analytical Framework for Assessing Long-
Term Costs and Benefits of Eco-DRR Interventions.

The rigourous assessment of Eco-DRR policies and programmes presents many
challenges due to the interdisciplinary nature of the subject. Standard protocols and
best practices for CBA (Arrow et al. 1996; Goulder and Stavins 2002) are at the
core of our analytical framework, informed by the ecology and economics literature
on valuation of environmental goods and services (Heal et al. 2005; Costanza
et al. 2014). The rich development economics literature on experimental design
has also provided invaluable insights in elaborating data collection strategies,
especially for community-level studies (e.g. Duflo et al. 2006).

3.2.1 Fundamentals of Cost Benefit Analysis

In evaluating policies or projects, economists will recommend the most efficient
one: the project for which the net benefits (i.e. NB, the difference between total
benefits and total costs) are maximized. Projects and policies have a stream of costs
and benefits over time. When an analysis includes multiple time periods, econo-
mists will speak of dynamic efficiency. Assessing efficiency in a dynamic setting
requires discounting, a mathematical operation that translates the stream of costs
and benefits into a single monetary value, the present value (PV). The current value
of a future cost or benefit (PV) is obtained by discounting the future sums of money
to equivalent current sums, using the following formula:

PV — Futurevalue int" period
(1 +discountrate)'

where ¢ indicates the time periods (i.e. year 0, 1, 2, 3, ..., t etc.) and the discount
rate, or annual rate of return on the investment. Suppose a project involves benefits
and costs over a time span from the present moment (time 0) to T years from now.
Let B, and C; be, respectively, the benefit and cost t years from now. The present
value of net benefits (PVNB, sometimes also indicated as net present value NPV) is
calculated using this formula:
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PVNB = ET: (B, —C)/(1+r)
t=0

In a dynamic setting (i.e. multiple periods), an efficient policy maximises the
present value of net benefits to society (PVNB). Some studies also report the benefit
cost ratio (BCR): the ratio of the present values of benefits and costs.

There are three sources of uncertainty in the PVNB estimate: the choice of the
discount rate r, the choice of time horizon (T), and the very estimates of future
costs and benefits. The best practice is to perform sensitivity tests in estimating
PVNB using a range of values for the discount rate, time horizon, and future
benefits and costs.

Discount rates adopted usually range from O to 10 %, which is the approximate
marginal pretax rate of return on an average investment in the private sector. The
choice of discount rate has important intergenerational equity implications: a large
discount rate will discount more (i.e. value less) benefits and costs of future
generations (Kelman 1991; Stern 2007). This point is further expanded below.

When PVNB is positive (i.e. BCR is bigger than 1), the benefit to the winners is
larger than the losses to the losers. Theoretically, after compensation from winners
to losers, the policy would yield what economists call a ‘Pareto Improvement’:
some individuals would be better off and no individual would be worse off. The
PVNB analysis is based on the Potential Pareto Improvement (PPI) criterion
(Goulder and Stavins 2002). However, the compensation may not be possible and
may not actually take place. Indeed, the PPI criterion, or PVNB efficiency analysis,
does not take into account distributional or social (intra-generational) equity
considerations. The best practice is therefore to always complement CBA with
evaluation criteria that incorporate equity analysis and identify distributional con-
sequences (Kelman 1991; Arrow et al. 1996).

3.2.2 Cost Benefit Analysis for Eco-DRR Intervention: Best
Practices

In their seminal paper on “The Role of Cost Benefit Analysis in Environmental,
Health and Safety Regulations” (1996), Kenneth Arrow and ten other prominent
fellow economists outlined the best practices of CBA, and stressed the importance
of adopting a common set of economic assumptions to increase the feasibility of
comparisons across analyses. This section outlines the key assumptions and best
practices that make CBA a useful framework to organise disparate information in
assessing and/or comparing Eco-DRR interventions.

(i) Define the scope, or objective of the analysis. CBA may be forward-looking,
when comparing and choosing between policies or projects to be implemented, or
retrospective (backward-looking), to evaluate policies already in place.
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(ii) Identify the geographic scale of the study, and the population affected.
Benefits and costs may differ across different spatial scales. Accurately identifying
stakeholders and communities affected directly and/or indirectly by the interven-
tion is necessary to providing the best estimates of socio-economic costs and
benefits. Moreover the choice of data collection strategies depends on geographic
scale and stakeholders’ analysis. Community-level projects always require high-
resolution data collection strategies.

(iii) The net benefits are always measured with respect to a reference baseline
scenario. In assessing an ecosystem restoration project, the baseline scenario would
be the state of no intervention. Only a clear definition of the reference baseline
scenario allows a systematic comparison between the conditions before and after a
project. Another type of Eco-DRR assessment may focus on the costs and benefits
of preserving an existing ecosystem. In these cases, the baseline scenario would be
the absence (or partial degradation) of the ecosystem.

Many Eco-DRR projects include complementary concurrent interventions
aimed at mitigating risk (e.g. community awareness/preparedness programs) or
generating new revenues (e.g. sustainable land management, livelihood diversifi-
cation, ecotourism). The definition of the scope of the intervention and baseline
scenario is crucial. The program evaluation of an Eco-DRR intervention should
isolate the Eco-DRR component from possible confounding factors to avoid esti-
mation errors. A biased CBA could assign a large PVNB to an expensive refores-
tation program when, in fact, the community vulnerability was effectively reduced
thanks to a less costly disaster preparedness plan. For this reason, the baseline
scenario and scope of the intervention should emphasise the distinction between
core Eco-DRR interventions and corollary activities.

(iv) Set the time horizon of the appraisal and distinguish between: (a) the
duration of the project implementation, and (b) the longevity of its net benefits.
They may differ. Monitoring of projects tends to correlate with donors’ project
cycles; however costs and benefits may extend beyond the implementation of the
project. Neglecting the real extent of benefits over time would compromise the
validity of the analysis. Hence, the study should (i) ensure that for every time period
in the project timeline all costs and benefits are included, (ii) provide a best estimate
of the longevity of Eco-DRR costs and benefits (even beyond the project imple-
mentation), and (iii) clarify the assumptions adopted to estimate it. This exercise
may require taking into account forecasts of frequency and intensity of hazard
events.

(v) Best estimates of costs and benefits should always be presented along with a
description of the uncertainties. Arrow et al. (1996) argue that government agencies
(or international agencies) should establish a set of default values for typical
benefits and costs, and develop a standard format for presenting results. In fact,
there are no such default standards for CBA. Moreover, Eco-DRR studies may
strongly differ depending on the context, hazards and ecosystems. Nevertheless, for
comparability purposes, it is useful to identify categories of costs and benefits to be
systematically included in the analyses. Below, we propose a core set of costs and
benefits to be complemented on a case-by-case basis by context-specific data:
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Standard implementation costs for ecosystem restoration/preservation projects
include basic expenditures: planning, training, awareness-building in the commu-
nities, project development and maintenance, data collection (monitoring), and
evaluation. Possible opportunity costs of not using the area for other revenue-
producing activities may also be included.’

Standard economic benefits are estimated in terms of savings in operation or
maintenance costs of existing physical infrastructure (with respect to the baseline
scenario); as well as damage costs avoided to agro-ecosystems, private assets, and
public property (buildings, infrastructure).

Environmental net benefits, such as environmental goods and ecosystem ser-
vices, are a crucial component in the assessment of Eco-DRR interventions. And
yet, they are often underestimated or not included. Estimates of the value of global
ecosystem services have progressively evolved and are publicly available since
1997 (Costanza et al. 1997, 2014). The most recent effort to update global estimates
has been promoted by the United Nations Environment Programme’s global initia-
tive: The Economics of Ecosystems and Biodiversity (TEEB 2010a, b). De Groot
et al. (2012) estimate the value of ecosystem services in monetary units provided by
10 main biomes (open oceans, coral reefs, coastal systems, coastal wetlands, inland
wetlands, lakes, tropical forests, temperate forests, woodlands, and grasslands)
based on local case studies across the world.” Many research groups are currently
working on better understanding, modelling, valuation, and management of eco-
system services and natural capital. Their efforts are monitored and coordinated by
emerging regional, national, and global networks, like the Ecosystem Services
Partnership (ESP) (Costanza et al. 2014). New free online tools like the Natural
Capital Project’s InVEST allow users to “quantify natural capital in biophysical,
socio-economic and other dimensions, to visualise the benefits delivered today and
in the future, to assess the tradeoffs associated with alternative choices, and to
integrate conservation and human development aims”.> These tools and models
enable dynamic CBA analysis by taking into account how ecosystem services may
change over time.

'This is appropriate only if the cost has not been included as benefit/revenue in the baseline
scenario.

These studies covered a large number of ecosystems, types of landscapes, different definitions of
services, different areas, different levels of scale, time and complexity and different valuation
methods. In total, approximately 320 publications were screened and more than 1350 data-points
from over 300 case study locations were stored in the Ecosystem Services Value Database
(ESVD). Available via http://www fsd.nl/esp/80763/5/0/50. A selection of 665 of these value
data points were used for the analysis, values were expressed in terms of 2007 ‘International” $/ha/
year, i.e. translated into US$ values on the basis of Purchasing Power Parity (PPP) (de Groot
et al. 2012).

*Natural Capital Project (http://www.naturalcapitalproject.org/) is a partnership between Stanford
University, the University of Minnesota, The Nature Conservancy and the World Wildlife Fund.
Together they have created InVEST (’Integrated Valuation of Ecosystem Services and
Tradeoffs’), a free and open-source software suite. Other tools include ARIES: http://www.
ariesonline.org/about/intro.html and ArcSWAT: http://swat.tamu.edu/software/arcswat/
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Additional socioeconomic costs and benefits may depend on the scale of the
project:

» In large-scale projects, socioeconomic costs and benefits may include changes
in agricultural production, revenues (associated to direct/indirect business inter-
ruption), property values, relief expenditure or government aid, morbidity, and
mortality.

e Small-scale, community-level projects may include the above indicators but also
require more high-resolution data collection efforts, such as interviews, focus
groups and household surveys. These practices, increasingly popular in CBAs
for community-level disaster risk reduction (DRR) projects for collecting high
resolution indicators (Venton 2010; Shreeve and Kelman 2014) are also appli-
cable to Eco-DRR community-level projects (Table 3.1), including: household
income; food and non-food expenditures; household assets (e.g. property, live-
stock); value of crop-yields; level of credit and insurance payouts (when appli-
cable); unemployment; and human capital, i.e. household health expenditures
(due tg) injury and diseases), school attendance, school achievements, and child-
labor.

Unfortunately reliable data are not always available but best estimates should
always be provided. Lastly, intangible (non-quantifiable) costs and benefits are
usually excluded from the quantitative analysis but should nevertheless be
highlighted if they may significantly affect the final results of the CBA. For
instance, the possible degradation of the cultural heritage of indigenous groups in
risk-prone areas may be impossible to quantify but it may carry an important weight
in the final decision about the implementation of a project. Multi Criteria Decision
Making (MCDM) strategies, also known as Multi Criteria Analysis (MCA), or
Multi-Criteria Evaluation (MCE), may complement — or even provide an alterna-
tive to — CBAs in assessing intangible costs and benefits. MCDMs do not evaluate
public expense efficiency (i.e highest net present value), but only its effectiveness
towards achievable goals on the basis of other criteria (e.g. human safety, human
rights) (Boyce 2000). Indeed, MCDM indicators are not defined in monetary terms,
their construction is usually based on ranking, weighting, and scoring of qualitative
impact categories and criteria. MCDMs take into account multiple stakeholders and
multiple decision-making criteria.

(vi) Socio-economic data collection methodologies should be thoroughly
documented and clarified in the final report. Reliable and complete information
on data sources and collection protocols are indispensable to ensuring reproduc-
ibility of the study, effectiveness of external review, and comparability between
studies. This is particularly important for variables subject to high levels of uncer-
tainty, such as the value of environmental goods and services. When socioeconomic

“To our knowledge, existing assessments of community-level Eco-DRR projects have seldom
included socio-economic impacts at the household or community level, and when this happens
data is self-reported, collected retroactively and analysis are mostly qualitative.
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Table 3.1 Households and communities offer two different levels of data resolution and different
types of socio-economic variables can be collected. Drawing from standard development eco-
nomics protocols, this table summarizes, at both the households and community levels, the types of
socioeconomic variables that can be collected, the required collection methodologies, and the

respondents

Unit of
observation

Variables

Data collection method

Respondent

Household

ECONOMIC
STATUS

Income

Assets: land,
livestock

Savings

Crop-yields

Agricultural
revenues

Credit and
insurance

Employment status

1. Focus groups

Soil productivity

1. Members of the community

Water quality

2. Panel survey:

2. Head of household

MIGRATION

Baseline survey

3. Individual household mem-
bers (in detailed surveys)

Temporary-
permanent

Follow-up survey(s)

Remittances

HAZARDS

Occurrence

Observed
damages

Government aid
received

HUMAN
CAPITAL

Health:

Mortality

Morbidity

Health
expenditures

Children:

Child labor

School
attendance

School
Achievements

(continued)
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Table 3.1 (continued)
Unit of
observation | Variables Data collection method | Respondent
Community | ECONOMICS

Employment level

Property values
MIGRATION Panel survey:

Temporary- Baseline survey Community leader(s)
permanent

Remittances Follow-up survey(s)
HAZARDS
Occurrence

Observed
damages

Relief
expenditure

Government aid
received

HUMAN
CAPITAL

Health:
Mortality
Morbidity

data are collected through surveys or interviews, copies of the questionnaires, as
well as the survey schedule and the survey protocols should be provided for external
reviews to check for possible data collection bias or contamination of the results. A
broader discussion and more recommendations about data collection strategies are
presented in Sect. 1.3.

(vii) Given uncertainties in identifying the correct discount rate r, it is appro-
priate to use a range of rates (Arrow et al. 1996). The choice of the optimal discount
rate is an ongoing debate.

Since 1992, the US federal Office of Management and Budget (OMB) has
recommended a 7 % real discount rate for the analysis of federal programs, noting
that “this rate approximates the marginal pretax rate of return on an average
investment in the private sector” (OMB 1992). If the value of PVNB is positive,
the project will yield a higher return than the market interest rate. This rate may be
appropriate for projects that exclusively affect the allocation of capital, but does not
seem appropriate for projects that affect private consumption.

Arrow et al. (1996) discussed the choice of discount rate and noted that the rate
at which costs and benefits are discounted will generally not equal the rate of return
on private investments. It should reflect how individuals trade off future consump-
tion. The Social Rate of Time Preference is often adopted in response to this
concern. This is the rate at which society is ready to substitute present for future
consumption. In the United States, the federal opportunity cost of capital (rate on
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treasury bonds) is generally used as a proxy. For instance, the National Oceanic and
Atmospheric Administration (NOAA) has adopted a 3 % discount rate as a proxy
for the social rate of time preference for discounting interim service losses and
restoration gains when scaling compensatory restoration (NOAA 1999).

Some economists and ethicists, concerned by intergenerational equity issues,
recommend an even lower discount rate. The higher the discount rate, the lower is
the weight of future costs and benefits in the analysis. A zero discount rate would
attribute the same weight to present and future generations and prevent present
generations from ignoring or underestimating the long-term social impacts of
present day decisions. The idea behind choosing a 0 discount rate is that present
generations have the moral obligation to protect the interests of future generations,
because these future recipients of benefits are yet unborn and cannot express their
own (future) preferences (Kelman 1991; NOAA 1999; Stern 2007). In conclusion,
due to intergenerational distribution and equity concerns, it is very important to
always clarify the assumptions behind the choice of discount rate.

(viii) Perform sensitivity analysis to test sensitivity of PVNB to minor changes in
numeric inputs. Tests require using a range of values for: discount rate, time
horizon T, estimates for costs and benefits with a high degree of uncertainty.
Sensitivity tests are becoming a standard protocol in numerous organisations
(e.g. US-OMB 2003).° Non-linearities and threshold effects associated with eco-
system benefits should be explored in the sensitivity tests (Perrings and Pearce
1994; Folke et al. 2004). Lastly, considerations about the impacts of climate
change, in terms of probabilistic climate scenarios, addressing potentially cata-
strophic outcomes, are also recommended to further increase the reliability of
sensitivity analysis (Weitzman 2009).

(ix) The CBA final report should always indicate the results of the sensitivity
tests and the assumptions used. It is good practice to highlight the highest, inter-
mediate, and lowest value of the PVNB. And estimates should always be presented
along descriptions of the uncertainties (Arrow et al. 1996; Goulder and Stavins
2002; Graham 2008). Policy makers should have less confidence in studies where
the sign of the PVNB is highly sensitive to the discount rate or to small changes in
future benefits and costs (Arrow et al. 1996; Goulder and Stavins 2002).

(x) CBA assesses the efficiency of policies or programs. However, a good policy
analysis should also identify and discuss important distributional consequences,
namely, intra- and inter-generational equity considerations about the impacts of the
program on subgroups of the population. Social Impact Assessments (SIA) and
equity analysis techniques are synergistic with Environmental Justice Analysis
(EJA) and may provide helpful insights on equity considerations as well as possible
health, demographic, and market changes (NOAA 1994, 2007; EPA 2014).

5The U.S. Office of Management and Budget (US-OMB) published a formal guidance document
that outlines the US Government’s standards for regulatory analysis, especially CBA (Circular
A-4, September 2003), stressing the necessity “to provide a sensitivity analysis to reveal whether,
and to what extent, the results of the analysis are sensitive to plausible changes in the main
assumptions and numeric inputs”.
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(xi) Peer reviews of economic analysis should be used for projects with poten-
tially large environmental and/or socioeconomic impacts. “The more external
review the cost benefit analyses receives, the better they are likely to be” (Arrow
et al. 1996, p. 222). Trans-disciplinary in nature with costs and benefits affecting
both environmental and human capital, CBA applied to Eco-DRR projects may be
very complex and should require external reviews by experts from different disci-
plines, in both the natural and social sciences.

3.2.3 Socioeconomic Data Collection Strategies
for Retrospective CBA

Existing CBA studies can be divided in two categories: (i) forward looking assess-
ment aimed at comparing and choosing between policies; and (ii) retrospective
backward looking studies assessing the role of ecosystems (natural or managed) in
responding to hazards that have already occurred. The latter category represents a
form of programme evaluation. Arrow et al. (1996) stress the importance of
periodically carrying out retrospective assessments of selected regulatory impact
analyses to inform future policies and programmes.

Collecting data during the Eco-DRR project implementation should become a
universally accepted best practice, and data collection should be part of the original
project design. It allows to perform retrospective assessments, and to indirectly or
directly inform future policies or programs. This practice may also have important
positive implications for the development of the project itself: continuous monitor-
ing allows intermediate programme assessments, useful to iteratively improve and
calibrate the intervention’s efficiency over time, which in turn maximises returns to
investment of donors’ resources.

In the past twenty years, development economists have refined programme eval-
uation frameworks to rigourously assess the socioeconomic impacts of projects or
programmes, especially in developing countries through experimental and quasi-
experimental techniques (Gerber and Green 2012; Duflo et al. 2006; Glennerster
and Takavarasha 2013). Best practices in programme evaluation are now
standardised and provide excellent tools for data collection strategies and analytical
framework design, especially to analyse household and community-level data. A new
project is evaluated in its pilot phase, before expanding the project at full scale. Any
expansion is conditional on the positive outcome of the pilot phase evaluation. Data
collection strategies and evaluation protocols are always included in the original
project design. This enables project managers to collect a baseline database before the
project starts, maximising efficiency in data collection and measurement standards.’

SIn our literature review (Sect. 3.2.1) we have not found any study that adopts standard program
evaluation techniques. The only studies that attempted to create a baseline dataset using a survey,
did so only after the completion of the project, by asking respondents to report their best
recollection.
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A rigourous CBA programmme evaluation of the pilot project has many bene-
fits: (i) more abundant and reliable data, tailored to assessing to real scope and
impacts of the project; (ii) even when no extreme event occurs during the pilot
phase, it provides insights on programme performance for recalibrating investments
and improving implementation protocols during the project expansion; (iii) it
enables reliable data gathering to better understand the socio-economic implica-
tions of Eco-DRR projects and inform future project design.

Programme evaluation may be strengthened by randomisation: during the pilot
phase, two comparable subsets of the intervention area are identified as treatment
and control samples. The evaluation compares net benefits between the intervention
area (treatment) and baseline scenario (control). Ravallion (2012) contributed to the
programme evaluation debate by highlighting the possible limitations of the
randomisation process: the ability to randomise the distribution of treatment may
limit the type of questions and programmes analysed.

The design of the survey to assess the programme (project) is usually preceded
and informed by focus groups interviews, carried out to identify areas of concern
for communities and households. The final panel survey includes baseline and
follow-up surveys with the same respondents. Households and communities offer
two different levels of data resolution and different types of socio-economic vari-
ables can be collected. Drawing from standard development economics protocols,
Table 3.1 summarises, at the households and community level, the types of socio-
economic variables that can be collected, the required collection methodologies,
and the suitable respondents. The best practice should be for survey data points to
have spatial coordinates to be spatially merged with environmental data. Spatial
analysis techniques are an indispensable tool for evaluating Eco-DRR interven-
tions. They allow combining spatial data on demographics, socioeconomics, geo-
morphology, hazard impacts, land-use features (e.g. forest cover), and evolution in
ecosystems services.’

Lastly, after the pilot evaluation and before expanding the project to the entire
area, benefit and cost estimates obtained during the pilot can be used to build
reliable CBA estimates for a forward-looking study covering the entire
intervention area.

Box: Case Study: Bangladesh Afforestation Program*

This box proposes a didactic exercise: we superimpose the CBA framework
and guidelines outlined in Sect. 3.1 to show its usefulness to an existing
Eco-DRR project in Bangladesh. Implemented in flood-prone areas of
Bangladesh from 2009 to 2013, the Community Based Adaptation to Climate
Change through Coastal Afforestation programme (CBACC-CA) focuses on
mangrove restoration to foster climate adaptation and risk mitigation. No

(continued)

For instance, the InVest model provides spatial maps of ecosystems services scenarios.
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formal programme evaluation was performed for this project. We deconstruct
the CBACC-CA programme to outline key components of a retrospective
CBA framework with emphasis on spatial data integration. This programme
represents a useful case study due to the magnitude of disaster risk in
Bangladesh, the large size of population exposed, the nexus between risk
and poverty as well as vast DRR investments, potential socio-economic
impacts and public policy implications. Indeed, evaluations of programmes
of this magnitude would be useful for informing future interventions.

Motivation: Bangladesh’s climate history and future projections make
managing disaster risks a national priority. The risk of floods, and conse-
quent loss of life and property is one of the highest risk factors in
Bangladesh, due the significant proportion of its population living in
low-lying coastal zones and flood plains (IPCC 2014). Climate change is
projected to exacerbate floods linked to extreme rainfall events, rising sea
level, and tropical storms; thus increasing exposure and vulnerability of
the growing population (Lichter et al. 2011; Mimura 2013; IPCC 2014).
Scope: Mangrove afforestation is designed to reduce risk exposure and
improve climate adaptation. Mangroves act as a natural barrier protecting
the lives and property of coastal communities from storms and cyclones,
flooding, and coastal soil erosion (Menéndez and Priego 1994, IPCC
2014).

Geographic Scale Project sites include multiple coastal areas in the Chit-
tagong, Noakhali, Bhola, and Patuakhali districts (Fig. 3.1a). These dis-
tricts are densely populated**, (Fig. 3.1b), and with pockets of extreme
poverty (Fig. 3.1c) in cyclone affected areas, prone to floods (Fig. 3.1d).
The coastal region is predominantly agrarian, and the primary sources of
rural livelihoods of the local communities are agriculture, fisheries, for-
estry, and livestock (Ahammad et al. 2013). Rural poverty is projected to
increase due to land degradation associated to climate change.

Baseline scenario: The mangrove cover is rapidly declining with over
50 % of coastal areas underutilised due to exposure to soil salinity and tidal
inundation (CBACC-CA 2008 Project Document).

Concurrent interventions: (1) community agro-ecosystem practices to
improve livelihoods; (ii) capacity building of local communities, and
government officials; (iii) national policy review in light of project devel-
opment; and (iv) knowledge dissemination.

Time Horizon(s): CBA sensitivity tests may span multiple time hori-
zons***. The project period is 2009—2013, and it takes about 25 years
for mangrove forests to reach maturity. However, benefits can be mea-
sured well after the 25 years horizon (Harvey 2007).

57

(continued)



58 M. Vicarelli et al.

o Costs and benefits: Expenditures associated to the programme implemen-
tation are well documented and amount to about 5.4 million USD from the
Government of Bangladesh (GoB) the United Nations Development Pro-
gram (UNDP), and the Global Environment Facility (GEF). The project
was implemented by UNDP, and jointly monitored by the GoB and the
GEF (Government of Bangladesh and UNDP 2008). However, benefits are
not measured in monetary terms. Programme documents do not report the
value of benefits in terms of avoided risk or provided ecosystem goods and
services. They indicate the number of trees planted (i.e. 8,500). Tools such
as InVEST could help in creating a catalogue of benefits associated to the
status of ecosystem services over time, using spatially-defined scenarios.
The use of spatial analysis tools allows combining multiple dimensions:
geography, exposure to risk, demographics, and socio-economic variables,
including poverty levels (Fig. 3.1a).

» Socio-economic data collection: No data were collected on the impacts of
mangrove afforestation on livelihoods. In projects of this size, the best
strategy would be to develop a pilot phase, targeting a subset of the total
region, with treatment and control areas to collect baseline and follow-up
surveys. The pilot may include multiple treatment categories, in this case:
areas treated with mangrove afforestation, and areas where agro-
ecosystem practices are also implemented. This type of analytical frame-
work allows to rigourously assessing the benefits of mangrove afforesta-
tion as compared with the benefits of additional complementary practices.
*Abundant public information in CBACC-CA project documents and
research papers informs our analysis (CBACC-CA Project Document
2008; Annual Progress Reports 2010, 2012, 2013; Ahammad
et al. 2013), and personal communications by Doctor Paramesh Nandy,
UNDP Project Manager.

**According to 2011 census data the population in these districts corre-
sponds to 34,843,751 people (2011 Bangladesh census data).
*#*Sensitivity tests should include a range of interest rates, as previously
discussed in Sect. 3.2.2.

The original CBACC-CA programme measured the increase in income associ-
ated to the complementary agro-ecological practices on a subset of households, by
collecting baseline and follow-up measurements. However, from a statistical per-
spective, without a control group, this change in income cannot be statistically
attributed to the intervention, as it could be associated to other regional changes that
have not been monitored.

The maps below emphasise the importance of spatial data analysis and planning
for assessing the intervention in its multi-dimensional complexity: status of eco-
system services under alternative scenarios and their socio-economic implications,
including disaster risk reduction.
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3.3 Review of Literature on the Economics of Eco-DRR

There is a growing literature attempting to examine the role of ecosystems in
disaster risk reduction from an economic viewpoint. Many studies adopt a qualita-
tive approach (Robledo et al. 2004; Farber et al. 2006; Ingram et al. 2006; Costanza
et al. 2008; Feagin et al. 2010). Quantitative studies have diverse methodologies,
including: empirical models (Kathiresan and Rajendran 2005; Bebi et al. 2009);
regression analysis (Bradshaw et al. 2007; Peduzzi 2010); and predictive models
(Brouwer and Van Ek 2004). Their analytical frameworks also differ widely for the
variables examined: some studies focus only on physical impacts of disasters;
others examine socioeconomic variables, too. The large variety of methodologies
and assumptions make it difficult to systematically and effectively compare studies
and results. An ongoing study review of the current literature on the economics of
Eco-DRR by Vicarelli (2016) found that only twenty-two Eco-DRR quantitative
studies perform some form of economic assessment of the protective services of
ecosystems; and of these only 15 perform CBA (Table 3.2). The remaining studies
use replacement cost methods (e.g. Sathirathai and Barbier 2001; Dorren and
Berger 2012), or quantification of losses avoided (e.g. Batker et al. 2010, IFRC
2011). Among the CBA studies only nine are peer-reviewed articles, seven are
reports or book chapters (e.g. Hoang Tri et al. 1998; Sathirathai and Barbier 2001;
White and Rorick 2010; IFRC 2011) (Table 3.3). In this section we examine the
fifteen Eco-DRR CBA studies identified by Vicarelli (2016) and compare their
methodologies using the framework outlined in section one (Table 3.2).

3.3.1 Scope and Purpose of the Analysis

Assessments are performed with different purposes: some retrospectively evaluate
the protective role of ecosystems (n =4), others compare future scenarios (n = 12).

The majority of retrospective CBAs evaluate programs (n=3) and only one
study retrospectively evaluates the protective role of a natural ecosystem
(i.e. mangroves) in response to past shocks (Barbier 2007). Among the three
programme evaluations only one study was peer-reviewed (Walton et al. 2006);
the remaining two were conducted by NGOs to evaluate their own programmes:,
Mercy Corps Nepal (White and Rorick 2010) and the International Federation of
the Red Cross and Red Crescent Societies (IFRC 2011). The IFRC approach is a
model for policy recommendations: it performed a retrospective CBA of a 2-year
Eco-DRR programme, and used the results in a forward looking CBA, building net
benefits projections until the year 2025, to assess whether the continuation of the
programme was an efficient strategy.
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Table 3.3 Categories of benefits valued in monetary terms

Benefits of Eco-DRR intervention

ECOSYSTEM USE VALUE

DIRECT VALUE
Marketable | Food, timber and other raw materials | Chen et al. (2010), Batker et al. (2010),
goods White and Rorick (2010), Barbier
(2007), Walton et al. (2006),
Sathirathai and Barbier (2001) and
Hoang Tri et al. (1998)
Increase yield in aquaculture IFRC (2011)
Mangrove-fisheries linkage Pernetta et al. (2013), Barbier (2007)
and Sathirathai and Barbier (2001)
Marketable | Tourism Pernetta et al. (2013), Chen
service et al. (2010) and Walton et al. (2006)
Non- Water supply Batker et al. (2010)
marketable | Water quality Batker et al. (2010)
services Genetic resources Chen et al. (2010)
INDIRECT VALUE
Hazard Reduction in expected storm damage | IFRC (2011), Batker et al. (2010),
protection avoidedeconomic losses in agricul- ‘White and Rorick (2010), Barbier
ture, infrastructure, properties (2007), Brouwer and Van Ek (2004),
Dedeurwaerdere (1998) and Kramer
et al. (1997)
Avoided cost of building and Dorren and Berger (2012), Brouwer
maintaining an engineering solution and Van Ek (2004), Ming et al. (2007)
of comparable protective potential and Hoang Tri et al. (1998)
Water flow regulation, flood Batker et al. (2010) and Kramer
protection et al. (1997)
Additional Waste treatment Chen et al. (2010) and Walton
services et al. (2006)
Carbon sequestration Pernetta et al. (2013), IFRC (2011) and
Batker et al. (2010)
Biodiversity maintenance Chen et al. (2010)
Habitat refugium Batker et al. (2010)
Nutrient regulation Batker et al. (2010)
Erosion control, sediment retention Chen et al. (2010)

ECOSYSTEM NON-USE VALUE

Aesthetic, cultural, spiritual

Pernetta et al. (2013), Batker
et al. (2010), Chen et al. (2010) and
Brouwer and Van Ek (2004)

The rest of the studies include only forward-looking projections. Three compare
possible programs or policies (Kramer et al. 1997; Brouwer and Van Ek 2004;
Batker et al. 2010); eleven simulate future responses of ecosystems to hazards and
apply CBA to the results showing the net benefits of Eco-DRR solutions (Chen
et al. 2010; e.g. Dorren and Berger 2012).
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3.3.2 Geographic Scale

Several studies evaluate costs and benefits at the national-regional scale (Kramer
et al. 1997; Dedeurwaerdere 1998; Brouwer and Van Ek 2004; Barbier 2007;
Batker et al. 2010), others perform community-level (Hoang Tri et al. 1998;
Pernetta et al. 2013) and household-level analyses (Sathirathai and Barbier 2001;
Walton et al. 2006; White and Rorick 2010; IFRC 2011).

Most studies (n=10) were conducted in Asia (China, Nepal, Philippines,
Thailand, and Vietnam), the remaining studies in Africa (n = 1, Madagascar), Europe
(n=3, French Alps and The Netherlands), and in North America (n= 1, US).

3.3.3 Ecosystems and Hazards Analyzed

Six studies focus on mangroves (e.g. Granek and Ruttenberg 2007) and two on
coastal ecosystems in general. One study explores the role of coral reefs and sea
grass beds (Pernetta et al. 2013); one examines river-delta systems (Kremer
etal. 1997; Batker et al. 2010). Forest-ecosystems studies focus on mountain forests
(n=2) (Dorren 2006; Dorren and Berger 2012) and tropical rainforest (n=1)
(Dedeurwaerdere 1998). The remaining studies examine wetlands (Ming
et al. 2007) floodplains (Brouwer and Van Ek 2004), and riparian ecosystems
(White and Rorick 2010).

Hydro-meteorological hazards (i.e. tropical cyclones, hurricanes, extreme
storms, and storm surges) are the most studied (n=15), including floods (n=6)
and drought (n=2). Other hazards studied include gravitational hazards
(i.e. landslides, avalanches and rockfalls) (n =2), and tsunamis (n=1).

3.3.4 Time Horizon and Longevity (Duration) of Costs
and Benefits

The duration of a project may differ, and in general be shorter than, the longevity of
its costs and benefits; and benefits usually last longer. Most studies do not discuss at
all this difference in defining the time horizon of the analysis (T). In some cases the
value of T is not indicated (Ming et al. 2007). In other cases the choice seems
arbitrary, and no motivation is provided (T = 70 years in Chen et al. 2010). Batker
et al. (2010) arbitrarily set T = 100 years arguing that long time horizons accentuate
the differences between scenarios. Less arbitrary choices include: duration of
project implementation (T =35 years in Walton et al. 2006; Pernetta et al. 2013);
time before complete deforestation of a forested ecosystem (T =46 years in Kramer
et al. 1997); data-availability in retrospective studies (T = 8 years in Barbier 2007);
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or life-cycle of ecosystems, such as forest-avalanche-barriers (T =100 years,
Dorren 2006) and mangrove forest (T =31 years in IFRC 2011).

3.3.5 Baseline

The baseline is seldom discussed explicitly. The default baseline is usually implic-
itly assumed to be ‘business as usual’ (be it conservation or degradation) and in
some retrospective studies “pre-hazard conditions”. Baseline socio-economic data
were never collected before the project implementation.

3.3.6 Model Specification

Most studies adopt a simplified version of CBA. Their analysis is not structured as a
yearly stream of costs and benefits over a number of years; the net benefits are
estimated only at the beginning and at the end of the program before calculating the
PVNB. Only three studies include series of net benefits over time, by introducing
variables that account for change: deforestation rates (Kramer et al. 1997), wetland
loss trends (Batker et al. 2010) or risk and frequency of disasters (IFRC 2011).

3.3.7 Concurrent Programs and Confounding Effects

Eco-DRR interventions are usually combined with community awareness, early
warning systems, and livelihood improvement programs. Costs and benefits of
ecosystem restoration or preservation should be rigourously disentangled from
costs and benefits of complementary programs. None of the studies discusses
these possible confounding effects, with the exception of IFRC (2011), and White
and Rorick (2010). No study attempts an in-depth CBA of all the separate concur-
rent programs (following standard program evaluation techniques).

3.3.8 Benefits and Costs Estimates

None of the studies attempt to provide a complete catalog of costs and benefits of a
given Eco-DRR policy or program. In general authors include only some costs and
benefits in the CBA until they are able to show that net benefits associated to the
Eco-DRR approach are positive or higher than in alternative scenarios.

Table 3.3 presents an overview of the main categories of monetised benefits
included in the CBAs: (a) ecosystem goods and services; (b) post-disaster physical
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losses avoided (e.g. infrastructure; agricultural or industrial productive activities);
(c) hypothetical ecosystem replacement cost (the ecosystem value is estimated as
the cost of building an artificial structure of comparable protective characteristics®).

Marketable environmental goods extracted from ecosystems are more likely to
be included than non-marketable goods and services due to the large uncertainty
associated to their estimation. Authors often argue that the PVNB would be higher
had they included benefits to social or environmental capital that could not be
monetised. Unfortunately this translates into a chronic underestimation of benefits
of Eco-DRR projects, making them less competitive against development projects
(Barbier 2007), or traditional structural solutions (Brouwer and Van Ek 2004).

Costs are usually associated with expenditures: cost of the intervention
(e.g. Hoang Tri et al. 1998; IFRC 2011; Pernetta et al. 2013), cost of land
reclamation projects (Chen et al. 2010), cost of incentives and indemnizations for
loss of land property returned to wetlands or other natural ecosystems (Brouwer and
Van Ek 2004), and administrative costs per project beneficiary (IFRC 2011). Some
studies also include opportunity costs of conservation versus alternative land use
(e.g. shrimp farming) (Sathirathai and Barbier 2001; Barbier 2007).

An important finding is that the value of human life is never measured and rarely
discussed: Hoang Tri et al. (1998), White and Rorick (2010), and IFRC (2011)
explicitly chose not to include it. The impacts of Eco-DRR on health are never
economically quantified. White and Rorick (2010) collected data on health and
analysed them qualitatively.

3.3.9 Socio-economic Data Collection Strategy

Methodologies adopted to collect socioeconomic data vary across studies and
depend on the scale of the project. Some community-based projects use question-
naires to elicit the perceived value of the protective role of an ecosystem, or to
calculate the economic value of ecosystems’ marketable goods (Sathirathai and
Barbier 2001; Walton et al. 2006). Other studies use focus groups and detailed
household surveys to collect in-depth data on the socio-economic and environmen-
tal costs and benefits of a restoration intervention (White and Rorick 2010; IFRC
2011). White and Rorick’s (2010) detailed dataset includes: savings; soil produc-
tivity; water quality; flood income losses (annual crop production, belongings lost
or damaged); and any health and education costs associated to floods.

None of the studies use experimental design with treatment and control groups to
assess the benefits of the intervention. Besides the lack of control group, a major
limitation is that the data is always collected a posteriori (after the project imple-
mentation): there is no baseline, or it is built by asking respondents to report their

8The cost of avoided maintenance of such structures is also considered in some studies. However,
this method underestimates the benefits provided by the goods and services of the ecosystem.
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best recollection. Data reliability is further compromised by its self-reported, and
often qualitative nature (e.g. respondents are asked if income has improved but not
by how much, or if they consider the intervention to have had positive effects).

3.3.10 Discount Rate

Four studies do not report discount rates (e.g. Walton et al. 2006; Ming et al. 2007)
or do not perform any discounting. When used, discount rates range between 0 %
and 20 %. Six studies use only one rate (e.g. Chen et al. 2010; Pernetta et al. 2013;).
Five studies use a range of two to four discount rates (e.g. Hoang Tri et al. 1998;
Barbier 2007; Batker et al. 2010). Most studies do not motivate their choice.
Brouwer and Van Ek (2004) apply the Dutch Treasury rate (4 %). Kramer
et al. (1997) chose 10 % because it is often used by multilateral organizations,
testing also 15 % to prioritize current generations in deep poverty.

3.3.11 Benefit Cost Ratio (BCR), and Present Value of net
Benefits (PVNB)

All studies report the PVNB (sometimes indicated as net present value, NPV), and
some studies report also the BCR. IFRC (2011) presents two BCR values for each
community: including or neglecting the ecological benefits of carbon sequestration
(which are very high). Other studies do not report a BCR, but include elements that
would make it possible to measure it for different policy options (Permetta
et al. 1993; Sathirathai and Barbier 2001; Barbier 2007; Dorren and Berger 2012).

3.3.12 Uncertainty of Estimates and Sensitivity Analysis

Most studies provide a description of the uncertainty associated to their cost and
benefit estimates. Authors sometimes perform sensitivity tests with a range of
discount rates (Hoang Tri et al. 1998; Sathirathai and Barbier 2001; Barbier
2007; Batker et al. 2010). Others perform more complex analyses. White and
Rorick (2010) test three discount rates, two different time horizons for the duration
of project benefits, and calculate BCR for two net-benefit estimates (best estimates,
and 20 % lower benefits). Kramer et al. (1997) perform sensitivity tests to account
for the uncertainty key random variables (i.e. deforestation rate, decrease in storm
flow, percent land in paddy, net returns per hectare, exchange rate, and
discount rate).
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3.3.13 Distributional Issues

Some studies qualitatively address distributional and social equity considerations
(e.g. Sathirathai and Barbier 2001) but none of the study performs a quantitative
equity analysis. IFRC 2011 uses interviews and surveys to study distributional and
welfare implications that cannot be detected with CBA.

3.4 Conclusions and Recommendations

Drawing from the extensive literature on CBA methods, this chapter outlined a core
of indispensable best practices to perform rigourous CBAs for Eco-DRR. We have
then used this theoretical framework to examine the fifteen existing Eco-DRR CBA
studies identified by Vicarelli (2016) and compared their methodologies. We found
that none of the studies reviewed followed every one of the best practices that we
identified; indeed their methodological approaches are rather diverse and the
assumptions adopted are not always explained. Our final goal is to identify possible
areas of improvement in current practices and provide recommendations to
strengthen and make more consistent the analytical framework used in CBA for
Eco-DRR. The adoption of a more robust framework may be useful to consistently
organise disparate information, compare and choose between Eco-DRR policies
and programmes, and retrospectively assess existing interventions. In this section
we summarize our key findings and provide recommendations.

Our literature review suggests that studies should be more rigourous in defining
analytical boundaries (i.e. geographic scale and time horizons), initial conditions
(i.e. baseline), and model specifications (i.e. longevity of benefits and discount
rates). A strong limitation of some studies is that instead of estimating a dynamic
series of costs and benefits they take static snapshots before and after the interven-
tion, which may lead to underestimation of ecosystem services.

In order to avoid estimation errors in assessing the role of ecosystems in DRR,
the effect of concurrent complementary programs (e.g. micro-finance, disaster
awareness/preparedness training) should be systematically disentangled from the
effect of the ecosystem component. Yet, in most studies, this concern is not
discussed and this procedure ignored. Other observed methodological weaknesses
include absence of sensitivity tests, and discussion about distributional issues in
reporting the results.

For retrospective studies in developing countries, especially community-level
interventions, changes in welfare conditions and development status should be
addressed and best estimates always provided. A major challenge is represented
by the lack of reliable data. Most studies make estimates before the project is
implemented, other studies attempt retrospective estimates using self-reported data,
which is not very reliable. The most effective way to collect data is to include data
collection strategies in the design of the intervention itself. However, a careful
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literature review suggests this is not the standard practice. Rigorous protocols for
data collection are indispensable toward more reliable estimates of costs and
benefits. None of the studies in our review collected ex-ante baseline data (before
the beginning of the intervention) and follow-up surveys. Baseline data were
collected only ex-post (in two studies). We recommend that retrospective studies
always include data collection strategies in the original project design.

Forward-looking CBAs carry more uncertainties than retrospective ones. Peer-
reviewed retrospective CBAs allow for more planning and better data quality.
Following rigourous program evaluation protocols, including data collection strat-
egies incorporated in the original program design, retrospective CBAs are useful to:
(i) collect more abundant good quality data; (ii) strengthen our understanding of
long-term costs and benefits; (iii) build a global database of cost-benefit estimates
and international standards to efficiently compare results across analyses; and lastly
(iv) calculate more reliable forward-looking estimations of costs and benefits.

A retrospective assessment can provide extremely useful and cost-effective
when used as mid-project evaluation prior to full-scale expansion of the interven-
tion. Data collected in the retrospective CBA can provide reliable estimates for the
forward-looking CBA associated to the full project. Moreover, in large resource-
intensive projects, retrospective assessments may allow for iterative calibration of
the resources invested, and progressive optimisation of the intervention toward the
most efficient outcome. Eco-DRR interventions should adopt this approach as best
practice.

Many of the studies reviewed were not peer-reviewed. Our last but important
recommendation is that a peer-review of economic analysis should become the
standard for projects with potentially large socio-economic impacts and/or with
potentially irreversible impacts on ecosystems. External reviews by multi-
disciplinary teams would be the best practice.
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Chapter 4

Mangrove Payments for Ecosystem Services
(PES): A Viable Funding Mechanism
for Disaster Risk Reduction?

Daniel A. Friess and Benjamin S. Thompson

Abstract Mangrove forests provide a multitude of ecosystem services, many of
which contribute to Disaster Risk Reduction (DRR) along tropical coastlines. In the
face of rapid deforestation, Payments for Ecosystem Services (PES) schemes such
as Reducing Emissions from Deforestation and Forest Degradation (REDD+) has
been heralded as a potential avenue for financing conservation, although PES
schemes remain in an embryonic state for mangroves. Several challenges must be
overcome if mangrove PES is to advance. Firstly, challenges exist in quantifying
multiple ecosystem services, especially those that contribute to DRR, such as wave
attenuation and the control of coastal erosion. Secondly, the permanence of quan-
tified ecosystem services is a central tenet of PES, but is not guaranteed in the
dynamic coastal zone. Mangroves are affected by multiple stressors related to
natural hazards and climate change, which are often outside of the control of a
PES site manager. This will necessitate Financial Risk Management strategies,
which are not commonly used in coastal PES, and introduces a number of man-
agement challenges. Finally, and most importantly, PES generally requires the clear
identification and pairing of separate service providers and service users, who can
potentially overlap in the context of DRR. This chapter reviews and discusses these
emerging issues, and proposes potential solutions to contribute to the more effective
implementation of mangrove PES. Ultimately however, difficulties in pairing
separate and discreet service providers and users may render PES for DRR
unfeasible in some settings, and we may need to continue traditional modes of
DRR finance such as insurance and donor support.
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4.1 Introduction

With high population densities in the coastal zone, hundreds of millions of people
are currently exposed to coastal hazards such as storms, cyclones and sea level rise.
Over 789,000 people were killed by tropical cyclones between 1970 and 2009 alone
(EM-DAT 2011). The number of people exposed to coastal hazards is expected to
rise substantially according to future climate change scenarios. In particular, future
increases in both cyclone frequency/intensity and coastal population densities could
lead to an extra 149.3 million people in the tropics being vulnerable to coastal
hazards, with 90 % of exposed people found in Asia (Peduzzi et al. 2012). Based on
some sea level rise forecasts, the population exposed to a 1-in-a-100 year flood
event is projected to increase to 350 million people by 2050 (Jongman et al. 2012).
Reducing vulnerability to threats such as sea level rise will require increasing the
height of coastal defences by up to 1 m across the globe (Hunter et al. 2013).

Due to the future expense of more hard coastal defences, attention has turned to
potential ecological engineering solutions (see van Wesenbeeck et al., Chap. 8 and
David et al., Chap. 20). Coastal mangrove forests are an important halophytic vegetated
ecosystem found throughout the tropics and subtropics. Mangroves provide a multitude
of ecosystem services, tentatively valued at US$239 to US$4185 per hectare in South-
east Asia (Brander et al. 2012). These ecosystem services provide a range of biophysical
and ecological benefits, and include fisheries, timber, pollutant assimilation, carbon
storage, and DRR services such as hydrodynamic energy attenuation and shoreline
erosion control (Barbier et al. 2011; Lacambra et al. 2013). Despite their importance,
mangroves are experiencing rapid and sustained decline globally due to deforestation
for new land uses such as aquaculture, agriculture and urban development (UNEP
2014). Deforestation is resulting in the loss and possible extinction of mangrove
vegetation species (Polidoro et al. 2010), and is reducing the provision of ecosystem
services upon which hundreds of millions of people depend across the tropics.

Mangroves — like many forested ecosystems — have been managed and con-
served under traditional government-led protected area approaches. However,
recent years have seen a move towards neoliberal conservation instruments that
attempt to balance conflicts between conservation and economic growth priorities.
Payments for Ecosystem Services (PES) is one instrument with which to balance
such conflicts, and is broadly defined as “voluntary transactions between service
users and service providers that are conditional on agreed rules of natural resource
management” (Wunder 2015). While serious issues relating to social equity,
governance and commodification exist with PES (Phelps et al. 2010; Pascual
et al. 2014), this instrument has been touted as, “probably the most promising
innovation in conservation since Rio 19927 (Wunder and Wertz-Kanounnikoff
2009:576). PES has several key tenets that must be satisfied (Fig. 4.1).

"The 1992 Earth Summit in Rio de Janeiro, Brazil, instigated the Convention on Biological
Diversity (CBD) and United Nations Framework Convention on Climate Change (UNFCCC),
which later spawned the Kyoto Protocol.
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Ecosystem Service Provider(s)

Payment

Follows new rules of
natural resource management

Conditionality met

Ecosystem Service User(s)

Fig. 4.1 The key tenets of PES showing: ecosystem service flows (green arrows), payment flows
(red arrows), key players (yellow boxes), key voluntary transactions (blue boxes), and key criteria
(lilac box) (Based on Wunder (2015))

PES is a concept that has been discussed for decades, with Costa Rica’s adoption
of PES at a national scale in 1997 viewed as a key moment that instigated new
research and policy directions (Chaudhary et al. 2015). Focusing on the tropics,
PES schemes that pay for stored carbon, such as Reducing Emissions from Defor-
estation and Forest Degradation (REDD+) have been discussed at the international
level for almost a decade, with several operational schemes now in place through-
out the tropics and a large number in the proposal stage. Explicit PES in mangroves,
however, remains in an embryonic state. Few examples have been communicated
(Fig. 4.2), though efforts are beginning in Kenya (Huxham et al. 2015), Madagas-
car, Vietnam (Hawkins et al. 2010) and Thailand. This leads to the question: “why
is mangrove forest PES lagging so far behind other forest PES initiatives?”” This
question is particularly pertinent because of the broad range of ecosystem services
that can be valorised within a PES scheme: mangrove PES has been proposed
primarily to conserve carbon stocks (through “blue carbon” initiatives). Other
ecosystem services related to recreation, hydrodynamic flow and wave attenuation
for the purposes of disaster risk reduction (DRR) have not yet been an explicit focus
of PES discussions, but may also be relevant in the mangrove context.

The aim of this chapter is to identify the key challenges and solutions to
implementing PES for mangrove forest ecosystem services, with a particular
focus on services related to DRR. Firstly, we discuss the broad range of ecosystem
services provided by mangrove forests. Then we highlight three key challenges to
the implementation of mangrove PES; (i) how to quantify DRR ecosystem services
in a robust manner for PES transactions; (ii) how to ensure long-term permanence
of DRR ecosystem services in the dynamic coastal zone; and (iii) how to identify
and pair key actors in PES, especially ecosystem service providers and users.
A critical and honest discussion of the issues will allow us to identify solutions to
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Fig. 4.2 Proposed (grey) and pilot (black) PES schemes based in mangrove ecosystems across the
tropics. Currently, none of these schemes are designed to promote DRR ecosystem services

overcome these challenges and realise the benefits of ecosystem services for DRR
for coastal populations that rely on mangroves throughout the tropics.

4.1.1 Mangrove Forests Provide a Multitude
of Ecosystem Services

Researchers have described and quantified ecosystem services for decades,
although the ecosystem service concept gained wide prominence with the publica-
tion of the Millennium Ecosystem Assessment (MA) in 2005. An international
effort involving 1300 contributors from 95 countries, the MA (2005) categorised
ecosystem services into four major categories:

(i) Provisioning services — products obtained from an ecosystem;

(i) Regulating services — benefits obtained from the regulation of ecosystem
processes;

(iii) Supporting services — processes necessary for the production of all other
ecosystem services;

(iv) Cultural services — primarily non-material benefits people obtain from eco-
systems through spiritual enhancement, cognitive development, reflection,
recreation and aesthetic experiences.

A large literature has now formed around research on the broad range of
ecosystem services that mangrove forests in particular provide to coastal
populations (Fig. 4.3). Below, we describe particular ecosystem services that are
of most relevance to mangrove PES for DRR. Supporting ecosystem services may
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Provisioning services Regulating services
* Raw materials for building construction * Climate regulation through carbon
and fishing equipment storage and sequestration
» Seafood caught or gleaned in mangroves | = Coastal protection through wave
(e.g. fish, crustaceans, bivalves) attenuation
* Tannins and waxes acquired from trees *  Erosion control through sediment
* Forest food products such as honey, stabilization and soil retention
seeds *  Water purification through pollutant
assimilation and nutrient filtering
Supporting services Cultural services
* Maintenance of fisheries as safe nursery |« Recreation and leisure
grounds and reproductive habitat *  Educational opportunities
*  Soil formation *  Aesthetic contribution
* Photosynthesis and nutrient production *  Cultural heritage (e.g. community
traditions and folklore)
* Spritual and religious contributions

Fig. 4.3 A summary of the various ecosystem services provided by mangroves, as classified by
the MA 2005 (Based on Barbier et al. 2011; Lacambra et al. 2013; Lau 2013)

either not be of direct relevance to DRR, or are not currently considered for PES, so
are not described here.

4.1.1.1 Hydrodynamic Attenuation (Regulating Service)

Mangroves are now well known to interact with and ameliorate incoming hydro-
dynamic forces such as waves and currents. Hydrodynamic attenuation is equal
to the proportion of wave height/current flow reduction per meter of land traversed
(Mazda et al. 2006) in a non-linear relationship, and is caused by flow resistance,
drag forces, friction and turbulence caused by above-ground vegetative structures.
The importance of vegetation in hydrodynamic attenuation means that the magni-
tude of energy absorption strongly depends on tree density, stem and root diameter,
forest width, presence of offshore habitats (e.g. reefs), shore slope, bathymetry, and
tidal stage upon entering the forest (Alongi 2008; Koch et al. 2009).

The wave attenuation service of mangroves may be considered the most impor-
tant in a DRR context, and has been highlighted by recent natural hazards. The role
of mangroves in DRR gained the most prominence in response to the 2004
Southeast Asian tsunami. Preliminary surveys after this event suggested that vil-
lages behind mangroves suffered less damage and loss of life compared to exposed
villages on the coast (e.g. Danielsen et al. 2005; Kathiresan and Rajendran 2005).
Mangrove coastal defence services have been calculated at US$ 672/ha/year in the
Philippines (Samonte-Tan et al. 2007) and US$ 1879/ha/year in Thailand (Barbier
et al. 2008). That said, such findings may have been due to statistical correlation and
inference rather than hydrodynamic processes, and the mechanisms contributing to
tsunami hazard mitigation by mangroves still need more research (Kerr et al. 2006).
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Regardless, the perceived importance of mangroves for hazard mitigation has
resulted in huge interest in mangrove restoration and their incorporation into coastal
defence design throughout the tropics (see Bayani and Barthélemy, Chap. 10).
Academic and decision-making contexts are now awash with terms such as
“ecological engineering”, “building with nature”, “nature-based solutions” and
“blue/green infrastructure” (see van Wesenbeeck et al., Chap. 8), which all to
varying degrees refer to the incorporation of mangroves into coastal engineering
design.

4.1.1.2 Shoreline Erosion Control and Adaptation to Sea Level Rise
(Regulating Service)

Mangroves have the capacity to reduce shoreline erosion and adapt to sea level rise
through two mechanisms. Firstly, mangroves trap and consolidate sediments
through their roots, as attenuated water flows encourage sediment to settle out of
suspension (Krauss et al. 2003). Roots also contribute to binding the soil and
increase soil shear strength. However, the ability of mangroves to encourage
deposition, bind sediments and control shoreline erosion may also be species-
specific, and mangrove coastlines themselves can erode once species-specific
hydrodynamic thresholds are surpassed (Friess et al. 2012).

Secondly, mangroves have the ability to adapt to changing sea levels, if sur-
rounding geomorphological and sedimentological conditions are suitable. Man-
groves can increase their surface elevations to potentially keep pace with sea
level rise through multiple processes such as sediment trapping and consolidation,
and belowground organic matter production (Krauss et al. 2014). Thus, in compar-
ison to traditional hard engineering structures that are fixed at a static elevation,
mangroves and other coastal ecosystems may provide an adaptable and flexible
coastal defence in some conditions under uncertain sea level rise scenarios (see
Whelchel and Beck, Chap. 6). In minerogenic coastal settings,” this is reliant on the
continued input of sediment into the coastal zone.

4.1.1.3 Carbon Storage (Regulating Service)

The important role of mangroves in carbon production, transport and storage has
been known for decades, with mangroves in the United States a particular focus of
research. Early research focused on particular processes in the carbon cycle, such as
litterfall dynamics (Twilley 1985), aboveground biomass dynamics (Day
et al. 1987) and tidal carbon fluxes (Twilley et al. 1986). However, early studies
also put carbon into a broader global carbon cycle and climate change perspective
(de la Cruz 1982, 1986; Twilley et al. 1992).

*Made up of mineral materials as opposed to biogenic, i.e. organic, material.
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Fig. 4.4 Conducting a
standardized carbon stock
assessment for a mangrove
in northeast Singapore
(Photo by DM Taylor,
reproduced with
permission)

These early research contributions focusing on the role of mangrove forests in
climate change mitigation are in some cases forgotten, though are mirrored by
similar recent studies that have explored the contribution of mangroves to regional
and global carbon budgets (e.g. Bouillon et al. 2008; Donato et al. 2011; Siikaméaki
et al. 2012). Such studies, bolstered by clear carbon quantification and accounting
protocols (e.g. Kauffman and Donato 2012; Fig. 4.4) and new international initia-
tives (e.g. The International Blue Carbon Initiative) have driven a recent surge in
mangrove carbon stock assessments across the tropics (e.g. Donato et al. 2011;
Adame et al. 2013; Jones et al. 2014; Thompson et al. 2014). Recent studies are now
beginning to extend carbon stock assessments to also incorporate coastal ecosys-
tems adjoining mangroves, providing us with an understanding of where mangrove
carbon stocks sit within the broader coastal landscape (Phang et al. 2015). Carbon
storage and sequestration is not directly relevant to DRR, but it is a popular
mangrove ecosystem service that is the focus of several ongoing mangrove PES
proposals. Thus, carbon could be stacked alongside other ecosystem services — such
as DRR - to make a potential PES scheme more economically viable (Thompson
et al. 2014).

4.1.1.4 Forest Products and Fisheries (Provisioning Services)

Provisioning services relate to products that can be extracted from the mangrove
ecosystem. Many products are derived from the vegetation, including timber,



82 D.A. Friess and B.S. Thompson

Fig. 4.5 A local fisherman
catching mud crabs to sell to
a local 5 star hotel, Ouvea
atoll, New Caledonia
(Photo by DA Friess)

fuelwood, charcoal, and non-timber forest products such as honey and waxes.
Several correlative analyses also suggest that mangroves play an important role
in the provision of fisheries (Manson et al. 2005). Although dependent on factors
such as geomorphological location and vegetation density/type, mangroves can
play a role as a nursery for juvenile fish, or may provide nutrients that are exported
to offshore fisheries. Provisioning services can be economically important at
multiple scales. Locally, provisioning services can provide subsistence for local
coastal communities, or can be sold to local businesses to make small profits and
improve local livelihoods (Fig. 4.5). The selling of fish and fuelwood extracted
from the mangrove can account for as much as 30 % of a household’s income
in villages along the east coast of India (Hussain and Badola 2010). Across
larger scales and extraction intensities, the value of provisioning services can be
considerable; for example, the value of timber extraction, fisheries and other
provisioning services across the Sundarbans may reach US$744,000 per year
(Uddin et al. 2013).

Unlike hydrodynamic attenuation and shoreline erosion control, provisioning
services are not directly related to DRR. However, provisioning services can
contribute to a coastal community’s adaptive capacity, which may increase its
resilience to natural hazards and climate change impacts. Factors such as wealth,
health and education are key contributors to adaptive capacity, and a recent global
analysis suggests that in general coastal communities have higher levels of all of
these factors, compared to communities living inland with less access to the coast
and the provisioning services it provides (Fisher et al. 2015). Several reasons
account for this. Firstly, coastal fishing as a form of livelihood presents a relatively
low cost barrier compared to inland forms of agriculture (Daw et al. 2012). Sec-
ondly, coastal communities may (but not always) have easier or closer access to
ports and markets for trade (Fisher et al. 2015). Thus, DRR activities (whether or
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not they are related to PES) would benefit greatly from the incorporation of
management interventions that also improve provisioning service usage.

4.1.1.5 Spiritual, Cultural and Heritage Values (Cultural Services)

Cultural values encompass a broad range of ecosystem services that vary greatly in
their tangibility and ability to be quantified (Pleasant et al. 2014). Cultural ecosys-
tem services can include clearly tangible and quantifiable recreational and educa-
tional values. Spiritual, aesthetic and heritage values are substantially more abstract
and intangible, but could have significant value for local coastal populations
(Thiagarajah et al. 2015).

At first glance, cultural ecosystem services may not seem directly relevant to
DRR. However, local or indigenous knowledge can make a valuable contribution to
DRR, although it is often missing from DRR planning, or marginalized in favour of
expert scientific knowledge (e.g. Mercer et al. 2010). Marginalization of local
knowledge arises due to a perception from some stakeholders of the “unrigorous
nature” of local knowledge, or due to unequal power relations between local
communities and scientists and decision makers, which come to the fore when
knowledge is produced and used (Bohensky and Maru 2011). Cultural value can
decrease vulnerability to hazards through inter-generational learning related to
warning signs of hazards and how to respond to them (e.g. Furuta and Seino,
Chap. 13). For example, indigenous communities in coastal Southeast Asia, such
as the Moken sea communities in Thailand, were aware of the warning signs of an
impending tsunami, so during the 2004 tsunami they were able to evacuate more
quickly than foreign tourists and migrant workers (Mercer et al. 2012). In this
example, local knowledge can be regarded as an important, but potentially under-
appreciated source of resilience. While substantial challenges may be faced when
integrating local and scientific knowledges into decision making, steps in this
direction will improve our response to complex socio-ecological challenges
(Bohensky and Maru 2011) such as ecosystem-based DRR. The incorporation of
cultural ecosystem services into DRR generally is a key research area to pursue in
the future.

4.2 Challenge 1 — How to Quantify ‘Invisible’
DRR Ecosystem Services?

While mangroves provide a variety of ecosystem services, only shoreline protection
(wave attenuation and dissipation functions) can be considered directly linked to
DRR. Many of the other services described above may contribute to DRR by
increasing the adaptive capacity of mangrove-dependent coastal communities, but
these may not be suitable for mangrove PES with a focus on DRR, since PES
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requires a direct ecosystem service that can be explicitly commodified and traded.
Tradeable assets require clear quantification and clear ownership rights — traits that
are not always possessed by certain ecosystem services. Unlike carbon storage and
sequestration, for which clear quantification protocols and market prices exist, it is
relatively difficult to commodify shoreline protection services, since (1) very few
economic studies have estimated values for them (Barbier 2015); (2) shoreline
protection (e.g. wave attenuation) is site-specific and dependent on the local
ecological and geomorphological setting; and (3) the amount of attenuation is
event-specific, e.g., the amount of hydrodynamic input energy to be attenuated.
Yet, despite the difficulties outlined above, several quantification and valuation
methods do exist for shoreline protection services, which are discussed in this
section.

The first stage in any ecosystem service assessment is to quantify the
PES-relevant service in order to establish a baseline against which future perfor-
mance measures can be compared. Determining wave attenuation involves mea-
suring the current velocity and water level along a cross-shore profile — typically at
the open tidal flat, the mangrove fringe, and at systematic points within the
mangrove vegetation (Quartel et al. 2007). These hydrodynamic measurements
can be taken using pressure sensors and electromagnetic flow devices (such as
Acoustic Doppler Velocimeters) that can be mounted on tripods, while bed level
height and gradient can be measured at each sample station using a levelling
instrument. Wave attenuation is calculated by the difference in initial and final
wave height over a specified difference (Mazda et al. 2006). This hydrodynamic
data can be combined with biophysical parameters (e.g. stem density, bed rough-
ness, bed gradient), spatial data (shoreline profile, settlement proximity), and data
on past events, in order to conduct scenario modelling of hazards such as storm
surges (Lau 2013). The outputs are spatial predictions of flood occurrences and
hazard levels for each scenario. Such assessments would indicate the current level
of shoreline protection services that a particular mangrove provides, where and to
whom that service is provided, and how the provision of that service would change
with increased or decreased mangrove coverage. This collection of quantitative
data and model output can then be subjected to valuation techniques in order to
valorise the shoreline protection service — usually an essential step in PES scheme
design.

Two cost-based methods can be used to value the shoreline protection service of
mangroves: damage costs avoided and replacement costs (Table 4.1) (see Emerton
et al., Chap. 2). The former usually requires geographic outputs from scenario
models. The method involves estimating the costs of repairing the damages that
would be incurred following a reduction in mangrove area, which is used as a proxy
for shoreline protection value (Turpie et al. 2010). Damage costs include damage to
physical capital such as property, fishing gears, infrastructure (oftentimes the water
supply is salinized), and aquaculture/agriculture (e.g. loss of standing crops, fish
stocks, or livestock). In addition, more nuanced human capital metrics could be
incorporated into the damage cost analysis such as medical expenses or lost
household income as a result of injury. The cost of repairing damage sustained
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Table 4.1 Advantages and disadvantages of the damage costs avoided and replacement costs
methods for valuing the coastal protection service of mangroves

Method

Advantages

Disadvantages

Avoided
damage costs

Quantifying wave attenuation can
be conducted accurately

Quantifying wave attenuation requires
expensive equipment and technical
expertise

Valuation is based on actual market
prices

Valuation is based on costs, not benefits

Not overly data/resource intensive

Very difficult to predict the levels of
damage sustained under a particular
scenario since values are strongly
influenced by the geographic and social
(land/property value) context

An option for locations that are
challenging to value by other means

Data on past events is required

Generally viewed as a better option
to replacement costs and contingent
valuation

Technical skills (e.g. environmental
modelling) is required

Intra-settlement damage levels and costs
could vary greatly

Land values can change quickly over
time as regions gain prosperity or
industries go bust

Difficult to relate damage levels to
ecosystem quality and area since there
are many other factors

Replacement
costs

Quantifying wave attenuation can
be conducted accurately

Quantifying wave attenuation requires
expensive equipment and technical
expertise

Valuation is based on actual market
prices

The valuation is based on costs, not
benefits

Not overly data/resource intensive

Few ecosystems have commensurate
artificial substitutes

An option for locations that are
challenging to value by other means

Tends to overestimate actual value of the
individual service

Tends to underestimate actual value of
the entire ecosystem since other services
that would not be replaced by a manmade
alternative are not valued

Limited application since few
environmental actions are based only
on cost-benefit comparisons

Requires strong evidence that the public
would demand a manmade alternative if
the ecosystem was lost

Based on Pagiola et al. (2004), Turpie et al. (2010), Lau (2013) and Waite et al. (2014)
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during past disasters could be used if available (see Bayani and Barthélemy,
Chap. 10). Alternatively, if such data were unavailable and modelling was not
feasible, the damage costs avoided method can be based on the financial invest-
ments that landowners have made in order to protect their assets from possible flood
damage (e.g. insurance purchases or spending on anti-flood modifications to their
property); this may work better in developed rather than developing countries. The
damage costs avoided approach is strongly linked to the geographic (intensity of
disaster) and social context (land value, land-use, building type) (Turpie
et al. 2010). These values vary greatly both between and within different locales;
for example, within the same Bangladeshi village, Hossain (2015) found that poorer
residents owned property made out of bamboo with thatched roofs, while high-
income earners owned houses made out of bricks with corrugated iron roofing. In
this case, both the likelihood of destruction and the rebuild costs of individual
buildings will vary greatly. Measurement uncertainty depends partly upon the
availability of data on past disasters, but is generally high because it is difficult to
model scenarios accurately, and the trajectories, frequencies, and severity of future
storms are difficult to predict (Marois and Mitsch 2015). Regardless, this method is
generally preferred over the replacement costs method (Lau 2013; Barbier 2015)
(see Senhoury et al., Chap. 19).

The replacement costs method estimates the cost of replacing an ecosystem
service with an artificial substitute (Pagiola et al. 2004); in the case of mangroves
this could mean a groyne or seawall. In order for the valuation to be valid, the
man-made alternative must (a) provide a commensurate level of storm protection
service, (b) be the cheapest option capable of performing the same role, and
(c) society must be willing to incur the cost rather than forgo the service (Pagiola
et al. 2004; Waite et al. 2014). Market data are typically available for this method
(e.g. an engineer could quote a price for the alternative). However, it has been
argued that the replacement cost method overestimates the value of the storm
protection services for individual sites, because the approach involves estimating
the service benefit primarily by using the costs of constructing groyne or seawalls.
Moreover, the artificial substitute is rarely the most cost-effective means of pro-
viding the service (Barbier 2007, 2015). In a mangrove storm protection study in
Thailand, Barbier (2015) calculated annual welfare losses of US$ 4,869,720 when
using the replacement cost method, which were over an order of magnitude higher
than the US$645,769 calculated when using the avoided damage costs method.

More broadly, however, approaches to quantify and value DRR-related ecosys-
tem services (such as storm protection) risk undervaluing the ecosystem as a whole.
Artificial substitutes such as sea walls will typically only replace one service
(e.g. storm protection), while all other benefits provided by the natural ecosystem
will remain lost (Thampapillai and Sinden 2013). For example, in a study
conducted by Gunawardena and Rowan (2005) in Sri Lanka, coastal defence was
calculated to contribute just 27.6 % of the purported ‘total economic value’ which
also included benefits to the fishery and wood used for building materials.

Recently, choice experiments have been used to value the multiple coastal
ecosystem services provided by marine protected areas (Christie et al. 2015).
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Coastal protection was one of six services that were used in the experiment, which
presented respondents with different combinations of improved, current, and
reduced service provision; these service packages were coupled with a hypothetical
tax payment that gauged their willingness to pay and allowed the value of each
service to be determined (Christie et al. 2015). Similar contingent valuation
methods could be suitably applied to mangrove ecosystems, using hypothetical
scenarios of declining or increasing service provision. However, contingent valu-
ation can be expensive to implement, requires careful survey design, and is vul-
nerable to many sources of bias; meanwhile, choice experiments are considered to
be technically difficult to implement (Waite et al. 2014).

4.3 Challenge 2 — How to Ensure DRR Service Provision
and Permanence During a Disaster?

Once a DRR ecosystem service has been quantified, payments for such a service are
dependent upon an agreed level of ecosystem service provision over a specified
timescale. The maintenance of ecosystem service provision is related in a
non-linear fashion to ecosystem quality, the maintenance of higher trophic levels
and species richness (Duarte 2000; Dobson et al. 2006). However, a multitude of
anthropogenic and natural stressors can reduce habitat quality and extent, thus
impairing sustained ecosystem service provision. Such stressors on mangrove
ecosystems may include agricultural land cover change (Webb et al. 2014), land
reclamation (Wang et al. 2010), typhoons (Aung et al. 2013) and sea level rise
(Krauss et al. 2010), and can have varied impacts from direct habitat conversion and
destruction to cryptic declines in habitat quality, while the areal extent of habitat
remains the same. In theory, many types of PES should require the reduction or
cessation of direct anthropogenic stressors, such as harvesting or land cover con-
version. However, many stressors in mangrove ecosystems either cannot be mean-
ingfully reduced due to their process, magnitude and scale (e.g. tropical cyclones),
and/or because they originate from a location external to the PES site (e.g. sea level
rise), and are thus outside the control of a PES site manager.

External stressors such as tropical cyclones and sea level rise are important in a
DRR context as we may promote mangroves to protect coastal communities against
their impacts, although these external stressors themselves may have an impact on
the mangrove system. An increasing literature exists on the impacts of tropical
cyclones and storms on mangrove structure and functioning, especially in the wake
of hurricanes, such as Hurricanes Andrew and Mitch, in the Neotropics. Some
research has also been conducted in Asia after events such as Cyclone Nargis
(Myanmar) and Typhoon Haiyan (Philippines). This body of research has described
a number of tropical cyclone and storm impacts on mangroves, which may be
immediate or delayed:
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— Defoliation: species-specific defoliation is a common impact of high winds
associated with large storm events, with mangroves in the eye of Hurricane
Andrew consistently experiencing 100 % defoliation (Doyle et al. 1995).

— Tree and branch damage: strong winds can lead to branch and trunk damage,
although damage may be species-specific: in one case study, Rhizophora mangle
mostly suffered less than 50 % crown damage, while Laguncularia racemosa
trees suffered 75—-100 % crown loss (Sherman et al. 2001).

— Tree mortality: tree damage can be so great that mass tree mortality occurs.
Mortality can be spatially variable due to species composition, geomorphology,
elevation and storm track; in a study in the Dominican Republic after Hurricane
Georges, mortality reached 100 % in some plots, with an average of 47.7 %
(Sherman et al. 2001).

— Peat collapse: tree mortality leads to root death and the cessation of below-
ground organic matter production. The peat soil may oxidise and collapse until
such time when/if surviving trees and newly recruited individuals begin to
produce below-ground organic matter to replace what was lost (Cahoon
et al. 2003).

— Sediment burial: sediment eroded during a typhoon can be deposited within the
mangrove. Such deposits can equal as much as 17 times the annual accretion
rate experienced in the mangrove (Castaneda-Moya et al. 2010), which may
suffocate the aerial roots of some species.

Sea level rise can also impact upon mangrove habitat quality and extent, with
knock-on impacts for ecosystem service provision. Mangrove species distribution is
controlled to a large extent by surface elevation and relative tidal inundation
(e.g. Watson 1928), which can distribute species according to their tolerance to
tidal flooding. Sea level rise — if not matched by similar increases in mangrove
surface elevation (Krauss et al. 2014) — can increase tidal inundation beyond
species-specific thresholds of tolerance, leading over time to a conversion to
more tolerant pioneer mangrove species, and eventually to bare mudflat (Friess
et al. 2012).

Thus, tropical cyclones, storms and sea level rise present a particularly interest-
ing quandary: almost by definition, the locations most in need of ecosystem-based
solutions for DRR are those that are heavily exposed to hazards. Thus, PES for
DRR would provide funding for mangrove conservation to protect populations
against short term events such as storms and long term events such as sea level
rise, although these very same events can substantially damage the ecosystem in
question and impact the provision of the required ecosystem service.

While the presence of external stressors may reduce ecosystem service provision
and the effectiveness of PES, this does not mean that PES is untenable in such
situations. Friess et al. (2015) describe a number of approaches to deal with external
stressors in a PES context. While they vary in design and process, all of these
approaches focus on siting a PES scheme in the most suitable biophysical location
or reducing the risk of external stressors to financial assets. A three step, hierarchi-
cal strategy is proposed (Friess et al. 2015):
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(1) Stressor evaluation. Ecosystem service provision models (e.g. Villa
et al. 2014) must be combined with external stressors models in order to
evaluate the risk they pose to a PES scheme. Environmental Impact Assess-
ments on developments surrounding the PES scheme could also be mandated.
In theory, these steps will ensure that a PES scheme is located in the most
suitable location, for example away from neighbouring human developments,
or along a sheltered coastline that is at less risk of storm damage (though this
suggests that there could be less need for DRR measures in these areas).
However, locating PES schemes in the most suitable locations from an
ecosystems service and stressor point of view may not always be feasible, as
it neglects political and social imperatives for PES scheme location.

(ii) Stressor mitigation. Once a PES scheme is located in an area that gives it the
best chance of success, attempts can be made to mitigate the negative impacts
of remaining identified external stressors. For anthropogenic external stressors
this may require landscape planning and cross-sectoral cooperation. However,
it is difficult to mitigate external stressors linked to natural hazards and climate
change. For example, tropical cyclones and sea level rise are processes that
operate on large scales that cannot be meaningfully mitigated by management
interventions.

(iii) Stressor accommodation. Under the assumption that natural hazards and
climate change stressors cannot be meaningfully mitigated, PES schemes
must instead incorporate measures that allow the accommodation and man-
agement of risk. Such measures revolve around concepts of Financial Risk
Management, particularly reducing uncertainty and investing in insurance
measures. These may include third party ecosystem service insurance to pay
for unexpected reductions in DRR ecosystem service yield. Bell and Lovelock
(2013) propose insurance for mangroves damaged in storms, so that they can
be restored and continue to provide DRR ecosystem services. Credit buffers
and precautionary savings have also been used in some terrestrial PES sites
(e.g. Phelps et al. 2011); more credits are created than are sold, so that there is
a buffer to refund credits if the expected ecosystem service provision is not
reached.

In summary, when planning a PES scheme to deliver DRR ecosystem services in
a location heavily threatened by natural hazards and climate change impacts,
scheme locations should ideally be determined through the use of ecosystem
service and external stressor evaluation models. This will allow schemes to be
situated in locations that maximize ecosystem service provision, while minimizing
service impermanence. Once a PES scheme is located correctly, PES scheme
planning must incorporate Financial Risk Management measures from the very
beginning in order to reduce uncertainty and risk to ecosystem service investors, as
natural hazards and climate change-related external stressors may never be fully
mitigated.
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4.4 Challenge 3 — Ecosystem Service Providers
and Users Overlap

PES requires a quantified ecosystem service to be traded. PES involves a transac-
tion between at least one service provider (seller) and service user (beneficiary/
buyer) (Wunder 2015). Arguably the most important PES precondition is for a
ready user to exist. Potential users include insurance companies, government
agencies, NGOs, and local communities (Table 4.2). Providers will likely be local
landowners/managers or the local community that implement new management
approaches (e.g. mangrove restoration or preservation) in exchange for payment
from the ecosystem service user. Thus in the case of local communities, there is the
potential for the provider and user to be the same group or stakeholder, which
invalidates PES. Additionally, the suitability and structure of mangrove PES for
DRR, the types and suitability of users and providers, and their degree of overlap
will likely differ between developed and developing economic settings.

Table 4.2 The suitability of different potential PES buyers in developed and developing country

settings

Potential
buyer Developed Developing
Insurance Coastal residents likely have property | Coastal residents seldom have any
company insurance; insurers will need to be insurance cover due to either financial
convinced that more mangroves means | constraints or a deficit of insurers
less damage and ultimately less
pay-outs (saving them money)
Government | Government may have financial Government may not have the
agency capacity to pay financial capacity to pay
Would have to identify situations in PES may be more cost-effective than
which PES would be favoured over investing in expensive artificial
command-control regulation and pub- | coastal defences
lic spending on artificial coastal May be an alternative approach
defences to command-control regulation if
compliance is a problem
NGO Would likely prefer to give financial Would likely prefer to give financial
aid which does not require a return on | aid which does not require a return on
investment investment
Local Potentially could afford payments May be unable to afford payments
community Potentially overlapping as service
users and providers
Private Possible that the landowner and land Will likely be unable to afford
landowner manager may be separate entities. If so, | payments
the owner could pay the manager to
implement better mangrove restora-
tion/preservation to safeguard the asset
being managed
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Insurance companies may have a vested interest in DRR since better-protected
coasts will mean less damage and lower pay-outs following a disaster (Forest
Trends and The Katoomba Group 2008; Dunn 2011; Lau 2013). The feasibility of
insurance companies as users is greater in developed countries in which an
established array of insurers and insurance policies exist for property owners to
choose from. In developing countries however, coastal residents seldom have
insurance cover. This is particularly true for poorer households that will typically
own property constructed out of weaker materials (Kolinjivadi et al. 2015), which
will therefore be more prone to damage. An insurance company is unlikely to seek
improved coastal protection services for coastal settlements that it is not insuring,
so in this regard poorer communities may be excluded. Insurance is typically
provided on an individual basis and therefore equity issues could arise (in both
developed and developing settings) since poorer residents may be priced out.

Government agencies and municipalities responsible for disaster management
have also been suggested as potential coastal protection service users (Forest
Trends and The Katoomba Group 2008; Lau 2013). In developed countries with
ample public spending budgets, it is difficult to see how PES would be a more
rational option compared to command-control coastal regulations (that are gener-
ally effectively enforced in the developed world) and direct public spending on
artificial coastal defences. However, some developing countries will likely have
lower public spending budgets, and also more pressing problems to solve —
i.e. investing in basic needs such as infrastructure, health, and education. Hence,
in such settings, the restoration/conservation of natural barriers may be considered
by governments to be more cost-effective than constructing artificial substitutes,
which often come at huge installation and maintenance costs. It is feasible that
governments may utilise a PES approach to pay local communities that live
adjacent to mangroves to reduce mangrove cutting or engage in restoration activ-
ities, which can reduce disaster risk in their jurisdiction. This is based on the notion
that governments have a duty to ensure the safety of their people.

NGOs can be buyers of ecosystem service credits, particularly to try and nurture
carbon-markets. However, in the context of coastal DRR, where a future return on
investment is highly unlikely (i.e. climate change exacerbating extreme weather
events and sea level rise, thus reducing service provision e.g. Challenge 2), it is
difficult to see how PES would be favoured over direct aid for which no justification
is required other than philanthropy. This is true for both developed and developing
settings.

Local communities and private landowners have also been cited as potential
users (Lau 2013). This is probably more suited to developed, rather than developing
nations. Expecting local communities in developing countries to finance PES seems
unfeasible and unjust, because local communities will likely be unable to afford
such payments, similar to the equity issues surrounding insurance cover. However,
the very notion of local communities (if, due to land tenure issues, they even have
control of the ecosystem service in the first place) and private land owners using or
buying ecosystem services is controversial, since in almost all foreseeable cases,
local communities will also likely be the most suitable service providers
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(i.e. sellers), as they will be responsible for managing the coastline on which they
live. PES requires a transaction to take place between two separate parties, and as
such, thinking of local communities as ecosystem service users creates a contra-
diction, since these beneficiaries would be buying a service that they (in most cases)
would also provide.

4.5 Alternatives to PES for DRR

This chapter has described three important issues facing coastal PES as a means of
funding ecosystem-DRR activities. All of these issues challenge the fundamental
tenets of PES: how can we sufficiently and accurately quantify DRR service
provision?; how do we ensure permanence and long-term provision of DRR
services in a dynamic coastal environment?; and how do we identify suitable
services users and providers, and make sure they are distinct and do not overlap?
Ultimately, due to the nascent state of PES for DRR, in many circumstances
existing financial mechanisms may be deemed more suitable for DRR and associ-
ated disaster relief in mangrove systems, compared to PES. Other financial mech-
anisms for DRR do exist, although these also tend to vary between developed and
developing countries. Three types of mechanisms are primarily relevant to devel-
oped countries: compensation, subsidized insurance of assets, and ecosystem ser-
vice insurance. Within the developing world, financial support for DRR generally
comes from a fourth mechanism, donor aid.

Compensation Disaster compensation is a response predominantly confined to the
developed world, but is also used increasingly in developing and emerging econ-
omies. In considering how socially just such compensation schemes really are,
Cooper and McKenna (2008) note that while coastal property owners face a direct
financial loss from coastal disasters, compensating them creates accompanying
costs to society since the state will use taxpayer’s money. It is argued that public
interventions are more justifiable at local and short-term scales, but less
justifiable at larger geographical and longer time scales since the societal costs to
non-coastal tax-paying residents increase due to larger payouts (Cooper and
McKenna 2008).

Subsidized Property Insurance Subsidized private insurance offers an alternative
to public compensation schemes, especially since private markets are showing an
increasing reluctance to underwrite catastrophic risks such as floods (Jaffee and
Russell 2006). For example, the US Federal Flood Insurance program subsidizes
private insurance premiums to make coastal development more affordable to
property owners, and the risks more acceptable to insurance. Similar to compensa-
tion, however, this financial benefit for a small group of coastal property owners
comes at significant cost to the taxpayer. This approach also perversely encourages
development in higher-risk areas (Bagstad et al. 2007). The perverse incentives of
subsidized insurance has prompted some economists to question whether
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governments should be involved in catastrophic risk insurance at all, and have
called for private markets to be more robust and take a longer term view of risk and
capital (Jaffee and Russell 2006).

State-subsidized insurance is a predominantly developed-nation approach to
disaster relief, and potentially for funding DRR activities. However, some have
argued for insurance and other public-private programmes to plug the gap between
donor pledges and disaster losses. Insurance mechanisms suggested for developing
nations include catastrophe insurance pools, catastrophe bonds and risk transfer
instruments and derivatives (Linnerooth-Bayer et al. 2005; Linnerooth-Bayer and
Mechler 2007).

Ecosystem Service Insurance Payouts from ecosystem service insurance contrib-
ute to ecosystem restoration in the event that the ecosystem itself is degraded from
an external event (e.g., Challenge 2). Bell and Lovelock (2013) proposed a man-
grove DRR insurance product focused on protecting coastal land from the impacts
of storms. Uptake of such a scheme would rely on property owners understanding
that a mangrove forest provides coastal defence for their property. The idea stems
from forest carbon credit insurance, wherein buyers can take out insurance as a
form of protection for their valuable investment in the event that, for example, the
forest is destroyed (Phelps et al. 2011). Premiums could be incorporated into
existing property insurance. In designing an ecosystem insurance policy for the
DRR services of mangroves, Bell and Lovelock (2013) note the need for: clear
specifications of what insured events are covered and excluded; estimates of how
much it would cost to rehabilitate the DRR value of mangroves; a prediction of the
likely frequency and severity of weather events in the region which will assist with
setting the insurance premium; and a protocol for actions the insurer will perform if
an insured event occurs. Due to the payments and financial networks required, this
is ultimately another financial mechanism most suited for developed countries.

Donor Support State intervention (i.e. compensation) in the aftermath of a disaster
is often insufficient in developing nations. Hence, these countries often rely on
donor aid for disaster relief, which may be a small percentage of total disaster losses
(Linnerooth-Bayer et al. 2005). This is not without major equity issues. For
example, international donors contributed US$662.9 million of aid within 3 months
after Typhoon Hainan (Philippines), but international assistance still had not
reached some affected areas (Lum and Margesson 2014). Much of the aid went to
the devastated city of Tacloban which received the most media attention, and
assistance was substantially slower to reach rural and small island areas throughout
the rest of the archipelago.

4.6 Conclusions

Both coastal populations and mangrove forests continue to face an uncertain future
in a coastal zone that is undergoing huge development pressures, exacerbated by the
coastal impacts of climate change. PES may be a novel and important instrument to
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conserve mangroves for their benefits to DRR, but only if current challenges can be
overcome. Our ability to quantify DRR ecosystem service provision is lagging
behind our knowledge of other ecosystem services such as carbon storage, although
several direct and indirect methods of quantification and valuation do exist. Future
efforts could focus on how to valorise direct measurements of hydrodynamic
attenuation, or how to combine direct measurements with indirect measures of
coastal protection such as replacement costs and avoided damage valuation. Ensur-
ing long-term ecosystem service provision is also a challenge in coastal ecosystems
that are affected by a host of external stressors that differ markedly in their process,
origin, magnitude and scale. These challenges are in no way insurmountable; a
series of tools exist to quantify some DRR services, and external biophysical
stressors may be mitigated or accommodated in some circumstances.

In addition, some situations may best be tackled through donor support since
there are no expectations of a return on investment, which may be unlikely in a
dynamic coastal environment. However, at this embryonic stage, we need to take a
critical look at PES as an instrument for DRR in mangrove systems. In particular,
the mechanics of PES schemes for DRR are uncertain — particularly with regard to
the buyer-context and whether these entities overlap or are distinct — as outlined in
challenge three. Understanding the three challenges posed in this chapter will
ensure that PES is the right funding model to pursue, and will allow us to be
more strategic in selecting sites where mangrove ecosystem service delivery,
governance and funding arrangements will be most effective over the long term.
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Chapter 5

Ecosystem-Based Adaptation and Disaster
Risk Reduction: Costs and Benefits

of Participatory Ecosystem Services
Scenarios for Sumava National Park,
Czech Republic

Zuzana V. Harmackova, EliSka Krkoska Lorencova, and David Vackar

Abstract The aim of the study was to analyse economic costs and benefits of
stakeholder-defined adaptation scenarios for the Sumava National Park, the Czech
Republic, and to evaluate their impact on the provision of ecosystem services,
primarily focusing on ecosystem-based adaptation options which support disaster
risk reduction in a broader region. The study utilised an array of approaches,
including participatory scenario building, GIS modelling and economic evaluation.
Based on a participatory input by local stakeholders, four adaptation scenarios were
created, formulating various possibilities of future development in the area as well
as potential vulnerabilities and adaptation needs. The scenarios subsequently served
as the basis for biophysical modelling of the impacts of adaptation and disaster risk
reduction measures on the provision of ecosystem services with the InVEST
modelling suite, focusing on climate regulation, water quality and hydropower
production. Finally, a cost-benefit analysis was conducted, quantifying manage-
ment and investment costs of each adaptation scenario, and benefits originating
from the provision of previously modelled regulating ecosystem services, together
with a supplementary selection of provisioning services. This study serves as an
example of combining stakeholder views, biophysical modelling and economic
valuation in the cost-benefit analysis of ecosystem-based adaptation and disaster
risk reduction, which provides the opportunity to find shared solutions for the
adaptation of social-ecological systems to global change.
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5.1 Introduction

Ecosystem management approaches aiming to enhance ecosystem resilience are
considered to provide cost-effective and multifunctional alternatives to climate
change adaptation (CCA) (Renaud et al. 2013). In this respect, ecosystem services
(in most cases divided into provisioning, regulating and cultural services) have the
potential to serve as a framework for assessing the effects of sustainable ecosystem
management related to various types of adaptation measures (MA 2005; TEEB 2010).
Especially regulating ecosystem services, defined as the benefits obtained from the
regulation of ecosystem processes, have been recognised as critically important for
climate change mitigation and disaster risk reduction (DRR) (Munang et al. 2013a).
As novel tools for quantification, valuation, mapping and modelling of ecosystem
services are available (Kareiva et al. 2011), ecosystem services trade-offs under
different scenarios of climate change and climate change adaptation can be analysed.

Ecosystem-based Adaptation (EbA) has been defined as “the use of biodiversity
and ecosystem services to help people adapt to the adverse effects of climate change
and harness opportunities arising from change” (CBD 2009). Current adaptation
strategies are predominantly based on technical, structural, social and economic
developments; yet, ecosystems and biodiversity can play a significant role in
societal adaptation to climate change. Ecosystems and biodiversity will be nega-
tively affected by climate change according to multiple scenarios (MA 2005).
However, they provide an ecological infrastructure for adaptation, as they deliver
a broad spectrum of mitigation options for addressing climate change impacts,
e.g. flood and disaster protection, carbon storage or the prevention of soil erosion
(Campbell et al. 2009).

Ecosystem-based approaches to adaptation and DRR have recently been pro-
moted as an alternative approach to buffering the impacts of climate change while
sustaining ecosystems and biodiversity, and enhancing the resilience, resistance and
performance of ecosystems (Mooney et al. 2009; Jones et al. 2012). EbA has been
proposed as a ‘natural’ solution to adaptation to climate change and is supposed to
enhance the adaptation capacity of human society through the sustainable manage-
ment and restoration of ecosystem services, while providing multiple benefits to
human society. EbA surpasses other adaptation approaches by delivering multiple
co-benefits and avoiding maladaptation (Munang et al. 2013b). EbA approaches are
also closely related to Ecosystem-based Disaster Risk Reduction (Eco-DRR)
(Renaud et al. 2013). Examples of EbA measures with related benefits are given
in Table 5.1. Other examples of EbA actions include alien species management and
enhancing genetic diversity (USGCRP 2008; Naumann et al. 2011).

Cost-benefit analysis presents a framework for comparing costs and benefits of
different projects or investments (Hanley and Barbier 2009). Generally, the costs of
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Table 5.1 Benefits resulting from EbA

Ecosystem-based Adaptation

Benefits

Restoring fragmented or degraded natural
areas

Enhances critical ecosystem services, such as
water flow or food and fisheries provision

Protected groundwater recharge zones or
restoration of floodplains

Secures water resources so that entire com-
munities can cope with drought and flooding

Connecting expanses of forests, grasslands,
reefs or other habitats

Enables people and biodiversity to move better
to more viable habitats as the climate changes

Buffers human communities from natural
hazards, erosion and flooding

Protecting or restoring natural infrastruc-
ture such as barrier beaches, mangroves,
coral reefs and forests

implementing EbA and Eco-DRR can be divided into two classes comprising
financial and opportunity costs. While financial costs represent the value of resources
deployed in the development of EbA components, including the costs of labour,
materials, energy, etc., opportunity costs are defined as the value of economic
opportunities foregone as a result of EbA, e.g. foregone development, restrictions
in resource use and loss of economically utilizable land. Within the financial costs,
one-off costs and recurrent costs undertaken to implement certain EbA measures can
be distinguished. The one-off costs are necessary e.g. to establish management
bodies, conduct surveys and research, or purchase land intended for ecosystem
restoration. The recurrent costs are required to run the administrative bodies, maintain
and restore ecosystems or monitor the changes of ecosystems. The benefit side of
EbA projects comprises primary and secondary benefits. Primary benefits usually
include environmental enhancements in the form of ecosystem services provision,
(e.g. enhanced carbon storage, habitat creation and water purification and regulation).
Secondary benefits are perceived as socio-economic, (e.g. effects on employment and
tourism opportunities, quality of life and health improvements (Lange et al. 2010)).
Moreover, EbA can bring economic, social and environmental co-benefits and
ecosystem services that are both marketable (e.g. livestock and fish production) and
non-marketable (e.g., cultural preservation, biodiversity maintenance) (Jones
et al. 2012; also see Emerton et al, Chap. 2 and Vicarelli et al, Chap. 3).

The aim of this study was to analyse economic costs and benefits of stakeholder-
defined adaptation scenarios for the Sumava National Park, the Czech Republic,
and to evaluate their impact on the provision of ecosystem services. The study
primarily focused on EbA options which support DRR in the broader region of the
Sumava Mountains.

5.1.1 Context of the Case Study

The Sumava Mountains (49.0317878 N, 13.4843789E), located in the southern
Czech Republic, present one of the most ecologically valuable forested montane
ecosystems in Central Europe (Fig. 5.1). Its landscape is mainly characterised by
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Fig. 5.1 Natural character of the case study area, Sumava National Park and Biosphere Reserve,
representing Central European mountain type vegetation with peatbogs and lakes (Photo: Josef
Britina)

near-natural and semi-natural coniferous forests (59 %), pastures (14 %), marshes
and peat mires (2.4 %), and glacial lakes. The most pristine area of the Sumava
Mountains has been protected since the 1960s and declared a National Park (NP) in
1991, surrounded by a buffer zone of a Protected Landscape Area (PLA). Both the
NP (680 kmz) and the PLA (996 kmz) comprise the Sumava UNESCO Biosphere
Reserve (Fig. 5.2).

In order to capture the broader context of the area, this study focused on the
Sumava UNESCO Biosphere Reserve (denoted as Sumava in the following text),
not solely on the area of the national park. The study area is situated between
467 and 1378 m above sea level (m a.s.l.), with average temperatures varying
between 3 and 6 °C, and average annual precipitation and potential evapotranspi-
ration of approximately 1500 and 450 mm, respectively (Tolasz 2007). The study
area comprises 32 municipalities, out of which only ten reach over 500 inhabitants.
The area struggles with decreasing population and increasing average age of the
inhabitants in local municipalities in the long-term (Novotna and Kopp 2010; Perlin
and Bicik 2010). An extensive artificial water reservoir (Lipno) is located in the
southern part of the study area, providing numerous assets including drinking water,
hydropower and recreational opportunities.

Together with neighbouring Bavarian Forest National Park in southeast Ger-
many, the Sumava NP covers one of the largest forested areas in central Europe,
providing a wide array of ecosystem services and high biodiversity levels. The area
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Base Landscape National Park Zonation

I 112 - Discontinuous urban fabric
I 121 - Industrial or commercial units
1142 - Sport and leisure facilities
1211 - Non-irrigated arable land
[0 222 - Fruit trees and berry plantations
1231 - Pastures
[1242 - Complex cultivation patterns
71243 - Land principally occupied by agriculture
[ 311 - Broad-leaved forest
I 312 - Coniferous forest
[ 313 - Mixed forest
1321 - Natural grasslands
[ 324 - Transitional woodland-shrub
[ 411 - Inland marshes
B 412 - Peat bogs
[1512 - Water bodies
I National Park Zone |
National Park Zone |I
National Park Zone Ill

Fig. 5.2 The Sumava N ational Park and its zonation with surrounding Protected Landscape Area.
Both areas comprise the Sumava Biosphere Reserve. Land use and land cover map based on
CORINE Land Cover 2006

provides habitats for numerous threatened species such as lynx (Lynx lynx) and
capercaillie (Tetrao urogallus) and contains several sites of pristine Norway spruce
(Picea abies) forests in higher altitudes. The majority of local habitats are not
influenced by human settlements, since most of the former German-speaking
inhabitants were expelled after the World War II and the area became a part of
the abandoned border zone (Novotna and Kopp 2010). The Sumava NP has been
recognised by the International Union for Conservation of Nature (IUCN) (category
II — National Park) and reflected in several international conventions, e.g. Ramsar
Convention designating the most pristine peat bogs as wetlands of international
importance. The Sumava NP is also a part of the Natura 2000 network, a
centrepiece of EU biodiversity and conservation policy.

Sumava is covered by the most extensive forest ecosystem in Central Europe;
however, the natural composition of the originally mixed beech, pine and spruce
forest has been altered, and at present, semi-natural spruce plantations prevail in
most of the area. Non-native spruce varieties have been planted in several locations
as a result of human demand for wood, especially for glass industry and other
commercial demand. Spruce (Picea abies) vegetation is not well adapted to local
climate and has been susceptible to a range of disturbances such as strong winds and
bark beetle (Ips typographus) outbreaks (Kindlmann et al. 2012).

Land use and land cover change have been moderate in the past two decades in
the study area due to its declaration as a NP. However, intensive tourism and
forestry demands have resulted in increasing land use and land cover change,
represented mainly by urbanisation and changes in forest management. Both of
these changes are limited as the area of the NP is strictly protected. Nevertheless,
recent windstorms (in 2007 and 2011) and subsequent bark beetle outbreaks
resulted in intensive logging have given rise to strong discussions about the
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best management approach and the extent of protected areas in the NP (especially
non-intervention zones). At the same time, there are numerous development plans
intending to build large-scale tourist resorts, which might change the current level
of construction in both qualitative and quantitative ways (EIA Servis 2011).

Since the establishment of the NP, the concept of the protected area management
has repeatedly changed, which has resulted in several substantial changes in
zonation and conservation approaches. The management of the NP is subject to
several conflicts, especially between the administration of the NP, environmental
groups and non-governmental organizations, scientists and local interest groups,
including representatives of municipalities and businesses. The park is split into
three zones: Zone I is the most pristine and strictly protected part of the NP, Zone 11
includes the near-natural ecosystems that were variously influenced by human
activities in the past, and Zone III has areas which allow a wide variety of socio-
economic activities. Zones I and II present an equivalent to core zones under Czech
legislation (Fig. 5.2). At present, Zone I of the NP consists of several small-scale
and disconnected patches, scattered around the area of the NP, while some of them
are partly non-interventionist. Currently, the legislation designing the NP is being
revisited within the process of adjusting the vision of the NP for the future (Kfenova
and Hruska 2012; Blaha et al. 2012).

5.1.1.1 Climate Change Vulnerabilities

At present, the Sumava NP is threatened by various types of disturbances, including
climate change impacts, land use and land cover change. The most pronounced
pressures are the growing occurrence of disasters such as extreme weather events
and subsequent pest outbreaks, together with intensive tourism and increasing
forestry demands. Although localised projections of climate change and its impacts
on the ecosystems of the Sumava Mountains have not been conducted, it is possible
to derive applicable information from national-wide assessments and local research
studies.

Temperatures in the area are expected to rise, with a more pronounced trend in
the summer months. The short-term estimate (midpoint in 2030) shows that the
average annual air temperature in the Czech Republic will increase, according to
the ALADIN-CLIMATE/CZ model, approximately by 1 °C. In the medium-term
timeframe (midpoint in 2050), the simulated warming becomes more significant
(ME CR 2013). Since the 1960s, average annual and monthly precipitations have
not shown a statistically significant trend. However, some changes in the temporal
and spatial distribution of precipitation have been observed. Spatially specific
heavy rains and droughts are becoming more frequent, related to the overall
increase in climate extremity. In Sumava watersheds, the expected decrease in
runoff is approximately 20 %, mainly due to increased evapotranspiration, caused
by higher temperatures (EEA 2010; Hanel et al. 2012).

Higher winter temperatures are supposed to reduce snowpack and increase
evaporation, leading to shifts in annual water outflows. On the other hand, both
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winter runoff and subsequent risk of spring floods are expected to increase, since
water storage in the form of snowpack will be reduced. The period of snow melting
is likely to shift from early spring to late winter months (Hanel et al. 2012).
A substantial decrease in summer precipitation is projected; however at the same
time, intensive precipitation events occurring during summer thunderstorms may
result in a greater risk of flash floods (OECD 2013; Hanel et al. 2012). Other
expected extreme weather events include windstorms, which are expected to
occur more frequently (Beniston et al. 2007).

The near-natural and managed forest ecosystems in the study area have the
potential to enhance DRR in a broader region. First, the area has recently suffered
from wind storms and subsequent pest outbreaks, which have had serious environ-
mental and socio-economic impacts, including the disintegration of forest ecosys-
tems and substantial conflicts about the management approach. Enhancing the
resilience of local ecosystems through EbA has thus the potential to reduce natural
hazard impacts (see also McNeely, Chap. 17). Second, the area serves as the source
watershed for one of the largest Czech artificial water reservoirs, which provides
drinking water and hydropower. Therefore, the potential decrease in water quality
due to nutrients and sedimentation may have a detrimental effect on human well-
being both on a local and on a national scale. Water-related ecosystem services,
provided within the study area, are therefore another important source of DRR
potential.

5.2 Methods

5.2.1 Participatory Scenario Building

Since our aim was to base the analysis on participative input, the first step was to
elicit local stakeholders’ preferences regarding possible future development of the
area, the level of nature conservation and economic development In 2014, two
participative workshops were organised for various groups of stakeholders, cover-
ing all key sectors in the area and representing a broad range of opinions (see
Table 5.2). The workshops aimed at (1) creating visions of future development of
the study area, by developing a series of storylines describing potential future
development of the study area through 2050, or participative scenarios building,
and (2) proposing adaptation measures suitable for the study area and matching
them to the previously constructed visions. In the first round, we addressed
20 selected stakeholders; however, we had to address another 10 stakeholders in
the second round due to a low response rate, eventually gaining 15 attendees.
Since we were aware that the idea of scenario building would be completely new
for the stakeholders, the workshops started with introductory presentations
explaining the concept of future scenarios (Rounsevell and Metzger 2010) and
participative scenario building. Following the introduction, the stakeholders were
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Table 5.2 A list of stakeholders involved in the process of participatory scenario building.
Specific stakeholders are listed together with the sector of their operation

Sector Stakeholder institution/agency

Local authorities Mayors of the municipalities in the South Bohemian Region
Conservation The administration of the Sumava National Park

Regional development Regional Development Agency of the Sumava Region
Science/Research The University of South Bohemia in Ceské Budgéjovice
Energy Local energy production agency

Water management authorities | The Vltava Catchment

Agriculture Local private agricultural enterprises

Tourism/Recreation Local guides/private tourist enterprises

involved in an array of sub-group discussions and interviews. They were asked to
follow a list of key economic sectors and issues characteristic of the area (demo-
graphic and economic development, tourism and recreation, agriculture, water
management, nature conservation, etc.) and to formulate their preferences and
expectations regarding each of the topics. They were also encouraged to add their
own insight and issues of interest into the storylines. Due to the substantially
different backgrounds of the stakeholders involved, we did not insist on reaching
a consensus on a single vision among all stakeholders, but recommended trying to
come to an agreement on one vision per stakeholder group. Eventually, the stake-
holders identified three storylines denoted as the ‘Green scenario’, the ‘Red sce-
nario’ and the ‘Shared vision’ (see Results). Stakeholder input thus resulted in an
array of narratives, which were further translated into land use change scenarios
using GIS approaches.

Subsequently, the participants developed a list of adaptation measures suitable
for the study area based on their expertise and local experiences (See also Lange
et al. Chap. 21). Since the study area is intensively protected, implementing new
grey adaptation measures in addition to existing technological facilities (such as
existing water treatment plants), e.g. in the form of large-scale construction of
technical infrastructure, are not viable. Therefore, the stakeholders focused on
green, EbA measures enhancing the resilience of local ecosystems. After each
exercise, the sub-groups presented their output to other participants and the work-
shops were concluded by a follow-up plenary discussion and feedback session.

5.2.2 Land Use Change Scenarios

The storylines created during participative scenario workshops were subsequently
translated into an array of land use and land cover change scenarios, using a series
of ArcGIS Spatial Analyst tools (ESRI 2013). The land use scenarios also incor-
porated those adaptation measures that were conveyable in a spatially explicit way
(further in this study, we use the term ‘land use’ to describe both the actual use of
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Fig. 5.3 The framework for the modelling of land use scenarios

land and the observable land cover according to the definition by Koomen and
Stillwell 2007).

In general, in the process of translating stakeholders’ storylines into land use
change scenarios, we used the method of combining European-scale dynamic land
use scenarios through 2050 with stakeholder inputs, previously developed and
tested in the conditions of the Czech Republic (for brief overview see Fig. 5.3
and below, for further methodological details see Harmackova and Vackar 2015).
As the basis for our analysis, we used dynamic land use scenarios reflecting major
European-wide socio-economic and environmental trends, developed within the
ALARM project (Rounsevell et al. 2006; Settele et al. 2005) and downscaled to the
country-specific level in the Ecochange project (Dendoncker et al. 2006). First, we
overlaid the ALARM BAMBU 2050 land use scenario (Spangenberg 2007) with
CORINE Land Cover 2006 (CLC2006; EEA 2007) at 100 x 100 m resolution and
identified all changed cells. Second, we combined the output with stakeholder
storylines and adaptation measures proposed. Third, we grouped these inputs into
three clusters corresponding to the storylines. In this step, the land use change
trends identified by the stakeholders as highly improbable in the study area were
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removed; on the contrary, we supplemented each cluster by locally specific trends
proposed by the stakeholders. Finally, we used each change cluster as an update to
CLC2006, gaining three land use scenarios to 2050 corresponding to stakeholder
storylines. Additionally, we introduced a fourth scenario denoted as ‘Business as
Usual’ (BAU), which fully corresponded to Base Landscape (CLC2006, Fig. 5.2)
and was used in the cost-benefit analysis as a reference state of landscape assuming
no land use and land cover changes.

5.2.3 Assessment of Ecosystem Services

The four land use scenarios developed in the previous step were further used as an
input into a biophysical assessment of ecosystem services. Since the extensive
forests in the study area may potentially serve as a carbon sink and local water
yields contribute to the Lipno reservoir, we selected two relevant regulating and one
provisioning ecosystem services for the analyses, specifically climate regulation,
water purification (in terms of nitrogen and sediment retention), and hydropower
production. The biophysical outputs of the models served two purposes. First, they
illustrate the improvement or exacerbation of local ecosystem characteristics
related to the provision of selected ecosystem services. Second, they were later
used to calculate the economic value of ecosystem services within the cost-benefit
analysis.

The provision of ecosystem services was modelled using the InVEST suite of
models, developed within the National Capital Project initiative as research and
decision-support tools allowing for a spatially explicit evaluation of ecosystem
services. INVEST presents a set of models based on land use scenarios as the main
inputs, using the approach of ecological production functions, which attribute
different levels of ecosystem service provision to specific ecological and socio-
economic characteristics of the study location (Kareiva et al. 2011). The models
were previously applied in studies encompassing a wide range of geographic and
climatic conditions (Nelson et al. 2009; Tallis and Polasky 2009; Goldstein
et al. 2012). A detailed description of the modelling assumptions, processes and
limitations is provided in Kareiva et al. (2011) and Sharp et al. (2014); therefore,
they are not reproduced in this section (See also Whelchel et al, Chap. 6).

Apart from the participatory land use scenarios, which were used in all IN'VEST
analyses, specific data sources and modelling parameters used to model each of the
selected ecosystem services are listed in the sections below. We ran the InVEST
3.0.1 models at the resolution of 100 x 100 m (1 ha), which presented a compromise
between spatial accuracy and processing requirements. However, only the results
for climate regulation are provided in the original resolution; the remaining water-
related services were aggregated to the sub-watershed level as recommended by
Sharp et al. (2014) (the grid-cell level of the resulting maps is not suitable for direct
interpretation). Climate regulation was calculated for the whole study area, while
water purification and hydropower production were quantified only for the
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watersheds contributing to the Lipno reservoir as these are considered to potentially
cause excessive sedimentation and eutrophication on the one hand, and change in
hydropower production on the other.

5.23.1 Climate Regulation

The ecosystem service of climate regulation was modelled in terms of the change in
landscape carbon stocks. The input parameters comprised the amount of carbon
stored in four carbon pools (aboveground biomass, belowground biomass, soil
carbon and dead organic matter) for each land use category. These data were
derived from a compilation of studies originating from areas with similar geo-
graphic and climatic conditions as the study area (Schumacher and Roscher 2009;
IFER 2010; Lindsay 2010; Truus 2011; De Simon et al. 2012; NIR 2012;
Schumacher and Roscher 2009). The model sums the amount of carbon stored in
each raster cell under the Base Landscape and a future scenario and calculates the
difference, which conveys the level of climate regulation reached under a certain
scenario.

5.2.3.2 Water-Related Ecosystem Services

Concerning the ecosystem service of water purification, we focused on nitrogen and
sediment retention. In accord with the conceptualization of ecosystem services
provision by Villamagna et al. (2013) we modelled three aspects of these services
using the InVEST model, defined as:

AE=D—R (5.1)

where D represents the amount of pollutants discharged (nitrogen and eroded soil,
respectively), indicating what pressure each scenario imposes on local environ-
mental conditions. R represents the amount of pollutants retained in the landscape as
a measure of the capacity to provide an ecosystem service, and AE the amount of
pollutant exported annually to the stream network. AE served as the basis for
economic valuation.

Hydropower production was modelled with the corresponding IN'VEST module
based on the annual water yield provided by the study landscape, contributing to the
operation of a local hydropower plant at the Lipno reservoir, while taking vegeta-
tion, climate and soil parameters into account.

The main data inputs for the analyses were derived from national sources,
comprising climate parameters (precipitation and reference evapotranspiration;
Tolasz 2007), soil parameters (soil depth, plant available water content, rainfall
erosivity and soil erodibility factors; VUMOP 2014), and watershed and
sub-watershed boundaries (TGM WRI 2014). Precipitation and evapotranspiration
projections to 2050 were derived from climatic scenarios provided by INGV-
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CMCC. Since very limited information on nitrogen export coefficients from various
types of land use were available, we used values provided by Reckhow et al. (1980)
supplemented by estimates from stakeholders with expertise in local water man-
agement. The amount of pollutants discharged and retained, as well as water yield
and the amount of hydropower produced were quantified only for the watersheds
relevant for the Lipno reservoir.

5.2.4 Cost-Benefit Analysis

As the final step, a cost-benefit analysis of the implementation of different partic-
ipative scenarios was carried out. Since the primary aim of this study was to assess
the impact of scenarios and adaptation measures on the provision of ecosystem
services, we focused the cost-benefit analysis solely on the aspects related to
ecosystem management within the Sumava NP and PLA and the provision of
ecosystem services.

Although the InVEST suite of models provides the option of economic evalua-
tion of ecosystem services provision, we utilised this functionality only in the case
of climate regulation, as only this module takes directly into account the process of
change between the current state and a future scenario. On the contrary, the
remaining InVEST modules solely allow assessing an economic value of an
ecosystem service provided by a single landscape at a time, regardless of the current
state or a future scenario. Therefore, for the non-carbon regulating ecosystem
services incorporated into the cost-benefit analysis, we utilised the biophysical
outputs of the InVEST models and used our own calculations (described below)
in order to be able to evaluate the gradually changing production of each ecosystem
service between the current state and each future scenario.

In all cases, we used the indicator of net present value (NPV), which allows for a
long-term accounting for a gradually developing value of regulating ecosystem
services, together with fixed revenues from provisioning services, maintenance and
investment costs (see also Vicarelli et al. Chap. 3).

Additionally, a sensitivity analysis was conducted focusing on several parame-
ters. First, the NPV of each scenario was calculated at 5 and 1 % discount rates.
Second, we used a minimum, mean and a maximum estimate of marginal costs,
annual costs and economic revenues, in order to account for potential uncertainty
(Table 5.3).

The overall NPV for each scenario in the period 2006-2050 was calculated as

NPV = NPV — NPV, (5.2)

where NPVg (NPV ) stand for the NPV of all benefits (and costs, respectively),
linked to the implementation of each scenario.


http://dx.doi.org/10.1007/978-3-319-43633-3_3
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NPV ¢ included two types of costs:

NPV.=NPVcg +NPVy (5.3)

where NPV ¢ represents costs potentially influenced by the provision of ecosystem
services, and NPV, costs incurred by the Administration of the NP and PLA of
Sumava in order to manage local ecosystems and implement EbA measures.
Specifically, the costs of water treatment (NPVy) and sediment dredging (NPV)
at the Lipno reservoir are influenced by the ecosystem service of water purification
provided by the adjacent watersheds, and therefore, both were included in NPV ¢g:

NPVcg = NPVy + NPV (5.4)

As an input to the calculation of NPVy and NPV, we used the quantification of
nitrogen and sediments exported to the stream network from InVEST models. Since
the amount of pollutants exported was gradually changing between 2006 () and
2050 (T) under each scenario, we first calculated the annual amount of a pollutant x
(nitrogen or sediments) exported to the stream in each year ¢ and a contributing
sub-watershed j (under the assumption of a linear development):

Njix = Nx0 + dxt (55)
Nyt — Nxo

dx‘ = —— 5.6

T T, (56)

where nj; represents the annual amount of pollutant exported to the stream network,
nyo (nyr) the aggregate amount of pollutant exported in year T (T, respectively), and
d, represents the annual increment in the export of the pollutantx. NPVy (and NPV,
respectively) were than calculated as:

T-To J

Njrx
NPV, =p.. / (5.7)
e 2y

where p,, represents the unit costs of nitrogen removal during artificial water
treatment (costs of sediment dredging, respectively) and r stands for the discount
rate. Apparently, the higher the amount of a pollutant retained in the landscape
through the ecosystem service of water purification under each scenario, the lower
the costs and the NPVy (and NPV, respectively).

NPV, the costs incurred by the administration of the NP and PLA of Sumava
for ecosystem management and investments in tourist infrastructure, were calcu-
lated based on average annual costs of forest management and operation, restora-
tion of marshes and peat bogs and the construction and maintenance of tourist
paths Py:

NPVy = T_ZTOP—M, (5.8)
— (1+7)
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Similarly, NPV included two types of benefits:
NPVg = NPVgp + NPVyg (5.9)

where NPVpp represents benefits stemming from the provision of ecosystem
services, and NPV revenues gained by the administration of the Sumava NP and
PLA from the sales of timber and services related to hunting.

The benefits related to ecosystem services (NPVpg) originated from the change
in carbon stocks (NPV,g) and revenues from hydropower production (NPVy):

NPVpp = NPVgeg + NPVy (5.10)

The NPVg,, for each scenario was directly quantified by a functionality of the
InVEST Carbon Storage and Sequestration tool, based on the difference between
landscape carbon stocks under each scenario and the Base Landscape. NPV was
calculated according to Egs. 5.5, 5.6, and 5.7, with nj, representing the annual
contribution of sub-watersheds to hydropower production (an output of InVEST
modelling) and p,, representing the legislatively determined price of energy pur-
chased from hydropower plants in the Czech Republic as a proxy (see Table 5.3).

NPV was calculated based on average annual revenues from the sales of timber
and hunting permissions Pg:

NPV :Tioit (5.11)
— (1+7)

The values of unit costs, together with annual costs and revenues entering the
equations were based on the review of relevant national sources, summarized in
Table 5.3. All the above defined NPVs were calculated for each of the three
participatory scenarios (Green, Red and Shared vision) and the reference BAU
scenario. Finally, the difference between the NPV of each participatory scenario
and the reference BAU scenario was quantified in order to facilitate the ranking of
scenarios’ economic efficiency.

5.3 Adaptation Scenario Storylines

First, the majority of the stakeholders agreed on two opposite storylines, denoted as
the ‘Green’ storyline prioritizing continued nature conservation and implementa-
tion of adaptation measures, and the ‘Red’ storyline promoting intensive economic
development of the area without adaptation. The main reason for this decision was
that the current discussion about the future of the Sumava region mainly addresses
these two extremes; therefore, these two scenario storylines accurately described
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Main target

Economic development Nature conservation

Red storyline

Shared vision

Absent
Adaptation
actions

Present

Fig. 5.4 The matrix of final scenario storylines designed for the study area

two contrasting ways of development, which are likely to be pursued in the near
future (Fig. 5.4).

Second, the participants created a number of alternative visions during the
sub-group exercises. Although the stakeholders were not instructed to try to reach a
consensus on a single vision, the storylines resulting from sub-group discussions were
very similar and after revising some minor differences in the follow-up discussions,
the participants created a ‘Shared vision’ for the future of the study area.

5.3.1 Definition of Storylines

Red Storyline: Development Without Adaptation The Red storyline assumed
an emphasis on economic development in the study area. The main driving forces in
this storyline were population growth, construction of citizen and tourist infra-
structure (e.g. tourist centre apartments) and an intensive tourist and recreational
use of the area. In this storyline, various development plans such as designation of
new ski slopes, ski lifts and paved hiking trails were proposed. Furthermore, the
construction of several small-scale artificial water reservoirs was proposed in order
to meet the growing water demands. The area of the NPs Zone I was proposed to
decrease, while logging would become more intensive in some of the peripheral
forested areas of Sumava. Since no part of the study area would be left to a
non-intervention regime, this storyline incurred increasing forest management
costs. The proportion of urbanized and other intensively used areas increased.
This storyline assumed that climate change will not be perceived as a serious threat;
therefore, no adaptation measures will be implemented.

Green Storyline: Conservation with Adaptation The Green storyline assumed
that the demographic development in the study area will be stable and the tourism
sector will become oriented to long-term sustainability. In comparison with the Red
storyline, the investments will enhance the quality of local small-scale accommo-
dation capacities, and will not aim to create new large-scale tourist infrastructure.
Therefore, this storyline assumed no growth of urbanised areas outside existing
tourist resorts. Zone I of the NP was assumed to be enlarged and united, while all
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current non-intervention zones will be maintained. In this storyline, substantial
emphasis was put on potential impacts of climate change, leading to the implemen-
tation of adaptation measures, e.g. restoration of degraded forest areas in the
peripheral parts of the NP and complete integration of Zone 1. The adaptation
measures applied in this storyline were primarily ecosystem-based.

Shared Vision The Shared vision favoured a moderate population growth and
opposed implementing incentives to increase local population levels, which would
not respect the local social environment and traditional lifestyle, such as large-scale
tourist facilities. In terms of tourism development, the vision preferred investments
in qualitative, not quantitative improvements, with emphasized low-impact and
sustainable forms of tourism, evenly spread throughout the study area. The vision
acknowledged the role of the NP in the area and preferred a partial integration of
Zone 1 forest patches and sustainable forestry and agricultural use of peripheral
parts. The need for climate change adaptation was recognised within this storyline
and the participants preferred EbA measures.

5.3.2 Adaptation Measures in Storylines

The second output of the participatory scenario workshops was a list of adaptation
measures suitable for the study area, which could be implemented as a part of the
Shared vision and the Green storyline. Since large-scale construction of technolog-
ical measures is restricted in the area, the participants focused mainly on EbA
measures, enhancing the resilience of local ecosystems towards potential impacts of
climate change. All proposed adaptation measures complied with differentiated
conservation regimes in various zones of the NP and the PLA, assuming less
intensive activities in the Zones I and II and, on the contrary, targeting the
adaptation measures to the peripheral zones of the study area. In both the Shared
Vision and the Green storyline, sustainable forest management and forest conser-
vation were perceived as approaches to EbA. Thus, the costs incurred by sustain-
able forest management in the study area were considered as adaptation costs in the
subsequent cost-benefit analysis.

Green Storyline The adaptation measures proposed for the Green storyline
included an enlargement and unification of the NP’s Zone I as the primary goal.
The unified Zone I would be subject to non-intervention management, leading to an
increase in forested area. In the peripheral zones of the study area, revitalization of
disturbed ecosystems, sustainable forest management and restoration of forests
were proposed as suitable adaptation measures. Specifically, the stakeholders
proposed using a variety of genotypes in the forest nursery stock, promoting diverse
age classes, species mixes, and a variety of successional stages, and introducing
spatially complex and heterogeneous vegetation structure. The Green storyline also
proposed large-scale peat-bog and marshlands restoration projects.
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Green scenario Shared vision Red scenario

I 112 - Discontinuous urban fabric [ 311 - Broad-leaved forest U-Z‘H;;;""
[ 121 - Industrial or commercial units I 312 - Coniferous forest

[1142 - Sport and leisure facilities [ 313 - Mixed forest

[1211 - Non-irrigated arable land [C1321 - Natural grasslands

[[71 222 - Fruit trees and berry plantations [ 324 - Transitional woodland-shrub

[1231 - Pastures [E71 411 - Inland marshes

[1242 - Complex cultivation patterns B 412 - Peat bogs

[[1243 - Land principally occupied by agriculture ] 512 - Water bodies

Fig. 5.5 Land use scenarios to 2050, developed on the basis of stakeholder storylines

Shared Vision For the Shared vision, the stakeholders emphasized the threat of
water shortages for the future. Therefore, reforestation in the peripheral zones of
Sumava together with restoration of peat mires were identified as the most
favourable solutions to avoid water shortages. Furthermore, this storyline included
implementing soft adaptation measures related to water issues such as reduced
water use and construction of more efficient water treatment plants. At the same
time, the need for differentiated management and adaptation approaches in the
Zone I and the peripheral zones of the NP was stressed.

5.3.3 Land Use Change Scenarios

We visualised scenarios co-defined by stakeholders according to land cover/land
use change. Figure 5.5 shows the set of resulting land use change scenarios based on
stakeholder input, which were denoted as Green scenario, Red scenario and Shared
vision according to the storylines. The BAU scenario (Fig. 5.5), assuming no land
use changes between 2006 and 2050 and thus fully corresponding to Base Land-
scape, was introduced solely for the purpose of scenario comparison in the cost-
benefit analysis.

The proportion of different land use classes under each scenario (Table 5.4)
indicates that the highest aggregate land use change occurred under the Green
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scenario (10.2 %), followed by the Red scenario (8.5 %) and the Shared vision
(3.2 %). However, the quality of land use change under each scenario differed
substantially. While the total area of coniferous, mixed and broad-leaved forests
increased by 9.8 % under the Green scenario mainly in the non-intervention parts of
NP Zone I, replacing earlier successional stages of forest and shrub land. In the Red
scenario, forested areas decreased by 7.6 % as a result of transformation to pastures
and principally agricultural land in the peripheral parts of Sumava. The slightly
increased proportion of area occupied by sport facilities under the Red scenario
corresponds to the construction of a ski resort and several small-scale artificial
water reservoirs.

5.4 Ecosystem Services Across Scenarios

5.4.1 Climate Change Regulation

Climate regulation represented by carbon storage showed substantial differences
between the scenarios (Fig. 5.6a). The spatial pattern of change in carbon storage
corresponded to areas where land use category changed between the Base Land-
scape and each scenario. In the Green scenario, carbon storage increased by 82t C
ha™' on average between 2006 and 2050 as a result of forest growth and the
enlargement of forested area. The increase in carbon stocks was less pronounced
in the Shared vision (21 t C ha™"). On the contrary, carbon stocks decreased by 87 t
C ha! in the Red scenario, mainly due to logging and an increasing area of
agricultural land. The average level of carbon storage under different scenarios
varied between 142 and 163 t C ha™! (Table 5.5).

Green scenario Shared vision Red scenario
[t C/ha]
k) . -250 - -201
\\ . I 200 - -151
I -150 - -101
[ -100 - -51
3-50--1
Co
? 11-50
\ s - 100
I 101 - 150
- 3 . 151 - 200
. 201 - 250
L »

——
o 0 20 30

Fig. 5.6a Change in carbon storage for three scenarios in comparison with the Base Landscape
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Green scenario Shared vision Red scenario
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- ——— K
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Fig. 5.6b Change in nitrogen discharge for three scenarios in comparison with the Base
Landscape

Green scenario Shared vision Red scenario

I -5.00 --1.00
I -0.99 - -0.50

[1-009--0.01

Fig. 5.6c Change in sediment discharge for three scenarios in comparison with the Base
Landscape

5.4.2 Water Purification and Sediment Retention

Figure 5.6b indicates that the average level of nitrogen discharge decreased by
0.97 kg ha~! under the Green scenario, resulting from the increase in forested area,
since the amounts of nitrogen discharged by forests are generally negligible. In the
Red scenario, nitrogen discharge increased by 0.48 kg ha™', which can be mainly
attributed to new agricultural areas in the north-eastern peripheral parts of the study
area. The most significant increase in nitrogen discharge occurred in the southern
part of the study location under the Red scenario, due to the construction of a new
ski resort and related accommodation capacities and infrastructure. The average
level of nitrogen eventually exported to local stream network (after subtracting the
level of nitrogen retained in the landscape during the modelling process) under
different scenarios varied between 0.17 and 0.31 kg N ha™' year' (Table 5.5).
Trends similar to nitrogen discharge were present in the case of sediment
discharge, since both these variables are influenced by similar driving forces
(Fig. 5.6¢). For the Green scenario, Shared vision and Red scenario, the average
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Green scenario Shared vision Red scenario
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Fig. 5.6d Change in water yield for three scenarios in comparison with the Base Landscape

level of sediment discharge changed by —0.97 t ha~', 0.04 t ha™' and 0.08 t ha™',
respectively, in comparison with the Base Landscape. The substantial decrease in
sediment discharge under the Green scenario resulted from the abandonment of
agricultural land and its transformation to forests and pastures. The average amount
of sediments exported to the stream network and reaching the Lipno reservoir was
0.02-0.1 t ha™' year ' (Table 5.5).

5.4.3 Hydropower Production

Water yield (as the basic precondition of hydropower production) decreased by
97.4 m” ha~ ' under the Green scenario and by 44.0 m® ha™" under the Shared vision
(Fig. 5.6d). This trend was caused by the increase in forested area and consequent
higher evapotranspiration, which resulted in smaller amounts of water reaching the
streams and the Lipno reservoir. Water yield increased by 66.6 m> ha~' under the
Red scenario, mainly due to an opposite trend in the proportion of forested area. The
final contribution of water yield generated by the landscape to hydropower produc-
tion varied between 1868 and 1912 kWh ha™' year ' under different scenarios
(Table 5.5).

5.5 Cost-Benefit Analysis of Adaptation Measures

Figure 5.7 summarizes the results of the cost-benefit analysis for all scenarios,
including the comparison of the three participative scenarios and the reference
BAU scenario (assuming no land use change) for the time-span of 2006—2050.
Detailed cost-benefit analysis results are provided in Table 5.6. In general, benefits
exceeded costs in all cases. However, compared to the BAU scenario, the Green
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Discount rate 5% Discount rate 1%
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Fig. 5.7 The net present value of three adaptation scenarios compared with the BAU scenario in
2006-2050. The cost-benefit analysis for each scenario was calculated at two levels of discount
rate (5 and 1 %) and for the mean, minimum and maximum of marginal costs and annual unit
values used as the parameters in the economic evaluation (see Table 5.3)

scenario and the Shared vision proved to have a higher NPV, while the NPV of the
Red scenario did not reach the one of the BAU scenario.

The comparison with the reference BAU scenario showed that the most benefi-
cial was the Green scenario, reaching an NPV higher by 63.1 million EUR (results
reported at 5% discount rate and the mean estimate of marginal costs and
ecosystem-service unit values). The Green scenario incurred the lowest aggregate
costs (22.2 million EUR) as a result of limited forest management in Zones I and 11
of the NP and lower costs related to water purification. Furthermore, the Green
scenario generated the highest benefits (305 million EUR) owing to a substantial
increase in carbon storage (contrary to the Red scenario).

The Red scenario was the only one with NPV lower than the BAU (—31.5 milion
EUR), mainly due to the negative carbon storage balance. Despite generating the
highest profit from hydropower production, timber sales and hunting revenues, the
results indicate that the focus on economic development and intensive management
of forests under this scenario was outweighed by losses in the provision of ecosys-
tem services.

The Shared vision emphasised sustainability and only moderate landscape
changes, and did not introduce substantial development in terms of land use and
adaptation measures. Nevertheless, it reached a positive balance in comparison with
the BAU scenario (by 16.5 million EUR). In all NPV components, the Shared
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vision ranked between the Green and the Red scenarios, which represented the
opposite sides of NPV intervals.

The final ranking of the adaptation scenarios proved robust in the sensitivity
analysis, with the Green adaptation scenario performing as the most beneficial,
followed by the Shared vision.

5.6 Discussion

In this study, we quantified the costs and benefits of an array of adaptation
scenarios, focusing on EbA measures. We aimed to assess a representative sample
of ecosystem services provided by forested areas. These were evaluated (Harrison
et al. 2010) by focusing on regulating ecosystem services related to climate
regulation and water quality, and provisioning ecosystem services. The latter
were incorporated in the analysis in two ways; first, through the assessment of
hydropower production; and second, through quantifying the revenues from timber
and hunting sales.

Cultural services, namely recreation, were not assessed in this study, since only a
limited number of visitor use surveys were conducted in the area and detailed
tourist use statistics are lacking. The application of economic evaluation methods
including travel costs quantification was thus hampered and it was not feasible to
include recreation-related services into the cost-benefit analysis. Furthermore,
assessing ecosystem services related to landscape aesthetics (Grét-Regamey
et al. 2007), which would require the involvement of stakeholders in preference
surveys and contingent valuation exercises, was beyond the scope of this study, as
the stakeholders were primarily motivated to take part in future adaptation planning
and scenario building for the study area.

However, it can be expected that the provision of both cultural services and other
potentially analysed forest ecosystem services, such as pollination or non-timber
forest products, would be enhanced by a larger extent of forests and their increased
resilience in the Green scenario. Therefore we argue that supplementing the cost-
benefit analysis with other types of ecosystem services would not influence the final
ranking of scenarios.

The study illustrates that local knowledge can serve as a productive input into
the process of CCA linked to DRR (See also Lange et al, Chap. 21). The involve-
ment of local stakeholders brings added value to scenario development and subse-
quent GIS modelling and economic evaluation by selecting alternatives informative
and relevant for local decision-making (Reed et al. 2013). Through the opportunity
to gain access to survey results, the stakeholders were motivated to take active part
in scenario building and to become familiar with the concepts of EbA and Eco-
DRR. However, at the same time, the study highlighted differences between
locally-based knowledge and scientific findings. For instance, local stakeholders
were convinced that an increase in forested area will enhance water retention in the
landscape and safeguard water supplies, which they subsequently suggested as an
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adaptation measure. However, once the provision of ecosystem services resulting
from this adaptation measure was modelled within the Green scenario, the model-
ling results showed that larger forested area resulted in higher evapotranspiration,
which in turn led to smaller water yields and a decrease in hydropower generated. In
this case, intuitive locally-based knowledge was in contradiction with modelling
outcomes, and further collaboration with stakeholders is vital to communicate
potential impacts of various adaptation scenarios based on ecosystem services
modelling.

Important question for further research is whether cost and benefit ratios of EbA
are higher than for technical solutions (e.g. the construction of traditional flood
protection systems). The evidence based on several European case studies shows
that the costs of EbA are not necessarily higher than in the case of traditional
approaches. Moreover, additional multiple ecological and socio-economic benefits
(such as recreation or contribution to regulation ecosystem services) are prevailing
the benefits of traditional adaptation measures (Naumann et al. 2011). However,
more evidence is required as the literature on valuation of ecosystem services and
biodiversity is not always directly applicable to CCA and DRR (Krupnick and
Mclaughlin 2012). Our study quantifies only selected benefits and costs associated
with the change of ecosystem services provisionin the area of the Sumava National
Park. This can serve as a basis for comparisons of costs and benefits associated with
EbA and Eco-DRR management in protected areas.

5.7 Conclusions

Climate change and CCA impose novel problems for the management of protected
areas, especially in combination with contrasting interests of involved stakeholders.
The results of the study suggest that the concept of EbA linked to Eco-DRR
provides a new perspective for stakeholders, which allows them to gain different
insights and an understanding of local problems, and to suggest new solutions to
local issues. While including stakeholders into the process of scenario storyline
building ensures that locally relevant phenomena are included and assessed, sub-
sequent cost-benefit analysis of ecosystem services scenarios and different adapta-
tion options have the potential to facilitate the prioritisation of different
development options, and to provide assistance to local landscape decision-making
and nature conservation planning.
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Chapter 6

Decision Tools and Approaches to Advance
Ecosystem-Based Disaster Risk Reduction
and Climate Change Adaptation

in the Twenty-First Century

Adam W. Whelchel and Michael W. Beck

Abstract Organisations and governments around the globe are developing meth-
odologies to cope with increasing numbers of disasters and climate change as well
as implementing risk reducing measures across diverse socio-economic and envi-
ronmental sectors and scales. What is often overlooked and certainly required for
comprehensive planning and programming are better tools and approaches that
include ecosystems in the equations. Collectively, these mechanisms can help to
enhance societies’ abilities to capture the protective benefits of ecosystems for
communities facing disaster and climate risks. As illustrated within this chapter,
decision support tools and approaches are clearly improving rapidly. Despite these
advancements, factors such as resistance to change, the cautious approach by devel-
opment agencies, governance structure and overlapping jurisdictions, funding, and
limited community engagement remain, in many cases, pre-requisites to successful
implementation of ecosystem-based solutions. Herein we provide case studies,
lessons learned and recommendations from applications of decision support tools
and approaches that advance better risk assessments and implementation of
ecosystem-based solutions. The case studies featured in this chapter illustrate oppor-
tunities that have been enhanced with cutting edge tools, social media and
crowdsourcing, cost/benefit comparisons, and scenario planning mechanisms.
Undoubtedly, due to the large areas and extent of exposure to natural hazards,
ecosystems will increasingly become a critical part of societies’ overall responses
to equitably solve issues of disaster risk reduction and climate change adaptation.
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6.1 Ecosystem-Based Risk Reduction and Adaptation

International consortia, national to local governments, academic institutions, and
non-governmental organizations are developing methods to cope with an escalating
number of disasters and climate change impacts as well as implementing risk
reducing measures across diverse socio-economic and environmental sectors and
scales. The urgency expressed by recent publications such as the World Risk Report
(2012), the Global Assessment Report on Disaster Risk Reduction (2013, 2015), the
Intergovernmental Panel on Climate Change 5th Assessment Report (2014) and the
United States National Climate Assessment (2014) are serving to accelerate this
dialogue across diverse governance structures. What is often overlooked and
certainly required for comprehensive planning and programming are better tools
and approaches, which explicitly include ecosystems in disaster risk reduction and
climate change adaptation. This is particularly true of our collective ability to
capture the additional benefits of ecosystems for communities subjected to disaster
and climate risks. Fortunately, ecosystems are indeed being increasingly viewed as
a critical asset in helping achieve resilience to disasters and climate change (Jones
et al. 2012; Renaud et al. 2013; Temmerman et al. 2013; Spalding et al. 2014).

Ecosystems provide protective services among other functions that, if recog-
nized, can be integrated into comprehensive risk management planning and risk
reduction actions (Hale et al. 2009; Spalding et al. 2010; World Bank 2016).
Recent science supports the ability of globally distributed coastal habitats such as
salt marshes (Sheppard et al. 2011; Moller et al. 2014), mangroves (Spalding
et al. 2010), oyster reefs (Beck et al. 2011), and coral reefs (Shepard et al. 2005;
Ferrario et al. 2014) to reduce risk from flooding and storm surges. Furthermore,
governments and businesses are identifying where coastal habitats can be cost-
effective defenses (CCRIF 2010; van den Hoek et al. 2012; Temmerman
et al. 2013; NYC Special Initiative for Rebuilding and Resiliency 2014). The
benefits of intact, vegetated watersheds, inland wetlands and riparian zones
have also been recognized as critical for reducing downstream flood risks
(Warner et al. 2013).

What is also clear are the co-benefits provided through the integration of
ecosystems into disaster risk reduction and climate change adaptation (Eco-DRR/
CCA). In addition to shoreline protection, Eco-DRR/CCA can help sustain local
livelihoods (Green et al. 2009) and regulate climate via carbon sequestration
(Pritchard 2009). With a vast majority of people on earth depending on freshwater
supplied from rivers and lakes (Morris et al. 2003), coupled with escalating
degradation and anticipated water shortages for two-thirds of the world’s popula-
tion by 2025 (WWAP 2009), the imperative to relieve risks where feasible through
freshwater ecosystems management is paramount.
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6.2 Rationale for Eco-DRR/CCA Tools and Approaches

One of the central challenges in ensuring ecosystems are mainstreamed into
DRR/CCA is the limited knowledge about the many facilitative tools and
approaches, or more importantly, understanding how they can and have been
used to support decisions for DRR and CCA (see also Krol et.al., Chap. 7). In the
broad sense, there are a growing number of tools and approaches but with fewer
examples of how these have actually advanced decisions involving Eco-DRR/CCA.
Central to the practitioner’s ability to remedy this challenge, therefore, rests on
addressing the following critical questions:

1. What tools and/or approaches are used or could potentially be used to design and
implement Eco-DRR/CCA?

2. How can these tools and/or approaches help with the implementation of
Eco-DRR/CCA?

3. What are the limitations or gaps in existing tools and/or approaches to
operationalise Eco-DRR/CCA, either at project or programmatic levels across
diverse and interconnected scales?

Clearly, an examination of available and future tools and approaches is required
to better understand how Eco-DRR/CCA can be integrated into existing planning
(i.e., integrated watershed management, protected area/fire/drought management)
as well as identify other pre-requisites. Such pre-conditions include the ability to
connect the right expertise with planning efforts that are enabled by financial and
policy incentives and supported within governance structures. As discussed below,
there is a growing call for integrating ecosystems in immediate and long-term
resiliency efforts.

6.2.1 Distinguishing Between “Tools” and “Approaches”

In this chapter, we make a distinction between tools and approaches in the context
of Eco-DRR/CCA. Generally, tools consist of software or documented methods
used to support decision-making and help a community through various
information-gathering endeavors towards a more comprehensive understanding of
a particular situation. Many tools with potential for advancing Eco-DRR/CCA
implementation focus on the geospatial presentation of environmental and/or
socio-economic data guided by planning needs, with some tools allowing for future
scenarios runs. Some tools are in the public domain; others must be purchased or
licensed, and the degree of technical training required to operate the tools varies
considerably. In some data rich parts of the world, more advanced tools provide
complex modeling and quantitative analysis of disasters and climate change
impacts to natural and/or human systems (e.g., coastal engineering tools such as
Delft3D and Mike21). Often a combination or suites of tools are used to provide for
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a robust planning process. Cutting edge tools are able to illustrate spatially and
quantitatively the consequences of risk management decisions. Regardless of a
tool’s sophistication, community-based efforts often benefit by having tools inte-
grated into collaborative processes that are connected to ongoing or upcoming
action plans and management efforts.

Approaches include qualitative, semi-quantitative, and/or quantitative pro-
cesses; from informal panels of experts to community-driven applications intended
to aid Eco-DRR/CCA. Many approaches used for Eco-DRR/CCA planning were
not developed specifically for that purpose. Many approaches are drawn from other
applications such as land-use planning, environmental monitoring, and fire man-
agement, which in many cases already recognize Eco-DRR/CCA as a co-benefit. As
with any newly expanding field, the diversity of approaches being put into practice
presents a challenge for practitioners in search of transferability, reliability, and
consistency.

Comprehensive and effective Eco-DRR/CCA planning and implementation can
and is being enhanced with decision-support tools and approaches by addressing
several core considerations:

» Knowledge of type, intensity, frequency, spatial distribution and duration of
disasters (past, current and/or future events) and relationship with climatic vari-
ables (e.g., precipitation, temperature, sea level rise) over time;

» Assessment of disaster and climate vulnerabilities (e.g. assessing ecosystems,
infrastructure or populations) and strengths (e.g., healthy/intact natural infra-
structure, availability/accessibility of social services) over time;

« Prioritization of adaptive strategies to reduce risk and reinforce resilience;

» Governance structure and stability/diversity of partnerships (i.e., private/public/
NGO) coupled with incentives to induce and sustain action.

These core considerations can be integrated into and used to advance a step-
wise, planning-to-action framework as presented here:

. Identify near-term and long-term disaster and climate change impacts;

. Construct risk profiles and prioritize strengths and vulnerabilities;

. Develop initial and sequenced adaptation strategies for highest priorities;

. Link strategies to ongoing decision making;

. Prepare and implement adaptation plans;

. Monitor and reassess effectiveness of actions taken;

. Routinely re-integrate best available disaster and climate change data and tools.

~N N RN

The challenge for practitioners, of course, lies in knowing which tools and
approaches are best suited to address these core considerations and planning-to-
action framework steps at an appropriate scale (e.g. from multi-national to local
community) in order to ensure that Eco-DRR/CCA is integrated and
operationalised across disciplines, sectors, and management constructs. Herein
resides one of the principal opportunities and constraints for Eco-DRR/CCA. A
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Table 6.1 Approaches and tools used to advance the planning-to-action framework steps

Approach

Tool(s)

Steps (see text
above)

Community Resilience Building:

Risk Matrix®

#2, #3, #4, #5, #6

Community Resilience Building -
Connecticut®

Coastal Resilience Tool

#1, #7

Watershed Management:

InVEST

#1, #2, #3, #6, #7

Floodplain by Design®

Community Engagement

#4, #5

Watershed Management:

RIOS/Financial Incentives®

#1, #2, #3, #6, #7

Monterrey Metropolitan Water Fund-
Mexico®

Community Engagement

#4, #5

Coastal Zone Management: Belize® InVEST/Scenarios #1, #2, #3, #6, #7
Community Engagement #4, #5
Additional Tools Available
Climate Wizard #1, #7
Coastal Defense® #1, #2, #6, #7
Crowd Sourcing/Social #1, #2, #6

Media

“Focused on Eco-DRR/CCA as outcome
bRecognizes Eco-DRR/CCA as a co-benefit
“Provides for balance between Eco-DRR/CCA and socio-economic tradeoffs

summary of the approaches and associated tools featured in this chapter, along with
their respective connections to the planning-to-action framework steps described
above, are provided in Table 6.1, which serves as a guide to the different case study
examples presented.

6.3 General Resources and Case Studies

There is a multitude of approaches and tools currently available for many areas of
the globe that can deliver actionable information on the core considerations and
support the planning-to-action framework steps identified above. In addition to a
summary of web-based portals, a series of case studies are provided below to
generate lessons learned and recommendations for decision makers and practi-
tioners. The following materials are not meant to be exhaustive nor prescriptive,
but simply a window into real-world situations that have employed approaches and
tools for Eco-DRR/CCA.

A summary of the more prominent web-based portals providing data, tools,
approaches, and case studies applicable to the core considerations and planning-
to-action framework steps, as discussed above, are provided in Table 6.2.
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Table 6.2 Prominent web-based, freely accessible portals and tool-sheds

Name Managing entity Web address

Climate Adaptation Knowl- | EcoAdapt http://www.cakex.org/

edge Exchange

Climate Change Knowledge | The World Bank Group http://sdwebx.worldbank.

Portal org/climateportal/

Adaption Learning United Nations Development http://www.

Mechanism Programme adaptationlearning.net/

weAdapt Stockholm Environmental https://weadapt.org/
Institute

Digital Coast National Oceanic & Atmospheric | http://coast.noaa.gov/
Administration digitalcoast/

6.3.1 Planning-to-Action Framework Steps and Case Studies

Where obstacles such as lack of available resources (i.e., data, expertise, funding,
governance, etc.) have been minimized, a proliferation of tools that focus directly or
indirectly on Eco-DRR/CCA has emerged. In many situations, these tools can be
instrumental at enabling the incorporation of ecosystems into DRR/CCA efforts.
Tools can also be used as stand-alone assessment independent of or towards the
beginning of a DRR/CCA process; particularly for framework step #1 (identify
near-term and long-term impacts), #2 (construct risk profiles), and #7 (routinely
re-integrate best available data). To move comprehensively through the planning-
to-action framework steps (see 6.2.1), a broader and more collective approach that
seeks to integrate available tools is required to successfully advance Eco-DRR/
CCA. In particular, step #3 and #4 (development, prioritizations, sequencing and
linkage of adaptation strategies) are ideally derived through community-based
engagement, adaptation strategy synthesis, and/or consensus building approaches.
As is often the case, these approaches naturally lead to implementation of step #5
and #6 (prepare and implement plan; monitor and reassess effectiveness). The
following sections provide case studies of approaches (refer to Table 6.1) that
integrate tools to enable Eco-DRR/CCA via the planning-to-action framework
steps.

6.3.1.1 Community Resilience Building in Connecticut (USA)

Along the eastern seaboard of the United States — particularly in the aftermath of
Tropical Strom Irene (August 2011) and Sandy (October 2012) - it has become
apparent that the operationalisation of Eco-DRR/CCA requires further investment
in certain pre-requisites that focus on process and stakeholder engagement. In
essence, tools and applications (apps) are instrumental in identifying near and
long-term impacts (step #1) and initial construction of risk profiles (step#2) but
are most impactful when integrated within a flexible and adaptive, community-
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based approach (steps #2 - #6). This critical learning leap resulted in the launch of a
Community Resilience Building Workshop (www.CommunityResilienceBuilding.
com) process in Connecticut (USA) developed by The Nature Conservancy (TNC)
to assist federal and state agencies, regional planning agencies, municipalities,
corporations, and other stakeholders (Whelchel 2012). The Workshop process
helps to build resilient communities and mainstream Eco-DRR/CCA by providing
a way to combine tools within a facilitated community-engagement construct. One
such tool is the Coastal Resilience decision-support platform.

The Coastal Resilience (www.coastalresilience.org) decision-support platform
was partially initiated due to the recognition that Eco-DRR/CCA was not being
fully integrated into disaster and climate planning (Ferdana et al. 2010; Gilmer and
Ferdana 2012; Beck et al. 2013). From its origins in New York and Connecticut
(USA) beginning in 2007, this web-based tool has expanded to include 10 states
(USA) and several other nations (Honduras, Guatemala, Belize, Mexico, Grenada,
Saint Vincent and the Grenadines). This tool focuses on spatially defining the risk
reduction characteristics of ecosystems within disaster (i.e., storm surge, inland
flooding) and climate change (i.e., sea level rise, precipitation) applications, along-
side socio-economic considerations from local to national scales. The tool is being
applied internationally in places such as Grenada in partnership with the Red Cross
to assess social and ecological vulnerability as well as by international organiza-
tions to develop Coasts at Risk indicators (UNU-EHS 2014) and the World Risk
Report’s (2012) Index. The tool provides decision makers a much needed suite of
map layers and apps via an intuitive, user-friendly interface. For Coastal Resilience,
the overarching framework includes: (1) awareness of hazards, (2) risk assessment
of strengths and vulnerabilities, (3) development of choices, and (4) evaluating the
impact of resilient actions (Beck et al. 2013) (see also discussion by Krol et al.,
Chap. 7).

At the core of the Community Resilience Building Workshop approach is the
focus on obtaining a diverse suite of stakeholders engaged as planning commences,
during, and afterwards to ensure the community champions the outcomes. Such a
process often requires expanding beyond the disaster response professionals to
include among others: elected officials, planners, employers, neighborhood or
community representatives, natural resource managers, health care providers,
finance professionals, and legal counsel. Essentially, the approach must include
those who make decisions, have influence over decisions, or are impacted by the
decisions made. Arguably this is one of the most important - yet under-emphasised -
foundational requirements to ensuring comprehensive, community-driven support
for actions that will incorporate Eco-DRR/CCA projects and policies.

Once assembled, the community representatives are asked to develop ‘profiles’
for hazards in their communities as well as for ecosystems, infrastructure, and
societal sectors (Fig. 6.1). To do this, the Risk Matrix tool, is used along with
a facilitated, participatory-mapping exercise. The Risk Matrix allows the partici-
pants to collaboratively identify vulnerable sectors and those assets that already
support resilience in their community. Identified community assets often
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Fig. 6.1 Community-based participatory mapping during Community Resilience Building Work-
shops in Bridgeport, Connecticut (USA) (Whelchel 2012) (Author’s own photo)

include natural resources such as wetlands, beaches and dunes, and floodplains,
which reinforce the community’s recognition of ecosystems in a risk management
context. Participants then utilize base maps to mark vulnerabilities and strengths as
well as identify ownership or responsibility for those community elements. This
process serves to spatially translate the dialogue and generate an overall profile of
ecological, infrastructure, and societal elements along with overlaps/proximity of
inter-dependent, complex situations (e.g., routine flooding on a road that is used by
an elderly population, who are surrounded by protective salt marshes and flood-
plains). Participants then identify actions that either reduce the vulnerability or
reinforce the strength for each identified community element. Once completed,
participants are asked to relatively rank the importance (high, medium, low) and
determine the urgency (ongoing, short-term, long-term) of each community-based
action. Finally, participants are asked to further prioritize all the high importance,
short-term actions through the community’s Risk Matrix (Fig. 6.2) and select the
three top priority needs across the three ‘profiles’ for the community to pursue
immediately. This helps to ensure that the community is fully embracing Eco-DRR/
CCA as a priority in the communities’ overall approach to resiliency.

The Workshop process using the Risk Matrix is flexible enough to address all
hazards (e.g., extreme heat, drought, storm surge, tornadoes, sea level rise, land-
slides, tsunamis), in any setting (e.g., inland, coastal, high elevation, deserts,
urban), across multiple governance/societal structures (e.g., neighborhood, munic-
ipal, multi-municipal, regional, national, multi-national) and at any geographic
scale. To date, 24 municipalities in Connecticut (USA) serving over 787,000
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residents have completed this workshop process resulting in prioritized action plans
to improve resilience that feature Eco-DRR/CCA (Box 6.1).

One key effort undertaken in advance of the Workshops is a full analysis of
existing ecosystems, alongside projections of the future distribution of critical
habitat such as salt marshes given ongoing increases in sea levels (Hoover
et al. 2010; Hoover and Whelchel 2015). For each of the 24 coastal communities
in Connecticut, a Salt Marsh Advancement Zone Assessment was conducted that
identifies where the future habitat will be at the parcel scale (i.e. finest scale of land
ownership and land-use decisions) (Horton et al. 2014; Ryan and Whelchel 2015).
This helps to facilitate community dialogue on potential conflicts and opportunities
arising from the current built environment and protected natural management areas,
respectively (Fig. 6.3). The assessments are critical in shaping risk considerations at
the community scale by requiring recognition of ecosystems and their risk avoid-
ance services for people and property; and not just the recognition of the exposure
and vulnerability of infrastructure and society to hazards.

Box 6.1 Common Community-Derived Prioritized Actions Via
Community Resilience Building Workshops Using the Risk
Matrix Tool

Environmental/Ecosystems

e Protection of conserved lands, natural buffers around waterways, and
ongoing maintenance of wetlands.

» Resilient Conservation Practices: Anticipate changes in location, size, and
distribution of wetlands and waterways under future conditions and prior-
itize acquisition to reduce development in risk-prone areas.

e Develop and/or strengthen low impact development policies and green
infrastructure projects.

Infrastructure/Facilities

» Design and plan for infrastructure (transportation, sanitary, communica-
tions, etc.) conversion during redevelopment and prioritized upgrades.
Prior to improvements carefully consider the future “design storms” for
infrastructure given anticipated changes in precipitation patterns (3 cm/
24 h. vs. 12 cm/24 h.).

 Prioritize the location of water retention systems, maximize infiltration
rates, and increase separation between storm-water runoff and sewer
systems. Design to minimize polluted discharges to wetlands, rivers, and
other potable water sources.

» Modify existing land use and development policies to reduce the risk to
building stock and public amenities over time (i.e., building codes, zoning

(continued)
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Box 6.1 (continued)

overlays, voluntary buy-outs followed by ecosystem restoration, increased
density in lower risk areas).

Societal/Community Fabric

» Improve sheltering capacity for and preparedness of citizens.
» Strengthen support for ecosystems as protective features that reduce expo-
sure of people and property within communities to disasters.

Marsh Advancement Zones by 2080s |

M Developed Land Cover
Forest, Grass, Ag Land Cover

.’“,‘— 3

Fig. 6.3 The Salt Marsh Advancement Zone Assessment tool depicts built environment impacts
due to inundation (developed land cover (black)) and potential salt marsh advancement zones
(undeveloped land cover —currently forest, grass, and agriculture (white)) using downscaled sea
level rise projections (1.32 m by 2080s depicted) in Stratford, Connecticut (USA) (Ryan and
Whelchel 2014) (Author’s own graphic)

The Community Resilience Building Workshop approach is currently being
promoted for national deployment in the USA and internationally. This approach
is also being used to build and integrate resilient communities into a larger
regional framework for resilience in the central coast of Connecticut (USA),
including the metropolitan areas of greater Bridgeport and New Haven (30 % of
Connecticut’s coast with 591,000 people). Application of the approach highlights
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one of the most critical aspects of integrated Eco-DRR/CCA, i.e. broad yet directed
engagement and consensus-building with communities around risks, planning, and
actions.

In some cases, the recognition of ecosystem importance and their incorporation
into resiliency approaches requires a triggering event. The impact of Tropical
Storm Irene and Sandy (National Weather Service 2013) on the eastern seaboard
of the USA has resulted in the incorporation of Eco-DRR/CCA principles in the
recovery plans at the federal (Hurricane Sandy Building Task Force 2013) and state
(New York 2100 Commission 2013; Ambrette and Whelchel 2013) level. These
two storm events have also facilitated progressive funding for significant,
resilience-orientated projects (i.e., Rebuild by Design — Resilient Bridgeport (Con-
necticut)). Approaches that integrate tools as illustrated by this Coastal Resilience
case study have been instrumental in setting the standard for enhanced resiliency
amongst coastal and inland communities affected by major disasters and subjected
to increasingly intense rainfall in the USA (Horton et al. 2014).

6.3.1.2 Floodplain by Design — Integrating Flood Risk Reduction
in Puget Sound (USA)

The state of Washington is currently one of the most flood-prone in the USA.
Currently, there are 57,000 flood insurance policies in the state providing insurance
coverage for assets totaling $13 billion (USD), with 35 % of those policies outside
of the federally designated flood areas (Sumioka et al. 1998; Washington Depart-
ment of Ecology 2004). Across the Puget Sound watershed (Fig. 6.4), flood
management efforts are lagging the pace of population expansion and development
resulting in more people and property in flood-prone areas, water quality declines,
and loss of fish habitat (Fig. 6.5). While there is an understanding of the short and
long term characteristics of flood risk (types, locations, re-occurring costs) in the
watershed, the systems for managing the floodplain are recognized as disjointed,
uncoordinated, and inadequately resourced. As is often the case in larger, multi-
jurisdictional geographies, the impediment to advancing priority strategies is frag-
mentation or overlap within decision-making/regulatory systems and structures. To
adjust that prognosis in the watershed, the Floodplain by Design (FbD) approach is
being implemented.

The FbD approach seeks to ensure better management of shared floodplain
resource through the integration of flood hazard reduction, habitat protection and
restoration, and improved water quality and outdoor recreation. The FbD is a
merger between a science-driven framework known as the Active River Area
(Smith et al. 2008) that requires consideration of the dynamic connections and
interactions of land and water through which a river flows and a modeling appli-
cation that maps ecosystem service values and trade-offs between conservation and
development. The modeling application used is the Natural Capital (NatCap) Pro-
ject’s Marine Integrated Valuation of Environmental Services and Tradeoffs
(InVEST) program (Sharp et al. 2014; see also Bayani and Barthélemy,
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Fig. 6.4 Map of Puget Sound watershed in state of Washington (USA) depicting the 17 major
rivers and current distribution of floodplains contributing to Floodplain by Design (Graphic
reproduced or used with permission)

Fig. 6.5 Extreme flooding on the Snoqualmie Valley within the Puget Sound watershed in
Washington (USA) (Photo reproduced or used with permission)
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Chap. 10). The intended outcomes of FbD are to make river dependent or surround-
ing communities safer, improve the ecological health of the river, and increase the
cost-effectiveness of long-term river management and immediate post-disaster
recovery of the communities. This approach relies on a tool to satisfy many of
the planning-to-action framework steps (see 6.2.1) alongside state/regional partner-
ship and an incentivized community engagement process to link strategies and plan
implementation (framework steps #4 and #5).

FbD is originating a new private-public partnership across local, state and
federal agencies and organization that could simultaneously achieve floodplain
management and ecosystem recovery goals in the most cost-effective manner
possible. This innovative and collaborative FbD partnership seeks to reduce imped-
iments to achieving collective actions by linking decision-making to actions
through funding incentives, in effect changing the collective paradigm towards
better management of the entire watershed. An overarching framework is used
across the Puget Sound watershed to advance the FbD approach: (1) Implement
integrated floodplain projects across the 17 largest rivers; (2) Craft regional vision
and work plan (10-year) for each river; (3) Match funding to needs via vision/work
plan by sustaining existing, securing new, and aligning state and federal funding
programs with these regional visions (i.e. coordinating investment); and (4) Build
technical and permitting assistance capacity to ensure further integration across
jurisdictions. This FbD framework is a main driver to advance Eco-DRR/CCA
efforts in the entire Puget Sound watershed (Box 6.2).

Box 6.2 Key Eco-DRR/CCA Principles of Floodplain by Design

Step 1: Maximize Natural Infrastructure Use — work with, not against,
natural processes such as flooding frequency and extent (annual, 100 year,
100-500 year) by incorporating floodplains, wetlands and open areas in
management decisions. Some key tactics to assist with this step may include:

» Setback Levees: levees or berms constructed or moved farther from the
river and ideally out of the floodplain, thereby allowing rising rivers more
room to adjust and flood.

» Connected Floodplains: connected or never “cut off”” from the river by
levees or other structures or “reconnected” by the removal or management
of levees.

Step 2: Diversify Portfolio of Flood-Risk Management Techniques —
tailor techniques to specific requirements of the watershed. In addition to
dams and levees as well as setback levees and connected floodplains, such
techniques can include floodways and flood bypasses, which are large-scale
floodplain reconnections for storage and conveyance of water.

Step 3: Maximizing Community Benefits — from initial identification of
community needs/values, seek to enhance benefits of floodplains and rivers to

(continued)
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Box 6.2 (continued)

local entities by improving access, safety and health of river systems through
collaborative consideration of solutions; not only reducing flood risk but also
improving habitat for fish and wildlife and water quality impacts at the
source.

Step 4: Plan and Implement Resilient “Whole-River” Practices - dams,
levees, floodways, natural areas, topography, croplands, existing and planned
developments, and river uses — such as for recreation, municipal water
supply, irrigation, and navigation — are all inter-related and must be managed
as such.

Step 5: Develop Mosaics of Accommodating Land Uses — a mosaic of
diverse land uses that are both resilient to floods and consistent with vibrant
communities; tailor land use for the average frequency and duration of floods
the area is subjected to.

The principal vehicle to orchestrate this systemic change is a funding program
administered by the Washington Department of Ecology. Nine projects using the
FbD approach have been funded via a $33 million (USD) investment by the state
matched by $80 million (USD) from other sources. For example, an integrated
floodplain plan was developed in response to funding opportunities for the Puyallup
River (one of the 17 major rivers in Puget Sound watershed) that was designed to
reconnect floodplains and estuary habitat, permanently preserve 600 acres of
farmland through conservation easements, provide critical habitat to support
populations of Chinook salmon, and reduce flood risk to municipalities and shared
infrastructure. An early investment in 2014 in the Puyallup River of $4.7 million
(USD) has been matched with over $17.5 million (USD) in state, county, and local
funding sources, reflecting an investment leverage ratio of 3.7 to 1.

State grant criteria continue to be the principal mechanism to ensure projects like
the Puyallup River meet the requirements of FbD. The criteria awarded more points
and subsequent higher ranking for projects that demonstrate effectiveness at
advancing multiple benefits, such as flood risk reduction, floodplain ecosystem
protection and restoration, agricultural viability, water quality and open space
access. Additional points are awarded for proposals that avoid ongoing costs
including maintenance and emergency response and longer-term changes in hydrol-
ogy, sedimentation, and water supply due to extreme weather events. State grant
criteria also serves to prioritize pilot and design projects that seek creative solu-
tions, fill funding gaps at the local level, and favor underserved communities and
social justice issues. Eligible applicants across the watershed have readily accepted
the state grant criteria, as evident through the 71 proposals submitted towards a
second call for proposals.

Recognition that different governance structures and regulatory mechanisms are
needed to realize collective and cumulative gains is not enough to generate the
implied transformation. In the Puget Sound watershed, introduction of state grant
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criteria that favor the integration of multiple objectives has been well-received and
will likely over the long-term incentivize a more resilient future at ever increasing
scales via locally-driven creative solutions that mainstream Eco-DRR/CCA.

6.3.1.3 Water Funds - Financially Linking Watershed Management
with Risk Reduction

In 2000, a catalytic approach to integrated watershed management known as ‘water
funds’ was launched in Quito, Ecuador (Tallis et al. 2008). Since then, this approach
has been successfully replicated through over 60 water funds across South America,
Australia, Central America, USA, and East Africa (Goldman-Brenner et al. 2012).
The approach brings water users (typically large businesses, government agencies,
municipalities) together to jointly invest via a financial mechanism that directs
funds to top priority ecosystem-based projects within defined watersheds. The joint
investments, often private-public partnerships, result in benefits via returns to all
the investors. These water fund collaboratives also provide a governance structure
to collectively derive and sustain decisions on priority funding needs and water
resource management (i.e., conservation, power generation, drinking water supply).
The success of the water fund approach is due in large part to flexibility of the
financial mechanism or investment vehicle (i.e., endowment, direct incentives to
landowners, direct investment towards actions) through which objectives are
funded. The pooling and leveraging of funds through an independent fiduciary
administrator towards common outcomes iS paramount to maintaining existing
programmes and attracting other regions to water funds. Water funds typically
rely on tools and financial incentives to advance through many of the planning-to-
action framework steps, namely facilitating fiduciary and action-orientated partner-
ships and community engagement (step #4 and #5).

Once established, each water fund defines the core objective(s) of watershed
management and goes about identifying and prioritizing opportunities. To ensure
that capital derived through water funds is allocated to (1) achieve the greatest
return for multiple objectives, (2) quantify improvement through various invest-
ment portfolios, and (3) compare these improvements against the ongoing status-
quo management, the Resource Investment Optimization System (RIOS) (http://
www.naturalcapitalproject.org/RIOS.html) tool was developed for water funds.
The tool couples biophysical data (i.e., soils, land use, slope, flood risks) with
water consumer demand (i.e., population density and distribution) to geospatially
determine the optimal places to maximize returns on conservation investment
(ROCT) within a defined watershed. The tool provides a relative ranking of optimal
places for conservation investment, informed by the most urgent needs of stake-
holders (e.g. tackling floods, drought, groundwater supply) and taking into account
constraints (e.g. security risks, policy restrictions). For example, if a water fund
manager is looking to reduce downstream flood risk, tools such as RIOS can now
help determine the most prudent suite of investments, such as buying farmland
along streams, reconnecting floodplains through restoration and/or voluntarily
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relocating at-risk populations to higher ground. Ecosystem services tradeoffs of
various investment portfolios are estimated by RIOS and can be monitored and
adapted over time for greater effectiveness on the ground. Tools like RIOS are
particularly attractive to decision makers because they generate reliable and com-
parable estimates on locally relevant ROCI and provide a way to monitor action
effectiveness. In addition, the application and outputs from RIOS can effectively
establish a regional platform from which Eco-DRR/CCA can be incorporated into a
supportive financial and governance construct.

The integration of tools into initial design and scoping of water fund projects is
also being expanded in several locations to incorporate forecasts of disasters and
climate change. This type of consideration is of particular concern to large water
users/providers and governments when assessing flood and drought risks. One
foremost example is the Monterrey Metropolitan Water Fund (FAMM) centered
in the watersheds of Monterrey, Mexico, which is one of the most important
industrial capitals in Latin America and home to over four million people who
are routinely subjected to devastating floods and extreme drought (Gonzalez 2011).
The FAMM is part of the Latin America Water Fund Partnership established in
2011 by TNC, FEMSA Foundation, The Inter-American Development Bank and
the Global Environmental Facility to advance the 14 water funds underway and the
18 under evaluation across Brazil, Colombia, Panama, Venezuela, and Mexico.

With over 40 partners engaged, including various business sectors, academia,
conservation groups, civil society organizations, and multiple levels of govern-
ments, the FAMM is specifically designed to improve water management through
compensating and incentivizing actions that reduce flood risks and increase avail-
ability of drinking water during droughts through aquifer recharge. The focus of this
water fund is on the Cumbres de Monterrey National Park (Fig. 6.6) upstream from

Fig. 6.6 Cumbres de Monterrey National Park within the San Juan River Watershed above City of
Monterrey, Mexico (Photo reproduced or used with permission)
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the city of Monterrey, all located within the San Juan River watershed. The Park
meets approximately 60 % of the water consumption needs but is also the principal
origin of flash flood risks to downstream communities such as Monterrey. Refor-
estation and soil conservation projects funded through FAMM are intended to
significantly reduce the speed and peak volume of downstream runoff. The
FAMM is also directing capacity to educating Monterrey residents and consumers
on water conservation measures. In this regard, this water fund provides a mean-
ingful example of an approach informed by tools and driven by partnerships and
financial mechanisms towards common goals and outcomes with Eco-DRR/CCA
priorities.

6.3.1.4 Integrating Coastal Zone Management in Belize

The Government of Belize tasked the Coastal Zone Management Authority and
Institute (CZMAI) with the design of the Integrated Coastal Zone Management
Plan for the entire coast of Belize. To inform its development, the CZMAI
partnered with World Wildlife Fund and NatCap, to focus on three critical ecosys-
tem services: lobster fisheries productivity, recreational activities, and coastal risk
reduction. The NatCap developed an integrated database on biodiversity, habitats,
and marine and coastal uses. Then, together with local stakeholders, the team
formulated three possible future scenarios: (1) a conservation scenario emphasizing
sustainable use and investment in coastal habitats; (2) a compromise (‘informed
management’) scenario that advanced development and conservation; and (3) an
infrastructure development scenario. These scenarios were analyzed with InVEST
(Sharp et al. 2014) to determine the tradeoffs among options, the quantity of
services provided, and iterations of other possible scenarios. Similar to the other
case studies presented in this chapter, the integrated coastal zone management
planning approach in Belize employs a tool and various scenarios to advance
through the framework steps and contributes directly to partnerships and commu-
nity engagement processes (steps #4 and #5; and steps #2 and #3 for scenario
generation) (see also Bayani and Barthélemy, Chap. 10).

The importance of coastal risk reduction in the scenarios was made clear. The
benefits in terms of disaster damages avoided totaled billions (in Belize Dollars or
BZD), whereas other benefits (i.e. tourism and lobster fisheries) totaled in the
millions (BZD). However, there were significant tradeoffs with respect to benefits.
For example, more development would generate a higher recreation value, but also
much higher disaster damages to infrastructure due to the loss of coastal habitat risk
reduction services. By categorizing and integrating marine and coastal uses and
visualizing them in maps, stakeholders were better informed with potential conflicts
arising from different land-use and the opportunities for negotiating between
competing interests.

The development of alternative scenarios has proven to be one of the greatest
difficulties because stakeholders are often not able to visualize and articulate
multiple and inter-dependent future scenarios, particularly at a national level
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(Gleason et al. 2010; Halpern et al. 2012). In summary, the CZMAI was tasked with
developing a coastal zone management plan (submitted September, 2013) with the
help of alternatives assessed with InVEST, and the scenarios developed in stake-
holder workshops were useful in presenting land-use tradeoffs to decision-makers.
The integration of Eco-DRR/CCA as a key variable at the front end of this effort is
instructive and was critical in determining disaster and climate resilient outcomes.
This case study highlights a growing trend in the use of scenario planning or ‘future
visioning’ that allows for comparisons (i.e. costs/benefits, effectiveness) between
various, individual or sequenced series of risk avoidance actions (Dawson
et al. 2011; Mahmoud et al. 2011) and represents a critical next step for tool
development that balance ecosystem and socio-economic tradeoffs in a disaster
and climate altered future (Shepard et al. 2011).

6.3.2 Additional Tools Available for Select Planning-to-
Action Framework Steps

The following provides an additional set of tools that have been proven effective for
stand-alone assessments independent of or towards the beginning of a DRR/CCA
process and for fulfilling the core considerations and specific framework steps —
particularly steps #1, #2, and #7 (see Table 6.1).

6.3.2.1 Climate Wizard — Future Climate Change Projections
for Decision Makers

The Climate Wizard tool suite arose in 2009 from the need to provide modelled
projections of future climates in a format and at a scale useful for decision makers.
TNC along with partners from the University of Washington, Santa Clara Univer-
sity, The University of Southern Mississippi, and Lawrence Livermore National
Laboratory worked together to create tools to view and access current climate
change information, and visualize observed and expected temperature and precip-
itation as well as derived climate variables such as moisture deficit, moisture
surplus trends and measurements of extreme precipitation and heat events any-
where on earth. Climate Wizard tools offer a straightforward interface for
processing and visualizing numerous climate variables for both past climate and
future climate models and greenhouse gas emission scenarios (Fig. 6.7). Users can
download map images and graphics for three time periods (past 50 years
(1951-2006); mid-century (2040-2069); end of century (2070-2099) as well as
annual, monthly and seasonal time steps. This tool has provided a valued resource
for planners addressing framework steps #1 and #7 independently or as part of a
more comprehensive approach.
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Fig. 6.7 An ensemble analysis from the Climate Wizard tool of 16 General Circulation Models
showing the projected changes in precipitation quantity (mm/year) and distribution by 2050s
(2040-2069) for the A2 emissions scenario across the Sierra Madre de Chiapas (Mexico, Guate-
mala, El Salvador) (Graphic reproduced or used with permission)

One of the key abilities of Climate Wizard is to bridge the divide between
climate science and practitioners through the production of novel, downscaled,
future-climate data sets, thus making climate change information more relevant and
useable. Recent advancements through the Climate Wizard Custom framework
provide globally, daily downscaled climate projections for a range of future pro-
jections which have been adopted by The World Bank via their Climate Change
Knowledge Portal (see Table 6.2) (http://climateknowledgeportal.climatewizard.
org). This availability of climate projections highlights a pre-requisite to refine and
customize tools to inform decisions on climate impacts to water, agriculture and
ecosystems. In this case, the tool demonstrates future aridity impacts by modeling
the interactions of precipitation and rising temperature patterns. It also provides
unprecedented access to future projections globally for various aridity metrics
(Aridity Index, Climate Moisture Deficit and Surplus) for nine general circulation
models.

A Mandarin version of Climate Wizard with data developed by the Chinese
National Climate Center was released in 2014 to support a national future flood risk
assessment and investment plan for floodplains (http://www.climatewizard.org.cn.
s3-website-us-west-1.amazonaws.com). Applications of the tool along critical
waterways like the Yangtze River illustrate the potential to influence flood risk
reduction projects throughout China and in countries where Chinese companies
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invest. Ultimately, tools like Climate Wizard increase the accessibility to locally
relevant projections with actionable visualization of climate change, which could
then be used to forecast the implications of adaptive actions that incorporate
Eco-DRR/CCA.

6.3.2.2 Coastal Defense Application

Coastal Defense Application resides in the Coastal Resilience tool as an open
source app that integrates coastal hazards with social, ecological, economic, and
coastal engineering to match adaptation with priority needs (framework steps #1,
#2, #6, #7). This app helps to advance Eco-DRR/CCA by identifying the coastal
protection value of existing reefs (Fig. 6.8) and wetlands and allowing the user to
design and tailor implementation of natural infrastructure projects. More specifi-
cally, this app helps (1) identify areas that may be at risk of coastal erosion and
inundation from wave action and storm surge; (2) interactively examine the role of
coastal habitats in attenuating wave height and energy (Fig. 6.9); and (3) in a
broader planning context determine appropriate disaster risk and climate adaptation
strategies that incorporate green (habitats) and grey (seawalls and other man-made
structures) infrastructure trade-offs. To generate these outputs the model InVEST
(Sharp et al. 2014) builds in standard engineering techniques to calculate the
reduction of wave height and energy in the presence and absence of coastal habitat.
The app allows the user to define the value range for model variables within an

Coastal Defense

The app utilizes standard engineering technigues to help users: (1) quantify hew coral reefs currently protect coastal areas,
(2) illustrate how active management of reefs and reef restoration can improve the resilience of the coastline to the impacts
of sea-level rise, (3) quantify how restored coral reefs may lerwater engi structures and (4) quantify
how restored or maintained mangreve forests protect against the impact of storms.

Waves decreased with healthy coastal habitats.

s Underwater Mangroves
Structures
Coral Reefs

Waves with degraded coastal habitats.

Coral fisafs Mangroves

© 2014 Copyright The Nature Conservancy

Fig. 6.8 Conceptual diagram of coastal defense application using coral reefs and mangroves
protection and restoration to assist with disaster risk reduction and climate adaptation (Graphic
reproduced or used with permission)
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On average, the reef reduces the wave height by 0.3 m, or by 85.3%.
The reed also reduces wave power by S3LE%.

Fig. 6.9 Coastal Defense application output within Coastal Resilience tool depicting the reduc-
tion in wave height by oyster reefs designed with specified height characteristic in coastal Alabama
(USA) (Graphic reproduced or used with permission)

intuitive and user-friendly interface thus reflecting real world scenarios. For the
Coastal Defense app this includes user-specified offshore forcing conditions (wave
and surge characteristics), a sea-level rise value, locations of restored or degraded
coastal habitats and built infrastructure. In the USA, the app has been deployed in
Puget Sound, Washington (tidal marshes), Mobile Bay, Alabama (oyster beds), and
the Florida Keys (coral reefs and mangroves), with the potential for replication
around the globe. In addition, the app has been used to assist in the identification of
appropriate Eco-DRR/CCA projects in the Gulf of Mexico following the Deepwa-
ter Horizon oil spill (see also Bayani and Barthélemy, Chap. 10).

6.3.2.3 Crowd Sourcing/Social Media Tools

Emerging technological trends have resulted in a proliferation of decision-support
tools that harness social media venues, specifically crowd sourcing. If harnessed
appropriately, crowd sourced data can help to inform framework steps #1 and #2,
and most importantly, help to monitor in real time during major events the effec-
tiveness of actions taken that incorporate Eco-DRR/CCA. The use of crowd
sourcing has expanded in the context of flood risk management (Haklay
et al. 2014; Wan et al. 2014) principally because geographic information systems
and technology are already an integral part of flood preparation activities. The
information derived helps to reinforce the flood reduction services provided by
ecosystems through eye-witness accounts and ultimately helps build local accep-
tance for ongoing and future actions that establish Eco-DRR/CCA solutions.
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In a growing number of places like Brazil (Degrossi et al. 2010), the Philippines
(Pineda 2012), and Jakarta, Indonesia (Holderness and Turpin 2015), citizen-
derived reports sent through electronic messages assist emergency managers and
responders by providing immediate, local flooding assessments across large areas.
The use of technology in this way can help to direct disaster response efforts to
areas of greatest need. Over time, data from multiple events help to drive flood risk
reduction actions, such as the voluntary relocation of people followed by floodplain
restoration in those self-identified locations. Of concern, however, is the level of
accuracy in citizen reports, the ability of emergency management systems to
process increased data volumes, and ultimately, the capacity of disaster response
structures to incorporate the information and efficiently respond in appropriate
timeframes (i.e., crowd sourcing outpacing the adaptive capacity of emergency
management).

6.4 Lessons Learned and Recommendations

What is clear from these case studies (see Table 6.1) and many others (see Table 6.2)
is that decision-support tools and approaches have improved rapidly in the last
decade and continue to demonstrate the importance of Eco-DRR/CCA. A deeper
understanding by decision makers, stakeholders, and practitioners of what mecha-
nisms are being used to implement Eco-DRR/CCA, how these mechanisms can be
used, and their inherent limitations, remains a critical challenge as illustrated by the
case studies above. Despite the advances, external factors such as governance and
funding remain pre-requisites to successful implementation. This is keenly evident
in the Puget Sound watershed example whose successes thus far are largely driven
by publicly-sourced finance commitments and funding processes (see Box 6.2) and
by larger-scale collaboration around multi-objectives, including Eco-DRR/CCA.

Further lessons learned from the Coastal Resilience Program in Connecticut
(USA) include the need to engage diverse stakeholders through a community-
driven workshop approach that integrates tools within the planning-to-action frame-
work steps. The recommendation therefore is to engage a broad suite of stake-
holders at the beginning, during, and routinely thereafter, with particular emphasis
on elected and appointed officials (i.e. decision makers), as a community works
through the framework steps (see Box 6.1). This case study also highlights the
importance of a trigger event (e.g. Tropical Storm Irene and Sandy) to advance
Eco-DRR/CCA through recovery efforts.

The integrated coastal management efforts in Belize further reinforce this need
to activate stakeholders more broadly through proactive engagement processes. The
work in Belize, however, also highlights one of the ongoing challenges for
decision-support tools and subsequent framework steps: the limited ability of
tools to help stakeholders visualize alternative and inter-dependent future scenarios
across larger geographies. A recommendation, therefore, is to develop tools that
generate comparative outcomes from decisions or scenarios (i.e., cost of
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‘no-action’, delayed action(s), and/or action sequences) that are easily understand-
able by stakeholders and are coupled with a progression through the framework
steps. For example, this need is directly linked to the ability to sequence adaptation
strategies (step #3) and assess action effectiveness (step #6). Of course, the critical
consideration for ‘future visioning’ efforts is the ability to display comparisons of
costs/benefits and effectiveness of Eco-DRR/CCA policies and projects. Social
media that generate crowd sourcing of information in places like Brazil, Philip-
pines, and Indonesia, have shown promise in fostering greater community recep-
tivity towards scenario planning with Eco-DRR/CCA as a desired outcome, as well
as in prioritizing voluntary relocation and subsequent ecological restoration to
reduce flood risks.

In the case of the Water Funds approach and projects like the Monterrey FAMM,
the importance of private-public partnerships in a financial construct can result in
the prioritization and implementation of Eco-DRR/CCA projects at a watershed
scale. One recommendation to improve the Eco-DRR/CCA linkages is to include in
the prioritization process information on the size, configuration, and proximity of
various habitats that can optimize benefits to society such as flood prevention.
Establishment of a dedicated and sustainable funding source is certainly key to
success with Water Funds throughout Central and South America and serves as a
core enabling factor for Eco-DRR/CCA implementation (which is also a lesson
derived from the Puget Sound watershed example). Another clear recommendation
is the need to support efforts that prioritize projects and quantify the true cost-
effectiveness of Eco-DRR/CCA over time. This would require standardization in
the design and specifications for Eco-DRR/CCA projects in order for engineers to
assign comparative costs for implementation and maintenance over the longer term,
alongside traditional hard engineering projects.

Undoubtedly, organisations and governments around the globe will continue to
develop tools and approaches in response to the mounting ecological, social and
economic costs of disasters and climate change. These tools and approaches will
continue to collectively enhance societies’ ability to capture the additional and
protective benefits of ecosystems. Nonetheless, decision makers and practitioners
also need to point out the limitations of existing tools and approaches and express
urgency for improvements. As illustrated within this chapter, it is clear that
Eco-DRR/CCA decision-support mechanisms have improved rapidly in the last
decade. Despite these advancements, factors such as resistance to change, the
cautious approach by development agencies, governance structure and overlapping
jurisdictions, funding, and limited community engagement remain, in many cases,
pre-requisites to successful implementation of ecosystem-based solutions. The
planning-to-action framework steps outlined in this chapter help guide communi-
ties to overcome these challenges and work towards maximizing resilience oppor-
tunities. What is certain is that ecosystems will increasingly be a critical part of
societies’ overall response to equitably solving issues associated with disasters and
climate change in the decades and centuries to come.
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Chapter 7
The Use of Geo-information in Eco-DRR:
From Mapping to Decision Support

Bart Krol, Luc Boerboom, Joan Looijen, and Cees van Westen

Abstract Ecosystem services can play an important role as measures for disaster
risk reduction. At the same time it is important to find out where and how
ecosystem-based disaster risk reduction really can make a difference. If we want
to find out what will be the effect of alternative risk reduction measures, how
ecosystem services can play a role in this context, and how they compare with other
types of interventions, then there is a clear role for geo-information. Geographical
information, such as obtained from spatial-temporal simulation modelling and
spatial multi-criteria evaluation, is used for analyzing and monitoring what could
be the effect of alternative development scenarios on the exposure to natural
hazards, or of different combinations of engineered, ecosystem-based and other
non-structural risk reduction measures. This helps to set management priorities and
propose actions for risk reduction and risk-informed spatial planning. With the help
of a spatial decision support system, the effect of risk reduction alternatives and
their effect on risk reduction — now and in the future — can be analyzed and
compared. This can support the selection of ‘best’ alternatives. The recently
developed RiskChanges is presented, which is a web-based, open-source spatial
decision support tool for the analysis of changing risk to natural hazards. It is
envisaged that the use of the RiskChanges will support the provision of relevant
geo-information about risk and changes in risk, and thus provides input for struc-
tured risk reduction-, disaster response-, and spatial development-planning.
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7.1 Introduction

Ecosystem services can play an important role as measures for disaster risk
reduction. At the same time it is important to find out where and how ecosystem-
based disaster risk reduction (Eco-DRR) really can make a difference. For example,
insight is needed about what will be the risk-reducing effect of ecological inter-
ventions, and how ecosystem services compare with other risk reduction alterna-
tives. This requires access to geo-information and structural development of
capacity to both generate and use this geo-information.

Geo-information helps planners and decision makers to be informed about which
areas are exposed to hazards, where this exposure increases and where greater risk
may develop, or where the occurrence of multiple-hazards will further increase
vulnerability of local communities and corresponding disaster risk. Altan
et al. (2010) provide a useful demonstration of the possibilities of using
geo-information technology in disaster risk management, targeted at decision-
makers and disaster management practitioners. Using geo-information
(e.g. spatial-temporal simulation models), it is possible to analyze and monitor
what could be the effect of alternative development scenarios on the exposure to
natural hazards (see for example Sliuzas et al. 2013a). With the help of
geo-information, different combinations of engineered, ecosystem-based and
other non-structural risk reduction measures can be compared. This helps risk
managers to set management priorities and propose actions for risk reduction.
Especially in areas where land is scarce, it is important to have adequate spatial
and temporal information available, to support the analysis of costs and benefits of
ecosystem services as measures for disaster risk reduction.

The parties (stakeholders) involved in planning, design and decision-making in
disaster risk reduction typically have different views and priorities (Peters Guarin
et al. 2012). Modelers and planners, for example, may have different perspectives
on the uncertainty of hazards and risk and judge risk reduction alternatives and
trade-offs differently. An effective Decision Support System (DSS) facilitates
collaborative decision-making by different groups of stakeholders, dealing with
the different perspectives they may have. An example is the Planning Kit DSS that
was developed to support the design process of the ‘Room for the River
programme’ in The Netherlands (Kors 2004; de Bruijn 2007). A Spatial Decision
Support System (SDSS), in addition, facilitates the use of geographical data and
models that use these data; it also includes models for the structuring of spatial
decision making processes and methods for decision support, such as spatial multi-
criteria evaluation (see for example Sugumaran and Degroote 2010).

In this chapter, we present the use of geo-information in Eco-DRR to analyze
how and where ecosystem functions can be beneficial for risk reduction and how
these may change over time; to find out what are the trade-offs of different
ecosystem services; to carry out risk assessments and to share risk information
with stakeholders; to compare the risk reduction effect of different intervention
alternatives using simulation modelling; and to facilitate collaborative decision-
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making. This chapter also introduces RiskChanges: a web-based SDSS for the
analysis of changing risk to natural hazards. Its aim is to support the evaluation
of the effect of different risk reduction alternatives (involving both structural and
non-structural, including ecosystem-based measures) on reducing disaster risk, both
now and in the future (see also Whelchel et al., Chap. 6; Bayani and Barthélemy,
Chap. 10).

7.2 Geo-information and Ecosystem Services

Depending on their biophysical properties, ecosystems have the potential to supply
services. Healthy and well-managed ecosystems help communities to cope with the
impacts of more frequent and extreme hazard events and therefore adapt to climate
change (Renaud et al. 2013). Ecosystem services that aim to reduce disaster risk are
mainly regulating services. All over the world, particularly ecosystems’ regulating
services are declining, often due to an increase in the use of provisioning ecosystem
services, to produce more food, fuel and other products (Millennium Ecosystem
Assessment 2005). Increase in agricultural production systems, for example, often
comes at the cost of biodiversity and/or other regulating services (for instance those
that help control erosion). This causes an imbalance in available ecosystem services
that will only increase human exposure to extreme events.

Both the supply and demand for ecosystem services are spatially explicit and
may differ from place to place. The production of ecosystem services, for example,
is often expressed as a function of land use, climate and environmental variation
(Maes et al. 2011). The analysis of ecosystem services and their benefits for
different users involves their valuation to reflect human attitudes and preferences.
For the assessment of trade-offs between different ecosystem services, proper
spatial indicators are required for ecosystem functions and services (Crossman
et al. 2013; de Groot et al. 2010). Such an assessment requires the development
of geographical information in maps and models: to quantify the benefits received
from ecosystem services, to estimate where they are produced, to quantify changes
in ecosystems and the services they (can) provide over time, and also to describe the
production of ecosystem services as a function of land use, climate and environ-
mental variation. For example, to reduce the risk of flooding, proxies to estimate
water retention capacities are calculated as a function of vegetation cover and soil
type. A model-based approach of mapping ecosystem services will result in a better
exploration of risk reducing scenarios and policy alternatives. Different value maps
of ecosystem services can be produced and combined using weighted overlaying
techniques, depending on the priorities of the planners and stakeholders involved.
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7.2.1 Example from the Netherlands

A good and by now well-known example is the national Room for the River
programme in the Netherlands (see at: www.ruimtevoorderivier.nl). This integrated
flood risk management programme represents a governmental response to coping
with higher water levels in the Dutch rivers without simply raising and strengthen-
ing river dikes. An approach of ‘working with nature’ (see also Meyer 2009; De
Vriend and Van Konigsveld 2012) instead of fighting against it has resulted in
34 different flood risk reduction projects spread over the Netherlands, most of
which have been finalized in 2015. Two of these projects are introduced in
Box 7.1 and Box 7.2. Selected ecosystem-based flood risk reducing measures,
such as the restoration of floodplains and wetlands, have a double function in
many of these projects: they also enhance the re-establishment of natural values
(e.g. the presence of given plant- and animal-species, scenic beauty) and promote
the development of recreational activities.

A relevant decision support tool in the Room for the River programme is the Box
of Blocks software. This is a combined hydraulic model and scenario planning tool
that calculates the hydraulic effects of combinations of structural (e.g. river channel
widening) and non-structural (e.g. wetland development) measures for flood risk
reduction and thus supports the design and selection of measures (Schut et al. 2010;
Dutch Ministry of Water Management, Transport and Public Works 2013). This
Box of Blocks tool includes 600 different measures with potential for water level
reduction. It was made available to the stakeholders involved in the different
projects, who have used it to evaluate and visualize the effectiveness and interde-
pendencies of their proposed measures to reduce water levels. This tool also
displays the costs of each measure and the effects on agriculture production and
natural values, amongst others. It has also facilitated the dialogue and cooperation
between policymakers from different regions, by demonstrating the interdepen-
dencies of river management at the national level (Schut et al. 2010).

Box 7.1 River Dike Re-location and Construction of a Flood By-pass at
Nijmegen, The Netherlands
Source: www.ruimtevoordewaal.nl; www.infranea.eu

Room for the Waal River at Nijmegen is one of the projects in the Dutch
Room for the River programme. Its aim is to protect the city of Nijmegen and
its surroundings from future floods and at the same time increase the spatial
quality of the urban environment in the project area. The Waal River forms a
bottleneck for water discharge in a sharp river bend near Nijmegen. This has
recently resulted in high water levels, and caused severe flooding in 1993 and
1995. To protect the inhabitants of the city against floodwater, an existing
dike is re-located 350 m inland. In addition, an ancillary river channel is
constructed in the river’s flood plain, also including the construction of three

(continued)
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Box 7.1 (continued)

bridges and a new quay. This will create an island in the Waal River and a
unique urban river park with many additional possibilities for recreation,
cultural activities, and re-establishing of natural values.

For the planning, coordination and modelling of this project a so-called
Building Information Modelling (BIM) system is used. This BIM provides
three-dimensional (3D) representations of the physical and functional aspects
of the planned infrastructural designs considered in the project. These are
combined with ecological and water management information available in a
Geographical Information System (GIS). In this way, the possible effect of
proposed interventions can be modelled and potential conflicts — between
design components but also between stakeholder interests — can be identified
and discussed. This approach of geographical information sharing and collab-
orative decision-making supports the different parties involved in designing
and managing this complex project (Fig. 7.1).

Fig. 7.1 3D-impression (downstream view) of the expected results of the Room for the
River project at Nijmegen. River bend in Waal river (left side) and construction of an
ancillary river channel (right sight) create a new island for recreation and re-establishing
natural values (Image: Room for the Waal Nijmegen, (www.ruimtevoordewaal.nl), used
with permission).

Within the boundary conditions for lowering of river water levels and connected
flood risk reduction set by the national Room for the River programme, it is left to
the regional and local stakeholders in the respective projects to negotiate and decide
for a mix of structural and non-structural — including ecosystem-based — flood
protection measures. This decentralized approach also holds for the selection of
additional tools and techniques to support the design, planning and management of
projects.
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Box 7.2 Flood By-Pass Development Near the Dutch Town Kampen
Source: www.ruimtevoorderivierijsseldelta.nl

A combination of increased water discharge (rainfall-induced) by the
IJssel River and expected sea level rise make the Dutch towns of Kampen
and Zwolle and their hinterland increasingly more vulnerable to the effects of
flooding. To increase the resilience to climate change and at the same time
improve the spatial quality of the area, a new flood channel, the Reeve Deep
by-pass, will be constructed in the IJssel river delta. Apart from flood
protection measures, there are several other spatial issues to be considered
in the development of an integrated flood protection plan, including: attention
to nature management (the development of a new wetland area, in particular),
interests of the agricultural sector, options for recreation, the development of
new housing areas, and the presence of a railway and several highways. For
the spatial design of the flood by-pass a Digital Elevation Model (DEM) was
used. Both the average and expected extreme water levels are projected on
this model. This helps to obtain a better geographical understanding of the
delta landscape and the potential wetland areas. Taking into account the
hydraulic requirements set by the national Room for the River programme,
this has ultimately led to the development of an integrated spatial plan for the
[Jssel delta (Fig. 7.2).
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Fig. 7.2 Overview of the spatial development plan for the IJssel delta near Kampen (IJssel
river, new flood channel and other water bodies in blue colours; wetlands and other
vegetation cover in green colours) (Image, courtesy of A. Otten, Province of Overijssel)
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7.3 Geo-information and Risk Assessment

Disaster risk can be defined as the probability for harmful consequences or losses,
in a given area and over a period of time (Birkmann et al. 2013). This makes risk a
geographical problem, with both spatial and temporal aspects playing a role. The
assessment of risk requires a geographical analysis, because its different compo-
nents — i.e. the assessment of natural hazards, of elements at risk and their vulner-
ability — both differ and vary in space and time (van Westen 2010). This dynamic
character of the risk concept makes the collection of geographical data — of past and
present hazard events, of elements at risk and their vulnerability — and their spatial-
temporal analysis often a complex task. This is even more so if multiple hazards are
considered, for example hazards sharing the same triggering event or occurring as a
cascade of hazard events (van Westen 2013).

At the same time geographical data, GIS and remote sensing technology are to
date widely applied for the analysis of natural hazards and disaster risk. In the form
of GIS-based risk maps, risk related information is supplied in many countries to
mandated agencies and authorities. Increasingly, also the general public is informed
about risk and changes in risk in their living environment (Basta et al. 2007). An
example is the systematic delivery of geographical risk information in The Neth-
erlands using the on-line risk information portal: ‘risicokaart’ (see at www.
risicokaart.nl). A number of relevant examples of the application of
geo-information in a disaster risk context are presented elsewhere in this book.

7.3.1 Qualitative and Quantitative Approaches

There is an increasing need for quantitative forms of risk assessment that express
risk as probability of a given level of loss together with the associated uncertainties
(see for example Corominas et al. 2014; Crozier and Glade 2005). Quantitative
methods are expected to allow for an objective and reproducible way of risk
assessment also in a multi-hazard risk context (Kappes et al. 2012). At the same
time, however, quantitative risk assessment methods mostly focus on physical
vulnerability aspects, whereas qualitative risk assessment approaches tend to also
incorporate other (i.e. economic, social, ecological, institutional, cultural) vulner-
ability aspects (van Westen 2013).

Qualitative and semi-quantitative approaches to risk assessment are often con-
sidered when the availability of (numerical) geographical data is limited. This kind
of risk assessment is also considered as an initial screening process to identify
natural hazards and risk (van Westen 2013). An international example is the annual
World Risk Report (2014) that uses a risk index approach to rank countries
worldwide based on their potential disaster risk. In a multi-criteria type of analysis
using 28 different indicators influencing risk, a so-called World Risk Index value
was computed for each country considered. A national level example applying the
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risk index approach is the development of a landslide risk index map for Cuba
(Castellanos Abella and van Westen 2007). The adopted approach involves the use
of multiple spatial indicators as input for a Spatial Multi-Criteria Evaluation
(SMCE). In the absence of reliable landslide inventory data, hazard indicator
maps are used representing both conditional factors (e.g. slope, geology, land
cover) and triggering factors (e.g. earthquakes, rainfall). Geographical data about
population distribution, transportation and housing, amongst others are used to
represent physical aspects of vulnerability. In fact, Castellanos Abella and Van
Westen (2007) label their approach as semi-quantitative because of the use of
weighing certain indicators to allow for better representation of the spatial vari-
ability present in the available data. The resulting national risk index map of Cuba
provides geographical information that supports decision makers in prioritizing
resources for further risk assessments at provincial, municipal and local levels.

A risk assessment using SMCE can also be carried out at the sub-national level,
for example for a province, district or municipality. As a qualitative approach,
SMCE can be labelled as subjective and mainly useful if data are lacking for a more
quantitative risk analysis. But it can offer more than just that. Applying SMCE, it is
possible to use expert knowledge — from engineers, economists, authorities, local
communities, amongst others — and to include ‘soft’ information like perception
and preferences in a risk assessment (Alkema and Boerboom 2012). The active
involvement of these multiple stakeholders — frequently with initially conflicting
views and perceptions — in an SMCE procedure facilitates collaborative decision-
making processes (Alkema and Boerboom 2012).

Geographical information about risk and also about expected changes in risk
over time can be used to evaluate and compare the expected effects of different
strategies for risk reduction. With the help of geographical data, modelling tech-
niques and GIS-software tools, so-called ‘what if” type of analyses can be carried
out and alternative future scenarios can be generated and compared to support
decision-making processes (Longley et al. 2005).

7.3.2 Risk Assessment Tools

Two well-known examples of a combined methodology and open-source software
tool for quantitative, probabilistic multi-hazard risk assessment are HAZUS-MH
and CAPRA. HAZUS-MH (www.fema.gov/hazus) was developed by the Federal
Emergency Management Agency in the USA. CAPRA, the Central American
Probabilistic Risk Assessment Program (www.ecapra.org) was initiated by the
Center for Coordination of Natural Disaster Prevention in Central America
(CEPREDENAC), the United Nations International Strategy for Disaster Reduction
(UNISDR) and the World Bank.

To support the building of capacity in disaster risk management in national and
local governments, The World Bank’s Global Facility for Disaster Reduction and
Recovery (GFDRR) has recently reviewed 31 open-source and open-access
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software packages for the quantitative analysis of natural hazards and risks
(GFDRR 2014). Increasingly, free and open-source GIS software tools are also
extended with new functionalities that are specifically relevant in a hazard and risk
analysis context. An example is the functionality for SMCE in the ILWIS GIS
software package (http://52north.org/communities/ilwis/ilwis-open). ~Another
example is the QGIS software package (www.qgis.org) with its INASAFE (http://
insafe.org) plugin that is used to generate hazard impact scenarios in support of
disaster preparedness and response planning. A new initiative is the development of
RiskChanges, a web-based, open-source SDSS for analyzing changing hydro-
meteorological risk (van Westen et al. 2014). RiskChanges is described in more
detail later in this chapter.

7.3.3 Spatial-Temporal Simulation Modelling

Predictive modelling is increasingly used for analyzing and monitoring what could
be the effect of alternative development scenarios on the exposure to natural
hazards, or of different combinations of engineered, ecosystem-based and other
non-structural risk reduction measures in space and time. In this manner, possible
trends or future situations can be considered, together with alternative policy
options and interventions for risk reduction. In Box 7.3 an example of flood
simulation modelling in Kampala, Uganda is presented, where the development
and application of a scenario-based urbanization and flood modelling approach has
created an information environment that facilitates the development of an inte-
grated flood management strategy (Sliuzas et al. 2013a).

Unfortunately, in practice the link between the modelling and prediction of
(hazardous) natural processes and corresponding risks on the one hand and their
management and governance on the other hand is still rather weak (Greiving
et al. 2014). Scientific developments in hazard and risk assessment and the needs
and demands of decision-makers and end-users of risk information are still not well
connected (van Westen 2013). Additional challenges are posed by the often-
existing uncertainty in space and time about the possible roles and effects of
urban growth processes, land use trends, climate change, and other future scenarios.
A decision support mechanism can bring different stakeholders (representing dif-
ferent disciplines, sectors, etc.) together more easily in the assessment of risk and
the search for effective risk management strategies. This interaction between
stakeholders is, for example, an integral part of joint planning of flood risk
reduction projects in the Room for the River programme in The Netherlands (see
for example: Roth and Winnubst 2014).
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Box 7.3 Scenario-Based Modelling of Current and Future Flood Risk
in Kampala, Uganda
Source: Sliuzas et al. (2013a, b).

Accelerated urban growth and increasing rainfall-induced flood problems
have motivated Kampala — the capital city of Uganda — to join
UN-HABITAT’s Cities and Climate Change Initiative (CCCI). As part of
CCCT’s Integrated Flood Management Project in Kampala, researchers and
students from the University of Twente, Makerere University and a German
consultant have analyzed the current and possible future flood risk situation in
Lubigi catchment inside Kampala. In this catchment (approx. area = 28 km?)
a system of lined channels connects populated hills to a system of central
drains in the catchment’s main valley — increasingly populated as well — that
subsequently drain into a natural wetland system further downstream. Resi-
dents and business owners have developed a number of mechanisms to cope
with the effect of flooding, but the frequent rainfall-induced floods are a
nuisance and also pose a risk with significant costs, both economic as well
as health related.

The open-source spatial-temporal modelling environment OpenLISEM
(http://blogs.itc.nl/lisem) was used to simulate a 10-year rainstorm event of
1000 mm in a day, considering a series of possible future scenarios,
including:

» Maintaining the current situation of unimproved drainage and unregulated
urban development, i.e. a scenario of ‘no change’;

» Physical improvement of the drainage system with structural interventions
in the main drain and culverts in secondary channels, i.e. a ‘hard engi-
neering’ scenario;

» A ‘green engineering’ scenario involving a number of so called Sustain-
able Drainage System (SuDS, see also Woods-Ballard et al. 2007) options
for improving the functioning of drainage channels, using a mix of wid-
ening and deepening of drains, creation of grassed waterways, identifica-
tion of areas for temporary water storage;

e A ‘planning only’ scenario consisting of urban development control,
including identification of flood hazard zones and restriction of housing.

These scenarios were further refined considering an urban growth projec-
tion for 2020, using annual growth rates of 4.2% (‘trend’) and 6.5% (‘high’).

Based on the predictive flood modelling using OpenLISEM the ‘no
change’ scenario shows severe flooding (up to 2 m and for more than 24 h)
in areas along the primary drainage channel; in large areas flood water stays
up to 24 h until the water level decreases to manageable levels. The ‘hard
engineering’ scenario is expected to reduce the extent and duration of
flooding but will not eliminate it. Using the modelling results, the researchers

(continued)
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Box 7.3 (continued)

also observed that improved culverts in the secondary channels reduced local
flooding, but at the same time cause water to be delivered more rapidly to
areas downstream and thus potentially increase flood problems elsewhere.
Given the modelling results, it is expected that the increased water infiltration
in the ‘green engineering’ scenario will also contribute to a reduction of the
flood problem. The planning scenario shows the importance of controlling
and regulating urban development for dealing with flood problems in the
future. The scenario-based flood modelling has also resulted in the identifi-
cation of a number of areas that face chronic flooding: flooding hot spots
where urban development control and dedicated planning measures are
especially important.

The results obtained by the research team show that for this Kampala case,
urban growth and disregard of planning will have a stronger effect on
flooding and flood related problems than any possible future climate change.
In Lubigi catchment the best flood reduction effect is expected from a mix of
‘hard engineering’ measures in the central valley, ‘green engineering’ on the
hills slopes, together with improved urban planning strategies and housing
regulations (Fig. 7.3).
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Fig. 7.3 Flooding hotspots [blue colors: recurrent flood water depth in meters] in Lubigi
catchment based on multiple scenario analyses (Sliuzas et al. 2013a; used with permission)
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7.4 Spatial Decision Support for Eco-DRR

An ideal DSS for Eco-DRR would allow for exploring different options and
arriving at a decision, for example for a particular intervention measure. The
essence of a decision was very well captured by Von Foerster (1992 p.14) when
he stated that, “Only those questions that are in principle undecidable, we can
decide.” In other words: only if we feel that there is a trade-off between our options,
because no single option is the best, are we making a decision. Since this sense of
trade-off will remain, we remain undecided. Therefore, a DSS should not just
describe our physical or societal environment in tables and maps in the way that
databases and information systems do. Nor should it describe the behavior of our
environment the way models — such as ecosystem models, rainfall runoff models or
landslide risk assessment models — do. A DSS should capture the ‘undecidable’,
i.e. the trade-offs (Ackoff 1981) of often nested, chained, and poorly structured
decisions. DSSs — as a class of software tools — can support decision makers both
when judgment about trade-offs is important in the decision making process and
when the human information processing capacity limits the decision making pro-
cess. When such DSS address spatial decision problems using geographical data we
speak of Spatial Decision Support Systems (SDSS), which help us decide between
spatial alternatives (Rauscher 1995).

7.4.1 Dealing with Uncertainty: Modelers’ and Decision
Makers’ Perspectives

In the context of disaster risk reduction, DSSs not only support the judgment about
trade-offs, but also about the uncertainty related to hazards and risk. Even if
uncertainty is minimized by the quantification of risk — and hence becomes, by
metaphor, a “controllable island in the sea of uncertainty” (Nowotny et al. 2001
p-14) — DSSs still need to support decision making in a sea of uncertainty. This
uncertainty can be further distilled to (i) uncertainty due to variability,
i.e. stochastic or ontological uncertainty, and to (ii) uncertainty due to limited
knowledge, i.e. epistemic uncertainty (van Asselt and Rotmans 2002). However,
this is a modeler’s perspective on uncertainty. Ambiguity is an additional source of
uncertainty (Brugnach et al. 2008), which is defined here as the “existence of two or
more equally plausible interpretation possibilities” (Dewulf et al. 2005 p. 115), as is
often resulting from clearly different (stakeholder) perceptions about what is at
stake (Dewulf et al. 2005). These three concepts of uncertainty and risk are
illustrated in Box 7.4 using a recent study by Petr (2014) about changes in the
provision of forest ecosystem services in British national forest estates, under the
influence of climate change-induced drought effects on stands of tree species.
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Box 7.4 Scenarios for Uncertain Climate Change and Yield Decline
in British Forests
Source: Petr (2014)

In 2009 a climate change projection for the UK was released (Murphy
et al. 2009). It was the first probabilistic projection for the UK, considering
two spatial resolutions (25 and 5 km) and temporal resolutions over 30 year
periods, starting from the 2020s (2010-2039) until the 2080s (2070-2099).

For the calculation of total probable risk of tree yield change, spatial and
temporal resolutions, both probabilistic data of moisture deficit and drought
vulnerability response curves for forest stand yields of three tree species
(i.e. Sitka spruce, Scots pine and Pedunculate oak) were used. Total probable
risk is expressed as the sum of all probable yield changes of a tree species in
each of the spatial and temporal ranges (Petr et al. 2014).

Given the uncertainty of future climate change scenarios, three scenarios
by the Intergovernmental Panel on Climate Change (IPCC 2000) were used to
prepare risk maps of Britain for each decade. The resulting tree yield changes
were translated to predict the loss of ecosystem service provisions until the
end of the 21st century (especially production and carbon sequestration) and
with predicted losses of up to 50% for some species in certain localities (Petr
et al. 2014). If ecosystem service functions continue to decline during the 21st
century, existing adaptation options — such as the tree species currently
selected or area expansion of tree species — will reach their expiry date.
Beyond this point of expiry, policymakers will need to shift to new policy
options to achieve a required adaptation. The described approach follows a
method of ‘dynamic adaptation policy pathways’, introduced by Haasnoot
et al. (2013) for decision making in a context of uncertain changes.

When forest planners in Scotland were exposed to the policy pathways
options and the possibility to assess expiry dates of certain species choices,
their framing of adaptation was observed to diverge (Petr et al. 2015). For
instance, forest planners in two districts decided as a group that expiry dates
for keeping spruce, which is the dominant tree species in all districts,
occurred much later, which varied from their individual decisions. This
gives reason to suspect that individual planners frame the role of climate
change in species choice differently in terms of urgency, and for some reason
seem to ignore this ambiguity in a collective decision, i.e. when they decide
together.

7.4.2 An SDSS That Addresses Risk Uncertainty

Using a spatial decision support system for Eco-DRR, we first of all expect to be
able to assess disaster risk. But we also expect the availability of tools to make
judgments about trade-offs between different spatial and temporal criteria



174 B. Krol et al.

regarding alternative ecosystem services and other possible interventions that can
reduce disaster risk. Finally, we expect to be able to assess uncertainty, both from a
modeler’s and decision maker’s point of view. Stochastic uncertainty is typically
addressed using methods for sensitivity analysis. Epistemic uncertainty and ambi-
guity can be addressed using different models or different decision problem for-
mulations. Scenario development plays a crucial role, both for varying exogenous
variables that could affect intervention options (Engelen 2000) in different ways
(epistemic uncertainty) and to express ambiguity.

These characteristics have also been considered in the development of the
RiskChanges SDSS that is presented in more detail in the next section.
RiskChanges allows for the assessment of risk while assuming multiple scenarios
(e.g. population growth, development policies) that can affect different intervention
alternatives at different moments in time, while SMCE is applied for the assessment
of trade-offs of different interventions and scenarios. Stochastic uncertainty is
addressed through the probabilistic nature of the hazards. Since RiskChanges is
an open system that can be used for any disaster risk assessment, the definition of
alternatives and their indicators allows for dealing with epistemic uncertainty and to
some extent variation in the framing of problems or risks and alternative solutions.

7.5 RiskChanges: A Web-Based SDSS for Analyzing
Changing Hydro-Meteorological Risk

RiskChanges is a new SDSS that enables the geographical analysis of the effect of
risk reduction planning alternatives on the reduction of current and future risk. It
supports decision makers in selecting ‘best alternatives’ for intervention. The
RiskChanges SDSS is developed in the context of two EU-funded research projects:
the INCREO project (www.increo-fp7.eu) and the CHANGES project (www.
changes-itn.eu). This overview of RiskChanges is drawn from the presentation
and description of the system by van Westen et al. (2014).

RiskChanges is targeted at three main groups of stakeholders involved in risk
assessments. The envisaged end-users of RiskChanges include agencies involved in
planning of risk reduction measures, and that also have the capacity to analyze and
visualize geographical data at the municipal level. Examples are civil protection
organizations that develop plans for disaster response; expert organizations
involved in the technical design of structural measures (e.g. dams, dikes) and/or
the development of non-structural and ecosystem-based risk reduction measures;
organizations with a development planning mandate. A second group of stake-
holders involves information providing organizations that are responsible for the
production, the provision and monitoring of hazard-related information (e.g. flood
scenario maps). A third main stakeholder group involves organizations that typi-
cally provide information (e.g. cadastral, transportation) about elements at risk.
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Fig. 7.4 Opening screen of the web-based RiskChanges SDSS (Source: CHANGES project
website)

RiskChanges is a web-based system, designed based on open-source software
and following open standards. RiskChanges is available online in the CHANGES
project website. Its opening screen is shown in Fig. 7.4. It is possible to use
RiskChanges for multi-hazard risk assessment at different spatial-temporal resolu-
tions, in different countries and within different legal settings.

7.5.1 Different Risk Assessment Workflows

RiskChanges can be used for four different types of risk assessment workflows:

1. Analyzing the current level of risk. Using geographical data about natural
hazards, elements at risk and their vulnerability, it is possible to perform an
evaluation of current (multi-) hazard risk level.

2. Analyzing ‘best’ alternatives for risk reduction. In this workflow, stakeholders
first identify a number of risk reduction alternatives — structural, non-structural,
ecosystem-based — and request expert organizations to provide them with
updated hazard maps and information about elements at risk and their vulnera-
bility reflecting the consequences of these alternatives. The new risk level is
analyzed and compared with the current level of risk in order to estimate levels
of risk reduction. A subsequent evaluation of costs and benefits (in financial
terms and/or in terms of other constraints) per alternative helps to make a
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selection of a ‘best’ risk reduction alternative. Note that this workflow can also
be used in a case of ‘best’ disaster response planning, or as the basis for early
warning system design.

3. Evaluating the possible consequences on risk of different future scenarios. In
this workflow, the effect of possible future risk scenarios of population growth,
land use change, climate change or other trends that cannot be controlled by the
(local) planning organizations involved in the risk assessment are analyzed.

4. Evaluating how different risk reduction alternatives can lead to risk reduction
under different future scenarios. This is the workflow in which current risk, the
potential effect of risk reduction alternatives, and the different future scenarios
come together.

Central to RiskChanges is risk assessment. The RiskChanges system itself does
not include facilities to generate natural hazard maps and maps of elements at risk;
relevant information is produced outside the system. Hazard maps and information
about elements at risk can be uploaded using the system’s Data input module. After
data preparation, they are fed as input data into the system’s Risk Evaluation
module. A spatial risk assessment can be carried out ranging from simple exposure
analysis to quantitative analysis resulting into risk curves. After a loss calculation,
users can opt for different types of risk assessments, for example hazard-specific or
specific elements at risk, concentrating on economic risk or population risk, for
identified risk reduction alternatives and future scenarios. In a Cost-benefit analysis
module users can analyze the costs of identified risk reduction alternatives, also
taking into account how costs and benefits may change in time (for example
depending on future scenarios). A Multi-Criteria Analysis module supports the
users in determining the most optimal risk reduction alternative using a spatial
multi-criteria evaluation approach. Thus, the pros and cons of different
engineering-oriented, ecosystem-based and other non-structural risk reduction
alternatives can be critically evaluated and contrasted. The results of risk assess-
ment are presented using RiskChanges’ Visualization module, as maps but also in
the form of risk curves, tables and graphs. This also includes tools for the visual-
ization of temporal changes.

7.6 A Role for Geo-information in Eco-DRR

Over the years the use of geo-information in disaster risk reduction has moved from
a mere focus on the generation of hazard and risk maps by specialists for specialists
to the use of geo-information in processes of collaborative decision-making and
planning of risk reduction strategies. As is also shown in the examples used in this
chapter, in practice often a mix of both structural and non-structural measures, of
engineering and ecosystem-based interventions, are considered as part of strategies
to cope with expected future risk scenarios.
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If we want to find out what will be the effect of alternative risk reduction
measures, how ecosystem services can play a role in this context, and how they
compare to other types of interventions, then there is a clear role for
geo-information in the field of Eco-DRR. Moreover, the use of geo-information
also facilitates the communication between different stakeholder groups, including
hazard and risk specialists, land users, development planners, decision makers,
local communities and the public in general.

Using SDSSs, it is not only possible to assess disaster risk, but also to make
judgments about the trade-offs of different ecosystem services and other possible
risk reducing interventions. It is envisaged that the use of the RiskChanges SDSS
will support the provision of relevant geographical information about risk and
changes in risk, and thus provide input for structured risk reduction planning,
disaster response planning, and spatial development planning.

Of course a number of challenges to SDSS implementation in the risk reduction
context remain. They concern, for example, data availability, the proper linkage of
different components of an SDSS, user guidance and the presentation of outputs of
a decision making process. In addition, an important implementation-related chal-
lenge is about participatory development: how to engage users in the development
of a decision support mechanism. If these challenges can be properly addressed,
RiskChanges can play an important role in supporting the selection of ‘best’
alternatives for multi-hazard risk reduction, under different future scenarios, and
including Eco-DRR options.
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Chapter 8

Nature-Based Approaches in Coastal Flood
Risk Management: Physical Restrictions
and Engineering Challenges

Bregje K. van Wesenbeeck, Myra D. van der Meulen, Carla Pesch,
Huib de Vriend, and Mindert B. de Vries

Abstract Ecosystem destruction not only incurs large costs for restoration but also
increases hydraulic forces on existing flood defence infrastructure. This realisation
has made the inclusion of ecosystems and their services into flood defence schemes
a rapidly growing field. However, these new solutions require different design,
construction and management methods. A close collaboration between engineers,
ecologists and experts in public administration is essential for adequate designs. In
addition, a mutual understanding of the basic principles of each other’s field of
expertise is paramount. This chapter presents some simple approaches for the
integration of ecosystem-based measures into coastal engineering projects, which
may be of use to experts from a range of fields. Further, it stresses the importance of
ecological processes which determine the persistence and health of coastal ecosys-
tems, a point which is rarely emphasised in coastal engineering. The main aim of
this chapter is to highlight the role of ecosystem properties for flood defence to
stimulate the coastal engineering community in adopting an ecosystem view. In the
near future the hope is that greater awareness of ecosystem processes will lead to
more sustainable and climate-robust designs. For this, engineers, ecologists and
social scientists involved in coastal defence projects need to develop a common
language, share the same design concepts and be willing to share the responsibility
for these innovative designs.
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management

B.K. van Wesenbeeck (D<)
Unit for Marine and Coastal Systems, Deltares, P.O. Box 177, 2600 MH Dellft,
The Netherlands

Faculty of Civil Engineering and Geosciences, Delft University of Technology, P.O. Box 5048,
2600 GA Delft, The Netherlands
e-mail: bregje.vanwesenbeeck@deltares.nl

© Springer International Publishing Switzerland 2016 181
F.G. Renaud et al. (eds.), Ecosystem-Based Disaster Risk Reduction and Adaptation

in Practice, Advances in Natural and Technological Hazards Research 42,

DOI 10.1007/978-3-319-43633-3_8


mailto:bregje.vanwesenbeeck@deltares.nl

182 B.K. van Wesenbeeck et al.

8.1 Introduction

Uncertain future projections of sea level rise, river runoff and storminess in
combination with the increasing call for sustainable development have given rise
to a whole suite of concepts that attempt to embed ecosystem-based approaches into
water management (Barbier et al. 2008; Borsje et al. 2011; Gedan et al. 2011a). The
reasoning behind this is that nature can help in providing adaptive and cost-efficient
no/low-regret flood risk management solutions that will be especially suitable in
light of the uncertain climate change scenarios (Cheong et al. 2013). Nevertheless,
putting these ideas into practice has proven challenging. First, there are several gaps
in knowledge that are not yet properly addressed (Bouma et al. 2014; Spalding
et al. 2014; Renaud et al., Chap. 1), such as the role that ecosystems play during
extreme events (Moller et al. 2014) and long-term stability of ecosystems. Second,
new coastal defence design principles, coastal risk management routines that
include ecosystem considerations and tailor-made methods to assess safety levels
of flood defence structures are required to standardize these approaches. Although
all this is technically possible and in the end may well be more cost-effective than
traditional construction and management practices, deviating from standard pro-
cedures involves additional efforts and project risks, which may be an impeding
factor for large-scale application of ecosystem-based flood risk mitigation.
Currently, there are multiple names for concepts that aim to integrate ecosystems
into infrastructural developments (Box 8.1; Renaud et al., Chap. 1). These concepts
all include an integrated approach which takes into account multiple interests,
combining ecological, technical and socio-economic needs. Terms differ from
very broad concepts, such as eco-engineering and eco-technology that are applica-
ble across systems and for a variety of functions, to more focused concepts, such as
natural coastal defence. Several concepts, such as green adaptation and ecosystem-
based adaptation, focus specifically on adaptation to the consequences of climate
change, as climate change seems to be an important driver for the application of
green concepts (Cheong et al. 2013; Temmerman et al. 2013). Green infrastructure
is used more in an urban context. A recurring theme in all these concepts is making
use of natural processes and ecosystem services for functional purposes, often in
relation to water management. Although all concepts bridge between engineering
and ecological approaches, the originally strict separation between these two
disciplines has not yet fully disappeared (Cheong et al. 2013). A new form of
engineering can be defined that starts from a system perspective and co-creates
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ecosystem-based solutions with experts from both disciplines. This does not con-
flict with the main principles of engineering but coincides with the main principles
in flood risk management.

Box 8.1 Glossary of Ecosystem-Based Approaches to Engineering

Eco-DRR
Ecosystem-based disaster risk reduction (Eco-DRR) is the sustainable man-
agement, conservation and restoration of ecosystems to reduce disaster risk,

with the aim of achieving sustainable and resilient development (Estrella and
Saalismaa 2013: 30)

Eco-engineering/ecological engineering
The design of sustainable ecosystems that integrate human society with its
natural environment to stimulate both (Mitsch and Jgrgensen 2003).

Eco-technology

Advancing technology beneficial for humans while minimizing ecological
impact and adopting ecology as a fundamental basis with a holistic problem
view (https://en.wikipedia.org/wiki/Ecotechnology).

Ecosystem-based adaptation

Helping people adapt to climate change by making use of ecosystem services
and biodiversity. This includes the sustainable management, conservation
and restoration of specific ecosystems that provide key services and increase
resilience of communities to climate change effects (Colls et al. 2009).

Building with Nature

Building with Nature is a new design philosophy in hydraulic engineering.
Natural elements such as wind, currents, flora and fauna are utilized in
designing a hydraulic engineering solution, thereby creating additional ben-
efits for nature, recreation and the local economy (www.ecoshape.nl).

Building for Nature
Optimizing ecological functions of grey infrastructure (www.ecoshape.nl).

Natural infrastructure

Natural infrastructure (sometimes called green or sustainable infrastructure)
is the interconnected network of natural and undeveloped areas needed to
maintain and support ecosystems (http://www.epa.gov/region3/green/infra
structure.html). The term is also used for improving the natural values of
grey infrastructure.

Green infrastructure

Green infrastructure is the strategically planned network of high quality green
spaces (http://ec.europa.eu/environment/nature/ecosystems/index_en.htm).
The EPA uses the term green infrastructure for its approach to use vegetation
and soil for managing storm water runoff on the spot in local communities
(http://water.epa.gov/infrastructure/greeninfrastructure/index.cfm).
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Some differences between ecosystems as a coastal defence component and
traditional designs need to be taken into account. First, a dyke or levee is a structure
that is built in a short time-span and the flood defence properties of the structure will
start from the moment it is in place. To a certain extent this also holds for
ecosystem-based designs, however in some cases ecosystems need to build up
biomass and trap sediment in order to become effective in mitigating the hydrody-
namic and soil mechanical loads. If these properties of ecosystems are used in
combination with dikes or levees this may yield an optimal combination as levees
on soft soil show subsidence over time and therefore need additional maintenance
or upgrading. If levees are designed in combination with ecosystems in front of the
levee, this ecosystem has several years to fully develop and can then compensate for
levee degradation or deficiency by building up soil and increasing stability and by
increasingly attenuating waves. This way, safety levels may stay the same and
expensive levee improvements might be avoided or postponed. A full life-cycle
analysis, which is becoming more popular for engineering projects, shows that in
case of changes in risk, for instance because of sea level rise, a naturally accreting
ecosystem in front of the dike can provide compensation by trapping sediment or
can be easily adapted to worsening external conditions by extending the vegetated
area or by sediment nourishment. For predicting ecosystem stability in the near
future, existing data on actual ecosystem dynamics and services can be used. Of
course this is not possible at an infinite time-scale, as uncertainty of these pre-
dictions will increase on longer time-spans, but it can be done at similar timescales
as for traditional designs (decades).

Dykes are built to last several decades and regular monitoring and management
is organized to ensure that safety levels are met through the entire lifespan of a
levee. The same holds for ecosystems; once a certain stage is reached, the ecosys-
tem is likely to stay in place and deliver its flood defence services for several
decades and this should be ensured through a management and monitoring process.
Monitoring should mainly focus on the ecosystem’s health (e.g. growth, absence of
disease), since this determines its life span and flood defence properties. If moni-
toring results show poor ecosystem health, or a change in the species distribution of
the ecosystem, management interventions should be considered, such as replanting
vegetation or excluding grazers.

This chapter attempts to highlight basic ecological principles relevant for flood
risk management and the project phases that follow during implementation of
measures. The chapter starts by placing ecosystems as a central element in inte-
grated flood risk management and by a solid problem analysis that needs to
distinguish between flood type and primary causes of flooding. This chapter pre-
sents a framework for project implementation that draws parallels between designs
including ecosystem components and traditional designs. Then, it presents simple
rules for ecosystem selection based on environmental conditions, followed by a
description of coastal ecosystems and their flood risk mitigation functions which
are described and ranked for their effectiveness. Finally, the chapter discusses
biotic conditions that influence long-term ecosystem functioning and management.
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The main focus in this chapter lies on coastal and estuarine ecosystems, but similar
principles can be applied to freshwater environments.

8.2 Infrastructure or Ecosystem?

In general grey measures are defined as infrastructural measures that do not
integrate ecosystem functions or presence. Examples of grey measures are struc-
tural measures that are man-made, such as levees and dams. Although green
measures can be considered structural measures too, in that they do intervene on
the hazard intensity directly, they consist of ecosystems that are naturally present in
the area or that can be restored or recreated if they are degraded or have
disappeared. Hybrid measures are a combination of green and grey strategies and
constitute, for example, a mangrove forest that reduces wave impact, but also has an
earthen levee in the back that blocks surges. A systematic approach for implemen-
tation of measures for flood risk reduction is illustrated by the flood risk manage-
ment cycle (Sayers et al. 2013). Ideally, integrated flood risk management includes
the evaluation of natural and socio-economic systems both in identifying of root
causes of flooding and in defining a preferred strategy and accompanying measures.
Figure 8.1 illustrates how the flood risk management cycle is related to project
phases and to ecosystem inclusion.

Nature legislation

Risk Goals and
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and Adjustment Coastal flooding

Project phase:

Risk Strategy
Monitoriny
e Risk Communication e

Operation and
maintenance Review and Identification
Evaluation Problems and
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Ecosystem management

Fig. 8.1 Flood risk management cycle with in grey more information on project phases and in
green ecosystem parameters to be assessed. Modified by authors from Sayers et al. (2013)
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The cycle in Fig. 8.1 starts by identification of hazards, which is basically a solid
problem detection and description. Three types of flood hazards are distinguished;
coastal flooding, fluvial flooding and pluvial flooding. Groundwater flooding is not
considered here as green measures are not so appropriate to mitigate the effects of
groundwater flooding. As part of the identification of the hazard a more detailed
analysis of hazard frequency and hazard intensity is required in order to obtain a
clear overview of problems and opportunities that these hazards pose. As a part of
this process the current ecosystem presence and health status should be evaluated as
ecosystems influence the intensity of the hazard. The next question is what conse-
quences the hazards will have? This question is answered in the risk analysis that
evaluates the impacts a hazard has on people and assets. This impact is related to the
functioning of present ecosystems and their role in mitigating hazard impact
through wave attenuation and reduction of winds and currents. As a next step, a
risk reduction strategy should be developed. This strategy should include advice for
managing ecosystems to improve their health or effectiveness. The risk analysis
will also contain advice on potential measures, including the potential restoration of
ecosystems as a part of green or hybrid measures.

As in any engineering project, risk strategy implementation of project phases,
apply to green, grey and hybrid measures (Fig. 8.2). Monitoring of the implemen-
tation strategy falls under the project phase that we define as ‘operation and
maintenance’. For strategies that include ecosystem-based measures it is advisable
to follow an adaptive monitoring and management strategy (van Wesenbeeck
et al. 2014). We will go into more detail on the three project phases and how
these translate to ecosystem-based measures in the rest of this chapter.

Fig. 8.2 Simplified project
phases for engineering
projects (own figure)

Planning and
design

Construction

Operation
and
maintenance
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8.2.1 Risk Strategy Development and Implementation

All flood risk assessments start with a detailed problem analysis. This entails a
proper understanding of the appropriate measures. This problem description also
sheds more light on the required functionality of measures and interventions. In the
problem analysis phase, one has to think of the main functionalities that a design
should have and what the requirements of the design are in terms of sustainability,
costs, ecological value, but also in terms of the technical requirements. Currently
there is a movement to shift from mono-functional designs to benefit- oriented
designs that are optimized not only from an engineering viewpoint, but also for
yielding maximum co-benefits (Vriend et al. 2015). Implementation of measures
has a strong focus on- the-ground project perspective and is therefore mostly
implemented in the project phases ‘planning and design’,‘construction’ and ‘oper-
ation and maintenance’ (Fig. 8.2). These project phases can aid in identifying
knowledge gaps and requirements for adopting ecosystem-based approaches. A
similar approach is taken in the large Dutch Building with Nature program (www.
ecoshape.nl). In the following section, we go through these project phases and
outline what ecosystem knowledge can be merged into these and what the main
caveats are.

8.2.2 Design

Ecosystem effectiveness in performing a certain function needs to be taken into
account when intentionally integrating ecosystems into flood management
schemes. There is considerable quantitative evidence in the literature from field
and modelling studies that illustrates the capacity of ecosystems and vegetation to
reduce currents and waves. This caused by the fact that there is a structure in place,
which is supported by other functions, such as the capturing of sediments to
decrease erosion. Ecosystems, in contrast to grey structures, are constrained by
environmental conditions and develop naturally if environmental conditions are
suitable, implying that not all ecosystems can establish in a specific environment. In
this respect, ecosystem restoration is very different from the construction of
man-made objects such as buildings or engineering structures. However, there are
several parallels between development of ecosystem-based solutions and develop-
ment of traditional infrastructure. Firstly, a construction process always aims to
achieve certain functionality. In terms of an ecosystem this functionality can be
translated into a service that an ecosystem can provide, such as attenuating waves or
reducing erosion (Fig. 8.3). A design that provides this functionality can be based
on building blocks. For example, if the desired function is accommodation for
living, the building blocks can consist of a house, an apartment complex, a tent, or
an igloo. Which building blocks are chosen depends on the external conditions,
such as climatic conditions and available construction materials. Similarly, an
ecosystem can be considered a building block for an ecosystem-based flood defence
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Fig. 8.3 Parallels between the traditional design and construction process and ecosystem-based
alternatives for coastal ecosystems (own figure)

system. Which ecosystem is chosen depends on the environmental conditions and
the availability of building materials, in this case available species and seed sources
(Fig. 8.3).

The building block ‘ecosystem’ in turn consists of smaller elements, hence, plant
and animal communities and species. For the construction or restoration of an
ecosystem the species level is the most important, as species, like bricks, form
the basis of the entire ecosystem. Two types of species are particularly important:
foundation species and keystone species. Foundation species are dominant in terms
of effect or abundance. They are able to set the formation of an entire ecosystem
into motion. Examples are oysters that construct oyster reefs, or certain grass
species that initiate marsh formation. Foundation species create habitat and thereby
attract many other species. Keystone species, on the other hand, are often crucial to
ecosystem persistence, health and structure. These species are mostly grazers or
predators that maintain the subtle balance between several other species. Without
the presence of the keystone species, often a single other species tends to dominate
the ecosystem and eradicate other species. This development is considered unde-
sirable as it is likely to influence specific characteristics of the ecosystem. For
example, local extinction of sea otters, a keystone species in kelp forest, has been
shown to cause disappearance of those forests (Estes and Palmisano 1974). Sea
otters eat urchins and urchins eat kelp. If sea otters disappear, urchins thrive and
overgraze the kelp, which may disappear completely (Estes and Palmisano 1974).
These kind of changes in species composition might change the functionality of the
system (e.g. wave attenuation), or it may influence the resilience and stability of the
system.

8.2.2.1 Ecosystem Effectiveness

Coastal ecosystems can play a role in flood risk mitigation by attenuating waves, by
reducing or deflecting currents and by forming a physical barrier between land and
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water (Borsje et al. 2011; Gedan et al. 2011b; Shepard et al. 2011). One of the most
useful and best quantified factors is attenuation of waves to mitigate coastal
flooding. There are several predefined factors that contribute to the process of
wave attenuation. From an engineering perspective these factors influence the
most relevant parameters in wave attenuation models, such as the water depth,
the bottom roughness and the length that the wave travels over the feature compared
to the wave characteristics. From an ecological perspective the most important
variables are constituted by the living and dead material built up by ecosystems. In
case of coral reefs this is determined by the height of the reef crest, the coral
biomass on top of the reef and the width of the reef (Ferrario et al. 2014). In the case
of salt marshes and mangroves, soil elevation and vegetation biomass are essential
in achieving wave attenuation. In most wave attenuation models that include
vegetation, vegetation presence is represented as bottom roughness or in the
parameters vegetation height, stem density, stem diameter and a bulk drag coeffi-
cient (Mendez and Losada 2004). The product of these parameters constitutes the
so-called ‘vegetation factor’ (Mendez and Losada 2004). Vegetation flexibility is
accounted for in the bulk drag coefficient that often is regarded as a calibration
factor. However, it is more often found that this factor varies with wave conditions
(Moller et al. 2014) and this is not yet incorporated well into numerical models.

The level to which ecosystems actually contribute to flood risk mitigation is
dependent on the type of ecosystem present. This efficiency also depends on the
underlying mechanisms. For example, coral reefs will mainly cause wave breaking
and are in that way considered very effective as the wave height behind the reef will
be considerably reduced (Ferrario et al. 2014). Salt marshes and sea grasses will
mainly attenuate waves rather than breaking them (Moller and Spencer 2002;
Ondiviela et al. 2014). Several ecosystems that play a role in flood risk mitigation
are ordered by the level of protection against flooding they offer (see Table 8.1;
Koch et al. 2009; Gedan et al. 2011b; Bouma et al. 2014). It should be noted that
quantitative information on flood defence properties of ecosystems is not available
for all systems. Furthermore, these values are often based on a limited number of
studies.

Morphological systems such as beaches and dunes are known to be very
effective flood defence systems as they can be used without any additional hard
defence measures, provided that they have a sufficient erosion buffer. They mainly
protect the hinterland against storms and flooding, by dissipating wave energy and
providing a physical barrier against high water levels (Defeo et al. 2009). Sand
dunes have also shown to be effective during extreme events, such as tropical
storms and tsunamis. For example, they were reported to block surges up to 3.7 m in
India during a tsunami (Mascarenhas and Jayakumar 2008) and to break waves,
thereby reducing wave energy up to 97 % (Ferrario et al. 2014). Full-grown coral
reefs that extend to mean sea level are very effective in breaking wind waves.
Although they do not protect the land against flooding, a reduction of wave heights
by 20-50 % (Harborne et al. 2006) and a reduction of tidal current speeds by 30 %
(Harborne et al. 2006) have been measured. An advantage of coral reefs is that they
form a hard physical barrier. Therefore, the coastal defence function of coral reef
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Table 8.1 Quantitative overview of flood defensive properties of different ecosystems. It has to
be noted that these values were mainly measured in the first tens of meters of the ecosystems, as it
is usually this area that contributes the most to coastal defence

Coastal defence
Ecosystem | property Value Reference
Beaches & | Block waves Waves up to 3.7 m (Mascarenhas and
dunes Jayakumar 2008)
Coral reefs | Reduce waves, 20-97 % reduction in wave energy, | (Harborne et al. 2006;
reduce tidal cur- 30 % reduction current speeds Ferrario et al. 2014)
rent speed
Mangroves | Wave attenuation 20-60 % (Mazda et al. 1997,
Gedan et al. 2011b)
Salt Wave attenuation, | 1.1-2.1 % per m of marsh (Moller and Spencer
marshes foreshore 2002)
stabilization
Shellfish Wave breaking 40 % with low water levels and (Borsje et al. 2011)
reefs wave heights (for the oyster
Crassostrea sp.)
Sea grass Wave attenuation 40 %; 7,3 mm of wave attenuation | (Fonseca and
per m of sea grass Cahalan 1992;
Bouma et al. 2005)

systems, like that of beach and dune systems, can be considered relatively robust as
the physical structure will not deteriorate immediately in case of mortality of the
living components. This allows for recovery of systems and implies that there is no
immediate loss of coastal defence function.

Salt marshes, mangroves and shellfish reefs, such as oysters and mussels, have a
clear coastal defence potential. Both build rather robust structures and attenuate
waves (Moller and Spencer 2002; Shepard et al. 2011). An important drawback of
these ecosystems is that they are most effective at low water depths (Feagin 2008).
Yet, their general effects on wave reduction should not be underestimated. The
reduction in depth by building extensive shallow platforms, such as intertidal flats
and salt marshes, reduces wind fetch, hence wave growth, and limits the maximum
wave height, as wave height is a function of water depth. Moreover, the presence of
shallow areas in front of the dike is thought to stabilize the dike, allowing for a less
costly dike design. Mangrove forests mostly contribute to attenuation of waves and
reduction of storm surges through their structure of stems and leaves (Mclvor
et al. 2012a, b). If mangroves are healthy and present for areas that exceed over a
kilometre they can even have a positive effect on reducing large waves, such as
tsunamis (Marois and Mitsch 2015). Finally, the effects of sea grasses on wave
attenuation are moderate. Most of the quantitative studies were conducted in the
laboratory, and resulted in values of 40 % wave height attenuation for low water
levels and low waves (Fonseca and Cahalan 1992). Bouma et al. (2005) found
7.3 mm of wave attenuation per m of sea grass in a flume experiment with a plant
density of 13,400 plants per m?. However, there is a lack of large-scale measure-
ments that enable predicting the effects of sea grasses on a landscape scale. Hence it
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is currently impossible to effectively include effects of sea grass into coastal
defence schemes.

8.2.2.2 Ecosystem Limitations

The challenge of integration of ecosystem functions into coastal defence schemes is
to translate complex ecosystem behaviour into simple generic rules that can be
related to engineering. Therefore, we tried to depict abiotic constraints in a decision
diagram as used more often in decision-making for coastal engineering design
(CIRIA et al. 2013). Limiting environmental conditions provides simple guidance
on which ecosystems could possibly establish at a specific location. This has to be
done at different scales, as different drivers determine critical conditions for
ecosystem occurrence on a global, regional and local scale. On a global scale,
climate, hence latitude is often leading. For example, many species are limited by
the occurrence of temperatures below zero degrees Celsius. In the case of ecosys-
tems for coastal defence purposes we therefore distinguish temperate and tropical
climates, as coastal ecosystems in either of these climates are quite distinct
(Fig. 8.4).

After identifying large-scale climate conditions, a regional-scale parameter that
determines the possible ecosystem type is the salinity of the water. In Fig. 8.4 a
distinction is made between fresh and salt water. Here, we will elaborate on saline
ecosystems and their function in flood risk mitigation. On a local scale, an impor-
tant factor determining ecosystem occurrence is exposure to impact of waves which
is reflected mostly by the fetch (e.g. distance that wind can blow without blocking to
generate wave set-up). Some systems, such as beaches and dunes, are suited for
highly dynamic wind and wave conditions, whereas others need a more sheltered
environment (e.g. salt marshes and mangroves). This factor is linked with the
sediment type, as fine muddy sediments are usually found in sheltered environ-
ments and coarser sediments in more dynamic environments. Sediment size and
composition are also related to the amount of nutrients present in the soil. Muddy
sediments generally contain more nutrients, which is critical to the occurrence of
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Fig. 8.4 Environmental conditions that influence ecosystem occurrence (own figure)
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certain vegetation. Finally, the selection of a suitable ecosystem in a given area is
also determined by submergence time. For example, coral reefs need to be inun-
dated permanently, whereas marshes and mangroves only tolerate limited periods
of inundation, and therefore need to be situated around or above mean high water
level.

8.2.3 Construction of Measures

Implementation of ecosystems into flood risk reduction schemes implies that in the
construction phase an ecosystem either needs to be conserved if it is already
present, or that it needs to be created if it is not already there, or if it is in a degraded
state and does not perform desired functions to a maximum extent. Therefore, this
project phase has strong parallels with restoration ecology. Restoration ecology
strives to restore physical, chemical and ecological conditions for ecosystem
recovery and it pays attention to ecosystem structure, such as species diversity, as
well as to ecosystem functioning (Bradshaw 1996). Restoration knowledge differs
between ecosystems and requires different methods for each system. For example,
restoration and conservation of sea grasses has not been very successful (van
Katwijk et al. 2009).

In other cases there may be ample experience with restoration, but methods may
be questionable. For example, there is a lot of experience with planting of man-
groves, but there is also on-going debate on the efficiency of planting (Lewis 2005;
van Wesenbeeck et al. 2015). Basically, planting does not focus on restoration of
abiotic and chemical conditions for ecosystem recovery but only on ecological
conditions. Even from an ecological point of view planting is not always desirable
as it is often done with a single species and therefore it pays no attention to
structural complexity of ecosystems. However, general knowledge of preferred
abiotic conditions of mangroves is present and there is massive experience with
restoration of mangrove forests for nature conservation purposes. Especially after
the Indian Ocean tsunami in 2004, mangrove restoration became a major issue.
Although many of the projects focused on replanting and therefore did not cover
very large areas, they generated knowledge on how to improve these efforts. Instead
of planting mangroves, restoration of abiotic conditions that allow for natural
recruitment is a preferable method (Schmitt et al. 2013; Winterwerp et al. 2013),
likely to have longer-term and larger-scale results.

To integrate ecological principles and structural complexity of ecosystems
during the operation and construction phase, attention should at least be paid to
main biological indicators that will put biotic constraints on ecosystem recovery,
such as grazing. Table 8.2 summarizes available knowledge on foundation species
and keystone species for specific ecosystems. As stated before, both types of
species are crucial for ecosystem formation and persistence. Furthermore, interac-
tions above and below ground have to be taken into account. Experiments in
grasslands have shown that restoration success increases substantially once
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Table 8.2 Key biotic controlling factors for ecosystem health, functioning and restoration
Foundation Keystone Engineering
Ecosystem | species species capacities Specifics References
Beaches Marram grass | — Effective Can be harmed | (Eppinga
and coastal | (Amophilla trapper of by belowground | et al. 2006)
sand dunes | arenaria), or wind-blown | mycorrhiza
other dune sand, builds
grass species high sand
dunes
Coral reefs | Certain coral | Urchins or Built bicar- | Sensitive and (McClanahan
species, such | grazing bonate reef | threatened eco- | et al. 2002;
as Acropora | fishes, such structure system; causes | Mumby
sp. that is as parrot fish, of decline not et al. 2006)
known to set | that graze on always clearly
off formation | macro-algae understood
of the bicar- | that other-
bonate wise over-
structure grow corals
Mangroves | No evidence | Sesarmid and | Attenuation | Efficient carbon | (Mazda
for pioneer fiddler crabs | of waves by | sequestration in | et al. 1997;
species being | that oxygen- | roots and these ecosys- Slim
a foundation | ate soil by shoots of tems; many et al. 1997)
species, but bioturbation | trees planting efforts
likely that fail due to poor
Avicennia sp. ecosystem
fulfils this knowledge
role
Salt Several cord- | There is evi- | Trap sedi- Facilitation (Altieri et al.
marshes grass species | dence ment and between marsh | 2012)
and other pointing at create ele- plants is impor-
grass species | blue crabs for | vated tant structuring
US salt platform mechanism
marshes
Shellfish Mussels, Reef builder | Often threat- (Carranza
reefs oysters that reduces | ened by et al. 2009)
erosion overharvesting,
restoration can
be done effec-
tively using
several low tech
methods. Pres-
ence of hard
substrate
needed for
settlement
Seagrass Several In some cases | Entrapment | Link with (van der
beds seagrass urchins that of small silty | below ground Heide
species graze on particles community et al. 2012a;
algae b)
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subterranean communities are transplanted to the restoration sites (Kardol
et al. 2009). Very little is known on the role of above and below ground interactions
in coastal landscapes. Evidence is emerging, however, that these interactions might
be equally important there as in the terrestrial environment (van der Heide
et al. 2012b) (Table 8.2). Although ecosystems facilitate survival and persistence
of other ecosystems through physical protection, trophic relations or chemical
processes, implications of these interactions for their coastal defence functions is
not yet fully comprehended. However, it should be kept in mind that as our
ecosystem knowledge advances, new insights will challenge earlier assumptions.

8.2.4 Operation and Maintenance

In addition to including ecosystems into the design process of coastal infrastructure
there is a need for testing and evaluation methods and for management guidance. In
the Netherlands, flood safety is regulated by law and therefore dikes are regularly
monitored to assess safety level. Ecosystem properties are, however, not yet
integrated in this monitoring methodology, making it difficult to take these into
account. For assessment of ecosystems as part of flood risk mitigation measures, a
range of properties should be monitored. In the Dutch case where a willow forest
was planted in front of a levee to attenuate waves (Borsje et al. 2011) a monitoring
protocol was established for the levee manager. This protocol included assessment
of the amount of vegetation and the length of the vegetation field (especially in
relation to the angle of incidence the waves). The minimum values for these
properties, as with a traditional design, depend on the requirements that were set
for the particular design.

Standardization of monitoring of ecosystem properties can be established
through generic metrics such as the amount of biovolume. Biovolume is a measure
for the volume of vegetation per unit of height (m>/m). Here, the amount of
branches per square meter should be known, as well as the diameter of the branches.
It is unclear however, how generally this standardization method can be applied,
since the testing methodology was tailor-made for a specific case. More practical
implementations should be constructed in order to increase the body of knowledge
on this vegetation property. A second way to assess ecosystem properties in relation
to safety is to look at the failure mechanisms of the ecosystem in a similar
probabilistic way as is done for failure mechanisms of levees. For the Noordwaard
case, the standard mechanisms such as piping and instability were not assessed;
however, other mechanisms that could affect the integrity of the willow forest were
taken into account. Examples are disease and consumption by grazers, erosion, fires
and (moving) ice. Indirectly these are also taken into account when looking at the
biovolume, since these mechanisms may affect the density, height and width of the
vegetation field. The extent and manner in which these failure mechanisms can be
reversed however, could require a different management regime than those of
biovolume.
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For most ecosystems little is known on management actions for flood risk
reduction purposes specifically. However, as ecosystems are dynamic by nature it
is likely that adaptive management methods are best suited for ecosystem-based
measures (van Wesenbeeck et al. 2014). Adaptive management methods are
designed for constant change and include a constant cycle of monitoring, data
analyses, validation of assumptions and adapting designs or management actions
based on monitoring results. There is a long tradition in adaptive management of
sandy coasts for flood defence in the Netherlands (Van Koningsveld and Mulder
2004; Mulder et al. 2011), which implies that this can be implemented if sufficient
financial resources and institutional arrangements are in place. However, it remains
doubtful how this will translate to other countries with fewer funds and less
complex governance settings. Moreover, including other ecosystems into flood
risk mitigation schemes requires similar knowledge on management of these
ecosystems. For mangroves we observe that although there is ample evidence for
good restoration practices these rarely translate to the ground (Lewis 2005; van
Wesenbeeck et al. 2015). In addition, there is little knowledge on ecosystem
management at larger scales. For example, large-scale restoration of fully func-
tioning coral reefs has been proven extremely complicated (Rinkevich 2005; Young
et al. 2012). This implies that it might not be possible to manage most ecosystems
from a coastal defence perspective.

8.3 Conclusions

Using services of coastal and fluvial ecosystems in flood defence systems is a new
and promising development. This can be undertaken in addition to traditional
structural measures such as levees and dikes. In light of climate change, the
uncertainty of future climate scenarios and the unpredictable development of safety
norms and design conditions, including ecosystems in flood risk mitigation provide
us with a new set of adaptive and few regrets solutions. In the near future, these
combinations especially may provide safe, robust, adaptive and cost-effective
alternatives to current approaches (Cheong et al. 2013).

Application of flood defence designs that make use of ecosystem services is not
yet common practice. Integrating ecosystems into flood defences requires: (1) thor-
ough knowledge of natural processes, ecological restoration and ecosystem behav-
iour, (2) engineers to acquire some basic ecosystem understanding, (3) ecologists to
obtain basic comprehension of engineering, and (4) simple guidelines and design
rules on how to implement an ecosystem in a flood risk mitigation scheme. The
latter should be taken further than presented here and incorporate systems in
engineering protocols and standards. For mainstreaming ecosystem-based interven-
tions for flood risk mitigation, coastal engineers should adopt a system view, based
on insight into hydrodynamics, sediment transport, morphology and ecosystem
functioning. Also, ecologists should not refrain from carrying similar responsibility
as engineers for flood defence designs that integrate ecosystems. This may even
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require adaptation of standard mono-disciplinary educational systems. Addition-
ally, it implies that organisations now involved in management of natural values of
these landscapes are instrumental in the maintenance of healthy and therefore
functional ecosystem-based solutions for flood safety. This may initiate ecosystem
restoration for flood risk mitigation and, more importantly, provide an incentive to
conserve existing coastal and floodplain ecosystems, to avoid costly engineering
measures that would arise if they were destroyed.
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Chapter 9

Overview of Ecosystem-Based Approaches
to Drought Risk Reduction Targeting Small-
Scale Farmers in Sub-Saharan Africa

Julia Kloos and Fabrice G. Renaud

Abstract Rain-fed agriculture in Sub-Saharan Africa (SSA) provides major but
highly climate-dependent sources of livelihoods. Recurrent dry spells and droughts
can impact SSA’s agro-ecosystems in multiple ways, negatively affecting local
social-ecological systems (SES). Droughts not only destroy crops and livestock and
degrade natural resources but also impact a large variety of ecosystem services.
However, ecosystems can also frequently be powerful agents for drought mitigation
and resilient livelihoods. Ecosystem-based approaches mitigate drought impacts
while providing multiple co-benefits which contribute to poverty alleviation and
sustainable development, food security, biodiversity conservation, carbon seques-
tration and livelihood resilience. In drought risk management, ecosystem-based
solutions have always been important, even if not explicitly acknowledged as such.
Based on available literature, this chapter provides an overview of approaches for
drought risk reduction in SSA in the context 