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Executive Summary

Climate change impacts are already being widely felt
and will increase in severity by the middle of this century,
further changing rainfall regimes and increasing the
frequency of high temperatures, storms, floods and other
extreme events. These impacts are directly affecting
people, economies and the natural world. Climate
change alters the survival and distribution of species
and contributes to ecosystem degradation, exacerbating
the effects of unsustainable management. Climate
change thus threatens the services that nature provides
(ecosystem services), and their role in underpinning
economies and societal well-being. These interactions
can cause a downward spiral of resource depletion and
increasing vulnerability, for example through reduced
ecosystem productivity, increases in pests and diseases,
reduced water quality and availability, increasing risks to
lives, assets and infrastructure.

Adaptation action is crucial to minimize adverse outcomes
from climate change for both ecosystems and society.
The effectiveness of most adaptation action, whether
using engineered measures or other approaches, depends
fundamentally on continued or enhanced provision of
ecosystem services. Additionally, and importantly, nature
can be harnessed specifically to reduce climate hazards.
As well as building people’s resilience to climate change,
such Nature-based Solutions (NbS) for adaptation can
generate multiple additional benefits.

This paper provides an evidence-based overview of the
role of the natural environment in adaptation to climate
change to inform the flagship report and action tracks of
the Global Commission on Adaptation (GCA). It explores
how nature underpins economies and society, highlighting
sectors of particular interest to the GCA (food security and
rural livelihoods; cities; infrastructure; industry and supply
chains) and the climate risks that affect them.

Identifying adaptation needs and appropriate actions to
address them depends on understanding the interactions
between climatic- and non-climatic drivers of change.
Therefore, this paper draws attention to the role that
environmental degradation plays in societal vulnerability
to climate change. Feedbacks between this vulnerability
and ecosystem condition mean that managing nature to
maintain the integrity and function of ecosystems, and
retain and enhance their services, is crucial to successful
societal adaptation.

Essential approaches for maintaining and enhancing
ecosystem resilience include conservation of large tracts
of relatively intact ecosystems, restoration of degraded
ecosystems, enhancement of ecosystem connectivity, and
sustainable management of production landscapes and
seascapes.

The paper also reviews experience of specific NbS

for adaptation (and includes over 25 illustrative case
examples), highlighting that they have both economic and
practical advantages and can be used to address a wide
range of climate hazards. NbS for adaptation can be low
cost compared with hard infrastructure-based approaches
for addressing climate hazards. They have potential

to generate larger economic returns because of the

co-benefits they deliver in addition to reducing climate risk.

These include food, marketable products, jobs, carbon
sequestration and storage, biodiversity conservation,
improved health, and recreation opportunities. NbS

for adaptation also offer flexibility, can complement
engineered approaches, and can often be implemented
with lower technical inputs.

Despite these advantages, some NbS for adaptation,
especially those involving restoration of badly degraded
ecosystems, can take time to deliver both their risk
reduction benefits and their co-benefits in full. Their
tendency to be highly context-specific can add to
uncertainties about the effectiveness of individual NbS
for adaptation in different locations and for addressing
hazards of varying severity. NbS for adaptation

may themselves be climate-sensitive, which is why
understanding and managing for ecosystem resilience is
critical.
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There is a growing body of experience of using NbS

for adaptation to a variety of climate hazards. NbS

for adaptation in coastal zones, for example, include
protection, management, or restoration of coastal marshes,
mangroves, seagrass beds, and coral or oyster reefs, as
well as stabilization or restoration of beach and dune
systems. Annually, during the hurricane season, coastal
wetlands in the USA provide an estimated USS$23.2 billion
in storm protection services. The world’s mangroves are
estimated to reduce the number of people affected by
coastal flooding worldwide by some 39 percent, and the
total value of flooding-related property damage by 16
percent. In addition to adaptation benefits, restoration and
management of these ecosystems provide co-benefits
ranging from biodiversity protection and carbon storage
(mature mangroves can store nearly 1000t of carbon

per hectare) to enhanced fish stocks and improved
opportunities for tourism and recreation.

Risks from flooding, erosion and landslides that result
from extreme precipitation can be reduced by restoration
of upland forests and watersheds to reduce peak flows
and stabilise soils; investing in watershed restoration and
conservation activities could save water utilities across the
world's largest cities an estimated USS890 million each
year. Adoption of agroforestry approaches, and restoration
and management of wetlands, floodplain vegetation and
urban watercourses are also key NbS for adaptation to
these hazards. Co-benefits from this range of NbS include
enhanced supplies of wild-sourced food, increased carbon
sequestration and storage, biodiversity conservation and
improved water quality.

Management and restoration of watershed vegetation can
also help reduce drought impacts by increasing infiltration
and groundwater recharge. Agroforestry, rangeland
rehabilitation, and urban green spaces can be used to
reduce impacts from drought and heat, with co-benefits
that include enhanced biodiversity, improved soil fertility
and improvements to health and wellbeing.

The paper explores experience in the use of NbS for
adaptation across four sectors. Most experience is evident
in safeguarding food security and rural livelihoods in the
face of hazards related to intense rainfall or drought,
through protection and restoration of watersheds and
wetlands, as well as changes to agricultural practices.
Cities are increasingly using NbS for adaptation, especially

to address flooding, drought, and heat island effects,
through re-naturing water courses and creating urban
green spaces. Awareness and application of NbS for
adaptation to enhance the resilience of infrastructure are
limited but growing. Coastal ecosystem restoration, often
as a complement to traditional engineered approaches,
has been an important strategy to protect investments
fromm damage due to storm surges and flooding. There

is also growing experience in watershed restoration to
reduce the impacts of intense rainfall and sedimentation
on hydroelectric facilities. Overall, there is less experience
in using NbS for adaptation in industry and supply chains
than in other sectors. However, large multinational
companies with vulnerable supply chains and priorities
related to their environmental and social performance have,
for example, been active in promoting agroforestry and
wider landscape-level planning and management to reduce
risks from drought.

Despite the many advantages offered by NbS for
adaptation, their use remains far short of their potential.
Some common and interlinked barriers constrain both
application of specific NbS for adaptation and protection
and restoration of the natural environment to enhance
underlying resilience. These are related to:

e | ack of awareness and/or understanding of these
approaches, and associated entrenched attitudes and
norms;

e [imited availability of knowledge and evidence to help
make the case for working with nature;

e Policy and regulatory environments and governance
challenges that influence the attractiveness and
feasibility of using these approaches across temporal
and spatial scales;

e |imited access to finance for applying and scaling up
nature-based approaches; and

e Technical challenges and gaps in capacity that impede
design and wider implementation

To help stimulate action at the scales needed to respond
to these challenges and realize the benefits of NbS for
adaptation, this paper presents a vision for the future

use of nature in supporting societal adaptation. It also
highlights opportunities and specific actions that will help
key stakeholder groups to advance this vision.
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Key recommendations include:

Knowledge and awareness should be built through
increased collaboration and exchange of experience
across sectors, facilitated by governments, donors, civil
society organisations and private sector actors.

Climate impact and vulnerability assessments should as
a matter of course include analysis of likely impacts on
ecosystems and the implications for people's vulnerability.

Planning, decision-making and action on adaptation
should take a systems perspective. NbS for adaptation
are best conceptualized and implemented at landscape
or wider scales to take account of the interactions
within and between ecosystems and the distribution of
potential beneficiaries and impacts.

Procurement, financing conditions, industry standards
and other policies, should be improved to ensure that
when a need for adaptation is identified, NbS are always
included among the potential solutions evaluated and a
consistent suite of benefits is assessed for all options
under consideration.

Financial institutions need to develop new funding
streams and models (including de-risking strategies)
that can support long-term investment in NbS for
adaptation, including by private sector actors.

Capacity should be developed by incorporating
concepts of ecosystem dependency, climate risk, and
NbS for adaptation into curricula and training programs
for engineers, economists, environmental impact
assessors, and development professionals.

Governments, finance institutions, development and civil
society organisations, corporate actors and research
bodies need to promote wider implementation of NbS
for adaptation, emphasising monitoring and evaluation,
and disseminating and sharing experience across sectors.

Public pressure can encourage necessary changes in
policy and practice on the grounds that NbS for
adaptation are critical to the public good.

The Role of the Natural Environment in Adaptation ¢ 3



1. Introduction

The global climate is changing, and the rate of change is
increasing."? An increase in global mean temperature to
1.5°C above pre-industrial levels is expected by the middle
of this century, bringing further changes in precipitation
regimes and increasing frequency of high temperatures
and other extreme events, as well as rising sea levels.?
Many regions are already experiencing extreme climate
events, such as hurricanes and heatwaves, with increased
risks of flooding and droughts. Projections show that
drastic reductions in global greenhouse gas emissions are
needed within the next decade to avoid even more severe
impacts on natural and human systems.?

These changes affect the natural world and thus society
and economies. Climate change impacts are already
altering the survival and distribution of species, and
affecting the function of ecosystems ranging from tundra
to coral reefs; even under the most optimistic scenarios
the severity of such effects will increase.?® Ecosystems
underpin economies and societal well-being through
provision of ecosystem services* ranging from the
provision of food, fiber, and medicines to the regulation
of water flows, nutrient cycles, and global and local
climates. The importance of nature’s role is reflected in
an increasing emphasis in both science and policy on
Nature's Contributions to People® and the growing risks
to them,® and a growing focus in policy, economics,
finance and the private sector on the critical importance
of natural capital.® Risks associated with climate change
as well as biodiversity loss and ecosystem collapse are
among the most critical global economic risks.” Poverty
and disadvantage are expected to increase with global
warming; women, underprivileged groups and communities
dependent on agricultural or coastal livelihoods are
particularly vulnerable in this respect due to their exposure
to climate-related extreme events and limited capacity to
adapt.®

Adaptation action is crucial to minimize adverse outcomes
from climate change for both ecosystems and society.
Effective adaptation action depends fundamentally on
maintaining ecosystem integrity and securing ecosystem
resilience, and on harnessing nature and the goods and
services it provides to reduce climate hazards. Applying
such Nature-based Solutions (NbS) for adaptation can
generate multiple additional benefits to society.

This paper aims to inform the development of the Global
Commission on Adaptation’s flagship report and action
tracks by providing an evidence-based overview (drawn
from peer-reviewed and gray literature and expert input) of
the role of the natural environment in societal adaptation
to climate change. It begins by exploring how nature
underpins economies and society, highlighting sectors of
interest to the Global Commission on Adaptation (GCA)
(food security and rural livelihoods; cities; infrastructure;
industry and supply chains) and the climate risks that
affect them (Section 2). It then draws attention to the role
environmental degradation plays in societal vulnerability to
climate change (Section 3). In exploring solutions for these
challenges, Section 4 focuses both on the importance of
enhancing ecosystem resilience and on the potential of
NbS for adaptation. It highlights concrete examples of
applying NbS for adaptation to specific climate hazards
relevant to GCA's major sectors or systems. The paper
also identifies barriers and enablers for the use of NbS for
adaptation (Section 5), and recommends key areas for
action (Section 6). Case examples (Boxes A1-A25) are used
across the text to illustrate the use of NbS by sectors and
can be found in Annex A at the end of the document.

i. Resilience: The capacity of social, economic and environmental systems to cope with a hazardous event or trend or disturbance, responding or reorganizing in ways that maintain their
essential function, identity and structure, while also maintaining the capacity for adaptation, learning and transformation. Source: Mach, K., Planton, S., and von Stechow, C. eds. 2014. “Annex II:
Glossary” In: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, Il and Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change IPCC, Geneva,

Switzerland, pp. 117-130.
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2. The Natural Environment Underpins Resilient Economies

Many of the services that nature provides (ecosystem
services) not only underpin current human well-being
but are key to societal resilience to climate change. They
support livelihoods and economies, help to moderate
climate itself, and offer protection from climate-related
impacts such as landslides and flooding. Understanding
these dependencies is fundamental to identifying

adaptation needs and appropriate actions to address them.

The role and importance of particular ecosystem services
vary across contexts and scales. Provisioning services
deliver resources (e.g. food, fiber, medicines) both for
subsistence and for economic activities. These help
diversify people’s livelihoods and options for tolerating or
managing climate impacts and support supply chains and
markets. Regulating services that operate from local to
global scales are also fundamental to economic well-being
and resilience.® At local to watershed scales, ecosystems
contribute to regulating water flow and flooding, water
quality, soil quality and retention, and the spread of pests
and diseases, stabilize slopes and shorelines, and help to
moderate direct climate-related impacts.™ At watershed to
continental and global scales, ecosystems provide climate
regulation through carbon sequestration, and by mediating
distribution and dynamics of atmospheric water vapor and
associated rainfall.""" Supporting services, such as nutrient
cycling, contribute to livelihoods, well-being and resilience
by underpinning ecosystem function. Cultural services are
central to physical, mental, and spiritual well-being in many

contexts, and contribute to economic activities like tourism.

Climate change is already altering ecosystems and the
services they provide.? Increasing incidence of floods,
droughts, fires, landslides and soil erosion, and other
climate impacts are directly contributing to ecosystem
degradation and reduced provision of ecosystem services.
For example, droughts and temperature increases
adversely affect wetlands, including peatlands, and their
important stocks of biodiversity and soil carbon, and
reduce water quality. In marine systems, warming is
contributing to increasing ocean acidity and decreased
oxygen levels with adverse effects on many species and
ecosystems.? Extreme climate events have already had
significant and potentially irreversible adverse effects on
habitat-forming species such as corals, seagrass, kelp and
mangroves.'? Climate change impacts are especially severe
for coral reefs, which are projected to decline by 70-90% at
global warming of 1.5°C and to disappear almost entirely
at 2°C. Ongoing and future changes to terrestrial, aquatic,
and marine systems have significant implications for the
continued provision of goods and services that may be
critical to societal resilience.?'

How dependencies on ecosystems — and associated
climate risks — vary among sectors is summarized in Table 1
and in the sector-specific accounts that follow.

The Role of the Natural Environment in Adaptation ® 5



Ecosystem dependencies of economic sectors considered by the Global Commission on Adaptation.

Stronger dependencies are indicated by darker blue colors.

Food Security and

Infrastructure

« Construction materials

Rural Livelihoods Cities
Provisioning Wild-sourced foods » Supplement urban diets
Services and fodder
Commercial and « Contribute to urban
artisanal fisheries diets
Fiber, medicines « Supply urban
and other products populations
(e.g. ornamental)
Genetic diversity
Water supply and
quality
Timber and » Construction materials,
fuelwood including commercial/
industrial
« Energy use by
households and
industries
Regulating Pollination o Pollination of urban
Services crops, with improved
yields and reduced
costs
Pest and disease » Natural pest control for
control crops, with improved

yields/reduced losses

» Mitigation of vector-
borne diseases, with
improved health

Soil stabilization:
erosion and
landslide control

Flood regulation

« Mitigation of vector-
borne diseases, with
improved workforce
health

Industry and
Supply Chains

« Underpin some value
chains, e.g. livestock

6 * July2019



Food Security and
Rural Livelihoods

Regulating Coastal protection
Services
Local climate
regulation
Inter-regional/global
climate regulation
Supporting Soil formation,
Services primary production,
nutrient cycling
Cultural Nature-based » Contributing to local
Services tourism and livelihoods
recreation

« Recreation
opportunities

Industry and
Supply Chains

Cities Infrastructure

» Asset protection

« Reduced energy
consumption

» Improved productivity
and yields from urban
agriculture

» Reduced costs for
fertilizers

» Recreation
opportunities, green
spaces

o Wild animal and plant
populations supporting
urban livelihoods, e.g.
traders, tourism

« Market/opportunities
for infrastructure
development to support
tourism industry

« New workforce
opportunities

« Supporting tourism
industry
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2.1. Food Security and Rural Livelihoods
ECOSYSTEM DEPENDENCIES

Terrestrial and aquatic ecosystems underpin the world's
food production and are of fundamental importance for
sustaining food security and livelihoods, especially for the
rural poor. Ecosystems also provide income opportunities
and shelter and support health. Ecosystem goods can
thus be directly linked to the basic requirements of a good
quality of life for many communities.™

Nearly 70 percent of the estimated 1.1 billion people living
in poverty in rural areas depend directly on the productivity
of ecosystems for their livelihoods,'® and agriculture is

the direct livelihood of 2.5 billion smallholder farmers.'®
Aquatic ecosystems also make a major contribution to
food security and livelihoods, supplying 17 percent of the
global population’s intake of animal protein in 2015." Poor
and undernourished populations are particularly reliant on
inland fisheries for both nutrition and income.'®

Ecosystems play a role in all four critical dimensions

of food security: production, access, utilization, and
stability.” Food production depends not only on the health
and biodiversity of farm-level agro-ecosystems, but also
on provisioning, regulating, and supporting ecosystem
services at landscape-level. For example, wetlands provide
vital freshwater sources to large populations.? Pollination
is also critical, as it directly affects the yield and/or quality
of 75 percent of globally important crops,?' and contributes
an estimated USS$235 to $577 billion annually to the global
economy.? Ecosystems also support food production

by contributing to soil health, nutrient cycling, erosion
control, and the regulation of crop and livestock pests and
diseases.

Ecosystem-based livelihoods contribute to purchasing
power that helps secure access to food for households

or communities.?® Recent work has established that

rural populations in developing countries obtain about a
quarter of their income from harvesting non-timber forest
products (NTFPs) such as shoots, roots, mushrooms, and
insects,?* and in some cases far more.?®% Such harvesting
is particularly important in women-led households in rural
areas,'® and is dependent on the health and productivity of
the forests and other ecosystems.

Food utilization depends on adequate diet, clean water,
sanitation, and healthcare enabling physiological needs to
be met. It has clear ecosystem dependencies. For example,
water from forested watersheds is less contaminated

than that from non-forested watersheds.?” A wide variety
of wild foods rich in micronutrients contribute to the diets
of large numbers of people, particularly in developing
countries;'® one study found that 77 percent of households
in communities in or near tropical forests in 24 countries
collected wild foods.?®

Food stability is at risk under climate change.?® When
harvests fail, ecosystem goods can provide both nutrients
and income to buy food.? For example, wild fruits and
firewood have been estimated to provide 42 percent of
total income during recent drought years in Tanzania.*°
Ecosystems can also mitigate the impact of extreme
weather events in the first place.

CLIMATE RISKS

The impacts of climate change on ecosystems and their
services present a major threat to food security and rural
livelihoods.®' Climatic variability and extremes are already
key drivers behind the recent rise in global hunger and one
of the leading causes of severe food crises, with drought
causing more than 80 percent of the total damage and
losses in agriculture.®

Crop, livestock, forest, and aquatic production are all
projected to be affected by climate change. Key climate
hazards are higher temperatures, altered rainfall, greater
pressure from pests and diseases, increased occurrence
of invasive alien species, more frequent extreme events,
and in aquatic environments, lower oxygen levels, greater
acidity, and higher levels of turbidity or siltation.®* The
impacts are already being felt; for example, 95 percent of
860 smallholder farmers in 6 landscapes across Central
America are experiencing climate-related impacts.®*
Globally there has already been an overall 1 percent decline
in calorie production from the top ten crops.®' Recent
projections suggest losses in marine fisheries production
may be at least as severe.’?%
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Climate change risks in this sector have been described as
a cascade beginning with agro-ecosystems and agricultural
production, to economic and social consequences, and
finally to food security and nutrition.®® At farm level,

climate change can cause loss of capital and income,
which, compounded by commaodity price volatility, limits
the capacity of households to make other necessary
expenditures, including for health and education.®® Beyond
compromising food availability and access, climate change
impacts on nutritional quality, food safety, sanitation,

and drinking water quality can also reduce the health of
populations as well as their food utilization.

Climate change can act as a threat multiplier on already
degraded ecosystems, further reducing ecosystem
services important for agriculture. Loss of diversity in agro-
ecosystems and production systems leads to heightened
vulnerability to climate variability, pests, and commodity
price fluctuations. In the face of climate hazards, the
adaptive capacity of communities with livelihoods
dependent on direct use of natural resources is often
constrained by the loss of ecological functioning in the
landscapes they inhabit.

EcoView_AdobeStock
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2.2. Cities
ECOSYSTEM DEPENDENCIES

The well-being of urban populations also depends

on ecosystems, both within and outside cities, and

the services they provide. Urban ecosystems (green

and blue spaces) found in cities or peri-urban areas
contribute provisioning services such as food and fresh
water for these populations.®’ It is estimated that, if well
implemented in cities around the world, urban agriculture
(e.g. in peri-urban farms or community gardens) could
account for up to 10% of global production of vegetable
crops, whilst producing additional benefits such as energy
savings, nitrogen sequestration, pollination, climate
regulation, soil formation, and pest control.®® Urban
agriculture may be particularly important for ensuring
food security of poorer urban residents, particularly during
economic or political crises.®?

Urban ecosystems also provide regulating services that
protect urban citizens, assets, and infrastructure from
higher incidence of heat waves, drought, storms, flooding,
and other impacts of climate change. Vegetation can
intercept rainfall, help to stabilize soil (reducing landslide
risk), enhance infiltration into the soil (reducing run-off), and
moderate urban temperature (reducing heating and cooling
costs).®? Green spaces can bring the added benefits of

air purification and noise reduction. In addition, urban
ecosystems provide socially and economically important
aesthetic, mental, and physical benefits that contribute

to human health and well-being.®' The presence of green
spaces is associated with better mental health.*® Green
areas also encourage physical activity and recreation,
improving urban citizens’ health and reducing health-
related costs.*°

CLIMATE RISKS

Growing numbers of urban populations are increasingly
vulnerable to multiple climate change hazards such as
heat stress and heat island effects,*' reduced water quality
and availability,*? flooding, heavy precipitation and storms,
and food insecurity.*® Degradation of ecosystem services
in urban areas leads to a further reduction in ecosystem
resilience to climate change, leaving cities even more
vulnerable to its impacts.

By 2050, sea level rises of at least 0.5m compared to the
2000 to 2004 baseline period will affect nearly 600 low-
lying coastal cities, with economic losses of up to USS1
trillion.** Many delta and coastal cities also suffer from
aquifer depletion and soil subsidence due to groundwater
extraction, increasing vulnerability to sea level rise.#546
Flooding and intense precipitation events related to climate
change increase the risk of landslides and contamination
of water, putting dense urban populations in danger.#’4®
Degradation of urban and peri-urban ecosystems
increases these risks, which can be especially high for
poor and marginalized groups and people living in informal
settlements. An estimated 150 million people globally live
in cities with constant water shortages;***° this number

is projected to increase to nearly 1 billion people by mid-
century. Even normally, well-supplied cities are already
experiencing shortages; during a drought in 2015, water

in Sao Paulo’'s main reservoir dwindled to only 4% of its
capacity, causing drinking water shortages and rationing
that led to social unrest.®' Climate-related threats to human
health and well-being will become more frequent through
illness, direct physical injuries, malnutrition, or impacts

on mental health.5?% Climate change also poses risks to
economic activity and jobs. Disruptions to infrastructure,
energy supply, transport, and communications, as well

as to the tourism and construction sectors put urban
areas further at risk.** Cities in developing countries and
poor urban populations are particularly vulnerable to

such impacts due to existing poverty and environmental
stresses.®®

10 * July2019



2.3. Infrastructure
ECOSYSTEM DEPENDENCIES

Infrastructure encompasses the structures, services, and
amenities that support the functioning of economies and
underpin our day-to-day lives.*® It includes both natural
or green infrastructure (e.g. watersheds, wetlands, river
floodplains) and built or gray infrastructure (such as
reservoirs, power plants, dams, or irrigation/drainage
networks).*” Key infrastructure sectors include those
relating to energy, transport, telecommunications,

water, and waste management.®® Infrastructure

such as transportation, energy transmission, water,
telecommunication systems, and sea walls, provides
services that are integral to societal wellbeing while
supporting a range of social and economic activities.

Infrastructure depends on a number of ecosystem services
to fulfill its functions.>" A wide-ranging review for the
ENCORE (Exploring Natural Capital Opportunities, Risks
and Exposure) project found that the infrastructure sector
depends on nature in many ways, including for the supply
of water, protection against floods, and control of erosion
and related sedimentation.®®

Dependencies on provisioning services include the need
for clean water to supply hydroelectric facilities as well as
waste management and industrial installations. Regulating
services are important for both asset protection and
function for most forms of infrastructure. Roads, for
example, may rely on ecosystems for flood regulation,
coastal storm protection, erosion control, landslide
prevention, water quality regulation, and air quality
regulation.®” Such dependencies, while important and
very beneficial, are not always known or fully valued by
businesses operating within the sector.®°

CLIMATE RISKS

As recognized in some national climate change risk
assessments,®! climate change puts infrastructure sectors
at risk. The vulnerability of infrastructure is due both to its
dependencies on ecosystem services (e.g. water supply
for hydroelectric power generation) and to the potential

for asset damage or service disruption (e.g. damage to
coastal pipelines due to storm surges). Actual risk will
depend on various factors, including the type and location
of the infrastructure®' and the condition of surrounding
ecosystems. In Haiti, for example, erosion in the deforested

watershed of the Péligre Dam reduced its capacity by half,
including its electricity generation capacity®? along with its
value for irrigation and flood control.®®

Previous extreme events have illustrated the impacts that
climate change is already having on infrastructure. For
example, due to the 2009 heatwave, Melbourne’s electricity
supply suffered significant disruption, resulting in loss of
power for over 500,000 residents.®* Flooding in eastern
China in 2011 caused major damage to over 20,000 roads
and numerous rail links and airports, and cut power to
millions of households.®> Modelling potential impacts of
flooding illustrates that not only is the direct impact of
climate change on infrastructure of concern, but also the
economic losses that service disruption may cause.

For example, in a study modelling flooding of the Seine

in Paris, up to 30 to 55 percent of the modelled damages
of US $3 to 30 billion affected the infrastructure sector,
and 35 to 85 percent of the business losses were caused
by disruption of energy supply and transport.®’ Moreover,
many infrastructure assets are developed for long time
horizons, increasing their vulnerability to incremental or
gradual changes in climate,®® which may be exacerbated by
ecosystem degradation.

The Role of the Natural Environment in Adaptation ® 11



2.4. Industry and Supply Chains
ECOSYSTEM DEPENDENCIES

Terrestrial and aquatic ecosystems support production and
profitability for key industries and supply chains around the
world. Important provisioning services include those from
forests, which provide wood for timber, paper, and non-
timber forest products and from marine, coastal and other
aquatic ecosystems, which provide fish, shrimp, and other
products. For example, global production and trade in wood
and paper products alone was US$247 billion in 2017;¢7

in 2016, the fisheries and aquaculture industry produced

a total first-sale value of USS362 billion.”® Regulating and
supporting services from ecosystems are also essential

to sustaining industries and supply chains. The continued
production of agricultural commodities requires pollination,
secure water supplies, sufficient soil quality, and protection
from erosion and natural disasters. Furthermore, wildlife-
provided pest control services support higher yields

of agricultural commodities such as cocoa.®® Offshore
fisheries areas with mangroves provided higher total catch
(123 kg per fishing hour), income from fishing (USS44

per hour), and number of species caught (44) than areas
without mangroves (18 kg per hour; USS2.62 per hour; and
24 species).®®

Ecosystem status and services affect how goods are
produced, shipped, and consumed through protection

of key infrastructure. Mining and mineral processing
facilities, for example, are large consumers of water (for
ore processing, transport, dust control, and community
supplies).”®”! Ecosystems also provide natural assets vital
to one of the world’s fastest-growing economic sectors,
tourism. In 2017, international tourism generated USS1.6
trillion in export earnings,”? and numbers are increasing.”
Protected areas and other natural attractions, as well as
natural processes such as snowfall for ski resorts, are
essential for the continued sustainability of numerous
tourism businesses.

CLIMATE RISKS

Industries and the supply chains that underlie them can
be vulnerable to climate change impacts at several key
points along these chains. These include raw materials
production, product processing, distribution and delivery,
and markets.

The threats posed by climate change to food security,
subsistence agriculture, tourism, and livelihoods (discussed
above) apply to many important global supply chains, and
disruption in one region may have global implications. For
example, maximum catch potential in marine exclusive
economic zones globally is projected to decrease by at
least 2.8 to 5.3 percent by 2050.?° Climate change will
also affect other sections of these supply chains through
changes in quality of raw materials, disruptions to key
processing inputs, impacts on health and safety, and
impacts on processing facilities and distribution networks
from extreme events (e.g. severe flooding in Thailand

in 2011 led to business disruption in more than 14,500
companies reliant on Thai suppliers with total insured
losses of USS15-20 billion”#). Climate change impacts on
ecosystems can affect the costs of goods, infrastructure,
and services needed for processing and distribution, and
consequently markets and prices.”®

Climate change will have negative impacts on the tourism
industry, including leading to substantial geographic

shifts in demand as the sector is susceptible to extreme
weather.”® Climate-induced changes in environmental
assets, such as biodiversity, beaches, glaciers and other
features, may be especially critical for tourism.?”” For
example, it is estimated that between 49 and 60 percent of
coastal resorts in the Caribbean would be at risk of erosion
damage with T meter sea level rise.”® In Australia, warming
of ocean waters has caused coral bleaching and die-off,
impacting an industry that contributes USS$3.9 bilion to the
country’s economy each year (Box 1).” In the Swiss Alps,
the depth of snow cover is expected to decrease between
30 and 70 percent by the end of the century, negatively
impacting the ski industry and the livelihoods of alpine
villages where tourism can sustain up to 90 percent of the
local economy.®

* July 2019



m Climate Change Impacts and Responses on the Great Barrier Reef

The Great Barrier Reef is the world’s most extensive coral reef ecosystem. The Reef region contributes an estimated USS3.9
billion/year' to the Australian economy. Climate change has been identified as the dominant factor affecting the future of the
reef, along with declining water quality from runoff, loss of coastal habitats, and impacts from fishing, which also contribute to
reducing the reef’s resilience.®’

Following a marine heat wave in 2016, accumulated heat exposure exceeded a critical threshold. A regional-scale shift in the
composition of coral assemblages occurred, with some taxa suffering a catastrophic die-off. Integrity and function were affected
in 29 percent of the 3,863 individual reefs making up the Great Barrier Reef.#2 Mass coral bleaching and a severe tropical cyclone
negatively affected an estimated 80 percent of the reefs of the Marine Park over 2016-2018.%

The Reef 2050 Plan, developed in 2018, sets out long-term management actions, including a number of NbS-based actions to
address climate change impacts, such as reducing land-based pollution and coral reef restoration to restore ecological functions
and help foster community and industry resilience.®

Tourism industry actors are also responding to climate change through their own actions. The most common environmental actions
being undertaken by tourism operators were recycling, risk management, responsible waste disposal, and reduced energy use.®

Johnwalker1_AdobeStock

ii. Reference for the year 2012.
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3. Ecosystem Degradation Compounds Vulnerability

Ecosystem services (as described in Section 2) depend
on the condition and functioning of the ecosystems
themselves. Therefore, there is generally a link between
ecosystem resilience, which is critically underpinned

by biodiversity, and the resilience of societies, and
between degradation of those ecosystems and
heightened vulnerability of associated livelihood systems
and peoples.t® Consequently, sustainable ecosystem
management and ecosystem restoration" are vitally
important for climate change adaptation (see Section 4).

Conversion and degradation of ecosystems result from their
unsustainable use and management, including resource
exploitation,®” which may ultimately be driven by population
growth and lifestyle changes (Figure 1). Climate change, as

a so-called “threat multiplier’, compounds these pressures,
causing further degradation and loss of ecosystem services,
including those offering protection to people, their property,
and livelihoods. This often triggers further unsustainable
ecosystem use and management. The result can be a
downward spiral of fragility, resource depletion, and conflict.®

In the Sahel, for example, government-supported expansion
of farming into rangelands has caused increased pressure
on remaining grazing resources, resulting in rangeland
degradation. This has been exacerbated by periods

of drought, giving rise to conflicts between nomadic
pastoralists and farmers, and further degradation of soils
and rangeland vegetation.® In the marine environment,

fish stocks are declining largely due to overharvesting,

but rising sea temperatures and associated hypoxia and
ocean acidification also affect species composition,

biomass, ranges, and abundance, contributing to the
degradation cycle.®® In the southern Caribbean sea, warming
temperatures have caused changes in wind and seawater
circulation patterns, reducing ocean upwelling. This led to
decreasing levels of plankton production which, coupled
with overfishing, caused sardine fisheries in the region to
collapse by up to 87 percent.’ Such processes, whether in
a terrestrial or aquatic environment, can push an ecosystem
past a tipping point beyond which it experiences “regime
shift”: collapse into an undesirable state that can no longer
sustain a particular livelihood system.®> Examples include
soil salinization, the transition from forests to savannas, and
fisheries collapse. Reversing such impacts and restoring
ecosystem health can be notoriously difficult.®39495%

Beyond its local impacts, this cycle of degradation and
climate impact is critical at broad geographical and even
planetary scales.”” For example, deforestation in the major
tropical forest regions has potentially large impacts on

the global climate system.®® This in turn has important
implications for agricultural yields, and therefore for food
security and the climate vulnerability of global populations.

Thus, combatting degradation and supporting the
resilience of ecosystems is crucial for supporting social
and economic resilience and adaptation in the face of
climate change at scales ranging from local to global.
This can only be achieved by ensuring management and
restoration approaches take into account anticipated
climate impacts as well as the tolerance of ecosystems to
these impacts.

iii. Degradation is disturbance or disruption of an ecosystem that causes a long term reduction in its capacity to provide goods and services. Changes in ecosystem structure, composition, and

function, and loss of biodiversity are all associated with ecosystem degradation

iv. Including both biophysical reduction of degradation and reduction or elimination of its drivers
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m Interactions of climatic and non-climatic degradation processes in terrestrial ecosystems.

Climate Change
Erratic, extreme and/or changed
rainfall patterns, temperature increase, storms,
shifting seasonal patterns, SLR

Resulting
biophysical
change

Ecosystem
degradation

Shifting ecological zones, glacial melt, changes in
snow cover, increased risk of droughts, fires, floods,
landslides, erosion, slope failure, sedimentation and

contamination in water bodies

Loss of life,
property and
production

~

Altered:

© capacity to regulate water flow
and quality, stabilise soils,
moderate microclimates

Terrestrial
ecosystems’

capacity to
provide goods
and services

© species composition, incl. loss
of local endemics, increase in
invasive species

© landscape
composition/appearance

Unsustainable
ecosystem
management

Ecosystem
degradation

Aspects of climate change (top oval) have numerous biophysical
impacts, which can directly affect ecosystems (leading to ecosystem
degradation) and people (causing loss of life, property, and
livelihoods). They can also trigger indirect impacts: climate-induced
degradation reduces the ecosystem’s capacity to provide goods and
services to people. The resulting shortfalls in vital ecosystem goods
and services can lead to unsustainable management that may further
reduce the capacity of the ecosystems to provide them, increasing
people’s vulnerability to climate change.

goods and services

Supply of ecosystem [ \
Altered needs for:
. Wati
Peop|es o Water
demand for Olfees
ecosystem o Energy
goods and e Livelihoods

Ecosystem use/

management
J o

Population growth
and lifestyle changes
(e.g. consumption and

waste), policy and market

failures

services

e Protection from extreme
events

Increasing and
unmet demand
for natural
resources

Poverty/reduced
human wellbeing

Non-climatic degradation processes, driven by population growth
and lifestyle changes, interact with climate-induced processes.
Increasing demand for land and other natural resources (left)

leads to unsustainable ecosystem management and use of goods
and services, causing further ecosystem degradation. Population
growth and lifestyle changes (right) lead to increasing and unmet
demand for natural resources, which can increase poverty, reduce
human wellbeing, and exacerbate inequality. This, in turn, affects
people’s demand for ecosystem goods and services, further driving
unsustainable use and management of the ecosystem, thereby
degrading it and reducing its capacity to supply necessary goods and
services. These simultaneous negative feedback loops form a vicious
cycle of degradation.
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4. Nature-based Solutions for Adaptation

Given the dependencies described in the previous sections,
reducing societal vulnerability to climate change both
requires and can benefit from efforts to secure ecosystem
services that support climate adaptation and resilience.
Firstly, feedbacks between ecosystem condition and
societal vulnerability to climate-related impacts mean that
managing nature to maintain the integrity and function

of ecosystems, and retain and enhance their services,

is crucial to successful societal adaptation. Essential
approaches for maintaining and enhancing ecosystem
resilience include conservation of large tracts of relatively
intact ecosystems, restoration of degraded ecosystems,
and implementation of landscape management regimes
that maintain or enhance connectivity, and limit adverse
impacts on ecosystems and biodiversity. Such approaches

should be informed by climate change projections and built

on the best available information on ecosystem responses.

m Nature-based Solutions for Adaptation

Secondly, nature and the services it provides can be
harnessed specifically to address climate hazards in
particular contexts. Such Nature-based solutions (NbS) for
adaptation (Box 2) can deliver multiple additional benefits
to society. NbS for adaptation have been used to address

a wide range of climate-related hazards. These include:
coastal hazards such as sea level rise, storm surge and
associated flooding, and erosion (Box 3, Section 4.7a);
inland flooding, landslides and soil erosion linked to intense
precipitation events (Section 4.1b); drought (Section 4.1¢);
and heat effects, including forest fires and heat islands
effects in urban environments (Section 4.1d). NbS for
adaptation should form part of an overall adaptation
strategy, which may well also include engineered solutions.

Nature-based solutions (NbS) are actions that work with and enhance nature to support biodiversity and help address societal

challenges.?100.101

In the context of adaptation, most NbS correspond to:

Ecosystem-based adaptation (EbA), “the use of biodiversity and ecosystem services as part of an overall adaptation strategy to

help people adapt to the adverse effects of climate change."'*?

and/or

Ecosystem-based disaster risk reduction (Eco-DRR), “the sustainable management, conservation, and restoration of ecosystems to
reduce disaster risk, with the aim of achieving sustainable and resilient development.”%

m Nature-based Solutions for Coastal Hazards04105

Coastal wetlands, such as mangroves and salt marshes, stabilize coastlines by trapping sediment and by reducing wave height
and velocity with their dense vegetation. Salt marshes can reduce non-storm wave heights by an average of 72 percent, and

mangroves are estimated to reduce them by 31 percent.

Coral and oyster reef systems can control coastal erosion by reducing wave velocity; one estimate suggests that coral reefs

reduce non-storm wave heights by as much as 70 percent.

Sandy beaches and dunes prevent coastal erosion caused by strong winds, waves, and tides. They can also stop waves and

storm surge from reaching inland areas.

Seagrass helps stabilize sediment and regulates water currents that contribute to coastal erosion. Seagrass beds reduce non-

storm wave height 36 percent on average.
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There is a growing body of documented experience in

the use of NbS for adaptation, especially in the context

of disaster risk reduction (sometimes referred to as Eco-
DRR).1%19” The World Bank and the Global Facility for
Disaster Reduction and Recovery (GFDRR) are stepping up
their support for NbS for adaptation (EbA and Eco-DRR).
Just over 1in 10 of the Bank’s disaster risk management
(DRM) projects now contain some element of NbS."%

Since 2009, when the Convention on Biological Diversity
(CBD) defined the concept of ecosystem-based adaptation
(EbA), UN Environment, UNDP, International Union for
Conservation of Nature (IUCN) and The Nature Conservancy
(TNC) have all made substantial investments in supporting
EbA implementation in developing countries using Global
Environment Facility (GEF), Green Climate Fund (GCF), and
other funds. Among maijor bilateral donors, Germany has
placed a very high emphasis on EbA, committing €172
million to date to this issue from its International Climate
Initiative. The potential is great for scaling up the use of NbS
still further through the efforts of a wide range of actors.

In many cases, there are both economic and practical
advantages to using NbS for adaptation. A growing body
of evidence suggests that many NbS for adaptation

are low cost, especially compared with many hard
infrastructure-based approaches for addressing climate
hazards.'® For example, it can be two to five times
cheaper to restore coastal wetlands than to construct
submerged breakwaters to deal with wave heights of up
to half a meter; median restoration costs are USS1.11/ m?
(ranging from USS0.01 to USS$33.00) for salt marshes,
and USS0.1/ m? for mangroves (ranging from USS0.05

to USS6.50).%° Other forms of restoration are more costly
(USS2-7,500/ m? for coral reefs and USS107-316/ m? for
oyster reefs), but still far less than the cost of much hard
infrastructure, which can be prohibitive, especially for
some developing countries.”® However, the protective
value of hard infrastructure and the confidence with which
it is viewed may be much higher, so careful cost-benefit
analysis is needed in any given situation. NbS and built
infrastructure may also be used in tandem to help buffer
against unpredictable impacts of climate change which
built infrastructure alone may not be able to withstand.

Further economic advantages to NbS for adaptation
derive from their potential for generating larger economic
returns because of the co-benefits (benefits in addition

to their adaptation value) they generate. These include
provisioning services that have financial values, such

as wood fuel and NTFPs; job creation; biodiversity
conservation; carbon sequestration and storage; and
social co-benefits such as improved health and recreation
opportunities. Full consideration of co-benefits, whether
through monetary valuation of ecosystem services or
other approaches, can shift the balance in cost-benefit
analysis. This tends to highlight especially the advantages
of hybrid or mixed approaches, in which NbS for adaptation
are used to increase the effectiveness or reduce the cost
of engineered approaches (as in the role of wetlands in
reducing the costs of infrastructure-based protection for
coastal cities)'"" and generate favorable benefit-to-cost
ratios due to the value of the co-benefits (Boxes 4, A1),
which may increase as the nature-based components
mature.
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BOX 4 Adaptation Cost-benefit Analysis in Lami Town, Fiji

Climate change is projected to increase flooding and erosion threats to the rapidly growing population and infrastructure of urban
and peri-urban Lami Town. To help understand the full impact of different adaptation options, a cost-benefit analysis was carried
out for four different adaptation interventions. The scenarios used had different levels of ambition with regard to use of EbA.

The analysis considered benefits over a 20-year time horizon,

including reduced health costs, avoided damages to businesses

and households, and wider ecosystem services being
maintained or enhanced. Despite assumed lower impacts in
terms of damage avoided, ecosystem-based options were
identified as having the highest return per dollar of investment.

Source: Rao, N.S,, Carruthers, T.J.B., Anderson, P, Sivo, L., Saxby, T, Durbin, T, et. al. 2012.
A comparative analysis of ecosystem—based adaptation and engineering options for Lami

Town, Fiji. A synthesis report by the Secretariat of the Pacific Regional Environment Programme.

Such co-benefits are among the reasons that NbS for
adaptation are gaining prominence in the policy arena.
International agreements and conventions both within

and beyond the climate change arena are increasingly
recognizing the potential of NbS for adaptation, and

this is reflected in national commitments under these
agreements."21"3 For example, of 167 Nationally
Determined Contributions (NDCs) submitted under the
Paris Agreement, 70 include actions broadly aligned

with EbA in the adaptation component, and a further 33
countries refer to conservation activities in this context.”'*
These commitments are especially prevalent among
developing countries (all low-income countries refer to NbS
in the adaptation component of the NDCs), and much less
so among high-income nations (27 percent include NbS for
adaptation).

NbS for adaptation also offer flexibility. They have some
ability to adjust in response to further environmental
change (e.g. through the landward shift of mangroves),
unlike built solutions, and they can address multiple
climate challenges.”® They can often be implemented
with lower technical inputs, although they do depend on
sufficient expertise to address questions of feasibility and
effectiveness. This very flexibility and the vulnerability

of different sectors to many of the same climate-related
hazards means that NbS for specific hazards may be
applicable in multiple sectors.

Benefit-to-cost ratio
for each scenario of

Benefit-to- Assumed

. cost ratio damage
Scenario (FJD) avoidance
Ecosystem-based options £19.50 10-25%
Emphasis on » —
ecosystem-based options $15.00 25%
Emphasis on engineering 5
options $8.00 25%
Engineering options $9.00 25-50%

While NbS for adaptation offer considerable benefits and
advantages, there are also limitations and constraints

that need to be considered. Some NbS, especially those
involving restoration of badly degraded ecosystems, can

be slow to develop their adaptation benefits or deliver
potential co-benefits in full. Depending on the immediacy of
the risks involved it may be necessary to supplement such
interventions with engineered approaches in the short term.
Delays to accrual of benefits also mean that benefit-cost
ratios are variable over time. The appropriateness, design,
effectiveness and co-benefits of NbS for adaptation tend

to be highly context-specific, as they depend on biophysical
conditions and the status, details and needs of the social-
ecological system, as well as on the hazards that need to
be addressed. This context specificity adds to uncertainties
about the effectiveness of individual NbS for adaptation in
any given context and in relation to hazard severity, which
compounds the inherent uncertainty in climate projections
and hazard estimation (see also Box 10, Section 5). In some
cases, NbS may be less effective for adaptation to high
magnitude climate hazards. Finally, NbS for adaptation may
themselves be climate-sensitive, which is why understanding
and managing for ecosystem resilience is critical.

Despite these limitations, NbS have real potential to
contribute to adaptation. The following sections first
introduce NbS commonly used for adaptation in relation to
specific climate hazards, followed by insights into current
practice and experience in using NbS in particular sectors.
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4.1. NbS for Specific Hazards

NbS for adaptation have been used to address a broad range
of climate hazards in a variety of contexts. This section
discusses NbS commonly used for adaptation to specific
climate-related hazards in four groups: coastal hazards, and
hazards linked to intense precipitation, drought, and heat.
Each group includes hazards that both result from similar
climate change variables (e.g. rising temperatures, changing
rainfall patterns, increased frequency of extreme events) and
share common solutions, which generate similar co-benefits
in addition to adaptation (Table 2).

Decision-making and action on NbS for adaptation
should take a systems perspective. NbS for adaptation
are best conceptualized at landscape and wider scales
to take account of the interactions within and between
ecosystems and the distribution of potential beneficiaries
and impacts.'® Without this, actions taken to reduce

vulnerability in some locations may exacerbate it
elsewhere. For example, dams built to store irrigation
water and/or generate hydropower on the Upper Senegal,
Logone, Chari have degraded downstream wetlands critical
to the livelihoods of farmers, herders, and fishers of the
region, resulting in hardship, migration, and conflict.””
Information and decisions at hydrological basin scale

are equally important for the use of NbS in coastal zones
because sediment loads have critical impacts on reefs

and other systems. These connections are the basis for
recommended ridge-to-reef’ approaches to understanding
and managing both social and ecological systems and their
interactions.'® These approaches are especially important
for small island developing states'® and efforts to enhance
reef resilience.’ In coastal zones, too, the scale of action
and ecosystem continuity affect the degree to which NbS
confer coastal protection and resilience.??

Nature-based solutions that can reduce impacts related to major climate hazards, and their

TABLE 2 potential co-benefits.

More than one of the solutions may be appropriate for addressing a given impact depending on geographic, social-ecological and economic

contexts. Different subsets of co-benefits will accrue depending on the option selected and the way it is implemented (i.e. there is not a one-to-one
correspondence between the multiple entries across cells of a given row).

Example impacts

o Loss or saline inundation of
productive land

¢ Inundation of coastal cities,
roads, factories, refineries and
other installations leading to loss
of life and asset damage

Coastal

« Sea level rise

« Storm surge
«Coastal erosion

« Mangrove protection and restoration to
anchor sediments, and dissipate wave
energy (e.g. Boxes A2, A3)

» Coastal marsh and dune management and
restoration to dissipate wave energy and/or
complement engineered protection
(e.g. Box A4)

» Coral reef management and restoration to
attenuate wave energy (Box A5)

| Nature-based Solution(s) for adaptation | Potential co-benefits

» Improved fish stocks

« Biodiversity conservation

» Carbon sequestration and storage
«Sediment accretion

» Tourism and recreation

Intense precipitation o Loss of crops, livelihoods, assets,

and lives due to inundation in

 Flood
. . rural areas
¢ Soil erosion . .
)  Loss of soil and associated
o Landslide

fertility leading to reduced
harvests and supplies of
agricultural commodities

« Disruption to urban lives,
economic activity, transport

» Sedimentation that affects
urban and other water supplies,
navigation, and industrial and
infrastructure function
(e.g. hydropower)

o Loss of life and physical damage
to assets, leading to transport
disruption and lost productivity

« Management and restoration of watershed
vegetation to enhance infiltration, reduce run-
off and peak flows, and stabilize soils and
slopes (e.g. Boxes A6, A7, A8, A9, A10)

« Agroforestry and/or “conservation
agriculture” to enhance canopy interception
of rainfall and rainwater infiltration and
reduce soil exposure, reducing run-off and
erosion (e.g. Box A10)

« Riparian buffer and floodplain management
and restoration to accommodate overspill
and reduce assets at risk (e.g. Boxes A11,
A12)

« Urban watercourse restoration, and
‘re-naturing’ to reduce assets at risk and
secure river banks (e.g. Boxes A13, A14, A15)

» Maintenance and restoration of urban
greenspaces to improve rainwater infiltration
and reduce run-off (e.g. Box A13)

« Management and restoration of wetlands to
store or slowly release floodwater and filter
sediments (e.g. Box A7)

o Increased availability of
wild-sourced food (including
freshwater fish) and other
products

« Pollination services

» Carbon sequestration and storage
» Improved soil fertility

« Biodiversity conservation

o Improved water quality

« Improved physical and mental
health in urban populations

The Role of the Natural Environment in Adaptation © 19



Hazard Example impacts

Nature-based Solution(s) for adaptation | Potential Co-benefits

Drought eReduced harvests, livestock
losses, damage to livelihoods
and interrupted supplies of
agricultural commodities

»Water shortages affecting lives,
sanitation, and economic activity

e Disruption to transport and
industrial processes (e.g.

«Management and restoration of watershed
vegetation to enhance infiltration, recharge
groundwater stores and maintain surface
water flows (e.g. Boxes A10) products

eEstablishment of ‘Green Belts’ to increase ePollination services

water availability, improve soil quality, provide ,carbon sequestration and storage
shade and windbreaks

«Climate-resilient grazing and livestock

eIncreased availability of
wild-sourced food (including
freshwater fish) and other

eImproved soil fertility

hydropower) management to regenerate vegetation, *Biodiversity conservation
increasing forage quality and quantity, and
water availability, improve soil quality (e.g.
Box A7)
Heat eReduced harvests, livestock » Agroforestry to enhance canopy cover and «Carbon sequestration and storage

losses, interrupted supplies of
agricultural commodities

eDamage to human health and
well-being

«Damage to infrastructure

provide shade

eRehabilitation and restoration of rangelands
to repair ecological processes and enhance
fire resistance

oImproved forest management for fire risk
assets and function (e.g. power reduction (including removal of invasive fire-
distribution) prone plants)

eDamage to lives, livelihoods, and  eManagement and restoration of watersheds
assets «Creation of urban green spaces to increase

vegetative canopies, providing shade and

evaporative cooling and provide shade layer

and plant coverage (e.g. Box A13)

eUrban heat island
oFire

eImproved soil fertility
e Biodiversity conservation

«Improved physical and mental
health in urban populations

4.1a. COASTAL HAZARDS

Climate change-related hazards in coastal zones include
flooding and erosion due to sea level rise, wave impacts,
and storm surges. These effects are exacerbated by

land subsidence linked to freshwater extraction and

more cost effectively than engineered solutions.®>'3? One
estimate valued the storm damage that could potentially
be averted by coastal wetland restoration in high risk areas
along the gulf coast of the United States through 2030 at
USS18.2 billion.™3

compounded by saline intrusion.’” NbS for adaptation
options in coastal zones include protection, management,
or restoration of coastal wetlands, mangroves, seagrass
beds, and coral or oyster reefs, as well as stabilization or
restoration of beach and dune systems (Box 3).

Coastal wetlands such as salt marshes and mangroves
provide areas of extra water storage and increased friction
that help to reduce the force and impacts of waves, storm
surges, and flooding.’°"1?5126 Annually, during the hurricane
season, coastal wetlands in the USA provide an estimated
US$23.2 billion in storm protection services.'?” During
Hurricane Sandy in 2012 for example, coastal wetlands

in the northeast USA prevented direct flood damage to
property valued at USS625 million.”? The world's existing
mangroves are estimated to reduce the number of people
affected by coastal flooding globally by some 39 percent,
and the total value of flooding-related property damage

by 16 percent.'” Restoration of mangrove forests can
help reduce wave energy, contribute to vertical soil build
up,*® and stabilize sediments, reducing coastal erosion
and flooding, including during storm surges,''®'%" often far

Wetland rehabilitation can help with restoring sediment
balance, thereby reducing or redressing land subsidence
that increases vulnerability, and can help to reduce
saltwater intrusion (Box A3).'** Coastal wetland or
mangrove restoration also has the potential to increase
the life and/or effectiveness of engineered approaches;
Red Cross investments in mangrove restoration in Viet
Nam were estimated to generate US$15 million in avoided
damages, including estimated savings of up to US$295,000
in damages to dikes (Box A16).7% When immediate
protection is needed while nature-based ecosystem
restoration solutions become established, engineered
approaches can be designed to both facilitate restoration
and add to its long-term effectiveness. Such combinations
of engineered approaches with NbS for adaptation are
referred to as hybrid or ‘gray-green’ approaches for
adaptation (Box 5).*°
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m Hybrid or Gray-green Approaches to Coastal Protection.

Bechtel and Conservation International (Cl) are combining gray (engineering) and green (mangroves) approaches to reduce the
vulnerability of coastal communities in the Philippines to the impacts of typhoons.’?* A combination of mangrove restoration with
breakwaters brings together the benefits of engineered structures with the added wave attenuation and flood control value of
mangroves. This is expected to provide multiple benefits, including for livelihoods, and reduce maintenance costs.

Additional benefits from mangrove restoration include
enhanced biodiversity and increased habitat for
economically important species (Box A13), provision of
forest products and support to livelihoods. Mangrove
restoration also contributes to climate change mitigation;
on average mangroves store nearly 1000 t of carbon per
hectare.'® The present value of minimum CO, emissions
absorbed by planted mangroves has been estimated at
USS218 million™” (Box A2). Such approaches can also
provide opportunities to engage with carbon markets and
the tourism sector to leverage additional funds.

Protection and restoration of oyster reefs, coral reefs,
and seagrass beds also provide coastal protection by
attenuating wave force,'?® which both provides direct
protection and enables regeneration of other ecosystems,
and can provide multiple benefits such as improved

fish habitats and abundance (Box A17).7%¢ Successful
restoration of oyster reefs in Mobile Bay, Alabama, USA
at a cost of USS3.5 million for 5.9 km of reef has reduced
average wave heights and energy at the shoreline by 53
to 91 percent, while also enabling substantial seafood
production, reducing nitrogen loads in the coastal waters,
and increasing carbon sequestration and storage.’®

On average, coral reefs reduce wave energy by 97 percent
and wave height by 64 percent, protection levels in the
upper range of those reported for artificial structures.

It has been estimated that in the absence of the world's
coral reefs, global annual damages from coastal flooding
would double, the costs from frequent storms would triple,
and the costs of flood damage from severe storms (100-
year events) would increase by over 90 percent to USS272
billion.’" Between 100 and 200 million people benefit from
coastal risk reduction provided by coral reefs; Indonesia,
India and the Philippines have the greatest numbers

of at-risk people benefitting from such protection.’*
Although coral reef restoration can be a costly process,

the costs of reef restoration projects are reported to be on
average significantly lower (median USS$1,290/m) than the
costs of building artificial tropical breakwaters (median
USS19,791/m)."?8 Degraded reefs can also be restored
using submerged artificial reef structures that provide

a substrate for coral colonization and reestablishment,
while also providing a buffer against wave energy and
protecting coastlines.’® Additional benefits from the
restoration of coral reefs include the provision of habitat
and nursery grounds for species important for livelihoods,
as well as economically beneficial recreation and tourism
opportunities (Box A5). Other actions to secure the
protection services of coral reefs include the establishment
of protected areas or no-take zones in order to protect the
reefs from human disturbances.

Restoration of sand dunes provides coastal stability by
absorbing and dissipating wave energy and preventing
stormwater from flooding inland areas.** Restoration
measures may include protection to minimise disturbance,
sand trapping, and beach nourishment, as well as the
planting of indigenous climate-resilient pioneer dune plants
that biologically fix or reforest the dune ridge. One cost
estimate for creating vegetated dunes is USS0.3 thousand
to USS5 thousand per linear foot.*® Co-benefits of dune
creation, protection, and management include protecting
freshwater habitats, enhancing coastal/brackish habitats,
contributing to water purification and regulation in coastal
aquifers, and creating recreational opportunities (Box A4,
Section 4.1.b).
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4.1b. HAZARDS LINKED TO INTENSE
PRECIPITATION

Hazards linked to intense precipitation include flooding,
landslides, and soil erosion. Floods affected 2.3 billion
people and accounted for 25 percent of all reported
weather-related economic losses between 1995 and
2015.M° The global risk from river flooding is projected
to increase by as much as 187% by 2050, exposing

450 million flood-prone people to a doubling of flood
frequency.’® Extreme rainfall triggers landslides; from
2004 through 2016, nearly 56,000 people were killed by
landslides globally.’ Intense precipitation is also linked
to soil erosion, with huge economic implications for the
agriculture sector (global losses due to erosion from arable
lands have been estimated at US$400 billion annually)'#
and major impacts on water quality and aquatic
ecosystems. NbS for adaptation are commonly used to
address each of these hazards.

NbS for adaptation can complement and enhance the
effectiveness of flood risk management infrastructure such
as dams, levees, floodwalls, and channel modifications,* or
reduce the need for such measures.’ NbS to reduce the risk
of flooding include protection, management, and restoration
of vegetation in stream and river catchments and along flood
plains, as well as wetland restoration and management/
restoration of river courses themselves."" Key ecosystems in
which NbS for adaptation are often implemented to address
precipitation and storm hazards include:

e Upland forests and watersheds. Conservation and
restoration efforts in these areas help to increase
water infiltration and soil water storage capacity,
improve drainage, and promote soil stability.'* These
functions help to reduce peak flows, especially during
short-duration events that can lead to flash-flooding,*®
and reduce impacts on downstream assets and
populations.®" Restoration of upland areas reduced
peak flow in 82 percent of studies reviewed.’ To be
effective for flood regulation, restoration needs to
be implemented at scales relevant to hydrological
processes, landscape, or ideally basin scale. Costs for
forest restoration are in the range of US$2000-3,500
per hectare (where land does not need to be acquired).
Investing in watershed restoration and conservation
activities could save water utilities across the world's
largest cities an estimated USS$890 million each year.'®’

® Wetlands, lakes, and marshes. These help to collect
and slow or prevent the release of floodwater, storing
as much as 9-14,000 m?® of water per hectare;'s"15?
wetland conservation, management, and restoration
are therefore key NbS for reducing flood risks. Wetlands
also filter out sediment, helping reduce the impacts of
soil erosion on water quality and economic functions
such as navigation and energy generation. Costs of
wetland restoration vary geographically — estimates
range from USS810 to USS36,400/ha for coastal
wetland,’®® and a more general estimate suggests a
figure of USS33,000/ha.’®*

¢ Rivers and floodplains. Conservation and restoration
of rivers and their floodplains may include establishing
backwaters and planting or restoring wetland or
riverbank vegetation, allowing for the creation of more
natural rivers and streams."® Restoring and renaturing
areas surrounding rivers and watercourses in urban
areas can increase flood storage capacity and reduce
flooding."® Such measures have been shown to help
reduce flood-prone areas in cities (Box A14) while
stabilizing water supplies, increasing biodiversity, and
providing opportunities for recreation.

Restoration and conservation management of these areas
bring extensive co-benefits, including the provision of forest
and aquatic products that contribute to livelihoods, slope
stabilization, soil retention (Boxes A6, A9), water regulation,
carbon sequestration, recreational opportunities, and
biodiversity conservation benefits.

4.1c. DROUGHT

Drought has wide-reaching social, economic, and
environmental impacts, ranging from famine and
associated human mortality to agricultural losses, energy
shortages, and deaths of livestock and wildlife. It is
estimated that 4 billion people live in areas already prone
to water scarcity.’™” According to estimates from the Food
and Agriculture Organization of the United Nations (FAOQ),
the agriculture sector suffered 83 percent of all economic
losses due to drought from 2005 to 2015, some USS$29
billion.’® Increases in frequency and intensity of drought
are expected in many regions of the world by 2050.? Water
scarcity can lead to or exacerbate conflict, and increase
migration from rural areas to cities. It can also contribute
to deforestation* and other forms of environmental
degradation that further reduce resilience.
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NbS for adaptation to address water supply focus on
improving hydrological function (quality, quantity, and flow)
and soil properties (e.g. water retention ability, soil binding),
and can enhance the effectiveness of, or reduce the need
for, costly gray infrastructure.®® They include the restoration
of vegetation in catchment areas to increase infiltration
and groundwater re-charge that permit continued water
availability during periods of reduced rainfall. Forest
restoration also helps improve the availability of higher
quality drinking water (Box A18).

In drylands, the use of drought-tolerant species is particularly
important. In some cases the inclusion of trees in farming
systems, or agroforestry techniques,' can reduce the
impacts of drought on crop production by reducing heat
loads/providing shade; reducing evaporation, run-off, and
erosion; and building alternative income streams. These
systems can improve groundwater recharge, reduce soil
surface evaporation, and maintain soil health by reducing
erosion and adding nutrients through leaf litter and organic
matter. ' Co-benefits include additional livelihood options,
enhanced carbon storage, and biodiversity benefits.

Other approaches to dryland restoration include the
construction of earth bunds to retain moisture around
planted trees (Box A19). Grassland and pastureland

can also be managed to reduce the impacts of drought
and extended dry periods. For example, in South Africa,
the Meat Naturally Initiative aims to improve the quality
and availability of fodder and enhance biodiversity in
communal rangelands through clearing alien species
that have reduced water flows and available grazing
land. Transforming the grazing pattern from one of open
access and annual burning to one of controlled seasonal
rotation and reduced burning regime can also contribute
to reducing vulnerability and can bring added benefits for
local people such as access to formal markets.'®

4.1d. HEAT, INCLUDING FOREST FIRES AND
URBAN HEAT ISLAND EFFECTS

Global mean surface air temperatures have been rising
over the past century, leading to longer, more intense, and
more frequent periods of extreme heat. Exposure to heat
waves leads to increased mortality and illness and has
negative consequences for societies, economies, and the
environment. Temperature extremes and heat waves are
already impacting cities worldwide and are likely to increase
in coming years. In Europe, over 70,000 people died during

the heat wave of 2003.%? [t is estimated that by 2050,
nearly 1000 cities in the world will experience summertime
temperature highs of 35°C, and that the urban population
exposed to these temperatures will increase by 800
percent.’® As these events become more frequent, adverse
impacts on health, human life, and urban infrastructure and
services will increase, particularly in the most vulnerable and
disadvantaged areas. It is estimated that high temperatures
could have an economic cost of USS2 trillion globally by
2030.%* Heat waves are also associated with increased
incidence of wildfires, exacerbated by drought.’®® Costs
associated with wildfires in the 2003 heat wave in Europe
were estimated at nearly USS14.5 billion.

NbS for adaptation measures used to influence local
temperature include efforts to increase canopy cover,
shading, and evaporative cooling. This may include forest
and wetland restoration, as well as shifts to silvopastoral'®
or agroforestry systems that include trees in cultivated and
settled areas.

Urban measures include green spaces and green
infrastructure such as green roofs, which help cool surfaces
and moderate temperature by increasing evapotranspiration,
shading, and reduction of urban heat island effect (UHI)."7168
The air temperature difference between green areas and
areas of the city with less vegetation can be as much as
4°C.’%° Trees in cities provide savings on the order of 10
percent on air conditioning.'”® Increasing the number of
water bodies in cities can also contribute to the cooling
effect, helping to reduce UHI by up to 0.9°C.""" These
measures can be complemented with other approaches
such as the use of high-albedo materials (e.g. light-colored
roofs and walls or pavements), which decrease the amount
of solar radiation absorbed by urban structures and reduce
air temperature.’”? An annual investment of US$100

million in urban tree planting could provide an estimated
1°C of temperature reduction to 77 million people, while
having co-benefits such as pollution control, improved
human health and well-being, and biodiversity benefits, and
contributing to climate change mitigation through carbon
sequestration and storage.'”® Green spaces can also help
renew urban areas, boost economic activity, improve worker
productivity and job satisfaction, and create opportunities
for developing tourism.”*
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4.2. Sectoral Use of NbS for Adaptation

As summarized in Figure 2, NbS for adaptation have been associated with intense precipitation and drought. There
used by all sectors to address a variety of climate hazards. is also a considerable body of experience in addressing
The majority of experience lies in the food security and coastal hazards, especially risks to infrastructure.

rural livelihoods sector, especially to address hazards
Level of experience in using NbS to address climate hazards per sector based on over 100 cases of NbS
implementation, drawn from an ad-hoc review of experience, published case studies, and consultation.

Number of
case examples

None

Very low
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4.2a. FOOD SECURITY AND RURAL LIVELIHOODS

Food production — as well as the availability of wild food —
is highly dependent on healthy ecosystems. These provide
a direct source of food as well as a host of regulating

and supporting services such as pollination, irrigation
water, and soil formation that underpin food security and
rural livelihoods (see Section 2.1). Recognition of these
interdependencies has led to widespread awareness of
the utility of NbS for adaptation for safeguarding food
security and rural livelihoods in the face of climate change.
A substantial amount of experience in using NbS for
adaptation comes from interventions for this purpose.

An analysis of the intended outcomes of 58 NbS projects
found that while 33 percent of projects aimed to protect
assets, 29 percent addressed food security, and 14 percent
worked to secure livelihoods."”® Another review of 41

NbS projects revealed that over 50 percent included a
livelihoods-diversification component in addition to other
NbS measures.'”®

The focus of such interventions has been mainly on rural
populations, largely in developing countries, as the food
security and livelihoods of smallholder farmers, fishers
and pastoralists are the most vulnerable to climate change
impacts due to their high dependence on natural systems.
The application of NbS for adaptation to improving food
security and livelihoods in rural populations has largely
been driven by public sector actors and civil society

and implemented as separate local scale projects. UN
institutions such as FAO, UNDP and UN Environment have
emerged as strong supporters and key implementers of
NbS for adaptation in this context, with NbS for adaptation
featuring among organizational strategies,'”” signature
programs,'%17® and solutions.'”® The World Food Programme
has begun integrating NbS for adaptation into its portfolio
of work."® Using NbS for adaptation to address climate
threats to rural livelihoods is also very common among
conservation NGOs that work with local communities on
climate change adaptation, such as IUCN, WWF, Wetlands

International, Cl, TNC, and Birdlife International. International
development organizations, such as the German Society for
International Cooperation (GlZ), have also adopted NbS for
adaptation directed at food security and rural livelihoods.
Much of the financial support for such work has come from
donors such as the GEF, GCF, and Adaptation Fund, as well
as government ministries/agencies, notably the German
Government (BMZ, BMU,'®" GIZ, KfW) and USAID.

The cross-cutting nature of NbS for adaptation in the
context of food security and livelihoods typically demands
the involvement of multiple partners and ideally several
government departments (e.g. agriculture, food and water,
environment and forestry, climate change). The Ecosystem-
based Adaptation for Food Security in Africa Assembly
(EBAFOSA),'¢? for example, was formed to bring together
key stakeholders and actors along the entire NbS-driven
agriculture value chain to combat food insecurity, climate
change, ecosystem degradation, and poverty.

There is a substantial amount of experience in using NbS
to address risks to food security and rural livelihoods from
hazards related to intense precipitation. In this context, the
use of NbS for adaptation often puts particular emphasis
on maximizing co-benefits in addition to achieving the
primary adaptation goal.’®® For example, when reforesting
upland habitats to reduce downstream flooding (Box A10),
interventions select plant species that have multiple uses,
such as providing NTFPs to support livelihoods. Similarly,
NbS interventions that protect wetlands in order to buffer
flood impacts on rural communities emphasize maximizing
the many co-benefits such as improving water quality,
reducing pests and offering additional sources of food (Box
A20). In coastal zones, mangrove restoration is used to
limit coastal flooding and saline intrusion into groundwater
and farmlands, but also to increase the abundance of fish
species so support livelihoods (Boxes A16, A21).
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The NbS approaches used to address drought most
frequently have involved restoration activities across
different ecosystem types to improve hydrological function
(quality, quantity, and flow) and soil condition (e.g. water
retention ability, soil stabilization) (Boxes A10, A19).
Agro-ecological practices have also been used to reduce
crop vulnerability to the impacts of drought: during the
severe drought of 2008 to 2009 in Brazil, losses in maize
production for farmers using these approaches were

less than half of those using conventional cropping.’® In
Niger's Maradi and Zinder regions, landscapes have been
transformed and the use of traditional practices to protect
and manage vegetation have enhanced tree cover ten-
fold. Soil fertility, crop yields and drought resilience have
increased, resulting in a surplus of vegetables for export,
and the daily forage for firewood - a task mainly falling to
women - has been cut from 3 hours to 30 minutes.'® Other
examples of NbS for water management in the context

of drought include the use of temporary stone and earth
embankments to capture floodwater and run-off from
ephemeral rivers, roadsides and hillsides (e.g. in Ethiopia'®®).

The potential of NbS for delivering both adaptation

and co-benefits can be maximized by increasingly

moving away from small-scale or pilot interventions to
implementing NbS for adaptation at appropriate scales,
both geographically (e.g. watershed, landscape) and in
relation to the number of stakeholders and beneficiaries
involved. However, this could also intensify the challenges
of reconciling demands on land to meet the growing need
for food production. Nonetheless, this broadening of scales
is essential to achieve a paradigm shift to adaptation
constituting a core component of agricultural development
in the context of climate change.’®’
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4.2b. CITIES

The world's cities are growing rapidly, are expected to
house two-thirds of the global population by 2050, and are
increasingly vulnerable to multiple climate change risks.
These risks are especially critical for the urban poor and
marginalized populations (Box 6). One of the barriers to the
use of NbS for adaptation in cities has been the amount of
land required. Urban areas represent prime property value;
unless there is clear prioritization allocated towards green
infrastructure, realizing NbS may be difficult. Despite this,
the use of NbS for adaptation in cities is increasingly being
promoted and incorporated into urban climate adaptation
plans. Of 210 cities across the world disclosing their
adaptation actions to the Carbon Disclosure Project (CDP)
in 2016,91071 reported planting trees and creating green
spaces as actions taken to adapt to climate change.™

Informal Settlements, Environmental Degradation, and Climate Risk

Cities are complex environments where ecological and
social systems interact. Achieving successful delivery of
ecosystem services requires actors from different sectors
and policy areas to come together to develop holistic
strategies. The implementation of NbS in urban areas
normally involves simultaneously a variety of actors from
the private sector, conservation NGOs, civil society and
community-led organizations to governmental actors
across multiple levels. International organizations, such as
GlZ, IUCN, and ICLEI - Local Governments for Sustainability,
have also been active in promoting and implementing NbS
for adaptation in urban environments.

Roughly one billion people live in slums or informal settlements,” many of which are located in areas vulnerable to climate
hazards. For these people, climate risks are intensified by lack of housing, services, and infrastructure; environmental degradation
due to unsustainable urban development; and lack of integrated planning. The marginalized poor, lacking access to sustainable
energy and other resources, have few options but to use the environment in unsustainable ways, potentially increasing their

vulnerability.

In Africa, for example, many growing and economically important cities (e.g. Lagos, Accra, Dar-es-salaam) are located in low-
elevation coastal zones. In many, such as Monrovia, the informal settlements are in areas extremely vulnerable to sea-level rise.
Unless urban planning and land issues that exclude low-income households from formal housing are addressed, adaptation

efforts in coastal cities will remain inequitable.’®®

The vulnerability of the urban poor is especially evident in the impacts of extreme events. Cyclone Nargis, which struck
Myanmar’s Irrawaddy region in 2008, is an example. The storm severely damaged the Labutta township area (home to some
315,000 people, with about 46,000 living in Labutta town itself) and resulted in 130,000 deaths. The township is still recovering
from the cyclone and remains highly vulnerable to the impacts of climate change due to inter-linked socio-economic, ecological,
and infrastructure conditions.®® For example, the highly productive deltaic mangroves in Labutta are rapidly being degraded by
land conversion, increasing the sensitivity of the township’s population to climate change and associated extreme events.

To address such vulnerabilities, ecosystem rehabilitation and preservation are essential in urban areas. These need to involve
local communities and relevant local authorities — including those involved in energy, transport, and housing — to ensure

that interventions are sustainable and meet the needs of the population. Furthermore, upgrading of slum settlements that is
undertaken in partnership with organized local communities has greater potential for reducing vulnerability.

v. Defined as a household where inhabitants lack one or more of the following: lack of access to improved water source, lack of access to improved sanitation facilities, lack of sufficient living
area, lack of housing durability and lack of security of tenure. Source: UN-Habitat. 2016. Slum Almanac 2015/16. Nairobi: UNON, Publishing Services Section.

vi. CDP runs a global disclosure system for investors, companies, cities, states and regions to manage their environmental impacts. https://www.cdp.net/en.
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Public bodies tend to be central to providing investments
for the implementation of NbS in urban areas,™" with
instruments for financing NbS often including fees and
revenue from national or municipal taxes. However, local
governments often lack the autonomy to implement
NbS, particularly when under financial pressure. Other
sources of financing for urban NbS may include bilateral
and multilateral donor funds, foundations, or private
investment.’ Major funding bodies for the implementation
of NbS in urban areas have included GCF, GEF, the Least
Developed Countries Fund, the World Bank, and bilateral
cooperation, including the German government-funded
International Climate Initiative (IKI) and the European
Commission (EC)."%

Cities are increasingly using NbS for adaptation to address
coastal hazards, flooding, drought, and heat island effects.
Protection and restoration of mangroves or coastal marshes
(Section 4.7.a.) can be cost-effective ways to reduce the risk
of flooding in urban areas located near coasts, estuaries, or
river deltas (Boxes A1, A13). In the Belgian Scheldt estuary,
for example, restoration of wetlands and tidal marshes

will be completed in 2030 at a cost of US$S669 million,

which compares favorably with the yearly cost of flood risk
estimated to reach over USS1.1 billion by 2100.7"

Other NbS for adaptation suitable for urban areas include
green spaces, bio-swales, green roofs, and water retention
plantings in open spaces or urban parks'* (Boxes A14,
A15). Such ‘bio-retention areas’ reduce flood risk by
increasing infiltration capacity and helping to control
stormwater and flood runoff, and help improve water
quality by filtering pollutants and removing heavy metals
from water.®® Management of the watercourse outside
cities is also key to reducing flood risk (Boxes A11, A12).
In addition to its adaptation benefits, the creation of urban
green spaces to reduce flooding has also been shown to
increase property values by 5 to 15 percent.’®

An increased urban canopy layer and plant coverage can
also reduce heat stress and the impacts of drought.?®® At a
median cost of USS468 per °C temperature reduction over
a 100 square meter area, tree planting is a cost-effective
solution and for some locations may be lower cost than
any ‘grey’ strategy.'®® TNC estimates that an annual
investment of USS100 million in tree planting could provide
a 1°C temperature reduction to 77 million people, while
contributing to co-benefits for pollution control, human
well-being, biodiversity, and climate change mitigation.'®

Cities commonly address inadequate water supply by
building infrastructure to obtain or store more water, or by
improving water-use efficiency or water quality.?®' However,
restoring or strengthening the role of natural ecosystems
in the provision of water services can often be more cost-
effective than, or a good complement to, conventional built
infrastructure, ensuring urban water security (Boxes 7, A18,
A22). For example, Water Funds have emerged as popular
long-term mechanisms to support landscape restoration
at the watershed level and to ensure water security,
improved water quality and flood risk mitigation for urban
and peri-urban populations.?? A recent assessment of
opportunities for natural infrastructure approaches in Latin
American watersheds found that nearly 83 percent of
inhabitants in Latin America’s largest cities could benefit
from such action.?*® Globally, water protection activities

in urban source watersheds can potentially provide well-
being benefits to some 4.4 billion inhabitants of those
watersheds, including some of the world’s poorest, who
have the most to gain from improvements in water quality
and quantity.?%4

There is growing evidence of the effectiveness of NbS
for adaptation in contributing to increased climate
resilience and delivering additional benefits for growing
urban populations (e.g. goods and services with financial
value,?*® health and well-being, cultural and recreation
opportunities,?® climate change mitigation 27) As
implementation requires engagement with a diversity

of actors, the use of NbS for adaptation can also bring
both social and economic benefits, including economic
stimulation and job creation across multiple sectors.?%
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BOX 7 The Water & Cities Alliance

Recognizing the linkages between watershed ecosystems and water supplies, three major cities in Latin America formed the
Water and Cities Alliance, which aims to secure water supplies by protecting and restoring nature in their peri-urban areas.
Grasslands and forests in Mexico City’s nearby watershed are restored and protected to provide 70 percent of the water to 23
million inhabitants. In Rio de Janeiro, local communities are supported to conserve lands in the Guandu watershed and the
Mega Rio basin. In Colombia, sustainable and climate-smart land uses are being implemented in a conservation corridor outside
Bogota’.'\96,197,'\98,‘\99
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Extreme events have highlighted the vulnerability of
infrastructure to climate change,®” leading the sector

to seek ways to build more resilient infrastructure.?'®
Traditionally, infrastructure resilience has been based

on structural measures such as increasing the height or
length of seawalls to withstand events like 1 in 100-year
floods. However, this is not a reliable basis for predicting
or prepare for future conditions in a changing climate. One
response to this uncertainty is the exploration of the use of
NbS for infrastructure adaptation, both to manage risk and
deliver co-benefits.

Awareness and application of NbS for infrastructure
adaptation are growing through international
agreements,'®°2"" regional or national policies,?'??'® the
programs of conservation organizations,?'* and the work of
professional bodies.?’® A number of countries and regions
are developing policies to support sustainable and/or
resilient infrastructure,?'®?"” some of which include specific
reference to NbS (see Boxes 8, 9 in Section 5). Several
organizations also have programs to raise awareness of
NbS and support its uptake.?'8219220 For example, in 2018,
the US Army Engineer Research and Development Centre
released Engineering with Nature: An Atlas.'® Ecoshape has
developed the Building with Nature Innovation Platform,?
and the World Association for Waterborne Transport
Infrastructure (PIANC) has also published a guide for
working with nature in navigation infrastructure.??? TNC
and the International Water Association (IWA) recently
launched a joint research project to build capacity among
water regulators to develop policies and regulations

that are supportive of nature-based solutions in water
management.?? The use of NbS to manage coastal flood
risk at the regional level has also been gaining traction in
this sector.®"

Despite this, the term ‘nature-based solutions’ is still not
widely known or understood within the infrastructure
sector,??#??° and relevant approaches are not always
recognized as a means for adapting to climate change.
Furthermore, conventional infrastructure remains the
default to build resilience, with many private sector
stakeholders averse to other approaches.??

A wide range of stakeholders can be involved with
infrastructure development, including civil society, research
institutions, conservation actors and other NGOs, the
private sector, funders, and governments. Given that
infrastructure can operate across sub-national, national,
and regional boundaries, many actors may need to be
involved with the planning, approval, implementation, and
maintenance of infrastructure. Implementing NbS for
infrastructure resilience can equally require large areas

of land and large-scale engagement with multiple actors
(Box A6); however, even in the case of smaller or pilot-scale
projects, partnerships are important (e.g. with technical
experts or others with experience). As a relatively new
approach (both technically and in terms of the policy
environment), partnerships are often developed between
organizations experienced in delivering NbS for adaptation
and local communities, government, and/or private sector
actors.'®1% Water funds are a common example.’®’
Public-private partnerships (PPP) can also provide a useful
structure for the implementation of NbS for infrastructure
adaptation.??” A number of conservation actors also
support the uptake and use of NbS in this sector. Examples
include the IUCN's Ecosystems Protecting Infrastructure
and Communities project’®and TNC's work on water
funds."®’

A range of financing approaches exists for using NbS
to build infrastructure resilience, including government
funding, privately financed projects (often driven by a clear
business case and/or sustainability or environmental
initiatives), donor-funded schemes, and multiple source
funding.??® Multilateral Development Banks (MDB) are
an important source of financing for infrastructure?®®
and could become a new source of funding for NbS for
adaptation. For example, the MDB Working Group on
Sustainable Transport committed to providing more
than USS175 billion of transport funding between 2012
and 2022, with a focus on more sustainable transport
projects.?°
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Despite the potential of NbS for adaptation for the
infrastructure sector, its use has been less common than for
some other sectors (Figure 2). The hazards to infrastructure
most commonly addressed are storm surges and flooding.
As for cities, the infrastructure sector has frequently used
coastal restoration (including mangroves, marshes and coral
reefs) to protect investments from these hazards, often as
a complement to traditional engineered approaches. For
example, engineered breakwaters have been combined
with mangrove protection®' and management to reclaim
as much as 180 m of lost coastal land, and reduce

coastal erosion and damages to dikes in Viet Nam (Box
A2). Similar efforts combining gray infrastructure with
foreshore afforestation and mangrove protection are
increasing within the sector (Boxes A2, A3, A4, A16).

Other examples include use of constructed wetlands for
wastewater treatment,?*22% restoration of dunes or other
habitats.’®? Stormwater management by restoring natural
prairie pothole wetlands in Alberta will avert the need for
investment of USS$257 million for engineered stormwater
ponds (Box A12), and natural flood management practices
such as the use of woody debris dams have successfully
averted flood losses in the UK (Box A11).2%

Water shortages also challenge the infrastructure sector.
Built infrastructure, which is typically fixed in terms of
location and capacity, and can rely on transfers of water
over long distances, can be particularly vulnerable to a
decreased water supply. NbS for adaptation have been
used to address such issues (Box A23), as well as to
improve water quality and availability, secure water supply,
and reduce pollution through the integration of natural
elements into the design of Sustainable Urban Drainage
Systems (SUDS).%®

Landslides and soil erosion also pose major risks to
infrastructure, including railways, roads, and power
distribution networks. Examples of NbS for adaptation
being used to reduce such risks include the management
of adjacent vegetation (particularly upslope forests) and
the use of bio-engineering techniques to stabilize sails,
including in forest ecosystems and mountainous areas in
Asia and South America (Box A6).

As extreme events become more frequent, they threaten
assets and their function, and risk higher production
costs due to a lack of important environmental services
(such as water provision). NbS for adaptation may help
to make infrastructure more resilient in a cost-effective
way while providing additional benefits to a wide range of
stakeholders.
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4.2d. INDUSTRY AND SUPPLY CHAINS

Although exposure to climate change hazards differs
substantially across industry sub-sectors and points in supply
chains, there is a growing awareness of climate change risks
to business. More than 1 in 4 companies surveyed across
Europe, North America, Latin America, and Asia®* indicate
that at least one area of their value chain has already been
impacted by climate change. While nearly half foresee at
least one such impact within five years, only 40 percent of
respondents report that they are currently implementing or
planning actions to respond to climate change (Figure 3).

Noticeable impacts
already seen

Impacts expected
within 5 years

Currently implementing
or planning actions

No plans to assess
impacts or implement
action within 3 years

r T T T T

—
0 10 20 30 40 50 100

Results of a survey of 1241 companies on their perceptions,
experience and plans for action on climate impacts affecting their
value chains.?®

Among those addressing climate risks to business and
industry, only a relatively small set of private sector actors
are currently investing in NbS for adaptation.?¥”2% Use

of NbS for adaptation appears to be more widespread

in the agriculture sector than among processors and
manufacturers. Major actors promoting and/or using NbS
for adaptation to address climate change and/or improve
long-term sustainability in the industry and supply chains
sector can be broadly categorized as follows:

® Large, multi-national companies with vulnerable
supply chains and priorities related to their
environmental and social performance (such as
Nestle, Olam, Coca Cola, Michelin)

e Business alliances, think-tanks and advisory services
(including some NGOs) aimed at promoting sustainable
practices among the private sector, such as the
World Business Council on Sustainable Development
(WBCSD), Business for Social Responsibility (BSR) and
Rainforest Alliance

e Organizations and associations that support farmers
and other small-scale producers/businesses (e.g.
cooperatives, industry associations)

® Regulators, particularly local and national governments,
who can set enabling policies and institutional
frameworks (e.g. regulating payments for ecosystem
services, setting standards)

* Finance facilities (e.g. Livelihoods 3F Funds, GCF Private
Sector Facility, Tropical Landscapes Finance Facility)

Overall, there is less experience in the industry and supply
chain sector in using NbS than in other sectors. To date, the
climate hazards most frequently addressed by this sector
have been drought, hazards linked to intense precipitation,
and coastal hazards.

To address drought, water shortages, and increased
temperatures affecting production, agroforestry is
increasingly being used in conjunction with organic and/
or sustainable agriculture techniques and certification?®
and wider landscape-level planning and management
(Box A24). A growing number of national and international
standards and certification programs for agricultural
commodities* potentially provide access to new markets
and a basis for other resilience-building approaches. For
example, the Nescafe Plan implemented in 14 countries
includes training farmers in water efficiency and soil
conservation along with promoting agroforestry and
intercropping (Box A24). Costs of these approaches vary
significantly across programs and regions. In Colombia,
the Nescafe Plan has involved an investment of USS3.06
million, though overall returns are estimated at USS5
million, including increases of 35 percent in productivity
and 41 percent in net farmer income, with only a 5 percent
increase in production costs.?#

vii. e.g. Rainforest Alliance’s Sustainable Agriculture Standard, the Sustainable Rice Platform (SRP) Standard for Sustainable Rice Cultivation, Roundtable on Sustainable Palm Oil Supply Chain
Certification Standard, and, though not a standard, the newly launched Global Platform for Sustainable Natural Rubber
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Landscape or watershed management at wider scales

can address changes in temperature, precipitation, and
water availability affecting industries and supply chains.
This approach may offer particular benefits where a supply
chain relies on a large number of smallholder farmers or
individual businesses spread across a landscape (Box A7),
or where water-related services are crucial (Box A6). For
example, Olam’s climate-smart agriculture activities with
cocoa farmers in Ghana include landscape-level planning
and forest conservation and restoration.?*!

Coastal ecosystem conservation and restoration is a
relatively widespread approach to tackling coastal hazards
threatening industries and supply chains, including
aquaculture, rice production, and tourism. Approaches
used include conservation, restoration and afforestation

of mangrove and other coastal forests; conservation

and restoration of inland forests to reduce run-off and
sediments; and conservation and restoration of damaged
coral reefs. There has been particular emphasis on
mangrove restoration in the Asia-Pacific region where there
is a concentration of aquaculture and assets on the coast,
and experience of severe impacts from natural disasters

in recent years. For example, the IUCN Mangroves and
Markets project in the Mekong Delta of Viet Nam (Box A25)
has sought to improve coastal protection and the resilience
of aquaculture by incentivizing local shrimp farmers to
conserve and replant mangrove forests.

Although there has so far been less experience overall in
using NbS for adaptation in industry and supply chains
than in other sectors, industry and supply chain actors

can use many of the same NbS for adaptation to address
relevant climate hazards. Therefore, they can build directly
on the experience of other sectors to integrate NbS into
adaptation strategies and interventions, and uptake of NbS
for adaptation is likely to increase in response to growing
awareness of the need to address climate risks.

Kamonrat_AdobeStock
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5. Barriers and Enablers

Despite the many advantages offered by NbS for
adaptation, their use remains far short of their potential.
This section presents a summary of the barriers and
enablers for NbS use, based on an extensive review of
existing experience and the perspectives contributed by
experts and experienced practitioners who met during a
2019 workshop supported by GCA.

e [imited availability of knowledge and evidence to help
make the case for their use;

e Policy and regulatory environments and governance
challenges that influence the attractiveness and feasibility
of using them across temporal and spatial scales;

e Access to finance for applying and scaling up these

Across the sectors explored, improved ecosystem approaches;
management and the wider adoption of NbS for adaptation e Technical challenges and gaps in capacity that impede
are constrained by some common and interlinked barriers design and wider implementation.

or challenges related to:

e | ack of awareness and/or understanding of these
approaches, and associated entrenched attitudes and
norms;

Building blocks to support improved management for ecosystem resilience and wider adoption of
NbS for adaptation.

Each of these is discussed in more detail below along with
some enablers that can support progress, which can be
clustered into five sets of interlinked building blocks (Figure 4).

Management for resilient ecosystems

and

wider adoption of Nbs for adaptation

Policy and
regulatory
support

Access to Technical
finance capacity

Awareness and understanding Knowledge and evidence

Barriers exist in all of these areas, but can be overcome. Increasing

awareness, understanding, knowledge and evidence would underpin and

motivate improvements to policy and regulatory environments and financing regimes to support wider adoption of good management and NbS for
adaptation, leading to an enhanced knowledge base as well as improved capacity and awareness.
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LACK OF AWARENESS AND UNDERSTANDING;
AND ENTRENCHED ATTITUDES

Many of those confronting, or charged with reducing,
climate-related risks have limited awareness of either

the importance of ecosystems to societal resilience or

the potential of NbS to help meet adaptation objectives.
This gap in awareness is rooted in educational norms and
reinforced by poor information flow and narrow institutional
and discipline-specific ‘cultures’. The awareness gap both
contributes to and is compounded by entrenched attitudes
and perceptions that built or technological solutions are
the only suitable options. This can be linked to a lack of
trust in what is perceived as a ‘conservation agenda’ of
little practical value. Engineers and city planners tend to
think of the environment in certain ways and focus on
standard infrastructure and urban development paradigms.
Politicians see the substantial spending associated with
built solutions as critical to voter approval. Corporate
actors tend to frame consideration of ecosystems in terms
of carbon footprints and mitigation rather than meeting
adaptation needs. Taking the longer-term evolution of
benefits is challenging within systems that frequently
emphasize immediate impact and short term gains.

In contrast, many civil society actors, and the following
groups and processes represent avenues for fostering
greater awareness and understanding of the benefits of
NbS for adaptation.

¢ Indigenous groups and local communities may have a
better understanding of their reliance on ecosystems,
which can inform discussions about climate change
and the search for adaptation solutions.

e Extension services are potential avenues for raising
awareness of, and interest in, NbS for adaptation in
agriculture and rural development, and for bolstering
technical capacity for managing ecosystems and
developing and applying NbS for adaptation.

® Professional networks and peer-to-peer support
organizations, including trade and professional
associations (e.g. the Institute of Civil Engineers in the
United Kingdom) and industry clusters (e.g. coastal
tourism) provide opportunities for raising awareness
and sharing experiences of NbS for adaptation. They
can also serve as sources of expertise to help fill
capacity gaps.

e Policy or issue-based networks can fulfill a similar
role. They can provide powerful avenues for mobilizing
information on successful demonstrations of NbS for
adaptation, and can support peer-to-peer learning. This
is particularly true for cities, where a groundswell of
municipal-led activism and drive for sustainability is
evident through the activities of such networks as ICLEI
- Local Governments for Sustainability, C40, Urban
Alliance, UN Habitat, UNDP Cities, and the Asian Cities
Climate Change Resilience Network. These networks
have already made substantial progress on collectively
defining and publicizing climate-related challenges,
especially on mitigation issues.

® International and national policy processes also
represent opportunities to advance awareness and
use of NbS for adaptation. This includes the need
for nations to revise their Nationally Determined
Contributions under the Paris Agreement, National
Adaptation Plans (NAPs), and the emerging post-2020
framework of the CBD. National commitments on Land
Degradation Neutrality (LDN under UNCCD) can also
encourage countries to prioritize the restoration of
ecosystems that support adaptation. Growing efforts
on highlighting and promoting synergies among these
international agreements and processes provide an
excellent opportunity for drawing attention to the role of
ecosystems and NbS for adaptation to climate change.
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LIMITED AVAILABILITY AND ACCESSIBILITY OF
KNOWLEDGE AND EVIDENCE

As for other adaptation solutions, the adoption and
implementation of NbS for adaptation rely on an
understanding of the climate challenges, the processes
and mechanisms by which a solution can be expected to
work, the limitations to its effectiveness, and measures that
can enhance that effectiveness and co-benefits.

Climate projection information may not be available or
may be highly uncertain for the scales at which industries
operate or infrastructure is developed, or at local scales

BOX 10 Box 10. Sources of Uncertainty on NbS Effectiveness

needed for decisions about rural livelihoods. These

and other uncertainties about the mechanisms and
effectiveness of NbS for adaptation make it challenging for
even relatively aware and receptive design teams, planners,
and decision makers to incorporate NbS for adaptation
into options for dealing with climate change. Further,
several specific sources of uncertainty (Box 10) increase
the difficulty in developing solid predictions about the likely
value of working with ecosystems (and compare this with
other options). These uncertainties make it particularly
challenging for private sector actors and authorities to
integrate NbS in their adaptation strategies.

® Ecosystem responses to climate change

® Impacts of anthropogenic pressures and drivers on those responses

® Time frames needed to realize NbS benefits in relation to rates of climate change

® Spatial and temporal trade-offs (e.g. upstream vs downstream impacts)

® Scale of co-benefits and processes generating them

Solutions to this barrier include:

® The development and implementation of carefully
designed and monitored pilots

e Well-designed and widely disseminated research that
adds to the evidence base and reduces uncertainties
on the effectiveness of NbS for adaptation in particular
contexts and at different scales, or identifies solutions
for specific technical challenges

e Accessible platforms'i designed to enable wide and
cross-disciplinary dissemination of pilot results

e Targeted outreach to professional bodies

® Ongoing efforts to develop and apply standards for NbS
for adaptation design and implementation

e (Cross-disciplinary partnerships to convey necessary
knowledge and evidence between sectors and
demystify the processes for acquiring it

Explicitly addressing the uncertainties will help to reduce
the disincentives arising from knowledge and evidence
gaps. In addition, the rise of natural capital approaches
facilitates the assessment of a wide range of benefits from
ecosystems and represents an additional opportunity to
advance the evaluation of NbS for adaptation in relation to
alternatives.

viii. e.g. Nature-Based Solutions Initiative (https://www.naturebasedsolutionsinitiative.org/); PANORAMA Solutions for a Healthy Planet (https:/panorama.solutions/en).
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TECHNICAL CHALLENGES AND CAPACITY GAPS

Lack of appropriate technical capacity is a commonly

cited barrier to the adoption of NbS for adaptation across
sectors. The skills needed to identify and implement NbS
are not normally included in the training of the professionals
often involved in designing and implementing adaptation
solutions (e.g. engineers). Project teams, especially in
non-environmental sectors, are rarely diverse enough to
encompass skills and knowledge from relevant disciplines.
These gaps in capacity can result in NbS being viewed as
difficult or infeasible, or not being considered at all.

Enablers that help to overcome gaps in technical capacity
include:

e Partnerships that provide access to expertise
in academic, technical institutions; civil society
organizations and professional bodies; or sharing such
resources between implementers

e Publicizing successful implementation or pilots of NbS
for adaptation

e Sharing examples of necessary inputs and documents
for developing NbS, like terms of reference, feasibility
studies, and monitoring protocols

e “Building back better” and “building back greener”
initiatives following catastrophic failure (e.g. of
infrastructure) or disaster, such as those endorsed by
development banks and under the Sendai Framework
for Disaster Risk Reduction

e Applying the “safe to fail” paradigm in engineering
and infrastructure and in a broader application,
especially in cities,?*? aiming to control or minimize the
consequences of infrastructure failure

A wide range of existing tools and resources, ranging from
hydrological and sedimentation models to participatory
planning approaches, are easily available and suitable to
support NbS design and implementation.

POLICY AND REGULATORY ENVIRONMENTS AND
GOVERNANCE CHALLENGES

A wide range of sectoral policies and regulations at national
and sub-national levels influence the implementation of
climate action, as do corporate policies. The policy and
regulatory environments have a powerful influence on the
attractiveness and feasibility of conserving ecosystems and
using NbS for adaptation to address climate risk (Boxes 8,
9). National climate change policies and commitments in
principle provide overarching frameworks for adaptation
including NbS, and the CBD mandates attention to
ecosystem resilience. NAPs, in particular, can be important
enablers for the implementation of NbS, as they are intended
to harmonize and mainstream adaptation planning across
all sectors in the medium and long-term. At the same time,
it is challenging to address policy and regulatory barriers to
wider adoption of NbS for adaptation. Such barriers include:

e Alack of harmonization and coordination among
sectoral policies and their implementation, and in
particular, failure to consider adequately the value of
NbS and their co-benefits can reduce their inclusion in
adaptation strategies.

e Specific sectoral policies, such as for transport,
infrastructure, land use, and agriculture may have
adverse impacts on ecosystem condition and create
barriers to implementation of NbS for adaptation.

® Maintaining ecosystem resilience and implementing
NbS for adaptation commonly require action at
scales that transcend jurisdictional or even national
boundaries, and necessitate coordination among
diverse stakeholders as well as an understanding of
relevant decision-making processes and laws (including
on land ownership).

e \Weak environmental regulations or ineffective application of
such regulations hinder the wider inclusion of environmental
management and NbS in adaptation programs.
Requirements for Environmental Impact or Strategic
Environmental Assessment (EIA/SEA), for example, are
often weakly or inconsistently enforced and rarely include
consideration of climate change impacts, especially at
broader spatial scales. The environmental degradation
resulting from poor EIA and environmental management
plans may reduce the resilience of ecosystems and
opportunities for using NbS for adaptation.
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Enablers for enhancing ecosystem resilience and
promotion of NbS for adaptation include:

BOX 8 Canada’s Climate Resilient Buildings and Core Public Infrastructure Project

Linking policies to the co-benefits produced and
the potential to deliver on multiple international
commitments

Fostering cross-sectoral dialogue on the needs and
options for adaptation

Mechanisms that incentivize or compensate land-
owners and other influential actors for their efforts
to support multiple objectives, such as tax breaks,
extension services, and de-risking activities

National budget cycles that provide suitable entry points
for integrating NbS for adaptation across sectors and
policy objectives

Linking NbS for adaptation to policies and programs
with longer time horizons

Efforts to enhance the transparent disclosure of risks
associated with environmental degradation and the role
of intact ecosystems in resilience to climate change

¢ Involving authorities and other stakeholders in dialogues
and scenario processes to visualize dependencies and
courses of action that meet multiple objectives

e The formation of “special districts” and ordinances that
transcend municipal or jurisdictional boundaries

e Working with stakeholder or community associations
to reduce conflict and facilitate coordination among
multiple stakeholders

e Natural resource management frameworks that take
the ecosystem as the planning unit, such as integrated
water resource management (IWRM) and integrated
coastal zone management (ICZM), in order to facilitate
transboundary and cross-jurisdictional management

Along with an increasing number of cities’ commitments

to resilience, the commitments by a number of large
companies™ to climate-proofing on the one hand, and

to ‘greening’ of supply chains (e.g. under the New York
Declaration on Forests) on the other, offer an opportunity to
bring the two together to support implementation of NbS
for adaptation.

The National Research Council of Canada is delivering the Climate Resilient Buildings and Core Public Infrastructure Project to
integrate climate resilience into the design guidelines, standards, guides, codes and related materials for future infrastructure

built assets and rehabilitation work in Canada. This work includes:

® Considerations of climate change incorporated into guidelines related to flooding, wildfires, buildings, bridges, water,

wastewater, roads, and transit

® Proposed provisions for building codes to incorporate considerations of climate change and durability

® Projected climatic design data for a range of future Canadian climate parameters covering over 650 locations across Canada

® More research and resources for building and infrastructure professionals across Canada to adapt to a changing climate

ix. e.g. Nestle, Coca Cola, Shell.
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National Approaches to Ecosystem-based Adaptation in South Africa

ACCESS TO FINANCE

Challenges relating to finance apply across the whole
spectrum of adaptation options, with global public finance
for adaptation totaling USS$23 billion in 2016 contrasting
sharply with spending for mitigation of USS112 billion.?#®
This challenge is still greater for the use of NbS for
adaptation; planners and practitioners commonly cite limited
access to appropriate finance as a major barrier. Indeed,
most NbS for adaptation efforts have been funded by a
relatively restricted set of national governments, multilateral
donors, and international NGOs, often at local scales and as
standalone projects. Private sector investment in NbS has

been limited (one study estimated that just over 3 percent
of corporate investment in adaptation targeted NbS),? but
may be growing in some sectors.

Challenges in accessing finance for NbS for adaptation are
exacerbated by a lack of understanding of the links between
ecosystems and adaptation among the staff of financial
institutions, and the lack of recognized performance metrics.
Most existing funding models do not match well to the need
for continuous low-level investment over long time frames
that characterize NbS.

The Role of the Natural Environment in Adaptation ® 39



However, there are emerging funding models with the

potential to increase access to finance for NbS for adaptation:

Blended finance* approaches have helped to green
some areas of investment but are not yet widely applied
to support NbS for adaptation.

Green bonds,?*® green credit lines?*® and payments
for ecosystem services?” offer ways to target finance
for NbS for adaptation; Water Funds are a particularly
promising mechanism.

Some institutions, such as multilateral development
banks, provide concessional lending or technical
cooperation that helps to underwrite risks, enabling
other institutions to develop financing instruments
favorable to NbS for adaptation.

Landscape finance schemes are emerging in the
context of climate mitigation® and can provide
resources that enable improvements to ecosystem
conditions in the context of other investments.

e The insurance industry has great potential to incentivize
investment in NbS for adaptation to reduce risk, through
reductions in premiums or through the economic
pressure exerted by high premiums or refusal of
insurance resulting in increased liability in high-risk
areas (e.g. TNC'’s parametric insurance mechanism for
reef insurance in the Yucatan Peninsula).?*®

Improvements to the evidence base on NbS for adaptation
effectiveness and cost-effectiveness, along with emerging
technical and professional standards, will help to increase
the acceptability of these approaches within financial
institutions. Natural capital approaches have helped to
value the role of NbS for adaptation and could provide
further arguments for increased finance, especially taking
into account the value of co-benefits.

x. Blended finance: the strategic use of development finance for the mobilization of additional finance towards sustainable development in developing countries. Organisation for Economic Co-
operation and Development (OECD), 2018.

Xi.

e.g. Tropical Landscapes Finance Facility.
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6. The Way Forward and Recommendations for Action

Despite the potential that nature offers for overcoming
many of the climate-change-related challenges facing
people across the globe, current efforts to build on this
potential are largely siloed within the environmental sector
and limited in scale. To help stimulate action at the scales
needed to realize the benefits of NbS for adaptation
(overcoming barriers and building on the enablers
highlighted in Section 5), this section presents a vision for
the future use of nature in supporting societal adaptation.

Based on wide-ranging research and consultation, and
input from contributors, this paper proposes the following
vision to guide the use, integration, and upscaling of NbS
for adaptation:

Societies are adapting more effectively to climate change
impacts through widely recognizing the role of nature in

Key Components of the Vision

underpinning societal resilience and building on it at scale,
both through efforts to maintain and restore ecosystem
health and resilience in general and through specifically
applying NbS for adaptation.

To help achieve this, the role of nature is considered
routinely in the assessment of climate adaptation needs,
and in the evaluation of the environmental impacts and
dependencies of adaptation and other interventions. The
potential of NbS for meeting societal adaptation needs

is widely recognized, and NbS options are evaluated as

a matter of course during processes for identifying and
choosing adaptation solutions.

Achieving this vision will require action by many different
groups of actors, each of which has different roles to play
in influencing components of the vision (Figure 5).

® Wide recognition: governments at all scales, financing institutions, private sector, civil society organizations, and the general
public are aware of and acknowledge the contributions nature can make to climate change adaptation.

® Building on it at scale: expanding beyond pilots to work with nature at geographical scales (e.g. watershed, landscape,
coastline) and locations appropriate to meeting adaptation needs.

® Maintain and restore ecosystem health and resilience in general: conservation, management and restoration of ecosystems
to enhance their resilience in the face of climate change and other pressures.

® Apply NbS for adaptation: using nature to help people adapt to specific climate hazards as part of an overall adaptation

strategy.

® Routine consideration in assessment of climate adaptation needs: climate impact and vulnerability assessments [always]
include analysis of likely impacts on ecosystems and their implications for people’s vulnerability.

® Considered routinely in evaluation of dependencies and impacts of adaptation and other interventions: all feasibility
assessments include analysis of how the intervention relies on ecosystems, their services and the resilience of these.
Environmental impact evaluations include assessments of impacts on ecosystem resilience and implications for people’s

vulnerability to climate change.

® NbS options are evaluated as a matter of course: whenever a need for adaptation is identified, NbS are always included

among the potential solutions evaluated.
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The web of action needed to advance the vision of increasing effective efforts to maintain and enhance
ecosystem health and resilience and apply NbS for adaptation.

Financing
institutions

N J

(Vision Components \

Wide recognition of the role of nature

Building on the role of nature at scale

Maintain and restore ecosystem health and resilience
Apply NbS for adapation

Role of nature considered routinely in assessment
of climate adapation needs

Considered routinely in evaluation of dependencies
and impacts of adaptation

NbS options are evaluated as a matter of course

- J

The major groups of actors are: Governments at all levels (from local to national); Financing institutions, including public and private, commercial
and philanthropic donors and development agencies; Private sector actors, ranging from small companies to multinational corporations; Civil
society organizations (CSOs) (local, national and international); Research, technical, and training institutions and professional bodies; and the public
(individuals and communities).

Some major changes are needed to advance improvements in ecosystem management and wider adoption of NbS for
adaptation. Key recommendations for action include:

Knowledge and awareness should be built through
increased collaboration and exchange of experience
across sectors, facilitated by governments, donors, civil
society organisations and private sector actors.

Climate impact and vulnerability assessments should as
a matter of course include analysis of likely impacts on
ecosystems and the implications for people’s vulnerability.

Planning, decision-making and action on adaptation
should take a systems perspective. NbS for adaptation
are best conceptualized and implemented at landscape
or wider scales to take account of the interactions
within and between ecosystems and the distribution of
potential beneficiaries and impacts.

Procurement, financing conditions, industry standards
and other policies, should be improved to ensure that
when a need for adaptation is identified, NbS are always
included among the potential solutions evaluated and a
consistent suite of benefits is assessed for all options
under consideration.

Financial institutions need to develop new funding
streams and models (including de-risking strategies)
that can support long-term investment in NbS for
adaptation, including by private sector actors.

Capacity should be developed by incorporating
concepts of ecosystem dependency, climate risk, and
NbS for adaptation into curricula and training programs
for engineers, economists, environmental impact
assessors, and development professionals.

Governments, finance institutions, development and civil
society organisations, corporate actors and research
bodies need to promote wider implementation of NbS for
adaptation, emphasizing monitoring and evaluation, and
disseminating and sharing experience across sectors.

Public pressure can encourage necessary changes
in policy and practice on the grounds that NbS for
adaptation are critical to the public good.
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Different stakeholder groups have different contributions to make to implementing these broad recommendations and
achieving the components of the vision. These are presented below.

Build wide recognition of the role of nature in underpinning societal resilience:

+ Promote exchange of experience among ministries and jurisdictions, and at different levels of government, on:
- Integration of ecosystem management into sectoral policies
- Use of NbS for adaptation and links with other goals, e.g. mitigation

« Support long-term monitoring in areas where ecosystem management and/or NbS for adaptation are implemented

« Share experience of funding NbS for adaptation, including innovative models, successes and challenges
+ Use portfolio experience as well as monitoring and evaluation to:

- Build understanding of cost-effectiveness/ efficiency of NbS for adaptation measures

- Identify examples where ecosystem management has supported other interventions

- Exchange experience (especially early adopters) within trade associations and sectoral collaboration partnerships
(e.g. round tables) on integrating ecosystem management in operations and/or applying NbS for adaptation; draw on data and monitoring and
evaluation results

+ Awareness-raising activities targeting sector-specific audiences in government, finance, the private sector, and the public, covering: importance of
ecosystems; experience and potential of NbS for adaptation
« Improve evaluation of effectiveness and cost-effectiveness to enhance evidence base and provide inputs to sector-specific business cases

+ Develop definitive evidence for and demonstrations of importance of ecosystem management and potential of NbS for adaptation under different
climate change scenarios

« Integrate concepts, evidence, and elements of best practice in all feasible curricula and training

« Improve evaluation of effectiveness and cost-effectiveness to enhance the evidence base and provide inputs to economic case assessments

Build on the role of nature at scale:

« Ensure revisions of NAPs, NDCs and other strategies recognize the role of nature in underpinning societal resilience; include ambition to use NbS for
adaptation as part of the overall strategy

« Institute planning and budgeting horizons for ecosystem management and NbS for adaptation that last beyond political cycles to enable and guarantee
sustained management and tracking of outcomes

« Include resilience considerations in strategic environmental assessment, integrated and cross-sectoral planning at multiple scales, and review of
sectoral policies

- Support enhanced monitoring and evaluation to capture both adaptation outcomes and co-benefits, including long-term impact evaluation, across the
full range of adaptation options supported
- Develop new funding streams and models (including de-risking strategies) suitable to support long-term investment in NbS for adaptation

« Act at scales wider than CSR activities to meet operational adaptation needs, using ecosystem management and NbS
+ Build alliances with like-minded companies to build resilience in supply chains

* Mobilize successful demonstration and pilot experiences as models for broader scale action

- Form coalitions to address ecosystem management or NbS for adaptation goals (e.g. Global Mangrove Alliance)

+ Provide input and support to policy revision processes, emphasizing implementation of ecosystem management and NbS for adaptation at scale and
across sectors

- Develop research evidence and modeling approaches to identify most effective scales and options for intervention under different climate and
development scenarios

« Increase consumer demand for climate-smart products
« Pressure governments to make and act on necessary policy revisions
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Enable routine consideration of nature in assessment of climate adaptation needs:

« Investigate and adopt appropriate methods

« Incorporate methods and pointers to data into guidelines and procedures

* Require consideration of ecosystems in vulnerability and adaptation needs assessment for government use, e.g. in NAPs and other adaptation
strategies

* Fund data and method development
+ Fund assessments of ecosystem dependencies and associated climate risks for projects and populations, especially in developing countries
* Require consideration of ecosystems in vulnerability and adaptation needs assessments used to request financial resources

« Investigate and adopt appropriate methods, developing ‘industry standards’ as appropriate
+ Use appropriate methods to assess and disclose operational climate risks linked to ecosystems, and identify options for addressing them

+ Contribute to developing assessment methods; involve stakeholders in tailoring them to sectors and specific user groups
+ “Socialize” and build capacity to use new methods

+ Build on existing experience in environment sector to increase consideration of ecosystems in vulnerability assessments conducted in development
and other sector CSOs

« Develop relevant data sets, frameworks and assessment methods for identifying ecosystem-mediated climate risks

« Exert consumer and voter pressure to incorporate ecosystem-mediated climate risks in assessment and disclosure of vulnerability, on the grounds that
failure to do so affects the public good

Ensure the role of nature is considered routinely in evaluation of dependencies and impacts of
adaptation and other interventions actors need to:

+ Require feasibility studies for proposed government-supported work to include assessment of ecosystem dependencies and associated climate risks
« Require ElAs to assess how any identified impacts on ecosystems and their services may affect climate resilience; and proponents to employ good
practice in avoiding and mitigating these impacts

- Enforce EIA regulations

« Require feasibility studies for proposed projects to include assessment of ecosystem dependencies and associated climate risks
« Incorporate into performance standards a requirement to explicitly assess how any identified impacts on ecosystems and their services are likely to
affect people’s climate resilience; and to employ good practice in avoiding or mitigating such impacts

+ Include assessment of ecosystem dependencies and associated climate risks as standard practice in feasibility studies and ensure access to relevant
capacity

* Routinely assess, and put measures in place to avoid or mitigate impacts on ecosystems and their services that are likely to affect people’s climate
resilience; and seek opportunities to enhance resilience, in compliance with legislation and/or good practice

+ Mobilize available methods for identifying ecosystem dependencies from ecosystem assessment and other communities of practice, and tailor these

to professionals involved in feasibility assessments
« Advocate for appropriate enforcement of EIA regulations that take impacts on resilience into account

« Incorporate concepts of ecosystem dependency and associated climate risk to curricula and training programs for development professionals,
engineers, economists, environmental impact assessors etc.

« Exert consumer and voter pressure to motivate enforcement of EIA regulations that take impacts on resilience into account
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Ensure NbS options are evaluated as a matter of course whenever a need for adaptation is identified:

+ Adjust procurement policies to make sure they:
- Require comparison among adaptation options to meet specific needs, explicitly including NbS as both stand-alone and complementary activities
for engineered options
- Consider the long-term effectiveness and resilience of different options under changing climatic conditions
- Include full range of costs and benefits, for balanced comparison

« Reflect priorities identified in NAPs

+ Encourage supported governments, institutions, and companies to include requirements for review of NbS options in project-related procurement
policies that:

- Compare among adaptation options to meet specific needs, including NbS activities as both stand-alone and complementary for engineered options

- Consider the long-term effectiveness and resilience of different options under changing climatic conditions - Include full range of costs and benefits
for balanced comparison

+ In decision-making processes for addressing climate risk, adjust standard practice to include:
- Compare among adaptation options to meet specific needs, including NbS as both stand-alone and complementary activities for engineered options
- Consider long-term effectiveness and resilience of different options under changing climatic conditions
- Include a full range of costs and benefits for comparison; evaluate these at appropriate temporal and spatial scales

+ Mobhilize successful experiences to inform identification and selection of adaptation options

- Promote and build capacity for inclusion of NbS (as stand-alone and complementary activities for engineered options) in processes for selecting
adaptation options that evaluate a full range of costs and benefits for all options, and consider the long term effectiveness and resilience of the
options under changing climatic conditions.

+ Develop frameworks and methods for comparing adaptation options that evaluate a full range of costs and benefits for all options at appropriate
temporal and spatial scales
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SUMMARIZING THE WAY FORWARD

Recognition of nature’s importance for climate resilience
needs to extend beyond civil society, research organizations,
and environment departments to a full range of sectors
within government, financial institutions and private entities.
Only with such recognition and understanding can the
necessary action be prioritized and implemented. Along
with other actors, the public has an important role to play in
raising awareness and stimulating action.

Adaptation action at scale requires adequate resources.
Innovative funding streams and models are needed to support
sustained management of nature, to ensure its contribution to
resilience, and to enable wider uptake of NbS for adaptation.
Also essential is ensuring that adaptation actions themselves
do not compromise the health and resilience of ecosystems
or their role in supporting societal resilience. The regulatory
environment and standards of good practice have roles to
play in broadening uptake, enhancing effectiveness, and
avoiding perverse outcomes and maladaptation.

Ongoing monitoring and research are needed to
understand ecosystem responses to climate impacts and
to support adaptive management. This will ensure the
health and resilience of ecosystems and their adaptation
benefits in the face of long term climate risks. Conservation
action can help to reduce other impacts on ecosystems
that otherwise add to their vulnerability.

Nature can play a powerful role in helping society cope
with the impacts of climate change at all scales. Making
the most of this potential requires efforts from actors
across society. Such efforts will mainstream and scale up
understanding and action that enhances the resilience of
ecosystems to climate change and uses natural assets to
reduce particular climate risks.
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Annex A: Case Studies

Urban Coastal Resilience: Howard Beach, Queens, New York — Cost-Benefit Evaluation of
Alternatives Involving Different Combinations of Hard Infrastructure and NbS
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Integrated Coastal Management Programme, Vietnam
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BOX A3 Building with Nature - Towards a Resilient and Prosperous Coastline in Northern Java

Hazard: Flooding, coastal erosion, sea level rise
Sector: Infrastructure (coastal defense)

Vulnerability: The Business as Usual scenario in 2030 shows a fully flooded area with evacuated villages and land loss due

to mangrove loss, subsidence caused by unsustainable groundwater extraction, and sea level rise. Economic development is
projected to be hampered due to blocked transportation routes, continuous repairs of public and private infrastructure, loss of
land, and economic losses in the agriculture and aquaculture sectors.

Actions:

® |ntroduction of a Building with Nature approach (BwN), a design philosophy and process for hydraulic engineering that works
with and alongside the dynamics of nature
Enhancing coastal safety along a 20-km coastline by restoring mangroves

® Introduce a model for sustainable aquaculture that provides space for mangrove restoration, decreases use of chemicals, and
enhances shrimp and fish production

® Financial incentive mechanism: in return for engagement in conservation and restoration measures, communities receive
financial support to develop sustainable livelihoods

® Stimulate stakeholder dialogues and roadmap development to mitigate (addressing groundwater extraction) and adapt to
(flood protection) subsidence in Semarang and Demak district

® Demark a protected mangrove zone in the Demak district
Bring the BWN approach into mainstream coastal zone management through policy dialogue, training, and alignment with
other adaptation and development initiatives

Implementers: EcoShape (BwN innovation platform), Wetlands International, Ministry of Marine Affairs and Fisheries, Ministry of
Public Works and Housing, Witteveen+Bos, Deltares, Wageningen University & Research, UNESCO-IHE, TU Delft, Von Lieberman,
Blue Forests, Kota Kita, Diponegoro University, and local communities.

Policy Enablers/Context: Hard infrastructures like dams and sea walls had proven to be ineffective along the rural mud-coast, as
these exacerbated erosion, were unstable and expensive, and failed to deliver vital economic, environmental and social services
that the mangrove belt provides.

Implementation Costs: The total current funding of the program amounts to USS11 million, including an investment of USS1.6
million in the replication of permeable structures by the Indonesian Ministry of Marine Affairs and Fisheries.

Impacts/Avoided Losses: Reduced poverty risk for vulnerable groups affected by coastal hazards; increased resilience of 70,000
people and 6000 ha of aquaculture ponds in the Flagship project area; reduced impact of sea level, which in Demak district
(Central Java) is projected to cause flooding 6 km inland by 2100, inundating 14,700 ha and affecting 71,676 people.

Co-Benefits: Sustainable aguaculture practices are already leading to increased aquaculture productivity and tripled income,
boosting farmers’ support; mangrove restoration efforts have resulted in enhanced fisheries; biodiversity benefits, carbon
sequestration, avoided greenhouse gas emissions from soils and enhanced water quality.

Risks/Challenges:

® Severe land subsidence, as a result of groundwater extraction in the South Western part of Demak, seemingly affects the
entire 20 km coastal stretch of the project. BWN measures soften and delay the impact of hazards, helping communities to
adapt or transform their livelihoods, but will reach a threshold if unsustainable groundwater extraction is not addressed.

® The government struggles to accommodate needs for short-term development and long-term sustainability. Lack of clarity
in mandate between line ministries and agencies at different spatial scales, combined with the absence of governance
frameworks for integrated coastal zone management, prevents translation of policies into practice.

Source: (Toll, S., personal communication, February 25, 2019)
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North Norfolk Coastal Restoration (UK)
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Coral Gardening for Climate Change Adaptation in Vanuatu

The Role of the Natural Environment in Adaptation ® 51



[taipu Dam, Paraguay/Brazil
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Ecosystem-based Adaptation (EbA) in Mountain Ecosystems Program - Nor Yauyos Landscape -
BOX A7 Livestock Production (Peru)

Hazard: Temperature extremes, drought

Sector: Industry and supply chains; food security and rural livelihoods (livestock production)

Vulnerability: Increased variability in seasonal patterns and reduction in surface water run-off, as well as frost and extreme events such
as hailstorms, are affecting agricultural production and communities in one of the most vulnerable regions to climate change in Peru.

Actions: Restoring water channels and reservoirs to secure provision of water for the reserve communities and downstream
users; grassland management to enhance pastoral livelihoods and increase resilience to drought and frost; vicufia* management
to produce animal fiber and communal livestock management in natural grasslands, and to enhance tourism potential.

Implementers: Ministry of Environment and other government agencies, the Mountain Institute, IUCN, protected area
management, and regional governments.

Policy Enablers/Context: Key national policies already integrate climate change adaptation and EbA in a comprehensive manner,
and there is a willingness to work on new policy instruments. Collaboration with protected area service and management
provides an entry point for planning and working at the community and landscape levels. Local/traditional knowledge and
practices can be integrated as part of EbA. Building on existing structures and institutions supports implementation and
strengthens the link between government and communities.

Implementation Costs: Cost-benefit analysis (including market and non-market benefits) was conducted for sustainable
grassland management, Vicufia management, and animal husbandry in the Tanta site. Two different project areas are included: i)
community farm, where domestic livestock are raised; and ii) vicufia project, where vicufias are managed in the wild:

® Main costs of the community farm: equipment and inputs (e.g. fences, trucks, veterinary services), labor
(e.g. maintenance; shepherding; training programs; and provision of technical assistance)

® Main costs of the vicufia project: inputs for the basic gathering of wild vicufia, shearing equipment, labor for herding and
shearing, training, and internship program

® FEight ecosystem services were valued in terms of change in productivity: food for domestic cattle and vicufia, provision of
alpaca fiber, provision of sheep wool, provision of alpaca meat, provision of sheep meat, provision
of beef, provision of vicufia fiber, and provision of water for agriculture

Impacts/Avoided Losses: Cost-benefit analysis showed that that the EbA measures had high profitability compared to the BAU scenario
(without the project) over 2014-2023. The Net Present Value with the project was US$841,902.95 compared to USS$486,571.34 without.

Co-Benefits:

® Reduced pressure on natural pastures, wetlands, and alpine ecosystems, favoring their recuperation

® Under new native pastures, a hectare now provides for three sheep per hectare, a six-fold increase; new introduced species
pasture can support up to 18 sheep per hectare

Enhanced carbon storage in grasslands

Enhanced provision of animal fiber from Vicufia

Biodiversity conservation, e.g. diverse habitats for predator and prey animals

Improvement in health among community members from consuming healthier livestock products

Strengthening of local organizations and management of communal lands

Capacity building and technical assistance in enhanced livestock and vicufia management

Enhanced scenic beauty and boost in recreation and tourism activities

Risks/Challenges:

® Difficulty in assessing multiple benefits provided by EbA (e.g. some benefits are provided in the short-term and at a local scale,
but many are long-term benefits at larger scales)

Actors most interested in more tangible, immediate economic and social benefits

Lack of labor force due to outmigration can impede implementation

Attaining certain ecosystem benefits may require a larger scale of implementation

The lack of such data can lead to undervaluing EbA benefits and can affect monitoring of EbA benefits

*Vicufia are a South American member of the camel family, closely related to the alpaca and llama
Source: United Nations Development Programme (UNDP). 2015. Making the Case for Ecosystem-Based Adaptation: The Global Mountain EbA Programme in Nepal, Peru and Uganda. New York: UNDP.
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Resilient Landscapes in the Serrana Region of Rio de Janeiro, Brazil
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Land Rehabilitation through Reforestation — the Power of Property Rights in the Green Wood Energy
Value Chain, Diana Region, Madagascar
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BOX A10 Ecosystem-based Adaptation (EbA) in Mountain Ecosystems Program - Mount Elgon, Uganda

Hazards: Soil erosion, flooding, landslides, drought
Sector: Food security and rural livelihoods

Vulnerability: Rural communities in the Mount Elgon catchment rely heavily on rain-fed subsistence agriculture for their food
security and livelihoods. This makes them particularly vulnerable to changes in precipitation patterns and to exacerbating climate
hazards such as drought, floods, soil erosion, and landslides.

Actions: Mount Elgon Protected Area catchment-scale management, including:

® Ecosystem restoration including gravity flow scheme, soil and water conservation, river bank management, and tree planting
(using indigenous, drought-tolerant tree and grass species)

® Conservation agriculture including soil conservation (through agroforestry, mulching, grass banks, hedgerows, contours, and
trenches) and use of drought-resistant seed varieties

Implementers: Ministry of Water and Environment and other government ministries and authorities, Makerere University Institute
of Natural Resources, Mt. Elgon Conservation Forum, District Local Governments, UNDP, [UCN, UN Environment, community-
based groups.

Policy Enablers/Context: Supportive national frameworks are in place that include EbA-relevant priorities or measures, including:
national policy on adaptation priorities; The Second National Development Plan 2015-2020; formulations and/or revisions of
national policies, plans and guidelines: National Environment Management Plan; NBSAP, NDC and NAP; and Ministry of Water and
Environment guidelines on integrating EbA into district-level planning processes and development plans. Local policies and plans
include a territorial plan for the management

of Mount Elgon, parish climate change adaptation plans and community environment action plans.

Implementation Costs: Cost-benefit analysis results show that:

® EDbA practice viability can be sustained in the long run, even at the relatively high 12 percent discount rate
Profitability of EbA practicing farmers across the landscape was significantly higher than that for non-EbA-practicing farmers
EbA is expected to be more effective and the investment is expected to lead to a higher return compared to non-EbA investments; a
2 percecnt increase in soil productivity as a result of EbA investment is assumed above the status quo

® Practicing EbA with perennial crops significantly enhanced profitability

Impacts/Avoided Losses: minimized nitrogen, phosphorus, and potassium (NPK) soil nutrient loss from avoided soil erosion; less
need to compensate by purchasing external inputs such as fertilizers.

Co-Benefits: Increased cohesion among parish actors from establishing water groups and jointly implementing activities;
improved health from stable water supply, enough food and better nutrition; decrease in conflicts of water use and time spent in
search for water; improved agricultural livelihoods and increased income from increased local commercial sale of more varied
and healthier crops, enabled by the catchment-scale approach; increase in community cohesion and resilience as farmers help
each other.

Risks/Challenges: Communities are most interested in more tangible, immediate economic and social benefits, and it is not
always easy to demonstrate how these are based on ecosystem services; cost-benefit analysis can be challenging, as confidence
in the values/methodology used may be low; implementing multi-sectoral policy, with several Ministries in charge of delivery;
public financing for climate change remains limited due to lack of resources, weak regulatory instruments and institutional
capacity to deliver.

Source: UNDP. 2015. Making the Case for Ecosystem-Based Adaptation: The Global Mountain EbA Programme in Nepal, Peru and Uganda. New York: UNDP.
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Capturing the Multiple Benefits Associated with Nature-based Solutions: Lessons from a Natural Flood
Management Project in the Cotswolds, UK

BOX A11
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BOX A12 Water Management Benefits of Prairie Potholes in the Shepard Slough Complex, Alberta
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BOX A13 Restoration of Urban Mangrove Ecosystems in Ciénaga de la Virgen, Cartagena, Colombia
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BOX A14 Singapore Active, Beautiful, Clean Waters (ABC Waters) Programme
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BOX A15 Sponge City Program in China
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Mangrove Plantation and Disaster Risk Reduction (MP/DRR) Project in the Disaster-prone Coastal
Provinces of Northern Viet Nam

:10) @4
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BOX A17 Incentive-based Hilsa Conservation Program, Bangladesh
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BOX A18 Miyun, Jiaguan and Dongjiang Source Watershed Hebei/Guangdong/Jiangxi, China
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Ecosystems Protecting Infrastructure and Communities Programme (EPIC) Coastal and Rural Areas
of Senegal

BOX A19
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Enhancing Capacity, Knowledge and Technology Support to Build Climate Resilience of Vulnerable
BOX A20 Developing Countries (EbA through South-South Cooperation: EbA South)

Hazard: Storm surge, flooding, sea level rise, drought
Sector: Food security and rural livelihoods

Vulnerability: Poverty, dependence on rain-fed agriculture, limited capacity of regional and national institutions to plan and
implement adequate adaptation technologies and practices.

Actions:

® On-the-ground EbA interventions in pilot countries: planting high-value tree species in fallow lands, converting marginal rice
croplands to agroforestry, enrichment planting in forests and degraded shrublands, diversifying income earning potential

® Trainings, tools, and knowledge products developed to support effective planning and implementation of EbA technologies,
including web platform; EbA planning tool, ALiVE: Adaptation, Livelihoods and Ecosystems; EbA handbook; guideline on EbA
research; workshop with Asia Pacific Adaptation Network (APAN)

® Long term research programs for measuring the short- and long-term effects (ecological, hydrological and socio-economic) of
EbA interventions being applied within the project

Implementers: UN Environment, National Development and Reform Commission of China (NDRC), Chinese Academy of Sciences
(IGSNRR, CAS).

Implementation Costs: USS4.9 million from GEF SCCF; over USS7 million co-finance from China
Impacts/Avoided Losses:

Nepal:

® 2048 no-intervention scenario: USS1 spent on growing agroforestry or loss incurred (the opportunity cost of lost wealth)
results in USS6.93 of human benefit

® 2048 with expanded EbA south scenario: USS1 buys $21.39 in human benefit. This implies USS1 buys 209 percent (or 3
times) more wellbeing than a no-intervention scenario

® 2048 expanded agroforestry scenario: USS1 buys $15.41 in human benefit. This implies USS1 buys 122 percent (2.2 times)
more wellbeing than a no-intervention scenario

Seychelles:

® 2028 with intervention scenario: Reduced risk of rainwater flooding, enhanced property prices and transport access in
the short term. However, the current interventions alone are unlikely to be adequate in 10 years' time. Changes to wetland
functionality due to the establishment of drains has negative impacts on the receiving ocean habitats if they are not combined
or offset with catchment management upstream of the flooding area. Human benefits are estimated to be 19 percent over a
no-intervention scenario

® 2028 Catchment management and drains scenario: Accommodates human pressure on the system in a changing climate
and generates a net positive impact. Environment management and site-specific interventions are likely to promote a resilient
Mahé society

® 2028 no-maintenance scenario: maintenance of the existing interventions is required to ensure that the intervention does not
generate net cost or loss to Mahé society

Risks/Challenges: If the project generates greater wellbeing, it could attract more people to the area and dilute intended
benefits. Social interventions (e.g. promoting land rights, better management of common resources, or supporting better urban
development and management), need to be combined with NBS measures to sustain intended benefits.

Sources: Mander, M. 2018. “Ecosystem Services Supply, Demand and Values at Petit Barbarons, Seychelles.” Ecosystem-based Adaptation through South-South Cooperation (EbA
South) Final Report. Nairobi: UNEP; Mander, M. 2018. “Ecosystem Services Supply, Demand and Values at Chiti, Nepal." Ecosystem-based Adaptation through South-South Cooperation
(EbA South) Final Report. Nairobi: UNEP.
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BOX A21 Best Management Practices for Silvo-Aquaculture in Bac Lieu, Mekong River Delta, Viet Nam
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BOX A22 Nicaragua Climate Adaptation and Water

Hazard: Drought, extreme events

Sector: Cities

Vulnerability: Nicaragua is experiencing frequent water rationing, high system losses, lack of domestic metering, low water
collection rates, and poor water quality, particularly in rural areas. The country also experienced disparity in terms of urban and
rural access to water and sanitation.

Actions:

Pilot adaptation initiatives to enhance climate resilience in selected municipalities

Four municipal plans for the protection of families to cope with climate change of the selected municipalities (San Juan de
Limay, Juigalpa, San Ramon, and Murra) were developed and a water resources policy, including a climate change adaptation
dimension, was prepared by the National Water Authority (ANA)

Implementation of the first economic compensation for ecosystem services program for the protection of critical water
sources in climate-vulnerable rural communities

Ten tools were used to incorporate climate change adaptation in water and sanitation investments

Seven WASH systems were constructed in the selected communities

Conservation and reforestation around water sources

A Climate Information Module for water and climate change was integrated into the National Water Resources Information
System (SIAGUA) and ANA

Three weather and oceanographic monitoring stations were established and are functioning in Corn Island. Also, an index for
wetland protection was developed to increase the protection of recharge areas of aquifers to support the adaptation capacity
of water supply in Corn Island

Policy and operational tools were developed to incorporate climate change adaptation

Implementers: World Bank, Ministry of Environment and Natural Resources, Emergency Social Investment Fund (FISE),
municipalities, community organizations

Policy enablers/context: Nicaragua's National Development Plan 2008-2012 aimed to address water supply and sanitation access.

Implementation Costs: USS$5.97 million

Impacts/Avoided losses:

270 farmers received payments for participating in the program

700 technicians of key public institutions were trained in water resources and climate change

59 drinking water supply sources and recharge areas were protected

3,028 hectares of land were conserved, reforested, and restored to increase protection water sources

Technical studies on hydrology and a risk assessment on climate change were carried out

Access to improved water sources for 338 households were provided, reaching 1,786 people

All vulnerable communities were able to manage and operate the delivered WASH systems and protect water resources,
achieving the target of all vulnerable communities being able to do so

25,929 people benefited from the project (50 percent of whom were women)

Risks/Challenges:

National budget does not provide funding for the continuity for the program; no long-term financing is ensured, even though
the World Bank has been supporting the government in the development of a REDD+ strategy, which, once approved, will
provide payments for emissions reduction from forest degradation and deforestation and also has been preparing a project
which will include similar payments for ecosystem services program to protect first land in the Caribbean region

Since March 2018 the country experienced political turmoil, impacting project implementation

Despite FISE continuing to invest in water supply to poor communities, it has been hesitant to include climate change aspects
in its project design

Source: Ferl, K. 2018. NI Climate Adaptation and Water GEF - Implementation Completion Report (ICR) Review (Project ID: P127088). Washington, D. C.: World Bank Group
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BOX A23 Mexico's Water Reserves as an Innovative, Cost-effective and Replicable Nature-based Solution
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BOX A24 Sustainable Coffee Production in Colombia - Nestlé, Rainforest Alliance, FNC and Others

Hazard: Drought, pest outbreaks (e.g. leaf rust and coffee borer)
Sector: Industry and supply chains

Vulnerability: Lowered yield and quality due to increased temperatures and reduced water availability; the majority of coffee
producers are smallholder farmers, and vulnerable to economic/market changes, natural disasters, and climate change;
continuous decreases in national production levels in recent years.

Actions:

® Promotion, training, and application of coffee production standards/codes (e.g. the Common Code of the Coffee Community
(4C); Rainforest Alliance certification/Sustainable Agriculture Network (SAN) standard; FNC “Cafés Especiales” strategy
Soil analysis and soil conservation measures

® Improved inputs, such as higher quality seedlings and leaf rust tolerant varieties

® Traceability system

Implementers: Private company; farmers, industry associations, NGOs, local and national authorities.

Policy Enablers/Context: National “Cafés Especiales” strategy since 2002, as well as previous experience with FNC standards;
existing technical support/extension services via FNC; shade-grown coffee and other practices already in line with standards
(adoption of new practices minimised); group certification reduced auditing costs; high premium price for certified Colombian
coffee in early years (though this decreased over time).

Implementation Costs: Investment of USS3.17 million during 2011-2015
Impacts/Avoided Losses:

® Nescafe Plan: 1.87 million kg additional ‘green coffee’ produced per year worth around USS5 million per year; 35 percent
increase in productivity; 41 percent increase in net farmer income

® Rainforest Alliance certification in Santander: by 2010, more than 1000 farms were RFA certified; average premium
received was about 2 percent above the price paid for standard, noncertified coffee; certified farmers more likely to sell to a
cooperative, to have access to credit for rejuvenating coffee plantations, and to have off-farm income as well

Co-Benefits:

® |mproved water source protection through fencing and reforestation, and use of water-saving technologies (Manos al Agua
collaboration has seen water quality improve in 80 percent of catchments)

® Improved agro-biodiversity in certified farms

Improved waste management, with certified farmers more often collecting trash and recycling, and less likely to throw

wastewater into fields

Improved farm management skills, such as record keeping and market knowledge

Participating farmers more likely to stay in business

Spill-over effects, with environmentally friendly practices reaching non-certified farmers

Improved social conditions, such as occupational health and safety

Risks/Challenges:

® Water management knowledge/practices may have limited impact without wider action; technological improvements may be
needed that require capital investment

® Market effects, e.g. supply vs. demand for certified product; as the supply of certified coffee increases, price premium has decreased

® Smallholder farmers may need additional capital, access to extension, and other forms of support if more significant changes
to practices are required for certification

Sources: Rueda, X., and Lambin, E. 2013. “Responding to globalization: impacts of certification on Colombian small-scale coffee growers.” Ecology and Society 18(3): 21; Johr, H. 2017
“Embeddedness in the context of corporate sustainability at Nestlé.” Presentation at University of Zurich, January 19, 2017; Nestlé. 2017. “Nestlé in society: Creating Shared Value and
meeting our commitments 2017."; Nestlé. 2013. “Nestlé in society: Creating Shared Value and meeting our commitments 2013."
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BOX A25 Mangroves and Markets, Viet Nam

Hazard: Coastal flooding, sea level rise

Sector: Industry and supply chains (aquaculture)

Vulnerability: Negative effects of flooding and sea level rise (e.g. saline intrusion) on low-lying communities and shrimp farming
in the Mekong Delta.

Actions:

® Promotion of and training in organic certification among shrimp farmers

® Use of payment for ecosystem services (PES) to incentivize farmers to conserve/restore mangroves

® Mangrove polyculture/integrated mangrove shrimp farming; standards and related government decisions require the
rehabilitation and/or maintenance of a certain proportion of mangrove cover (e.g. under Naturland standard, rehabilitation to
at least 50 percent mangrove cover within 5 years)

Implementers: IUCN; provincial governments; private sector (shrimp companies)

Policy Enablers/Context: Viet Nam's Ministry of Agriculture and Rural Development has been preparing a national regulation on
PES in aquaculture, and through the project Ca Mau Province piloted a PES scheme, requiring seafood companies to pay farmers
an incentive of USS25 per hectare of mangrove conservation and restoration; consumer demand for certified/mangrove shrimp
in some markets; strategic plan for agricultural development to 2020 may increase opportunities for farmers to access capital/
credit.

Implementation Costs:

® On average, households spent around 4.3 person-days per hectare maintaining/rehabilitating mangrove forest on their land,
worth a total of around US$43

® With an average of 5 hectares per household of shrimp pond and average forest cover of about 50 percent, households have 2.5
ha eligible for the payment rate of USS$22 per hectare of forest. This amounts to approximately USS62.50 per household per year.
If supporting 1000 farmers, the total would be around USS$62,500 per year

Impacts/Avoided Losses: Lack of information on avoided losses, but information on avoided costs and profitability available:

® Certified mangrove-shrimp brings the highest profit of US$2,000/ ha, while conventional extensive shrimp farming brings the
lowest profit of about USS1,000/ ha. The key factor is that mangrove-shrimp farming produces larger shrimp that can be sold
at a higher price

® Total cost saved by mangrove services for shrimp farming is USDS$1,375 to USS$5,304 per year for intensive farming

Co-Benefits: Minh Phu, Viet Nam's largest shrimp exporter, has so far signed contracts with 1,150 farmers managing 6,972
hectares; extension services and training provided for 1,300 shrimp-farming households; annual income increasing from
USS$2,684 - $3,132 to USS6,711 - $8,948 after joining the program; reduced illegal logging of mangrove trees; improved provision
of mangrove provisioning services.

Risks/Challenges: Delays in receiving premium payments, or payments not reaching farmers; restricted access to education

in the Mekong Delta, leading to heavy investment in training; there is currently no organic hatchery in Mekong Delta; existing
extension services cannot meet demand from farmers; demand for aquaculture products, including certified products, is growing,
but consumers lack information on the status of these products (e.g. whether certified or not); shrimp diseases such as white
spot syndrome.

Sources: IUCN. 2017. Shrimping Horizons: How shrimp farmers are saving thousands of miles of mangrove in Vietnam. IUCN; IUCN. 2016. Mangroves & Markets final workshop: results
and lessons learned. IUCN; GIZ. 2013. Status of small-scale environmentally friendly shrimp production in Ca Mau Province, Viet Nam. Integrated Coastal Management Programme
(ICMP). Bonn: GIZ; Phan V. 2018. “Results from a study on the legal aspects in mangrove shrimp farming for international certification and payment for forest environment services in
Ca Mau province.” Draft Report. Scaling up Mangrove EbA in the Mekong Delta (MAM2). SNV; Nguyen, H. 2018. “Mangrove ecosystem services to shrimp farming in mangrove-forest
system: State of the literature; and Outcomes of the pilot Payment for Forest Ecosystem Services (PFES) in Ca Mau” Draft Report. Scaling up Mangrove EbA in the Mekong Delta
(MAM2). SNV.

The Role of the Natural Environment in Adaptation ¢ 71



ENDNOTES

Pachauri, R. and Meyer, L. (eds.) 2014: Climate Change 2014:
Synthesis Report. Contribution of Working Groups 1, Il and Il to the
Fifth Assessment Report of the IPCC. Geneva: IPCC.

16.

17.

FAQ. 2013. “Part T—The Setting." FAO statistical yearbook 2013.
Rome: FAO. http://www.fao.org/docrep/018/i3107€/i3107e01.pdf.

FAQ. 2018. The State of World Fisheries and Aquaculture 2018 —

2. Masson-Delmotte, V., Zhai, P, Pértner, H., Roberts D., Skea, J., Shukla, P Meeting the sustainable development goals. Rome: FAQ.
etal. eds. 2018. Global warming of 1.5°C. An IPCC Special Report on the http://www.fao.org/3/i9540en/19540EN .pdf.
impacts of global warming.ofl7.5°C above p(e-industrial levels and related 18, Mclntyre, B. Reidy, P, Liermann, C., and Revenga, C. 2016. “Linking
global greelnhouse gas emission pathways, in the cqntext of freshwater fishery management to global food security and
strengthening the global response 1o the threat of climate change, biodiversity conservation.” Proceedings of the National Academy of

. . Yy g y
sustainable development, and efforts to eradicate poverty. Geneva: IPCC. Sciences of the United States of America 113(45): 12880-12885.

3 IPBES 200 9 Sumnjary for policymakers Of the global assessment 19. FAOQ. 1996. Rome declaration on world food security and World Food
report on biodiversity 'and ecosystem services Of th? ) Summit plan of action, World Food Summit, Rome: FAO.
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services 20. Wetlands International 2017. Water Shocks: Wetlands and Human

) ) Migration in the Sahel. The Netherlands: Wetlands International.

4. Millennium Ecosystem Assessment. 2005. Ecosystems and Human

Well-being: Synthesis.Washington, D.C.: Island Press. 21. Cambridge Institute for Sustainability Leadership, Fauna & Flora
) o International, University of East Anglia, and UNEP-WCMC. 2017. The

5 Diaz, S Pascual, U., Stenseke, I\/l.,”l\/lartmfl__opez, B. ’\/Vatsoq, R T pollination deficit: Towards supply chain resilience in the face of
Molnar, Z. anq Polasky, S. (2018). “Assessing nature’s contributions pollinator decline. Cambridge, UK: UNEP-WCMC.
to people.” Science 359(6373): 270-272.

) . 22. Potts, S, Imperatriz-Fonseca, V., Ngo, H., Aizen, M, Biesmeijer, J,

o Ggerry, A.D., Polasky, S',j Lubchenco,lJ., Chaplin-Kramer, R, D.ally, G.C. Breeze, T, et al. 2016. “Safeguarding pollinators and their values to
‘Gr|fﬂn,.R. et aI: (201 5). “Natural gap|ta| and gcosystem sgrwces human well-being” Nature 540(7632): 220.
informing decisions: From promise to practice.” Proceedings of the
National Academy of Sciences 112(24): 7348-7355. 23. Ingram, J. 2011. "A food systems approach to researching food

) ) security and its interactions with global environmental change.” Food

7. Wc})r}ld Economic Forum. 2019. The Global Risks Report 2019, 14th Security 2011(3): 417-431.

Edition. Geneva.
) 24. Shackleton, S., Shackleton, C., and Shanley, P. (eds). 2004. Special

g W_Orld Bank Group. 20A1 4. Turn down the h?at ~ confronting the new issue: Non-Timber Forest Products in the Global Context. Tropical

climate normal. Washington, D.C.: International Bank for Forestry, 7.
Reconstruction and Development / The World Bank
) ) ) ) 25. Dewees, P, Campbell, B., Katerere, Y., Sitoe, A.,, Cunningham, A,

9.  Fischlin, A, Midgley, G.F, Pr@e, J.T, Lfeemans, R., Gopal, B Turle_y, C., Angelsen, A, et al. 2011, "Managing the miombo woodlands of
etal. 2007. Ecosystems, their p r_Op erties, goods, _a'nd servrc_es, Ql;mate Southern Africa: policies, incentives, and options for the rural poor”
Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Washington, DC: Program on Forests (PROFOR).

Working Group Il to the Fourth Assessment Report of the IPCC.

Cambridge: Cambridge University Press. 211-272. 26. UNDP 2001. "Advancing Rural Development: National Human

) o Development Report Lao PDR 2001.” New York: United Nations
10. Diaz, S, Settele, J., Brohd|2|o, E., Ngo, H., Gueze, M., Agard, J., et al. Development Programme.

2019. Summary for policymakers of the global assessment report on

biodiversity and ecosystem services of the Intergovernmental 27. Dudley, N. and Stolton, S. 2003. Running pure: the importance of

Science-Policy Platform on Biodiversity and Ecosystem Services forest protected areas to drinking water. Gland, Switzerland: World
) ) Bank/WWEF Alliance for Forest Conservation and Sustainable Use.

11. Lawrence, D. and Vandecar, K. 2015. “Effects of tropical deforestation
on climate and agriculture.” Nature climate change 5(1): 27. 28. Hickey, G, Pouliot, M., Smith-Hall, C., Wunder, S. and Nielsen, M. 2016.

“Quantifying the economic contribution of wild food harvests to rural

12. Babcock, R. C., Bustamante, R. H., Fulton, E. A, Fuiton, D Jo livelihoods: a global-comparative analysis.” Food Policy 62: 122-132.
Haywood, M. D. E., Hobday, A, et al. 2019. “Severe Continental-Scale
Impacts of Climate Change Are Happening Now: Extreme Climate 29. Wheeler, T. and von Braun, J. 2013. “Climate Change Impacts on
Events Impact Marine Habitat Forming Communities Along 45% of Global Food Security.” Science 341: 508-13.

Australia's Coast.” Frontiers in Marine Science 6: 411. 30. Enfors, E.l. and Gordon, L.J. 2008. “Dealing with drought: the

13.  Pecl, G. T, Aratjo, M. B, Bell, J. D, Blanchard, J., Bonebrake, T. C., Chen, I. C., challenge of using water system technologies to break dryland
et.al. 2017. “Biodiversity redistribution under climate change: Impacts on poverty traps.” Global Environmental Change 18(4): 607-16.
ecosystems and human well-being” Science 355(6332):1-9. 31. Ray, D, West, P, Clark, M., Gerber, J., Prishchepov, A, and Chatterjee,

14. Behr, D.R., Locatelli, B., Pramova, E., and Alumai, G. 2015. How forests 8. (2019). "Climate change already affects global food production.”
enhance resilience to climate change: what we know about forests PLoS ONE 14:e0217148.
and adaptation. Washington DC: Program on Forests (PROFOR). 32. FAO.2018. The State of Food Security and Nutrition in the World 2018

15. FAQ. 2019. State of the World's Biodiversity for Food and Agriculture. Rome: FAQ.

Rome: FAO. http://www.fao.org/3/CA3129EN/ca3129en.pdf.

72 * July2019



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

48.

46.

47.

48.

FAQ. 2018. The State of World Fisheries and Aquaculture 2018 —
Meeting the sustainable development goals. Rome: FAQ.
http://www.fao.org/3/i9540en/19540EN.pdf.

Harvey, C., Saborio-Rodriguez, M., Martinez-Rodriguez, M., Viguera, B.,
Chain-Guadarrama, A., Vignola, R., et al. 2018. “Climate change
impacts and adaptation among smallholder farmers in Central
America." Agriculture & Food Security 7: 57.

FAO. 2018. “Impacts of climate change on fisheries and aquaculture:
Synthesis of current knowledge, adaptation and mitigation options.”
FAO Fisheries and Aquaculture Technical Paper 627. Rome: FAQ.

FAQ. 2016. “Climate change and food security: risks and responses.”
Rome: FAO.

Pauleit, S., Zolch, T, Hansen, R., Randrup, T. B., and van den Bosch, C.
K. 2017. “Nature-Based Solutions and Climate Change — Four Shades
of Green." In N. Kabisch et al. (eds.), Nature-based Solutions to
Climate Change Adaptation in Urban Areas, Theory and Practice of
Urban Sustainability Transitions. Springer International Publishing.

Ko, Y. 2018. “Trees and vegetation for residential energy
conservation: A critical review for evidence-based urban greening in
North America.” Urban Forestry & Urban Greening 34: 318-335.

Engemann, K., Pedersen, C. B, Arge, L., Tsirogiannis, C., Mortensen, P B,
and Svenning, J. C. 2019. "Residential green space in childhood is
associated with lower risk of psychiatric disorders from adolescence
into adulthood.” Proceedings of the National Academy of Sciences
116(11): 5188-5193.

World Health Organization. 2016. Preventing disease through healthy
environments: a global assessment of the burden of disease from
environmental risks. Geneva: WHO Press.

McCarthy, M, Best, M., and Betts, R. 2010. “Climate change in cities
due to global warming and urban effects.” Geophysical Research
Letters 37(9).

McDonald, R., Green, P, Balk, D., Fekete, B, Revenga, C., Todd, M., et.al.
2071. “Urban growth, climate change, and freshwater availability.”
Proceedings of the National Academy of Sciences 108(15): 6312-6317.

Field, C., Barros, V., Dokken, D., Mach, K., Mastrandrea, M., Bilir, T, et.al.
(eds.). 2014. Climate Change 2074: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects Contribution of working
group Il to the fifth assessment report of the IPCC. Rome: IPCC.

C40 Cities. 2018. The future we don't want: how climate change could
impact the world's greatest cities. UCRRN.

Minderhoud, P, Erkens, G., Pham, V, Bui, V., Erban, L., Kooi, H., et al. 2017.
“‘Impacts of 25 years of groundwater extraction on subsidence in the
Mekong delta, Vietnam.” Environmental Research Letters 12(6): 064006.

Erkens, G, Bucx, T, Dam, R., Lange, G., and Lambert, J. 2015. “Sinking
coastal cities.” Proceedings of the International Association of
Hydrological Sciences 372: 189-198.

Hong, Y, Adler, R., and Huffman, G. 2007. “Use of satellite remote
sensing data in the mapping of global landslide susceptibility.”
Natural Hazards 43(2): 245-256.

World Health Organization. 2018. Chemical releases caused by natural
hazard events and disasters — information for public health authorities.
World Health Organization, Geneva: Licence: CC BY-NC-SA 3.0 IGO

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

McDonald, R., Green, P, Balk, D., Fekete, B., Revenga, C., Todd, M., et al.
2011. “Urban growth, climate change, and freshwater availability.”
Proceedings of the National Academy of Sciences 108(15): 6312-6317.

The Nature Conservancy. 2016. Sub-Saharan Africa’s Urban Water
Blueprint: Securing Water Through Water Funds and Other
Investments in Ecological Infrastructure. TNC: Nairobi, Kenya.

OECD. 2018. “Climate-resilient Infrastructure”. OECD Environment
Policy Paper No. 14.

Barata, M., Ligeti, E., De Simone, G., Dickinson, T, Jack, D., Penney, J., et al.
2011. “Climate change and human health in cities.” In: Climate Change
and Cities: First Assessment Report of the Urban Climate Change
Research Network. Cambridge, UK: Cambridge University Press.

WHO. 2016. Preventing disease through healthy environments: a
global assessment of the burden of disease from environmental
risks. Geneva: WHO Press.

Scott, M. 2014. Climate Change: Implications for Employment — Key
findings from the IPCC AR5 Report. Cambridge: University of
Cambridge Institute for Sustainability Leadership.

UN-HABITAT. 2016. World Cities Report. Nairobi: United Nations
Human Settlements Program (UN-Habitat). http://wcr.unhabitat.org/
wp-content/uploads/2017/02/WCR-2016-Full-Report.pdf.

Bhattacharya, A., Meltzer, J., Oppenheim, J., Qureshi, Z., and Stern, N.
2016. Delivering on Sustainable Infrastructure for Better Development
and Better Climate. Global Economy and Development at Brookings,
The New Climate Economy, and the Grantham Research Institute on
Climate Change and Environment.

Browder, G. J., Ozment, S., Rehberger-Bescos, I., Gartner, T, Lange, G.
2019. Integrating Green and Gray: Creating Next Generation
Infrastructure (English). Washington, D.C.: World Bank Group.

Mandle, L., Griffin, R., Goldstein, J., Acevedo-Daunas, R., Camhi, A,
Lemay, M., et al. 2016. Natural Capital & Roads: Managing
dependencies and impacts on ecosystem services for sustainable
road investments. |ADB.

Natural Capital Finance Alliance. 2019. “ENCORE." https://encore.
naturalcapital.finance/en. Accessed March 2019.

Watson, S. C. L, and Newton, A. C. 2018. “Dependency of Businesses
on Flows of Ecosystem Services: A Case Study from the County of
Dorset, UK. Sustainability 10: 1368.

Dawson, R. J., Thompson, D., Johns, D., Wood, R., Darch, G.,
Chapman, L, et al. 2018. “A systems framework for national
assessment of climate risks to infrastructure.” Philosophical
Transactions of the Royal Society A. 376:20170298.

Lucky, M., Auth, K., Ochs, A,, Fu-Bertaux, X., Konold, M. and Lu, J.
2014. Haiti Sustainable Energy Roadmap: Harnessing Domestic
Energy Resources to Build an Affordable, Reliable, and Climate-
Compatible Electricity System. Washington, DC: Worldwatch Institute.

Seymour, F. and Busch, J. 2016. Why Forests? Why Now? The
Science, Economics, and Politics of Tropical Forests and Climate
Change. Washington, D. C.: Center for Global Development.

McEvoy, D., Ahmed, |, and Mullett, J. 2012. “The impact of the 2009
heat wave on Melbourne's critical infrastructure.” Local Environment
17:783-796.

The Role of the Natural Environment in Adaptation ® 73



65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

Marsh, T. Kirby, C., Muchan, K., Barker, L., Henderson, E., Hannaford,
J. 2016. The winter floods of 2015/2016 in the UK - a review.
Wallingford, UK: NERC/Centre for Ecology & Hydrology.

WBG and PPIAF. 2016. Emerging Trends in Mainstreaming Climate
Resilience in Large Scale, Multi-sector Infrastructure PPPs. A Global
Knowledge Product. Washington, D.C: IBR/WB.

FAQ. 2019. Global production and trade of forest products in 2017.
Rome: FAO.

World Bank Group and PPIAF. 2016. Emerging Trends in
Mainstreaming Climate Resilience in Large Scale, Multi-sector
Infrastructure PPPs. A Global Knowledge Product.

Hussain, S. A. and Badola, R. 2010. “Valuing mangrove benefits:
contribution of mangrove forests to local livelihoods in Bhitarkanika
Conservation Area, East Coast of India.” Wetlands Ecology and
Management 18: 321-331.

El'ldrysya, H., and Connelly, R. 2011. “Water - the Other Resource a
Mine Needs to Estimate. 1st International Symposium on Innovation
and Technology in the Phosphate Industry.” Procedia Engineering 46:
206 - 212.

International Council on Mining and Metals (ICMM). 2012. Water
management in mining: a selection of case studies. London: ICCM

World Tourism Organization (UNWTO). 2018. Tourism Highlights.
Madrid: UNWTO. http://www?2.unwto.org/content/why-tourism.

World Tourism Organization (UNWTO). 2019. “International Tourist
Arrivals Reach 1.4 billion Two Years Ahead of Forecasts.” January 21.
http://www?2.unwto.org/press-release/2019-01-21/international-
tourist-arrivals-reach-14-billion-two-years-ahead-forecasts.

Wei, D., and Chase, M. 2018. Climate and Supply Chain: The Business
Case for Action. San Francisco: BSR.

Mills, K.E., Pershing, A.J., Brown, C.J., Chen, Y, Chiang, F.-S., Holland,
D.S, et al. 2013. “Fisheries management in a changing climate:
lessons from the 2012 ocean heat wave in the Northwest Atlantic.”
Oceanography 26(2): 191-195.

Arent, D.J., Tol, R.S.J,, Faust, E., Hella, J.P, Kumar, S., Strzepek, KM,
et al. 2014. Key economic sectors and services. In: Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate
Change [Field, C.B., et al. (eds.)]. Cambridge University Press,
Cambridge, UK. and New York, NY, U.S.A, pp. 659-708.

Scott, D. and Verkoeyen, S. 2017. Assessing the Climate Change Risk
of a Coastal-Island Destination. In: Global climate change and coastal
tourism: recognizing problems, managing solutions and future
expectations [Jones, A. and M. Phillips (eds.)]. Wallingford, UK: CABI

Scott, D, Simpson, M. C., and Sim, R. 2012. “The vulnerability of
Caribbean coastal tourism to scenarios of climate change related
sea level rise.” Journal of Sustainable Tourism 20(6): 883-898.

Great Barrier Reef Foundation. 2019. “The facts.” August 1. https:/
www.barrierreef.org/the-reef/the-facts

Marty, C., Schlogl, S., Bavay, M., and Lehning, M. 2017. “How much
can we save? Impact of different emission scenarios on future snow
cover in the Alps.” The Cryosphere 11(1): 517-529.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Great Barrier Reef Marine Park Authority (GBRMPA). 2009. Great
Barrier Reef Outlook Report 2009: In Brief. Townsville, Queensland:
GBRMPA. http:/elibrary.gbrmpa.gov.au/jspui/
bitstream/11017/429/1/Great-Barrier-Reef-outlook-report-2009-in-
brief.pdf.

Hughes, T, Kerry, J., Baird, A., Connolly, S., Dietzel, A., Eakin, C., et al.
2018. “Global warming transforms coral reef assemblages.” Nature
556: 492-496.

Great Barrier Reef Marine Park Authority (GBRMPA). 2017. “Final
Report: 2016 Coral Bleaching Event on the Great Barrier Reef” In:
Commonwealth of Australia (2018) Reef 2050 Long-Term
Sustainability Plan. https://www.environment.gov.au/system/files/
resources/35e55187-b76e-4aaf-a2fa-376a65c89810/files/reef-2050-
long-term-sustainability-plan-2018.pdf.

Commonwealth of Australia (COA). 2018. Reef 2050 Long-Term
Sustainability Plan. Canberra: COA. https://www.environment.gov.au/
system/files/resources/35e55187-b76e-4aaf-a2fa-376a65¢89810/
files/reef-2050-long-term-sustainability-plan-2018.pdf.

Zeppel, H. 2012. “Climate change and tourism in the Great Barrier
Reef Marine Park.” Current Issues in Tourism 15(3): 287-292.

Kohler, F.,, Kotiaho, J., Navarro L., Desrousseaux, M., Wegner, G.,
Bhagwat, S., et al. 2018. “Chapter 2: Concepts and perceptions of
land degradation and restoration.” In The IPBES assessment report on
land degradation and restoration pp. 53-134. Bonn, Germany: IPBES.

Oberle, B., Bringezu, S., Hatfeld-Dodds, S., Hellweg, S., Schandl, H.,
Clement, J., et al. 2019. Global Resources Outlook 2019: Natural
Resources for the Future We Want. A Report of the International
Resource Panel. Nairobi: UNEP.

Ruttinger, L., Smith, D, Stang, G., Tanzler, D., and Vivekananda, J.
2015. A New Climate for Peace, Taking Action on Climate and Fragility
Risks. Adelphi, International Alert, Woodrow Wilson International
Center for Scholars, European Union Institute for Security Studies.
www.newclimateforpeace.org.

Niamir-Fuller, M.1998. The resilience of pastoral herding in Sahelian
Africa. In Berkes, F. and Folke, C. (eds) Linking Social and Ecological
Systems — Management practices and social mechanisms for
building resilience. Cambridge University Press

Sumaila, U.R., Cheung, W.L,, Lam, V,, Pauly, D. and Herrick, S. 2011.
“Climate change impacts on the biophysics and economics of world
fisheries.” Nature Climate Change 1: 449-456.

Taylor, G. T, Muller-Karger, F. E., Thunell, R. C., Scranton, M. I, Astor,
Y., Varela, R., et al. 2012. “Ecosystem responses in the southern
Caribbean Sea to global climate change.” Proceedings of the National
Academy of Sciences 109(47): 19315-19320.

Cumming and Peterson. 2017. “Unifying Research on Social-Ecological
Resilience and Collapse.” Trends in Ecology & Evolution 32(9).

Standish, R., Hobbs, R., Mayfield, M., Bestelmeyer, B., Suding, K.,
Battaglia, L., et al. 2014. “Resilience in ecology: Abstraction, distraction,
or where the action is?” Biological Conservation 177: 43=51.

Folke, C., Carpenter, S., Walker, B., Scheffer, M., EiImqyvist, T,
Gunderson, L., et al. 2004. "Regime Shifts, Resilience, and Biodiversity
in Ecosystem Management.” Annual Review of Ecology, Evolution, and
Systematics 35: 557-581.

74 * July2019



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

108.

106.

107.

108.

109.

110.

111

112

Folke, C. 2006. “Resilience: the emergence of a perspective for
social-ecological systems analyses.” Global Environmental Change
16:253-267.

Beisner, B., Haydon, D., and Cuddington, K. 2003. “Alternative Stable
States in Ecology.” Frontiers in Ecology and Environment 1: 376-382.

Liu, J., Mooney, H., Hull, V., Davis, S. J., Gaskell, J., Hertel, T. W,, et al.
2015. “Systems integration for global sustainability.” Science 347:
1258832.

Lawrence, D. and Vandecar, K. 2015. “Effects of tropical deforestation
on climate and agriculture.” Nature Climate Change 5: 27-36.

Seddon, N, Turner, B., Berry, P, Chausson, A., and Girardin, C. A. 2019.
“Ground nature-based climate solutions in sound biodiversity
science." Nature Climate Change 9: 84-87.

Cohen-Shachan, E. et al. (eds.) 2016. Nature-based Solutions to
address global societal challenges. Gland, Switzerland: [UCN.

European Commission 2015. Towards an EU research and innovation
policy agenda for nature-based solutions & re-naturing cities. Final
report of the Horizon 2020 expert group on ‘Nature-based solutions
and re-naturing cities’. Brussels: EC.

Secretariat of the Convention on Biological Diversity 2009.
Connecting Biodiversity and Climate Change Mitigation and
Adaptation: Report of the Second Ad Hoc Technical Expert Group on
Biodiversity and Climate Change. Montreal: CBD.

Estrella, M. and Saalismaa, N. 2013. Ecosystem-based disaster risk
reduction (Eco-DRR): an overview. In: The role of ecosystems in
disaster risk reduction [Renaud, F.,, Sudmeier, K., and Estrella, M.
(eds)]. Tokyo: UNU Press.

Narayan, S., Beck, M. Reguero, B., Losada, I., van Wesenbeeck, B.
Pontee, N. et al. 2016. “The Effectiveness, Costs and Coastal
Protection Benefits of Natural and Nature-based Defenses.” PLoS
ONE 11 (5): €0154735.

Cunniff, S, and Schwartz, A. 2015. Performance of Natural
Infrastructure and Nature-based Measures as Coastal Risk Reduction
Features. Paris: EDF.

PANORAMA Solutions for a Healthy Planet. https://panorama.
solutions/en.

Natural Hazards — Nature-based Solutions. https://www.
naturebasedsolutions.org/.

Ozment, S,, Ellison, G., and Jongman, B. 2019. Nature-Based
Solutions for Disaster Risk Management: Booklet. Washington, D.C.:
World Bank Group.

Jones, H., Hole, D., and Zavaleta, E. 2012. "Harnessing nature to help
people adapt to climate change.” Nature Climate Change 2: 504-5009.

INGC. 2009. “Synthesis report. INGC Climate Change Report: Study
on the impact of climate change on disaster risk in Mozambique.”
Mozambique

Temmerman, S., Meire, P, Bouma, T. J.,, Herman, P. M. J., Ysebaert, T,
and De Vriend, H. J. 2013. “Ecosystem-based coastal defense in the
face of global change.” Nature 504: 79-83.

CBD. 2018. “Nature-based solutions for climate change: 4th
Ecosystem-based adaptation knowledge day.” https://www.iucn.org/
sites/dev/files/cbd-cop14-eba-knowledgeday_agenda.pdfAccessed
February 2019.

113.

114.

118.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

IUCN. 2018. “Friends of EbA’https://www.iucn.org/theme/ecosystem-
management/our-work/ecosystem-based-approaches-climate-
change-adaptation/friends-eba-feba. Accessed November 2018.

Nature-based Solutions Policy Platform."A global policy platform for
climate change adaptation.” https://nbspolicyplatform.org/.

The Royal Society. 2014. Resilience to extreme weather. London:
RSSPC. https:/royalsociety.org/-/media/policy/projects/resilience-
climate-change/resilience-full-report.pdf.

World Bank. 2017. Implementing nature-based flood protection:
Principles and implementation guidance. Washington, D.C.: World Bank.

Wetlands International 2017. Water Shocks: Wetlands and Human
Migration in the Sahel. The Netherlands: Wetlands International.

Chang, C., Vadeboncoeur, M. A, and Lin, T. C. 2018. “Resistance and
resilience of social-ecological systems to recurrent typhoon
disturbance on a subtropical island: Taiwan.” Ecosphere 9: e02071.

GEF. 2018. Small Island Developing States and the Global
Environment Facility - Building Lasting Partnerships. http:/www.
thegef.org/publications/small-island-developing-states-and-gef-
building-lasting-partnerships

Delevaux, J., Whittier, R., Stamoulis, K. A, Bremer, L., Jupiter, S,,
Frielander, A. et al. 2018. "A linked land-sea modeling framework to
inform ridge-to-reef management in high oceanic islands.” PLoS ONE
13:e0193230.

Temmerman, S., De Vries, M. B, and Bouma, T. J. 2012. Coastal
marsh die-off and reduced attenuation of coastal floods: A model
analysis. Global and Planetary Change 92—93: 267-274.

Roberts, C. M., O'Leary, B. C., McCauley, D. J., Cury, P. M., Duarte, C.
M., Lubchenco, J., et al. 2017. “Marine reserves can mitigate and
promote adaptation to climate change.” Proceedings of the National
Academy of Sciences 114:6167-6175.

Abidin, H., Andreas, H., Gumilar, |, Fukuda, Y., Pohan, Y., and Deguchi,
T.2011. "Land subsidence of Jakarta (Indonesia) and its relation with
urban development.” Natural Hazards 59(3): 1753.

Conservation International. 2017. “Green-gray storm shelters.” https:/
www.conservation.org/global/philippines/Pages/Green-gray.aspx.

Shepard, C., Crain, C. and Beck, M. 2011. “The protective role of
coastal marshes: A systematic review and meta-analysis”. PLoS ONE
6:e27374.

Das, S. and Vincent, J. 2009. “Mangroves protected villages and
reduced death toll during Indian super cyclone.” Proceedings of the
National Academy of Sciences 106: 7357-7360.

Costanza, R., Pérez-Maqueo, O., Martinez, M.L,, Sutton, P, Anderson,
S.J., Mulder, K. 2008. “The value of coastal wetlands for hurricane
protection”. Ambio 37(4): 241-248.

Narayan, S, Beck, M. W.,, Wilson, P, Thomas, C. J., Guerrero, A., Shepard, C.
etal. 2017. “The Value of Coastal Wetlands for Flood Damage Reduction
in the Northeastern USA". Scientific Reports 7: 9463.

Losada, I, Menéndez, P, Espejo, A., Torres,S.,Diaz-Simal, P, et al.
2018. The global value of mangroves for risk reduction. Berlin: TNC.

Mclvor, A, Spencer, T.,, Mdller, I., and Spalding, M. 2013. “The
response of mangrove soil surface elevation to sea level rise.” Natural
Coastal Protection Series: Report 3. Cambridge Coastal Research Unit
Working Paper 42. TNC and Wetlands International.

The Role of the Natural Environment in Adaptation ® 75



131

132.

133.

134.

1365.

136.

137.

138.

139.

140.

141,

142.

143.

144.

145.

146.

147.

148.

UNEP. 2016. Options for Ecosystem-based Adaptation (EBA) in
Coastal Environments: A Guide for environmental managers and
planners. Nairobi: UNEP.

Gilman, E. and Ellison, J. 2007. “Efficacy of alternative low-cost
approaches to mangrove restoration, American Samoa.” Estuaries
and Coasts 30(4): 641-651.

Reguero, B. G, Beck, M. W, Bresch, D. N., Calil, J., and Meliane, I.
2018. “Comparing the cost effectiveness of nature-based and
coastal adaptation: A case study from the Gulf Coast of the United
States.” PLoS ONE 13(4): e0192132.

Spalding, M., Mclvor, A, Tonneijck, F, Tol, S. and van Eijk, P. 2014.
Mangroves for coastal defense. Guidelines for coastal managers &
policy makers. Wl and TNC.

International Federation of Red Cross and Red Crescent Societies
2018. Mangrove plantation in VietNam: measuring impact and cost
benefit. Hanoi: IFRC.

Alongi, D.M. 2014. “Carbon cycling and storage in mangrove forests”.
Annual Reviews of Marine Science 6:195-219.

UNEP. 2016. Options for Ecosystem-based Adaptation (EBA) in
Coastal Environments: A Guide for environmental managers and
planners. Nairobi: UNEP.

Scyphers, S., Powers, S., Heck, Jr K. and Byron, D. 2011." Oyster reefs
as natural breakwaters mitigate shoreline loss and facilitate
fisheries.” PLoS ONE 6: €22396.

Fodrie, F, Rodriguez, A, Gittman, R., Grabowski, J., Lindquist, N.,
Peterson, C. et al. 2017. “Oyster reefs as carbon sources and sinks."
Proceedings of the Royal Society B: Biological Sciences 284(1859):
20170891.

Ferrario, F,, Beck, M., Storlazzi, C., Micheli, F., Shepard, C., and Airoldi, L.
2014. "The effectiveness of coral reefs for coastal hazard risk
reduction and adaptation.” Nature Communications: 3794.

Beck, M., Losada, |., Menéndez, P, Reguero, B., Diaz-Simal, P, and
Fernandez, F. 2018. “The global flood protection savings provided by
coral reefs.” Nature Communications 9: 2186.

Arnell, N. W. and Gosling, S. N. (2016) “The impacts of climate change
on river flood risk at the global scale.” Climatic Change 134: 387401.

Reguero, B. G., Beck, M. W.,, Agostini, V. N., Kramer, P, and Hancock,
B. 2018. “Coral reefs for coastal protection: A new methodological
approach and engineering case study in Grenada.” Journal of
environmental management 210: 146-161.

Bridges, T. S., Bourne, E. M., King, J. K., Kuzmitski, H. K., Moynihan, E. B,
and Suedel, B. C. 2018. Engineering with Nature: An Atlas. Vicksburg,
MS: U.S. Army Engineer Research and Development Center.

Froude, M. and Petley, D. 2018. “Global fatal landslide occurrence
from 2004 to 2016." Natural Hazards and Earth System Sciences 18:
2161-2181.

FAQ. 2016. “Global Soil Partnership.” http://www.fao.org/global-soil-
partnership/resources/highlights/detail/en/c/416516/.

Opperman, J. 2014. A Flood of Benefits: Using Green Infrastructure to
Reduce Flood Risks. Arlington, Virginia: TNC.

WWEF. 2016. Natural and Nature-Based Flood Management: A Green
Guide. WWF.

149.

150.

157.

152.

153.

154.

155.

156.

157.

158.

159.

160.
161.

162.

163.

164.

165.

Filoso, S., Bezerra, M., Weiss, K., and Palmer, M. 2017. “Impacts of
Forest Restoration on Water Yield: A Systematic Review.” PLoS ONE
12 (8): €0183210.

Strassburg, B.B., and A.E. Latawiec. 2014. “The Economics of
Restoration: Costs, Benefits, Scale and Spatial Aspects.” Paper
presented at the Convention on Biological Diversity Meeting—
International Institute for Sustainability (IIS), Linhares, Brazil, March.
https://www.cbd.int/doc/meetings/ecr/cbwecr-sa-01/other/
cbwecr-sa-01-iis-en.pdf.

McDonald, R.l. and D. Shemie. 2014 Urban Water Blueprint: Mapping
conservation solutions to the global water challenge. Washington,
D.C.: The Nature Conservancy.

United States Environmental Protection Agency. 2002. “Functions &
Values of Wetlands.” EPA 843-F-01-002c. https://nepis.epa.gov/Exe/
ZyPDF.cgi/200053Q1.PDF?Dockey=200053Q1.PDF

Cunniff, S. and Schwartz, A. 2015. Performance of Natural
Infrastructure and Nature-based Measures as Coastal Risk Reduction
Features. New York: Environmental Defense Fund.

CRED and UNISDR (2015). “The Human Cost of Weather-Related
Disasters 1995- 2015 Brussels and New York: Centre for Research
on the epidemiology of Disasters and UN Office for Disaster Risk
Reduction.

Geneletti, D., and Zardo, L. 2016. “Ecosystem-based adaptation in
cities: An analysis of European urban climate adaptation plans.” Land
use policy 50: 38-47.

Rohde, S., Hostmann, M., Peter, A, and Ewald, K. C. 2006. “Room for
rivers: An integrative search strategy for floodplain restoration.”
Landscape and Urban Planning 78(1-2): 50-70.

Damania, R., Desbureaux, S., Hyland, M., Islam, A., Moore, S., Rodella,
etal. 2017. Uncharted Waters: The New Economics of Water Scarcity
and Variability. Washington, DC: World Bank.

FAOQ. 2017. The impact of disasters and crises on agriculture and food
security 2077. Rome: FAO. http://www.fao.org/3/I18656EN/i8656en.pdf.

FAO. 2015. Agroforestry definition: http://www.fao.org/forestry/
agroforestry/80338/en/.

FAQ. 2018. The State of the World's Forests 2078. Rome: FAO.

Conservation International. “A sustainable farming initiative — from
the farm gate to the consumer’s plate.” https://www.conservation.
org/publications/Documents/Cl_South-Africa_CSA_Meat-Naturally-
Sustainable-Farming_Factsheet.pdf

Robine, J., Cheung, S, Le Roy, S., Van Oyen, H., Griffiths, C., Michel, J.,
et al. 2008. "Death toll exceeded 70,000 in Europe during the summer
of 2003." Comptes rendus biologies 331(2): 171-178.

UCCRN. 2018. Impact 2050: The future of cities under climate change.
UCCRN Technical report. https://c40-production-images.s3.
us-west-2.amazonaws.com/impact2050report.pdf

UNDP 2016. Climate Change and Labour: Impacts of Heat in the
Workplace. UNDP. http://www.ilo.org/wcmsp5/groups/public/-—-ed_
emp/-—gjp/documents/publication/wcms_476194.pdf.

Parente, J., Pereira, M., Amraoui, M., and Fischer, E. 2018. “Heat waves
in Portugal: Current regime, changes in future climate and impacts on
extreme wildfires” Science of the Total Environment 631: 534-549.

76

® July 2019



166.

167.

168.

169.

170.

171,

172.

173.

174.

175.

176.
177.

178.

179.

180.

181.

182.
183.

184.

Montagnini, F, Ibrahim, M., and Murgueitio, E. 2013. “Silvopastoral
systems and climate change mitigation in Latin America.” Bois et
foréts des Tropiques 316(2): 3-16.

Ziter, C., Pedersen, E., Kucharik, C., and Turner, M. 2019. “Scale-
dependent interactions between tree canopy cover and impervious
surfaces reduce daytime urban heat during summer.” Proceedings of
the National Academy of Sciences 116: 7575-7580.

Monteiro, M., Doick, K., Handley, P, and Peace, A. 2016. “The impact
of greenspace size on the extent of local nocturnal air temperature
cooling in London.” Urban Forestry & Urban Greening 16: 160-169.

Gago, E. J., Roldan, J., Pacheco-Torres, R., and Ordéfiez, J. 2013.
“The city and urban heat islands: A review of strategies to mitigate
adverse effects.” Renewable and Sustainable Energy Reviews 25:
749-758.

MacPherson, E. and Simpson, J. 2003. “Potential energy savings in
buildings by an urban tree planting programme in California.” Urban
Forestry & Urban Greening 2: 73-86.

Qiy, G, Zou, Z,, Li, X, Li, H.,, Guo, Q,, Yan, C., et al. 2017. “Experimental
studies on the effects of green space and evapotranspiration on
urban heat island in a subtropical megacity in China.” Habitat
International 68: 30-42.

UNEP/EA. 2016. Programme of work and budget for the biennium
2078-2019. Nairobi: UNEP/EA.

The Nature Conservancy. 2016. “Planting Healthy Air - A global
analysis of the role of urban trees in addressing particulate matter
pollution and extreme heat.”

Project Evergreen. 2019. Environmental Benefits of Green Spaces
Fact Sheet. Project Evergreen. https://projectevergreen.org/about/
resources/#toggle-id-3.

Donatti, C., Harvey, C., Hole, D., Panfil, S. and Schurman, H.

(Under review.) “Indicators to measure the climate change adaptation
outcomes of Ecosystem-based adaptation.” Submitted to Climate
Change.

UNEP-WCMC. 2018. Unpublished.

FAQ. 2017. Strategy on Climate Change. Rome: FAO. http://www.fao.
org/3/a-i7175e.pdf.

UNDP. “Ecosystem-based Adaptation and Mitigation.” https://www.
adaptation-undp.org/ecosystem-based-adaptation-and-mitigation.

UNDP. “Our Focus.” https:/www.undp.org/content/undp/en/home/
our-focus.html.

WEFP. “Sustainable livelihoods and ecosystems.” https:/www1.wfp.
org/sustainable-livelihoods-and-ecosystems.

Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety. www.bmu.de/en/.

EBAFOSA. https://www.ebafosa.org/.

Abell, R, et al. 2017. Beyond the Source: The Environmental, Economic
and Community Benefits of Source Water Protection. Arlington, VA: TNC.

Altieri, M.A., F.R. Funes-Monzote, and P. Petersen. 2012.
‘Agroecologically efficient agricultural systems for smallholder
farmers: contributions to food sovereignty.” Agronomy for Sustainable
Development 32: 1-13.

1865.

186.

187.

188.

189.

190.

191.

192.

193.

194.

198.

196.

197.

198.

199.

200.

201.

Reij, C., Tappan, G., and Smale, M. 2009. “Re-greening the Sahel:
farmer-led innovation in Burkina Faso and Niger” Millions fed: proven
successes in agricultural development 53-58.

Binyam, A.Y., and K.A. Desale. 2015. “Rain water harvesting: An
option for dry land agriculture in arid and semi-arid Ethiopia.”
International Journal of Water Resources and Environmental
Engineering 7:17-28.

Rockstrom, J., Williams, J., Daily, G., Noble, A, Matthews, N., Gordon,
L., etal 2076. “Sustainable intensification of agriculture for human
prosperity and global sustainability.” Ambio 46:4-17.

Martine, G. and Schensul, D. (eds.) (2013). The Demography of
Adaptation to Climate Change. New York, London and Mexico City:
UNFPA, IIED, and El Colegio de México

Fee, L., Gilbert, M., Barlett, R., Capizzi, P, Horton, R., and Lesk, C.
2017. Climate Change Vulnerability Assessment of Labutta
Township, Ayeyawady Region, Myanmar, 2016-2050. Myanmar:
UN-HABITAT.

CDP.2016. CDP Cities 2076: Climate action from 533 global cities.
London: CDP.

Droste, et al. 2017. “Implementing Nature-Based Solutions in Urban
Areas: Financing and Governance Aspects” In N. Kabisch et al. (eds.).
Nature-based Solutions to Climate Change Adaptation in Urban Areas,
Theory and Practice of Urban Sustainability Transitions. Springer
International Publishing.

Overseas Development Institute (ODI). 2013. “Climate Finance for
Cities.” Working Paper No. 419.London: ODI.https://www.odi.org/
sites/odi.org.uk/files/odi-assets/publications-opinion-files/9660.pdf.

Hunzai, K, Chagas, T, 't Gilde, L., Hunzai, T., and Kramer, N. 2018.
Finance options and instruments for Ecosystem-based Adaptation.
Overview and compilation of ten examples. Bonn: GIZ.

Geneletti, D., and Zardo, L. 2016. “Ecosystem-based adaptation in
cities: An analysis of European urban climate adaptation plans.” Land
Use Policy 50: 38-47.

Hag, S. M. A. 2011. “Urban Green Spaces and an Integrative
Approach to Sustainable Environment.” Journal of Environmental
Protection 2: 601-608.

Secretaria Distrital de Ambiente, Alcaldia Mayor de Bogota D.C. 2014.
“Bogotd, México y Rio de Janeiro, firman la Alianza Agua y Ciudades.”

Reporte. 2014. “Ciudad de México integra la alianza agua y ciudades.”
http://www.reporte.com.mx/Ciudad-Mexico-integra-alianza-agua-
ciudades#view-1.

Conservation International. 2011. “Colombia Action Pledge.” https://
www.conservation.org/publications/Documents/Cl_Colombia_NWP_
Submission_Integrated_National_Adaptation_Project-INAP pdf.

Medeiros, R. 2014. “Urban Jungle: Restoring Rio's Water Supply.”’
Conservation International.https://blog.conservation.org/2014/07/
urban-jungle-restoring-rios-water-supply/

UN Environment. 2019. The UN Environment Ecosystem-based
Adaptation (EbA) Briefing Notes Series.

McDonald, R. I, Douglas, I, Revenga, C., Hale, R., Grimm, Gronwall, J.,
etal. 2011. “Global urban growth and the geography of water
availability, quality, and delivery.” Ambio 40(5): 437-446.

The Role of the Natural Environment in Adaptation ® 77



202.

203.

204.

206.

206.

207.

208.

209.

210.

211,

212.

213.

214.

215.

TNC. “Latin America: Creating Water Funds for People and Nature.”
https://www.nature.org/en-us/about-us/where-we-work/latin-
america/stories-in-latin-america/water-funds-of-south-america/.

Tellman, B., McDonald, R., Goldstein, J., Vogl, A., Florke, M., Shemie, D.,
et al. 2018. “Opportunities for natural infrastructure to improve urban
water security in Latin America.” PLoS ONE 13: e0209470.

Abell, R., et al. 2017. Beyond the Source: The Environmental, Economic
and Community Benefits of Source Water Protection. Arlington, VA:
The Nature Conservancy.

Convention on Biological Diversity. 2018. Nature-based solutions for
climate change: 4th Ecosystem-based adaptation knowledge day
https://www.iucn.org/sites/dev/files/cbd-cop14-eba-knowledgeday_
agenda.pdf

Depietri and McPhearson. 2017. “Integrating the Grey, Green, and Blue
in Cities: Nature-Based Solutions for Climate Change Adaptation and
Risk Reduction.” In N. Kabisch et al. (eds.), Nature-based Solutions to
Climate Change Adaptation in Urban Areas: Linkages between Science,
Policy and Practice. (Theory and Practice of Urban Sustainability
Transitions). Switzerland: Springer International Publishing.

Gomez-Baggethun, E. et al. 2013 “Urban ecosystem services” in:
Elmquist T. et al. (eds) Urbanization, biodiversity and ecosystem
services: challenges and opportunities. Dordrecht: Springer.

Raymond, C., Frantzeskaki, N., Kabisch, N., Berry, P, Breil, M., Nita, M.
etal. 2017. "A framework for assessing and implementing the
co-benefits of nature-based solutions in urban areas.” Environmental
Science & Policy 77:15-24.

Dawson, R.,, Thompson, D., Johns, D., Wood, R., Darch, G., Chapman,
L., etal 2018. "A systems framework for national assessment of
climate risks to infrastructure.” Philosophical Transactions of the
Royal Society A 376:20170298.

Organisation for Economic Co-operation and Development (OECD).
2018. Climate-resilient Infrastructure Policy Perspectives OECD
Environment. Policy Paper No. 14. OECD.

IUCN. 2018. “Friends of EbA” https://www.iucn.org/theme/
ecosystem-management/our-work/ecosystem-based-approaches-
climate-change-adaptation/friends-eba-feba.Accessed November
2018.

European Commission 2013. “The EU Strategy on Green
Infrastructure.” http://ec.europa.eu/environment/nature/ecosystems/
strategy/index_en.htm. Accessed February 2019.

Departamento Nacional de Planeacion. 2012. “Plan Nacional de
Adaptacion al Cambio Climatico PNACC." http://www.minambiente.
gov.co/index.php/component/content/article/476-plantilla-cambio-
climatico-%2032.Accessed January 2019.

IUCN. 2018. “Ecosystems Protecting Infrastructure and Communities
(EPIC-Chile)." https://www.iucn.org/regions/south-america/
ecosystems-protecting-infrastructure-and-communities-epic-chile-0.
Accessed March 2019.

International Water Association. 2018. “A shared goal to integrate
natured-based solutions in water infrastructure planning and
spending."http://www.iwa-network.org/
news/a-shared-goal-to-integrate-natured-based-solutions-in-water-
infrastructure-planning-and-spending/.Accessed January 2019.

216.

217.

218.

219.

220.

221.
222.

223.

224.

225.

226.

227.

228.

229.

230.

European Comission. “The EU Strategy on Green Infrastructure.”
http://ec.europa.eu/environment/nature/ecosystems/strategy/
index_en.htm. Accessed February 2019.

Departamento Nacional de Planeacion. 2012. “Plan Nacional de
Adaptacion al Cambio Climatico PNACC.” http://www.minambiente.
gov.co/index.php/component/content/article/476-plantilla-cambio-
climatico-%2032.Accessed January 2019.

IUCN. 2019. “Nature-based Solutions.” https:/www.iucn.org/
commissions/commission-ecosystem-management/our-work/
nature-based-solutionsAccessed March 2019.

TNC. 2019. “Nature-based Solutions.” https://www.nature.org/en-us/
about-us/where-we-work/united-states/missouri/stories-in-missouri/
nature-based-solutions/.Accessed March 2019.

World Business Council for Sustainable Development (WBCSD).
“Natural Infrastructure for Business.” https://www.
naturalinfrastructureforbusiness.org/.Accessed March 2019.

EcoShape. 2019. “Building with Nature.” http://www.ecoshape.org.

The World Association for Waterborne Transport Infrastructure.
2018. Guide for Applying Working with Nature to Navigation
Infrastructure Projects.PIANC. https://www.pianc.org/publications/
envicom/wg176.

International Water Association 2018. “A shared goal to integrate
natured-based solutions in water infrastructure planning and
spending.” http://www.iwa-network.org/
news/a-shared-goal-to-integrate-natured-based-solutions-in-water-
infrastructure-planning-and-spending/.Accessed January 2019.

TNC. 2015. "How to Communicate Successfully Regarding Nature-
Based Solutions. Key Lessons from Research with American Voters
and Elites.” https://s3.amazonaws.com/tnc-craft/library/Nature-
based-solutions-communications-recommendations.
pdf?mtime=20180127190311.Accessed February 2019.

Potschin, M., Kretsch, C., Haines-Young, R., Furman, E., Berry, P, and
Baro, F. 2016. “Nature-based solutions.” In: Potschin, M. and Jax, K.
(eds). "“OpenNESS Ecosystem Services Reference Book.” www.
openness-project.eu/library/reference-book.

United Nations World Water Assessment Programme/UN-Water.
2018. The United Nations World Water Development Report 2018:
Nature-Based Solutions for Water. Paris: UNESCO.

World Business Council on Sustainable Development (WBCSD).
2017. Incentives for Natural Infrastructure. Review of Existing policies,
incentives and barriers related to permitting finance and insurance of
natural infrastructure. WBCSD.

World Business Council on Sustainable Development. 2017.
Incentives for Natural Infrastructure. Review of Existing policies,
incentives and barriers related to permitting finance and insurance of
natural infrastructure.

Mandle, L., Bryant, B, Ruckelshaus, M., Geneletti, D., Kiesecker, J., and
Pfaff, A. 2016. “Entry Points for Considering Ecosystem Services within
Infrastructure Planning: How to Integrate Conservation with Development
in Order to Aid Them Both.” Conservation Letters 9: 221-227.

MDB Working Group on Sustainable Transport. 2017. Progress
Report (2015-2016) of the MDB Working Group on Sustainable
Transport. MDB WGST.

78 * July2019



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

247.

242.

243.

244.

GIZ. 2017. Valuing the Bene~fits, Costs and Impacts of Ecosystem-
based Adaptation Measures - A sourcebook of methods for decision-
making. Bonn: GIZ.

DiMuro, J., Guertin, F, Helling, R., Perkins, L., and Romer, S. 2014.

‘A Financial and Environmental Analysis of Constructed Wetlands for
Industrial Wastewater Treatment.” Journal of Industrial Ecology 18:
631-640.

Guertin, F. 2014. Constructed Wetlands for Wastewater Treatment:
Natural Infrastructure Case study, Union Carbide Corporation.
Washington, D.C.: WBSCD.https://www.
naturalinfrastructureforbusiness.org/wp-content/uploads/2015/11/
DowUCC_NI4BizCaseStudy_ConstructedWetlands.pdf.

Short, C,, Clarke, L., Carnelli, F, Uttley, C., and Smith, B. 2018.
“Capturing the multiple benefits associated with nature-based
solutions: Lessons from a natural flood management project in the
Cotswolds, UK Land Degradation & Development 2019 30:241-252.
https://doi.org/10.1002/1dr.3205.

Davis, M. and Naumann, S. 2017. “Making the Case for Sustainable
Urban Drainage Systems as a Nature-Based Solution to Urban
Flooding” In N. Kabisch et al. (eds.), Nature-based Solutions to
Climate Change Adaptation in Urban Areas, Theory and Practice of
Urban Sustainability Transitions. Springer International Publishing.

DNV GL. 2017. Viewpoint report: Are companies resilient enough to
climate change? DNV GL. https://www.dnvgl.com/assurance/
viewpoint/viewpoint-surveys/are-companies-resilient-enough-to-
climate-change.html.

Waage, S. 2016. “The Benefit Multiplier of Investing in Nature: Solving
Business Problems and Realizing Multiple Returns through Working
with Ecological Systems.” Business Brief. San Francisco and Ithica,
New York: BSR in collaboration with Restore the Earth Foundation.

Chase et al. 2016. In: Cameron, E., Harris, S. and Prattico, E. 2018.
Resilient Business, Resilient World: A Research Framework for
Private-Sector Leadership on Climate Adaptation. San Francisco: BSR.

Brasser, A. 2013. Olam International and Rainforest Alliance Case

Study. Reducing Risk: Landscape Approaches to Sustainable Sourcing.

Washington, D.C.: EcoAgriculture Partners, on behalf of the
Landscapes for People, Food and Nature Initiative.

Johr, H. 2017. Embeddedness in the context of corporate
sustainability at Nestlé. Presentation at University of Zurich, 19
January 2017. https://www.ccrs.uzh.ch/dam/jcr:ade5b069-5355-
4fad-9a8b-aff0e99e6f16/H.%20J0oehr%20Pr%C3%A4sentation.pdf

Olam Cocoa. 2017. Olam Cocoa Sustainability. https://www.
olamgroup.com/content/dam/olamgroup/pdffiles/Olam-Cocoa-
Sustainability-Overview-2017.pdf

Kim, Y., Eisenberg, D. A., Bondank, E. N., Chester, M. V., Mascaro, G.,
and Underwood, B. S. 2017. “Fail-safe and safe-to-fail adaptation:
decision-making for urban flooding under climate change.” Climatic
Change 145(3-4): 397-412.

UNEP 2018. “The Adaptation Gap Report 2018." Nairobi, Kenya:
United Nations Environment Programme

Goldstein A, Turner, W., Gladstone, J. and Hole, D. 2018. ‘The Private
Sector’s Climate Change Risk and Adaptation Blind Spots’. Nature
Climate Change 9: 18-25.

245.

246.

247.

248.

ICMA. No date. Green Bond Principles (GBP).
https://www.icnagroup.org/green-social-and-sustainability-bonds/
green-bond-principles-gbp/. Accessed July 2019.

I4CE. 2017. Using credit lines to foster green lending: opportunities
and challenges. https://www.cbd.int/financial/2017docs/ice-
creditlines2017.pdf

Business and Biodiversity Offsets Programme (BBOP). 2012.
Glossary. Washington, D.C.: BBOP.

TNC. 2018. The Nature Conservancy and the Government of
Quintana Roo Announce Innovative Financial Mechanism for Insuring
and Conserving Coral Reefs. https://www.nature.org/en-us/explore/
newsroom/the-nature-conservancy-and-the-government-of-quintana-
roo-announce-innovativ/

The Role of the Natural Environment in Adaptation ® 79



ABOUT THE AUTHORS

Valerie Kapos, UN Environment Programme World Conservation
Monitoring Centre (UNEP-WCMC)

val kapos@unep-wcmc.org

Sylvia Wicander, UNEP-WCMC
sylvia.wicander@unep-wcmc.org

Tania Salvaterra, UNEP-WCMC
tania.salvaterra@unep-weme.org

Charlotte Hicks, UNEP-WCMC
charlotte.hicks@unep-wcmc.org

Katie Dawkins, UNEP-WCMC
katie.dawkins@unep-wcmc.org

CONTRIBUTORS

Alexandre M. Chausson (Department of Zoology, University
of Oxford), Ali Raza Rizvi (IUCN), Alison Campbell (UK
Department for International Development), Arjet Stevens
(WWF Netherlands), Arno Sckeyde (GIZ), Cristophe

Briere (Deltares), Bregje K. van Wesenbeeck (Deltares),
Feisal Rahman (International Centre for Climate Change
and Development), Giacomo Fedele (Conservation
International), Graham Wynne (WRI), Julie Greenwalt
(Global Center for Adaptation), Katherine Blackwood
(IUCN), Lynn Scarlett (The Nature Conservancy), Mandy
Barnett (South African National Biodiversity Institute),
Marcia Toledo Sotillo (The Nature Conservancy), Michael
Mullan (Global Centre for Adaptation), Naznin Nasir
(ICCCAD/ University of Durham), Nina Raasakka (UN
Environment, Asia and the Pacific Office), Omar Vidal
(WWF Mexico), Pieter van Eijk (Wetlands International),
Revocatus Twinomuhangi (Makerere University Centre
for Climate Change Research and Innovations, Uganda),
Sander Carpaij (Wetlands International), Shaun Martin
(WWF US), Susanna Tol (Wetlands International), Tefera
Mengistu Woldie (Ministry of Environment, Forest and
Climate Change, Ethiopia), Will Simonson (UNEP-WCMC)
and Yinlong XU (Institute of Environment and Sustainable
Development in Agriculture (IEDA), Chinese Academy of
Agricultural Sciences (CAAS)).

ACKNOWLEDGEMENTS

The authors would like to thank the group of more than

20 experts on the natural environment and its role in
societal adaptation to climate change, who have provided
substantial inputs of materials, expertise and experience to
this paper. The discussions of this group, when it convened
(both in person and virtually) in February 2019 are
especially the basis for Section 5 on barriers and enablers,
as well as the recommendations for action.

We would also like to thank Rosina Bierbaum (University
of Maryland), Guadalupe Duron (University of Maryland),
Nathalie Seddon (University of Oxford), Julie Greenwalt
(Global Center for Adaptation) and Graham Wynne (WRI)
for their helpful comments on drafts of the paper.

ABOUT UNEP-WCMC

The UN Environment Programme World Conservation
Monitoring Centre (UNEP-WCMC) is a global Centre of
excellence on biodiversity. The Centre operates as a
collaboration between the UN Environment Programme
and the UK-registered charity WCMC. Together we are
confronting the global crisis facing nature.

ABOUT THE GLOBAL COMMISSION ON
ADAPTATION

The Global Commission on Adaptation seeks to accelerate
adaptation action and support by elevating the political
visibility of adaptation and focusing on concrete solutions.
It is convened by 20 countries and guided by more than 30
Commissioners, and co-managed by the Global Center on
Adaptation and World Resources Institute.

@creative
commons

Copyright 2019 Global Commission on Adaptation. This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of the license, visit http://creativecommons.org/licenses/by/4.0/




