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Cross-Chapter Box 5.1 Introduction

‘Low-lying islands and coasts’ (LLIC) are areas near mean sea level and up to 10 m elevation (McGranahan
etal., 2007; Wong et al., 2014; Neumann et al., 2015). They encompass very diverse systems (Cross-Chapter
Box 5, Figure 1): from continental coasts (including shelf areas) to small islands, from the tropics to polar
regions, in the Global North and South, and with various demographic and socio-economic patterns (e.g.,
urban or rural). Due to their natural features (low elevations, sensitive ecosystems and environmental
resources) and increasing anthropogenic pressure at the coast, LLIC are at the frontline of climate change
impacts to the ocean and the cryosphere (Sections 1.3.2., 2.3., 6.x) and are characterized by particularly high
levels of risk (i.e., the potential for harm, loss and damage; Cross-Chapter Box 1) (robust evidence, high
agreement'). Ocean- and cryosphere-related changes include both extreme events (e.g., tropical/extra-
tropical storms and associated surges, marine heat waves; Sections 6.3, 6.4, 6.5) and slow on-set changes
(e.g., retreat of ice sheets and permafrost thaw (Section 3.4), sea level rise (Section 4.2), ocean warming and
acidification (Section 5.2.1)). Associated impacts on coastal geomorphology, ecosystems and dependent
human communities are considerable, already detectable and expected to increase (Gattuso et al., 2015;
Nagelkerken and Connell, 2015) (medium evidence, high agreement). The magnitude of future impacts will
thus depend both on the scale of global mitigation efforts, and on LLIC societies’ efforts towards adaptation.

A Deltas ~
%  Small Island Developing States (SIDS) ‘
*  Non-SIDS islands
O Most vulnerable coastal cities A
Il Low Elevation Coastal Zones (LECZ)

Scale 1:12000000
Cross-Chapter Box 5, Figure 1: Overview of the global distribution of low-lying islands and coasts (selected
examples). The figure illustrates in a non-exhaustive way, the location of some of the major populated deltas; small
islands (Small Island Developing States (SIDS) and selected low lying non-SIDS islands that are vulnerable to climate
change impacts); most vulnerable coastal cities, as identified by Hallegatte et al. (2013); and Low Elevation Coastal
Zones (LECZ), which are defined as ‘contiguous area along the coast that is less than 10 metres above sea level’
(McGranahan et al., 2007). Elevation data based on National Geophysical Data Center (1999).

Cross-Chapter Box 5.2 Climate and Anthropogenic Drivers of Risk
Cross-Chapter Box 5.2.1 Climate-, Ocean- and Cryosphere-Related Processes

LLIC are subject to the same climate drivers as other islands and coasts (Wong et al., 2014) (Sections 1.3.2.,
2.3.,4.2,5.2, 6.x), with ocean warming and acidification and sea level rise being of particular concern.

" In this Report, the following summary terms are used to describe the available evidence: limited, medium, or robust;
and for the degree of agreement: low, medium, or high. A level of confidence is expressed using five qualifiers: very
low, low, medium, high, and very high, and typeset in italics, e.g., medium confidence. For a given evidence and
agreement statement, different confidence levels can be assigned, but increasing levels of evidence and degrees of
agreement are correlated with increasing confidence (see Section 1.8.3 and Table 1.2 for more details).
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Occurrence of ocean warming since the 1970s has increased in average temperature of the upper 75 m by
around 0.11°C per decade over the last four decades (Cheng et al., 2013; Rhein et al., 2013). As a result from
the uptake of atmospheric CO, by the ocean, water pH decreased by 0.1 pH units since the beginning of the
Industrial Era, representing a 30% increase of ocean acidity in 250 years. Global mean sea level rise ranges
from 0.40 to 0.89 m as median values among the Representative Concentration Pathways 2.6 and 8.5
scenarios, implying a large uncertainty due to limited knowledge on the contribution of the Antarctic ice
sheet to sea level rise. Locally, differences in the trends are typically on the order of 20% on top of the global
values. Moreover, projections of extreme sea level show that events which are currently rare will become
normal by the end of the century (Section 4.2).

Combined with storm surges and waves, sea level rise will generate temporary or permanent marine
flooding, coastal erosion and salinization (soils, groundwater, surface waters) (Section 4.3.3). Changes in the
ocean and the cryosphere physics and chemistry will translate into major impacts on marine and coastal
organisms and ecosystems (Sections 1.3.1, 1.3.2,4.3.3, 5.2, 5.3) (robust evidence, high agreement), e.g., the
alteration by ocean acidification of the basic conditions of many organisms that will be less able to build
their skeletons and shells. Ocean acidification will indeed have major impact on microbes, phytoplankton
and zooplankton, benthic communities (e.g., corals, mangroves, oysters, seagrasses), pelagic communities
(tuna, mammals, etc.), with subsequent implications on species’ abundance and geographical distribution,
and then on ecosystem services to human societies (e.g., coastal protection, food security). Those impacts are
extensively discussed in this report (e.g., Sections 4.3.3.2, 5.2.2, 5.2.3, 5.3).

Cross-Chapter Box 5.2.2 Anthropogenic Drivers

Over the last decade, there has been a growing number of local scale LLIC studies with a social science
perspective, e.g., in the Arctic (e.g., Ford et al., 2012; Ford et al., 2014), on temperate (e.g., Muir et al., 2014;
Petzold, 2017) and tropical (e.g., Ratter et al., 2016; Duvat et al., 2017; Weir and Pittock, 2017) small
islands, and coastal cities (e.g., Rosenzweig and Solecki, 2014; Paterson et al., 2017; Texier-Teixeira and
Edelblutte, 2017). Conclusions demonstrate that human societies contribute to generate their own local
exposure and vulnerability to climate-related hazards (Section 4.3.2.2), through both individual (e.g., coastal
constructions, sand mining, poverty, inadequate resource extraction) and combinations of anthropogenic
drivers such as coastal urbanization, coastal squeeze, intensified and conflicting resource use, trends in
socioeconomic inequalities (robust evidence, high agreement).

Individual drivers are better captured, with emerging issues such as the loss of Indigenous and Local
Knowledge (ILK; Cross-Chapter Box 3). ILK critically influences how people recognize and respond to
environmental risk (e.g., Leonard et al., 2013), with recent examples developed in small islands in South-
East Asia and the Pacific (Hiwasaki et al., 2014; McMillen et al., 2014; Campbell, 2015; Lazrus, 2015;
Morrison, 2017; Nunn et al., 2017). Scholars suggest that the loss of ILK also plays a role in Global North
contexts, either in response to extreme events (e.g., Katrina in 2005 in the USA; Kates et al., 2006) or in the
face of slow onset changes such as sea level rise (Wong et al., 2014). Scholars notably point out that modern,
externally-driven socioeconomic dynamics (e.g., the introduction of imported food) diminish the cultural
importance of ILK-based practices locally, together with introducing dependency on monetization and
external markets (Hay, 2013; Campbell, 2015), unsustainable livelihood practices and poor consideration of
natural hazards (Ignatowski and Rosales, 2013; Miller Hesed and Paolisso, 2015; Ford et al., 2016; Janif et
al., 2016). Such dynamics can be considered as harmful and increase long-term vulnerability to ocean- and
cryosphere-related changes, as the loss of cultural relationships with in situ environmental features and
dynamics limits communities’ ability to anticipate and cope with environmental disruptions.

Population growth is also a major concern, especially in coastal cities and megacities. Studies assessing
scenarios of future urban population growth in the low elevation coastal zone (LECZ) often use the year
2000 as a baseline. In that year already, the LECZ was estimated to host 625 million people—despite
considerable uncertainties in the assessment of urban population figures (Lichter et al., 2011)—, i.e., over
10% of the global population (Neumann et al., 2015). Out of these, roughly a quarter was living in high-
density urban areas and the vast majority (517 million) in Global South contexts. Modelling suggests that the
amount of population in the LECZ in a high-growth scenario is going to increase up to almost 950 million by
2030 (Neumann et al., 2015). Other modelling running through 2100 and using assumptions of the global
Shared Socioeconomic Pathways (SSP) storylines suggests that the population living in the LECZ might
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increase to as much as 1.14 billion people in an SSP3 world over that time frame (Jones and O’Neill, 2016).
Asia features the highest figure of LECZ population in this scenario (765 million), whilst Africa has the
highest growth rate (almost 300%) (Jones and O’Neill, 2016).

In parallel, the scientific literature pays growing attention to multi-parameter, dynamic and context-specific
analyses (Section 4.3.2.2). For example, major changes in coastal settlement patterns have been fuelled over
the last decades by socioeconomic processes such as population growth, rural exodus and marginalization,
coastal tourism development, changes in construction and access to critical infrastructure, and human-
induced subsidence. This notably resulted in the densification of urban coastal development worldwide (e.g.,
McCubbin et al., 2015; Yan et al., 2015; Yin et al., 2015; Liu et al., 2016; Fawcett et al., 2017; Hay, 2017),
with a growing number of people living in LECZ (see above) and of assets located in risk-prone coastal areas
(Kumar and Taylor, 2015) (robust evidence, high agreement). In rural LLIC such as outer atolls, e.g.,
population densification induces growing pressure on freshwater lenses, which usually results in increasing
communities’ exposure to brackish, polluted groundwater, and then in water security and health problems
(Storey and Hunter, 2010; Lazrus, 2015; Duvat et al., 2017). In the Arctic, ‘indigenous peoples (...) have
been pushed into marginalized territories that are more sensitive to climate impacts [(...) and thus
undermining] aspects of social-cultural resilience’ (Ford et al., 2016: 350).

In addition, cross-scale drivers are better understood. One key illustration is the sediment starvation due to
damming and deforestation on downstream coastal areas (Kondolf et al., 2014), or locally due to the loss of
vegetated coastal ecosystems (e.g., mangroves and salt-marshes).

Recent literature irrevocably confirms that anthropogenic drivers played a major role in the increase of
exposure and vulnerability worldwide (Cardona et al., 2012) and that they will continue to do so in the
absence of adequate adaptation measures (robust evidence, high agreement).

Cross-Chapter Box 5.3 Major Observed and Projected Impacts

Context-specificities are critical in shaping the influence of both natural and anthropogenic drivers on the
ground (robust evidence, high agreement). Accordingly, different locations will face different risk situations,
even within a same areal category (e.g., small islands or deltas). The following section only provides selected
examples.

Cross-Chapter Box 5.3.1 Major Impacts on Economic Sectors

Climate change economic impacts on LLIC will be particularly significant due to the expected increase in
the number of LECZ inhabitants until 2050 (Jones and O’Neill, 2016; Merkens et al., 2016), their high
dependency on ocean and marine ecosystems, and natural and human systems’ high exposure to climate-,
ocean- and cryosphere-related changes (United Nations, 2017). The average annual losses as a percentage of
the Growth Domestic Product (GDP) are much higher in Small Island Developing States (SIDS), e.g.,
compared with the global average (UN-OHRLLS, 2015). However, the degree of climate change impact is
not only dependent on the size of the territory but also the physical location and exposure. Read (2018)
shows for example that small- and lower-medium-sized countries appear to perform as well as, if not better
than, larger countries that potentially incur less disproportionate sunk and fixed costs in the provision of
social goods.

Climate change impacts will challenge various aspects such as wealth and poverty, employment, livelihood
and well-being, hunger and food security, as critical sectors are under threat (Sections 4.4.4, 5.3.1).
Estimated annual losses from marine flooding amount to 0.3-9.3% of global GDP (Hinkel et al., 2014).
While some authors encourage investment in hard coastal protection (Muis et al., 2017), others remind that
coastal protection will also have economic costs (DiSegni and Shechter, 2013).

Climate change will affect LLIC coastal agriculture (e.g., rice crops; Smajgl et al., 2015; Genua-Olmedo et
al., 2016), fisheries and aquaculture (Sections 4.3.3.3.2, 4.3.3.3.5). The fact that >90% of the world’s rural
poor are located in the LLIC of 15 developing countries (Barbier, 2015) and that these regions highly depend
on fish for their dietary consumption (Blanchard et al., 2012), raises a serious concern about future food
security (FAO et al., 2017). Lam et al., (2016) found that the negative impacts of climate change on fisheries
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will be more important in SIDS and African and Asian countries. The impacts of ocean warming and
acidification on coral reefs will have consequences on various species (Sections 4.3.3.2.2, 5.2.2.3.3) that are
directly consumed by human beings and that are critical to the broader food web-chain (Section 5.3). The
potential for brackish water aquaculture development is also threatened by sea level rise especially.

Coastal tourism plays a major role for LLIC communities (employment and income), and it could be affected
in various ways by ocean- and cryosphere-related changes (Section 4.3.3.3.4). Coastal infrastructures and
facilities (e.g., harbours, resorts) can be destroyed by storm waves (e.g., in Ghana; Sagoe-Addy and
Appeaning Addo, 2013), as well as attractive ecosystems could be degraded. For example, coral reefs
support tourism activities such as diving and snorkelling (Spalding et al., 2017), and their degradation can
have economic impacts. Future attractiveness will also depend on sea surface temperature (including induced
effects such as invasive species, e.g., jellyfishes, and disease spreading) (Burge et al., 2014; Weatherdon et
al., 2016) and the changes in climatic conditions in tourists’ areas of origin (Bujosa and Rossello, 2013;
Amelung and Nicholls, 2014). Non-climatic components such as accommodation and travel prices, and
tourists’ and tourism developers’ perceptions of ocean-related changes will also play a role (e.g., Shakeela et
al., 2013; Davidson and Sahli, 2015). However, forecasting effects on global-to-local tourism flows remains
challenging (Rossell6-Nadal, 2014; Wong et al., 2014).

In terms of human health, water-borne diseases are expected to increase especially due to sea level rise and
ocean warming (Kim et al., 2014; Weatherdon et al., 2016), which will impact public health and health care
expenses in many coastal regions (Sections 1.4.3., 5.3.2.1).

Human migration and displacement is another sensitive topic (Adger et al., 2014; Hajra et al., 2017)
(Sections 3.3.5, 3.5.5, 4.4.3). Although it remains scientifically challenging to estimate future displacement
associated with ocean-related changes, it is estimated that sea level rise in a 2°C warmer world could
submerge land currently home to 280 million people globally by the end of this century (Strauss et al., 2015).
Changes in the basic conditions of LLIC habitability—e.g., shoreline retreat, soils and groundwater
salinization, depletion in fish resources, increase in health diseases—will impact people’s mobility and may
result in displacement and migration in safer locations (Connell, 2016; Janif et al., 2016). Significantly
higher risks of human displacement are found in lower-income countries and LLIC (e.g., in Vietnam,
Bangladesh, Egypt, Malaysia, Thailand, Myanmar, the Philippines, Indonesia, China and Iraq), and
especially among people lacking the resources for planned migration (Milan and Ruano, 2014; Logan et al.,
2016). Noteworthy is that countries in the Global North are also concerned, e.g., after hurricanes in the Gulf
Coasts, USA (Logan et al., 2016), and that human relocation will have an economic impact on both the
destination and host areas, e.g., in tourism-dependent coastal cities and harbours.

Eventually, property values and development of coastal cities at large will be affected by ocean- and
cryosphere-related changes. For example, real estate values and insurance costs will be impacted by flooding
risks (McNamara and Keeler, 2013; Putra et al., 2015), and properties will probably lose value, due to
coastal landscape degradation. The economic consequences will also appear on the rental incomes, business
activities and local unemployment.

Cross-Chapter Box 5.3.2 Major Impacts on Arctic Communities

Ongoing climate change shows negative impacts on Arctic LLIC, not only on the economy and life-stay of
the communities but also on the local cultural identity, self-sufficiency and a loss of ILK and skills (Lacher,
2015) (Sections 3.4.3., 3.5, 4.3.2.2). Changes in fish and seabird populations amplified by climate change
have an impact on ecosystems and livelihoods in Arctic island communities that are dependent on their local
natural capital, such as the Lofoten, Norway (Dannevig and Hovelsrud, 2016; Kaltenborn et al., 2017).

There are currently 178 Alaskan communities facing coastal erosion issues, with 26 in a very critical
situation such as Newtok, Shishmaref, Kivilina, and north-western coastal communities on the Chukchi Sea
for those situated on permafrost. For coastal communities situated on permafrost and discontinuous
permafrost, increased coastal erosion hazards will be affected by sea level rise, but in contrast to LLIC
elsewhere in the world, additional factors unique to the polar regions heighten the risk in a future warmer
world. Sea ice extent has decreased both in summer and winter in the Arctic (Section 3.1.1), reducing the
physical protection provided by sea ice to the land (Overeem et al., 2011). Autumn storms have greater open
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water fetch due to lower sea ice extent and can produce strong wind-generated waves in the open water that
causes erosion on land (Lantuit et al., 2011). At the same time, permafrost temperatures have increased
(Romanovsky et al., 2010), which weakens the mechanical stability of frozen ground. Together these
mechanisms of increased wave energy, decreased stability of permafrost ground in combination with
increased sea level, are increasing erosion of coastal settlements (Section 3.4.3). This phenomenon is
somewhat unique to Alaska, although there are other LLIC communities that are facing both permafrost
thawing and subsidence (e.g., Selawik, Alaska) and river bank erosion (AMAP, 2017).

The communities of Arctic Alaska are populated primarily with Ifiupiat, indigenous people who historically
were seasonally nomadic, traveling the land and sea to harvest foods. Permanent settlements in coastal areas
were established in the late 1800s to early 1900s, with populations becoming more stable after government
policies required children to attend school. Infrastructure was constructed in near-shore areas with the
assumption of stable coastlines. The degree of hazard varies by village, but in several cases, infrastructure
has been lost and subsistence use areas are being modified (Bronen, 2011; Marino, 2012; Gorokhovich et al.,
2013).

Cross-Chapter Box 5.3.3 Major Impacts on Small Islands

The combination of ocean- and cryosphere-related slow on-set changes and extreme events underscore LLIC
vulnerabilities around the globe. Recent examples are the significant storm surge flooding in New York City,
USA, due to 2012 Superstorm Sandy (Rosenzweig and Solecki, 2014), the combination of flooding and
heavy precipitation from 2017 Hurricane Harvey in Houston, USA (Emanuel, 2017), and the combination of
intense winds and storm surge during the 2013 Typhoon Haiyan in the Philippines (Takayabu et al., 2015).
Recent events occurring in the Pacific and Caribbean illustrate the potential impact of ocean- and
cryosphere-related changes on small islands. Tropical Cyclone (TC) Pam devastated Vanuatu in 2015 with
449.4 million USD in losses for an economy with a GDP of 758 million USD (Government of Vanuatu,
2015). In 2017, TC Winston losses in Fiji totalled more than 1.4 billion for an economy of with a GDP of 3.4
billion, and loss of 43 people. In 2017, Hurricanes Maria and Irma swept through the 15 Caribbean countries
and rebuilding in 3 countries alone, Dominica, Barbuda and the British Virgin Islands will cost an estimated
5 billion USD (UNDP, 2017). Anthropogenic contributions may have increased losses by at least 20%
through increased storm surge, inundation and wind speed (Takayabu et al., 2015; Lloyd and Oreskes, 2018)
(limited evidence, medium agreement). The combined impacts of climate change on small island
communities have created economic and adaptation burdens that may last several years or more while
simultaneously compromising human, water and food security (Nurse et al., 2014).

Another growing concern regarding LLIC refers to the risk that especially some island nations may
disappear due to climate change (Gerrard and Wannier, 2013; Yamamoto and Esteban, 2014; Donner, 2015).
The narrative of ‘drowning and eroding small islands’ (Birk and Rasmussen, 2014; Cheriton et al., 2016;
Stojanov et al., 2017) is however challenged by very recent scholarship documenting positive shoreline and
surface area changes over the recent decades to century for atoll reef islands in the Pacific and Indian oceans
(McLean and Kench, 2015; Kench et al., 2018; Duvat, submitted). For example, total land area increased in
eight of nine atolls of Tuvalu in the recent decades, despite relatively high sea level rise [~15 cm in 1971—
2014] (Kench et al., 2018). This shows that when shoreline processes have not been dramatically disturbed
by human interventions (e.g., hard coastal defences; Albert et al., 2016), atoll reef islands can adjust and
sometimes increase due to dynamic ecological processes. This suggests that LLIC in general are not ‘static
landforms’, which has important implications in terms of adaptation options and planning.

Cross-Chapter Box 5.3.4 Major Impacts on Coastal Cities and Megacities

Coastal cities—especially megacities with over 10 million inhabitants—are particular hotspots of risks
related to the impacts of climate change on the ocean and cryosphere (Pelling and Blackburn, 2013). Over
half of today’s global population lives in cities—over 12% in megacities—, many of which located in LECZ,
such as New York City, Tokyo, Jakarta, Mumbai, Shanghai, Lagos or Cairo (UN-DESA, 2015). In some of
the world’s largest coastal cities, present flood losses reach up to 1% of the cities” GDP (Hallegatte et al.,
2013). Future flood losses in the largest 136 coastal cities are projected to rise up to 1 trillion USD per year
in 2050 (up from 6 billion at present) when considering the compounding effects of future growth in the
cities’ population and assets, sea level rise and continued subsidence, along with the assumption of no
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significant adaptation measures (Hallegatte et al., 2013). As a result, considerable flood protection measures
will probably be implemented. These can be expected to mitigate the average annual losses but potentially
increase the risk of loss from extreme events exceeding the new protection levels.

Despite the importance of megacities and large port cities, small and mid-sized cities are often characterized
by particularly high vulnerabilities. They often grow extremely fast and lack in political attention and human
as well as financial capacities for risk reduction, when compared to larger cities (Birkmann et al., 2016).

Cross-Chapter Box 5.3.5 Major Impacts on Populated Deltas

Marine flooding is already affecting deltas around the world, and ~260,000 km® have been temporarily
submerged over the 1990s/2000s (Syvitski et al., 2009; Wong et al., 2014). In addition, the intrusion of
saline and/or brackish water due to sea level rise and storm surges, affects the quality of surface water
resources (Section 4.3.3.1.3). Positive correlation between rising sea levels and increasing residual salinity
has been reported in the Delaware Estuary, USA (Ross et al., 2015), in the Ebro Delta, Italy (Genua-Olmedo
et al., 2016) and in the Mekong Delta, Vietnam (Gugliotta et al., 2017). In Bangladesh, e.g., some freshwater
fish species are expected to lose their habitat with increasing salinity, with profound consequences on fish-
dependent communities (Dasgupta et al., 2017). Limitations in drinking water supply due to salinization is
also a growing concern (Wilbers et al., 2014), as well as other environmental impacts, such as the influence
of salinity levels on the abundance and toxicity of Vibrio cholerae in the Ganges Delta (Batabyal et al.,
2014). Future local agriculture is also at serious threat. Taking the case of rice cultivation, recent works
emphasize the prevailing role of combined surface elevation and soil salinity, e.g., in the Mekong delta
(Smajgl et al., 2015) and in the Ebro delta (Genua-Olmedo et al., 2016), estimating for this latter a decrease
in the normalized rice production index from 61.2% in 2010 to 33.8% by 2100 in a 1.8 m sea level rise
scenario. In coastal Bangladesh, salinity is projected to have an unambiguously negative influence on all dry-
season crops over the next 15 to 45 years (especially in the South-West; Kabir et al., 2018), as well as
oilseed, sugarcane and jute cultivation was reported to be already discontinued due to challenges to cope
with current salinity levels (Khanom, 2016).

Cross-Chapter Box 5.3.6 Risk and Cascades

Because ocean- and cryosphere-related changes meet with highly exposed and often vulnerable elements
(infrastructure, human settlements and natural systems) (Sections 1.4, 4.3.2, 5.3.2, 6.8), and in the absence of
adequate adaptation efforts, the level of risk in LLIC is expected to increase in the future (high confidence).
Due to the above-mentioned observed and expected impacts, climate change has the potential to significantly
increase the level of loss and damage experienced by local to global coastal livelihoods (e.g., fishing,
logistics or tourism), as well as to slow down and reverse overall development achievements, particularly on
poverty reduction (Hallegatte et al., 2016). Global time series analysis of risk and vulnerability trends shows
that many Pacific island states have fallen behind the global average in terms of progress made in the
reduction of social vulnerability towards natural hazards over the past years (Feldmeyer et al., 2017). Major
coastal cities are also particularly at risk due to high densities of people and assets in highly hazard-prone
locations (Hallegatte et al., 2013; Hinkel et al., 2014) (robust evidence, high agreement). Noteworthy is that
urbanization however can also hold substantial opportunities for risk reduction as cities continue to be
engines of economic growth, centres of innovation and political attention and hotbeds of private sector
investments (Garschagen and Romero-Lankao, 2013). This will depend on the level of transformations in
cities’ risk management regimes in order to harness these potentials and shift course towards climate resilient
development (Solecki et al., 2017).

Ocean- and cryosphere-related changes in LLIC further have the potential to accumulate in compound events
and cause cascade effects in hazards and impacts. This is the case when coastal flooding and riverine
inundation occur together (Section 4.3.4.1). On longer timescales, another example is sea level rise in the
Arctic that has the potential to accelerate permafrost thawing and coastal erosion (Sections 4.3.4.1, 6.8, Box
6.1). In addition, climate change impacts to LLIC bear the potential for risk cascades far beyond the extent of
the original impact (medium evidence, high agreement), through economic, environmental and social
processes. This means that transboundary risks have to be considered (Atteridge and Remling, 2018). In that
perspective, coastal megacities can be considered as critical vehicles as well for transboundary risks, as they
are major contributors to national economies and present nodal points of global trade and transportation
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networks as well as global supply chains. The 2011 floods in Bangkok, for example, lead to direct losses of
46.5 billion USD (World Bank, 2012; Haraguchi and Lall, 2015) and massive ripple-on effects in supply
chains across the globe (Abe and Ye, 2013).

Cross-Chapter Box 5.4 Responses

LLIC-relevant adaptation initiatives refer to four main categories (Sections 1.5.2,4.4.2, 5.4, 6.9). (i)
Protection deals with hard and soft defences against increased marine flooding and land loss due to coastal
erosion. (7i) Advance-the-line consists in creating new land by building seaward and upwards (e.g., large-
scale land reclamation). (7ii)) Accommodation refers to transformations in the way societies occupy space and
use natural resources. Accommodation goes from technical measures (e.g., standards to raise building floors,
alert systems) to the diversification of livelihoods (e.g., shift in harvesting activities in the Arctic, cultivation
of saline-tolerant crops, landscape restoration for tourism purposes) and institutional innovations (e.g.,
community participation in local government decision-making, evacuation plans). (iv) Coastal retreat of
people, infrastructures and activities comes when accelerated rates of environmental change such as
permafrost thaw, loss of coastal sea ice, storm event, sea level rise, are observed and force local communities
to move to expected safer places.

Cross-Chapter Box 5.4.1 Adaptation Strategies in Practice

Adaptation-labelled measures are growingly implemented worldwide (robust evidence, medium agreement).
They cover a wide range of options (Sections 2.4.3.3., 3.5.5, 4.4.2, 4.4.3, 5.4.2), including the installation of
major infrastructures to face sea level rise, the armouring of coasts (e.g., seawalls, groynes, revetments, rip-
raps), soft engineering (e.g., beach nourishment), ecosystem-based measures (e.g., vegetation planting, coral
farming, artificial reef), community-based approaches (e.g., social networks, access to knowledge, economic
diversification) and institutional arrangements (e.g., integrated coastal management plans). The diversified
examples below, however, demonstrate that the effectiveness of each solution to enhance adaptation is
highly variable depending on local context-specificities.

Protection with hard coastal defence measures are a common way of adapting, as they can stop higher peak
tides and storm surges from overtopping. They demonstrate some success in terms of risk reduction in the
case of coastal megacities, where assets at the coast cannot be removed and natural environments are already
severely damaged (Hallegatte et al., 2013; Hinkel et al., 2014). In other contexts, however, and especially
rural ones with partly natural coasts, hard coastal structures can lead to detrimental effects because seawalls,
e.g., both exacerbate some underlying processes of coastal erosion (i.e., reflecting wave energy; Donner and
Webber, 2014) and prevent the beaches from getting back to natural dynamics (see Cross-Chapter Box 4.5.3,
below). In turn, this hampers beach-dune systems to buffer waves (David et al., 2016). Another issue refers
to the design and placement of coastal structures, with artisanal ones often having counterproductive effects.
During the tropical cyclone Oli in 2010 on Tubuai Island, French Polynesia, the waves pulled out many
blocks from the non-consolidated coastal structures, which then played as cannonballs and increased the
damages on assets (Etienne, 2012).

During the last decade, new concepts in coastal engineering have emerged. Several technical measures with
an ecosystem-based design have been developed and, in some places, already implemented. Coconut fibre
blankets (Schlurmann et al., 2014), plantations of seagrass (Paul et al., 2012; Paul and Gillis, 2015), artificial
reefs made from bio-rock materials (Goreau and Prong, 2017) and bamboo breakwater (Schmitt et al., 2013;
David et al., 2016), e.g., are considered as being low-regret measures that stabilize the coastal vegetation and
protect against coastal erosion and extreme events. These measures reveal their full potential as stand-alone
coastal protection or when used in combination with each other (David et al., 2016) (medium evidence, high
agreement). Synthesizing 69 studies on wave damping performance of different soft-protection systems, i.e.,
mangroves, salt marshes, coral reefs and seagrass meadows, Narayan et al. (2016) show significant potential
effectiveness from 35 to 71% depending on the ecosystems (70% for coral reefs, 62—79% for salt marshes,
31% for mangroves and 36% for seagrass meadows). In addition, the costs for afforestation and restoration
of salt marshes or mangroves are 2 to 5-times lower than cost to build an artificial submerged reef
breakwater (Narayan et al., 2016). It is however critical for nature-based measures’ sustainability and its
contribution to increase the system’s long-term resilience, that local communities are fully part of their
deployment. On the other extreme, Yamamoto and Esteban (2014) describe some of the engineering options
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for constructing new, artificial islands, including prospects for floating islands which are anchored to the
seabed or to submerged islands.

Relocation of communities and economic activities in response to the effects of climate change is
increasingly being considered as an adaptation option (IPCC, 2014; Shayegh et al., 2016; Hauer, 2017;
Morrison, 2017). Coastal retreat is experienced in various LLIC around the world, e.g., in Alaska and the US
(Bronen and Chapin 111, 2013; Bronen, 2015; Ford et al., 2015; Logan et al., 2016; Hino et al., 2017),
Guatemala (Milan and Ruano, 2014), the Caribbean (Rivera-Collazo et al., 2015) and Vietnam (Collins et
al., 2017). There are experiences of planned relocation in Pacific Islands, such as the resettlement of
Gilbertese people from Kiribati to the Solomon Islands during the 1950s and 1960s, as a result of long
periods of droughts and subsequent environmental degradation (Birk and Rasmussen, 2014; Tabe, 2016;
Weber, 2016). It has also been reported that due to sea level rise entire communities in the Carteret Islands,
Papua New Guinea, have been forced to relocate to the main island of Bougainville in Papua New Guinea in
response to coastal erosion and salt-water inundation (Birk, 2012; Campbell, 2012; Strauss, 2012; Connell,
2016). In Taro Island, Solomon Islands, the relocation of the islanders and the Taro Township as a result of
increasing sea level rise and coastal erosion, is already underway (Haines and McGuire, 2014; Haines,
2016). Still, in the Solomon Islands, the inhabitants of Ontong Java and Sikaina have requested the
government to assist with the relocation to the mainland of Malaita or elsewhere due to recent prolonged
droughts and salt-water intrusion on the atolls (Monson and Foukona, 2014). People who are moving,
however, are rarely exclusively moving due to climate change. Migration pressures as a result of habitual
disasters and increasing hazards interact with other migration pressures on the ground (Marino and Lazrus,
2015; Stojanov et al., 2017; Perumal, 2018). There is, however, too little empirical evidence that masses of
people will suddenly migrate due to climate change (Hartmann, 2010; Bettini, 2017), and Kelman (2015)
suggests that the idea of ‘climate refugees’ is a political construct. In Alaska, several cases have been
reported of communities that responded with self-initiated relocation efforts, with Newtok being the most
proactive. As well, assessment methods have been proposed and Alaska state funding has been allocated to
assist in relocating Newtok community (Bronen, 2015). Relocation also concerns economic activities, as
illustrated with shellfish aquaculture relocation in the West coast of the US due to ocean acidification-driven
crises (Cooley et al., 2016).

In general, adaptation is growingly recognized as being a social challenge, and not merely a question of
technological solutions (Jones and Clark, 2014; McCubbin et al., 2015). Enhancing adaptation indeed
implies various socio-political and economic framings, coping capacities and cross-scale social impacts
(including economic ones). As a result, community-based approaches and new institutional arrangements
gain more and more attention. Sustainable spatial planning could be used to reduce vulnerability to climate
change and ensure sustainable coastal adaptation if it is based on a large-scale flood risk assessment, place-
specific strategies and only if it is planned and implemented well in advance. Such approaches can involve
working with local planning groups (Barron et al., 2012), participative approaches enhancing risk ownership
by communities (McEwen et al., 2017), establishing collaborative community networks (Hernandez-
Gonzalez et al., 2016) and integrate island communities’ ILK (see McMillen et al., 2014), foster awareness
at the local level, integrate local-scale expertise and observations of change with regard to weather, life-
history cycles, and ecological processes, implement adaptive action and create acceptance for adaptation
policies throughout citizens. Participatory scenario building processes, collaborative landscape planning and
co-design of Ecosystem-Based Land Management for LLIC resilience are also already applied and
promising approaches to actively engage stakeholders and local citizens in the exploration of future scenarios
for resilience. Experiences are reported for German North Sea coast (Karrasch et al., 2017), Tenerife island
(Herndndez-Gonzélez et al., 2016) and the Pacific region (Burnside-Lawry et al., 2017). Some scholars also
suggest that small islands may benefit from higher adaptive capacities than other LLIC due to high degrees
of social capital, i.e., social networks, collective action, reciprocity, and relations of trust (Petzold and Ratter,
2015; Barnett and Waters, 2016; Petzold, 2016).

Cross-Chapter Box 5.4.2 Towards a ‘Pathway’ Approach

Although adaptation-labelled measures currently developed on the ground are mainly reactive and short-term
(robust evidence, high agreement), long-term approaches are emerging (Noble et al., 2014; Wong et al.,
2014). In addition, scholars point out the context-specific nature of the measures, each one demonstrating
trade-offs (Sections 4.4, 5.4.2, 5.4.3, 5.4.4) and entailing a winner/loser dilemma (e.g., Cormier-Salem and
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Panfili, 2016). This suggests the response area to be primarily based on combinations of measures (Section
L.5).

This is in line with the emerging ‘adaptation pathway’ approach that describes long-term adaptation
strategies based upon decision cycles that, over time, explore and sequence a set of possible actions
(including cost-benefits) based on alternative external, uncertain developments (Haasnoot et al., 2013;
Barnett et al., 2014; Wise et al., 2014). Practical experiences are burgeoning in LLIC, e.g., in the Netherlands
(Haasnoot et al., 2013), Indonesia (Butler et al., 2014), New York City (Rosenzweig and Solecki, 2014),
Singapore (Buurman and Babovic, 2017). They notably suggest that as their constituting individual
measures, adaptation pathways are context-specific by nature and necessarily reflect ‘competing prioritized
values and objectives, and different visions of development that can change over time’ (O’Brien et al., 2012:
440). They also highlight the importance of thinking adaptation and resilience in a very dynamic way, in
order to reflect the evolving nature of vulnerability (Denton et al., 2014; Dilling et al., 2015; Duvat et al.,
2017; Fawcett et al., 2017), improve the projection of climate change impacts (Cardona et al., 2012), and
better anticipate the risks of maladaptation (Juhola et al., 2016; Magnan et al., 2016) and climate change
uncertainty (O’Brien et al., 2012; Brown et al., 2014; Noble et al., 2014). That is, adaptation pathways are
practical tools for identifying opportunities, low- or no-regret strategies and actions, path-dependencies and
lock-ins, actions sequencing, areas of flexibility, and possible abrupt changes in a changing environment
(Haasnoot et al., 2013; Werners et al., 2015; Hermans et al., 2017).

Interestingly, empirically-based works often consider extreme events and gradual sea level rise together,
hence calling for linking adaptation to climate change and disaster risk reduction policies. For example,
Hurricane Sandy in 2012 played as a ‘tipping point’ that led to the strengthening and the expansion of an
existing adaptation pathway strategy and a policy shift ‘from a generalized heuristic to a specific trajectory
with milestones’ (Rosenzweig and Solecki, 2014: 406). Adaptation pathways also usually bring together
multiple sectors, institutions and stakeholders, and finally lay the foundations for the elaboration of Climate
Resilient Development Pathways (CRDP), broadly defined as sustainable development pathways
simultaneously promoting climate resilience.

Cross-Chapter Box 5.4.3 The Risk of Maladaptation to Climate Change

As suggested above, adaptation-labelled measures that have negative consequences refer to ‘actions or
inaction that may lead to increased risk of adverse climate-related outcomes, increased vulnerability to
climate change, or diminished welfare’ (Noble et al., 2014: 857). In the Comoros and Tuvalu, e.g., seawalls
are being built as measures of climate change adaptation with the support of international donors. These
options however do not solve the severe erosion problem the islands are facing, and that is rather due to sand
mining practices than to sea level rise (Marino and Lazrus, 2015; Betzold and Mohamed, 2016; Ratter et al.,
2016). This example refers to the point made above (see Cross-Chapter Box 5.2) that societies’ vulnerability
is not only driven by climate, ocean and cryosphere changes, but also by anthropogenic dynamics such as
coastal urbanization, population growth, modernization of the economy and lifestyles, and the loss of ILK
(robust evidence, high agreement). Anthropogenic drivers are key contributors to vulnerability from
temperate coasts (e.g., in France; Genovese and Przyluski, 2013), to tropical islands (Duvat et al., 2017; Hay,
2017) and Polar regions (Ford et al., 2015). To limit the contribution of these anthropogenic drivers to future
impacts at the coast, e.g., by promoting regulations to avoid new buildings in flood-prone areas, is fully part
of the adaptation challenge (medium evidence, medium agreement) (Magnan and Duvat, submitted). This
suggests minimizing the risk of maladaptation to climate change to be a first, key step to the long-term
adaptation process (Barnett and O’Neill, 2013; Juhola et al., 2016; Magnan et al., 2016).

Cross-Chapter Box 5.5 Conclusion on Overarching Issues

LLIC are hot spots of climate change impacts, whether they are from the Global North or South, urban or
rural, continental or island, at any latitude (robust evidence, high agreement). LLIC are particularly
vulnerable not only because of the ocean-related multiple threats—that are also partly inherent to changes in
the worldwide cryosphere system—, but also because of anthropogenic drivers. In this way, LLIC provide
relevant illustrations of some of the Reasons for Concern (RFC) developed by the IPCC since the Third
Assessment Report (McCarthy et al., 2001) and describing potentially dangerous anthropogenic interference
with the climate system. Especially, LLIC illustrate the risks to unique and threatened systems (RFC1), and
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risks associated with extreme weather events (RFC2) and the uneven distribution of impacts (RFC3). Recent
scientific advances emphasize contrasting end-century futures for such RFC from ocean acidification and sea
level rise under various global warming scenarios (IPCC, 2014; O'Neill et al., 2017). Regarding sea level
rise, e.g., it is estimated that the potential for coastal protection and ecosystem-based adaptation will reach
significant limits in the case of a 1m-rise by 2100 (O'Neill et al., 2017). This raises all the more concerns that
such a rise is now revisited upwards due to new knowledge on Antarctica’s possible contribution (Section
4.2.3), and that current RFC do not fully integrate the possibility of abrupt changes (Sections 6.2, 6.7), the
crossing of environmental and/or anthropogenic tipping points (Section 6.2) or changes in extreme sea levels
(Sections 4.2.2.5, 4.2.3.3). There are also still gaps in including the potential benefits from adaptation in
terms of risk reduction and sustainable development.

Furthermore, the RFC and associated ‘burning embers’ were developed at a global scale (see Oppenheimer
et al., 2014; Gattuso et al., 2015; Magnan et al., 2016; O'Neill et al., 2017). As a result, in its current form,
the framework is not suited to describe the geographical variability of risk from one LLIC to another, except
with respect to RFC3. For example, Mal¢ (Maldives), South Tarawa (Kiribati) and Rangiroa (French
Polynesia) present relatively contrasting situations, although they belong to the same ‘urban atoll reef
islands’ category. The same for New York City (USA), Shanghai (China) and Mumbai (India), the three of
them being representative of ‘coastal megacities’. Stocktaking on such variability of impacts, risks and
vulnerability profiles has two main implications.

First, it questions the future habitability of LLIC, a topic that gained critical policy and media attention over
the last decades, especially through the iconic situations of atoll reef islands threatened by sea level rise and
Arctic coasts affected by permafrost thaw. Recent scientific evidence, however, challenges the ‘sinking
islands’ concern in atoll contexts (robust evidence, medium agreement). Out of ~700 studied islands to date,
~73% were stable in area over the last forty to seventy years, and ~15% and ~11% increased and decreased
in size, respectively (Mann and Westphal, 2014; McLean and Kench, 2015; Kench et al., 2018; Duvat,
submitted). While this does not mean that such trends will necessarily continue in the future, due to different
sea level rise patterns and combined effects of ocean warming and acidification on coral reefs systems
(Sections 1.4.2.4., 5.2.2), but it shows that diversified profiles must be considered in the way climate-related
issues are framed locally. Combining natural drivers with human dimensions such as population dynamics
and economic diversification, and building on previous prospective works, Manley et al. (2016) highlight
that (i) earliest and (7i) latest dates when Pacific atolls are expected to become potentially uninhabitable (see
also Storlazzi et al., 2015). Despite huge uncertainty, such projections vary (i) from 2050 (e.g., North Cook
Islands, Western and Eastern Caroline Islands) to 2080 (e.g., Marshall Islands, Tokelau), and (7i) from 2100
(e.g., Line Islands in Kiribati, Cook-Austral chain) to 2160 (e.g., Southern Tuamotu archipelago). This very
illustrative case of atolls shows the importance of island and coastal dynamics (see above) and suggests that
there is a need for better understanding the place-specific variability in impacts, risks and vulnerabilities, and
the implications for the future habitability of LLIC (Hay et al., 2018). Moreover, future habitability will not
only be challenged by trends in sea level, but also by recurring extreme events that will compromise the
background conditions for human life (medium evidence, high agreement) through saltwater intrusion and/or
storm surges. Noteworthy is that issues related to changing precipitation patterns and water stress, as well as
resettlements/relocation of villages, are concerns not only for LLIC but also for high mountain regions
(Section 2.6.2.3), suggesting possible experience sharing.

Second, future habitability will not only depend on the extent and rates of changes in environmental
conditions, but also on the future effectiveness of coastal nations’ and communities’ responses (medium
evidence, high agreement). Responses’ effectiveness will partly depend on each measure’s context-specific
appropriateness. While nature-based solutions to reduce wave-induced impacts may be relevant in still
relatively natural coastal systems, they could be of limited effectiveness for Arctic retreating coasts or
coastal megacities. The effectiveness of adaptation measures also varies in time, partly because of changing
environmental conditions. This, in turn, suggests variable limits to adaptation across time and geographies.
Hence, the recent emergence of a critical question in the scientific, policy and practice arenas: what are the
options for adapting, and how to sequence them over time? This questioning paves the way for the
elaboration of LLIC-specific ‘Climate Resilient Development Pathways’ based on the critical conclusions
raised in this Cross-Chapter Box, i.e., LLIC are highly dynamic environments confronted to a range of
climate-driven pressures (slow and fast on-set events) and diverse anthropogenic drivers and demonstrating a
wide geographical variability in terms of risk and vulnerability profiles.
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