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HIGHLIGHTS

e Central and South America coasts are vulnerable to climate-related hazards.
e Sea-level rise and vulnerability pose constraints to adaptation.
¢ Climate Change puts demands on coastal management.

There is a pressing need to foster adaptive capacity in coastal areas.



Abstract

Low-Elevation Coastal Zones in Central and South America are exposed to climate-related
hazards (sea-level rise, climate variability and storms) which threaten the assets (people,
resources, ecosystems, infrastructure, and the services they provide), and are expected to
increase due to climate change. A non-systematic review is presented focusing on vulnerability
elements, impacts, constraints to adaptation, and their possible strategies. The analysis
emphasises the Intergovernmental Panel on Climate Change Reasons for Concern (e.g.,
threatened systems, extreme events, aggregated impacts, and critical thresholds), particularly
on sea-level rise, degradation of mangroves, and invasive alien species in Central and South
America focusing on case studies from Uruguay and Venezuela. Despite recent advances in
coastal adaptation planning in Central and South America, there is an adaptation deficit in the
implementation of measures and strategies against climate-related hazards, such as sea-level
rise. Adaptation constraints are linked with poverty, resource allocation, lack of political will,
and lack of early warning systems for climate-related hazards. Non-structural adaptation
measures such as community-based adaptation and ecosystem-based adaptation are not fully
mainstreamed into national plans yet. Government-level initiatives (e.g. National Adaptation
Programmes of Action) are being developed, but a few are already implemented. In addition to
specific thematic measures, the implementation of non-structural approaches, National
Adaptation Programmes of Action and early warning systems, based on the reasons for
concern, should foster adaptive capacity in coastal areas.

Keywords: Coastal ecosystems; climate-related hazards; reasons for concern; mangroves;
invasive alien species; adaptation strategies.

Introduction

Climate change and impacts in Central and South America coastal areas 1

! List of Abbreviations: AC, Adaptive Capacity; CBA, Community-based adaptation; CBD, Convention on
Biological Diversity; COP, Conference of Parties; CSA, Central and South America; CRH, Climate-related
hazards; CV, Notre Dame Gain Country Climate Vulnerability and Readiness Index; E, Exposure; EBA,
Ecosystem-based Adaptation; ECLAC, Economic Commission for Latin America and the Caribbean; ENSO,
"El Nino"-Southern Oscillation; HDI, Human Development Index; IAS, Invasive Alien Species; IPCC
Intergovernmental Panel on Climate Change; LECZ, Low Elevation Coastal Zones; NAPAs, National
Adaptation Programmes of Action; ND-Gain, Notre Dame Global Adaptation Initiative; NOAA, National
Oceanic and Atmospheric Administration; OHI, Ocean Health Index; PPSM, Public Policy System Model;
RFC, Reasons for Concern; S, Sensitivity; SLR, Sea-level rise.



The concentration of Greenhouse gases in the earth’s atmosphere, mainly carbon dioxide
(C0O2), is directly linked to the average global temperature on Earth. According to the
Intergovernmental Panel on Climate Change, human activities (e.g. burning fossil fuels,
deforestation) have increased greenhouse gases to record levels which have not been seen in
three million years causing climate change (IPCC, 2014a). Climate change is "A change in the
state of the climate that can be identified (e.g., by using statistical tests) by changes in the
mean and/or the variability of its properties and that persists for an extended period, typically
decades or longer. Climate change may be due to natural internal processes or external
forcings such as modulations of the solar cycles, volcanic eruptions and persistent
anthropogenic changes in the composition of the atmosphere or land use” (IPCC, 2014a).

The increases in average global temperature (+0.85 °C between 1880 and 2012) and frequent
and high magnitude weather extremes are now posing a threat to the natural environment
(IPCC, 2014b). It is very likely that global mean sea-level rose at a mean rate of 1.7 mm yr—1
between 1900 and 2010 and at a rate 3.2 mm yr—1from 1993 to 2010 (Wong et al., 2014).

Low Elevation Coastal Zones (LECZ) in Central and South America (CSA) are increasingly
exposed to the effects of climate-related hazards (CRH) particularly sea-level rise (SLR), “El
Nifio”-Southern Oscillation (ENSO) and storms, which threaten its sustainable development
and about 6% of the population (Villamizar et al., 2017). Significant impacts of climate change
and SLR are expected for 2050-2080 (Magrin et al., 2007); furthermore, ENSO and extreme
weather events are expected to become more frequent (Cai et al., 2014; IPCC, 2012).

Coastal ecosystems provide many services of their own, such as habitat for many species, thus
supporting fishing and tourism and other economic activities (Mufioz Sevilla and Le Bail, 2017).
Together with coral reefs, mangroves are ecosystems of strategic importance in Latin America
(Silva et al., 2014) due to their importance to marine organisms, biology and ecology and
associated fishing communities. They also tend to protect populations and infrastructure from
storms and hurricanes, prevent beach erosion and control floods (Mufioz Sevilla and Le Bail,
2017).

There is a relationship between climate change and the changes observed in the
environmental processes of marine-coastal ecosystems (Ummenhofer and Meehl, 2017) with
consequences on the maintenance of biodiversity and the provision of services in CSA (Calil et
al., 2017). Many marine species have shifted their geographic ranges, seasonal activities,
migration patterns, abundances, and species interactions in response to climate change (IPCC,
2014c), and therefore climate change is a central element of the Aichi set of targets. The Aichi
targets are part of the Strategic Plan for Biodiversity 2011-2020, adopted by the Conference of
Parties to the Convention on Biological Diversity (CBD). The mission of the Strategic Plan is
"stop the loss of biodiversity to ensure that by 2020 ecosystems are resilient and continue to
provide essential services, thus ensuring the variety of life on the planet and contributing to
human wellbeing and the eradication of poverty” (CBD, 2016).

Having the data on relative sea-level trends is crucial for coastal zone management,
biodiversity conservation and ecosystem services (Silva et al., 2014), but adequate planning
and conservation to reduce the environmental, socio-environmental and economic impacts is
not yet fully achieved (Scherer et al., 2014).



“In the absence of significant adaptation measures, coastal ecosystems will continue to be
impacted by a changing climate” (Wong et al., 2014), particularly in the LECZ (Neumann et al.,
2015), and the best approach to foster coastal resilience is to address the United Nations
Sustainable Development Goals (United Nations, 2015), focusing on climate action and adapt
to climate change (Leal Filho et al., 2018).

Climate resilience is "The ability of a system and its parts to anticipate, absorb, accommodate
or recover from the effects of a hazardous event in a timely and efficient manner, including
through ensuring the preservation, restoration or improvement of its essential basic structures
and functions" (IPCC, 2012). In this context, our systemic understanding of the world needs
improvement if we are to understand the consequences of the changes that mark the
Anthropocene (Garnett, 2018). In this regard, Nagy et al. (2015) stated: "coastal adaptation
efforts need to build on, and support, existing frameworks to strengthen coastal zone
management”.

This article deals with a review and commentary of selected topics of vulnerability, impacts
and adaptation in coastal areas of CSA and presents a few case studies in Uruguay and
Venezuela.

Methodological Approach and Goals

The working hypothesis is that all coastal areas in Central and South America show some
degree of vulnerability. These territories are exposed and are directly or indirectly impacted by
climate-related hazards (CRH) regardless of their socioeconomic and adaptation status;
therefore, climate adaptation should be a priority. Climate adaptation is "The process of
adjusting to new climate conditions to reduce risks to valued assets" (U.S. Climate Resilience
Toolkit, 2018). Adaptation deficit is "The gap between the current state of a system and a state
that minimises adverse impacts from existing climate conditions and variability” (IPCC, 2014a).
The research problem is: How can CSA countries reduce their adaptation deficit to climate-
related hazards in coastal areas? This article seeks to give some responses to this question
focusing on case studies.

The methodological approach is a non-systematic review of the current state of knowledge
and priorities for future research of relevant CRH and non-climate stressors, vulnerability, and
some impacts (mainly coastal tropical ecosystems, invasive alien species), and adaptation
approaches. We have made an update of some of these issues based upon i) narrative,
conceptual and thematic recent literature review, ii) unpublished data, iii) Relevant literature
and iv) some new results from ongoing research. We focus on Central and South America and
present case studies from Uruguay and Venezuela. The selection of examples is based on the
concept of “Reasons for Concern” (RFC) which aims to facilitate judgements about what level
of climate change may be dangerous by aggregating impacts, risks and vulnerabilities (IPCC,
2014a; O’Neill et al., 2017). The collected case studies show some of the complexities and
importance of the impacts of CRH (SLR, ENSO) and non-climate stressors (globalisation,
transportation, mismanagement), and adaptation measures and strategies. There is no claim
of a detailed analysis of all issues and local problem:s.



The following sections are as follows: Section 2 briefly summarises the climate threats and
impacts on CSA coastal areas, focused on SLR and storms. Section 3 focuses on vulnerability
and impacts. Section 4 includes the current state of adaptation, case studies, and examples of
adaptation strategies. Finally, Section 5 discusses some perspectives on future research and
concluding remarks.

Climate threats and impacts on coastal areas of Latin America

The United Nations and the IPCC reported examples of the intensification of CRH in the coastal
areas of CSA over the last few decades. For instance, 39 hurricanes occurred in the Caribbean
basin from 2000 to 2009, compared with only 15 and 9 in the 1980s and 1990s respectively
(UNEP-ECLAC, 2010). The fifth IPCC report (AR-5) on adaptation in CSA showed that SLR
increased from 2 mm/yr in 1950 to 7 mm/yr in 2008 threatening corals, fish stocks and
mangroves (Magrin et al., 2014). ENSO-related variability has been associated with ecological
changes in the coastal environment in CSA (Brugnoli et al., 2018; IPCC, 2014d; Wong et al.,
2014), while extreme weather events have affected people, including fatalities, displacement
and economic losses (Nagy et al., 2018).

The United Nations Global Urban Observatory developed a risk-map of coastal cities at risk due
to flooding based on the 17 cm increase observed in the 20th century and the conservative
global mean SLR projections (22 to 34 cm) over the period 1990-2080 (UN-HABITAB, 2008).
Some of the big cities at risk in CSA are Barranquilla (Colombia), Buenos Aires (Argentina),
Caracas (Venezuela), Guayaquil (Ecuador), Fortaleza, Porto Alegre, Recife, and Rio de Janeiro
(Brasil), Montevideo (Uruguay), and Panama City (Panama) (UN-HABITAB, 2008). Under IPCC
scenarios for 2090-99 relative to 1980-99 ranging from 0.20 to 0.59 cm (IPCC, 2007), the risk
would be higher.

Most of the coasts, where these cities are exposed to threats are at risk as defined by the
Comparative Coastal Risk Index (Calil et al., 2017) which assesses the hazards, exposure and
vulnerability due to storm surges and waves (the Rio de la Plata estuary region), and ENSO
events (e.g. the Pacific coast of Ecuador and Peru). According to the Notre Dame Global
Adaptation Initiative, Exposure is "Nature and degree to which a system is exposed to
significant climate change, independent of socioeconomic context" (ND-Gain, 2016). Some of
the main observed and projected coastal impacts in CSA relevant for this article are as follows
(Villamizar et al., 2017):

Overfishing, habitat pollution, habitat destruction, and the invasion of foreign species that
negatively impact biodiversity and the delivery of ecosystem services (Guarderas et al., 2008).

The most significant flooding levels (hurricanes not considered) are found in the Rio de La Plata
area (Argentina and Uruguay) (Izaguirre et al., 2013).

Despite IPCC reports mentioned above that highlight SLR globally (Wong et al., 2014) and in
CSA (Magrin et al., 2014), there is scarce data for CSA. We have briefly summarised most
available data from international databases and the literature (Table 1).



Vulnerability
Vulnerability

Climate vulnerability is defined as “The propensity or predisposition of assets to be adversely
affected by hazards. Vulnerability encompasses exposure, sensitivity, potential impacts, and
adaptive capacity” (U.S. Climate Resilience Toolkit, 2018).

According to Villamizar et al. (2017), CSA countries may be classified with respect to their
country-level and coastal climate vulnerability status (exposure + sensitivity — adaptative
capacity) in three main categories: i) moderate: Argentina, Brazil, Chile and Uruguay, ii) high:
Colombia, Costa Rica, Ecuador, Guyana, Panam3, Peru, Suriname and Venezuela, and iii) very
high (Belize, El Salvador; Guatemala, Honduras and Nicaragua). This classification depends on a
different degree of availability of climate adaptation plans and strategies, institutional
capacity-building, social capital, and, the level of reliance on international assistance,
particularly in cases where extreme events affect them (Leal Filho and Mannke, 2014;
Villamizar et al., 2017). The CSA countries with the highest number of people living in very high
coastal risk areas are Ecuador, El Salvador, Honduras, Nicaragua, Guatemala and Peru (Calil et
al., 2017).

Table 2 summarises some updated indicators of vulnerability and adaptation at the country-
and coastal-level. The lack of available disaggregated country-level data into the coastal-level
in CSA countries hampers regional analysis (Villamizar et al., 2017). The indicators and the
index used are i) % of the population living at LECZ; ii) Human Development Index-HDI (UNDP,
2016), iii) Notre Dame Gain Country Vulnerability Index (CV) (ND-Gain, 2016), and iv) the
Ocean Health Index-OHI (OHI, 2017). CV encompasses (Exposure + Sensitivity — Adaptive
capacity) and summarises a country's vulnerability to climate change and weather-related
hazards impacts (ND-Gain, 2016).

Sensitivity is "The extent to which a country is dependent upon a sector negatively affected by
climate hazard, or the proportion of the population particularly susceptible to a climate change
hazard" (ND-Gain, 2016). Herein the sector is the coastal area. Adaptive Capacity is "The ability
of systems, institutions, humans and other organisms to adjust to potential damage, to take
advantage of opportunities, or to respond to consequences” (IPCC, 2014a).

Table 1. Sea-level rise in countries of Central and South America. Sources: The authors based
on the Permanent Service for Mean Sea Level (PSMSL) (https://www.psmsl.org/)* of the U.S.
National Oceanic and Atmospheric Administration (NOAA), and literature references.

Country Sites Sea-level rise Record References
(mm/year)
Buenos Aires 1.57 1905-1987 Raicich (2008)
Argentina
Buenos Aires 1.70 1901-2000 Magrin et al. (2007)

Brazil Cananeia 2.58 1978-2000 PSMSL (2017)




Fortaleza 2.20 1965-2013

. Calderas 3.01 1980-1998 NOAA (2018); PSMSL
Chile
Punta Arenas 5.91 1941-1969 (2017)
Cartagena 5.30 1948-1992
Colombia PSMSL (2017)
Buenaventura 0.96 1941-1969
NOAA (2018);
Costa Rica Quepos 0.63 2009-2017
PSMSL (2017))
Baltra-B 1.16 1986-2014 NOAA (2018);
Ecuador
La Libertad Il -1.28 1949-2003 PSMSL (2017)
El Salvador Acajutla 2.89 1962-2001 NOAA (2018)
Honduras Puerto Cortés 7.87 1947-1968 PSMSL (2017)
Cristobal 1.41 1909-1980 NOAA (2018);
Panama
Balboa 1.45 1908-2016 PSMSL (2017)
Mataroni -0.84 1942-1969
Peru PSMSL (2017)
Talara 0.97 1943-1969
Montevideo 1.37 1938-2015 PSMSL (2017)
Uruguay
Montevideo 1.46 1902-2016 Verocai et al. (2016)

* These data should be used with some care as anomalous trends have many causes: land
movements (e.g. glacial isostatic adjustment); unexplained instrumental datum shifts; changes
in atmospheric pressure; short records (PSMSL, 2017).




Table 2. Country-level human development (HDI: 0.35-0.95) (UNDP, 2016), climate
vulnerability (CV: 0.27-0.68) elements: exposure (0.25-0.72), sensitivity (0.12-0.62), and
adaptive capacity (0.18-0.88) indicators (ND-Gain, 2016), and Ocean Health Index (OHI: 42-92;
Global Ocean average: 70) (OHI, 2017) in Central and South America. The world range of values
is indicated in parenthesis. The three highest and lowest-placed countries are underlined and
written in bold respectively.

ND Climate Vulnerability (E+S-AC)

. % Pop. Living o . OHI
Countries at LECZ HDI (0: minimum; -1: maximum)
E S AC (-) cv 2017

Argentina 10 0.83 0.47 0.25 0.38 0.37 66
Belize 39 0.71 0.47 0.49 0.51 0.49 67
Brazil 7 0.75 0.50 0.26 0.38 0.38 66
Chile 2 0.85 0.38 0.27 0.38 0.34 71
Colombia 3 0.73 0.50 0.20 0.47 0.39 60
Costa Rica 2.5 0.78 0.45 0.32 0.42 0.40 63
Ecuador 14 0.74 0.53 0.33 0.48 0.40 70
El Salvador 3.5 0.68 0.47 0.38 0.50 0.45 53
Guatemala 1.5 0.64 0.48 0.41 0.49 0.46 62
Guyana 56 0.64 0.40 0.47 0.54 0.48 63
Honduras 4 0.63 0.44 0.40 0.54 0.46 68
Nicaragua 2.5 0.65 0.49 0.38 0.48 0.45 48
Panama 8 0.79 0.45 0.36 0.42 0.41 64
Peru 2 0.74 0.46 0.29 0.53 0.43 61
Suriname 68 0.73 0.42 0.32 0.42 0.40 75
Uruguay 13 0.80 0.45 0.32 0.37 0.38 61
Venezuela 6 0.77 0.42 0.25 0.37 0.35 59
Median 7 0.74 0.44 0.38 0.47 0.40 64

Note LECZ, Low Elevation Coastal Zones; HDI, Human Development Index, which organises
indicators into three main dimensions of human well-being: health, education, and income (UNDP,
2016); E, Exposure; S, Sensitivity; AC, Adaptive Capacity: CV, Notre Dame Gain Country



Vulnerability Index; OHI, Ocean Health Index.



Table 2 shows a qualitative relationship between HDI and CV; the countries of Argentina,
Brazil, Chile and Uruguay show the lowest country-level CV and, mainly, the greater adaptive
capacity, while Belize, El Salvador, Guatemala, Guyana, Honduras, Nicaragua, and Peru show
the greater CV and lowest adaptive capacity. People living at LECZ is a coastal exposure proxy,
not strongly related to country-level exposure, except in the case of Belize, and less clearly in
Ecuador and Uruguay. The OHI placement is not related to CV indicators and shows a few
countries with a low ecological status concerning global and regional average (e.g. El Salvador,
Nicaragua, and Venezuela).&

Impacts

This section presents three case studies: i) sea-level rise, ii) ecological impact faced by
mangrove ecosystems, and iii) colonisation by Invasive Alien Species (IAS), which were selected
to highlight the complexity and importance of SLR and ENSO-related variability (case 1), as well
as aggregate causes (case studies 2 and 3) in the countries of Uruguay and Venezuela. These
examples are related to the following IPCC Reasons for Concern:

i): Risks to unique and threatened systems (RFC1).
ii) Risks associated with extreme weather events (RFC2).
i) Risks related to global aggregate impacts (RFC4), and

iv) RFC5: Risks related to large-scale singular events (sometimes called tipping points or critical
thresholds) in response to smooth variations in driving forces (accompanied by natural
variability) where risk is the potential for negative consequences, whereas impacts are the
manifestation of that potential (O’Neill et al., 2017).

Sea-level rise was used as a metric of climate-related hazards in addition to global warming
where the transition from undetectable to moderate risk started before the recent period
(1986-2005), increasing the risk of flooding. The risk is judged to reach the Moderate level at
about 10 cm above the 1986—2005 level (O’Neill et al., 2017).

Sea-level rise. Case study: Montevideo harbour, Uruguay

A sea-level time series of Montevideo harbour (Rio de la Plata estuary) is selected because it
provides a long-term (1902-2016) case study related to RFCs 1 and 2 and, is part of the Global
Sea Level Observing System programme since the 1990s, (Station = 300 (Figure 1).

[ ] s

Active (248) Inactive (42)

Glokal Sea Level Ohserving System
(GLOSS) iz establishing a well-
designed, high-guality =zea level
observing network to support broad
research and operational user base
(August 2018). Dark points indicate
operational stationz. The arrow
shows Meontevideo station (N°300).




Figure 1. Latin America sea-level Global Sea Level Observing System stations. Source: PSMSL
(2017).

According to Verocai et al. (2016), average sea-levels at Montevideo’s coast have increased
>11 cm from 1902 to 2016, with a significant positive trend with time (r2 = 0.225; p< 0.0001;
rate 0.9 mm/year). Over the period 1961-2014 both mean sea-level and the acceleration rate
fluctuated, with an acceleration from 1971 to 1998 (Nagy et al., 2007) and a stabilisation from
1999 to 2010 (Verocai et al., 2015). In addition to the observed increase in mean sea-level,
over the last 20 years, a raised interannual variability of 30 cm was observed, partly
attributable to the increased frequency and intensity of ENSO events (Gutiérrez et al., 2016). In
particular, acceleration was observed over the most recent few years (2013-2016).
REFERENCE??

The Montevideo SLR time-series (Figure 2) reflects both global trends and ENSO-related
regional influence at the same time (Nagy et al., 2014a); the latter includes local river
discharges and wind effects (Gutiérrez et al., 2016; Verocai et al., 2016, 2015). The acceleration
observed since 2014 follows trends in global acceleration, with a peak triggered by “El Nifio”
2015-16. Despite the fact that the observed SLR since the 1986—2005 level is below the
moderate risk, the local trend observed since 2016 suggests that this level could become an
impact soon, which is in line with the global climate acceleration trend from 2015 to 2018
“Global mean sea level for 2018 was around 3.7 mm higher than in 2017 and the highest on
record” (WMO, 2019).
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Figure 2. Yearly mean sea-level at Montevideo harbour, Uruguay.

Source: The authors updated these figures from previous time-series 1902-2013.



Mangrove ecosystems

Mangrove ecosystems in the Latin America and Caribbean region cover approximately 28% of
the total area of LECZ occupied by these ecosystems worldwide (Spalding et al., 2011) and are
related to all RFCs, particularly RFC 1 (Risks to unique and threatened systems). Mangroves
predominantly develop along the tropical and intertropical coasts of the Americas (Yanez-
Arancibia and Lara-Dominguez, 1999) providing valuable ecosystem services such as: a) coastal
protection, b) carbon sequestration, and c) nurseries for the reproduction of fish, among
others (Godoy and Lacerda, 2015). Even though global carbon storage and sequestration have
been recognised as a valuable climatic mangrove ecosystem service (Breithaupt et al., 2012);
mangrove protection initiatives are poorly implemented at present (Adame et al., 2018).

"The inland incursion of saltwater due to SLR creates estuarine substrates capable of being
inhabited by mangrove species, but the diversity and spatiotemporal dynamics of mangrove
substrates makes it difficult to record how much carbon can be sequestered or released in
these new substrates" (based upon Adame et al., 2018; Breithaupt et al., 2012; Godoy and
Lacerda, 2015). Non-climate stressors (e.g. land-use changes) increase the vulnerability of
mangrove areas due to their increased exposition to the direct effects of SLR (Coastal
Protection for Climate Change Adaptation in the Small Island States in the Caribbean) (CCCCC,
2017). On the other hand, erosion and coastal accretion (Breithaupt et al., 2012), have
decreased biodiversity (Devaney et al., 2017), and have led to the alteration of ecosystem
services, leading to disruptions in the livelihoods and causing inequalities among communities
(Vieira, 2016).

Climate and non-climate stressors compromise the ecosystem services provided by coastal
ecosystems, their associated human populations, and the maintenance of the systemic
equilibrium of the coastal zone. According to the Economic Commission for Latin America and
the Caribbean, the complex set of impacts that derive from the interaction of stressors and the
limited existence of specific policies to address them leads to negative feedback mechanisms
that may affect mangrove resilience (ECLAC, 2018).

Invasive Alien Species (IAS)

The Convention on Biological Diversity defines Invasive Alien Species (IAS) as “plants, animals,
pathogens and other organisms that are non-native to an ecosystem, and which may cause
economic or environmental harm or adversely affect human health” (CBD, 2018). IAS cause
changes in the composition and function of ecosystems and their services, affecting human
wellbeing. They have become a significant component of global change and pose a serious
threat to local and global biodiversity (Vila and lbafiez, 2011). The IAS is related to RFCs 2 and 5
(large-scale singular events).



For a species to become an IAS, it must successfully transit three distinct stages or the invasion
process (Blackburn et al., 2014). Climate change can disrupt different aspects of these invasion
stages, as described in Figure 3.

Introduction CC facilitates transport and new pathways [(new open
areas or increased frequency of extreme events)

Colonisation CC increased the sucess of survival and promotes
better growth of LAS in introduced range
<t )
Establish nt CC enables successiul reproductrion amnd

establishment of LAS

g

CC modify ecosystems impacts and geographical

Spread distribution of IAS [promoting new introductions)
| Control Si]'ﬂtegies ] CC affects effectiveness of management strategies

Figure 3. Stages of IAS invasion process disrupted by climate change (modified from Hellmann
et al., 2008; Walther et al., 2009).

An example of a highly distributed IAS in coastal ecosystems is the lionfish (Pterois volitans and
P. miles), which is spread along the US East Coast, the Caribbean islands throughout, Colombia
and Venezuela (Betancur-R. et al., 2011; Schofield, 2009). The lionfish affects food and cultural
ecosystem services due to predation of the indigenous fish fauna of mega-diverse coastal
marine ecosystems. The species was recently reported in the south-eastern Atlantic coast of
Brazil, due to its euryhaline and eurythermal features. Source?

Fostering adaptation
The current state of adaptation in Central and South America

Central and South America countries are vulnerable to climate change, which is also due to
their restricted adaptation capacity, and are likely to remain so unless fundamental changes in
decision-making processes are implemented (Leal Filho and Mannke, 2014). Several authors
have stated an increase in climate adaptation efforts over the last decade (e.g. EuropeAid,
2009; Magrin et al., 2014; Nagy et al., 2015), especially those focused on coastal management
strategies, better protection of ecosystems, and early warning systems. However, such efforts
are constrained by a lack of resources, capacity, and adequate regulatory frameworks, a
limited awareness regarding climate change particularly at the political level, ecosystem
degradation, missing data and information, low-income levels, complex disasters and conflicts
(EuropeAid, 2009; Leal Filho and Mannke, 2014; Villamizar et al., 2017).



The classic adaptation strategies (e.g. top-down plans, Integrated Coastal Zone Management,
socioeconomic development, capacity building, institutional strengthening, response against
hazards, and hard engineering solutions) are not enough to reduce the impacts of climate-
related hazards, nor are they flexible enough to cope with an uncertain and changing future
(Leal Filho et al., 2018). More recent strategies such as Ecosystem-based Adaptation (EBA) and
National Adaptation Programmes of Action (NAPAs) should be more adaptive to face
uncertainty (Leal Filho et al., 2018).

Ecosystem-based Adaptation (EBA)

Ecosystem-based Adaptation (EBA) promotes more resilient coastal areas (Braga et al., 2018)
by means of the protection of the related ecosystems. EBA is "the use of biodiversity and
Ecosystem Services to help people adapt to the adverse effects of climate change as part of an
overall adaptation strategy” (CBD, 2016).

A successful EBA case study was developed in Kiyu (Uruguayan coast of the Rio de la Plata
estuary) where stakeholders implemented measures to reduce the erosion of sandy beaches
and dunes due to CRH and poor management practices (Carro et al., 2018). The adaptation
process was developed through vulnerability assessments (Nagy et al., 2014b) including
managers, stakeholders, and experts. This exercise provided social legitimacy, knowledge
exchange between stakeholders, and incorporation of EBA approaches by the subnational
coastal governments (Carro et al., 2018; Nagy and Gutiérrez, 2018). The recovery processes of
coastal ecosystems were implemented through soft measures (green infrastructure) such as
the regeneration of dunes, reforestation with native species, and the reduction of use
pressures.

Multi-participatory mainstreaming approaches: The case of Mangroves

Most traditional policy actions implemented in the tropical CSA Low-elevation Coastal Zone
(LECZ), e.g. the Integrated Coastal Zone Management approach, are mainly oriented towards
the evaluation of risks, vulnerability and the reduction of impacts in mangrove areas
(Villamizar, 2011; Villamizar et al., 2017). Building climate-resilient mangrove ecosystems will
require a transformational change by all government scales to overcome the limitations of
adaptation linked to the allocation of resources to priorities other than climate change (e.g.
poverty). The everyday adaptation experiences developed by the academy in CSA usually
follow the community-based adaptation (CBA), and the EBA approaches (Villamizar et al.,
2017). Approximately 85% of the Venezuelan coastline, including nineteen mangrove
protected areas, is a Low Elevation Coast (LECZ) at risk of impacts from SLR under all IPCC
scenarios, totalling 5,600 km2 of wetlands, mainly mangroves (ACFIMAN-SACC, 2018).

An alternative comprehensive approach to mainstreaming local adaptation plans is the Public
Policy System Model (PPSM) (Villamizar, 2011) developed in the Hueque-Sauca Wildlife
Reserve (The reserve), Falcon State-Venezuela, on low elevation coast (Villamizar, 2011). The
objective of the PPSM is to generate adaptation measures to protect local communities, and
mangrove ecosystems against the effects of SLR within the framework of the Integrated
Coastal Zone Management Plan contemplated in the Coastal Zones Law.



The reserve is a poor rural Protected Area (37,100 ha and a low-lying coast of 1,600 m in
length) for a Cayman threatened species (Crocodylus acutus) and for the 5,000 ha of
mangrove, 10% of which has been lost due to the combined effect of extreme droughts and
poor management. The impact of socio-productive activities and natural ecosystems by the
permanent inundation caused by the SLR requires adaptation actions incorporated in public
policies.

The reserve has three adaptation goals: 1) identification of factors and implications associated
with SLR; 2) identification of intervening elements; 3) operationalisation of the PPSM in
adaptation to the impacts of SLR. The adaptation measures combine CBA, and EbA
approaches: 1) increasing awareness at all levels; 2) promoting research-oriented decision-
making; 3) empowering the coastal communities to perceive and respond to the effects of
climate change; 4) building adaptation capacities for local communities to address the impacts
of SLR; 5) strengthening sanitation and environmental control within the area of the protected
area; and, 6) guaranteeing regional food security.

The case of Invasive Alien Species in the Rio de la Plata estuary (Argentina-Uruguay)

The most invasive alien species in the Rio de la Plata estuary (RdIP) and river basin were
euryhaline species (tolerant to salinity gradients), accidentally introduced by ballast water
(Brugnoli et al., 2005; Muniz et al., 2005). The freshwater mollusc golden mussel (Limnoperna
fortunei), native to Southeast China was found associated with natural and artificial hard
substrates, increasing its population abundances, and causing changes in the benthic
communities (Boltovskoy and Correa, 2015). Rapana venosa is a predator of subtidal molluscs,
usually feeding on bivalves such as oysters, mussels and clams (Giberto et al., 2011;
Lanfranconi et al., 2013) found in the muddy bottoms of the subtidal mixohaline zone of the
RdIP (Giberto and Bruno, 2014).

The environmental research of alien species in the RdIP has focused on changes in river flows
and the mapping of salinity thresholds that favoured the colonisation of Limnoperna fortunei
in the inner estuary and Rapana venosa in the sediments of the intermediate zone. Currently,
the management strategy focuses on fishing IAS with non-destructive fishing gear (e.g. pots)
(Brugnoli et al., 2014).

National Adaptation Programmes of Action (NAPAs)

Climate policies in Central and South America focus mostly on adaptation to the impacts of
climate change and variability. A few countries (Brazil, Colombia, and Chile) have submitted
their NAPAs under the Paris Agreement (http://www4.unfccc.int/nap/Pages/national-
adaptation-plans.aspx), and only Brazil developed in 2016 actions to promote climate change
adaptation in the coastal zone References??. The Brazilian government is currently?
developing a set of studies, methodologies, and tools, in collaboration with different scientific
institutions, for the comprehension and diagnosis of exposure and vulnerability to climate
change aimed at modelling risks and generating responses. References??.

In Uruguay, the National Climate Change Policy was newly developed to promote climate
change adaptation with stakeholder’s involvemens. In this regard, the country has drawn up



the Nationally Determined Contribution per sector and implemented a set of objectives to
elaborate sector-specific NAPAs simultaneously. Low-lying flood-prone areas in Uruguay are
vulnerable to the combination of increasing storm surges with SLR (Calil et al., 2017; Losada et
al., 2013). Therefore, the coastal NAPA developed adaptation measures and plans focused on
building local capacity to monitor SLR and storms. The main adaptation actions undertaken
through the coastal-specific NAPA are the following:

1) Strengthening of the National Protected Areas Systems.

2) Promotion of EBA and restoration and maintenance of coastal ecosystem services that
protect against climate-related hazards.

3) Articulate and develop new integrated climate services and information systems, for
continuous monitoring, risk mapping, and loss and damage evaluation.

4) Build research and development capacities to enhance domestic response to climate change
and variability.

Summary

Climate change is projected to be a significant driver of further degradation of most coastal
ecosystems, biodiversity and ecosystem services in Latin America (IPBES, 2018).

Most updated socioeconomic and vulnerability indices, shown in Table 2, agree with the
conclusions of several studies presented in this article (e.g. Calil et al., 2017; Nagy et al., 2018;
Villamizar et al., 2017) about the vulnerability in Central and South America. Belize,
Guatemala, Honduras, El Salvador, Nicaragua, and Guyana, are the most vulnerable countries,
whereas Argentina, Chile, Uruguay, and Brazil are comparatively less vulnerable.

Low-income levels and a lack of resources, lack of data (mainly the absence of long-term sea-
level records in most countries), lack of capacity, non-adequate regulatory frameworks, early
warning systems, and limited political interest, usually hinder current coastal management
approaches to climate-related hazards. The current adaptation deficit to climate change and
variability in Central and South America is likely to remain so, unless fundamental changes in
both decision-making processes and policies are implemented.

Mainstreaming climate change adaptation in CSA’s coastal areas is somewhat new: most
countries introduced their national strategies during the last decade. Strategies such as
community-based (CBA), ecosystem-based (EBA), Public Policy System Model (PPSM), and
National Adaptation Programmes of Action (NAPAs) should be strengthened in the region.

Some perspectives of future research and management = this sub-section is too short, perhaps
merge with the previous one?

Future research and adaptation should systematically evaluate risks under alternative
scenarios of future climatic and societal CSA conditions, and monitor indicators associated
with the IPCC Reasons for Concern framework, to detect the transition from weak to moderate
and high impacts.



The current adaptation deficit in CSA countries is an opportunity to foster adaptive capacity by
mainstreaming adaptation plans to face climate-related hazards into national strategies.
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