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Sant Carles

Population (Study Ebro Delta: 48,031 "E"d“a}"“"
Region) Emporda wetlands: 43,354 -
(IDESCAT, 2015)

Area (Study Region) Ebro Delta: 299.4 km?
Emporda wetlands: 123 km?
(IDESCAT, 2015)

Income per capita US$27,520 (World Bank, 2017) Case Study 8.1 Figure 1 Locations of the three municipalities in the Ebro
Deltaand coastal natural protected area.
Climate zone Csa —Temperate, dry summer,

hot summer (Peel et al., 2007) ] ] o
farmers, peasants, engineers); public administrations (e.g., govern-

mental officers), environmental organizations and research centers

Climate change is an increasingly significant global problem with (e.g., members of environmental groups, scientists), and social orga-
potentially far-reaching consequences for coastal human communi- nizations (e.g., members of social and ethnic organizations) linked to
ties, livelihoods, and ecosystems in the Mediterranean region. Seven the Ebro Delta and Emporda wetlands were selected to participate
economically, socially, and environmentally dynamic urban towns in the studies.

across coastal natural protected areas in Mediterranean Spain, the

Ebro Delta (see Case Study 8.1 Figure 1), and Emporda wetlands The results showed that adaptation appears to have taken place in
have been particularly vulnerable to three aspects of climate change: the Ebro Delta and Emporda wetlands during the past few decades,
(1) air and sea temperature rise (2) sea level rise, and (3) decreased but mainly through unsustainable measures (e.g., artificial or hard
river flows (see Case Study 8.1 Table 1). In addition, intensification structures).

of coastal erosion, flooding, saltwater intrusion, and deficits in river

sediment supply have been affecting natural habitats and livelihoods More than half of interviewed stakeholders reported that they favor
in these areas (Barnolas and Llasat, 2007; Candela et al., 2007; “natural” adaptation measures such as (1) building and/or restor-
CIIRC, 2010; Day et al., 2006; Guillén and Palanques 1992; Jiménez ing coastal sand dunes and (2) raising ground level. Approximately
et al., 1997; Martin-Vide et al., 2012; Sanchez-Arcilla et al., 2008). one-quarter were in favor of “artificial” adaptation measures such as

(1) seawalls, groins, and breakwaters; (2) flood and underwater
This Case Study is based on studies that identified a local dimen- gates; (3) beach nourishment; and (4) rainwater harvesting. The
sion of climate change adaptation relevant for maintaining a wide remaining stakeholders considered combining both types of mea-
range of livelihoods while facing current and future climate change sures. Stakeholders were also asked to consider coastal relocation

(Fatori¢, 2010, 2014). These studies build on the work of Smit and as an adaptation option.
Wandel (2006) who highlighted that adaptation is an outcome of the

interaction of environmental, social, cultural, political, and economic With respect to natural adaptation measures, building sand dunes
forces. Analytically, adaptation is conceptualized in this paper as a parallel to the shoreline where none exists and/or restoring and
set of technical options to respond to specific risks (Nelson et al., stabilizing the existing ones was perceived as the optimal adap-
2007), where the need for local stakeholder involvement has been tation measure in both protected coastal areas. This option was
increasingly acknowledged (Bormann et al., 2012; Cote et al., 2014; often considered as the cheapest one for both study areas, and it is
Eriksen et al., 2011; Mozumder et al., 2011). Different stakeholders compatible with environmental sustainability actions. Moreover,
may hold different knowledge, opinions, and understandings of the building and restoring dunes can increase socioecological resil-
local context of adaptation. Thus, which specific sources of knowl- ience in both areas and produce benefits in the absence of climate
edge are recognized and used in decision-making process is crucial change effects.
for determining which interests, development paths, and solutions
are prioritized (Eriksen et al., 2011). Regarding raising ground level, the other natural adaptation mea-
sure, interviewees expressed little support for elevating ground level
Local, regional, and national stakeholders belonging to various eco- by a few centimeters. This might be due to weak technical and urban

nomic sectors (e.g., employees of local tourist information centers, design skills among most stakeholders.
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Artificial measures, on the other hand, did not have such unified
support among stakeholders. For instance, dykes, seawalls, and
breakwaters generated different opinions. About one-third of stake-
holders were against “artificialization” mainly due to the current
ecological value of both areas. Stakeholders perceived these mea-
sures as too costly to build and maintain. A small number of stake-
holders were willing to preserve an already attractive landscape for
economic activities (especially tourism) by implementing artificial
measures.

Flood and saltwater intrusion gates were suggested and
discussed, but gates may be not suitable measures because they
entail significant investments. Beach nourishment was per- ceived
by a minority of stakeholders as a suitable measure that

is aesthetically pleasing and that sometimes can be implemented
with a reasonable budget.

The studies also revealed that rainfall capture and storage in those
parts of Mediterranean Spain where precipitation is likely to decrease
and become more variable has not yet been prioritized.

Regarding coastal relocation, it was interesting to note a differ-
ence between the two study areas: according to population data
(IDESCAT, 2015), the rate of registered foreign immigrants is higher
in Emporda wetlands than in the Ebro Delta, and, interestingly,
among the interviewed stakeholders in Emporda wetlands there
was more willingness for relocation elsewhere as an “adaptation”
measure than in the Ebro Delta. In this sense, it emerged that place

Case Study 8.1 Table 1 Comparison of socioeconomic, environmental, and climatic characteristics of the Ebro Delta and Emporda wetlands. Source: ACA, 2014;
BirdLife Intemational, 2014a and 2014b; CREAF,2013; Ebre Observatory, 2015; IDESCAT,2015; Meteo Estartit, 2015; Ninyerola et al., 2004; SMC, 2015; Wetlands

Intemnational, 1992 and 1995

Ebro Delta

Emporda wetlands

Municipalities

Physical territory

Protection

Protected area
River(s)
River regulation

Vegetation

Fauna

Climate

Air temperature
(1990-2014)

Precipitation
(1990-2014)

River flow
(1990-2012)

Sea level
(1990-2014)

Sea temperature
(1990-2014)

Tourism

Agriculture

Fishery

N° population (2014)

Amposta, Deltebre, Sant Carles de la Rapita

Coastal lagoons, marshlands, beaches, dunes,
saltpans

Ramsar Convention on Wetlands (1986), Natura
2000, Special Protection Area for Birds

11,530 ha

Ebro

Mequinega, Flix, Riba-Roja dams
Arthrocnemetum fruticosi, Crucianelletum
maritimae, Scirpetum maritimi-littoralis,

Agropyretum mediterraneum

Anas strepera, Phoenicopterus roseus, Botaurus
stellaris, Ardea purpurea, Larus audouinii

Mediterranean

Increase by 0.37°C/decade (Ebre Observatory)

Slight increase (Ebre Observatory)

Decrease by 14 m3/s/decade (Ebro)

Increase by 3.9 cm/decade (Estartit)

Increase by 0.18°C (sea surface), 0.17°C (20 m),
0.28°C (50 m), 0.13'C (80 m) per decade
(Estartit)

Ecotourism, birdwatching

Rice, citrus fruits
14% of Catalonia’s fish production

48,031

Castello d’Empuries, Escala, Roses, Sant Pere Pescador

Coastal lagoons, inland freshwater ponds, marshlands,
beaches, dunes

Ramsar Convention on Wetlands (1992), Natura 2000,
Special Protection Area for Birds

10,830 ha

Muga, Fluvia

Boadella dam

Salix alba, Fraxinus angustifolia, Rosa sempervivens,
Arum iotalicum, Aristo lochia rotunda, Typha latifolia
Coracias garrulus, Lanius minor, Buteo buteo, Falco
subbuteo, Bos taurus domestica

Mediterranean

Increase by 0.19°C/decade (Sant Pere Pescador)
Decrease

(Sant Pere Pescador)

Decrease by 3.5 m3/s/decade (Fluvia)

Increase by 3.9 cm/decade (Estartit)

Increase by 0.18°C (sea surface), 0.17°C (20 m), 0.28°C
(50 m), 0.13°C (80m) per decade
(Estartit)

Campsites, second homes, hotels, ecotourism,
birdwatching, marina

Fruits trees, vines, olives
11% of Catalonia’s fish production

43,354
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attachment (and previous migration experience) among local res-
idents is relevant when considering relocation as an adaptation
measure.

One of the lessons that can be drawn from this Case Study is the
need to gather and integrate local understanding, perception, and
knowledge with scientific knowledge in order to develop success-
ful response to climate change, empower local decision-making,
and preserve current ecosystems, livelihoods, and communities.
Encouraging local communities and policy-makers to undertake
short- and medium-term thinking and to develop adaptation plan-
ning with more desirable sustainable outcomes should be a priority
in the Ebro Delta and Emporda wetlands. Stakeholders can help to

raise awareness in order to implement adaptation measures based
on technical solutions that would reduce the vulnerability of natural
and socioeconomic systems and take advantage of any potential
opportunities and benefits (Fatori¢ and Chelleri, 2012; Fatori¢ and
Morén-Alegret, 2013; Fatori¢ et al., 2014).

Another lesson that emerged from the research is that the optimal
adaptation measure according to the stakeholders in both coastal
protected areas is building and/or restoring coastal dunes, which is
likely to be the most efficient and least expensive protection against
various climate change effects (see Case Study 8.1 Figure 2). This
highlights the need for dune conservation and maintenance as cli-
mate change reinforces the value of its protective capacity.

Case Study 8.1 Figure 2 Dures as ‘natural” adaptation measure in Emporda wetlands.
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