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a b s t r a c t
Sea level rise (SLR) produced by climate change affects severely coastal ecosystems which are currently being impacted by sea level rise in many parts of the world. In relation with coastal wetlands, the most relevant induced
effect will occur on water and soil's salt content, especially in areas below sea level. This could lead into a reduction of habitat for the wetlands' biota. In this context, this research assesses the SLR related risk in the Júcar River
Basin District (JRBD). Hazard, exposure, impact, vulnerability, and risk maps have been elaborated. The design
and application of measures is prioritized in those areas classiﬁed as Very High risk with the aim of improving
coastal ecosystems' climate change adaptation.
In Western Mediterranean coast, average sea level (ASL) will rise 0.16 m (2026–2045) and 0.79 m (2081–2100)
referred to the reference period (1986–2005). High-end scenarios indicate that ASL will rise 1.35 m–1.92 m
(2081–2100). The risk analysis results show that 90% of JRBD area affected by SLR, corresponds to coastal wetlands. Half of the affected area belongs to L'Albufera de Valencia wetland with 32.44 km2 below sea level,
which represents a water volume of 42.64 hm3 (2026–2045) and a surface between 72.53 and 138.96 km2
representing from 118.36 to 289.70 hm3 (2081–2100). In the case of L'Albufera de Valencia the impact will be
throughout the 21st century, the average rate of SLR will leap from 4 to 11 cm per decade, therefore MSL will
reach the current wetland levels by 2040–2045. This makes necessary to modify the lake's management rules,
which will lead to an increase of 40 hm3 in water storage and a reduction in water's renewal time compared
to current rates (from 15 to 5 times a year).
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

⁎ Corresponding author.
E-mail addresses: claesseg@upv.es (C. Estrela-Segrelles), ggomezm1981@gmail.com
(G. Gómez-Martinez), mperezm@hma.upv.es (M.Á. Pérez-Martín).

Coastal wetlands are among the most valuable ecosystems in the
world due the ecosystem services that they offer (Ricaurte et al.,
2017). These ecosystem services are shoreline protection from storms
and waves, storage, habitat provision for invertebrates, shorebirds and
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2015; Hinkel et al., 2019). For security reasons, it is convenient to
consider other scenarios that overcome this sea level rise to inform
stakeholders with low-uncertainty tolerance such as climate
change adaptation researchers (Thiéblemont et al., 2019), named
as High-End Scenarios. Also, events that are historically rare, such
as today's hundred-year event, will be common by 2100 in all
RCPs (Oppenheimer et al., 2019).
Sea level changes can substantially differ at regional scale due to the
thermal expansion factor (Meyssignac and Cazenave, 2012) (IPCC,
2019). Projections of regional sea level change on European coasts at
the end of the 21st century (RCP 8.5) show an average rise in sea level
of 0.5 m on average and the maximum change in coastal sea level is
projected in the North Sea and Mediterranean areas. (Thiéblemont
et al., 2019).
The risk assessment is made up of three core elements: hazard, exposure, and vulnerability (Eq. (1)), (IPCC, 2014a) and it is convenient
to know in which areas we should implement adaptation measures to
reduce the risks associated with climate change.

mammals, and cultural and recreational uses (Calder et al., 2019), serving also as breeding, resting, and feeding areas for birds (Saintilan et al.,
2019) and it can contribute to carbon sequestration, mitigating the effects of climate change (Morant et al., 2020).
Coastal ecosystems are strongly vulnerable to sea level rise produced
by Climate Change (Kelleway et al., 2017; Rayner et al., 2021). The
expected impacts of climate change on marshes are sea level rise
(Nicholls, 2004, Nicholls et al., 2014, Nicholls, 2015; Weisse et al.,
2014; Spalding et al., 2014; Dasgupta et al., 2017), more frequent storms
and larger wave heights, changes on river discharge, CO2 level rise and
higher temperatures (Zhang et al., 2019; Chu et al., 2019). Sea level rise
will increase the risk of permanent saltwater intrusions in coastal wetlands (Bailey et al., 2006) and suffering changes in groundwater ﬂow
patterns linked to coastal ecosystems (Kløve et al., 2014). This may
cause an alteration in key abiotic stressors such as changes in ﬂood patterns, salinity gradients, and sediment biogeochemistry (Adams, 2020).
Saltwater intrusion will affect especially coastal aquifers which are
already overexploited (Ranjan et al., 2006; Estrela et al., 2012), such as
Mediterranean coastal aquifers (García-Menéndez et al., 2016), and
coastal wetlands that interact with them (Pérez-Martín et al., 2014).
The communities and ecosystems connected with coastal environments
are particularly exposed to the current and future dangers of ocean
change (Abram et al., 2019; Ferrarini et al., 2021).
Earth's temperature is increasing unequivocally and many of
the changes observed since 1950 are unprecedented in decades or
millennia. The observed globally averaged combined land and ocean
surface temperature data as calculated by a linear trend show a
warming of 0.85 [0.65 to 1.06] °C during the 1880 to 2012 period compared to pre-industrial times (1850–1900) (IPCC, 2014a). Humaninduced warming has already reached about 1 °C above pre-industrial
levels (1850–1900) at the time of writing Special Report on Global
Warming of 1.5 °C (year 2018). By the decade 2006–2015, human activity had warmed the world by 0.87 °C (±0.12 °C) compared to preindustrial times (1850–1900). If the current warming rate continues,
the world would reach human-induced global warming of 1.5 °C around
2040 (IPCC, 2018)”. As both reports indicate, the temperature has
risen 0.87 °C since the pre-industrial era to the average value of the
2006–2015 decade and 1 °C if we include until 2018. This increase
has already resulted in profound alterations on human and natural
systems, such as the increase in droughts, ﬂoods and other types of
extreme weather phenomena, sea level rise and biodiversity loss
(Allen et al., 2018).
Sea level rise observed in the 20th century has had as main contributors the ocean thermal expansion and the glaciers melting (Church and
White, 2011, Church et al., 2013). Total global mean sea level (GMSL)
rises 0.16 m from 1902 to 2015. Ocean and Cryosphere in a Changing
Climate (SROCCC) states that the rate of GMSL rise for 2006–2015 is
3.6 mm per year, about 2.5 times the rate for 1901–1990 of 1.4 mm
per year (IPCC, 2019). The principal cause of global sea level rise since
1970 is anthropogenic forcing (Oppenheimer et al., 2019). Sea level
rise will almost certainly accelerate during the 21st century due to global
warming, but its magnitude remains uncertain (Nicholls and Cazenave,
2010; Wouters et al., 2013; Fürst et al., 2015) due to the potentially
very large contribution of the Greenland and Antarctic Ice Sheet
which constitutes a deep source of uncertainty (Ritz et al., 2015;
Bamber et al., 2019). Mass loss from the Antarctic ice sheet over the period 2007–2016 tripled relative to 1997–2006 and for Greenland, mass
loss doubled over the same period (IPCC, 2019).
The increase in global mean surface temperature in the late 21st century (2081–2100) relative to 1986–2005 is likely to be 1.1 °C to 2.6 °C
under RCP 4.5, and 2.6 °C to 4.8 °C under RCP 8.5 (Stocker, 2014). It is
projected that global mean sea level change relative to 1986–2005
will be 0.53 m in RCP 4.5 projection (Church et al., 2013) and 0.84 m
in RCP 8.5 projection (IPCC, 2019) at the end of the XXI century. There
is a 17% of probability that global mean sea level will exceed the sea
level rise of the RCP 8.5 scenario (Ranger et al., 2013; Hinkel et al.,

Risk ¼ Hazard ∩ Exposure ∩ Vulnerability

ð1Þ

Hazard referred to the degree of a disaster, such as sea level rise projections, exposure referred to the land uses or environments exposed to
hazard and vulnerability referred to the sensitivity of a system exposed
to certain hazards as well as its inherent characteristics, such as its response, resistance, and resilience ability.
Feng and Chao (2020) develop a risk assessment and afﬁrm that
water resources in the northwest and north of China which are in
high risk will be a source of concern in the next decades. Gussmann
and Hinkel (2021) highlight that the integration of sea-level rise considerations into the adaptation policy would improve the effectiveness.
Gissi et al. (2021) results strengthen the need of climate change studies
at local-scale to identify adaptation measures. Kazakis et al. (2019) assess the aquifers vulnerability to seawater intrusion by assigning certain
weights to the different elements (river, wetland, lagoon, distance from
the shore, thickness of the aquifer). Gornitz et al. (2020) highlight that
planned coastal defenses will need to be strengthened and relocated
in some cases. Mehvar et al. (2019) evaluate the ﬂood area due SLR
under the climate scenarios of RCP 2.6 (0.25 m of Relative Sea Level
Rise, RSLR), RCP 6.0 (1.18 m of RSLR), and RCP8.5 (1.77 m of RSLR)
and evaluate the potential losses on food provision (5%), raw materials
(16%), recreation/tourism and art (17%). Toimil et al. (2020) assume
that more comprehensive risk frameworks are needed to determine
risk due to various impacts and hazards, including multi-sector and vulnerability interactions. Carrasco et al. (2016) determine the need of
evaluating the SLR impacts on coastal communities and the effectiveness and efﬁciency of adaptation interventions. Shi et al. (2020) conduct
an exposure and vulnerability assessment of coastal wetland to obtain
the evolution of the study area in recent years. Ibáñez et al. (2010) assess the effect of sea level rise in the Ebro Delta Wetlands using Surface
Elevation Tables, marker horizons, 210Pb techniques and illustrate the
importance of sediment and freshwater subsidies in deltaic environments. There is no single approach to quantify future impacts of sea
level rise on coastal retreats, as shown, for instance, for the Asturian
coast (Toimil et al., 2017), the Balearic Islands (Enríquez et al., 2016)
and the Júcar's coast (Serrano et al., 2020).
The Water Framework Directive (WFD) 2000/60/EC (European
Commission, 2000), framed by the concept of integrated water resources management, include among its main objectives to achieve
good state in all waterbodies and to prevent their deterioration. WFD
aimed to promote a good state of waterbodies, by requiring the Member
States to implement River Basin Management Plans (RBMPs). Fidelis
and Rodrigues (2019) analyze the integration of climate change risks
in hydrological planning such as sea level rise. The Spanish Strategy
for Coastal Adaptation to Climate Change (SSCACC) includes salt2
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Peninsula. JRBD population is around 5 million inhabitants (JRBA,
2015). This work considers all the coastal wetlands located in the
JRBD coastal strip: Marjal de Rafalell i Vistabella, Cuadro de Santiago
and the Natura 2000 Network wetlands L'Albufera de Valencia, Prat de
Cabanes, Santa Pola salines, Marjal dels Moros, Els Bassars – Clot de
Galvany, Marjal i Estanys d'Almenara, Marjal de la Safor and Marjal
Pego-Oliva (Fig. 1). In relation to the salinity of the analyzed wetlands,
all of them except the Santa Pola Salines are freshwater, so the 85% of
the waterbodies analyzed are freshwater.
The Digital Elevation Models (DEM) used in the development of the
project, DEM25, have been obtained from The Download Center (CdD)
of the National Center for Geographic Information (CNIG) http://
centrodedescargas.cnig.es/CentroDescargas/. Digital Elevation Models
contain altimetric information that represents the landform of the national territory. DEM25 Digital Elevation Model with ﬁrst coverage
25 m grid spacing for a general evaluation. GRS: ETRS89 for the Iberian
Peninsula (this system is compatible with WGS84). The study area corresponds to UTM Projection Zone 30.
L'Albufera de Valencia is the JRBD main wetland and is included in
the list of wetlands of international importance deﬁned by the Ramsar
Convention. L'Albufera Natural Park occupies an area of 21,120 Ha of
which, 2,394 Ha belong to L'Albufera lake that is surrounded by
14,100 Ha of rice ﬁelds. At present, a very small area of L'Albufera lake
and its surroundings are below sea level. The rice ﬁelds are irrigated
by ditches, locks and motors that pump the water so that the rice ﬁeld
never runs out of water. The cultivation lasts 5 to 6 months, although
the ﬁelds are prepared, ﬁlling and emptying all year (IVIA, 2017). Rice
cultivation is quite relevant in this area as it constitutes an important
part of its economy. It is a key element in the Valencian culture and a
tourist element of great magnitude.

water intrusion and changes in groundwater level as impacts (Losada
et al., 2019).
The motivation of this work is based on the knowledge gap on the
impacts of climate change in relation to the sea level rise and its affection to coastal ecosystems, such as the wetlands of the Júcar River
Basin District (JRBD). The proposed methodology allows the development of a risk assessment to identify the main exposed and vulnerable
areas to reduce the risk of sea level rise due to climate change in coastal
ecosystems. Hazard, exposure, impact, vulnerability, and risk maps have
been obtained for Júcar River Basin District (JRBD) and risk maps prioritize the areas where adaptation measures must be applied. Getting a
deep knowledge of the impacts of climate change in the most sensitive
coastal areas will allow Júcar River Basin Authority to reduce vulnerability and propose climate change adaptation measures in the most affected areas, such as L'Albufera Lake of Valencia.
This work is part of the Project “Climate Change Adaptation
Measures in the Júcar River Basin District” which aim is to include the
impacts of climate change in the hydrological planning and its scope is
Júcar River Basin District (Estrela Segrelles and Pérez Martín, 2020). Simulations were carried out to determine the effect of several sea level rise
scenarios, including RCP 4.5 and 8.5 projections. For security reasons, it is
convenient to consider other scenarios that overcome IPCC sea level rise
to inform stakeholders with low-uncertainty tolerance such as climate
change adaptation researchers. IPCC (2013) sea level projections,
which are provided as a probable range (probability greater than 66%),
but do not reﬂect the full range of uncertainties in sea level projections
(Stephens et al., 2017). Informed by the latest literature, two high-end
sea level rise scenarios have been considered. They are deﬁned as plausible, although unlikely, high-impact sea-level scenarios. The ﬁrst is
based on the upper limit of the probable range, while the second follows
a “worst model” approach (Stammer et al., 2019).
The manuscript is organized as follows: Section 2 describes extensively the methodology applied; Section 3 presents the results obtained
for the several sea level rise scenarios, hazard, exposure and vulnerability maps and a discussion of the obtained results. Finally, Section 4 includes the main conclusions of this study.

2.2. Sea level rise
Mean Sea Level (MSL) projections provide the estimated increases of
the MSL for future greenhouse gas emission scenarios RCP 4.5 and RCP
8.5. To develop this work, Sea Level Rise data have been obtained from
the project “Preparation of the methodology and databases for the projection of climate change impacts on the Spanish coast (C3E Project)”,
developed by the Cantabria University in 2016 (C3E-Cantabria, 2016).
For each climate model, annual mean sea level rise values are available
from 2007 to 2100 (94 years), with a spatial resolution of 1.0°. These increases are referenced to the average value of the MSL in the period of
reference 1986–2005. The models that were used in the C3E project to

2. Methodology and study CASE
2.1. Jucar River Basin District
The Júcar River Basin District (JRBD) (44.892 km2 including coastal
water bodies) is located on the Mediterranean side of the Iberian

Fig. 1. Júcar River Basin District location including wetlands, DEM and L'Albufera de Valencia wetland in detail (in turquoise areas below MSL at present). (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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thermal expansion of the ocean in response to global warming, and
ocean dynamic sea-level change (which includes the inverse barometer
correction). Thiéblemont et al. (2019) study focuses on coastal zones,
where discrepancies in the spatial coverage of atmosphere and ocean
general circulation model (AOGCMs) that participated in CMIP5 are
particularly pronounced. Thiéblemont et al. (2019) note that regional
inﬂuence of ocean dynamics and circulation changes on sea level is signiﬁcant and they selected CMIP5 models that better represent the reality in Europe seas. The study follows the IPCC AR5 method to deﬁne the
“likely-range” and calculate it as the standard deviation interval around
the mean of multiple models. For the two high-end scenarios, the
sterodynamic contributions for each cell in the grid are deﬁned using
the upper limit of the probable range of multiple models (high-end
A) and the maximum value of the result of multiple models (high-end
B, worst model estimate).
The Barystatic-GRD Components is the global ocean mass change associated with changes in mass of water and ice on land. It considers
Glaciers, Greenland, Antarctic SMB, Antarctic DYN and Groundwater.
Table 1 summarizes sea level rise contributors.
According to groundwater component, although Wada et al. (2016)
recently showed that previous studies could have overestimated the
contribution of groundwater depletion to sea level rise, as the total
drainage of groundwater to the ocean was assumed without considering the pumped water remaining in the land (~20%).
The Regional sea-level change projections designed in Thiéblemont
et al. (2019) are available online at https://www.mdpi.com/20734441/11/12/2607/s1.
The high-end scenarios include a greater rise in sea level associated
with the possibility of a greater speed in the ice melting during the 21st
century. For this reason, although being less probable, they are primarily
considered because of security reasons in urban areas. The High-end A
scenario, called moderate, represents an additional increase of 0.56 m
and corresponds to the consideration of the upper values of the range,
the 95th percentile, established by the results of the IPCC scenarios.
On the other hand, the extreme high-end B scenario includes an additional rise in sea level of 1.13 m compared to the RCP8.5 50th percentile
scenario, which corresponds to the consideration of a more accelerated
melting of the Antarctic during the century. XXI, with a greater increase
in sea level associated with the Antarctic, going from 0.16 m (50th percentile) to 0.8 m (extreme scenario).
In summary, sea level rise at the end of the 21st century for the
RCP8.5 scenario associated with the 50th percentile is 0.79 m, and for
the less probable scenarios but associated with greater ice melting, the
sea level would rise, in the moderate scenario 1.35 m (High-End
A) and in the extreme scenario 1.92 m (High-End B).

generate the projections of the variable mean sea level are MIROC5,
MIROC-ESM-CHEM, MIROC-ESM, IPSL-CM5A-MR, GFDL-ESM2G, GFDLCM3, GFDL-ESM2M, CNRM-CM5, ACCESS1.0, ACCESS1.3, HadGEM2-ES,
CCSM4, CSIRO-Mk3–6-0, CanESM2, MPI-ESM-LR, MPI-ESM-MR, MRICGCM3, NorESM1-M, NorESM1-ME N and INM-CM4. Further details
are given in the Appendix. The MSL climate projection products were
calculated using the multimodel mean ensemble of the sea-level anomaly in the period 1986–2005, and they also offer the associated uncertainty (standard deviation and limits (5%, 95%) of the 90% conﬁdence
interval). The database with the results for regional projections with
complete information in NetCDF (network Common Data Form) format
is housed in a repository that accessible through a Thredds server (TDS,
Thematic Realtime Environmental Distributed Data Service) https://
ihthredds.ihcantabria.com/thredds/PRME/catalog.html.
The ensemble mean regional Sea Level Rise (SLR) shows the following anomalies 0.15 [0.14, 0.16] m for RCP 4.5 and 0.16 [0.15, 0.17] m for
RCP 8.5 in short term (2026–2045). For long term (2081–2100), it
shows 0.43 [0.28, 0.58] m for RCP 4.5 and 0.58 [0.38, 0.79] m for RCP 8.5.
Since the publication of the IPCC AR5 (Fifth Assessment Report of the
Intergovernmental Panel on Climate Change), the debate over longterm projections of GMSL has focused heavily on the potentially main
contribution of the Antarctic ice sheet. It constitutes a deep source of uncertainty (DeConto and Pollard, 2016). Chen et al. (2017) analysis reveal
that acceleration of thermal expansion in response to the anthropogenic
forcing may emerge over the next decade, resulting in a further rate of
acceleration compared to the one reported in their study and recent
estimates.
The Greenland ice sheet contains enough water to raise the mean
global sea level by 7.4 m (Shepherd et al., 2020). Fluctuations in the
mass of the Greenland ice sheet occur due to variations in snow accumulation, runoff from meltwater, ocean melt, and icebergs. These
changes have produced increases in surface runoff, iceberg detachment,
retreat of the glacier end and ice ﬂow, leading to widespread changes in
the global sea level.
Delhasse et al. (2018) shown that Coupled Model Intercomparison
Project Phase 5 (CMIP5) models cannot reproduce some changes observed in the last two decades in atmospheric circulation. They use a
subset of CMIP5 models, including the second-generation Canadian
Earth System Model (canESM2) and compare it with reanalysis. The
global mean sea level can exceed the sea level rise of the RCP 8.5 scenario with a probability of 17% (Ranger et al., 2013; Hinkel et al.,
2015; Hinkel et al., 2019).
Projections of future regional sea level are essential to support adaptation planning. Coastal adaptation researchers have relied on the IPCC
(2013) sea level projections, which are provided as a probable range
(probability greater than 66%), but do not reﬂect the full range of uncertainties in sea level projections (Stephens et al., 2017).
Therefore, high-end scenarios have been considered, which explore
plausible, although unlikely, high-impact sea level scenarios beyond the
probable range (Thiéblemont et al., 2019). High-end scenarios have a
low probability of occurrence, but it is convenient to consider them
due to the low-uncertainty tolerance that a risk analysis needs. They
are particularly useful for planning the full range of coastal adaptation
responses (Nicholls et al., 2014).
Thiéblemont et al. (2019) deﬁne the High-end scenarios as plausible,
although unlikely, high-impact sea-level scenarios. The high-end A
which is less pessimistic, deﬁned based on the upper limit (percentile
95) of the RCP8.5 likely range, while the high-end B follows a “worstmodel” approach which may exceed current modeling outcomes.
High-end scenarios are designed based on representative IPCC RCP scenarios, assumptions about physical processes, subsets of models and
based on elicitation from experts. Thiéblemont et al. (2019) deﬁned
the high-end A and B scenarios according to the Sterodynamic and the
Barystatic components of global mean sea level rise (GMSLR).
The Sterodynamic Component is the relative sea-level change due to
the sum of the global-mean thermosteric sea-level rise due to the

2.3. Methodology
Risk analysis of Climate Change allows to deﬁne the priority areas to
apply adaptation measures and prevent the effects of climate change.
This methodology is based on the determination of the Risk Map,
which is the intersection between Hazard Map, Exposure Map and
Vulnerability Map (IPCC, 2014a) (Fig. 2a).
Hazard maps, considered as events or physical trends related to the
climate or its physical impacts (IPCC, 2014b), show the spatial and temporal distribution of a certain variable in the different proposed climate
change scenarios. In this study, the hazard maps show the areas whose
elevation is expected to be below the sea level for the future scenarios
established for the JRBD (Fig. 2b).
The exposure map shows the presence of people, livelihoods,
species, or ecosystems, environmental functions, services and resources,
infrastructure, or economic, social or cultural assets in places and environments that could be negatively affected (IPCC, 2014b). In this
work, the economic value of land uses is applied (Fig. 2b).
The impact maps, considered as the effects on natural and human
systems (IPCC, 2014b), determine the impact degree caused by climate
4
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Table 1
Global mean sea-level changes in the Western Mediterranean by 2100 relative to 1986–2005 of each stereodynamic and barystatic-GRD contribution for (left) the SROCCC median and
likely range (in brackets), (middle) the high-end scenario A and (right) the high-end scenario B. (own elaboration based on Thiéblemont et al., 2019).
Sea level rise Western Mediterranean

Component

RCP8.5 IPCC SROCCC
Percentile 50
2081–2100

Sterodynamic component
Barystatic-GRD components

Thermal expansion
Glaciers
Greenland
(SMB + DYN)
Antarctic (SMB)
Antarctic (DYN)
Groundwater
Total

0.30 m
0.18 [0.10 to 0.26] m
0.15 [0.09 to 0.28] m

Total sea level rise

−0.05 [−0.09 to −0.02] m
0.16 [0.02 to 0.37] m
0.05 [−0.01 to 0.11] m
0.49 [0.11 to 1] m
0.79 m

High-end A moderate
RCP8.5IPCC SROCCC
Percentile 95
2081–2100

High-end B extreme
The WORST MODEL
2081–2100

0.35 m
0.26 m
0.28 m

0.36 m
0.29 m
0.34 m

−0.02 m
0.37 m
0.11 m
1m
1.35 m

0m
0.8 m
0.11 m
1.54 m
1.92 m

from Spain at 1:25000 scale which is composed with the information
available from the Spanish Government. SIOSE 2014 has been obtained
from The Download Center (CdD) of the National Center for Geographic
Information (CNIG) http://centrodedescargas.cnig.es/CentroDescargas/.
Four levels have been established in the exposure map: Very High,
High, Medium, and Low. Each land use has been classiﬁed in one of
them according to the economic value of the land, as it is shown in
the Table 2. Urban and industrial areas have been associated to a very
high exposure level, agriculture land uses as a high exposure level and
natural ecosystem uses are distributed in the four established groups,
considering the ecosystems associated with freshwater bodies and
beaches with a very high level of exposure, the land associated with
forests and natural vegetation with a high level of exposure. The land
uses where there is no vegetation have a medium level of exposure
and the marshes, rocks, salines and sea are classiﬁed with a low level
of exposure.
The vulnerability map shows the habitats capability or lack of ability
to assimilate the impacts of sea level rise. The vulnerability map is the
result of considering two indicators. One establishes the land vulnerability to the superﬁcial penetration of the sea in the land and the other
quantiﬁes the vulnerability to the displacement of the saline wedge in
the underground water bodies. Table 2 shows the assessment of surface
vulnerability for four established levels: Very High, High, Medium, and
Low. Vulnerability levels are related to the system's ability to face the
adverse effects of climate change and its recovery capacity. It has been
established that urban, industrial, and continental natural ecosystem
areas such as beaches have a very high vulnerability because it is very
difﬁcult for them to recover from an increase in sea level by themselves.
Agriculture, and forestry have a High level of vulnerability. A medium
level of vulnerability has been assigned to some types of land uses and
ecosystems related to coastal environments have been associated with
a low level of vulnerability.
Vulnerability associated with the groundwater component has been
assessed by using the results of the quantitative status assessment of the

change in the analyzed case. The combination of hazard and exposure
maps determine the impact degree that occurs on the JRBD coastal
strip (Fig. 2b).
The vulnerability map, deﬁned as the propensity or predisposition to
be negatively affected, comprises a variety of concepts and elements
that include sensitivity or susceptibility to damage and the lack of response and adaptation capacity (IPCC, 2014b). The vulnerability map
depends on the impact analyzed and includes information of the system's adaptive capacity. In this work, the Vulnerability map shows the
land capability to assimilate the impacts of sea level rise (Fig. 2b).
Finally, the risk maps have been deﬁned as a combination of the impact and vulnerability maps (Fig. 2b). They show the eventual consequences in situations in which something valuable is in danger and
the outcome is uncertain, recognizing the diversity of values, and it
also referring the possibilities of adverse consequences for life occurring, the subsistence means, health, ecosystems, and species, economic,
social, and cultural assets, services (including environmental services)
and infrastructure (IPCC, 2014b).
The ﬁrst step to carry out the risk analysis is to obtain the elevation
data using a Digital Elevation Model and to collect data of sea level
rise change for the different climate change projections. The second
step is to contrast the elevation data with that of sea level rise. In this
way, those areas where the elevation is expected to be below sea level
in each projection have been detected.
The hazard map is composed of the areas whose elevation is expected to be below the sea level for the future scenarios. These areas
are obtained with the interaction of the sea level elevation layer and
the digital elevation model. Two levels of hazard have been established
for each of the scenarios studied: High and Low. The portion of land
where the sea level is expected to be greater than 0.3 m is considered
to have a high level of hazard, whereas when it is less than 0.3 m a
low level of hazards has been established.
The exposure map has been elaborated using the Spanish Land
Occupation Information System SIOSE 2014. It is a land use database

Fig. 2. a) Theoretical methodology based on (IPCC, 2013). b) Applied methodology for obtaining the JRBD risk map related to sea level rise.
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Table 2
Exposure and vulnerability levels of the different land uses.

does not exceed the available water resources. The exploitation level is
evaluated based on the exploitation index (K) which is deﬁned by
the total pumping and the available resource ratio. If K index is
greater than one, the groundwater body will not be in good quantitative state.
The interaction between the exposure map and the hazard map results in the impact map. It shows the exposure levels of those areas
that are below sea level and divides JRBD in different levels of impact
(Very High, High, Medium, and Low), calculated according to Table 3.
The risk map is obtained with the combination of impact and vulnerability maps (Table 3). Four levels of risk have been established: Very
High, High, Medium, and Low risk.
The risk map is useful to prioritize where to apply climate change adaptation measures. The areas where the level of risk is very high will be
the ﬁrst where risk reduction measures should be established.

Land use classes

Land use subclasses

Exposure
level

Vulnerability

Urban and supply

Airport
Discontinuous a
Discontinuous b
Endowment service
Expansion
Port
Reservoir
Road or rail network
Supply infrastructure
Urban area
Urban green area
Waste infrastructure
Industrial
Mining extraction
Agricultural and/or livestock
facility
Citrus fruit tree
Combination of crops
Combination of crops with
vegetation
Combination of woody crops
Greenhouse
Herbaceous crop
Non citrus fruit tree
Olive grove
Other woody crops
Vineyard
Lake or lagoon
Marsh
Water course
Wetland
Artiﬁcial waterbody
Coniferous forest
Grassland
Leafy forest
Mixed forest
Scrub
Vegetation combination
Bare ground
Beach, dune or sand
Temporarily treeless by ﬁre
Rocks
Saline
Sea

Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
High

Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
High

High
High
High

High
High
High

High
High
High
High
High
High
High
Very High
Very High
Very High
Very High
High
High
High
High
High
High
High
Medium
Very High
Medium
Low
Low
Low

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
Medium
Low
Very High
Medium
Low
Low
Low

Industry
Agriculture

Natural
ecosystems

3. Results & discussion
3.1. Hazard, exposure and impact maps
The hazard maps show the area below the sea in the CMIP5 and
High-end climate change scenarios, which are showed in Table 4
along the total coastal strip of Júcar River Basin District.
Thiéblemont et al. (2019) long term SLR for the RCP 8.5 (percentile
50) scenario coincides in our study area with the SLR proposed by
C3E-Cantabria (2016) for the RCP 8.5 (percentile 95) scenario. This
means that scenarios have been actualized considering IPCC SROCCC
and 0.79 m SLR is more likely to happen than 0.58 m SLR. Table 4
shows a summary of all the analyzed scenarios and highlights those
that have been used in the risk assessment (in bold).
As result of the spatial distributed analysis (size cell 25 × 25 m), ﬁve
hazard maps have been obtained. Currently, there are 11.68 km2 below
sea level and this variable increases throughout the 21st century,
resulting in 44.26 km2 in the short term (RCP 8.5 – CHJ_016) and
129.48 km2 (RCP 8.5 – CHJ_079), 222.02 km2 (High end A – CHJ_135),
317.03 km2 (High end B – CHJ_192) in the long term. In relation to
the previous surfaces, the percentage of the total surface that corresponds to a high level of hazard is 62% (RCP 8.5 – CHJ_079), 78% (High
end A – CHJ_135) and 84% (High end B – CHJ_192).
The land uses analysis shows that natural ecosystems and agricultural
areas predominate in JRBD. It is especially relevant that the main population centers (urban areas) are bordering the coastal strip. There are also
extensive areas of agricultural use zones bordering the coastal strip,
which is highly anthropized. The exposure map divides the JRBD into
four exposure levels based on land economic value (total area percentage): Very High (4.52%), High (92.64%), Medium (2.49%) or Low (0.35%).
The impact map is the result of the hazard map and the exposure map
combination and divide the JRBD into Very High, High, Medium and Low
impact zones. Impact Maps are available in the Supplementary Materials.
Sea level rise mainly affects to the coastal wetlands in the JRBD (Fig. 3).
The ten wetlands analyzed covers around 90% of the area below sea level

groundwater bodies. It has been considered that if the quantitative state
is not good, the vulnerability associated to surface will be one step
higher than if the quantitative state of the groundwater body is good,
in which the surface component will be considered to establish the
level of vulnerability.
The quantitative status of coastal groundwater bodies data has been
obtained from the Júcar River Basin Authority (JRBA) database. JRBA deﬁnes good quantitative status as the quantitative status achieved by a
groundwater body when the long-term annual average rate of extraction

Table 3
Impact level classiﬁcation derived from Hazard and Exposure and Risk level classiﬁcation derived from Impact and Vulnerability.
Exposure levels
Impact
Hazard levels

Low
High

Low

Medium

High

Very High

Low Impact
Low Impact

Low Impact
Medium Impact

Medium Impact
High Impact

High Impact
Very High Impact

Risk

Impact levels

Vulnerability levels

Low
Medium
High
Very High

Low

Medium

High

Very High

Low Risk
Medium Risk
Medium Risk
High Risk

Medium Risk
Medium Risk
High Risk
High Risk

Medium Risk
High Risk
High Risk
Very High Risk

High Risk
High Risk
Very High Risk
Very High Risk
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Table 4
Sea Level Rise (SLR) scenarios. CMIP5 scenarios and High-end scenarios.
Scenario name

Source

CHJ_000 Baseline

–

RCP 4.5 CHJ_016

IPCC AR5 RCP4.5
(C3E-Cantabria, 2016)
IPCC AR5 RCP8.5
(C3E-Cantabria, 2016)
IPCC AR5 - RCP4.5
(C3E-Cantabria, 2016)
IPCC AR5 - RCP8.5
(C3E-Cantabria, 2016)
IPCC AR5 - RCP8.5
(C3E-Cantabria, 2016)
IPCC SROCCC - RCP8.5
Thiéblemont et al., 2019
IPCC SROCCC - RCP8.5
Thiéblemont et al., 2019
Thiéblemont et al., 2019

RCP 8.5 CHJ_016
CHJ_043
CHJ_058
CHJ_079
RCP 8.5
CHJ_079
High end A
CHJ_135
High end B
CHJ_192

ΔSLR (m)

Percentile

Hypothesis

0.15

50

Baseline scenario
(1986–2005)
Short term scenario (2026–2045)

0.16

50

Short term scenario (2026–2045)

0.43

50

0.58

50

0.79

95

0.79

50

1.35

95

1.92

Extreme

Long term scenario
(2081–2100)
Long term scenario
(2081–2100)
Percentile 95 scenario
(2081–2100)
Percentile 50 scenario
(2081–2100)
High-end scenario A
Percentile 95 scenario
(2081–2100)
High-end scenario B
The worst scenario

0

of the JRBD, 97.4% (RCP 8.5 – CHJ_016) in the short term and 86.9% (RCP
8.5 – CHJ_079), 88.2% (High end A – CHJ_135) and 86.8% (High end B –
CHJ_192) in the long term. Only in High-end scenarios the urban areas
have signiﬁcative values under the sea level, 10 km2 (High end A –
CHJ_135) and 27 km2 (High end B – CHJ_192). The area below sea level
is 1 km2 (RCP 8.5 – CHJ_016) and 3.6 km2 (RCP 8.5 – CHJ_079).
The evolution of the areas under sea level of the main wetlands analyzed are shown in Fig. 4. The entire coastal wetlands of the JRBD are
affected by climate change. The impacts are more severe as the 21st century progresses. The results obtained for Els Bassars - Clot de Galvany
and Marjal de Rafalell i Vistabella wetlands are remarkable due to the
severe increase on the area below the sea level, which goes from 0.01
km2 at present to roughly 700 km2 in 2100 (High end B – CHJ_192).
L'Albufera of Valencia is the wetland with the largest area below sea
level in the JRBD. More than 50% of the areas below sea level belong to
this zone; furthermore it is a protected natural area (Nature Park of
Spain) reason why it has been considered as high interest to zoom in
on it in order to analyze the situation in detail (Fig. 5). L'Albufera and
its surroundings are at Medium, High and Very high impact levels.
Within L'Albufera Nature Park, the lake has a very high impact level. It
is a freshwater aquatic ecosystem protected by international instruments
and must be preserved. L'Albufera lake is surrounded by rice ﬁelds, the
main crop in the area, very sensitive to changes in salinity. In this agriculture area, a high and medium impact has been obtained depending on

whether the hazard is expected to be high or low. An area is deﬁned as
high hazard whether below sea elevation is greater than 30 cm.
In this scenario, is expected a reduction in rice cultivation because of
the salinization processes of soils and water resources. Considering the
possible partial abandonment of rice cultivation due the expected increase
in marsh areas, with a greater extension of their typical vegetation. This
will affect the usual sources of food for certain groups of birds linked to
the wetland, mainly waders and Ardeidae which could see reduced both
the number of individuals present and the number of species. (Palop
Guillem, 2016). The group of ducks would be affected to a lesser extent
by this change, even some speciﬁc species could be favored by a greater
extension of marsh areas, since the reed beds are particularly favorable
for the nesting of these species and can provide an additional surface of
free water sheet that would increase the available ﬁsh fauna habitats.
Beaches are ecosystems affected by the SLR. The short-term impacts
on these ecosystems are not major, except in some river mouths such as
the Carraixet ravine and in the already eroded beaches where greater
penetration of sea water is observed. In the long term, a greater area
of affected beaches is observed, although still in a localized way, but it
is in the High End scenarios where these elements are severely and generally affected. It has been observed that in JRBD areas where the dune
ecosystems are preserved, the sea does not penetrate superﬁcially in
any of the scenarios proposed (including the extreme scenarios Highend A and High-end B). Therefore, preserved dune ecosystems can be
considered as an efﬁcient barrier to face sea level rise impacts on
beaches, wetlands and coastal urban areas.
Fig. 6. shows examples of the barrier effect in wetlands and urban
areas. a) L'Albufera de Valencia and b) Prat de Cabanes are JRBD main wetlands. Part of L'Albufera de Valencia is protected by the dune ecosystem,
and this protection is seen in the lack of surface sea penetration whereas
in Prat de Cabanes wetland, there is a complete surface sea penetration.
On the other hand, c) and d) are examples of ecosystem protection by
dunes in urban areas. Is expected the coastal neighborhoods of Valencia
will be impacted by SLR. They are the most touristic areas of the city and
have a great economic value. Canet de Berenguer has a well conserved
dune ecosystem that protects the city from surface sea penetration.
3.2. Vulnerability and risk maps
The vulnerability map combines land capability to assimilate the sea
penetration on land and the displacement of the saline wedge in
groundwater bodies, so the high level of vulnerability predominates in
the coastal strip.
The coastal groundwater bodies with a poor quantitative state are
Plana de Vinaroz, Plana de Oropesa – Torreblanca, Plana de Castellón,

Fig. 3. Impact map in JRBD and zoom in L'Albufera (RCP 8.5 2081–2100).
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Fig. 4. Area Below Sea Level (km2) in wetlands.

Plana de Sagunto, Plana de Gandía, Oliva – Pego, Ondara – Denia, Jávea.
In those areas, the level of surface vulnerability increases one step in the
vulnerability level.
The risk maps are prepared by combining the impact maps for each
of the scenarios and the vulnerability map. They are available in the
Supplementary Materials.

A considerable growth for high and very high risk areas in the JRBD is
observed in Fig. 7. Very high areas are closely associated with coastal
wetlands, beaches and urban areas.
Very high and High risk areas mainly coincide (90%) with the JRBD
wetlands and its surroundings. L'Albufera is the wetland with the largest surface area at very high risk in the JRBD and therefore requires

Fig. 5. a) Hazard Map, b) Exposure Map and c) Impact map. RCP8.5 2081–2100 scenario (RCP 8.5 – CHJ_079). L'Albufera.
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aquifer. The Very High risk area remains stable in the climate change
scenarios studied because it is associated with the size of the lake. On
the other hand, the High risk area increase in the different scenarios
since it is associated with the agricultural zone of rice ﬁelds that surrounds the lake.
The rice cultivation areas will be seriously affected by the salinization of water resources. Therefore, there may be a material or economic
impossibility of growing rice in this area in the future.
In the short term, RCP 8.5 – CHJ_016 establishes for the wetlands an
area below sea level of 43.12 km2, of which 32.44 km2 correspond to
L'Albufera. In the long term, RCP 8.5 – CHJ_079 establishes an area
below sea level of 112.56 km2 for the wetlands, 72.53 km2 correspond
to L'Albufera. Wetlands total area below the sea is multiplied by 4 in
the short-term (RCP 8.5 – CHJ_016) and multiplied by 8 in the longterm scenario (RCP 8.5 – CHJ_079).
In relation to the extreme scenarios proposed, High end A – CHJ_135
establishes for the wetlands an area below sea level of 197.33 km2, of
which 114.98 km2 correspond to L'Albufera. High end B – CHJ_192 scenario establishes for the wetlands an area below sea level of 275.19 km2,
138.96 km2 correspond to L'Albufera.
Water volume could be used to calculate the necessary drainage system to permit the current land uses.
In the baseline situation, L'Albufera's water volume related to the
area being below sea level, this reaches 4.2 hm3. In the short term, the
volume may increase up to 42.6 hm3 whereas in the long term, water
volume is expected to be 82.40–289.7 hm3 depending on the scenario
as it is shown in Table 5. This outcome will cause a considerable increase
in the water extraction costs in the rice cultivation areas during the agricultural practices.
To avoid the entrance of salt water in the lake due to the SLR, the
redesign of the lake management levels in the forthcoming years is
necessary. Currently, the monthly level of the lake is established as
a minimum level of 10 cm above the base level indicated as level 0
marked on the reading scale installed in the Pujol gate during the
rice growing season (May 1–31 October) and 25 cm during the winter ﬂood (November 1–January 15). During the rest of the year, the
average monthly level of the lake that will tend to be reached will
oscillate between 5 and 10 cm above the base level (level 0 marked
on the reading scale installed on the Pujol gate, which corresponds
to 18 cm ASL - coinciding with the Maximum High Spring Tide)
(ORDEN 5/2018).
Currently, sea level in Valencia increases at rate of 0.422 ± 0.064 cm/
year. This have been measured in the Valencia Tide Gauge 3 from the
REDMAR network. Data available on (http://www.puertos.es/es-es/
oceanograﬁa/Paginas/portus.aspx).
Based on the predictions of sea level rise made by global climate
models, the rate of increase in mean sea level will rise from 4 cm per decade in the short term to a rate of 11 cm per decade in the long term,
therefore sea level rise will reach the current levels of the L'Albufera

Fig. 6. Impact map (High end B – CHJ_192): a) L'Albufera de Valencia wetland, Prat de
Cabanes c) Canet de Berenguer, d) Valencia city without protection.

special attention. Fig. 8 shows the evolution of the areas below sea level
in the different proposed scenarios.
The sea level rise foreseen in future scenarios does not imply the direct entry of seawater into the lake and its surroundings, but it does represent an increase in the surface below sea level, which makes difﬁcult
to drain water and it can increase water salinity in the lake and the

Fig. 7. Area with different Risk Level (RCP 8.5 – CHJ_016, RCP 8.5 – CHJ_079, High end A – CHJ_135 and High end B – CHJ_192).
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Fig. 8. Risk Maps for L'Albufera (RCP 8.5 – CHJ_016, RCP 8.5 – CHJ_079, High end A – CHJ_135 and High end B – CHJ_192).

biodiversity. As the volume of the lake increases, the number of renovations decreases and therefore the lake is more vulnerable against
the aforementioned effects (Estrela Segrelles et al., 2021). Currently,
the lake receives contributions of approximately 300 hm3/year, and
it stores a volume of 20 hm3. This implies a water renewal rate of
15 times a year. If this volume increases to 60 hm3 , the renewal
rate would decrease to 5 times a year. If it is desired to maintain
the renewal rate, it would be necessary to increase the contributions
to the lake.

lagoon between the years 2040 and 2045. If the current rate of 4 cm per
decade is maintained, the level would be reached by the year 2053.
These results indicate that it is necessary to modify the lake management rules in the coming years to maintain lake levels higher than sea
level which will generate higher water levels in the lake, and it will increase the volume of water stored in it.
Table 6 summarizes the results. New water levels lead to an increase
of the lake water volume of 60–90 hm3.
The water renewal time in the lake is a function of the volume of
water inputs that it receives, and its volume stored. The number of
renewals greatly affects the physical-chemical and biological quality
of water because the ﬂow of water through the system leads to the
renewal rate and the elimination of pollutants. Therefore, it is a key
aspect for the control of eutrophication and a determining factor in
deﬁning the response time of the lake to recover from changes in
the nutrient loads entering the system. In the same way, the ﬂow
of water contributes to the creation of different habitats and facilitates the migration of species, which is why it is directly related to

4. Conclusions
In the Mediterranean area, the models included in the CMIP5 indicate a rise in sea level of 0.16 m (RCP8.5) in the short term
(2026–2045) and 0.79 m (RCP8.5) by the end of the 21st century
(2081–2100). On the other hand, and based on safety criteria, the extreme proposed scenarios indicate rises from 1.35 m high-end A scenario to 1.92 m high-end B scenario by the end of the 21st century.

Table 5
Area below the sea in L'Albufera (km2) and the percentage of the area that would be affected (%) in the proposed scenarios.
Scenario
Area below the sea (km2)
Area affected of the Wetland (%)
Water volume (hm3)

CHJ_000
Baseline

RCP 8.5 CHJ_016
Short-term

RCP 8.5 CHJ_079
Long-term

High end A CHJ_135
Long-term

High end B CHJ_192
Long-term

5.07
2.4%
4.19

32.44
15.4%
42.64

72.53
34.3%
118.36

114.98
54.4%
219.53

138.96
65.8%
289.70

Table 6
L'Albufera Lake water management levels and year expected to be reach by mean sea level for each scenario.
Period of the year

May 1st–October 31st
November 1st–January 15th
January 16th–April 30th min
January 16th–April 30th max

Water levels

0.28
0.43
0.23
0.28

Increase ratio m/decade

New water levels

Current 0.04

RCP 8.5 CHJ_079
0.11

High end A CHJ_135
0.22

High end B CHJ_192
0.32

2066
2103
2053
2066

2046
2059
2042
2046

2041
2048
2039
2041

2039
2044
2038
2039
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0.86
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The rise in sea level causes an increase in the area below the level of the
mas in the JRBD. Lands that are below sea level tend to salinization due
to the penetration of the saline wedge.
The IPCC scenarios produce a scenario with a water surface
below the sea level of 96 km2 , which mostly (90% of the area) affects the JRBD main wetlands. They are classiﬁed as Very High
risk and it is important to preserve these humid areas with
high ecological value, most of which are protected with international instruments such as the RAMSAR list or the Natura 2000
Network, by applying risk reduction measures. In the scenarios
associated with CMIP5, no signiﬁcant impact on urban areas is
observed.
The inclusion of high-end scenarios signiﬁcantly increases the
areas with very high risk, 142 km2, and the effect on urban areas
is signiﬁcant (27 km 2 ). For this reason, improving knowledge
about glacier and ice sheet contributions is crucial to obtain a
better estimates of the impact-risk of sea level rise in urban
areas.
The results of this study can address the lack of knowledge in relation to climate change impacts in the study area. The results can provide
a better understanding for decision makers/politicians on how vulnerable the region is to the hazards caused by climate change and help decision makers to apply adaptation measures and reach a compromise
between ecosystem conservation schemes and economic activities
present in the coastal strip.
In all the proposed scenarios, L'Albufera de Valencia Lake and the
agricultural area that surrounds it are the most affected areas in the
whole JRBD. Regarding JRBD's area being below the sea level, a half is
in this wetland. Therefore, it is a very high risk area in which the application of measures is necessary as a priority. The proposed adaptation measures are the establishment of a drainage system that
prevents the ﬂooding of agricultural land with water with high concentrations of salinity and the introduction of varieties of rice seeds
more tolerant to the increase in soil's salinity and effective management of the gates that regulate the entry and exit of seawater into the
wetland.
The studied scenarios point out an increase of the area below the sea
level. In the short term, 2026–2045, (RCP 8.5 – CHJ_016) 32.44 km2 will
be below sea level rise, whereas in the long term, 2081–2100, (RCP 8.5 –
CHJ_079, High end A – CHJ_135 and High end B – CHJ_192) the area
above the sea will be 72.53–138.96 km2. The results mean that water
volume increases up to 42.6 hm3 in the short term whereas in the
long term, water volume is expected to be 118.36–289.7 hm3 depending on the scenario.
This outcome will cause a considerable increase in water extraction costs for the rice cultivation areas during the agricultural
practices and the soil salinization. Besides pumping water, some
measures that could be implemented would be the increase of external freshwater contributions, the recharge of the aquifers to
prevent the entry of the salt wedge and promoting changes in
land use to establish less vulnerable land uses or reduce the vulnerability of current uses such as the introduction of changes in
crops with species with a greater tolerance to salinity in the most
hazard areas.
According to the current lake's water management levels, due to
the expected increase in sea level, it will reach the lake's water
management levels around the year 2045. Therefore, the lake's
management levels will have to be redeﬁned. This will lead into
an increase in the lake's water volume, from the current 20 hm3 to
60 hm3. This will inﬂuence, among others, the lake's water renewal
time, from the current 15 times per year to 5 times per year, so it
will have important environmental and economic effects. Finally,
it has been proof that well preserved beaches and dune ecosystems
turn out to be an effective barrier against surface sea's penetration
and they protect the most vulnerable uses even in the worst
scenarios.
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Appendix A
Global climate models (GCMs) belonging to CMIP5 used in the (C3E-Cantabria, 2016).
GCM

MIROC5
MIROC-ESM-CHEM
MIROC-ESM
IPSL-CM5A-MR
GFDL-ESM2G
GFDL-CM3
GFDL-ESM2M
CNRM-CM5
ACCESS1.0
ACCESS1.3
HadGEM2-ES
CCSM4
CSIRO-Mk3–6-0
CanESM2

MPI-ESM-LR
MPI-ESM-MR
MRI-CGCM3
NorESM1-M
NorESM1-ME N
INM-CM4

Institution

Country

MIROC
Japan
MIROC
Japan
MIROC
Japan
Institut Pierre-Simon Laplace
France
NOAA Geophysical Fluid
USA
Dynamics Laboratory
USA
NOAA Geophysical Fluid
Dynamics Laboratory
NOAA Geophysical Fluid
USA
Dynamics Laboratory
Centre National de Recherches
France
Météorologiques
CSIRO-BOM
Australia
CSIRO-BOM
Australia
Met Ofﬁce Hadley Centre
UK
NOAA Geophysical Fluid
USA
Dynamics Laboratory
CSIRO-BOM
Australia
Canada
Modelling - Canadian Centre
for Climate Modelling and
Analysis
Max-Planck-Institut für
Germany
Meteorologie
Max-Planck-Institut für
Germany
Meteorologie
Max-Planck-Institut für
Germany
Meteorologie
Norwegian Earth System
Norway
Norwegian Earth System
Norway
Russian Institute for Numerical
Russia
Mathematics

Atmospheric
resolution
(latitude°× length)
1,40°× 1,40°
2,79°× 2,81°
2,79°× 2,81°
1,25°× 1,25°
2,0°× 2,0°
2,0°× 2,5°
2,0°× 2,5°
1,40°× 1,40°
1,25°× 1,90°
1,25°× 1,90°
1,25°× 1,90°
0,94°× 1,25°
1,87°× 1,87°
2,79°× 2,81°

1,86°× 1,87°
1,86°× 1,87°
1,12°× 1,12°
1,89°× 2,5°
1,89°× 2,5°
1,5°× 2,0°

Appendix B. Supplementary data
Impact Maps (RCP 8.5 – CHJ_016, RCP 8.5 – CHJ_079, High end A –
CHJ_135, High end B – CHJ_192) Risk Maps (RCP 8.5 – CHJ_016, RCP
8.5 – CHJ_079, High end A – CHJ_135, High end B – CHJ_192). Supplementary data to this article can be found online at doi:https://doi.org/
10.1016/j.scitotenv.2021.148032.
11

C. Estrela-Segrelles, G. Gómez-Martinez and M.Á. Pérez-Martín

Science of the Total Environment 790 (2021) 148032
Fidelis, T., Rodrigues, C., 2019. The integration of land use and climate change risks in the
programmes of measures of river basin plans – assessing the inﬂuence of the water
framework directive in Portugal. Environ. Sci. Pol. 100, 158–171. https://doi.org/
10.1016/j.envsci.2019.06.013.
Fürst, J.J., Goelzer, H., Huybrechts, P., 2015. Ice-dynamic projections of the Greenland ice
sheet in response to atmospheric and oceanic warming. Cryosphere 9 (3),
1039–1062. https://doi.org/10.5194/tc-9-1039-2015.
García-Menéndez, O., Morell, I., Ballesteros, B.J., Renau-Pruñonosa, A., Renau-Llorens, A.,
Esteller, M.V., 2016. Spatial characterization of the seawater upconing process in a
coastal Mediterranean aquifer (Plana de castellón, Spain): evolution and controls. Environ. Earth Sci. 75 (9), 728. https://doi.org/10.1007/s12665-016-5531-7.
Gissi, E., Manea, E., Mazaris, A.D., Fraschetti, S., Almpanidou, V., Bevilacqua, S., Coll, M.,
Guarnieri, G., Lloret-Lloret, E., Pascual, M., Petza, D., Rilov, G., Schonwald, M.,
Stelzenmüller, V., Katsanevakis, S., 2021. A review of the combined effects of climate
change and other local human stressors on the marine environment. Sci. Total
Environ. 755, 142564. https://doi.org/10.1016/j.scitotenv.2020.142564.
Gornitz, V., Oppenheimer, M., Kopp, R., Horton, R., Orton, P., Rosenzweig, C., Solecki,
W., Patrick, L., 2020. Enhancing New York City’s resilience to sea level rise and increased coastal ﬂooding. Urban Clim. 33, 100654. https://doi.org/10.1016/j.
uclim.2020.100654.
Gussmann, G., Hinkel, J., 2021. A framework for assessing the potential effectiveness of
adaptation policies: coastal risks and sea-level rise in the Maldives. Environ. Sci.
Pol. 115, 35–42. https://doi.org/10.1016/j.envsci.2020.09.028.
Hinkel, J., Jaeger, C., Nicholls, R.J., Lowe, J., Renn, O., Peijun, S., 2015. Sea-level rise scenarios
and coastal risk management. Nat. Clim. Chang. 5 (3), 188–190. https://doi.org/
10.1038/nclimate2505.
Hinkel, J., Church, J.A., Gregory, J.M., Lambert, E., Le Cozannet, G., Lowe, J., McInnes, K.L.,
Nicholls, R.J., Pol, T.D., Wal, R., 2019. Meeting user needs for sea level rise information:
a decision analysis perspective. Earth’s Future 7 (3), 320–337. https://doi.org/
10.1029/2018EF001071.
Ibáñez, C., Sharpe, P.J., Day, J.W., Day, J.N., Prat, N., 2010. Vertical accretion and relative sea
level rise in the Ebro delta wetlands (Catalonia, Spain). Wetlands 30 (5), 979–988.
https://doi.org/10.1007/s13157-010-0092-0.
IPCC, 2013. Climate change 2013: The physical science basis. Contribution of working
group I to the ﬁfth assessment report of the intergovernmental panel on climate
Change. eds. In: Stocker, T.F., Qin, D., Plattner, G.-K., Tignor, M., Allen, S.K.,
Boschung, J., Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds.), Available. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA 1535 pp.
http://www.ipcc.ch/report/ar5/2.
IPCC, Pachauri, R.K., Meyer, L.A., 2014a. In: Core Writing Team (Ed.), Climate Change
2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva,
Switzerland (151 pp).
IPCC, Agard, J., Schipper, E.L.F., Birkmann, J., Campos, M., Dubeux, C., Nojiri, Y., Olsson, L.,
Osman-Elasha, B., Pelling, M., Prather, M.J., Rivera-Ferre, M.G., Ruppel, O.C.,
Sallenger, A., Smith, K.R., St. Clair, A.L., Mach, K.J., Mastrandrea, M.D., Bilir, T.E.,
2014b. Annex II: Glossary. eds. In: Barros, V.R., Field, C.B., Dokken, D.J., Mastrandrea,
M.D., Mach, K.J., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma,
B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White, L.L. (Eds.), Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 1757–1776 (eds.
IPCC, 2018. In: Masson-Delmotte, V., Zhai, P., Pörtner, H.O., Roberts, D., Skea, J., Shukla,
P.R., Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock, R., Connors, S., Matthews,
J.B.R., Chen, Y., Zhou, X., Gomis, M.I., Lonnoy, E., Maycock, T., Tignor, M., Waterﬁeld,
T. (Eds.), Global warming of 1.5°C. an IPCC special report on the impacts of global
warming of 1.5 °C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the threat
of climate change, sustainable development, and efforts to eradicate poverty (in
press).
IPCC, 2019 - SROCCC: IPCC Special Report on the Ocean and Cryosphere in a Changing
Climate H.-O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E.
Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. Okem, J. Petzold, B. Rama,
N.M. Weyer (eds.). (in press).
IVIA Instituto Valenciano de Investigaciones Agrarias, Montero, P., Domingo, C., Pla, E.,
Tomàs, N., Català, M.M., 2017. Manual de buenas prácticas en el cultivo del arroz.
JRBA Júcar River Basin Authority, 2015. Júcar River Basin District Watershed Management
Plan 2015–2021.
Kazakis, N., Busico, G., Colombani, N., Mastrocicco, M., Pavlou, A., Voudouris, K., 2019.
GALDIT-SUSI a modiﬁed method to account for surface water bodies in the assessment of aquifer vulnerability to seawater intrusion. J. Environ. Manag. 235,
257–265. https://doi.org/10.1016/j.jenvman.2019.01.069.
Kelleway, J.J., Cavanaugh, K., Rogers, K., Feller, I.C., Ens, E., Doughty, C., Saintilan, N., 2017.
Review of the ecosystem service implications of mangrove encroachment into salt
marshes. Glob. Chang. Biol. 23 (10), 3967–3983. https://doi.org/10.1111/gcb.13727.
Kløve, B., Ala-Aho, P., Bertrand, G., Gurdak, J.J., Kupfersberger, H., Kværner, J., Muotka, T.,
Mykrä, H., Preda, E., Rossi, P., Uvo, C.B., Velasco, E., Pulido-Velazquez, M., 2014.
Climate change impacts on groundwater and dependent ecosystems. J. Hydrol. 518,
250–266. https://doi.org/10.1016/j.jhydrol.2013.06.037.
Losada, I.J., Toimil, A., Muñoz, A., Garcia-Fletcher, A.P., Diaz-Simal, P., 2019. A planning
strategy for the adaptation of coastal areas to climate change: the Spanish case.
Ocean Coast. Manag. 182, 104983. https://doi.org/10.1016/j.ocecoaman.2019.104983.
Mehvar, S., Filatova, T., Sarker, M.H., Dastgheib, A., Ranasinghe, R., 2019. Climate changedriven losses in ecosystem services of coastal wetlands: A case study in the west coast

References
Abram, N., Gattuso, J.-P., Prakash, A., Cheng, L., Chidichimo, M.P., Crate, S., Enomoto, H.,
Garschagen, M., Gruber, N., Harper, S., Holland, E., Kudela, R.M., Rice, J., Steffen, K.,
von Schuckmann, K., 2019. Framing and context of the report. In: Pörtner, H.-O.,
Roberts, D.C., Masson-Delmotte, V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck,
K., Alegría, A., Nicolai, M., Okem, A., Petzold, J., Rama, B., Weyer, N.M. (Eds.), IPCC
Special Report on the Ocean and Cryosphere in a Changing Climate (in press).
Adams, J.B., 2020. Salt marsh at the tip of Africa: patterns, processes and changes in response to climate change. Estuar. Coast. Shelf Sci. 237, 106650. https://doi.org/
10.1016/j.ecss.2020.106650.
Allen, M.R., Dube, O.P., Solecki, W., Aragón-Durand, F., Cramer, W., Humphreys, S.,
Kainuma, M., Kala, J., Mahowald, N., Mulugetta, Y., Perez, R., Wairiu, M., Zickfeld, K.,
2018. Framing and context. In: Global Warming of 1.5 °C. In: Masson-Delmotte, V.,
Zhai, P., Pörtner, H.-O., Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia,
W., Péan, C., Pidcock, R., Connors, S., Matthews, J.B.R., Chen, Y., Zhou, X., Gomis, M.I.,
Lonnoy, E., Maycock, T., Tignor, M., Waterﬁeld, T. (Eds.), An IPCC Special Report on
the Impacts of Global Warming of 1.5°C above Pre-Industrial Levels and Related
Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the
Global Response to the Threat of Climate Change, Sustainable Development, and
Efforts to Eradicate Poverty (in press).
Bailey, P.C.E., Boon, P.I., Blinn, D.W., Williams, W.D., 2006. Salinisation as an ecological
perturbation to rivers, streams and wetlands of arid and semi-arid regions. Ecology
of Desert Rivers 280–314.
Bamber, J.L., Oppenheimer, M., Kopp, R.E., Aspinall, W.P., Cooke, R.M., 2019. Ice sheet contributions to future sea-level rise from structured expert judgment. Proc. Natl. Acad.
Sci. 116 (23), 11195–11200. https://doi.org/10.1073/pnas.1817205116.
C3E-Cantabria, 2016. Preparation of the Methodology and Databases for the Projection of
Climate Change Impacts on the Spanish Coast. https://c3e.ihcantabria.com/.
Calder, R.S.D., Shi, C., Mason, S.A., Olander, L.P., Borsuk, M.E., 2019. Forecasting ecosystem
services to guide coastal wetland rehabilitation decisions. Ecosystem Services 39,
101007. https://doi.org/10.1016/j.ecoser.2019.101007.
Carrasco, A.R., Ferreira, Ó., Roelvink, D., 2016. Coastal lagoons and rising sea level: A review. Earth Sci. Rev. 154, 356–368. https://doi.org/10.1016/j.earscirev.2015.11.007.
Chen, X., Zhang, X., Church, J.A., Watson, C.S., King, M.A., Monselesan, D., Legresy, B., Harig,
C., 2017. The increasing rate of global mean sea-level rise during 1993–2014. Nat.
Clim. Chang. 7 (7), 492–495. https://doi.org/10.1038/nclimate3325.
Chu, X., Han, G., Xing, Q., Xia, J., Sun, B., Li, X., Yu, J., Li, D., Song, W., 2019. Changes in plant
biomass induced by soil moisture variability drive interannual variation in the net
ecosystem CO2 exchange over a reclaimed coastal wetland. Agric. For. Meteorol.
264, 138–148. https://doi.org/10.1016/j.agrformet.2018.09.013.
Church, J.A., White, N.J., 2011. Sea-level rise from the late 19th to the early 21st century.
Surv. Geophys. 32 (4–5), 585–602. https://doi.org/10.1007/s10712-011-9119-1.
Church, J.A., Clark, P.U., Cazenave, A., Gregory, J.M., Jevrejeva, S., Levermann, A., Merriﬁeld,
M.A., Milne, G.A., Nerem, R.S., Nunn, P.D., Payne, A.J., Pfeffer, W.T., Stammer, D.,
Unnikrishnan, A.S., 2013. Sea level change. In: Stocker, T.F., Qin, D., Plattner, G.-K.,
Tignor, M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds.),
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
Dasgupta, S., Huq, M., Mustafa, Md.G., Sobhan, Md.I., Wheeler, D., 2017. The impact of
aquatic salinization on ﬁsh habitats and poor communities in a changing climate: evidence from southwest coastal Bangladesh. Ecol. Econ. 139, 128–139. https://doi.org/
10.1016/j.ecolecon.2017.04.009.
DeConto, R.M., Pollard, D., 2016. Contribution of Antarctica to past and future sea-level
rise. Nature 531 (7596), 591–597. https://doi.org/10.1038/nature17145.
Delhasse, A., Fettweis, X., Kittel, C., Amory, C., Agosta, C., 2018. Brief communication: impact of the recent atmospheric circulation change in summer on the future surface
mass balance of the Greenland Ice Sheet. Cryosphere 12 (11), 3409–3418. https://
doi.org/10.5194/tc-12-3409-2018.
Enríquez, A.R., Marcos, M., Álvarez-Ellacuría, A., Orﬁla, A., Gomis, D., 2016. Changes in
beach shoreline due to sea level rise and waves under climate change scenarios: application to the Balearic Islands (Western mediterranean) [Preprint]. Sea, Ocean and
Coastal Hazards https://doi.org/10.5194/nhess-2016-361.
Estrela Segrelles, C.E., Pérez Martín, M.Á., 2020. Proposing an implementation of a climate
change adaptation strategy at river basin scale. Application to the Jucar River Basin
https://doi.org/10.5194/egusphere-egu2020-366 [Other]. oral.
Estrela Segrelles, C.E., Pérez Martín, M.Á., Gómez Martínez, G., 2021. Climate change impacts on a Mediterranean coastal wetland due to sea level rise (L’Albufera de
Valencia, Spain). EGU General Assembly 2021, online, 19–30 Apr 2021, EGU211599 https://doi.org/10.5194/egusphere-egu21-1599.
Estrela, T., Pérez-Martin, M.A., Vargas, E., 2012. Impacts of climate change on water resources in Spain. Hydrol. Sci. J. 57 (6), 1154–1167. https://doi.org/10.1080/
02626667.2012.702213.
European Commission, 2000. Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 Establishing a Framework for Community Action in the
Field of Water Policy. Ofﬁcial Journal 22 December 2000 L 327/1. European
Commission, Brussels.
Feng, A., Chao, Q., 2020. An overview of assessment methods and analysis for climate
change risk in China. Physics and Chemistry of the Earth, Parts A/B/C 117, 102861.
https://doi.org/10.1016/j.pce.2020.102861.
Ferrarini, Alessandro, et al., January 2021. Preserving the Mediterranean bird ﬂyways: assessment and prioritization of 38 Main wetlands under human and climate threats in
Sardinia and Sicily (Italy). Sci. Total Environ. 751, 141556. https://doi.org/10.1016/j.
scitotenv.2020.141556.
12

C. Estrela-Segrelles, G. Gómez-Martinez and M.Á. Pérez-Martín

Science of the Total Environment 790 (2021) 148032
Saintilan, N., Rogers, K., Kelleway, J.J., Ens, E., Sloane, D.R., 2019. Climate change impacts
on the coastal wetlands of Australia. Wetlands 39 (6), 1145–1154. https://doi.org/
10.1007/s13157-018-1016-7.
Serrano, M.A., Cobos, M., Magaña, P.J., Díez-Minguito, M., 2020. Sensitivity of Iberian estuaries to changes in sea water temperature, salinity, river ﬂow, mean sea level, and
tidal amplitudes. Estuar. Coast. Shelf Sci. 236, 106624. https://doi.org/10.1016/j.
ecss.2020.106624.
Shepherd, A., Ivins, E., Rignot, E., et al., 2020. Mass balance of the Greenland ice sheet from
1992 to 2018. Nature 579 (7798), 233–239. https://doi.org/10.1038/s41586-0191855-2.
Shi, H., Lu, J., Zheng, W., Sun, J., Li, J., Guo, Z., Huang, J., Yu, S., Yin, L., Wang, Y., Ma, Y., Ding,
D., 2020. Evaluation system of coastal wetland ecological vulnerability under the synergetic inﬂuence of land and sea: A case study in the Yellow River Delta, China. Mar.
Pollut. Bull. 161, 111735. https://doi.org/10.1016/j.marpolbul.2020.111735.
Spalding, M.D., Ruffo, S., Lacambra, C., Meliane, I., Hale, L.Z., Shepard, C.C., Beck, M.W.,
2014. The role of ecosystems in coastal protection: adapting to climate change and
coastal hazards. Ocean Coast. Manag. 90, 50–57. https://doi.org/10.1016/j.
ocecoaman.2013.09.007.
Stammer, D., Wal, R.S.W., Nicholls, R.J., Church, J.A., Le Cozannet, G., Lowe, J.A., Horton,
B.P., White, K., Behar, D., Hinkel, J., 2019. Framework for high-end estimates of sea
level rise for stakeholder applications. Earth’s Future 7 (8), 923–938. https://doi.
org/10.1029/2019EF001163.
Stephens, S., Bell, R., Lawrence, J., 2017. Applying principles of uncertainty within coastal
hazard assessments to better support coastal adaptation. Journal of Marine Science
and Engineering 5 (3), 40. https://doi.org/10.3390/jmse5030040.
Stocker, T. (Ed.), 2014. Climate Change 2013: The Physical Science Basis: Working Group I
Contribution to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press.
Thiéblemont, R., Le Cozannet, G., Toimil, A., Meyssignac, B., Losada, I.J., 2019. Likely and
high-end impacts of regional sea-level rise on the shoreline change of european
sandy coasts under a high greenhouse gas emissions scenario. Water 11 (12), 2607.
https://doi.org/10.3390/w11122607 Suplementary material:. https://www.mdpi.
com/2073-4441/11/12/2607.
Toimil, A., Losada, I.J., Camus, P., Díaz-Simal, P., 2017. Managing coastal erosion under climate change at the regional scale. Coast. Eng. 128, 106–122. https://doi.org/10.1016/
j.coastaleng.2017.08.004.
Toimil, A., Losada, I.J., Nicholls, R.J., Dalrymple, R.A., Stive, M.J.F., 2020. Addressing the challenges of climate change risks and adaptation in coastal areas: a review. Coast. Eng.
156, 103611. https://doi.org/10.1016/j.coastaleng.2019.103611.
Wada, Y., Lo, M.-H., Yeh, P.J.-F., Reager, J.T., Famiglietti, J.S., Wu, R.-J., Tseng, Y.-H., 2016.
Fate of water pumped from underground and contributions to sea-level rise. Nat.
Clim. Chang. 6 (8), 777–780. https://doi.org/10.1038/nclimate3001.
Weisse, R., Bellaﬁore, D., Menéndez, M., Méndez, F., Nicholls, R.J., Umgiesser, G., Willems,
P., 2014. Changing extreme sea levels along European coasts. Coast. Eng. 87, 4–14.
https://doi.org/10.1016/j.coastaleng.2013.10.017.
Wouters, B., Bamber, J.L., van den Broeke, M.R., Lenaerts, J.T.M., Sasgen, I., 2013. Limits in
detecting acceleration of ice sheet mass loss due to climate variability. Nat. Geosci. 6
(8), 613–616. https://doi.org/10.1038/ngeo1874.
Zhang, Y., Li, W., Sun, G., King, J.S., 2019. Coastal wetland resilience to climate variability: a hydrologic perspective. J. Hydrol. 568, 275–284. https://doi.org/10.1016/j.
jhydrol.2018.10.048.

of Bangladesh. Ocean Coast. Manag. 169, 273–283. https://doi.org/10.1016/j.
ocecoaman.2018.12.009.
Meyssignac, B., Cazenave, A., 2012. Sea level: A review of present-day and recent-past
changes and variability. J. Geodyn. 58, 96–109. https://doi.org/10.1016/j.
jog.2012.03.005.
Morant, Daniel, et al., october 2020. Inﬂuence of the conservation status on carbon balances of semiarid coastal Mediterranean wetlands. Inland Waters 10 (4), 453–467.
https://doi.org/10.1080/20442041.2020.1772033 no..
Nicholls, R.J., 2004. Coastal ﬂooding and wetland loss in the 21st century: changes under
the SRES climate and socio-economic scenarios. Glob. Environ. Chang. 14 (1), 69–86.
https://doi.org/10.1016/j.gloenvcha.2003.10.007.
Nicholls, R.J., 2015. Adapting to sea level rise. En Coastal and Marine Hazards, Risks, and
Disasters. Elsevier, pp. 243–270 https://doi.org/10.1016/B978-0-12-3964830.00009-1.
Nicholls, R.J., Cazenave, A., 2010. Sea-level rise and its impact on coastal zones. Science
328 (5985), 1517–1520. https://doi.org/10.1126/science.1185782.
Nicholls, R.J., Hanson, S.E., Lowe, J.A., Warrick, R.A., Lu, X., Long, A.J., 2014. Sea-level scenarios for evaluating coastal impacts: sea-level scenarios for evaluating coastal impacts. Wiley Interdiscip. Rev. Clim. Chang. 5 (1), 129–150. https://doi.org/10.1002/
wcc.253.
Oppenheimer, M., Glavovic, B.C., Hinkel, J., van de Wal, R., Magnan, A.K., Abd-Elgawad, A.,
Cai, R., Cifuentes-Jara, M., DeConto, R.M., Ghosh, T., Hay, J., Isla, F., Marzeion, B.,
Meyssignac, B., Sebesvari, Z., 2019. Sea level rise and implications for low-Lying
Islands, coasts and communities. In: Pörtner, H.-O., Roberts, D.C., Masson-Delmotte,
V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegría, A., Nicolai, M., Okem,
A., Petzold, J., Rama, B., Weyer, N.M. (Eds.), IPCC Special Report on the Ocean and
Cryosphere in a Changing Climate (in press).
ORDEN 5/2018, 2018. de 1 de febrero, de la Conselleria de Agricultura, Medio Ambiente,
Cambio Climático y Desarrollo Rural, relativa a la regulación del nivel y comunicación
con el mar del Parque Natural de L'Albufera. DOGV núm. 8233, 13 de febrero de 2018.
https://www.dogv.gva.es/es/eli/es-vc/o/2018/02/01/5/.
Palop Guillem, Salvador, 2016. Procesos ecológicos, agronómicos y ambientales en el
humedal de L’Albufera de València. Construcción de escenarios de futuro. Universitat
Politècnica de València https://dialnet.unirioja.es/servlet/tesis?codigo=115597.
Pérez-Martín, M.A., Estrela, T., Andreu, J., Ferrer, J., 2014. Modeling water resources and
river-aquifer interaction in the júcar river basin, Spain. Water Resour. Manag. 28
(12), 4337–4358. https://doi.org/10.1007/s11269-014-0755-3.
Ranger, N., Reeder, T., Lowe, J., 2013. Addressing ‘deep’ uncertainty over long-term climate in major infrastructure projects: four innovations of the Thames Estuary 2100
Project. Euro J Decis Process 1, 233–262. https://doi.org/10.1007/s40070-013-0014-5.
Ranjan, P., Kazama, S., Sawamoto, M., 2006. Effects of climate change on coastal fresh
groundwater resources. Glob. Environ. Chang. 16 (4), 388–399. https://doi.org/
10.1016/j.gloenvcha.2006.03.006.
Rayner, Duncan, et al. Intertidal wetland vegetation dynamics under rising sea levels. Sci.
Total Environ., vol. 766, abril de 2021, p. 144237. DOI.org (Crossref), doi:https://doi.
org/10.1016/j.scitotenv.2020.144237
Ricaurte, L.F., Olaya-Rodríguez, M.H., Cepeda-Valencia, J., Lara, D., Arroyave-Suárez, J., Max
Finlayson, C., Palomo, I., 2017. Future impacts of drivers of change on wetland ecosystem services in Colombia. Glob. Environ. Chang. 44, 158–169. https://doi.org/
10.1016/j.gloenvcha.2017.04.001.
Ritz, C., Edwards, T.L., Durand, G., Payne, A.J., Peyaud, V., Hindmarsh, R.C.A., 2015. Potential
sea-level rise from Antarctic ice-sheet instability constrained by observations. Nature
528 (7580), 115–118. https://doi.org/10.1038/nature16147.

13

