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1 Introduction
For each of the islands SOCLIMPACT focuses on, deliverable D4.3 provides the
individual maps of the indicators selected within the project, either in D3.3 or after
subsequent discussion in the Sectorial Modelling Teams (SMTs). Due to the variety of
both the indicators and the datasets used for their computation, the material has been
organized in a document containing the description of the methods used, per sector and
per indicator, while island-specific atlases have been issued as separate appendixes for
easier consultation, also in view of the individual island reports to be issued by other WPs.
This report being an intermediate step towards the final risk assessment to be finalized
within SMTs and presented in D4.5, it is still characterized by some inhomogeneity among
the different presentations of methods and results, which will be smoothed out in
deliverable D4.5. However, two different criticalities have emerged: a) the planned
improvement of extreme value analyses by the addition of extra numerical simulations and
by the application of Monte Carlo methods has not been presented yet, due to the
significant computational effort needed that is still on-going, and will be included in D4.4b
and in a dedicated section of D4.5; b) a chronic lack of sufficiently resolved data for the
West Indies has so far impaired the computation of most indicators and the redaction of
a satisfactory atlas for this area, a shortcoming that will be also addressed in future
deliverables.

2 Methods adopted for the computation of hazard
indicators for selected strategic sectors in the economies
of islands and synthetic analyses of results
2.1
2.1.1

Maritime transport
Mean Sea Level Rise

Introduction, Methodology and Data
Sea level rise (SLR) is one of the major threats linked to climate change. It would induce
permanent flooding of coastal areas with a profound impact on society, economy and
environment. Moreover, an increase in the mean sea level would result in a larger impact
of coastal storms with the consequent increase of risk.
Several factors affect the evolution of mean sea level. At global scale, first, mass variations
linked to the addition/removal of water from the ocean can be induced by land based ice
melting or by changes in the groundwater due to, basically, human activities. Second,
thermal expansion due to ocean warming would also induce a rice of global mean sea level.
Furthermore, regional changes are also expected and could induce a major contribution to
total sea level rise at coastal scale. These are linked to the gravitational fingerprint of
changes in the ocean mass, to changes in the circulation patterns (which in turn are related
to the steric/density variations), to mass redistribution by atmospheric pressure and wind,
and to land motion.
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All those factors cannot be modelled at the same time as they involve very different
processes, so the typical approach is to use different models to cope with the different
contributions. In this work we have followed the approach of Slangen et al (2014):
- An ensemble of 21 Atmosphere-Ocean coupled General Circulation Models [AOGCM’s]
from the CMIP5 archive (Table 1) are used to estimate projected changes of sea level
linked to global heat uptake, circulation changes and atmospheric loading. Two RCP
climate change scenarios are studied: RCP4.5 with a global mean surface temperature
increase of 1.2–2.7ºC between 1986–2005 and 2081–2100, and RCP8.5 with an increase
of 2.7–5.4ºC.
- The land ice contribution comprises all glaciers and ice caps (henceforth “glaciers”), and
the ice sheets on Greenland and Antarctica. The glacier estimate is computed using
CMIP5-based projections of temperature and precipitation changes over glacierized
regions in combination with a glacier area inventory. The ice sheet contribution is split into
a scenario-based SMB contribution and a scenario independent dynamical contribution.
In addition, the glacial isostatic adjustment (GIA) as a result of ice sheet melt after the Last
Glacial Maximum is included.
-Groundwater depletion is computed from a flux-based estimate of the difference between
groundwater extraction and recharge for two CMIP3 climate models, using two different
socio-economic projections in combination with population change. The projected future
increase in GD is due to a decrease in the availability of surface water and a decrease in
groundwater recharge, but increasing water demand forirrigation. Changes in both
population and climate are important factors, which cannot be
unraveled and we therefore assume that all four provided model outcomes have a similar
probability of occurrence in each of the RCP scenarios.
-As mentioned above, the changes in the mass would translate into a non-uniform sea level
rise due to gravitational, rotational and viscoelastic deformation effects. Those factors have
been modelled using a model which solves the sea-level equation with a pseudo-spectral
approach. As a result, the model yields distinct regional patterns of SLC with a fall close
to areas of mass loss, and rise for regions further away.
All those contributions are provided by Slangen et al. (2014) and will be used to estimate
sea level rise in the Atlantic and Baltic islands under scenario RCP4.5 and RCP8.5. In
addition, we have taken into account the peculiarities of the Mediterranean Sea. Its semi
enclosed nature and the complexity of the dynamical processes occurring inside the basin
make the global models unsuitable to represent the dynamical contribution of SLR.
Therefore, we follow the approach of Jordà and Gomis (2019) to substitute the dynamical
contribution inside the basin from the global models by the estimate obtained from an
ensemble of regional ocean climate models, from MedCORDEX. These models produce
a more robust estimate of changes in the relative difference between the Atlantic and the
Mediterranean coastal areas due to circulation. That contribution is relatively small at basin
scale (few cms) but can induce regional differences of up to 15 cm with respect to the
nearby Atlantic SLR.
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Table 1: Ensemble of CMIP5 simulations used to estimate the contributions to sea level rise of
the heat uptake, the circulation changes and the atmospheric loading.

Model acronym
ACCESS1-0

Responsible institution
CSIRO and BOM, Australia
Beijing Climate Center, China
Meteorological Administration
Canadian Centre for Climate Modelling
and Analysis
CNRM and CERFACS
CSIRO and QCCCE
NOAA Geophysical Fluid Dynamics
Laboratory
NOAA Geophysical Fluid Dynamics
Laboratory
NASA Goddard Institute for Space
Studies
Met Office Hadley Centre
Met Office Hadley Centre
Institute for Numerical Mathematic
Institut Pierre-Simon Laplace
Institut Pierre-Simon Laplace
AORI ,NIES and JAMSTEC
AORI ,NIES and JAMSTEC
AORI ,NIES and JAMSTEC
Max Planck Institute for Meteorology
Max Planck Institute for Meteorology
Meteorological Research Institute
Norwegian Climate Centre
Norwegian Climate Centre

BCC-CSM1.1
CanESM2
CNRM-CM5
CSIRO-Mk3-6-0
GFDL-ESM2G
GFDL-ESM2M
GISS-E2-R
HadGEM2-CC
HadGEM2-ES
INM-CM4
IPSL-CM5A-LR
IPSL-CM5A-MR
MIROC5
MIROC-ESM
MIROC-ESM-CHEM
MPI-ESM-LR
MPI-ESM-MR
MRI-CGCM3
NorESM1-M
NorESM1-ME

Another important aspect is that no simulations for scenario RCP2.6 are available, so we
have used a scaling approximation. Namely, the projected changes in sea level rise under
RCP2.6 are considered to be about half of the projected changes under RCP4.5, while
keeping the same spatial structure in each model. That is, the impact of the greenhouse gas
concentration is basically a change in the intensity of a spatial pattern, which is model
dependent. Therefore, in order to approximate the future evolution under the RCP2.6
scenarios we have multiplied by 0.5 the changes modelled under RCP4.5.
Results
The results are presented in terms of averaged sea level rise for each region in Table 2. For
consistency the maps are included in the appendix, although the projected SLR is very
uniform at regional scale and are not especially informative. The results show slight
differences among islands with relative differences in SLR lower than 25%. For instance,
the largest SLR is found for Madeira under the RCP8.5 scenarios at the end of the century
(74.72 cm). For the same scenario and time frame the smallest SLR is found for the Baltic
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islands (56.60 cm), a 24% lower. Also, the SLR is expected to be larger in the Atlantic
islands, and as expected also larger at the end of the century and under the RCP8.5
scenarios.
Table 2: Projected sea level rise with respect to the present (1986-2005) values for the different
islands and two time horizons, the near future (2046-2065) and the far future (2080-2100) under
scenarios RCP2.6 and RCP8.5.

Island
Balearic
Canary
Crete
Madeira
Sardinia
West
Azores
Baltic
Corsica
Cyprus
Malta
Sicily

RCP2.6
2046-2065
12,46
13,64
11,60
13,63
11,10
13,45
12,22
9,91
10,65
10,15
12,05
11,48

RCP8.5
2046-2065
32,93
37,03
31,74
37,36
30,23
35,13
34,35
28,30
29,20
28,90
32,49
31,25

RCP2.6
2081-2100
24,92
27,29
23,19
27,27
22,19
26,91
24,44
19,82
21,31
20,31
24,10
22,96

RCP8.5
2081-2100
65,86
74,06
63,48
74,72
60,46
70,27
68,69
56,60
58,41
57,81
64,99
62,50

References
Jordà G., Gomis D., Vulnerability of marginal seas to sea level rise: The case of the
Mediterranean Sea. Manuscript in preparation.
Slangen, A. B. A., M. Carson, C. A. Katsman, R. S. W. van de Wal, A. Köhl, L. L. A.
Vermeersen, D. Stammer, 2014. Projecting twenty-first century regional sea-level changes.
Climatic Change, 124, 317–332. Doi:10.1007/s10584-014-1080-9
2.1.2

Storm surge Extremes

Introduction, Methodology and Data
Storm surge events, characterized by positive extreme sea levels and mechanically forced
by atmospheric pressure and wind are the main responsible for coastal flooding, especially
when combined with high tides. Different diagnostics can be used to characterize the
storm surge events in terms of intensity, length or frequency and each option is suitable
for different applications (i.e. infrastructure design would typically rely on return levels,
while beach morphodynamics relies on percentiles).
Nevertheless, previous studies have shown that the qualitative conclusions are equivalent
and as far as no clear thresholds have been defined for the impact chains the simplest
approach has been followed using the 95th percentile to define extreme sea level events
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To characterize storm surge high frequency (sub-daily) sea level data is required, which
unfortunately is scarce. Most climate models provide only daily to monthly outputs so they
can’t be used for this task. To present, the only ensemble populated with enough number
of members to compute meaningful statistics on climate projections is the one produced
for the Mediterranean by Lionello et al. (2016). This ensemble consists on 6 simulations
run with the HYPSE model at 1/4º of spatial resolution and forced by the high resolution
wind fields from the MedCORDEX ensemble which in turn is nested into CMIP5 global
simulations (Table 1). The simulations are run for the period 1950-2100 thus covering the
historical period as well as the whole 21st century. Complementary, the ensemble includes
three hind cast simulations that are used to establish present reference levels.
Table 3: List of Simulations included in the Mediterranean Ensemble. More details can be found
in Lionello et al. (2016)

Regional
Atmospheric
Forcing
CMCC
CNRM
GUF
ITU -BATS
ITU -CLM
LMD
RCA4

Historical

RCP4.5

RCP8.5

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

For the Atlantic and Baltic no data was available and thus the storm surge statistics for
present and future climate couldn’t be computed. Another important aspect is that no
simulations for scenario RCP2.6 are available, so we have used a scaling approximation.
Namely, the projected changes in wind intensity under RCP2.6 are considered to be about
half of the projected changes under RCP4.5, while keeping the same spatial structure in
each model. That is, the impact of the greenhouse gas concentration is basically a change
in the intensity of a spatial pattern, which is model dependent. Therefore, in order to
approximate the future evolution under the RCP2.6 scenario we have multiplied by 0.5 the
changes modelled under RCP4.5.
Results
The results are presented in terms of maps including information about the present
conditions and relative change (in %) with respect to those conditions. This has been
decided for practical reasons as far as changes are difficult to be appreciated in the maps
of absolute values. In particular, in the appendix there are the figures organized by islands.
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Each one includes the 99th percentile of hourly sea level from the hindcast simulation for
the period 1986-2005 (an average of them when more than one hindcast is available), and
the relative change under RCP2.6 and RCP8.5 in two time horizons, 2046-2065 (near
future) and 2081-2100 (far future). It is important to highlight that the model outputs have
been interpolated to the islands high-resolution coastlines for visualization purposes.
However, the original spatial resolution is way coarser.
As a summary of the results Table 4 shows showing the 99th percentile of sea level averaged
in each region for the hindcast, and the two scenarios for the two periods. In all the regions
a decrease in sea level is found being larger under scenario RCP8.5. In relative terms the
averaged changes are lower than 15% even under the stronger scenario, in good agreement
with the projections for wave storms.
Table 4: 99th percentile of atmospherically forced sea level (in cm) averaged in each region for
the hindcast period, the near future (2046-2065) and the far future (2080-2100) under scenarios
RCP2.6 and RCP8.5.

Region
Balearic
Crete
Sardinia
Corsica
Cyprus
Malta
Sicily

Hindcast
1986-2005
14,46
20,33
15,78
17,45
22,45
14,84
15,46

RCP2.6
2046-2065
14,24
19,89
15,54
17,21
22,22
14,32
15,03

RCP85
2046-2065
14,21
19,82
15,40
17,14
22,52
13,73
14,47

RCP2.6
2081-2100
14,53
19,72
15,65
17,33
22,27
14,22
14,96

RCP85
2081-2100
13,07
17,59
13,95
15,90
21,05
12,08
12,73

References
Lionello P, Conte D, Marzo L, Scarascia L (2016) The contrasting effect of increasing
mean sea level and decreasing storminess on the maximum water level during storms along
the coast of the Mediterranean Sea in the mid-21st century. Glob Planet Change
http://dx.doi.org/10.1016/j.gloplacha.2016.06.012
2.1.3

Frequency of extreme high winds

 Wind Extremity Index (NWIX98)
The wind extremity index NWIX98 is defined as the number of days per year exceeding
the 98th percentile of mean daily wind speed (of the reference period 1986-2005).
 98th Percentile of daily wind speed (WIX98)
The 98th percentile of daily wind speed (WIX98) around the islands is calculated for the
same periods and scenarios as the NWIX98 indicator.
Methodology
The indices were calculated for all the above islands, models, scenarios and periods. The
mean NWIX98 for each island is calculated for an area within about 50 km around the
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coastline of each island (approximated as a rectangle). The land covered grid points of the
islands themselves are not taken into consideration.
The calculation was performed for all available combinations of global (GCM) and regional
(RCM) models. Their ensemble means and uncertainty (described by the ensemble
minimum and maximum) are provided for the reference period (1986-2005), as well as the
two future periods of interest (mid-century: 2046-2065 and end-century: 2081-2100) for
EURO and MENA–CORDEX simulations and for the reference period (1981-2000), as
well as the selected future period (2031-2050) for ESCENA simulations.
Data
For the calculation of NWIX98 and WIX98, daily climatic output of 10-m wind speed
from RCM/GCM combinations of different model runs were available and have been
used.
The calculation of NWIX98 and WIX98 for the Mediterranean and Baltic islands (Balearic
Islands, Corsica, Sardinia, Sicily, Malta, Crete, Cyprus and Fehmarn) is based on the
EURO-CORDEX models at 0.11 horizontal resolution. The future period simulations of
the models are based on the Representative Concentration Pathways (RCPs) 2.6, 4.5 and
8.5. The selected RCM/GCM pairs are the following:
GCM/RCM pairs
ICHEC-EC-EARTH/SMHI-RCA4
MPI-M-MPI-ESM-LR/SMHI-RCA4
MOHC-HadGEM2-ES/SMHI-RCA4
CNRM-CERFACS-CNRM-CM5/ SMHIRCA4

Experiments
Historical
RCP2.6
Historical
RCP4.5
RCP8.5
Historical
RCP2.6
RCP4.5
Historical
RCP4.5
RCP8.5

For the Canary Islands and Madeira, MENA-CORDEX models have been used at 0.44
horizontal resolution. The future period simulations of the models are based on the
Representative Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM
pairs are the following:
GCM/RCM pairs
CNRM-CERFACS-CNRM-CM5/SMHIRCA4
NOAA-GFDL-GFDL-ESM2M /SMHIRCA4
ICHEC-EC-EARTH /SMHI-RCA4

Experiments
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP2.6
RCP8.5
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NWIX98 of the Azores is calculated for both MENA-CORDEX (scenario RCP8.5) as well
as ESCENA simulations. The ESCENA simulations use the AR4 IPCC scenarios B1 and
A1B with 25 km spatial resolution. The reason for using these simulations is that the Azores
are located right on the edge of the MENA-CORDEX domain. So, this value covers only
the Eastern part of the area surrounding the Azores. However, since this is the only
information available for RCP8.5 this value might still be interesting for comparison to
other islands. The selected RCM/GCM pairs for the ESCENA simulations are the
following:
GCM/RCM pairs
ECHAM5 r2/PROMES
ARPEGE (version 3)/ PROMES
HadCM3-Q3 (low sensitivity)/ PROMES
HadCM3-Q16 (high sensitivity)/
PROMES

Experiments
Historical
SRES A1B
SRES B1
Historical
SRES A1B
SRES B1
Historical
SRES A1B
Historical
SRES A1B

Results
The number of days exceeding the 98th percentile of daily wind speed in the reference
period, NWIX98, generally decreases in the future with the exception of Fehmarn and
Crete.
The strongest emission scenario RCP8.5 always shows the strongest decrease1. Due to the
small number of investigated simulations it is difficult to assess the significance of the
results. By comparing the magnitude of the future change to the ensemble spread we find
significant changes for scenario RCP8.5 for all islands for the end-of-century-period while
the changes for the mid-of-century period and the lower emission scenarios remain mostly
insignificant.
The increase of strong wind speeds for Fehmarn does not stick out because Fehmarn is
the only Baltic island investigated here. It can therefore most likely be explained by changes
in the large-scale circulation. The explanation for the increase in Crete is most likely
changes in local wind systems since the other Mediterranean islands show the opposite
change. Like the NWIX98, the 98th percentile of daily wind speed, WIX98, decreases for
all islands except Crete and Fehmarn. However, the magnitude of the relative change is
much smaller than for the NWIX98.
The maximum magnitude of relative change in WIX98 is -3.8% for the island of Madeira
at the end of the century under RCP8.5 compared to a change in NWIX98 of -32.3% for
the same island, period and emission scenario.

The only exception is the Canary Islands. However, only a single simulation is available for RCP2.6 so this
is not a robust comparison.
1

11

2.1.4

Wave extremes

Introduction, Methodology and Data
Marine storms can have a negative impact on maritime transport, coastal-based tourism
and aquaculture, among other activities. Different diagnostics can be used to characterize
the storm events in terms of intensity, length or frequency and each option is suitable for
different applications (i.e. infrastructure design would typically rely on return levels, while
beach morphodynamics relies on percentiles). Nevertheless, previous studies have shown
that the qualitative conclusions are equivalent and as far as no clear thresholds have been
defined for the impact chains the simplest approach has been followed using the 95th
percentile to define wave storms.
Two different ensembles of model simulations have been used, one for the Mediterranean,
where the complexity of the basin requires high resolution in the wave model and the wave
forcing, and another one for the Atlantic islands. For the Mediterranean, the ensemble of
models developed by Lionello et al, (2016) is used. This ensemble consists of 6 simulations
run with the WAM model at 1/4º of spatial resolution and forced by the high resolution
wind fields from the MedCORDEX ensemble which in turn is nested into CMIP5 global
simulations (Table 1). The simulations are run for the period 1950-2100 thus covering the
historical period as well as the whole 21st century. Complementary, the ensemble includes
three hindcast simulations that are used to establish present reference levels.
Table 5: List of Simulations included in the Mediterranean Ensemble. More details can be found
in Lionello et al. (2016)

Regional
Atmospheric
Forcing
CMCC
CNRM
GUF
ITU -BATS
ITU -CLM
LMD
RCA4

Historical

RCP4.5

RCP8.5

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

For the Atlantic islands the ensemble of global simulations produced by Hemer et al.
(2013) has been selected. It has been created forcing the WaveWatch III model at 1º of
spatial resolution with the outputs from 8 CMIP5 global simulations under scenarios
RCP8.5 and RCP4.5 (Table 6).
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Table 6: List of Simulations included in the Atlantic Ensemble. More details can be found in
Hemer et al. (2013)

CMIP5 model
forcing
ACCESS1_0
BCC-CSM1_1
CNRM-CM5
GFDL-CM3
HADGEM2-ES
INMCM4
MIROC5
MRI-CGCM3

Historical

RCP4.5

RCP8.5

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

For the Baltic Islands we have not obtained a meaningful ensemble of simulations that
would allow to produce consistent results, so no projections for wave climate are produced
for that region. Another important aspect is that no simulations for scenario RCP2.6 are
available, so we have used a scaling approximation. Namely, the projected changes in wind
intensity under RCP2.6 are considered to be about half of the projected changes under
RCP4.5, while keeping the same spatial structure in each model. That is, the impact of the
greenhouse gas concentration is basically a change in the intensity of a spatial pattern,
which is model dependent. Therefore, in order to approximate the future evolution under
the RCP2.6 scenario we have multiplied by 0.5 the changes modelled under RCP4.5.
Results
The results are presented in terms of maps including information about the present
conditions and relative change (in %) with respect to those conditions. This has been
decided for practical reasons as far as changes are difficult to be appreciated in the maps
of absolute values. In particular, in the appendix there are the figures organized by islands.
Each one includes the 99th percentile of hourly significant wave height from the hindcast
simulation for the period 1986-2005 (an average of them when more than one hindcast is
available), and the relative change under RCP2.6 and RCP8.5 in two time horizons, 20462065 (near future) and 2081-2100 (far future). It is important to highlight that the model
outputs have been interpolated to the islands high resolution coastlines for visualization
purposes. However, the original spatial resolution is way coarser (1/4º for the
Mediterranean islands, 1º for the Atlantic islands)
As a summary of the results Table 3 shows showing the 99th percentile of significant wave
height averaged in each region for the hindcast, and the two scenarios for the two periods.
In all the regions a decrease in the extreme wave height is found being larger under scenario
RCP8.5. In relative terms the averaged changes are lower than 10% even under the
stronger scenario.
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Table 7: 99th percentile of significant wave height averaged in each region for the hindcast
period, the near future (2046-2065) and the far future (2080-2100) under scenarios RCP2.6 and
RCP8.5.

Region

Balearic
Canary
Crete
Madeira
Sardinia
West
Azores
Baltic
Corsica
Cyprus
Malta
Sicily

Hindcast
1986-2005
2,08
2,81
2,01
3,75
1,83
2,10
4,83
N/D
1,91
1,43
2,27
1,68

RCP2.6
2046-2065
2,05
2,82
1,99
3,74
1,83
2,09
4,82
N/D
1,91
1,40
2,24
1,66

RCP85
2046-2065
2,00
2,79
2,00
3,68
1,80
2,06
4,72
N/D
1,89
1,40
2,22
1,62

RCP2.6
2081-2100
2,05
2,80
2,00
3,70
1,83
2,07
4,75
N/D
1,91
1,40
2,26
1,66

RCP85
2081-2100
1,95
2,76
2,01
3,57
1,77
1,99
4,55
N/D
1,86
1,33
2,18
1,56

References
M.A. Hemer, Fan Y., N. Mori, A. Semedo, Wang X.L. Projected changes in wave climate
from a multi-model ensemble Nat. Clim. Chang., 3 (2013), pp. 471-476,
10.1038/NCLIMATE1791
Lionello P, Conte D, Marzo L, Scarascia L (2016) The contrasting effect of increasing
mean sea level and decreasing storminess on the maximum water level during storms along
the coast of the Mediterranean Sea in the mid-21st century. Glob Planet Change
http://dx.doi.org/10.1016/j.gloplacha.2016.06.012
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2.2

Tourism

2.2.1. Sea-grass evolution
Introduction, Methodology and Data
Sea-grasses are the main habitat for coastal marine ecosystems. They provide different
services like sediment retention (and thus clearer waters), coastal protection (in front of
marine storms), shelter for marine organisms, etc. Therefore, the state of sea-grasses is a
convenient proxy for the state of coastal environment. That is, large well-preserved
extensions of sea-grasses lead to a better coastal marine environment, which in turn is
more resilient in front of hazards. The health of the sea-grasses is threatened by human
activities as pollution or bottom drags can severely damage them. But also climate have an
impact on them as some species are living close to their upper thermal range. Here we
evaluate the present coverage of sea-grasses and analyse which parts of that coverage will
reach permanently their upper thermal limit under different climate change scenarios.
For the Atlantic islands present temperatures at different depths are characterized using
the ORAS4 ocean reanalysis, while the CMIP5 ensemble of global climate models is used
to project the temperature evolution under different greenhouse gases emissions (Table
8). For the Mediterranean, the MEDHYMAP product has been used to characterize
present temperatures, while the MedCORDEX ensemble of ocean models (Soto-Navarro
et al., 2019) has been selected for the projections. Those products have been chosen as
they provide a more robust representation of the processes inside that complex basin
(Table 9)
Table 8: Ensemble of CMIP5 simulations used to estimate the temperature evolution in the
Atlantic and Baltic islands. RCP4.5 and RCP8.5 scenarios are available for each simulation.

Model acronym
ACCESS1-0

Responsible institution
CSIRO and BOM, Australia
Beijing Climate Center, China
Meteorological Administration
Canadian Centre for Climate Modelling
and Analysis
CNRM and CERFACS
CSIRO and QCCCE
NOAA Geophysical Fluid Dynamics
Laboratory
NOAA Geophysical Fluid Dynamics
Laboratory
NASA Goddard Institute for Space
Studies
Met Office Hadley Centre
Met Office Hadley Centre
Institute for Numerical Mathematic
Institut Pierre-Simon Laplace
Institut Pierre-Simon Laplace

BCC-CSM1.1
CanESM2
CNRM-CM5
CSIRO-Mk3-6-0
GFDL-ESM2G
GFDL-ESM2M
GISS-E2-R
HadGEM2-CC
HadGEM2-ES
INM-CM4
IPSL-CM5A-LR
IPSL-CM5A-MR
15

MIROC5
MIROC-ESM
MIROC-ESM-CHEM
MPI-ESM-LR
MPI-ESM-MR
MRI-CGCM3
NorESM1-M
NorESM1-ME

AORI ,NIES and JAMSTEC
AORI ,NIES and JAMSTEC
AORI ,NIES and JAMSTEC
Max Planck Institute for Meteorology
Max Planck Institute for Meteorology
Meteorological Research Institute
Norwegian Climate Centre
Norwegian Climate Centre

Table 9: MedCORDEX ensemble of regional ocean models used to estimate the temperature
evolution in the Mediterranean islands.

Model
AWI50
AWI25
LMD-CNRM
LMD-IPSL
LMD-MPI
JRC-EC
JRC-MPI
UBEL-MPI
ENEA-CNRM
CNRM-CNRM

RCP2.6

RCP4.5
X

X
X
X
X

X

RCP8.5
X
X
X
X
X
X
X
X
X

Summer temperatures in the whole water column have been considered as the key
diagnostic to determine whether a particular location will reach the upper thermal
threshold for each species. The thermal thresholds have been obtained from a extensive
literature review (Marbà et al., 2019) for the main sea-grass species. The present coverage
of sea-grasses has been obtained from UNEP-WCMC (2017) and from the Spanish Atlas
of marine sea-grasses (Ruiz et al., 2015)
Another important aspect is that no simulations for scenario RCP2.6 are available, so we
have used a scaling approximation. Namely, the projected changes in sea level rise under
RCP2.6 are considered to be about half of the projected changes under RCP4.5, while
keeping the same spatial structure in each model. That is, the impact of the greenhouse gas
concentration is basically a change in the intensity of a spatial pattern, which is model
dependent. Therefore, in order to approximate the future evolution under the RCP2.6
scenario we have multiplied by 0.5 the changes modelled under RCP4.5.
References
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Ocean warming compresses the 3D habitat of marine life. Submitted to Nature
Ecology and Evolution
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2.2.2. Fire weather index (FWI)
Definition
The FWI system provides numerical non-dimensional ratings of relative fire potential for
a generalized fuel type (mature pine stands) based solely on weather observations.
FWI is part of the Canadian Forest Fire Danger Rating System established in Canada since
1971 (van Wagner 1987). Furthermore, since 2007, FWI has been adopted at the EU level
and used in a harmonized way throughout Europe by the European Forest Fire
Information System (EFFIS) of the Copernicus Emergency Management Service (since
2015).
It is selected for exploring the mechanisms of fire danger change for the islands of interest
in the framework of SOCLIMPACT Project, as it has been proved to adequately perform
for several locations, including the Mediterranean basin (e.g. Viegas et al. 1999;
Dimitrakopoulos et al. 2011; Giannakopoulos et al. 2012; Bedia et al. 2013; Karali et al.
2014).
Description
The meteorological inputs to the FWI System are daily noon values of air temperature,
relative humidity, wind speed and 24h accumulated precipitation. It consists of different
components that assess the responses of moisture to atmospheric forcing at different soil
depths and then combine these in order to derive fire behaviour indices in terms of ease
of spread and intensity.
The FWI system consists of six standard components each measuring a different aspect
of fire danger (Fig. 1). The first three primary sub-indices are fuel moisture codes and are
numerical ratings of the moisture content of litter and other fine fuels (FFMC), the average
moisture content of loosely compacted organic layers of moderate depth (DMC) and the
average moisture content of deep, compact organic layers (DC). The two intermediate subindices (ISI, BUI) are fire behaviour indices. The Initial Spread Index (ISI) is a numerical
rating of the expected fire rate of spread. It combines the effect of wind and FFMC on
rate of spread without the influence of variable quantities of fuel. The Build-up Index
(BUI) is a numerical rating of the total amount of fuel available for combustion that
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combines the DMC and the DC. The resulting index is the Fire Weather Index (FWI),
which combines ISI and BUI. FWI represents the frontal fire intensity and is used to
estimate the difficulty of fire control.

Figure 1. FWI structure

As FWI is based solely on meteorological variables, projected changes in temperature,
precipitation, humidity and wind patterns under both RCP2.6 and RCP8.5 are reflected in
the FWI patterns throughout the domain of study. In the framework of the project the
FWI values for the fire season (May to October) are used as a climate hazard indicator.
Data
For the calculation of the FWI, 3-hourly climatic output from state-of-the-art RCM/GCM
pairs, developed within the EURO-CORDEX initiative, have been used. The future period
simulations of the models are based on the Representative Concentration Pathways (RCPs)
2.6 and 8.5. The selected RCM/GCM pairs are the following:
GCM/RCM pairs
ICHEC-EC-EARTH/RCA4

MPI-M-MPI-ESM-LR/RCA4

Experiments
Historical
RCP2.6
RCP4.5
RCP8.5
Historical
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MOHC-HadGEM2-ES/RCA4

RCP2.6
RCP4.5
RCP8.5
Historical
RCP2.6
RCP4.5
RCP8.5

These pairs have been selected as the only ones in the EURO-CORDEX database
containing 3-hourly climatic output and future realizations for both RCP 2.6 and 8.5.
The selected time periods follow the respective periods of IPCC AR5, i.e.:
historical (reference): 1986-2005
near future: 2026-2045
distant future: 2081-2100
Methodology
The index was calculated for the fire season (defined from May to October) over the
Mediterranean for all models, scenarios and periods.
The calculation was performed for each one of the selected GCM/RCM pairs and their
ensemble mean and uncertainty (described by the pooled standard deviation) is then
provided for the reference period (1986-2005), as well as the two future periods of interest
(2046-2065 and 2081-2100) for the two selected RCPs.
Then, the grid cells that represent a land fraction: l.f. > 15 % for the Mediterranean islands
participating in the project (Baleares, Corse, Sardinia, Sicily, Malta, Crete and Cyprus) were
retained for the subsequent analysis.
Next, in order to provide information on sub-island level, the index was recalculated over
municipalities and, finally, it was normalized so to be used as the hazard input for the risk
calculations through impact chain operationalization.
The normalized index is then categorized into five categories from very low to very high
fire danger, which are described by the following colour scale:

very low
low
medium
high
very high
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Results
The table below summarizes the Normalized FWI ensemble mean values for all
Mediterranean islands, along with the respective uncertainly.
Table 10: Normalized FWI for all Mediterranean islands

reference

RCP2.6
near
RCP2.6
distant
RCP4.5
near
RCP4.5
distant

Baleares Corse

Sardinia Sicily

Malta

Crete

Cyprus

mean

(N=49)2
0.237

(N=75)
0.226

(N=185)
0.305

(N=195)
0.349

(N=5)
0.283

(N=78)
0.483

(N=77)
0.527

s.d.3

0.059

0.094

0.087

0.104

0.016

0.133

0.127

s.e.4

0.005

0.006

0.004

0.004

0.004

0.009

0.008

mean

0.245

0.238

0.316

0.371

0.294

0.534

0.554

s.d.

0.061

0.095

0.087

0.102

0.016

0.139

0.128

s.e.

0.005

0.006

0.004

0.004

0.004

0.009

0.008

mean

0.233

0.226

0.302

0.365

0.292

0.525

0.555

s.d.

0.061

0.095

0.089

0.106

0.016

0.139

0.130

s.e.

0.005

0.006

0.004

0.004

0.004

0.009

0.009

mean

0.260

0.265

0.352

0.408

0.315

0.546

0.577

s.d.

0.065

0.100

0.092

0.106

0.018

0.140

0.126

s.e.

0.005

0.007

0.004

0.004

0.005

0.009

0.008

mean

0.275

0.282

0.362

0.412

0.312

0.576

0.599

s.d.

0.068

0.102

0.093

0.110

0.018

0.140

0.127

s.e.

0.006

0.007

0.004

0.005

0.005

0.009

0.008

0.264

0.269

0.361

0.409

0.309

0.579

0.608

0.066

0.100

0.093

0.108

0.018

0.141

0.124

s.e.

0.005

0.007

0.004

0.004

0.005

0.009

0.008

mean

0.313

0.329

0.433

0.506

0.363

0.670

0.644

s.d.

0.073

0.106

0.099

0.117

0.021

0.150

0.125

s.e.

0.006

0.007

0.004

0.005

0.006

0.010

0.008

RCP 8.5 mean
near
s.d.
RCP8.5
distant

The main findings are:
o The fire danger increases as we move from west to east and from north to south, with
the exception of Malta, which is much smaller and the selected grid cells are mostly
influenced by maritime conditions.

N: number of grid cells corresponding to each island, according to model land fraction (l.f.>15%)
s.d.: pooled standard deviation of the ensemble mean
4 s.e.: standard error of the ensemble mean
2
3
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o The uncertainty is larger for Crete, as the meteorological conditions exhibit distinct
inhomogeneity across the island (mainly due to its elongated and mountainous
morphology)
o Under RCP2.6, it seems that the fire danger returns to the present conditions towards
the end of the century
o Under RCP4.5, the increase varies from 10% -19%, with Crete and Sardinia exhibiting
the greatest percentage of change
Under RCP8.5, the increase is much more prominent, ranging from 22% to 46%, with
the highest values for Corse, Sardinia and Sicily, which implies that under this scenario,
the western and central Mediterranean will be more affected.
Results
Bedia, J., Garcia, S. H., Camia, A., Moreno, H. M., Gutierez, J. M ., 2014: Forest Fire
Danger Projections in the Mediterranean Using ENSEMBLES Regional Climate Change
Scenarios’, Climatic Change 122 (1–2), doi:10.1007/s10584-013-1005-z.
Dimitrakopoulos, A. P., Bemmerzouk, A. M., and Mitsopoulos, I.D., 2011: Evaluation of
the Canadian fire weather index system in an eastern Mediterranean environment, Met.
Apps, 18, 83–93, doi:10.1002/met.214.
Giannakopoulos, C., LeSager, P., Moriondo, M., Bindi, M., Karali, A., Hatzaki, M., and
Kostopoulou, E., 2012: Comparison of fire danger indices in the Mediterranean for present
day conditions, iForest, 5, 197–203.
Karali, A., Hatzaki, M., Giannakopoulos, C., Roussos, A., Xanthopoulos, G., and
Tenentes, V.,2014: Sensitivity and evaluation of current fire risk and future projections due
to climate change: the case study of Greece, Nat. Hazards Earth Syst. Sci., 14, 143-153,
https://doi.org/10.5194/nhess-14-143-2014.
van Wagner, C. E.,1987: Development and structure of a Canadian forest fire weather
index system, Forestry Tech. Rep. 35, Canadian Forestry Service, Ottawa.
Viegas, D. X., Bovio, G., Ferreira, A., Nosenzo, A., and Sol, B., 1999: Comparative study
of various methods of fire danger evaluation in southern Europe, Int. J. Wildland Fire, 9,
235–246.

2.2.3. Beach flooding
Introduction, Methodology and Data
One of the consequences of an increase in the mean sea level will be the flooding of coastal
areas. This includes sand beaches, which are the main asset for tourism activities in most
of the European islands. Therefore, estimating the potential risk of beach loss due to
climate change is of paramount importance for the economy of those islands. In order to
get an accurate estimate of beach flooding not only the sea level rise (SLR) is required, but
also the wind wave characteristics. Wind waves induce a water runup when reaching the
beaches that can increase significantly the extension of the flooded area, especially under
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storm conditions. Furthermore, the sea level changes due to storm surges can play an
important role and should be taken into account. Finally, in order to translate the coastal
sea level rise to beach flooding, a detailed map of beach topography is needed.
Two main problems have been found developing this indicator. The first one is that no
information on storm surge is available for the Atlantic or Baltic islands. However, the
study performed for the Mediterranean (see corresponding section in the deliverable) have
shown that projected changes are relatively small, less than 15% of present values which
translates into less than 5 cm. Therefore, we have decided to not include the storm surge
contribution for any of the islands. The second problem is that detailed beach topography
is only available for the Balearic Islands, so we cannot produce consistent diagnostics of
beach loss for all the European islands. Instead, what we have done is to compute the
projected changes in the flood vertical levels, which can be easily translated to beach
reduction once that data would be available.
Mean sea level rise has been modelled including all the factors that play a role. In particular,
at global scale, first, mass variations linked to the addition/removal of water from the
ocean can be induced by land based ice melting or by changes in the groundwater due to,
basically, human activities. Second, thermal expansion due to ocean warming would also
induce a rice of global mean sea level. Furthermore, regional changes are also expected and
could induce a major contribution to total sea level rise at coastal scale. These are linked
to the gravitational fingerprint of changes in the ocean mass, to changes in the circulation
patterns (which in turn are related to the steric/density variations), to mass redistribution
by atmospheric pressure and wind, and to land motion. All those factors cannot be
modelled at the same time as they involve very different processes, so the typical approach
is to use different models to cope with the different contributions. In this work we have
followed the approach of Slangen et al (2014) and Jordà and Gomis (2019), which is further
described in the deliverable section on sea level rise.
The wave runup has been modelled following a new methodology developed especially for
this task (Agulles et al., 2019). The wave run-up depends on the height and period of the
incoming wind waves and on the beach slope, and is often modelled using an empirical
formulation. Alternatively, a numerical model can be used to simulate the wave
propagation to the beach, which is more accurate but very expensive in computational
terms. Our approach has been to simulate an ensemble of representative cases for different
pairs of wave height/period for different beach profiles. 11 beach profiles have been
considered which are representative of different sand grain sizes, from 0.15 mm to 1 mm.
For each profile the XBEACH model has been run propagating 40 cases defined by typical
wave height-period values. This has provided a transfer matrix for each beach profile (i.e.
grain size) so we can reconstruct the wave runup time series from time series of wave
height/period.
Wave data has been obtained from two different ensembles of model simulations, one for
the Mediterranean, where the complexity of the basin requires high resolution in the wave
model and the wave forcing, and another one for the Atlantic islands. More details are
provided in the deliverable section on wave extremes. For the Mediterranean, the ensemble
of models developed by Lionello et al, (2016) is used. This ensemble consists of 6
simulations run with the WAM model at 1/4º of spatial resolution and forced by the high
resolution wind fields from the MedCORDEX ensemble which in turn is nested into
CMIP5 global simulations. For the Atlantic islands the ensemble of global simulations
produced by Hemer et al. (2013) has been selected. It has been created forcing the
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WaveWatch III model at 1º of spatial resolution with the outputs from 8 CMIP5 global
simulations. The simulations are run for the period 1950-2100 thus covering the historical
period as well as the whole 21st century under scenarios RCP8.5 and RCP4.5.
Once the wave data (height and period) has been extracted for each region, it has been
classified depending on the direction of propagation (8 sectors). Also, for each island, the
coast orientation has been computed in 10km transects, so for each portion of the coastline
only the waves reaching perpendicular to the coast are considered for run-up estimation.
Then run-up is computed and the 99th percentile of the values is retained and added to
the projected mean sea level rise. This provides an estimate of the extreme elevation at
beach level. This has been repeated for the 11 types of beach profile (grain size).
Finally, an important aspect is that no simulations for scenario RCP2.6 are available, so we
have used a scaling approximation. Namely, the projected changes in sea level rise under
RCP2.6 are considered to be about half of the projected changes under RCP4.5, while
keeping the same spatial structure in each model. That is, the impact of the greenhouse gas
concentration is basically a change in the intensity of a spatial pattern, which is model
dependent. Therefore, in order to approximate the future evolution under the RCP2.6
scenario we have multiplied by 0.5 the changes modelled under RCP4.5.
Results
The 95th percentile of the flood level averaged for the different regions is summarized in
Table 1 for scenarios RCP2.6 and RCP8.5 and two time horizons. These values are
presented as anomalies with respect to the present mean sea level at beach location (i.e.
including the median contribution of runup). In all cases an increase is expected being
larger at the end of the century under scenario RCP8.5. The larger values are found for the
Atlantic islands, where slightly larger sea level rise is combined with the effect of much
larger wind waves. The values in that scenario ranges from 92.5 cm in Corsica and Cyprus
to 170 cm in the Azores. Under RCP2.6 scenario the values are less than half, suggesting
that a mitigation scenario could largely minimize the negative impact of climate change on
beach flooding.
Table 11: Projected extreme flood level (in the vertical, in cm) at beach locations with respect to
the present (1986-2005) mean sea level values averaged for the different islands and two time
horizons, the near future (2046-2065) and the far future (2080-2100) under scenarios RCP2.6 and
RCP8.5. These results have been computed for a typical grain size of 0.4 mm.

Island
Balearic
Canary
Crete
Madeira
Sardinia
West
Azores
Corsica
Cyprus

RCP2.6
2046-2065
43,61
48,60
34,79
61,34
32,31
45,11
67,55
30,09
27,63

RCP8.5
2046-2065
85,68
104,13
88,26
130,32
70,07
87,61
142,92
63,41
64,54
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RCP2.6
2081-2100
56,27
59,92
47,00
71,41
43,23
57,35
77,62
40,61
37,50

RCP8.5
2081-2100
119,94
137,80
116,54
162,91
98,90
131,37
169,88
92,48
92,47

Malta
Sicily

36,25
30,93

97,50
78,62

49,96
42,64

120,18
105,36

The flood elevation is not spatially uniform in each region, with portions of the coastline
more exposed to strong waves reaching much larger values (see Appendix). In any case it
is important to remind that those values correspond to high flood events (happening ~18
days per year) in beach locations. In other coastal areas with infrastructures or cliffs, the
contribution of the runup is much lower.
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2.2.4. Humidity Index – Humidex
Definition
For the assessment of climate hazard on heat related impacts of climate change on human
health, the humidity index (Humidex) (Masterton and Richardson, 1979) has been used.
Humidex value is an equivalent temperature, which express the temperature perceived by
people (the one that the human body would feel), given the actual air temperature and
relative humidity.
Description
The Humidex parameter (in °C) is calculated by the following equation:
Th   Tmax  5  e  10
9
where e is the water vapour pressure:
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e  6.112 10

T max


 7.5 

273.3 T max 


h

100

and Tmax is the maximum 2m air temperature (°C) and h is the relative humidity (%).
Furthermore, 6 classes of Humidex ranges have been established to inform the general
public for discomfort conditions (http://www.eurometeo.com/english/read/doc_heat):







<29°C comfortable
30–34°C some discomfort
35–39°C discomfort; avoid intense exertion
40–45°C great discomfort; avoid exertion
46–53°C significant danger; avoid any activity
>54°C imminent danger; heart stroke.

As a more representative indicator for the assessment of inhabitants’ and tourists’ hazard
on heat related climate change impacts, the Number of Days with Humidex greater
than 35°C was selected. From the above classification, a day with Humidex above 35°C
describes conditions from discomfort to imminent danger for humans.
Data
For the calculation of Humidex, daily climatic output from RCM/GCM pairs used to
perform different experiments have been employed.
Specifically, for the Mediterranean and Baltic islands (Baleares, Corse, Sardinia,
Sicily, Malta, Crete, Cyprus and Fehmarn) the EURO-CORDEX models at 0.11
horizontal resolution have been used. The future period simulations are based on the
Representative Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM
pairs are the following:
GCM/RCM pairs
ICHEC-EC-EARTH/SMHI-RCA4
MPI-M-MPI-ESM-LR/SMHI-RCA4
MOHC-HadGEM2-ES/SMHI-RCA4
ICHEC-EC-EARTH /KNMI-RAMCO22E
MOHC-HadGEM2-ES/KNMIRAMCO22E
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Experiments
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6

RCP8.5
Historical
RCP2.6
RCP8.5

CNRM-CERFACS-CNRM-CM5/KNMIRAMCO22E

For Canarias and Madeira, MENA-CORDEX models have been used at 0.44
horizontal resolution. The future period simulations are based on the Representative
Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM pairs are the
following:
GCM/RCM pairs
CNRM-CERFACS-CNRM-CM5/SMHIRCA4
NOAA-GFDL-GFDL-ESM2M /SMHIRCA4
NCAR-CESM1 /SMHI-RCA4

Experiments
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP2.6
RCP8.5

ICHEC-EC-EARTH /SMHI-RCA4

For the Azores, which are not included or are included marginally in the EURO and
MENA-CORDEX domains, the ESCENA Project model runs (Jiménez-Guerrero et al.
2013) were employed that have been produced under the AR4 IPCC scenarios with 25 km
spatial resolution. Here, SRES B1 and A1B scenarios are selected, considered to be closer
to RCP2.6 and RCP8.5, respectively. The historical period is 1981-2000 and the near future
period is 2031-2050. The selected RCM/GCM pairs are the following:
GCM/RCM pairs
ECHAM5 r2/PROMES
ARPEGE (version 3)/ PROMES
HadCM3-Q3 (low sensitivity)/ PROMES
HadCM3-Q16 (high sensitivity)/
PROMES

Experiments
Historical
SRES A1B
SRES B1
Historical
SRES A1B
SRES B1
Historical
SRES A1B
Historical
SRES A1B

Methodology
The index was calculated annually for all the above islands, models, scenarios and periods.
The calculation was performed for each one of the selected GCM/RCM pairs and their
ensemble mean and uncertainty (described by the pooled standard deviation) are then
provided for the reference period (1986-2005), as well as the two future periods of interest
(2046-2065 and 2081-2100) for the two selected RCPs for EURO and MENA –CORDEX
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simulations and for the reference period (1981-2000), as well as the selected future period
(2031-2050) for ESCENA simulations.
Then, the grid cells that represent a land fraction: l.f. > 15 % for the islands were retained
for the subsequent analysis.
Next, in order to provide information on sub-island level, the index was plotted as grid
cells over the islands providing an idea of the actual resolution of the information, while
tables with a summary for each island are given.
References
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2.2.5. Percentage of days when T > 98th percentile - T98p
Definition
For the assessment of climate hazard on temperature related impacts of climate change
on energy sector, the percentage of days when T > 98th percentile (T98p) has been used.
Description
The T98p is defined as the percentage of time where the mean daily temperature T is
above the 98th percentile of mean daily temperature calculated for the reference period
1986-2005
Data
For the calculation of T98p, daily climatic output from RCM/GCM pairs used to perform
different experiments have been employed.
Specifically, for the Mediterranean and Baltic islands (Baleares, Corse, Sardinia,
Sicily, Malta, Crete, Cyprus and Fehmarn) the EURO-CORDEX models at 0.11
horizontal resolution have been used. The future period simulations are based on the
Representative Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM
pairs are the following:
GCM/RCM pairs
ICHEC-EC-EARTH/SMHI-RCA4
MPI-M-MPI-ESM-LR/SMHI-RCA4
MOHC-HadGEM2-ES/SMHI-RCA4
ICHEC-EC-EARTH /KNMI-RAMCO22E
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Experiments
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical

RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5

MOHC-HadGEM2-ES/KNMIRAMCO22E
CNRM-CERFACS-CNRM-CM5/KNMIRAMCO22E

For Canarias and Madeira, MENA-CORDEX models have been used at 0.44
horizontal resolution. The future period simulations are based on the Representative
Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM pairs are the
following:
GCM/RCM pairs
CNRM-CERFACS-CNRM-CM5/SMHIRCA4
NOAA-GFDL-GFDL-ESM2M /SMHIRCA4
NCAR-CESM1 /SMHI-RCA4

Experiments
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP2.6
RCP8.5

ICHEC-EC-EARTH /SMHI-RCA4

For the Azores, which are not included or are included marginally in the EURO and
MENA-CORDEX domains, the ESCENA Project model runs (Jiménez-Guerrero et al.
2013) were employed that have been produced under the AR4 IPCC scenarios with 25 km
spatial resolution. Here, SRES B1 and A1B scenarios are selected, considered to be closer
to RCP2.6 and RCP8.5, respectively. The historical period is 1981-2000 and the near future
period is 2031-2050. The selected RCM/GCM pairs are the following:
GCM/RCM pairs
ECHAM5 r2/PROMES
ARPEGE (version 3)/ PROMES
HadCM3-Q3 (low sensitivity)/ PROMES
HadCM3-Q16 (high sensitivity)/
PROMES

Experiments
Historical
SRES A1B
SRES B1
Historical
SRES A1B
SRES B1
Historical
SRES A1B
Historical
SRES A1B
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Methodology
The index was calculated annually for all the above islands, models, scenarios and periods.
The calculation was performed for each one of the selected GCM/RCM pairs and their
ensemble mean and uncertainty (described by the pooled standard deviation) are then
provided for the two future periods of interest (2046-2065 and 2081-2100) for the two
selected RCPs for EURO and MENA –CORDEX simulations and for the selected future
period (2031-2050) for ESCENA simulations. It should be noted that the value of
indicator for the reference period is by default 2%, thus, maps for the reference periods
are not provided.
Then, the grid cells that represent a land fraction: l.f. > 15 % for the islands were retained
for the subsequent analysis.
Next, in order to provide information on sub-island level, the index was plotted as grid
cells over the islands providing an idea of the actual resolution of the information, while
tables with a summary for each island are given.
References
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2.2.6. Length of the window of opportunity for vector-borne diseases
Vector Suitability Index for Aedes Albopictus (Asian Tiger Mosquito)
Yiannis Proestos (CYI), Kamil Erguler (CYI), George Zittis (CYI)
Introduction, Methodology and Data
Climate change can influence the transmission of vector-borne diseases (VBDs) through
altering the habitat suitability of insect vectors. This is mainly controlled by increases of
ambient air temperature and changes in the hydrological cycle. In the framework of
SOCLIMPACT we explore if potential changes to meteorological conditions can affect
the distribution of the Asian tiger mosquito (Aedes albopictus). Asian tiger mosquito is native
to the tropical and subtropical areas of Southeast Asia; however, in the past few decades,
this species has spread to many countries through the international transport of goods and
increased travel (Scholte and Schaffner 2007). It is of great epidemiological importance
since it can transmit viral pathogens and infectious agents that cause chikungunya, dengue
fever, yellow fever and various encephalitides (Proestos et al. 2015). There is some
evidence supporting the role of Ae. albopictus in the transmission of Zika virus, which is
primarily transmitted by the related Ae. aegypti (Grard et al. 2014). Asian tiger mosquito is
now listed as one of the top 100 invasive species by the Invasive Species Specialist Group
(http://www.issg.org/).
According to the European Centre for Disease Prevention and Control (ECDC;
https://ecdc.europa.eu/), Ae. albopictus has been established in the following European
areas including several SOCLIMPACT islands: Albania, Bosnia & Herzegovina, Bulgaria,
Croatia, France (including Corsica), Georgia, Germany, Greece, Hungary, Italy (including
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Sardinia, Sicily, Lampedusa, and other islands), Malta, Monaco, Montenegro, Romania,
Russia, San Marino, Slovenia, Spain, Switzerland, Turkey and Vatican City.
Several studies have already investigated the effect of climate change on the future
distribution of Ae. albopictus in the future. The incorporation of climate change projections
suggests that over time most of Europe will become more suitable for Ae. albopictus
establishment (ECDC 2009; Caminade et al. 2012; Fischer et al. 2014; Proestos et al. 2015).
The presence of invasive vectors, such as the Asian tiger mosquito, is expected to
significantly affect several socio-economic sectors (incl. tourism and public health).
Therefore, for the needs of the SOCLIMPACT project we have investigated potential
changes to its suitability for eight European islands. These are Cyprus, Crete, Sicily,
Sardinia, Corsica, Balearic Islands, Malta and Fehmarn. The methodology applied is the
one described in Proestos et al. (2015).
The multi-criteria decision support vector distribution model of Proestos et al. (2015) has
been employed to estimate the regional habitat suitability maps. This is based on extending
previous work on the environmental/climatic factors affecting the life cycle of the Asian
tiger mosquito (Waldock et al. 2013; Proestos et al., 2015 and references therein). The
mosquito habitat suitability model combines seven meteorological indices based on field
observations, extensive literature review and expert knowledge. The model serves as a tool
to explore and identify the geographical areas that can potentially sustain the thriving of
the mosquito in recent and future periods taking into account climate change scenarios.
The seven empirical criteria obtained from regional climate model outputs to estimate the
environmental suitability for the Asian tiger mosquito are given below.
(a) The annual average precipitation is at least 200 mm.
(b) The annual average temperature is higher than 8.0°C.
(c) In January of the Northern Hemisphere (NH) (July of the Southern Hemisphere
(SH)) minimum temperature is above -4.0°C.
(d) The summer maximum temperature does not exceed 40.0°C.
(e) At least 60 days have measurable rainfall (greater than 1 mm).
(f) The summer RH is at least 30% and the winter RH is 50% or higher.
We follow a fuzzy-logic methodology based on sigmoidal membership functions. The
latter are continuous (smooth) functions that can be used to express the degree of
suitability of a certain meteorological variable around a threshold. After rescaling each of
the seven habitat variables using the sigmoidal functions, we define the Habitat Suitability
Index (HSI), which is a measure of the possible spatial (habitat) distribution of the Asian
tiger mosquito. A detailed description of the methodology can be found in Proestos et al.
(2015). HSI takes values from 0 to 100 with higher values indicating higher suitability. A
subjective but descriptive classification of the HSI values defined for this report is
presented in Table 11.
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Table 11. Interpretation of the Aedes Albopictus Habitat Suitability Index values.

Aedes Albopictus Habitat Suitability Index
High Suitability
80 - 100
60 - 80

Medium Suitability

40 - 60

Low Suitability

< 40

No Suitability

The meteorological parameters needed to define the suitability of the Asian tiger
mosquito were derived from state-of-the-art EURO-CORDEX (Jacob et al. 2014) regional
climate simulations. These data have a horizontal resolution of 12.5-km (0.11 degrees). A
detailed list of the simulations used is presented in Table 12.
Table 12. Description of EURO-CORDEX simulations used for the analysis.

1.
2.
3.
4.
5.
6.

Global Model
CNRM-CERFACS-CM5
ICHEC-EC-EARTH
IPSL-IPSL-CM5A-MR
MOHC-HadGEM2-ES
MPI-M-MPI-ESM-LR
NCC-NorESM1-M

Regional Model
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)

Historical RCP2.6 RCP8.5
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

In consistence with other indicators, the 1986-2005 20-year period was selected as
our baseline reference period. This allows us to investigate if future conditions are expected
to deviate from this recent past period. Besides the historical simulations we also
investigated a strong-mitigation and a business-as-usual future pathway (RCP2.6 and
RCP8.5 respectively) for two time slices of the 21st century. These sub-periods are
representative for mid-21st (2046-2065) and end-of-21st century (2081-2100).
In the present contribution we only assess the environmental conditions that affect
the spread of the specific species. Other factors that are critical for the establishment and
spread of Aedes albopictus (e.g. human population changes/movement and ways of vector
introduction) are not discussed in this report.
Results
A summary of results for the eight SOCLIMPACT islands is presented in Table 3. Detailed
maps for each island are provided in the Appendixes. At least for the Mediterranean
islands, there is a clean distinction between the two future pathways. On one hand, the
mild temperature increases combined with non-significant changes in the hydrological
cycle, that are projected by the RCP2.6 pathways (not shown), provide more favourable
conditions for the Asian tiger mosquito. On the other hand, the combination of reduced
precipitation, alteration in rainfall seasonality and strong increases of near-surface air
temperature projected under RCP8.5 have as a result the decrease of the Habitat Suitability
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Index over most islands and for both future time slices. Interestingly, this is one of the few
climate change impacts that, at least for the Mediterranean, the business-as-usual scenario
RCP8.5 is expected to have a positive influence. For the Baltic islands that lie in northern
latitudes climate change is expected to affect differently the habitat suitability of Aedes
Albopictus. Precipitation and relative humidity are expected to increase under future
conditions, while the temperature range in a future climate is expected to provide a more
optimum environment for the establishment and spread of the specific mosquito
populations.
Table 13. Habitat Suitability Index (HSI) values averaged over eight SOCLIMPACT islands and
for each sub-period of analysis. Red colours indicate increases while blue colors indicate
decreases in the future. [80-100: High Suitability; 60-80: Medium Suitability; 40-60: Low
Suitability; <40 No Suitability].
Historical
1986-2005
Cyprus (CY)
Crete (GR)
Sicily (IT)
Sardenia (IT)
Corsica (FR)
Balearic Isl. (ES)
Malta (MT)
Fehmarn (DE)

68.7
74.8
83.7
87.1
84.9
66.1
62.9
77.7

RCP2.6
RCP85
2046-2065 2081-2100 2046-2065 2081-2100
71
76.2
85.4
87.2
87.2
66.8
69.7
92.9

69.4
76.2
86.1
90.2
89.9
69.2
67.5
91.8

60.6
69.8
79.8
83.7
87.8
62.5
60.3
96.2

47.2
62.8
67.7
74.7
83.8
52.3
46.4
99.4

In particular, for the island of Cyprus located in the eastern Mediterranean, for the
historical period the simulated climate conditions indicate a medium suitability according
to our definition (HSI values of 68.7). This is expected to slightly increase in a future of
strong climate change mitigation (pathway RCP2.6). On the contrary under business-asusual RCP8.5 the suitability is expected to decrease. For a large part of the island (mainly
inland) the future climatic conditions will likely be unfavourable for the Asian tiger
mosquito, while high suitability is mostly simulated over the mountainous areas of Troodos
(Figure A1) where summer temperatures are not expected to exceed the 40°C threshold
(not shown).
For the Greek island of Crete, the environmental conditions are also favourable for the
establishment of Aedes Albopictus (Table 13). Future regional simulations under RCP2.6
suggest a small increase in the values of HSI. In agreement with the future trends for
Cyprus, pathway RCP8.5 implies a decrease in the habitat suitability. This is more evident
in the central inland regions and in the southwest parts of the island.
Sardinia and Sicily are found to have high habitat suitability index values for the simulations
of the present climate (Table 13). This is also verified by the fact that populations of Aedes
Albopictus have already been reported in these two islands. In agreement with the other two
islands, slight increases and decreases of the HSI values are projected for simulations under
RCP2.6 and RCP8.5 respectively. As in the other two cases, the decreases are mainly found
to be in the interior of the islands (Figures A3-A4) where the higher increases of
temperature are expected to occur in a warmer future.
Corsica is another example of suitable habitat for the Asian tiger mosquito (Table 13,
Figure A5). According to the European Centre of Disease Prevention and Control
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populations of the mosquito have already been reported. The ensemble means of EUROCORDEX simulations suggest slight increases of the suitability for both 21st century time
slices under scenario RCP2.6 and for the mid-century under scenario RCP8.5.
According to Table 13, the Balearic Islands in the western part of the
Mediterranean offer a slightly less favourable environment for Aedes Albopictus (HSI values
of 66.1). The most suitable regions are the island of Menorca and the northern parts of
Mallorca (Figure A6). Under future climatic conditions the islands will remain in the
medium suitability regime on average under the RCP2.6 pathway. On the contrary under
pathway RCP8.5 habitat suitability index values are projected to be in the low suitability
regime.
Malta is also a SOCLIMPACT case where presence of the Asian tiger mosquito has been
reported. In terms of climate projections for the future, Malta and Gonzo are a similar
example to the Balearic Islands (Table 13, Figure A6). Regional climate simulations suggest
a transition from medium to low habitat suitability under a strong emission scenario
(pathway RCP8.5). Milder changes and an average increase in the suitability is projected
for simulations forced under pathway RCP2.6.
Finally, the island of Fehmarn in the Baltic Sea is located in a totally different climatic
regime than the Mediterranean. According to our historical simulations the present climatic
conditions provide a medium-suitability environment for the establishment of Ae.
Albopictus (Table 3). However, this is expected to change for the future and is consistent
for both scenarios. Habitat Suitability Index values are projected to increase and exceed
values of 99/100 for the end of the 21st century and the RCP8.5 scenario. These values are
the highest among all SOCLIMPACT islands under investigation. It remains to see if the
specific invasive alien species will be introduced in this region. In such a scenario, we
predict that it will most likely establish itself in these islands.
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2.2.7.

Water from natural sources

Climatological mean fields of total precipitation and runoff have been computed for the
simulations listed in the table below, and then averaged over the ensemble. For total
precipitation only, the mean seasonal fields were also computed. The uncertainty of results
was estimated following Tebaldi et al., 2011 and evidenced in the figures provided in the
Appendixes.
In particular:
- for each run and each season, the Student's t-test (95% confidence level)
was applied to data covering the different twenty-year time slices for the future
scenarios (2045-2065 and 2081-2100) and the historical reference period (19862005), to test the significance of the changes detected in each of the pairwise
comparisons;
- at each grid point, the t-test outcome, either positive (significant change) or
negative (non-significant change), was determined upon agreement of 2 out of 3
(RCP2.6) or 3 out of 5 (RCP8.5) simulations;
- at each grid point, a negative outcome of the t-test indicates that, whatever its sign,
the projected change is comprised within the boundaries of natural variability,
which still represents a relevant information, shown in colour in the maps;
- at each grid point, a positive outcome was further tested for agreement in sign
across simulations:
a) areas where the sign of significant change is the same in all simulations, and
the information can therefore be considered to be fairly robust, are coloured
and stippled in the maps, while
b) areas where significance does not correspond to a univocal direction of change
are coloured and dashed, and should be disregarded as model responses yield
conflicting information.
In general, changes appear to be within natural variability and relatively small for RCP2.6,
while for the 8.5 scenario a significant decrease in precipitation is observed, especially in
the far future, except for the Baltic area, where an increase is expected. The same
considerations hold for total runoff, although the statistically significant areas are
somewhat smaller.
The limited size of the ensembles considered, especially for the RCP2.6 scenario, clearly
advocates caution in attributing full reliability to the results obtained, and calls for
additional efforts from the scientific community to further expand the climate databases
currently available and suitable for impact assessments.
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Table 14: Input data for additional ocean simulations and indicator computation

Input data for additional ocean simulations and indicator
computation
GLOBAL DRIVING MODEL

EXPERIMENT

historical

Regional
model:
SMHI
RCA4

CNRMCERFACSCNRMCM5

IPSLIPSLCM5AMR

MOHCHadGEM2-ES
N.B.
month=30days
year=360 days

ICHECECEARTH

MPI-MMPIESM-LR

1970-2005
3hr daily

1970-2005
3hr daily

1970-2005
3hr daily

1970-2005
3hr daily

1970-2005
3hr
daily

pr

pr

pr

pr

pr

mrro

2006-2100
3hr daily

RCP2.6 pr

mrro

2006-2100
3hr daily

RCP8.5 pr

mrro

mrro

2006-2100
3hr daily

pr

mrro

2006-2100
3hr
daily

mrro

2006-2100
3hr daily

mrro

mrro

2006-2099*
3hr
daily

pr

mrro

2006-2100
3hr daily

2006-2100
3hr daily

2006-2100
3hr daily

2006-2099*
3hr
daily

pr

pr

pr

pr

mrro

mrro

mrro

mrro

* 30 Nov 2099
3hr:
pr – total precipitation

daily:
mrro – total runoff
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2.3

Energy

2.3.1. Indicators of change in renewable energy productivity
Selection of indicators
A series of indicators (E1-E5) related to renewable energy productivity is presented. The
selected indicators are wind and photovoltaic (PV) energy productivity, as well as the
frequency and duration of low-productivity periods, termed energy droughts (Raynaud et
al., 2018), as a measure of the variability of these sources. The productivity and variability
of these renewable energy sources will depend on climate. The possibility of reduced
productivity due to climate change poses a risk to the energy generation, if it is based on
these renewable energy sources. Also, a possible increase in the frequency and duration of
solar and wind energy droughts will require an increase in storage and backup sources.
Among the different renewable energy sources, solar PV and wind energy have been
selected, as they are (and very likely will be) the main renewable energy sources, due to
their degree of technological development and their comparatively low cost. In order to
consider a marine energy source, we have included offshore wind energy, in addition to
onshore wind energy. We have done this by considering domains around the islands or
archipelagos with boundaries positioned at a distance of about 1 degree from the extremes
of the islands in all four directions, as offshore wind installations are frequently performed
at a distance of about 100 km or less from the coast. For consistency reasons, as there is a
combined PV-wind energy indicator, we have also calculated PV productivity for the same
domain, including the sea. There is a growing use of floating PV technology, but up to
now focused on water bodies on land, as the sea poses additional difficulties like the
presence of large waves. Nevertheless, offshore PV has advantages for islands with limited
space for the installation of solar panels, apart from the increased performance due to the
cooling effect of the water on PV cells. The installation of floating PV panels has been
already tested over sea-waters next to Malta (Grech et al., 2016). There is increasing interest
in offshore PV (Venables, 2019), and there are even commercial applications of this
technology (Swinsol, n.d.). Offshore PV has begun to be promoted by countries like China
in coastal waters (Wu et al., 2019), and projects are being launched even for high-wave
offshore PV panels (Tractebel, 2019). Therefore, the potential future relevance of offshore
PV makes it interesting to calculate also PV indicators over sea, particularly given the
importance of marine energy in SOCLIMPACT.
The renewable energy indicators are:
E1 - Photovoltaic productivity
E2 - Wind energy productivity
E3.1 - Frequency of wind energy droughts
E3.2 - Maximum duration of wind energy droughts
E4.1 - Frequency of solar PV droughts
E4.2 - Maximum duration of solar PV droughts
E5.1 - Frequency of combined PV and wind energy droughts
E5.2 - Maximum duration of combined PV and wind energy droughts
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These indicators are associated to the energy generation impact chains: “Decreased
renewable energy generation due to resource changes” and “Risk of renewable energy
generation shortages due to resource changes”. Apart from their use in the impact chains,
the information provided by these indicators may be also relevant for mitigation purposes,
which are also important in SOCLIMPACT. More specifically, it could be used for
Objective 4: “Facilitate climate-related policy decision making for Blue Growth, by ranking
and mapping the more appropriate and viable mitigation, adaptation and risk management
strategies, ...” and Objective 5: “..., and formulate science-based recommendations to
incentivise the EU islands medium to long-term low-carbon transition, ...”. Indicators E1
and E2 may provide useful information about the productivity of PV and wind energy and
its future change, whereas the other indicators may give useful insights about the variability
of these sources and the need of energy storage and backup.
All the results presented here for these indicators are new, and have been calculated
specifically for SOCLIMPACT.
Selection of simulations
Climate projection data have been obtained from EURO-CORDEX (Jacob et al., 2014)
for the Mediterranean islands, MENA-CORDEX for Madeira and Canary Islands, and
ESCENA (Jiménez-Guerrero et al., 2013) for Azores. While the number of simulations
available in MENA-CORDEX and ESCENA is not large, in EURO-CORDEX there is a
very large set of simulations, which makes it necessary to select a reduced set of
simulations, particularly for cases where the calculation of climate hazard indicators is
computationally costly. The uncertainty of climate change projections should cover as
much as possible by the selected simulations.
In downscaling simulations with RCMs, the uncertainty associated to the selection of the
driving GCM is generally larger than the uncertainty associated to other sources, like the
RCMs (Dequé et al., 2007). Therefore, the recommended set consists of simulations with
one RCM (SMHI-RCA4) nested in 4 different GCMs (HadGEM2-ES, CNRM-CM5,
IPSL-CM5A-MR, MPI-ESM-LR). The GCMs selection is based on the results from
McSweeney et al. (2015). The criteria used for selecting the reduced set have been:
- The GCMs should have a good performance in present climate conditions (from the 4
selected, 3 are in the best category (1 of 4 performance categories), and 1 in the second
category (2 of 4)).
- The GCMs should have output data available for lateral boundary conditions of RCMs
- The GCMs should have been used specifically for driving EURO-CORDEX RCMs, as
this is the main source of data for SOCLIMPACT.
- The spread of future temperature changes and precipitation change (aggregated over
Europe, by end of century) should be reasonably covered. These 4 GCMs encompass the
following changes, rounded to increments of 0.5ºC and 0.1 mm/day (figure 15 of
McSweeney et al., 2015; in brackets, the changes encompassed by all models, excluding the
bad performing ones and the ones without lateral boundary condition data):
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ANNUAL CHANGES: +3.5ºC to +6ºC (All: +2.5ºC to +6ºC), 0 mm/day to +0.2
mm/day (All: -0.1 mm/day to +0.2mm/day)
SEASONAL CHANGES:
DJF: +3.5ºC to +5ºC (All: +2.5ºC to +7ºC), +0.2 mm/day to +0.4 mm/day (All: -0.1
mm/day to +0.5 mm/day)
MAM: +3ºC to +4.5ºC (All: +2.5ºC to +6ºC), 0.0 mm/day to +0.1 mm/day (All: -0.2
mm/day to +0.1 mm/day)
JJA: +4ºC to +7ºC (All: +3ºC to +7.5ºC), -0.4 mm/day to +0.2 mm/day (All: -0.4 mm/day
to +0.2 mm/day)
SON: +4ºC to +6ºC (All: +2 to +6ºC), 0.0 mm/day to 0.2 mm/day (All: -0.1 mm/day to
0.2 mm/day)
The overall spread is therefore rather well covered. The part of the spread corresponding
to less precipitation and smaller temperature increases is the worst represented part, if we
take the 4 recommended GCMs. There is an additional GCM, inmcm4, which would
improve much this part, but it has not been used for driving EURO-CORDEX RCMs.
This recommended reduced set is suggested particularly for cases where the calculation of
climate hazard indicators is computationally costly.
Change in photovoltaic (PV) productivity
The present indicator will show future changes in photovoltaic (PV) productivity.
Productivity [kWh/kW] is defined as the energy produced in a period of time divided by
the power capacity installed.
In order to obtain photovoltaic productivity, surface solar radiation (SSR) and ambient
temperature from the climate simulations are used as input variables for a parametric PV
model.
The PV modelling process can be summarized in two steps: first, incident solar radiation
that reaches solar cells inside the panels is obtained through the decomposition of global
solar irradiation and the transposition to the plane-of-array (POA). After that, the electrical
performance of the system is modelled. Surface solar irradiation from climate models is
equivalent to Global Horizontal plane Irradiation (GHI).
Daily mean of surface solar radiation, SSR, from climate models is decomposed first into
the diffuse and direct beam components. The decomposition is made through a regression
between the clearness index, which represents the relationship between global irradiation
at the horizontal plane and the extra-terrestrial irradiation (Liu & Jordan, 1960), and the
diffuse fraction (relationships between the diffuse component and GHI) as in CollaresPereira (1979).
A daily profile of the irradiance [W/m^2] is obtained which allows to get the different
components in the plane of the array. Direct irradiance in the tilted plane is obtained
straightforwardly from geometrical criteria.
The diffuse component is obtained using the Hay and McKay model (1985). The effective
irradiation is then obtained from the consideration of optical losses due to the incident
angle and dust accumulation (Martin, 2001). Only a moderate dust accumulation degree is
considered.
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Once the components at the POA are obtained, the electrical performance of the
photovoltaic system is simulated. The system includes characteristics of a general PV
module and inverter, the arrangement of the generator and some efficiency losses.
Characteristics of the general PV system are the same than the ones described in Perpiñán,
2009 and Gutiérrez et. al, 2017.
Yearly productivity of PV energy is then calculated as the average of the annual sums of
daily PV productivity (PVprod), within the considered period (e.g. 1986-2005). In Section
3 the results show the ensemble mean (see Table 1 for simulations considered) of PVprod.
Uncertainties are calculated by considering the number of simulations from the ensemble
that simulate an increase of the PVprod, respectively, in the scenarios studied.
Definitions

Change in wind energy productivity

The present indicator will show potential changes in wind energy productivity (Wprod).
Here, productivity [kWh/kW] is defined as the energy produced in a period of time divided
by the power installed, which is considered as unitary. We first derive the wind speed at
surface (10 m) from 6-hourly U10 and V10 wind components. We calculate W10 as:

Then, we calculate W10 at the turbine hub height [H = 100 m for wind energy over land;
H = 150 m over the sea]. From Tobin et al. (2015):

Once we calculate WH at the turbine hub height, we later calculate wind potential
(Wpot) as in Jerez et al. (2015). However, in order to do that, WH must be regarded as
the average of the wind speed at 6-hours intervals (Wav):

Being VI = 3 m/s (cut-in wind velocity); VR = 12 m/s (rated velocity); VO = 23 m/s
(cut-out velocity) and V = Wav.
Finally, wind productivity (Wprod) is calculated from the wind potential produced by the
6-hr averaged wind multiplied by the number of hours (6 hours). For daily Wprod, we
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sum all the four Wpot (one for each 6-hr interval) of the day. Yearly mean productivity
of Wprod is then calculated as the average of the annual sums of daily Wprod within the
considered period (e.g. 1986-2005). In Section 3 we show ensemble mean (see Table 1
for simulations considered) of Wprod. Uncertainties are tackled by considering the
number of simulations from the ensemble that simulate an increase of the Wprod,
respectively, in the scenarios studied.

Renewable energy productivity droughts (indicators E3.1 to E5.2)

In the context of the SOCLIMPACT H2020 project, photovoltaic and wind energy
productivity droughts are computed as an indicator of productivity steadiness in European
islands.
Renewable energy droughts can be regarded as low-productivity periods during which the
daily productivity takes values below a low-productivity treshold. To systematically detect
energy droughts, a Deficiency Index (DI) is computed following Raynaud et al. (2018).
This is defined as follows:
DI(i,j) =1 if P(i,j) ⩽ Po(i,j)
DI(i,j) = 0 if P(i,j) > Po(i,j)
Where P is the daily productivity [kWh/kW] and Po the corresponding low-productivity
threshold. As in Raynaud et al. (2018), thresholds are computed as a percentage of the
mean daily productivity for the examined time period. Two different thresholds are
calculated to determine moderate and severe energy productivity droughts, respectively.
The moderate energy drought productivity threshold is defined as 0.5 times the mean daily
productivity estimated over the entire period of study. The severe energy productivity
threshold is set to 0.2 times the average daily productivity instead. According to the above
expression, energy productivity droughts occur when the DI is equal to 1. A potential
advantage of the energy productivity drought definition from Raynaud et al. (2018) is that,
as indicated by the authors, the DI does not depend on time or the electricity demand.
Thresholds to determine productivity energy droughts in the scenarios are computed
taking the present-day mean daily productivity of the studied region.
Additionally, we also compute combined photovoltaic and wind productivity droughts. In
this case, droughts are calculated following the methodology explained above. However,
daily productivity is assumed to be the combination of half of the daily photovoltaic
productivity, as well as half of the daily wind productivity following this expression:
Prod = PVprod*0.5 + Wprod*0.5
In which Prod is the total daily productivity, PVprod the photovoltaic daily productivity
and Wprod the daily wind productivity. As stated above, productivity is given in
[kWh/kW].
In this analysis we compute the proportion (percentage) of drought days that occur within
the considered 20-year period (frequency measure), as well as the maximum number of
consecutive energy drought days (cedd; duration measure) in the examined period.
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Uncertainties are considered by determining the number of simulations from the ensemble
that simulate an increase of the percentage of productivity drought days and cedd,
respectively, in the scenarios studied. In all figures presented in Section 3 dealing with
droughts, results for both moderate and severe droughts are depicted.
Simulations used
The results shown here are calculated for each group of islands from the following
simulations:
Table 15. Simulations considered for each group of islands. RCM indicates Regional Climate
Model and GCM indicates Global Climate Model. MPI=MPI-M-MPI-ESM-LR ; IPSL=IPSLIPSL-CM5A-MR; CNRM=CNRM-CERFACS-CNRM-CM5 ; MOHC=MOHC-HadGEM2-ES ;
GFDL=NOAA-GFDL-GFDL-ESM2M ; ICHEC=ICHEC-EC-EARTH.
Database ->

Euro-CORDEX

Mena-CORDEX

ESCENA

SMHI

SMHI

PROMES

RCM ->
GCM ->

MPI

IPSL

CNRM

MOHC

CNRM

GFDL

ICHEC

AZO (3.1.3)
BALEI (3.2.3)

X

X

X

X

BALTI (3.3.3)*

X

X

X

X

CAI (3.4.3)
COR (3.5.3)

X

X

X

X

CRE (3.6.3)

X

X

X

X

CYP (3.7.3)

X

X

X

X

MAD (3.8.3)
ML (3.9.3)

X

X

X

X

SAR (3.10.3)

X

X

X

X

SIC (3.11.3)

X

X

X

X

X

X

X

X

X

X

ARPEGE

ECHAM

HDQ03

HDQ16

X

X

X

X

*Indicators E1, E4.1, E4.2, E5.1 and E5.2 are not available for this region.

There are different periods analysed in this report. The control period (CTRL) goes from
1986 to 2005 for the Euro-CORDEX and Mena-CORDEX groups of simulations, and
from 1981 to 2000 for the ESCENA simulations. With respect to the scenarios analysed
here, there are two different periods: one that goes from 2046 to 2065 and the other that
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corresponds to the end of the XXIst century, from 2081 to 2100 both for Euro-CORDEX
and Mena-CORDEX simulations. In the case of ESCENA simulations, the scenario
period goes from 2031 to 2050, as that project did not extend beyond 2050.
The scenarios used depend on the experiment: the ESCENA group of simulations, uses
the A1B and B1 scenarios, whereas for the Euro-CORDEX and Mena-CORDEX the
‘representative concentration pathways’, RCPs, 2.6 and 8.5 are considered here. Note that
for RCP2.6 scenario only MPI and MOHC are available in Euro-Cordex, and ICHEC in
Mena-Cordex. For B1 scenario, only ARPEGE and ECHAM are available in ESCENA.
All the figures show ensemble means using the simulations indicated in the table.
Results
Yearly photovoltaic productivity shows generally small changes over the islands (with
respect to the yearly productivity of the control period), with some increases mostly over
the mountainous areas of the islands, while coastal areas show mostly decreases. Larger
changes are found for RCP 8.5, but even for this emissions scenario they remain below
5% over land, pointing towards a stable energy resource.
With respect to the wind energy productivity, a general decrease can be found in the
RCP8.5 scenario for most Mediterranean islands, while in the RCP2.6 scenario changes
are smaller and there are even slight increases. In contrast, a clear increase is found in the
Canary Islands and certain regions of Crete, in the RCP8.5 scenario at the end of the XXI
century. Another noteworthy feature is the stronger decrease found in Baltic Islands in the
RCP2.6 scenario, which does not occur in RCP8.5, as opposed to the general behaviour
of the rest of the regions. The largest changes exceed 10% of the productivity in the control
period.
It is remarkable to note that wind energy productivity droughts are generally much more
frequent than photovoltaic productivity droughts (note the different colour-bars in Figures
E3.1_A and E4.1_A). Also, the duration of wind energy drought episodes (measured by
the maximum consecutive energy drought days) is greater than that of photovoltaic
droughts. This highlights the steadiness of photovoltaic production in the analysed islands.
Projected changes in the % of days of drought are generally not larger than 5%. In the
studied scenarios, changes in the duration of droughts are often smaller than 15 days.
Interestingly, we do not find an homogeneous response of droughts in the different
scenarios and time periods. For instance, in line with what is found for wind energy
productivity, in the Canary Islands we observe a pronounced decrease in the occurrence
of wind energy droughts in the RCP8.5 scenario, especially in the second half of the XXI
century. Results indicate also that in general, offshore wind energy is less variable than
onshore wind energy, as wind energy droughts over the sea are less frequent and last less
than over land.
Inter-comparability of indicators across hazards and islands: normalization and
use in selected Impact Chains
The impact chains selected for operationalization in the energy sector are “Increased
energy demand due to increased cooling demand” and “Increased energy demand due to
increased desalination/pumping needs”.
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The climate hazard indicators are respectively “Cooling Degree Days” and “Standardised
Precipitation-Evapotranspiration Index (SPEI)”.
For the normalization of these indicators to a 0-1 scale, SMT-Energy considered the minmax approach, whereby minimum and maximum values of the indicator are determined
and values in-between are mapped to a 0-1 scale following a linear interpolation. It was
not clear that this was the best method for these indicators, and the issue of how positive
outcomes (e.g. future improvements of these indicators) should be handled was raised.
Marc Zebisch, author of the “The Vulnerability Sourcebook”, recommended the use of
absolute thresholds for assigning the normalised “0” value as an optimal value, beyond
which no improvement is necessary or possible, and the normalised “1” value as a critical
value (personal communication). The effort should be put in obtaining the absolute
thresholds, based on literature, and also if adequate in dividing the indicator values in
categories, avoiding the use of a simple linear interpolation. The absolute threshold
approach seems indeed well adapted for the Cooling Degree Days and SPEI indicators, as
there are some clear physical thresholds for them. The use of this method will also facilitate
the inter-comparison of these indicators across islands. Regarding the full risk calculation,
Marc Zebisch also recommended to calculate independently the present and the future
risk, and to compare both afterwards, instead of considering the risk of a change of a
hazard. Also, the final risk score is not the only important information; the way different
indicators affect the overall risk provides valuable information for adaptation, as this
highlights which factors affect the risk more.
2.3.2. Extreme wind NWiX98p
See Section 2.1.3
2.3.3. Extreme temperature
See Section 2.2.5
2.3.4. Cooling Degree Days
Definition
Cooling degree days (CDD) are used to give an indication of the effect of outside air
temperature on building energy consumption during a specified period of time. The
Cooling degree days (CDD) index gives the number of degrees and number of days
that the outside air temperature at a specific location is higher than a specified base
temperature, providing provides the severity of the heat in a specific time period taking
into consideration outdoor temperature and average room.
Description
The calculation of CDD relies on the base temperature, defined as the highest daily mean
air temperature not leading to indoor cooling. The value of the base temperature depends
in principle on several factors associated with the building and the surrounding
environment. Different base temperatures have been tested in order to select the value
that can adequately represent all the islands of the current analysis. The base temperature
is set Tbase = 21C.
Then the index is calculated as follows:
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If Tm ≥ 24°C Then [CDD = ∑iTim - 21°C)] Else [CDD = 0] where Tim is the mean air temperature of
day i.

Data
For the calculation of CDD, daily climatic output of air temperature from RCM/GCM
pairs of different model runs have been employed.
Specifically, for the Mediterranean and Baltic islands (Baleares, Corse, Sardinia,
Sicily, Malta, Crete, Cyprus and Fehmarn) the EURO-CORDEX models at 0.11
horizontal resolution have been used. The future period simulations of the models is based
on the Representative Concentration Pathways (RCPs) 2.6 and 8.5. The selected
RCM/GCM pairs are the following:
GCM/RCM pairs
ICHEC-EC-EARTH/SMHI-RCA4
MPI-M-MPI-ESM-LR/SMHI-RCA4
MOHC-HadGEM2-ES/SMHI-RCA4
ICHEC-EC-EARTH /KNMI-RAMCO22E
MOHC-HadGEM2-ES/KNMIRAMCO22E
CNRM-CERFACS-CNRM-CM5/KNMIRAMCO22E

Experiments
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5
Historical
RCP2.6
RCP8.5

For Canarias and Madeira, MENA-CORDEX models have been used at 0.44
horizontal resolution. The future period simulations are based on the Representative
Concentration Pathways (RCPs) 2.6 and 8.5. The selected RCM/GCM pairs are the
following:
GCM/RCM pairs
CNRM-CERFACS-CNRM-CM5/SMHIRCA4
NOAA-GFDL-GFDL-ESM2M /SMHIRCA4
NCAR-CESM1 /SMHI-RCA4

Experiments
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP8.5
Historical
RCP2.6
RCP8.5

ICHEC-EC-EARTH /SMHI-RCA4
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For the Azores, which are not included or are included marginally in the EURO and
MENA-CORDEX domains, the ESCENA Project model runs (Jiménez-Guerrero et al.
2013) were employed that have been produced under the AR4 IPCC scenarios with 25 km
spatial resolution. Here, SRES B1 and A1B scenarios are selected, considered to be closer
to RCP2.6 and RCP8.5, respectively. The historical period is 1981-2000 and the near future
period is 2031-2050. The selected RCM/GCM pairs are the following:
GCM/RCM pairs
ECHAM5 r2/PROMES
ARPEGE (version 3)/ PROMES
HadCM3-Q3 (low sensitivity)/ PROMES
HadCM3-Q16 (high sensitivity)/
PROMES

Experiments
Historical
SRES A1B
SRES B1
Historical
SRES A1B
SRES B1
Historical
SRES A1B
Historical
SRES A1B

Methodology
The index was calculated annually for all the above islands, models, scenarios and periods.
The calculation was performed for each one of the selected GCM/RCM pairs and their
ensemble mean and uncertainty (described by the pooled standard deviation) are then
provided for the reference period (1986-2005), as well as the two future periods of interest
(2046-2065 and 2081-2100) for the two selected RCPs for EURO and MENA –CORDEX
simulations and for the reference period (1981-2000), as well as the selected future period
(2031-2050) for ESCENA simulations.
Then, the grid cells that represent a land fraction: l.f. > 15 % for the islands were retained
for the subsequent analysis.
Next, in order to provide information on sub-island level, the index was plotted as grid
cells over the islands providing an idea of the actual resolution of the information, while
tables with a summary for each island are given.
References
Jiménez-Guerrero, P., Montávez, J. P., Domínguez, M., Romera, R., Fita, L., Fernández,
J., ... & Gaertner, M. A. (2013). Mean fields and interannual variability in RCM
simulations over Spain: the ESCENA project. Climate Research, 57(3), 201-220
2.3.5. Available water: Total Precipitation, Total Runoff and Standardized
Precipitation Index
Total precipitation
See Section 2.2.7
Total runoff
See Section 2.2.7
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Standardized Precipitation-Evapotranspiration Index
Introduction, Methodology and Data
In the framework of the SOCLIMPACT project, the Standardized PrecipitationEvapotranspiration Index - SPEI (Beguería et al. 2014; Touma et al. 2015) is used as an
indicator of water availability to be mainly used in the operationalization of the Energy
Sector Impact Chains. In particular, this hazard index can serve as a representative
indicator for increases in water demand for islands’ residents, tourists and agriculture, while
it also provides an indication on the available water stored in dams or underground
resources. In a drier future, which is the likely case for most SOCLIMPACT islands, this
will lead in additional increases in desalination and water pumping needs, a scenario which
will substantially increase the cost for adaptation is a warmer and drier future.
The complex nature of droughts makes them one of the most difficult climate hazards to
perceive (Wilhite, 2000; Spinoni et al., 2018). Most studies related to drought analysis and
monitoring systems use either a) the Palmer Drought Severity Index (Palmer, 1965), based
on a soil water balance equation, or b) the Standardized Precipitation Index (SPI; McKee
et al., 1993), based on a precipitation probabilistic approach. Most precipitation-based
drought indices, including the SPI, rely on two assumptions: i) the variability of
precipitation is much higher than that of other variables, such as temperature and potential
evapotranspiration (PET), and ii) the other variables are stationary (i.e. they have no
temporal trend). Therefore, under climate change conditions, the consideration of the
effect of temperature by calculating the SPEI index, instead of other available indicators,
was found more appropriate for the SOCLIMPACT case studies.
SPEI is a standardized indicator that fits the input variables with a statistical distribution
over a baseline and classifies the drought conditions with a simple scheme related to
standard deviations from the median (Spinoni et al., 2018). In order to compute the
standardized indicators, we fitted the log-logistic probability distributions over the baseline
period. A detailed description of the calculation of SPEI can be found in Vicente-Serrano
et al. (2010), while a simple interpretation of the SPEI values is presented in Table 1. The
calculation of potential evapotranspiration, required for the calculation of the index, is
based on the Thornthwaite method (Thornthwaite 1948).
Table 15. Interpretation of the Standardized Precipitation Evaporation Index values.
Standardised Precipitation Evaporation Index (SPEI)
>=2
Extreme Wet
1.5 to 2
Moderate Wet
1 to 1.5
Wet
-1 to 1
Normal
-1 to -1.5
Dry
-1.5 to -2
Moderate Dry
<= -2
Extreme Dry

Following Spinoni et al. (2018), we calculate SPEI at 12-month accumulation scale, a good
compromise between short timescales suitable for seasonal events and long timescales

46

suitable for multi-annual cycles. State-of-the-art EURO-CORDEX (Jacob et al. 2014)
monthly climatic data (precipitation, maximum and minimum temperature) in a horizontal
resolution of 12-km (0.11 degrees) were used for the calculation of SPEI over the islands
that are resolved in the European simulation domain defined by EURO-CORDEX
(https://euro-cordex.net/). For the Canary Islands and Madeira MENA-CORDEX
simulations of a horizontal resolution of 50-km were analysed (http://menacordex.cyi.ac.cy/). A detailed list of the simulations used is presented in Tables 2 and 3.
The baseline reference period was set as the 1986-2005 20-year period. This allows us to
investigate if future conditions are expected to deviate from this recent past period which
is considered as the “normal”. Besides the historical simulations we also investigated a
strong-mitigation and a business-as-usual future pathway (RCP2.6 and RCP8.5
respectively) for the whole extent of the 21st century. When maps and averages are
presented for future climatic conditions we consider two sub-periods for analysis,
representative for mid-21st (2046-2065) and end-of-21st century (2081-2100).
Table 16. Description of EURO-CORDEX simulations used for the analysis.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Global Model
CNRM-CERFACS-CM5
ICHEC-EC-EARTH
ICHEC-EC-EARTH
ICHEC-EC-EARTH
ICHEC-EC-EARTH
MOHC-HadGEM2-ES
MOHC-HadGEM2-ES
MPI-M-MPI-ESM-LR
MPI-M-MPI-ESM-LR
NCC-NorESM1-M

Regional Model
Historical
KNMI-RACMO22E (v2)
×
CLMcom-CCLM4-8-17 (v1)
×
DMI-HIRHAM5 (v2)
×
KNMI-RACMO22E (v2)
×
SMHI-RCA4 (v1)
×
KNMI-RACMO22E (v2)
×
SMHI-RCA4 (v1)
×
SMHI-RCA4 (v1)
×
MPI-CSC-REMO2009 (v1)
×
SMHI-RCA4 (v1)
×

RCP2.6
×
×
×
×
×
×
×
×
×
×

RCP8.5
×
×
×
×
×
×
×
×
×
×

Table 17. Description of MENA-CORDEX simulations used for the analysis.

1.
2.
3.
4.

Global Model
CNRM-CERFACS-CM5
ICHEC-EC-EARTH
NOAA-GFDL-GFDL-ESM2M
NCAR-CESM1

Regional Model
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
SMHI-RCA4 (v1)
CYI-WRF351 (v1)

Historical
×
×
×
×

RCP2.6
×

RCP8.5
×
×
×
×

The analysis was performed for ten SOCLIMPACT islands. These can be clustered
in three geographical regions: Mediterranean islands (Cyprus, Crete, Sicily, Sardinia,
Corsica, Malta and Balearic Islands), Baltic Islands (Fehmarn) and Macaronesia Islands
(Canary Islands and Madeira). Results are indicatively presented as time-series for the
models that coincide with the median value of the EURO-CORDEX ensemble for the
Mediterranean and Baltic islands, while for the Atlantic islands (Canaries and Madeira) only
the MENA-CORDEX runs that include both RCPs under investigation are presented in
this form. Spatial maps are also presented for each island, scenario and future sub-period.
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These maps are based on the ensemble mean of the climate simulations presented in Tables
16 and 17.
Results
A summary of results for all SOCLIMPACT islands is presented in Table 4, while timeseries and maps for each island are provided in the dedicated appendixes. Table 4 also
provides the range between the model ensemble in order to provide an estimation of the
model uncertainty and the robustness of results. SPEI values can get values much
higher/lower than the range provided in Table 1. However, in order to avoid the effect of
this very high/low on averaging across the islands SPEI values threshold of -2.5 and 2.5
were set.
As expected from the definition of SPEI for our historical reference period normal
conditions are simulated for all islands. On average, simulations under pathway RCP2.6
indicate small changes in the SPEI values and for most islands near-normal conditions are
expected throughout the 21st century as a result of the smaller changes in the precipitation
regimes, combined with mild increases in near-surface temperature. An exception is the
Canary Islands, where drier conditions are projected even under RCP2.6. On the contrary,
under the high-emission RCP8.5 pathway all European Islands are expected to face much
drier conditions. The signal becomes stronger towards the end of the 21st century. The
only exception is the Baltic Sea island of Fehmarn where normal conditions are expected
even under the business-as-usual scenario. All socio-economic sectors addressed by
SOCLIMPACT are expected to be greatly affected if the high-end scenario becomes a
reality. A more detailed discussion of the results for each island is provided in the
following paragraphs.
For Cyprus (Figures A1 and A2) only some regions of the north-east of the island are
expected to be affected under RCP2.6 and exceed the “dry” conditions threshold. This is
more evident for some of the simulations as the drier one indicates SPEI values of -1.6 on
average for the island. On the other hand, under the business-as-usual RCP8.5 forcing,
parts of the island are expected to experience extreme dry conditions that will be evident
even from the mid-21st century. The robustness of this outcome is quite high as the range
between the simulations indicates. Climate projections for Crete, the second eastern
Mediterranean island are very similar to Cyprus (Figures A3 and A4). Mild changes are
projected under RCP2.6, while under the business-as-usual scenario the whole island is
expected to be severely affected by meteorological droughts. The level of robustness for
RCP8.5 and the 2081-2100 time slice is found to be high.
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Table 18. Ensemble mean, maximum and minimum values of the Standardized Precipitation
Evaporation Index (SPEI) averaged over each SOCLIMPACT island and for each sub-period of
analysis.
Historical
1986-2005
Cyprus (CY)
Crete (GR)
Sicily (IT)
Sardenia (IT)
Corsica (FR)
Balearic Isl. (ES)
Malta (MT)
Fehmarn (DE)
Canary Isl. (ES)
Madeira (PT)

RCP2.6
2046-2065

RCP85
2081-2100

2046-2065

2081-2100

MEAN

MIN

MAX

MEAN

MIN

MAX

MEAN

MIN

MAX

MEAN

MIN

MAX

MEAN

MIN

MAX

0
0
0
0
0
0
0
0
0
0

-0.1
0
0
0
0
0
-0.1
-0.1
-0.2
-0.1

0.1
0
0.1
0.1
0.1
0.1
0.1
0
0.1
0

-0.8
-0.8
-0.6
-0.4
-0.3
-0.8
-0.8
-0.5
-1.4
-0.8

-1.6
-1.8
-1.2
-0.8
-0.6
-1.6
-1.8
-1.3
-1.4
-0.8

0
0
-0.1
-0.1
-0.1
-0.2
-0.1
0.4
-1.4
-0.8

-0.8
-0.8
-0.6
-0.2
-0.1
-0.6
-0.9
-0.3
-1.5
-0.7

-1.3
-1.4
-0.9
-0.4
-0.4
-1
-1.6
-0.6
-1.5
-0.7

-0.4
-0.4
-0.3
0
0.3
-0.3
-0.5
0.1
-1.5
-0.7

-1.9
-1.7
-1.4
-1.2
-1
-1.5
-1.7
-0.7
-2.1
-1.5

-2.2
-2
-1.6
-1.5
-1.3
-1.8
-2
-0.9
-2.4
-1.8

-1.7
-1.4
-1.1
-1
-0.9
-1.2
-1.5
-0.4
-1.5
-1.2

-2.4
-2.4
-2.3
-2.1
-2
-2.3
-2.4
-0.9
-2.4
-2.4

-2.5
-2.5
-2.4
-2.4
-2.2
-2.5
-2.5
-1.7
-2.5
-2.5

-2.3
-2.3
-2.2
-1.7
-1.4
-2.2
-2
-0.1
-2.1
-2.2

In the central Mediterranean, Sicily and Sardinia are also projected to experience extreme
dry conditions by the end of the century if pathway RCP8.5 becomes a reality (Figures A5A8). This is suggested by almost all EURO-CORDEX simulations. For mid-21st century
these two islands are characterized by milder SPEI values, however they are still in the dry
and moderate dry zone. In agreement with the eastern Mediterranean, negative SPEI
values but near-normal conditions will likely prevail in an RCP2.6 future world.
Corsica, by being located more northward latitudes than the previously discussed islands,
is expected to be less affected in terms of changes in SPEI values (Figures A9-A10).
Moderate dry conditions are expected only under pathway RCP8.5 and only towards the
end of the century. Extreme dry values are only simulated for very limited coastal regions
on the north and south parts of the island. For RCP2.6 simulations the CORDEX regional
models suggest near-normal conditions.
The Balearic Islands, located in the western part of the Mediterranean Basin, are expected
to be severely impacted and a transition towards moderate dry and extreme dry conditions
is projected for mid- and end-21st century respectively under RCP8.5 (Figures A11-A12).
This is strongly supported by the limited model spread presented in Table 4. On the
contrary, RCP2.6 regional simulations suggest negative but near-normal SPEI values.
In EURO-CORDEX 12-km simulations Malta and Gonzo are represented by a very small
number of grid points (Figures A13-A14). Nevertheless, climate projections corroborate
similar results with the rest of the Mediterranean islands. There are strong indications
towards moderate and extreme drier conditions under RCP8.5 and negative but nearnormal SPEI values under RCP2.6.
Fehmarn island, located in the Baltic Sea, is the only case where the regional simulations
suggest no significant changes in the occurrence of multi-annual droughts (Figure A15A16). The precipitation increases projected for northern Europe are likely counterbalanced
by the increase of temperature. Therefore, no significant SPEI changes are expected for
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this region. On the contrary, positive peaks of the SPEI values indicated for the future and
as seen by the time-series of Figure A15 could act as an indication of extreme wet seasons
or years that can trigger different type of natural disasters such as floods.
The Canary Islands are also located in a geographical zone that is expected to be greatly
affected by climate change. Although there are much less available simulations for
Macaronesia, it is the only case of the investigated SOCLIMPACT islands where a clear
transition to drier conditions is evident even under the optimistic pathway (Figures A17A18). In particular, Gran Canaria, Fuerteventura and parts of Tenerife are projected to
experience moderate to extreme dry conditions under RCP2.6. For all islands, the extreme
dry thresholds are also expected to be exceeded by the middle of the current century under
RCP8.5.
Finally, Madeira is another island that is not adequately represented by the currently
available climate simulations. Nevertheless, the ensemble mean of MENA-CORDEX
simulations indicates a strong transition towards extreme dry conditions for the end of the
21st century under scenario RCP8.5 (Figures A19 and A20). For scenario RCP2.6 only one
simulation that covers Macaronesia was available. This indicates the prevalence of negative
SPEI values for the future, however, these are within the “normal” regime thresholds.
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2.4

Aquaculture

2.4.1

Fish Species Thermal Stress Indicator

Methodology
The objective of the current analysis is to identify and quantify the variations (future
climate scenarios with respect to present climate) in the number and in the duration of
events characterized by a Sea Surface Temperature (SST) exceeding a given threshold.
The SST thresholds have been identified according to the farming and feeding necessities
of several marine species, particularly relevant for the aquaculture sector in the
Mediterranean Sea (MS).
Table 19 summarizes the recommendations considered in this analysis.
Table 19: Sea Surface Temperatures thresholds adopted

Species
European seabass, Dicentrarchus labrax
Gilthead seabream, Sparus aurata
Amberjack, Seriola dumerili

Threshold (°C)
25
24
23

Atlantic Bluefin tuna, Thunnus thynnus
Japanese clam, Ruditapes decussatus
Blue mussel, Mytilus edulis
Manila clam, Ruditapes philippinarum
Mediterranean mussel,Mytilus galloprovincialis

23
21
21
20
20

At the time being, the most adequate climate projections, among those available for the
MS, in terms of spatial (1/10°) and temporal (daily) resolution, as well as of scenarios
(historical, RCP26, RCP85) have been performed with a single model, the CNRM-RCSM4,
and have been made available through the MED-CORDEX database.
The CNRM-RCSM4 (Sevault et al., 2014) is a fully coupled regional climate system model
implemented over the Mediterranean region without any constraint at the interfaces
between the different components of the system. It is based on the ARPEGE-ALADIN
atmosphere model, the ISBA land-surface model, the OPA-NEMO ocean model and the
TRIP river model.
The horizontal resolution is 1/10°, which is adequate to represent features at the scale of
the Mediterranean Islands that are of interest for the current project. More details about
the model settings are available in the cited reference.
Historical and scenario (RCP26/RCP85) simulations performed with CNRM-RCSM4
have been archived on the MED-Cordex database, thus allowing to quantify expected
variations with respect to present time, although it has not been possible to perform an
ensemble statistic due to the lack of comparable simulations.
The periods considered for the analysis and the inter-comparison of present and future
climate are summarized in Table 20:
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Table 20: Climate change simulations and periods considered for the analysis

CNRM- RCSM4

Historical
1980 - 2000

RCP26
2040 – 2060

RCP85
2040 - 2060

For each of the simulations on the period given in table 2, and for each of the thresholds
given in table 1 the number and the duration of events have been computed, identified as
the number of consecutive days characterized by a SST value above the chosen threshold.
Results
Over the selected period, the mean number of events per year and the mean duration of
events have been computed.
Below we show sample figures for thresholds 20°C (figure 2) and 25°C (Figure 3), and for
the entire Mediterranean of a) the mean number of events per year, b) the mean duration
of the events and c) the duration of the longest event, over the near future (2040-2060)
time window. Distinct zooms over the islands of interest (Balearic Islands, Sardinia and
Corsica, Sicily and Malta, Crete and Cyprus) are included in the Appendixes.
Some general conclusions can be driven:






for the lowest values of the SST threshold (up to 23 °C), there are large portions
of the Mediterranean, especially in the Eastern basin, that are characterized by a
low (order 1 or 2) number of events per year but with a high persistency (over six
months) and slight or no variations in the future with respect to the present climate,
thus supporting the hypothesis that in these regions prolonged heat-waves are
already a robust seasonal characteristic;
for the events in which SST exceeds 20 °C, most of the variations are located in
the Adriatic Sea and in the Northern part of the Gulf of Lion and the Tyrrhenian
Sea; the mean number of events decreases in the scenario runs while the mean and
max duration increases, thus suggesting that in these regions we can expect only
one longer period of SST > 20°C, as it is expected as a result of a general warming;
the mean and max duration of events are highest in the most severe picture of
scenario RCP85;
the same general considerations hold for intermediate temperature thresholds, e.g.
21-23 °C, while more interesting changes can be observed for SST> 25°C. In
future scenarios with respect to the historical one, there is an increase of the
extension of the zone corresponding to one event per year with a corresponding
increase in the mean duration of the event in the Levantine basin. In all the other
regions of the Mediterranean Sea the mean number of events per year increases as
well as the mean and max duration of the events, suggesting an enhanced interannual variability during the decades considered, with more events and more
intense with respect to present time.
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Figure 2 – Top panels: mean number of events per year exceeding threshold 20°C, reference
period (left) and RCP 2.6 near future (right); center panels: mean duration of events, reference
period (left) and RCP 2.6 near future (right); bottom panels: duration of the longest event over
the considered time window, reference period (left) and RCP 2.6 near future (right).
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Figure 3 – Top panels: mean number of events per year exceeding threshold 20°C, reference
period (left) and RCP 8.5 near future (right); center panels: mean duration of events, reference
period (left) and RCP 8.5 near future (right); bottom panels: duration of the longest event over
the considered time window, reference period (left) and RCP 8.5 near future (right).
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Figure 4 – Top panels: mean number of events per year exceeding threshold 25°C, reference period (left) and RCP
2.6 near future (right); center panels: mean duration of events, reference period (left) and RCP 2.6 near future (right);
bottom panels: duration of the longest event over the considered time window, reference period (left) and RCP 2.6
near future (right).
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Figure 5 – Top panels: mean number of events per year exceeding threshold 25°C, reference period (left) and RCP
8.5 near future (right); center panels: mean duration of events, reference period (left) and RCP 8.5 near future (right);
bottom panels: duration of the longest event over the considered time window, reference period (left) and RCP 8.5
near future (right).
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The comparison of results from the RCP2.6 and RCP8.5 simulations for different periods
- historical, near future (2040-2060) and far future (2080-2100) - and for the lowest (20°C)
and the highest (25°C) temperature thresholds, prompts the following additional
considerations:

-

-


-

RCP85 scenario
20°C threshold: regions (e.g. the Gulf of Lion, the Aegean Sea and the Adriatic
Sea) characterized by high variability in present climate conditions (i.e. high
number of events above the threshold but with short duration) progressively
reduce their spatial extension reaching a minimum in the far future. Such shrinking
corresponds to a local increase in the mean duration of isolated events up to 200%
of the original value, so that the reduction in the number of events is compensated
by their enhanced persistence. In the Eastern basin, such behaviour appears to be
reversed, as a lower number of more persistent events rather characterizes present
climate, while future scenarios exhibit a higher frequency of events of lower
duration. In the far future, the overall effect is an homogenization in the
persistence and frequency characteristics of events all over the Mediterranean
basin, with a migration of the area characterized by highest persistence from the
Levantine Sea to the Ionian Sea.
25°C threshold: for the higher threshold, we find that the Gulf of Lion, the
Adriatic Sea and the Aegean Sea, which are less affected by heat-waves in present
climate, will experience an increase in both the frequency and duration of events,
with a corresponding enhancement in the eastern basin that will cause the duration
of heat-waves to stretch over the whole hot season rather than be limited to
isolated occasional events.
RCP26 scenario
20°C threshold: in general, no significant changes can be observed, with the
exception a slight increase in the number of events in the western basin, also
accompanied by higher persistence.
25°C threshold: the near future is characterized by a general increase in the
number and intensity of events all over the Mediterranean. However, such
behaviour is reversed in subsequent years, and in the far future less frequent and
less persistent heat-waves are observed with respect to the midterm projection,
albeit more frequent than under present climate.

A similar analysis has been recently conducted by Darmaraki et al. (2019), who used a set
of different simulations at 1/8° resolution available from the Med-CORDEX Phase 1
archive. They adopted a model-dependent statistical definition for the heat-wave threshold
(99th percentile of each model annual SST distribution, then averaged over 30 years), so as
to construct individual 2D threshold maps that allow for model bias. The minimum
persistence (5 days) of above-threshold SST giving rise to an heat-wave was defined
according to literature dealing with mass mortality of sea-grasses and small organisms, and
the possibility of occasional fluctuations around the threshold was considered. Despite
these differences, our results generally appear to be in qualitative agreement with their
conclusions.
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2.4.2

Annual Mean Significant Wave Height (AMSH)

Annual Mean Significant Wave Height was selected as a relevant indicator of the average
stress aquaculture infrastructures are subject to. For the Mediterranean islands, AMSH was
computed as the ensemble mean of four climate simulations, performed with the WAM
model, at 0.25° resolution, and driven by four different atmospheric models (CNRM,
CMCC, LMD and GUF), for present climate, RCP4.5 and RCP8.5. The Ensemble
Standard Deviation (ESTD) was also computed as an estimate of uncertainty. The forcing
atmospheric wind fields are available through the MED-CORDEX database (50 km
resolution). For the Atlantic islands, AMSH was computed using the dedicated highresolution (1/20°) historical and RCP8.5 experiments presented in D4.2 (driven by the
Hadley Centre global model). For the Atlantic as a whole, no major changes in wave height
mean values are observed, but a northward shift of the zonal belt where the meridional
gradient of the field is strongest (see also section 2.4.3). For the Mediterranean basin, both
the overall patterns and mean values do not present remarkable variations.
2.4.3

Extreme Wave Return Time

The Gumbel distribution of extreme values (Gumbel, 1958) was used to analyse daily wave
fields from historical, RCP4.5 and RCP8.5 simulations carried out with the WAM at 0.25°
resolution, driven by four different regional atmospheric models (CNRM, CMCC, LMD
and GUF). For the Atlantic island (Macaronesia and the West Indies), the analysis was
applied to the high resolution experiments (1/20° - driven by the Hadley global model)
specifically designed for SOCLIMPACT and presented in D4.2 (historical and RCP8.5).
Return times for a threshold of 7 m significant wave height (hs) were computed, this
significant height having been identified by stakeholders as the critical limit for severe
damages to assets at sea, for both the near (2046-2065) and the far (2080-2100) time
horizons. Return times can be related to the payback times of investments, and help assess
potential economic losses and economic sustainability.
For the moment, the robustness of results can only be appreciated for the Mediterranean
islands, by comparing the relative changes in return times across models, while additional
realizations of sample projections are currently being produced via Monte Carlo methods
for a more quantitative reliability assessment.
Due to the limited size of the statistical sample, present results need to be carefully handled,
keeping in mind that they rely on the assumption of statistical stability over the selected
time window, and that extrapolation of return times longer than twice this time interval is
not realistic. Longer times are shown in pictures only to better depict the overall pattern
of the spatial distribution of return times, which are in fact reliable only up to 20 years for
the Atlantic islands and up to 40 years for the Mediterranean islands.
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Atlantic islands
The Atlantic islands under observation in SOCLIMPACT deserve special treatment, due
to their being located in an area that is particularly sensitive to climate-change induced
changes in the global circulation.
A uniform increase in return times is observed, as the meridional gradient in extreme event
frequency experiences a northward shift and is confined within a thinner zonal belt, a
behaviour presumably associated with the responses of the ITCZ and of the Hadley cell
to climate change.
As a matter of fact, current CMIP5 models simulate a narrowing and weakening of the
ITCZ circulation in a warming climate, but no robust change in location, with changes in
the ITCZ width and strength that are strongly anti-correlated across models as a result of
the different constraints on the atmospheric vertical mass transport (Byrne et al., 2018).
On the other hand, an overall widening of the Hadley circulation is projected under global
warming (Lu et al., 2007, Seidel et al., 2008).
In the far future and under the RCP8.5 scenario, the Canaries and the West Indies appear
to be less exposed to the extreme events potentially harmful to aquaculture infrastructures.
The hazard for Azores remains virtually unchanged, while only Madeira appears to be
significantly affected, in the hazard reduction direction, by being located in the middle of
the shifting and thinning gradient belt. In particular, a significant decrease might be
possibly inferred in the disruptive south-easterly events (also confirmed in the higher
resolution nested experiments shown in the island-specific appendix), which, although less
frequent than their dominating north-westerly counterparts, are reported by local
stakeholders to be more destructive.
The evident limitation of such conclusions is their being based on a single driving model
experiment, which is clearly insufficient to investigate the natural variability of the position
and intensity of the observed meridional gradient. A second experiment driven by a
different GCM has just been completed, which, albeit useful, is not expected to be
conclusive: a far larger size of the numerical ensemble would in fact be needed, whose
realization is impaired by the general lack of spectral wave boundary conditions to
complement the forcing wind fields. In addition to this “technical” gap, however, it has to
be firmly stressed that the uncertainties in the responses of the equatorial and tropical belts
to climate change are substantial, and our fundamental understanding of the dynamics still
insufficient (Byrne et al., 2018). State-of-the-art General Circulation Models have not yet
implemented a thoroughly satisfactory representation of the relevant processes, capable of
effectively reducing such uncertainties.
Nevertheless, new possible balances and constraints for the complex “ITCZ-Hadley Cell”
system are currently emerging, that could help the targeted improvement of CMIP6
models (Eyring et al., 2016).
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a)

b)

Figure 6 – Return times (hs > 7 m) for a) the reference period and b)
RCP8.5, far future (2080-2100)
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3 Conclusions
This report constitutes a compilation of the results obtained within the SOCLIMPACT
Project at the time of its delivery, and as such does not aim yet to provide a comprehensive,
organic and systematic treatment of climate-change induced hazards in the selected island.
The hazard indicators presented in the appendixes rather provide a first sectorial picture
of the expected consequences of global warming in each specific island, and can be of use
to raise the awareness of local stakeholders and of the general public.
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators

APPENDIX 1: Azores
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A1. 2

A1.1 Maritime transport
Mean Sea level Rise

Figure A1.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

A1. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following tables, the NWIX98 and WIX98 values of the ensemble mean and
the ensemble range are presented for both the MENA-CORDEX and the ESCENA
simulations.
It is found that for both analyses, the NWIX98 decreases for the mid-of-century
period. In both analyses the decrease is marginally smaller for the low emission
scenarios (B1 and RCP2.6) compared to the high emission scenarios (A1B and
RCP8.5). Based on the MENA-CORDEX simulations the NWIX98 decreases by
24.1% at the end of the century and remains nearly stable for RCP2.6.
NWIX98-MENA-CORDEX
Azores
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WIX98-MENA-CORDEX
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14.6
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RCP8.5 mid-cent
RCP8.5 end-cent
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NWIX98-ESCENA
Azores
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WIX98-ESCENA
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Wave extremes

Figure A1.1.2 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A1. 5

A1.2 Tourism
Beach flooding

Figure A1.2.1

A1. 6

Humidity Index – Humidex
In the following table, two sets of ensembles are presented from the different runs
available for each scenario, in order to have inter-comparable results, i.e.
ECHAM5_r2/PROMES and ARPEGE/PROMES have been used for both A1B and B1
ensembles, while all 4 GCM/RCM pairs have been used for an A1B ensemble. Only
two land grid points were available, corresponding to Sao Miguel and Terceira
islands.
Sao
Terceira
Miguel
reference – 2 models

mean
s.d.

16.4

16.1

4.0

4.0

A1B – 2 models

mean
s.d.

36.6
6.0

34.5
5.9

B1 – 2 models

mean
s.d.

28.7

25.6

5.4

5.1

reference –4
models

mean
s.d.

21.9

20.7

4.7

4.6

A1B – 4 models

mean
s.d.

46.7

43.1

6.8

6.6
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Figure A1.2.2 – Humidex A

A1. 8

Figure A1.2.3 – Humidex B

A1. 9

Percentage of days when T > 98th percentile - T98p
In the following table, two sets of ensembles are presented due to the different runs
available for each scenario, in order to have inter-comparable results; i.e.
ECHAM5_r2/PROMES and ARPEGE/PROMES have been used for both A1B and B1
ensembles, while all 4 GCM/RCM pairs have been used for an A1B ensemble. The
two land grid points correspond to Sao Miguel and Terceira islands.

A1B – 2 models
B1 – 2 models
A1B – 4 models

Sao Miguel

Terceira

mean
s.d.
mean
s.d.

6.3

6.5

1.3

1.3

4.3
1.1

4.4
1.1

mean
s.d.

7.7

7.8

1.5

1.5
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Figure A1.2.4 – T98p
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A1.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A1.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1981-2000). Panel B: Changes in yearly mean photovoltaic productivity in the A1B scenario
for the 2031-2050 period with respect to the control. Panel C: As for panel B, but for the B1 scenario.

A1. 12

Figure A1.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the A1B scenario for the 2031-2050 period
with respect to the control period. Panel B: As for panel A, but for the B1 scenario.

A1. 13

Figure A1.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control time period (19812000). Panel B: Changes in yearly mean wind energy productivity in the B1 scenario for the 2031-2050 period with respect
to the control. Panel C: As for panel B, but for the A1B scenario.

Figure A1.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A: Number of simulations that project an increase in
the B1 scenario for the 2031-2050 period with respect to the control. Panel B: As for panel A, but for the A1B scenario.

A1. 14

Figure A1.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control
time period (1981 – 2000). Panels C – D: Changes in the percentage of drought days in the B1 scenario
for period 2031 – 2050 with respect to the control. Panels E – F: As for panels C – D, but for the A1B
scenario. Positive values in C – F indicate an increase in the percentage of drought days in the
corresponding scenarios. Moderate (mod.) droughts are presented in the left column and severe (sev.)
droughts in the right column.

A1. 15

Figure A1.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – B: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the B1
scenario relative to the control simulation (1981 – 2000). Panels C – D: As for panels A – B, but for the
A1B scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.
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Figure A1.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of wind energy productivity for the control time period (1981 – 2000). Panels C – D: Changes in the
maximum number of consecutive drought days in the B1 scenario for period 2031 – 2050 relative to
the control. Panels E – F: As for panels C – D, but for the A1B scenario. Positive values in C – F
indicate an increase in the number of consecutive drought days in the corresponding scenarios.
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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Figure A1.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – B: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the B1 scenario relative to the control simulation (1981 – 2000). Panels
C – D: As for panels A – B, but for the A1B scenario. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column.

A1. 18

Figure A1.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1981 – 2000). Panels C – D: Changes in the percentage of drought days in the
B1 scenario for period 2031 – 2050 with respect to the control. Panels E – F: As for panels C – D, but
for the A1B scenario. Positive values in C – F indicate an increase in the percentage of drought days in
the corresponding scenarios. Moderate (mod.) droughts are presented in the left column and severe
(sev.) droughts in the right column.

A1. 19

Figure A1.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – B: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the B1
scenario relative to the control simulation (1981 – 2000). Panels C – D: As for panels A – B, but for the
A1B scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A1. 20

Figure A1.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity for the control time period (1981 – 2000). Panels C – D: Changes in
the maximum number of consecutive drought days in the B1 scenario for period 2031 – 2050 relative
to the control. Panels E – F: As for panels C – D, but for the A1B scenario. Positive values in C – F
indicate an increase in the number of consecutive drought days in the corresponding scenarios.
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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Figure A1.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – B: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the B1 scenario relative to the control simulation (1981 – 2000).
Panels C – D: As for panels A – B, but for the A1B scenario. Moderate (mod.) droughts are depicted in
the left column and severe (sev.) droughts in the right column.

A1. 22

Figure A1.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1981 – 2000). Panels C – D: Changes in the
percentage of drought days in the B1 scenario for period 2031 – 2050 with respect to the control.
Panels E – F: As for panels C – D, but for the A1B scenario. Positive values in C – F indicate an
increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts
are presented in the left column and severe (sev.) droughts in the right column.

A1. 23

Figure A1.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – B: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the B1 scenario relative to the control simulation (1981 – 2000). Panels C – D:
As for panels A – B, but for the A1B scenario. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column.

A1. 24

Figure A1.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity for the control time period (1981 – 2000).
Panels C – D: Changes in the maximum number of consecutive drought days in the B1 scenario for
period 2031 – 2050 relative to the control. Panels E – F: As for panels C – D, but for the A1B scenario.
Positive values in C – F indicate an increase in the number of consecutive drought days in the
corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.)
droughts in the right column.

A1. 25

Figure A1.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – B: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity in the B1 scenario relative to the control
simulation (1981 – 2000). Panels C – D: As for panels A – B, but for the A1B scenario. Moderate
(mod.) droughts are depicted in the left column and severe (sev.) droughts in the right column.
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Cooling Degree Days (CDD)
In the following table, two sets of ensembles are presented due to the different
runs available for each scenario, in order to have inter-comparable results; i.e.
ECHAM5_r2/PROMES and ARPEGE/PROMES have been used for both A1B and
B1 ensembles, while all 4 GCM/RCM pairs have been used for an A1B ensemble.
The two land grid points correspond to Sao Miguel and Terceira islands.
It is found that for both analyses (for 2 and 4 models, respectively), the CDD
values triple according to the A1B scenario, while are more than double for the
B1.
Sao Miguel
reference – 2 models
B1 – 2 models
A1B – 2 models
reference –4 models
A1B – 4 models

Terceira

mean
s.d.
mean
s.d.

16.6

15.6

4.1

3.9

37.4
6.1

33.3
5.8

mean
s.d.

53.1

52.1

7.3

7.2

mean
s.d.

30.1

26.3

5.5

5.1

mean
s.d.

94.5

87.2

9.7

9.3
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Figure A1.3.17 – CDD A
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Figure A1.3.18 – CDD B
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A1.4 Aquaculture
Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

Figure A1.4.1 – Mean Significant Wave Height: Present Climate

•

RCP8.5 – Near future

Figure A1.4.2 – RCP8.5 Mean Significant Wave Height: Near Future
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•

RCP8.5 – Far future

Figure A1.4.3 – RCP8.5 Mean Significant Wave Height: Far Future
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Extreme Wave Return Time
•

Reference period

Figure A1.4.4 –Return Time (yr): Present climate

A1. 32

•

RCP8.5 – Near future

Figure A1.4.5 – RCP8.5 Return time (yr): Near Future

•

RCP8.5 – Far future

Figure A1.4.6 – RCP8.5 Return time (yr): Far Future
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A2. 2

A2.1 Maritime transport
Mean Sea level Rise

Figure A2.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A2.1.2 – Coastal flooding - RCP2.6 and RCP8.5
Top panels: 99th percentile of storm-induced sea level distribution for the reference period and
relative change for the near future; Bottom panels: relative change change for the far future.

A2. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Balearic Islands

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent
RCP2.6 end-cent

6.5

6.6

6.8

-9.1

6.0

6.8

7.6

RCP4.5 mid-cent

5,2

6,3

7,3

-6.5
-14.0

RCP4.5 end-cent

5,9

6,1

6,4

-16.0

RCP8.5 mid-cent
RCP8.5 end-cent

5,6

6,5

7,0

-11.0

4,6

5,4

5,8

-27.0

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

WIX98
Balearic Islands

reference

13.4

RCP2.6 mid-cent
RCP2.6 end-cent

13,0

13,0

13,1

-2.9

13,0

13,1

13,1

RCP4.5 mid-cent

13,0

13,3

13,7

-2.5
-0.9

RCP4.5 end-cent

12,9

13,2

13,4

-1.3

RCP8.5 mid-cent
RCP8.5 end-cent

13,0

13,3

13,6

-1.0

12,7

13,0

13,3

-3.1

A2. 4

Wave extremes

Figure A2.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A2. 5

A2.2 Tourism
Seagrass evolution

Figure A2.2.1

A2. 6

Figure A2.2.2

A2. 7

Figure A2.2.3

A2. 8

Fire Weather Index (FWI)
For the archipelago of Baleares, N=49 grid cells were retained from the models
domain. In the following table the ensemble mean and the uncertainty is
presented for all periods and RPCs.
It seems that under RCP2.6, the index slightly increases at the middle of the
century, while it returns to present levels towards the end of the century. On the
other hand, under RCP8.5 there is an increased fire danger that exceeds 30% at
the end of the century.
In any case, the fire danger for Baleares is among the lowest of the
Mediterranean islands and only the central areas of Mallorca reach medium fire
danger by the end of the century (see respective maps).
Baleares (N=49)
reference
mean
0.237
s.d.
0.059
s.e.
0.005
RCP2.6 near

mean
s.d.
s.e.
mean
s.d.
s.e.

0.245
0.061
0.005
0.233
0.061
0.005

RCP 8.5 near

mean
s.d.
s.e.

0.264
0.066
0.005

RCP8.5 distant

mean
s.d.
s.e.

0.313
0.073
0.006

RCP2.6 distant

A2. 9

Figure A2.2.4 – FWI - RCP2.6
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A2. 10

Figure A2.2.5 – FWI – RCP 8.5
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A2. 11

Beach flooding

Figure A2.2.6

A2. 12

Humidity Index – Humidex
For the archipelago of Baleares, N=49 grid cells were retained from the models
domain. In the following table the ensemble mean and the uncertainty is presented
for all periods and RPCs.
It is found that the number of days above discomfort threshold with be double
under RCP8.5 by the end of the century.
Baleares (N=49)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.
mean
s.d.

52.9

mean
s.d.

66.1

mean
s.d.

69.9

mean
s.d.

114.7
10.7

7.3
67.7
8.2
8.1
8.4

A2. 13

Figure A2.2.7 – Humidex

A2. 14

Percentage of days when T > 98th percentile - T98p
For the archipelago of Baleares, N=49 grid cells were retained from the models
domain. In the following table the ensemble mean and the uncertainty is
presented for all periods and RCPs.
It is found that T98p is about 7% during RCP2.6 towards mid-century and
slightly decreases at the end of the century, while for RCP8.5 almost one quarter
of the year will exhibit temperatures above the 98th percentile. The coastal grid
cells seem to be more impacted by the temperatures increase compared to the
inland grid cells.
Baleares (N=49)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.

7.0
1.4

mean
s.d.

6.6

mean
s.d.

7.6

1.3
1.4
23.3
2.5

Figure A2.2.8 – T98p
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Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A2.2.9 – HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the
Balearic Islands for the historical period (left panel), mid-21st century (centre panels) and end of
21st century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels)
future pathways.
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Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B2

B3

B4

Figure A2.2.10 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean

A2. 17

•

RCP2.6 – Near future
A

B1

B2

B3

B4

Figure A2.2.11 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A2. 18

•

RCP2.6 – Far future

A

B1

B3

B2

B4

Figure A2.2.12 – RCP2.6, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A2. 19

•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A2.2.13 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A2. 20

•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A2.2.14 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A2. 21

Total runoff
• Reference period 1986-2005

Figure A2.2.15 – Mean Total Runoff 1986-2005

•
A

RCP2.6 - Near and far future
B

Figure A2.2.16 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A2. 22

•
A

RCP8.5 – Near and far future
B

Figure A2.2.17 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A2. 23

A2.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A2.3.1 – E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time period (1986-2005).
Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the 2046-2065 period with respect to
the control. Panel C: As for panel B but for the RCP8.5 scenario. Panel D: Changes in yearly mean photovoltaic productivity
in the RCP2.6 scenario for the 2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5
scenario.

A2. 24

Figure A2.3.2 – E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A2. 25

E2 - Wind energy productivity

Figure A2.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.

A2. 26

Figure A2.3.4 – E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.

A2. 27

E3.1 - Frequency of wind energy droughts

Figure A2.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A2. 28

Figure A2.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of simulations that project an
increase in the percentage (%) of wind energy drought days in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column

A2. 29

E3.2 - Maximum duration of wind energy droughts

Figure A2.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A2. 30

Figure A2.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E4.1 - Frequency of solar PV droughts

Figure A2.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in the control time
period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 –
2065 and 2081 – 2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive
values in C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.)
droughts are presented in the left column and severe (sev.) droughts in the right column.

A2. 32

Figure A2.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D,
but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.
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E4.2 - Maximum duration of solar PV droughts

Figure A2.3.11_E4.2_A. Panels A and B: Maximum number of consecutive energy drought days (cedd) of photovoltaic
(PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A2. 34

Figure A2.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of simulations that
project an increase in the maximum number of consecutive energy drought days (cedd) of photovoltaic (PV)
productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A –
D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.
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E5.1 - Frequency of combined PV and wind energy droughts

Figure A2.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and wind energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for
periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5
scenario. Positive values in C – J indicate an increase in the percentage of drought days in the corresponding scenarios.
Moderate (mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.
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Figure A2.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of simulations that project an
increase in the percentage (%) of combined photovoltaic (PV) and wind energy drought days in the RCP2.6 scenario relative
to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A2.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in the
maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to
the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in
the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column.
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Figure A2.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of simulations that
project an increase in the maximum number of consecutive energy drought days (cedd) of combined photovoltaic
(PV) and wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.
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Extreme wind
See A2.1
Extreme temperature
See A2.2
Cooling Degree Days (CDD)
For the archipelago of Baleares, N=49 grid cells were retained from the models
domain. In the following table the ensemble mean and the uncertainty is
presented for all periods and RPCs.
Baleares (N=49)
reference

mean
s.d.

194.2

RCP2.6 near

mean
s.d.

296.5
17.2

RCP2.6 distant

mean
s.d.
mean
s.d.

288.9

mean
s.d.

711.5
26.7

RCP 8.5 near
RCP8.5 distant

13.9

17.0
315.9
17.8
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Figure A2.3.17 – CDD
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Available water
For precipitation and runoff, see A2.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A2.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the Balearic Islands for
the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.

A2. 42

Figure A2.3.19 – SPEI-B Maps of the SPEI-12 index for the Balearic Islands for the historical period
(left panel), mid-21st century (centre panels) and end of 21st century (right panels) for RCP2.6 and
RCP8.5 future pathways.
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A2.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A2.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
A2. 44

•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A2.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure A2.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A2.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A2.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure A2.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A2.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A2.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A2.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C

A2. 52

•

Threshold= 24 °C, reference period (Gilthead seabream, Sparus aurata)

a)

b)

Figure A2.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C

A2. 53

•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A2.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A2.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C

A2. 55

•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A2.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C

A2. 56

•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A2.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C

A2. 57

•

Threshold= 25 °C, RCP8.5

Figure A2.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

A

B

Figure A2.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A2. 59

•

RCP4.5 – Near future

A

B

Figure A2.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A2. 60

•

RCP4.5 – Far future

A

B

Figure A2.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

RCP8.5 – Near future

A

B

Figure A2.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A2. 62

•

RCP8.5 – Far future

A

B

Figure A2.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A2.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A2.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A2.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A2.4.24 –RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A2.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators

APPENDIX 3: Baltic Islands - Fehmarn (DE)
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A3. 2

A3.1 Maritime transport
Mean Sea level Rise

Figure A3.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

A3. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98) - Fehmarn (DE)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Fehmarn

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent
RCP2.6 end-cent

6,6

6,8

7,0

-6.6

5,8

6,1

6,3

RCP4.5 mid-cent

7,1

8,5

9,3

-16.8
16.3

RCP4.5 end-cent
RCP8.5 mid-cent

7,5

8,7

9,5

19.8

7,1

7,8

8,8

7.3

RCP8.5 end-cent

7,8

9,5

11,6

30.6

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change [%]

WIX98
Fehmarn
reference

13.4

RCP2.6 mid-cent

13,5

13,7

13,8

1.7

RCP2.6 end-cent
RCP4.5 mid-cent

13,3

13,5

13,6

13,3

13,5

14,0

0.4
0.6

RCP4.5 end-cent

13,2

13,5

13,7

0.9

RCP8.5 mid-cent
RCP8.5 end-cent

13,1

13,4

13,8

-0.1

13,2

13,7

14,0

2.2

A3. 4

A3.2 Tourism
Humidity Index – Humidex - Fehmarn (DE)
For Fehmarn, N=2 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
It is found that for the present climate and the near future, the days with discomfort
are very scarce, but a small number of discomfort days will be present under the
RCP8.5 at the end of the century.
Fehmarn (N=2)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.
mean
s.d.

1.1

mean
s.d.

2.1

mean
s.d.
mean
s.d.

2.3

1.1
2.1
1.2
1.4
1.5
8.5
2.9

A3. 5

Figure A3.2.1 – Humidex

A3. 6

Percentage of days when T > 98th percentile - T98p - Fehmarn (DE)
For Fehmarn, N=2 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RCPs.
It is found that T98p is about 5% during RCP2.6 towards mid-century and slightly
decreases at the end of the century, while for RCP8.5 almost 18% of the year will
exhibit temperatures above the 98th percentile.
Fehmarn (N=2)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.

4.7

mean
s.d.
mean
s.d.

5.0

0.9
1.2
5.7
1.2
17.8
2.2

Figure A3.2.2 – T98p

A3. 7

Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito) Fehmarn (DE)

Figure A3.2.3 - HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Fehmarn for the historical period (left panel), mid-21st century (centre panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.

A3. 8

Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B2

B3

B4

Figure A3.2.4 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean

A3. 9

•

RCP2.6 – Near future
A

B1

B2

B3

B4

Figure A3.2.5 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A3. 10

•

RCP2.6 – Far future
A

B1

B2

B3

B4

Figure A3.2.6 – RCP2.6, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A3. 11

•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A3.2.7 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A3. 12

•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A3.2.8 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A3. 13

Total runoff
• Reference period 1986-2005

Figure A3.2.9 – Mean Total Runoff 1986-2005

•

RCP2.6 – Near future and far future
A

B

Figure A3.2.10 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A3. 14

•
A

RCP8.5 – Near future and far future
B

Figure A3.2.11 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A3. 15

A3.3 Energy
Indicators of change in renewable energy productivity

Figure A3.3.1 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control time period (19862005). Panels B - C: Changes in yearly mean wind energy productivity in the RCP2.6 scenario for periods 2046 - 2065 and
2081 - 2100 with respect to the control. Panels D - E: As for panels B - C, but for the RCP8.5 scenario

A3. 16

Figure A3.3.2 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario

A3. 17

Figure A3.3.3 E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A3. 18

Figure A3.3.4 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.

A3. 19

Figure A3.3.5 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A3. 20

Figure A3.3.6 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column

A3. 21

Extreme wind
See A3.1
Extreme temperature
See A3.2
Cooling Degree Days (CDD)
For Fehmarn, N=2 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
It is found that for the present climate, the CDD values are almost negligible while
towards the end of the century this number would be 15 times greater, meaning
that even though in the present climate there is no need for cooling in this island,
these need will emerge in the future.
Fehmarn (N=2)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

2.2

mean
s.d.
mean
s.d.

3.4
1.5

mean
s.d.

4.3

mean
s.d.

30.5
5.5

1.5

4.5
2.1
2.1

A3. 22

Figure A3.3.7 – CDD

A3. 23

Available water
For precipitation and runoff, see A3.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps for
Fehmarn (DE)

Figure A3.3.8 – SPEI-A Time-series of the SPEI-12 index averaged for Fehmarn for the RCP2.6
(top panel) and RCP8.5 (bottom panel) future pathways.

A3. 24

Figure A3.3.9 – SPEI-B Maps of the SPEI-12 index for Fehmarn for the historical period (left
panel), mid-21st century (centre panels) and end of 21st century (right panels) for RCP2.6 and
RCP8.5 future pathways.

A3. 25

Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A4. 2

A4.1 Maritime transport
Mean Sea Level Rise

Figure A4.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

A4. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
based on the MENA-CORDEX simulations for RPC2.6 and RCP8.5. For RCP2.6 no
uncertainty can be provided because only 1 GCM/RCM combination was
available.
NWIX98
Canary Islands

Ens-Min
[1/y]

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

reference
RCP2.6 mid-cent

7.3

1.0

RCP2.6 end-cent

6.5

-10.1

RCP8.5 mid-cent
RCP8.5 end-cent
WIX98
Canary Islands

7.3

6.4

7.2

8.6

-0.7

6.4

7.1

7.6

-2.1

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

reference

12.1

RCP2.6 mid-cent

12.2

1.1

RCP2.6 end-cent
RCP8.5 mid-cent

12.2

0.8

11.8

12.1

12.3

-0.1

RCP8.5 end-cent

11.8

12.0

12.2

-0.3

A4. 4

Wave extremes

Figure A4.1.2 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A4. 5

A4.2 Tourism
Seagrass evolution

Figure A4.2.1

A4. 6

Figure A4.2.2

A4. 7

Beach flooding

Figure A4.2.3

A4. 8

Humidity Index – Humidex
For Canaria, we have conducted two separate analyses, as RCP2.6 was available for
only one model, while for RCP8.5 we used four GCM/RCM pairs.
Thus, for one-model analysis, we find that for RCP2.6, the number of days with
conditions above discomfort will double towards mid-century and will remain almost
constant afterwards. On the other hand, the analysis of the RCP8.5 future
projections with four models shows that, while in mid-century the days of
discomfort are doubled compared to the reference period, at the end of the century,
more than 20% (~75 days) of the year will have human discomfort conditions.
Canaria (N=13)
reference (for RCP2.6: one model)

mean
s.d.
mean
s.d.

RCP2.6 near
RCP2.6 distant
reference (for RCP8.5: ensemble of 4 models)
RCP 8.5 near
RCP8.5 distant

mean
s.d.

6.4
2.5
11.5
3.4

mean
s.d.

12.7

mean
s.d.
mean
s.d.

14.8

3.6
3.9
27.2
5.2
75.5
8.7

A4. 9

Figure A4.2.4 – Humidex

A4. 10

Percentage of days when T > 98th percentile - T98p
For Canaria, we have conducted two separate analyses, as RCP2.6 was available for
only one model, while for RCP8.5 we used four GCM/RCM pairs.
Thus, for one-model analysis, we find that for RCP2.6, the number of days with
temperatures above the reference 98th percentile will reach 7% by the end of the
century. On the other hand, the RCP8.5 future projections with four models shows
that, while in mid-century about 7% of the days with be above T98p threshold, at the
end of the century, daily temperatures will be above T98p for almost 25% (~90 days
per year) of time.
Canaria (N=13)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.
mean
s.d.

5.4

mean
s.d.

6.9

mean
s.d.

24.9
2.6

1.2
6.8
1.4
1.4

A4. 11

Figure A4.2.5 – T98p

A4. 12

A4.3 Energy
Renewable energy productivity indexes

Figure A4.3.1- E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time period
(1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the 20462065 period with respect to the control. Panel C: As for panel B but for the RCP8.5 scenario. Panel D: Changes
in yearly mean photovoltaic productivity in the RCP2.6 scenario for the 2081-2100 period with respect to the
control. Panel E: As for panel D but for the RCP8.5 scenario.

A4. 13

Figure A4.3.2 – E1: Uncertainty of the ensemble means. Panel A: Number of simulations
that project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the
2046-2065 period with respect to the control period. Panel B: As for panel A but for the
RCP8.5 scenario. Panel C: Number of simulations that project an increase in photovoltaic
energy productivity in the RCP2.6 scenario for the 2081-2100 period with respect to the
control. Panel D: As for panel C but for RCP8.5 scenario.

A4. 14

Figure A4.3.3 – E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.

A4. 15

Figure A4.3.4 – E2: Uncertainty of the ensemble means. Panel A - B: Number of simulations that
project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to the
control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.

A4. 16

Figure A4.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A4. 17

Figure A4.3.6 E3.1: Uncertainty of the ensemble means. Panels A – D: Number of simulations that
project an increase in the percentage (%) of wind energy drought days in the RCP8.5 scenario relative
to the control simulation (1986 – 2005). Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.

A4. 18

Figure A4.3.7 – E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A4. 19

Figure A4.3.8 - E3: Uncertainty of the ensemble means. Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought
days (cedd) of wind energy productivity in the RCP8.5 scenario relative to the control
simulation (1986 – 2005). Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.

A4. 20

Figure A4.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.

A4. 21

Figure A4.3.10 - E4.1: Uncertainty of the ensemble means. Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days
in the RCP8.5 scenario relative to the control simulation (1986 – 2005). Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.

A4. 22

Figure A4.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of photovoltaic (PV)
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A4. 23

Figure A4.3.12 - E4.2: Uncertainty of the ensemble means. Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought
days (cedd) of photovoltaic (PV) productivity in the RCP8.5 scenario relative to the control
simulation (1986 – 2005). Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.

A4. 24

Figure A4.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and wind energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for
periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5
scenario. Positive values in C – J indicate an increase in the percentage of drought days in the corresponding scenarios.
Moderate (mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.

A4. 25

Figure A4.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP8.5 scenario relative to the control simulation (1986 – 2005).
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.

A4. 26

Figure A4.3.15 - E5: Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in the
maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to
the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in
the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column.
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Figure A4.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number
of simulations that project an increase in the maximum number of consecutive energy drought
days (cedd) of combined photovoltaic (PV) and wind energy productivity in the RCP8.5
scenario relative to the control simulation (1986 – 2005). Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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Cooling Degree Days (CDD)
For Canaria, we have contacted two separate analyses, as RCP2.6 was available for
only one model. Thus, for one-model analysis, we find that for near future the
increase is almost 60%, while at the end of the century this increase will be above
80%. On the other hand, the analysis of the RCP8.5 future projections with four
models, provide a more devastating picture as the number of CDD will be almost 3
times larger than the reference period.
Canaria (N=13)
reference (for RCP2.6: one
model)

mean
s.d.

80.7

RCP2.6 near

mean
s.d.
mean
s.d.

127.4
11.3

reference (for RCP8.5:
ensemble of 4 models)

mean
s.d.

130.2

RCP 8.5 near

mean
s.d.
mean
s.d.

211.4

RCP2.6 distant

RCP8.5 distant

9.0

146.6
12.1
11.4
14.5
479.0
21.9
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Figure A4.3.17 - CDD
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Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A4.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the Canary Islands for
the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.
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Figure A4.3.19 – SPEI-B Maps of the SPEI-12 index for the Canary Islands for the historical period
(left panel), mid-21st century (centre panels) and end of 21st century (right panels) for RCP2.6 and
RCP8.5 future pathways.
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A4.4 Aquaculture
Annual Mean Significant Wave Height (AMSH)

Figure A4.4.1 – Mean Significant Wave Height (m): Present Climate
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Figure A4.4.2 – RCP8.5 Mean Significant Wave Height (m): Near Future

Figure A4.4.3 – RCP8.5 Mean Significant Wave Height (m): Far Future
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Extreme Wave Return Time

Figure A4.4.4 –Return Time (yr): Present climate
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Figure A4.4.5 – RCP8.5 Return time (yr): Near Future

Figure A4.4.6 – RCP8.5 Return time (yr): Far Future
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A5. 2

A5.1 Maritime transport
Mean Sea level Rise

Figure A5.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A5.1.2 – Coastal flooding - RCP2.6 and RCP8.5 - Top panels: 99th percentile of
storm-induced sea level distribution for the reference period and relative change for the
near future; Bottom panels: relative change for the far future.

A5. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Corsica

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent

6,0

7,2

8,5

-0.8

RCP2.6 end-cent

6,5

7,2

7,9

RCP4.5 mid-cent
RCP4.5 end-cent

7,1

7,6

8,0

-1.1
4.7

7,0

7,1

7,2

-3.1

RCP8.5 mid-cent

5,9

6,8

7,9

-6.9

RCP8.5 end-cent

5,6

6,5

7,0

-10.8

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

WIX98
Corsica

reference

13.7

RCP2.6 mid-cent

13,4

13,5

13,6

-1.5

RCP2.6 end-cent
RCP4.5 mid-cent

13,5

13,5

13,6

13,6

13,8

14,0

-1.5
0.6

RCP4.5 end-cent

13,4

13,7

14,0

-0.3

RCP8.5 mid-cent

13,4

13,7

14,0

0.0

RCP8.5 end-cent

13,3

13,7

13,9

-0.6

A5. 4

Wave extremes

Figure A5.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.
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A5.2 Tourism
Seagrass evolution

Figure A5.2.1

A5. 6

Fire Weather Index (FWI)
For Corsica, N=75 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
It seems that under RCP2.6, the index slightly increases at the middle of the
century, while it returns to present levels towards the end of the century. On the
other hand, under RCP8.5 there is an increased fire danger that exceeds 30% at
the end of the century.
The fire danger for Corse is quite low and the majority of the island is
characterized by very low and low fire danger, with few areas exhibiting medium
danger. Though by the end of the areas with medium fire danger increase
substantially (see respective maps).
Regarding uncertainty, the coastal areas of the islandspresent higher values of
standard deviation, indicating that there are larger differences among models
are at the areas of the island with higher maritime influence (see respective
maps).

Corsica (N=75)
reference

RCP2.6 near

RCP2.6 distant

RCP 8.5 near

RCP8.5 distant

mean
s.d.
s.e.

0.226
0.094
0.006

mean
s.d.
s.e.
mean
s.d.
s.e.

0.238
0.095
0.006
0.226
0.095
0.006

mean
s.d.
s.e.
mean
s.d.
s.e.

0.269
0.100
0.007
0.329
0.106
0.007
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Figure A5.2.2 – FWI - RCP2.6
Right panels: reference period; Centre panels: near future; Left panels: far future.
Levels go from 0 to 1 for the mean (top) and from 0 to 0.1 for the STD (bottom);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A5. 8

Figure A5.2.3 – FWI – RCP8.5
Right panels: reference period; Centre panels: near future; Left panels: far future.
Levels go from 0 to 1 for the mean (top) and from 0 to 0.1 for the STD (bottom);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)
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Beach flooding

Figure A5.2.4

A5. 10

Humidity Index - Humidex
For Corsica, N=75 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
From less than 0.5 month in the present climate and almost a month in the midcentury for both scenarios, Corse will have almost 2.5 months with discomfort
conditions by the end of the century under RCP8.5.
Corsica (N=75)
reference

mean
s.d.

14.4
3.8

RCP2.6 near

mean
s.d.

27.1

mean
s.d.

27.1

mean
s.d.

28.9

mean
s.d.

72.1
8.5

RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

5.2
5.2
5.4

A5. 11

Figure A5.2.5 – Humidex

A5. 12

Percentage of days when T > 98th percentile - T98
For Corse, N=75 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RCPs.
It is found that T98p is about 5% during RCP2.6 towards mid-century and slightly
decreases at the end of the century, while for RCP8.5 almost 20% of the year will
exhibit temperatures above the 98th percentile. The coastal grid cells are more
affected by the temperatures increase compared to the inland grid cells.
Corsica (N=75)
RCP2.6 near

mean
s.d.

5.5

RCP2.6 distant

mean
s.d.

5.0
1.2

RCP 8.5 near

mean
s.d.

5.5

RCP8.5 distant

mean
s.d.

1.2

1.2
19.2
2.3
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Figure A5.2.6 – T98p

A5. 14

Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A5.2.7 - HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Corsica for the historical period (left panel), mid-21st century (centre panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.
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Water from natural sources
Total precipitation
•

A

Reference period 1986-2005

B1

B2

B3

B4

Figure A5.2.8 – Mean Total Precipitation 1986-2005 - A: mean; B1-4: seasonal mean

A5. 16

•

A

RCP2.6 – Near future
B1

B2

B3

B4

Figure A5.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A5. 17

•

A

RCP2.6 – Far future
B1

B2

B3

B4

Figure A5.2.10 – RCP2.6, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

A

RCP8.5 – Near future

B1

B2

B3

B4

Figure A5.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

A

RCP8.5 – Far future

B1

B2

B3

B4

Figure A5.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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Total runoff
•

Reference period 1986-2005

Figure A5.2.13 – Mean Total Runoff 1986-2005

•

RCP2.6 – Near and far future
A

B

Figure A5.2.14 – RCP2.6, difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100
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•

RCP8.5 – Near and far future

A

B

Figure A5.2.15 – RCP8.5, difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100
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A5.3 Energy
Indicators of change in renewable energy productivity

Figure A5.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.
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Figure A5.3.2 – E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario

A5. 24

Figure A5.3.3 - E2_A. Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.
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Figure A5.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario
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Figure A5.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A5. 27

Figure A5.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.
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Figure A5.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.
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Figure A5.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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Figure A5.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.
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Figure A5.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D,
but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.
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Figure A5.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and
2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario.
Positive values in C – J indicate an increase in the number of consecutive drought days in the
corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.)
droughts in the right column.
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Figure A5.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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Figure A5.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.
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Figure A5.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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Figure A5.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005).
Panels C – F: Changes in the maximum number of consecutive drought days in the RCP2.6 scenario
for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but
for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive
drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column
and severe (sev.) droughts in the right column.
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Figure A5.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity in the RCP2.6 scenario relative to the
control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario.
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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Extreme wind
See A5.1
Extreme temperature
See A5.2
Cooling Degree Days (CDD)
For Corsica, N=75 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
Corsica (N=75)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.

92.4
9.6

mean
s.d.

157.4

mean
s.d.
mean
s.d.

149.7

12.5
12.2
164.2
12.8
457.6
21.4
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Figure A5.3.17 – CDD

A5. 40

Available water
For precipitation and runoff, see A5.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A5.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Corsica
for the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.
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Figure A5.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Corsica for the historical
period (left panel), mid-21st century (centre panels) and end of 21st century (right panels) for
RCP2.6 and RCP8.5 future pathways.

A5. 42

A5.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A5.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A5.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure A5.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A5.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A5.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure A5.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A5.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A5.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A5.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 24 °C, reference period
(Gilthead seabream, Sparus aurata)

a)

b)

Figure A5.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A5.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A5.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A5.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A5.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure A5.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C

A5. 57

Annual Mean Significant Wave Height (AMSH)
•

A

Reference period 1986-2005

B

Figure A5.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Near future

B

Figure A5.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Far future

B

Figure A5.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP8.5 – Near future

B

Figure A5.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP8.5 – Far future

B

Figure A5.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A5.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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•
CMCC

GUF

RCP4.5 – Near future
CNRM

LMD

Figure A5.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A5.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A5.4.24 – RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

GUF

CNRM

LMD

Figure A5.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A6. 2

A6.1. Maritime transport
Mean Sea level Rise

Figure A6.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A6.1.2 – Coastal flooding - RCP2.6 and RCP8.5
Top panels: 99th percentile of storm-induced sea level distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A6. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented for
all periods and RPCs.
NWIX98
Crete

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent

7,9

7,9

8,0

8.6

RCP2.6 end-cent
RCP4.5 mid-cent

7,8

8,0

8,3

7,6

7,9

8,2

10.4
9.0

RCP4.5 end-cent

7,1

7,6

8,3

3.9

RCP8.5 mid-cent
RCP8.5 end-cent

7,0

8,1

9,0

10.8

7,1

7,9

8,9

8.2

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change [%]

WIX98
Crete
reference

13.0

RCP2.6 mid-cent
RCP2.6 end-cent

13,1

13,1

13,1

0.6

13,0

13,1

13,2

RCP4.5 mid-cent

13,1

13,1

13,2

0.7
1.0

RCP4.5 end-cent
RCP8.5 mid-cent

13,0

13,1

13,2

0.4

13,0

13,1

13,3

0.9

RCP8.5 end-cent

12,9

13,1

13,2

0.4

A6. 4

Wave extremes

Figure A6.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A6. 5

A6.2 Tourism
Seagrass evolution

Figure A6.2.1

A6. 6

Fire Weather Index (FWI)
For Crete, N=78 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
The fire danger in Crete is among the highest in the Mediterranean. For the
present climate, the most areas of the island pertain to the medium fire danger
classification. It seems that under RCP2.6, the index increases by almost 10% at
the middle of the century, while this increase is halted towards the end of the
century. On the other hand, under RCP8.5 the fire danger increases substantially,
reaching a 30% increase at the end of the century, while there are areas in the
central and southern parts of the island that cross over into very high fire
danger.
Regarding uncertainty, we find that under RCP2.6 the standard deviation
decreased in most areas towards the end of the century, indicating the model
projections for the FWI meet for this scenario, while the opposite is found for
RCP8.5, where the uncertainty is higher at the end of the century.
Crete (N=78)
reference

mean
s.d.
s.e.

0.483
0.133
0.009

RCP2.6 near

mean
s.d.
s.e.

0.534
0.139
0.009

RCP2.6 distant

mean
s.d.
s.e.
mean
s.d.
s.e.

0.525
0.139
0.009
0.579
0.141
0.009

mean
s.d.
s.e.

0.670
0.150
0.010

RCP 8.5 near

RCP8.5 distant

A6. 7

Figure A6.2.2 – FWI - RCP2.6
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A6. 8

Figure A6.2.3 – FWI – RCP8.5
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A6. 9

Beach flooding

Figure A6.2.4

A6. 10

Humidity Index – Humidex
For Crete, N=78 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
From one month in the present climate and 1.5 month in the mid-century for both
scenarios, Crete will have 3,5 months with discomfort conditions by the end of the
century under RCP8.5.
Crete (N=78)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

31.3

mean
s.d.

48.4

mean
s.d.
mean
s.d.

51.0

mean
s.d.

103.0

5.6
7.0
7.1
55.7
7.5
10.1

A6. 11

Figure A6.2.5 – Humidex

A6. 12

Percentage of days when T > 98th percentile - T98p
For Crete, N=78 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RCPs.
It is found that T98p is about 7% during RCP2.6 towards mid-century and slightly
decreases at the end of the century, while for RCP8.5 more than one fifth of the year
will exhibit temperatures above the 98th percentile by the end of the century. The
coastal grid cells, mainly in the north, are more affected by the temperatures
increase compared to the inland grid cells.
Crete (N=78)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

5.5

mean
s.d.
mean
s.d.

5.9
1.3

mean
s.d.

21.4

1.2

7.4
1.4
2.4

Figure A6.2.6 – T98p
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Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A6.2.7 – HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Crete for the historical period (left panel), mid-21st century (centre panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.
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Water from natural sources
Total precipitation
• Reference period 1986-2005

A

B1

B2

B3

B4

Figure A6.2.8 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean
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•

RCP2.6 – Near future

A

B1

B2

B3

B4

Figure A6.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference
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•

RCP2.6 – Far future

A

B1

B3

B2

B4

Figure A6.2.10 – RCP2.6 - time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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RCP8.5 – Near future

A

B1

B2

B3

B4

Figure A6.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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RCP8.5 – Far future

A

B1

B2

B3

B4

Figure A6.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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Total runoff
•

Reference period 1986-2005

Figure A6.2.13 – Mean Total Runoff 1986-2005
•

RCP2.6 - Near and far future

A

B

Figure A6.2.14 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100
•

A

RCP8.5 - Near and far future
B

Figure A6.2.15 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100
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A6.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A6.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.

A6. 21

Figure A6.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A6. 22

E2 - Wind energy productivity

Figure A6.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control time period (19862005). Panels B - C: Changes in yearly mean wind energy productivity in the RCP2.6 scenario for periods 2046 - 2065 and
2081 - 2100 with respect to the control. Panels D - E: As for panels B - C, but for the RCP8.5 scenario.

A6. 23

Figure A6.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.
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E3.1 - Frequency of wind energy droughts

Figure A6.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A6. 25

Figure A6.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.

A6. 26

E3.2 - Maximum duration of wind energy droughts

Figure A6.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.
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Figure A6.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E4.1 - Frequency of solar PV droughts

Figure A6.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.
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Figure A6.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D,
but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.
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E4.2 - Maximum duration of solar PV droughts

Figure A6.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and
2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario.
Positive values in C – J indicate an increase in the number of consecutive drought days in the
corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.)
droughts in the right column.

A6. 31

Figure A6.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E5.1 - Frequency of combined PV and wind energy droughts

Figure A6.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.
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Figure A6.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A6.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005).
Panels C – F: Changes in the maximum number of consecutive drought days in the RCP2.6 scenario
for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but
for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive
drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column
and severe (sev.) droughts in the right column.
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Figure A6.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of simulations that project an
increase in the maximum number of consecutive energy drought days (cedd) of combined photovoltaic (PV) and wind
energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A –
D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the
right column.
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Extreme wind
See A6.1
Extreme temperature
See A6.2
Cooling Degree Days (CDD)
For Crete, N=78 grid cells were retained from the model domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RPCs.
Crete (N=78)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

221.8

mean
s.d.
mean
s.d.

319.0

mean
s.d.

368.2

mean
s.d.

761.0

14.9
17.9
333.7
18.3
19.2
27.6
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Figure A6.3.17 – CDD

A6. 38

Available water
For precipitation and runoff, see A6.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A6.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Crete for
the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.

A6. 39

Figure A6.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Crete for the historical period
(left panel), mid-21st century (centre panels) and end of 21st century (right panels) for RCP2.6 and
RCP8.5 future pathways.
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A6.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
g
a
l
a)
l
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a
l
i
s
)

b)

Figure A6.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
A6. 41

•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A6.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure A6.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A6.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A6.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure A6.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A6.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A6.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A6.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 24 °C, reference period (Gilthead seabream, Sparus aurata)

a)

b)

Figure A6.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A6.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A6.4.12 – RCP28.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A6.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A6.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure A6.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

A

B

Figure A6.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A6. 56

•

RCP4.5 – Near future

A

B

Figure A6.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A6. 57

•

RCP4.5 – Far future

A

B

Figure A6.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

A6. 58

•

RCP8.5 – Near future

A

B

Figure A6.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

RCP8.5 – Far future

A

B

Figure A6.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A6.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A6.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A6.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A6.4.24 –RCP8.5 – Near future: Return time (yr) for waves higher than 7
m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A6.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A7. 2

A7.1 Maritime transport
Mean Sea level Rise

Figure A7.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A7.1.2 – Coastal flooding - RCP2.6 and RCP8.5
Top panels: 99th percentile of storm-induced sea level distribution for the reference period and
relative change for the near future; Bottom panels: relative change for the far future

A7. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Cyprus

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent
RCP2.6 end-cent

6,9

7,5

8,2

3.4

6,0

6,7

7,3

RCP4.5 mid-cent

6,7

7,3

8,1

-8.5
-0.1

RCP4.5 end-cent

6,1

6,8

7,3

-7.1

RCP8.5 mid-cent
RCP8.5 end-cent

7,2

7,6

8,2

3.6

5,4

5,7

6,2

-22.1

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change [%]

WIX98
Cyprus
reference

12.1

RCP2.6 mid-cent
RCP2.6 end-cent

12,0

12,0

12,0

-0.4

11,8

11,8

11,9

RCP4.5 mid-cent

12,0

12,1

12,2

-2.0
0.5

RCP4.5 end-cent
RCP8.5 mid-cent

11,9

12,0

12,2

-0.4

11,8

12,1

12,4

0.1

RCP8.5 end-cent

11,4

11,6

11,8

-3.5

A7. 4

Wave extremes

Figure A7.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A7. 5

A7.2 Tourism
Seagrass evolution

Figure A7.2.1

A7. 6

Fire Weather Index – FWI
For Cyprus, N=77 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
The fire danger for this island is the highest among the Mediterranean islands.
According to the model simulations, there are areas that already belong to very
high fire danger class. It seems that under RCP2.6, the index slightly increases by
5%. On the other hand, under RCP8.5 the increase in fire danger exceeds 20% by
the end of the century. Even this increase is lower than in other islands, the
major part of the island will be under high and very high fire danger.
Cyprus (N=77)
reference

mean
s.d.
s.e.

0.527
0.127
0.008

mean
s.d.
s.e.
mean
s.d.
s.e.

0.554
0.128
0.008
0.555
0.130
0.009

RCP 8.5 near

mean
s.d.
s.e.

0.608
0.124
0.008

RCP8.5 distant

mean
s.d.
s.e.

0.644
0.125
0.008

RCP2.6 near

RCP2.6 distant

A7. 7

Figure A7.2.2 – FWI - RCP2.6
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A7. 8

Figure A7.2.3 – FWI – RCP8.5
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A7. 9

Beach flooding

Figure A7.2.4

A7. 10

Humidity Index – Humidex
For Cyprus, N=77 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
In the present climate, the days with discomfort cover almost 3 months, with a
small increase at the mid-century and for the RCP2.6, while respective number of
days at the end of the century will correspond to more than 5 months.
Cyprus (N=77)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.
mean
s.d.

92.1
9.6
112.4
10.6

mean
s.d.

114.0

mean
s.d.

118.4

mean
s.d.

161.7

10.7
10.9
12.7

A7. 11

Figure A7.2.5 – Humidex

A7. 12

Percentage of days when T > 98th percentile - T98p
For Cyprus, N=77 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RCPs.
It is found that T98p is about 7% during RCP2.6 towards mid-century and
slightly decreases at the end of the century, while for RCP8.5 more than 20% of
the year will exhibit temperatures above the 98th percentile. The coastal grid
cells are more affected by the temperatures increase compared to the inland grid
cells.
Cyprus (N=77)
RCP2.6 near
mean
6.3
s.d.
1.3
RCP2.6 distant

mean
s.d.

6.5
1.3

RCP 8.5 near

mean
s.d.
mean
s.d.

7.8

RCP8.5 distant

1.5
22.1
2.5

A7. 13

Figure A7.2.6 – T98p

A7. 14

Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A7.2.7 - HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Cyprus for the historical period (left panel), mid-21st century (centre panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.

A7. 15

Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B3

B2

B4

Figure A7.2.8 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean

A7. 16

•

RCP2.6 – Near future
A

B1

B2

B3

B4

Figure A7.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A7. 17

•

RCP2.6 – Far future
A

B1

B2

B3

B4

Figure A7.2.10 – RCP2.6 - time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A7. 18

•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A7.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A7.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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Total runoff
• Reference period 1986-2005

Figure A7.2.13 – Mean Total Runoff 1986-2005

•

RCP2.6 - Near and far future

Figure A7.2.14 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A7. 21

•

RCP8.5 – Near and far future

Figure A7.2.15 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A7. 22

A7.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A7.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.

A7. 23

Figure A7.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A7. 24

E2 - Wind energy productivity

Figure A7.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control time period (19862005). Panels B - C: Changes in yearly mean wind energy productivity in the RCP2.6 scenario for periods 2046 - 2065 and
2081 - 2100 with respect to the control. Panels D - E: As for panels B - C, but for the RCP8.5 scenario.

A7. 25

Figure A7.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.
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E3.1 - Frequency of wind energy droughts

Figure A7.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A7. 27

Figure A7.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.

A7. 28

E3.2 - Maximum duration of wind energy droughts

Figure A7.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A7. 29

Figure A7.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.

A7. 30

E4.1 - Frequency of solar PV droughts

Figure A7.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.

A7. 31

Figure A7.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D,
but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.

A7. 32

E4.2 - Maximum duration of solar PV droughts

Figure A7.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of
photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum
number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the
control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase
in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in
the left column and severe (sev.) droughts in the right column.

A7. 33

Figure A7.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E5.1 - Frequency of combined PV and wind energy droughts

Figure A7.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column

A7. 35

Figure A7.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A7.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in the
maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to
the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in
the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left
column and severe (sev.) droughts in the right column.
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Figure A7.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity in the RCP2.6 scenario relative to the
control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario.
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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Extreme wind
See A7.1
Extreme temperature
See A7.2
Cooling Degrees Days (CDD)
For Cyprus, N=77 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
Cyprus (N=77)
reference
mean
460.2
s.d.
21.5
RCP2.6 near

mean
s.d.

626.8
25.0

RCP2.6 distant

mean
s.d.
mean
s.d.

635.4

mean
s.d.

1183.5

RCP 8.5 near
RCP8.5 distant

25.2
675.7
26.0
34.4

A7. 39

Figure A7.3.17 – CDD

A7. 40

Available water
For precipitation and runoff, see A7.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A7.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Cyprus
for the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.

A7. 41

Figure A7.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Cyprus for the historical
period (left panel), mid-21st century (centre panels) and end of 21st century (right panels) for
RCP2.6 and RCP8.5 future pathways.
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A7.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A7.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
A7. 43

•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A7.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure A7.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A7.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A7.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C

A7. 47

•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure A7.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C

A7. 48

•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A7.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A7.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A7.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 24 °C, reference period (Gilthead seabream, Sparus aurata)

a)

b)

Figure A7.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C

A7. 52

•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A7.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A7.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A7.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A7.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure A7.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

A

B

Figure A7.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread

•

A

RCP4.5 – Near future

B

Figure A7.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Far future

B

Figure A7.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

RCP8.5 – Near future

A

B

Figure A7.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

•

A

RCP8.5 – Far future

B

Figure A7.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A11.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A11.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

•
Figure A11.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A11.4.24 –RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A11.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m

A7. 65

Deliverable 4.3. Atlases of newly developed hazard indexes and
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A8. 2

A8.1 Maritime transport
Mean Sea level Rise

Figure A8.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

A8. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
based on the MENA-CORDEX simulations for RPC2.6 and RCP8.5. For RCP2.6 no
uncertainty can be provided because only 1 GCM/RCM combination was
available.
NWIX98
Madeira

Ens-Min
[1/y]

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

reference

7.3

RCP2.6 mid-cent

6.2

-15.1

RCP2.6 end-cent

6.6

-9.5

RCP8.5 mid-cent
RCP8.5 end-cent
WIX98
Madeira

5.6

6.2

7.3

-14.7

4.1

4.9

6.6

-32.3

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

reference

12.9

RCP2.6 mid-cent
RCP2.6 end-cent

12.9

0.0

13.0

1.0

RCP8.5 mid-cent

12.4

12.7

13.0

-1.7

RCP8.5 end-cent

12.1

12.4

12.8

-3.8

A8. 4

Wave extremes

Figure A8.1.2 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A8. 5

A8.2 Tourism
Beach flooding

Figure A8.2.1

A8. 6

Humidity Index – Humidex
For Madeira, we have conducted two separate analyses, as RCP2.6 was available
for only one model, while for RCP8.5 we used four GCM/RCM pairs.
Thus, we find that for RCP2.6, the days with discomfort are negligible, though,
the analysis of the RCP8.5 future projections shows that from 2 days in the
present climate, the number increases to 30 at the end of the century.
Madeira (N=2)
reference (for RCP2.6: one
model)
RCP2.6 near
RCP2.6 distant
reference (for RCP8.5:
ensemble of 4 models)
RCP 8.5 near
RCP8.5 distant

mean
s.d.

0.2

mean
s.d.

0.6

mean
s.d.
mean
s.d.

0.8
0.9

mean
s.d.

5.2

mean
s.d.

29.7
5.5

0.4
0.8

1.9
1.4
2.3

A8. 7

Figure A8.2.2 – Humidex

A8. 8

Percentage of days when T > 98th percentile - T98p
For Madeira, we have conducted two separate analyses, as RCP2.6 was available
for only one model, while for RCP8.5 we used four GCM/RCM pairs.
Thus, for one-model analysis, we find that for RCP2.6, the number of days with
temperatures above the reference 98th percentile will exceed 10% by the end of
the century. On the other hand, the RCP8.5 future projections with four models
shows that, while in mid-century about 8% of the days with be above T98p
threshold, at the end of the century, daily temperatures will be above T98p for
almost 25% (~90 days per year) of time.
Madeira (N=2)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

8.2

mean
s.d.
mean
s.d.

10.5

mean
s.d.

25.7

1.5
1.7
7.8
1.5
2.7

A8. 9

Figure A8.2.3 – T98p

A8. 10

A8.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A8.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.

A8. 11

Figure A8.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A8. 12

E2 - Wind energy productivity

Figure A8.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control time period (19862005). Panels B - C: Changes in yearly mean wind energy productivity in the RCP2.6 scenario for periods 2046 - 2065 and
2081 - 2100 with respect to the control. Panels D - E: As for panels B - C, but for the RCP8.5 scenario.

A8. 13

Figure A8.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.

A8. 14

E3.1 - Frequency of wind energy droughts

Figure A8.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.

A8. 15

Figure A8.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP8.5
scenario relative to the control simulation (1986 – 2005). Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.

A8. 16

E3.2 - Maximum duration of wind energy droughts

Figure A8.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.

A8. 17

Figure A8.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP8.5 scenario relative to the control simulation (1986 – 2005).
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.

A8. 18

E4.1 - Frequency of solar PV droughts

Figure A8.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.

A8. 19

Figure A8.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP8.5 scenario relative to the control simulation (1986 – 2005). Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.

A8. 20

E4.2 - Maximum duration of solar PV droughts

Figure A8.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of
photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum
number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the
control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase
in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in
the left column and severe (sev.) droughts in the right column.

A8. 21

Figure A8.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP8.5 scenario relative to the control simulation (1986 –
2005). Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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E5.1 - Frequency of combined PV and wind energy droughts

Figure A8.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.

A8. 23

Figure A8.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP8.5 scenario relative to the control simulation (1986 – 2005). Moderate
(mod.) droughts are depicted in the left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A8.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100
relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.

A8. 25

Figure A8.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity in the RCP8.5 scenario relative to the
control simulation (1986 – 2005). Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.
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Extreme wind
See A8.1
Extreme temperature
See A8.2
Cooling Degree Days (CDD)
For Madeira, we have conducted two separate analyses, as RCP2.6 was available
for only one model. Thus, for one-model analysis, we find that for near future,
CDD will be 3 times larger at the end of the century. On the other hand, the
analysis of the RCP8.5 future projections with four models, provide a more
devastating picture as the number of CDD will be almost 6 times larger than the
reference period.
Madeira (N=2)
reference (for RCP2.6: one
model)

mean
s.d.

13.7

RCP2.6 near

mean
s.d.

38.8
6.2

RCP2.6 distant

mean
s.d.

48.1

mean
s.d.
mean
s.d.

55.7

reference (for RCP8.5:
ensemble of 4 models)
RCP 8.5 near
RCP8.5 distant

mean
s.d.

3.7

6.9
7.5
103.2
10.2
305.9
17.5
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Figure A.8.3.17 – CDD

A8. 28

Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A8.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Madeira
for the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.

A8. 29

Figure A8.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Madeira for the historical
period (left panel), mid-21st century (centre panels) and end of 21st century (right panels) for
RCP2.6 and RCP8.5 future pathways.
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A8.4 Aquaculture
Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

Figure A8.4.1 – Mean Significant Wave Height: Present Climate

•

RCP8.5 – Near future

Figure A8.4.2 – Mean Significant Wave Height: Near Future
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•

RCP8.5 – Far future

Figure A8.4.3 – RCP8.5 Mean Significant Wave Height: Far Future
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Extreme Wave Return Time
•

Reference period

A

B

Figure A8.4.4 – Present climate - Events with Hs > 7 m: Return Time (yr) pattern
for the North Atlantic (A) and Madeira (B)

A8. 33

•

RCP8.5 – Near future

A

B

Figure A8.4.5 – RCP8.5 Near Future - Events with Hs > 7 m: Return Time (yr)
pattern for the North Atlantic (A) and Madeira (B)

A8. 34

•

RCP8.5 – Far future

A

B

Figure A8.4.6 – RCP8.5 Far Future - Events with Hs > 7 m: Return Time (yr)
pattern for the North Atlantic (A) and Madeira (B)
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A9. 2

A9.1 Maritime transport
Mean Sea level Rise

Figure A9.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A9.1.2 – Coastal flooding - RCP2.6 and RCP8.5
Top panels: 99th percentile of storm-induced sea level distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A9. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Malta

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent
RCP2.6 end-cent

6,2

6,7

7,1

-8.5

6,0

6,5

7,1

RCP4.5 mid-cent

6,6

7,1

7,8

-10.3
-2.1

RCP4.5 end-cent

6,7

6,9

7,3

-4.7

RCP8.5 mid-cent
RCP8.5 end-cent

5,6

6,8

8,4

-7.1

5,2

5,6

6,0

-22.9

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

WIX98
Malta

reference

13.4

RCP2.6 mid-cent
RCP2.6 end-cent

13,2

13,3

13,3

-1.3

13,2

13,2

13,3

RCP4.5 mid-cent

13,3

13,4

13,5

-1.4
-0.4

RCP4.5 end-cent

13,2

13,3

13,4

-0.7

RCP8.5 mid-cent
RCP8.5 end-cent

13,1

13,3

13,6

-0.6

13,0

13,1

13,2

-2.7

A9. 4

Wave extremes

Figure A9.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A9. 5

A9.2 Tourism
Seagrass evolution

Figure A9.2.1

A9. 6

Fire Weather Index – FWI
For Malta, N=5 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and
RPCs.
As this island has small acreage, the grid cells present low land fraction and are
influenced by the sea. It seems that under RCP2.6, the index slightly increases at
the middle of the century, while it halts towards the end of the century. On the
other hand, under RCP8.5 there is an increased fire danger of about 20% at the
end of the century. It should be noted that the fire danger values for all points are
classified as low, thus, for all scenarios/periods all areas belong to the same
class, exhibiting also low uncertainty.
Malta (N=5)
reference

mean
s.d.
s.e.

0.283
0.016
0.004

RCP2.6 near

mean
s.d.
s.e.

0.294
0.016
0.004

RCP2.6 distant

mean
s.d.
s.e.
mean
s.d.
s.e.

0.292
0.016
0.004
0.309
0.018
0.005

mean
s.d.
s.e.

0.363
0.021
0.006

RCP 8.5 near

RCP8.5 distant

A9. 7

Figure A9.2.2 – FWI - RCP2.6
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A9. 8

Figure A9.2.3 – FWI – RCP8.5
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A9. 9

Beach flooding

Figure A9.2.4

A9. 10

Humidity Index – Humidex
For Malta, N=5 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and
RPCs.
From 1.5 month in the present climate and above 2 months in the mid-century
for both scenarios, Malta will have almost 4 months with discomfort conditions
by the end of the century under RCP8.5.
Malta (N=5)
reference

mean
s.d.
mean
s.d.

48.1

RCP2.6 distant

mean
s.d.

67.7
8.2

RCP 8.5 near

mean
s.d.

71.2

RCP2.6 near

RCP8.5 distant

mean
s.d.

6.9
66.7
8.2

8.4
118.2
10.9

A9. 11

Figure A9.2.5 – T98p

A9. 12

Percentage of days when T > 98th percentile - T98p
For Malta, N=5 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and
RCPs.
It is found that T98p is about 10% during RCP2.6 towards mid-century and
slightly decreases at the end of the century, while for RCP8.5 more than one
quarter of the year will exhibit temperatures above the 98th percentile.
Malta (N=5)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.
mean
s.d.

9.1

mean
s.d.

11.2

mean
s.d.

26.8

1.6
9.1
1.6
1.7
2.7

A9. 13

Figure A9.2.6 – T98p

A9. 14

Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A9.2.7 – HIS Maps of the interpretation of the Habitat Suitability Index (HSI) for Malta and
for the historical period (left panel), mid-21st century (centre panels) and end of 21st century
(right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.

A9. 15

Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B2

B3

B4

Figure A9.2.8 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean

A9. 16

•

RCP2.6 – Near future
A

B1

B2

B3

B4

Figure A9.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A9. 17

•

RCP2.6 – Far future
A

B1

B2

B3

B4

Figure A9.2.10 – RCP2.6, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A9. 18

•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A9.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A9. 19

•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A9.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A9. 20

Total runoff
• Reference period 1986-2005

Figure A9.2.13 – Mean Total Runoff 1986-2005

•

RCP2.6 - Near and far future
A

B

Figure A9.2.14 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A9. 21

•

RCP8.5 – Near and far future
A

B

Figure A9.2.15 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A9. 22

A9.3 Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A9.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.

A9. 23

Figure A9.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations that
project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A9. 24

E2 - Wind energy productivity

Figure A9.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.

A9. 25

Figure A9.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.
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E3.1 - Frequency of wind energy droughts

Figure A9.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control
time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6
scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.

A9. 27

Figure A9.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.

A9. 28

E3.2 - Maximum duration of wind energy droughts

Figure A9.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of
consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control.
Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.

A9. 29

Figure A9.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E4.1 - Frequency of solar PV droughts

Figure A9.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts in
the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the
RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As
for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.

A9. 31

Figure A9.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of simulations that
project an increase in the percentage (%) of photovoltaic (PV) drought days in the RCP2.6 scenario relative to the
control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.

A9. 32

E4.2 - Maximum duration of solar PV droughts

Figure A9.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of
photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum
number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the
control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase
in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in
the left column and severe (sev.) droughts in the right column.

A9. 33

Figure A9.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.

A9. 34

E5.1 - Frequency of combined PV and wind energy droughts

Figure A9.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.
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Figure A9.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A9.3.15 - E5.2; Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100
relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.
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Figure A9.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of simulations that
project an increase in the maximum number of consecutive energy drought days (cedd) of combined photovoltaic
(PV) and wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.
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Extreme wind
See A9.1
Extreme temperature
See A9.2
Cooling Degree Days (CDD)
For Malta, N=5 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and
RPCs.

Malta (N=5)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.

286.5

mean
s.d.

416.9

mean
s.d.

425.7

16.9
20.4
20.6
458.1
21.4

mean
s.d.

887.8
29.8

A9. 39

Figure A9.3.17 – CDD

A9. 40

Available water
For precipitation and runoff, see A9.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A9.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for Malta for the RCP2.6
(top panel) and RCP8.5 (bottom panel) future pathways.

A9. 41

Figure A9.3.19 – SPEI-B Maps of the SPEI-12 index for Malta for the historical period (left
panel), mid-21st century (centre panels) and end of 21st century (right panels) for
RCP2.6 and RCP8.5 future pathways.
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A9.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A9.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
A9. 43

•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A9.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C

A9. 44

•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure 9.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C

A9. 45

•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A9.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A9.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C

A9. 47

•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure 9.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C

A9. 48

•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A9.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A9.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A9.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C

A9. 51

•

Threshold= 24 °C, reference period (Gilthead seabream, Sparus aurata)

a)

b)

Figure A9.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A9.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C

A9. 53

•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A9.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C

A9. 54

•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A9.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A9.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure A9.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

A

B

Figure A9.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread
•

A

RCP4.5 – Near future

B

Figure A9.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Far future

B

Figure A9.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

RCP8.5 – Near future

A

B

Figure A9.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

•

A

RCP8.5 – Far future

B

Figure A9.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A9.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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RCP4.5 – Near future
CMCC

CNRM

GUF

LMD

Figure A9.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A9.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A9.4.24 –RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A9.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators

APPENDIX 10: Sardinia
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A10. 2

A10.1 Maritime transport
Mean Sea level Rise

Figure A10.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A10.1.2 – Coastal flooding - RCP2.6 and RCP8.5 - Top panels: 99th percentile of storm-induced sea
level distribution for the reference period and relative change for the near future; Bottom panels: relative
change for the far future.

A10. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Sardinia

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent
RCP2.6 end-cent

6,5

7,1

7,7

-2.3

7,0

7,3

7,5

RCP4.5 mid-cent

7,3

7,7

8,3

-0.6
5.0

RCP4.5 end-cent

6,3

6,6

6,9

-9.6

RCP8.5 mid-cent
RCP8.5 end-cent

6,2

6,8

7,9

-6.5

6,2

6,1

6,9

-15.9

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

WIX98
Sardinia

reference

13.4

RCP2.6 mid-cent
RCP2.6 end-cent

13,2

13,2

13,2

-1.7

13,2

13,2

13,3

RCP4.5 mid-cent

13,2

13,5

13,7

-1.5
0.6

RCP4.5 end-cent

13,0

13,3

13,5

-1.0

RCP8.5 mid-cent
RCP8.5 end-cent

13,2

13,5

13,7

0.0

13,0

13,3

13,5

-1.1

A10. 4

Wave extremes

Figure A10.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A10. 5

A10.2 Tourism
Seagrass evolution

Figure A10.2.1

A10. 6

Fire Weather Index – FWI
For Sardinia, N=185 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
While the most areas exhibit very and low fire danger in the present climate and
under RCP2.6 for the near and the distant future as well, it seems that under
RCP8.5, many areas cross over into medium fire danger, while increases towards
the end of the century there are areas mainly inland that exhibit high fire danger.
The overall increase exceeds 40%
For RCP2.6, we find the highest uncertainty for the near future period, which
decreases substantially at the end of the century, indicating that the projections
become more robust.
Sardinia (N=185)
reference
mean
0.305
s.d.
0.087
s.e.
0.004
RCP2.6 near

mean
s.d.
s.e.

0.316
0.087
0.004

RCP2.6 distant

mean
s.d.
s.e.

0.302
0.089
0.004

RCP 8.5 near

mean
s.d.
s.e.

0.361
0.093
0.004

RCP8.5 distant

mean
s.d.
s.e.

0.433
0.099
0.004

A10. 7

Figure A10.2.2 – FWI - RCP2.6
Right panels: reference period; Centre panels: near future; Left panels: far future.
Levels go from 0 to 1 for the mean (top) and from 0 to 0.1 for the STD (bottom);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A10. 8

Figure A10.2.3 – FWI – RCP8.5
Right panels: reference period; Centre panels: near future; Left panels: far future.
Levels go from 0 to 1 for the mean (top) and from 0 to 0.1 for the STD (bottom);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A10. 9

Beach flooding

Figure A10.2.4

A10. 10

Humidity Index – Humidex
For Sardinia, N=185 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all periods
and RPCs.
From less than 2 months in the present climate and quite above 2 months in the
mid-century for both scenarios, Sardinia will have almost 4 months with discomfort
conditions by the end of the century under RCP8.5.
Sardinia (N=185)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.
mean
s.d.

49.7
7.0

mean
s.d.

64.0

mean
s.d.

68.6

65.3
8.1
8.0
8.3
112.2
10.6

A10. 11

Figure A10.2.5 – T98p

A10. 12

Percentage of days when T > 98th percentile - T98p
For Sardinia, N=185 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all periods
and RCPs.
It is found that T98p is about 5% during RCP2.6 towards mid-century and slightly
decreases at the end of the century, while for RCP8.5, 18% of the year will exhibit
temperatures above the 98th percentile by the end of the century. The coastal grid
cells are more affected by the temperatures increase compared to the inland grid
cells.
Sardinia (N=185)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

5.0
1.2

mean
s.d.

4.9
1.2

mean
s.d.
mean
s.d.

5.3
1.2
18.3
2.2

A10. 13

Figure A10.2.6 – T98p

A10. 14

Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A10.2.7 – HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Sardinia for the historical period (left panel), mid-21st century (cent4e panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.

A10. 15

Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B2

B3

B4

Figure A10.2.8 – Mean Total Precipitation 1986-2005 - A: mean; B1-4: seasonal mean

A10. 16

•

RCP2.6 – Near future
A

B1

B2

B3

B4

Figure A10.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A10. 17

•

RCP2.6 – Far future
A

B1

B2

B3

B4

Figure A10.2.10 – RCP2.6, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean

A10. 18

•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A10.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A10.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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Total runoff
• Reference period 1986-2005

Figure A10.2.13 – Mean Total Runoff 1986-2005
•

A

RCP2.6 - Near and far future
B

Figure A10.2.14 – RCP2.6, difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A10. 21

•

A

RCP8.5 – Near and far future
B

Figure A10.2.15 – RCP8.5, difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A10. 22

A10.3 Energy
Indicators of change in renewable energy productivity

Figure A10.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time period (1986-2005).
Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the 2046-2065 period with respect to
the control. Panel C: As for panel B but for the RCP8.5 scenario. Panel D: Changes in yearly mean photovoltaic productivity
in the RCP2.6 scenario for the 2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5
scenario.

A10. 23

Figure A10.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations
that project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.

A10. 24

Figure A10.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.
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Figure A10.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.
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Figure A10.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control time period (1986 –
2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 –
2100 with respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are
presented in the left column and severe (sev.) droughts in the right column.
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Figure A10.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.

A10. 28

Figure A10.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind energy
productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of consecutive
drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive drought
days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in
the right column.
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Figure A10.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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Figure A10.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts
in the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in
the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J:
As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.
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Figure A10.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of photovoltaic (PV) drought days in the
RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D,
but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe
(sev.) droughts in the right column.
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Figure A10.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and
2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario.
Positive values in C – J indicate an increase in the number of consecutive drought days in the
corresponding scenarios. Moderate (mod.) droughts are depicted in the left column and severe (sev.)
droughts in the right column.

A10. 33

Figure A10.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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Figure A10.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.
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Figure A10.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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Figure A10.3.15 - E5.2: Panels A and B: Maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005).
Panels C – F: Changes in the maximum number of consecutive drought days in the RCP2.6 scenario
for periods 2046 – 2065 and 2081 – 2100 relative to the control. Panels G – J: As for panels C – F, but
for the RCP8.5 scenario. Positive values in C – J indicate an increase in the number of consecutive
drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the left column
and severe (sev.) droughts in the right column.
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Figure A10.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of combined photovoltaic (PV) and wind energy productivity in the RCP2.6 scenario relative to the
control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario.
Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts in the right
column.
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Extreme wind
See A10.1
Extreme temperature
See A10.2
Cooling Degree Days (CDD)
For Sardinia, N=185 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all periods
and RPCs.
Sardinia (N=185)
reference

mean
s.d.
mean
s.d.

169.5

RCP2.6 distant

mean
s.d.

254.7
16.0

RCP 8.5 near

mean
s.d.
mean
s.d.

275.0

RCP2.6 near

RCP8.5 distant

13.0
262.4
16.2

16.6
656.7
25.6
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Figure A10.3.17 – CDD

A10. 40

Available water
For precipitation and runoff, see A10.2
Standardized Precipitation Evaporation Index (SPEI) time-series and maps

Figure A10.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Sardinia
for the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.

A10. 41

Figure A10.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Sardinia for the historical
period (left panel), mid-21st century (centre panels) and end of 21st century (right panels) for
RCP2.6 and RCP8.5 future pathways.
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A10.4 Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A10.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A10.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure A10.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A10.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A10.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure A10.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A10.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A10.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure A10.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 24 °C, reference period
(Gilthead seabream, Sparus aurata)

a)

b)

Figure A10.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A10.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure A10.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A10.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A10.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure A10.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

A

Reference period 1986-2005

B

Figure A10.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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RCP4.5 – Near future

A

B

Figure A10.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Far future

B

Figure A10.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP8.5 – Near future

B

Figure 10.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP8.5 – Far future

B

Figure A10.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period 1986-2005

CMCC

CNRM

GUF

LMD

Figure A10.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A10.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A10.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m
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CMCC

CNRM

GUF

LMD

•

RCP8.5 – Near future

Figure A10.4.24 – RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A10.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators

APPENDIX 11: Sicily
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A11. 2

A11.1. Maritime transport
Mean Sea level Rise

Figure A11.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Storm surge extremes

Figure A11.1.2 – Coastal flooding - RCP2.6 and RCP8.5
Top panels: 99th percentile of storm-induced sea level distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A11. 3

Wind Extremity Index (NWIX98) and 98th Percentile of daily wind speed
(WIX98)
In the following table the ensemble mean and the ensemble range are presented
for all periods and RPCs.
NWIX98
Sicily

Ens-Min
[1/y]

reference

Ens-Mean
[1/y]

Ens-Max
[1/y]

Mean
Change
[%]

7.3

RCP2.6 mid-cent

6,4

6,8

7,2

-7.0

RCP2.6 end-cent
RCP4.5 mid-cent

6,4

6,6

6,9

7,0

7,5

8,2

-8.9
-2.6

RCP4.5 end-cent

6,3

6,9

7,4

-5.0

RCP8.5 mid-cent

6,0

7,1

8,6

-2.5

RCP8.5 end-cent

5,4

6,1

6,5

-15.9

Ens-Min
[m/s]

Ens-Mean
[m/s]

Ens-Max
[m/s]

Mean
Change
[%]

WIX98
Sicily

reference

13.0

RCP2.6 mid-cent

12,8

12,8

12,8

-1.3

RCP2.6 end-cent
RCP4.5 mid-cent

12,7

12,8

12,8

12,8

13,0

13,2

-1.4
0.2

RCP4.5 end-cent

12,6

12,9

13,1

-0.7

RCP8.5 mid-cent

12,7

13,0

13,1

0.0

RCP8.5 end-cent

12,5

12,7

13,0

-1.7

A11. 4

Wave extremes

Figure A11.1.3 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.

A11. 5

A11.2. Tourism
Seagrass evolution

Figure A11.2.1

A11. 6

Fire Weather Index – FWI
For Sicily, N=195 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
While the most areas exhibit very low, low and medium fire danger in the
present climate and under RCP2.6 for the near and the distant future as well, it
seems that under RCP8.5, more areas exhibit medium danger at mid-century,
while towards the end of the century a major part of the island will be under
medium and high fire danger. The overall increase for the island exceeds 30%.
Sicily (N=195)
reference

mean
s.d.
s.e.
mean
s.d.
s.e.

0.349
0.104
0.004
0.371
0.102
0.004

RCP2.6 distant

mean
s.d.
s.e.

0.365
0.106
0.004

RCP 8.5 near

mean
s.d.
s.e.

0.409
0.108
0.004

RCP8.5 distant

mean
s.d.
s.e.

0.506
0.117
0.005

RCP2.6 near

A11. 7

Figure A11.2.2 – FWI - RCP2.6
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A11. 8

Figure A11.2.3 – FWI – RCP8.5
Top panels: reference period; Centre panels: near future; Bottom panels: far future.
Levels go from 0 to 1 for the mean (left) and from 0 to 0.1 for the STD (right);
level intervals are 0.2 and 0.02, respectively (see also section 2.2.2)

A11. 9

Beach flooding

Figure A11.2.4

A11. 10

Humidity Index – Humidex
For Sicily, N=195 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
From less than 2 months in the present climate and quite above 2 months in the
mid-century for both scenarios, Sicily will have almost 4 months with discomfort
conditions by the end of the century under RCP8.5.
Sicily (N=195)
reference

mean
s.d.
mean
s.d.

52.0

RCP2.6 distant

mean
s.d.

70.1
8.4

RCP 8.5 near

mean
s.d.

74.1

mean
s.d.

118.7

RCP2.6 near

RCP8.5 distant

7.2
68.5
8.3

8.6
10.9

A11. 11

Figure A11.2.5 – Humidex

A11. 12

Percentage of days when T > 98th percentile - T98p
For Sicily, N=195 grid cells were retained from the models domain. In the following
table the ensemble mean and the uncertainty is presented for all periods and RCPs.
It is found that T98p is about 5% during RCP2.6 towards mid-century and slightly
decreases at the end of the century, while for RCP8.5 almost one fifth of the year will
exhibit temperatures above the 98th percentile. The coastal grid cells are more
affected by the temperatures increase compared to the inland grid cells.
Sicily (N=195)
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

5.0

mean
s.d.
mean
s.d.

5.2
1.2

mean
s.d.

19.3

1.2

5.9
1.3
2.3

A11. 13

Figure A11.2.6 – T98p
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Habitat Suitability Index (HSI) maps for Aedes Albopictus (Asian Tiger Mosquito)

Figure A11.2.7 – HSI Maps of the interpretation of the Habitat Suitability Index (HSI) for the island
of Sicily for the historical period (left panel), mid-21st century (centre panels) and end of 21st
century (right panels) for RCP2.6 (top centre and right panels) and RCP8.5 (bottom panels) future
pathways.
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Water from natural sources
Total precipitation
• Reference period 1986-2005
A

B1

B2

B3

B4

Figure A11.2.8 – Mean Total Precipitation 1986-2005
A: mean; B1-4: seasonal mean

A11. 16

•

RCP2.6 – Near future

A

B1

B2

B3

B4

Figure A11.2.9 – RCP2.6, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean difference

A11. 17

•

RCP2.6 – Far future
A

B1

B2

B3

B4

Figure A11.2.10 – RCP2.6 - time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

RCP8.5 – Near future
A

B1

B2

B3

B4

Figure A11.2.11 – RCP8.5, time window 2046-2065: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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•

RCP8.5 – Far future
A

B1

B2

B3

B4

Figure A11.2.12 – RCP8.5, time window 2081-2100: difference in Total Precipitation
A: mean; B1-4: seasonal mean
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Total runoff
• Reference period 1986-2005

Figure A11.2.13 – Mean Total Runoff 1986-2005

•

RCP2.6 - Near and far future
A

B

Figure A11.2.14 – RCP2.6 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A11. 21

•

RCP8.5 – Near and far future
A

B

Figure A11.2.15 – RCP8.5 - difference in Mean Total Runoff - A: 2046-2065; B: 2081-2100

A11. 22

A11.3. Energy
Indicators of change in renewable energy productivity
E1 - Photovoltaic productivity

Figure A11.3.1 - E1: Panel A: Yearly mean photovoltaic productivity [kWh/kW] for the control time
period (1986-2005). Panel B: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario
for the 2046-2065 period with respect to the control. Panel C: As for panel B but for the RCP8.5
scenario. Panel D: Changes in yearly mean photovoltaic productivity in the RCP2.6 scenario for the
2081-2100 period with respect to the control. Panel E: As for panel D but for the RCP8.5 scenario.

A11. 23

Figure A11.3.2 - E1: Uncertainty of the ensemble means (E1_A). Panel A: Number of simulations
that project an increase in photovoltaic energy productivity in the RCP2.6 scenario for the 2046-2065
period with respect to the control period. Panel B: As for panel A but for the RCP8.5 scenario. Panel C:
Number of simulations that project an increase in photovoltaic energy productivity in the RCP2.6
scenario for the 2081-2100 period with respect to the control. Panel D: As for panel C but for RCP8.5
scenario.
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E2 - Wind energy productivity

Figure A11.3.3 - E2: Panel A: Yearly mean wind energy productivity [10^3 kWh/kW] for the control
time period (1986-2005). Panels B - C: Changes in yearly mean wind energy productivity in the
RCP2.6 scenario for periods 2046 - 2065 and 2081 - 2100 with respect to the control. Panels D - E: As
for panels B - C, but for the RCP8.5 scenario.

A11. 25

Figure A11.3.4 - E2: Uncertainty of the ensemble means (E2_A). Panel A - B: Number of simulations
that project an increase in the RCP2.6 scenario for periods 2046-2065 and 2081-2100 with respect to
the control. Panels C - D: As for panels A - B, but for the RCP8.5 scenario.
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E3.1 - Frequency of wind energy droughts

Figure A11.3.5 - E3.1: Panels A and B: Percentage (%) of days of wind energy droughts in the control
time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in the RCP2.6
scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J: As for
panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.
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Figure A11.3.6 - E3.1: Uncertainty of the ensemble means (E3.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of wind energy drought days in the RCP2.6
scenario relative to the control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the
RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and severe (sev.) droughts
in the right column.
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E3.2 - Maximum duration of wind energy droughts

Figure A11.3.7 - E3.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of wind
energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum number of
consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the control.
Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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Figure A11.3.8 - E3.2: Uncertainty of the ensemble means (E3.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005).
Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E4.1 - Frequency of solar PV droughts

Figure A11.3.9 - E4.1: Panels A and B: Percentage (%) of days of photovoltaic (PV) energy droughts
in the control time period (1986 – 2005). Panels C – F: Changes in the percentage of drought days in
the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with respect to the control. Panels G – J:
As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase in the
percentage of drought days in the corresponding scenarios. Moderate (mod.) droughts are presented in
the left column and severe (sev.) droughts in the right column.
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Figure A11.3.10 - E4.1: Uncertainty of the ensemble means (E4.1_A). Panels A – D: Number of simulations that
project an increase in the percentage (%) of photovoltaic (PV) drought days in the RCP2.6 scenario relative to the
control simulation (1986 – 2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.

A11. 32

E4.2 - Maximum duration of solar PV droughts

Figure A11.3.11 - E4.2: Panels A and B: Maximum number of consecutive energy drought days (cedd) of
photovoltaic (PV) productivity for the control time period (1986 – 2005). Panels C – F: Changes in the maximum
number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 relative to the
control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J indicate an increase
in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.) droughts are depicted in
the left column and severe (sev.) droughts in the right column.
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Figure A11.3.12 - E4.2: Uncertainty of the ensemble means (E4.2_A). Panels A – D: Number of
simulations that project an increase in the maximum number of consecutive energy drought days (cedd)
of photovoltaic (PV) productivity in the RCP2.6 scenario relative to the control simulation (1986 –
2005). Panels E – H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are
depicted in the left column and severe (sev.) droughts in the right column.
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E5.1 - Frequency of combined PV and wind energy droughts

Figure A11.3.13 - E5.1: Panels A and B: Percentage (%) of days of combined photovoltaic (PV) and
wind energy droughts in the control time period (1986 – 2005). Panels C – F: Changes in the
percentage of drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100 with
respect to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in
C – J indicate an increase in the percentage of drought days in the corresponding scenarios. Moderate
(mod.) droughts are presented in the left column and severe (sev.) droughts in the right column.

A11. 35

Figure A11.3.14 - E5.1: Uncertainty of the ensemble means (E5.1_A). Panels A – D: Number of
simulations that project an increase in the percentage (%) of combined photovoltaic (PV) and wind
energy drought days in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the
left column and severe (sev.) droughts in the right column.
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E5.2 - Maximum duration of combined PV and wind energy droughts

Figure A11.3.15 - E5.2; Panels A and B: Maximum number of consecutive energy drought days (cedd) of combined
photovoltaic (PV) and wind energy productivity for the control time period (1986 – 2005). Panels C – F: Changes in
the maximum number of consecutive drought days in the RCP2.6 scenario for periods 2046 – 2065 and 2081 – 2100
relative to the control. Panels G – J: As for panels C – F, but for the RCP8.5 scenario. Positive values in C – J
indicate an increase in the number of consecutive drought days in the corresponding scenarios. Moderate (mod.)
droughts are depicted in the left column and severe (sev.) droughts in the right column.
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Figure A11.3.16 - E5.2: Uncertainty of the ensemble means (E5.2_A). Panels A – D: Number of simulations that
project an increase in the maximum number of consecutive energy drought days (cedd) of combined photovoltaic
(PV) and wind energy productivity in the RCP2.6 scenario relative to the control simulation (1986 – 2005). Panels E
– H: As for panels A – D, but for the RCP8.5 scenario. Moderate (mod.) droughts are depicted in the left column and
severe (sev.) droughts in the right column.
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Extreme wind
See A11.1
Extreme temperature
See A11.2
Cooling Degrees Days (CDD)
For Sicily, N=195 grid cells were retained from the models domain. In the
following table the ensemble mean and the uncertainty is presented for all
periods and RPCs.
Sicily (N=195)
reference
RCP2.6 near
RCP2.6 distant
RCP 8.5 near
RCP8.5 distant

mean
s.d.

mean
s.d.

210.4

mean
s.d.

312.0

mean
s.d.
mean
s.d.

314.1

14.5
17.7
17.7
341.9
18.5
746.0
27.3
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Figure A11.3.17 – CDD
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Available water
For precipitation and runoff, see A11.2
Standardized Precipitation Evaporation Index (SPEI) time-series and map

Figure A11.3.18 – SPEI-A Time-series of the SPEI-12 index averaged for the island of Sicily
for the RCP2.6 (top panel) and RCP8.5 (bottom panel) future pathways.
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Figure A11.3.19 – SPEI-B Maps of the SPEI-12 index for the island of Crete for the historical period
(left panel), mid-21st century (centre panels) and end of 21st century (right panels) for RCP2.6 and
RCP8.5 future pathways.
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A11.4. Aquaculture
Fish Species Thermal Stress Indicator
•

Threshold= 20 °C, reference period
(Manila clam, Ruditapes philippinarum; Mediterranean mussel, Mytilus
galloprovincialis)

a)

b)

Figure A11.4.1 - Reference period 1980-2000: a) Mean number of events with SST > 20 °C;
b) Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP2.6

a)

b)

c)

d)

Figure A11.4.2 – RCP2.6
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 20 °C, RCP8.5

a)

b)

c)

d)

Figure 11.4.3 – RCP8.5
a) Near future - Mean number of events with SST > 20 °C;
b) Near future - Mean duration (in days) of events with SST > 20 °C;
c) Far future - Mean number of events with SST > 20 °C;
d) Far future - Mean duration (in days) of events with SST > 20 °C
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•

Threshold= 21 °C, reference period
(Japanese clam, Ruditapes decussatus; Blue mussel, Mytilus edulis)

a)

b)

Figure A11.4.4 - Reference period 1980-2000: a) Mean number of events with SST > 21 °C;
b) Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP2.6

a)

b)

c)

d)

Figure A11.4.5 – RCP2.6
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 21 °C, RCP8.5

a)

b)

c)

d)

Figure 11.4.6 – RCP8.5
a) Near future - Mean number of events with SST > 21 °C;
b) Near future - Mean duration (in days) of events with SST > 21 °C;
c) Far future - Mean number of events with SST > 21 °C;
d) Far future - Mean duration (in days) of events with SST > 21 °C
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•

Threshold= 23 °C, reference period
(Amberjack, Seriola dumerili; Atlantic Bluefin tuna, Thunnus thynnus)

a)

b)

Figure A11.4.7 - Reference period 1980-2000: a) Mean number of events with SST > 23 °C;
b) Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP2.6

a)

b)

c)

d)

Figure A11.4.8 – RCP2.6
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 23 °C, RCP8.5

a)

b)

c)

d)

Figure 11.4.9 – RCP8.5
a) Near future - Mean number of events with SST > 23 °C;
b) Near future - Mean duration (in days) of events with SST > 23 °C;
c) Far future - Mean number of events with SST > 23 °C;
d) Far future - Mean duration (in days) of events with SST > 23 °C
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•

Threshold= 24 °C, reference period (Gilthead seabream, Sparus aurata)

a)

b)

Figure A11.4.10 - Reference period 1980-2000: a) Mean number of events with SST > 24 °C;
b) Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP2.6

a)

b)

c)

d)

Figure A11.4.11 – RCP2.6
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 24 °C, RCP8.5

a)

b)

c)

d)

Figure 11.4.12 – RCP8.5
a) Near future - Mean number of events with SST > 24 °C;
b) Near future - Mean duration (in days) of events with SST > 24 °C;
c) Far future - Mean number of events with SST > 24 °C;
d) Far future - Mean duration (in days) of events with SST > 24 °C
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•

Threshold= 25 °C, reference period
(European seabass, Dicentrarchus labrax)

a)

b)

Figure A11.4.13 - Reference period 1980-2000: a) Mean number of events with SST > 25 °C;
b) Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP2.6

a)

b)

c)

d)

Figure A11.4.14 – RCP2.6
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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•

Threshold= 25 °C, RCP8.5

a)

b)

c)

d)

Figure 11.4.15 – RCP8.5
a) Near future - Mean number of events with SST > 25 °C;
b) Near future - Mean duration (in days) of events with SST > 25 °C;
c) Far future - Mean number of events with SST > 25 °C;
d) Far future - Mean duration (in days) of events with SST > 25 °C
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Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

A

B

Figure A11.4.16 – Reference period (1986-2005): Significant Wave Height (m)
A: ensemble mean, B ensemble spread
•

A

RCP4.5 – Near future

B

Figure A11.4.17 – RCP4.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

A

RCP4.5 – Far future

B

Figure A11.4.18 – RCP4.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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•

RCP8.5 – Near future

A

B

Figure A11.4.19 – RCP8.5 - Near future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread

•

A

RCP8.5 – Far future

B

Figure A11.4.20 – RCP8.5 - Far future: Significant Wave Height (m)
A: ensemble mean, B ensemble spread
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Extreme Wave Return Time
•

Reference period

CMCC

CNRM

GUF

LMD

Figure A11.4.21 – Present climate: Return time (yr) for waves higher than 7 m
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RCP4.5 – Near future
CMCC

CNRM

GUF

LMD

Figure A11.4.22 –RCP4.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP4.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A11.4.23 –RCP4.5 – Far future: Return time (yr) for waves higher than 7 m

A11. 63

•

RCP8.5 – Near future

CMCC

CNRM

GUF

LMD

Figure A11.4.24 –RCP8.5 – Near future: Return time (yr) for waves higher than 7 m
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•

RCP8.5 – Far future

CMCC

CNRM

GUF

LMD

Figure A11.4.25 – RCP8.5 – Far future: Return time (yr) for waves higher than 7 m
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Deliverable 4.3. Atlases of newly developed hazard indexes and
indicators
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A12. 2

A12.1 Maritime transport
Mean Sea level Rise (Porto Rico)

Figure A12.1.1 – SLR - RCP2.6 and RCP8.5
Top panels: change in SL - near future; Bottom panels: change in SL - far future.

Wave extremes (Porto Rico)

Figure A12.1.2 –Wave extremes- RCP2.6 and RCP8.5
Top panels: 99th percentile of wave extreme distribution for the reference period and relative
change for the near future; Bottom panels: relative change for the far future.
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A12.2 Tourism
Beach flooding (Porto Rico)

Figure A12.2.1

A12. 4

A12.3 Energy
Information missing

A12.4 Aquaculture
Annual Mean Significant Wave Height (AMSH)
•

Reference period 1986-2005

Figure A12.4.1 – Mean Significant Wave Height: Present Climate
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•

RCP8.5 – Near future

Figure A12.4.2 – RCP8.5 Mean Significant Wave Height: Far Future

•

RCP8.5 – Far future

Figure A4.4.3 – RCP8.5 Mean Significant Wave Height: Far Future
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