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SMCCP4.1 Detection and attribution of climate
change impacts in the Mediterranean
Basin

Table SMCCP4.1 | References supporting Figure CCP4.5 (Attribution of observed impacts of climate change in the Mediterranean region).

Impact Supporting references

Heatwaves are increasing due to climate change in the Mediterranean, and are amplified in cities due to urbanization practices, ultimately increasing
mortality and morbidity rates, as well as energy consumption (high agreement, robust evidence in the north, medium evidence in the south) (Chapters 9
and 13; WGI Chapters 10 and 12; Kuglitsch et al., 2010; Salvati et al., 2017; Zinzi and Carnielo, 2017; Pyrgou and Santamouris, 2018; Salameh et al., 2019;
Maggiotto et al., 2021).

Thermal discomfort

There is a mixed signal of increasing and decreasing flood trends in the Mediterranean (Gaume et al., 2016; Bloschl et al., 2017; Gudmundsson et al.,
2017; Kundzewicz et al., 2017; Siam and Eltahir, 2017), and there is low confidence in attribution to climate change due to the major impacts of human
Pluvial and river flooding interventions, such as land use change, groundwater exploitation, urbanization and non-optimal flood risk management (Working Group | (WGI) Chapters
11 and 12 for extreme precipitation changes; Llasat et al., 2013; Mediero et al., 2014; Ziv et al., 2014; Baahmed et al., 2015; Polemio and Lonigro, 2015;
Gaume et al., 2016; Llasat et al., 2016; Paprotny et al., 2018; Ribes et al., 2019; Tramblay et al., 2019; Vicente-Serrano et al., 2019; Argaman et al., 2020).

There is high confidence in detection and attribution of climate change impacts on water availability in the northwestern Mediterranean, and medium
confidence in other sub-regions. There is emerging evidence on the impacts to water quality (Chapters 9, 13; WGI Chapters 8, 11; Hoerling et al., 2012;
Ruffault et al., 2013; Vicente-Serrano et al., 2014; Aguilera et al., 2015; Quintana-Segui et al., 2016; Van Vliet et al., 2016; Gosling et al., 2017; Spinoni
et al,, 2017; Caloiero et al., 2018; Mathbout et al., 2018; Okkan and Kirdemir, 2018; Braca et al., 2019; Grillakis, 2019).

Water availability and quality

There is medium confidence that, in Mediterranean Europe, wildfires are decreasing owing to good practices (Brotons et al., 2013; Turco et al., 2014;
Turco et al., 2016), despite the increasing hazard caused by increased drought frequency and severity (WGI Chapter 11; Pausas and Fernandez-Mufioz,
Wildfires 2012; Karali et al., 2014; Fernandes et al., 2016; Turco et al., 2017b; Ruffault et al., 2018). There is low confidence in any trends on wildfire for the south
Mediterranean due to the lack of attribution studies, limited monitoring of direct human interventions and also limited fuel availability in the southeast
Mediterranean (Meddour-Sahar, 2015; Turco et al., 2017a; Curt et al., 2020).

Chronic flooding in Venice (Box 13.1) and generally extreme Mediterranean water levels during storms increase consistently with sea level rise (Marcos
et al,, 2009). Flood and erosion hazards and risks have not been attributed to climate change yet, as they highly depend on coastal management
strategies (WGI Chapter 13; Frihy et al., 2010). Pocket beaches in the Mediterranean might be early responders to sea level rise (Brunel and Sabatier,
2009). Some permanent flooding is observed in subsiding areas. such as the region near Thessaloniki (Greece) (Raucoules et al., 2008).

Coastal flooding and erosion

New evidence published since AR5 (Cramer et al., 2014; Wong et al., 2014) confirms that a shift in Mediterranean marine ecosystems, characterized by
biodiversity decline and invasive species, has occurred since the 1980s, with high confidence of a major climate change imprint superimposed with the
impacts of human activities (Chapter 3; Fortibuoni et al., 2015; Stergiou et al., 2016; Corrales et al., 2017; Givan et al., 2018; Azzurro et al., 2019; Kim
etal, 2019; Albano et al., 2021).

Marine ecosystems

New evidence since AR5 WGII Chapter 18 (Cramer et al. 2014) confirms that terrestrial and freshwater ecosystems are impacted by climate change in
the Mediterranean, resulting in loss of habitats and biodiversity, and range shifts (e.g., birds), including through cascading impacts such as drought and
wildfires (high confidence in northern Mediterranean, medium confidence in southern Mediterranean) (Chapters 9, 13; CCP1; Stefanescu et al., 2011;
Pefiuelas et al., 2018; Bartsch et al., 2020).

Inland ecosystems

New evidence published since AR5 WGII Chapter 18 (Cramer et al. 2014) further confirms that climate warming has had a negative impact on exploited
marine fish stocks (high confidence), superimposed on the impacts of human activities, such as overfishing (Sabatés et al., 2006; Lejeusne et al., 2010;
Sabatés et al., 2012). The economic value of proliferating species is generally less than that of declining species (high confidence) (Coll et al., 2014;
Tsikliras and Stergiou, 2014; Stergiou et al., 2016; Azzurro et al., 2019).

Fisheries

Changes in seasonality are attributed to climate change and the drying trends affect agriculture negatively (low confidence in the southeast
Agriculture and viticulture Mediterranean and medium confidence in other sub-regions) (EI-Maayar and Lange, 2013; Garcia-Mozo et al., 2015; Moore and Lobell, 2015; Oteros
etal., 2015; Seif-Ennasr et al., 2016; Di Lena et al., 2018).
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SMCCP4.2 Projected climate risks

The following tables provide the quantitative basis and literature
references for the ‘burning ember’ illustrations in Figure CCP4.8.

Table SMCCP4.2a | Supporting material for water availability and quality.

Risk with no/ Range of Confidence

low adapta-  temperature level for Explanation (text and references)
tion transition transition

— Increase of the fractional area under soil drought in the northern Mediterranean by 4-14% (Grillakis, 2019).

— Reduction (median) in mean annual runoff in Spain by 5%, compared to 1980-2010 (Gosling et al., 2017).

— Reduction of groundwater recharge in Italy by 7--12% from 1996-2015 (Braca et al., 2019).

— Reduction of reservoir inflows in Turkey by 15% from 1980-2005 (Okkan and Kirdemir, 2018).

— Change of gross hydropower potential by —5% up to +20% in the northern Mediterranean and by 5-60% in the southern
Mediterranean, compared to 1971-2000 (Van Vliet et al., 2016).

— Reduction of cooling water discharge capacity by 5-60%, from 1971-2000 (Van Vliet et al., 2016)

— The Standard Precipitation index (SPI) displays decreasing trends in the Mediterranean Basin (trends less clear in southern
France). The typical characteristics of droughts (12-24 months SPI) mean that they have relevance for water management
(Caloiero et al., 2018).

— The SPI (driven by precipitation) and SPEI (driven by precipitation and temperature) displays remarkable drying trends in

Undetectable 0.8-1.0 high southern Europe, especially in summer and autumn over the last three decades, both in terms of frequency and intensity

to Moderate (Spinoni et al.,, 2017).

— Increased severity of droughts in Spain attributed to higher evaporative demand due to rising temperatures (Vicente-Serrano
etal, 2014).

- Increase in drought intensity and duration as well as seasonality changes are detected in sub-regions of Mediterranean France
(Ruffault et al., 2013).

— The Mediterranean drying after 1970 during the winter season is partly attributed to anthropogenic climate change (Hoerling
etal, 2012).

— Identification of drought clusters in northwestern Mediterranean in the 1940s since the 2000s and in Eastern Mediterranean
since the 1980s (Quintana-Segui et al., 2016).

— A drying trend is reported in the Eastern Mediterranean (Mathbout et al., 2018).

— There is medium to high confidence that anthropogenic climate change has increased drought severity in the Mediterranean
(WGI Chapters 8; 11).

— High confidence in increase of hydrological, agricultural and ecological droughts in the Mediterranean between 1.5° and 2°C
of GWL (WGI Chapter 11).

— Avridity is projected to expand in the South Mediterranean (CCP3 (Cross-Chapter Paper 3)).

- Reduction of streamflow (90th percentile) by 12-16% in northern Mediterranean, compared to 1971-2000 (Marx et al., 2018).

— Reduction of average annual discharge in Spain by 14-37% from 1971-2000 (Marcos-Garcia et al.,, 2017) and by 13-14%
from 2003-2013 in Italy (Pumo et al., 2016).

- Reduction (median) of mean annual runoff in Spain by 20% compared to 1980-2010 (Gosling et al., 2017) and of surface
runoff in Turkey by 7-20% from 1970-2000 (Bucak et al., 2017)

— Reduction of low flows in France by 12% from 1980-2009 (Andrew and Sauquet, 2017) and by 15% or more over southern
Europe (Roudier et al., 2016).

— Reduction of inflow in Spanish dams by 15-17% from to 1992-2011 (Zabalza-Martinez et al., 2018).

— Reduction of groundwater recharge in Italy by 10-18% from baseline (Masia et al., 2018; Braca et al., 2019).

— Reduction of reservoir inflows in Turkey by 21% from 1980-2005 (Okkan and Kirdemir, 2018) and of reservoir maximum water

1.4-2.0 high level by 14-31% from 1970-2000 (Bucak et al., 2017).

— Reduction of mean annual streamflow volume in Israel by 45-47% from 19962005 (Peleg et al., 2015).

— Reduction of water availability in southwestern Mediterranean by up to 40% from to 1976-2005 (Tramblay et al., 2018).

— Reduction of groundwater volume by 26-42% in a semiarid catchment in Italy compared to baseline (Guyennon et al., 2017)
and of groundwater availability in Greece by 12—18% from historic levels (Koutroulis et al., 2016).

— Reduction of hydropower production in Spain by 13-33% from baseline (Lobanova et al., 2016; Solaun and Cerda, 2017) and
by 10-20% on average over the entire Mediterranean (Turner et al., 2017).

— Reduction of gross hydropower potential by 60% or more from 1981-2000 (Van Vliet et al., 2016; Zhang et al., 2018).

— Reduction of available freshwater for cooling of thermal power plants by 6-18% from baseline in Spain and other northern
Mediterranean locations (Payet-Burin et al., 2018; Tobin et al., 2018).

— In France, increase of area under risk of severe drought by 14-66% (EEA, 2017; Lozano et al., 2017; Pefiuelas et al., 2017;
Varela et al., 2019).

— Increase of the highest probability of four consecutive drought years by 20-82% compared to 1967-2016 (Lehner et al., 2017).

— Reduction of annual runoff by 9-37% (Schleussner et al., 2016; Sellami et al., 2016).

Moderate to
High
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Risk with no/

low adapta-
tion

High to Very
High

Range of
temperature
transition

2.7-3.2

Confidence
level for
transition

high

Cross-Chapter Paper 4 Supplementary Material

Explanation (text and references)

— Warming at 2.7-3.2°C:

— Reduction of hydropower production in Spain by 55% from baseline (Lobanova et al., 2016; Solaun and Cerdd, 2017).

— Reduction (median) of mean annual runoff in Spain by 20% compared to 1980-2010 (Gosling et al., 2017).

— Reduction (median) in groundwater water availability in Greece by 27% (Koutroulis et al., 2016).

— Reduction of streamflow (90th percentile) by 35% in northern Mediterranean compared to 1971-2000 (Marx et al., 2018).

— In Turkey, reduction (median) of surface runoff by 52% and reservoir maximum water level by 75-78% from 1970-2000
(Bucak et al., 2017).

— Warming higher than 3.5°C:

— Very likely increase of hydrological, agricultural and ecological droughts in the Mediterranean at 4°C of GWL (WGI Chapter 11)

- In Italy, reduction of: (a) groundwater volume by 57% in a semiarid catchment compared to baseline (Guyennon et al., 2017);
(b) groundwater recharge by 42% from baseline (Braca et al., 2019); (c) of average annual discharge by 32% from 2003-2013
(Pumo et al., 2016).

— Reduction of water availability in southwestern Mediterranean by up to 55% from to 1976-2005 (Tramblay et al., 2018).

- Reduction of annual runoff in Portugal by 40-70% from 1961-1990 (Mourato et al., 2015).

— Reduction of annual discharge in Tunisia by 41-58% from 1970-2000 (Dakhlaoui et al., 2020).

— Reduction of surface runoff in Morocco by 55-63% from 1989-2009 (Marchane et al., 2017).

— Increase of the highest probability of four consecutive drought years by 220% compared to 1967-2016 (Lehner et al., 2017).

— Reduction of gross hydropower potential by 20-60% in northern Mediterranean and by 40-60% or more in southern
Mediterranean from 1981-2000 (Van Vliet et al., 2016).

— Reduction of hydropower production in Spain by 30-55% from baseline (Lobanova et al., 2016; Solaun and Cerda, 2017).

— Reduction of cooling water discharge capacity by more than 60% from 1971-2000 (Van Vliet et al., 2016).

Table SMCCP4.2b | Supporting material for wildfires.

Risk with no/low

Range of temper-
ature transition

Confidence level
for transition

Explanation (text and references)

adaptation

Undetectable to
Moderate

0.8-1.5

medium

— Change of burnt area in northern Mediterranean by —5% to +54% (Wu et al., 2015; Turco et al., 2018).

— In Italy, change of fire probability by —4.2% to +11.6%, of fire potential index by —5.5% to +11.8%, and of
high flame length probability by ~50% to +25% (EEA, 2017; Lozano et al., 2017; Pefiuelas et al., 2017; Varela
etal., 2019).

— Wildfire hazard increasing due to increased drought frequency and severity (Pausas and Fernandez-Mufioz,
2012; Karali et al., 2014; Fernandes et al., 2016; Turco et al., 2017b; Ruffault et al., 2018), but human
interventions remain key driver of wildfire risk (Meddour-Sahar, 2015; Turco et al., 2017a; Curt et al., 2020),
decrease of wildfire risk in the northern Mediterranean (Brotons et al., 2013; Turco et al., 2014; Turco et al.,
2016).

— Times of emergence of increased wildfire risk by the mid-21st century in the northwestern Mediterranean
(Lozano et al., 2017).

Moderate to High

1.6-2.5

medium

— Increase of areas prone to fire risk by 53% in Corsica (Garbolino et al., 2016).

— Area with 7 or more days with extreme fire weather increasing by 82-217% in southern France (EEA, 2017;
Lozano et al., 2017; Pefiuelas et al., 2017; Varela et al., 2019).

— Increase of fire risk in Turkey by 20% on average (Satir et al., 2016).

— Increase of the number of days in summer with Fire Weather Index (FWI) > 15 by 20-50% in central-northern
Italy and by 2-20% in southern Italy (Faggian, 2018)

— Increase of burnt area in northern Mediterranean by 62-87% (Turco et al., 2018).

High to Very High

3.0-3.7

low

— Increase of burnt area in northern Mediterranean by 37-187% (Wu et al., 2015; Turco et al., 2018).
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Table SMCCP4.2c | Supporting material for terrestrial and freshwater ecosystems.

Risk with no/
low adaptation

Range of
temperature
transition

Confidence lev-
el for transition

Explanation (text and references)

Undetectable to
Moderate

0.7-1.2

high

— New evidence since AR5 WGII Chapter 18 (Cramer et al. 2014) confirms that terrestrial and freshwater ecosystems
are impacted by climate change in the Mediterranean, resulting in loss of habitats and biodiversity and range
shifts (e.g., birds), including through cascading impacts such as drought and wildfires (high confidence in northern
Mediterranean, medium confidence in southern Mediterranean) (Chapters 4, 9 and 13 and CCP1; Stefanescu et al.,
2011; Pefiuelas et al., 2018; Bartsch et al., 2020).

Moderate to High

1.5-2

medium

— Terrestrial ecosystems negatively impacted by drought and wildfires (Guiot and Cramer, 2016; Matias et al., 2019;
Sénchez-Salguero et al., 2020), and freshwater species and ecosystems (including fishes, insects, molluscs) negatively
affected by reduced river flow and alteration of the water quality (Chapters 2 and 4; CCP1; see Tables SMCCP4.2a
and SMCCP4.2b; Jari¢ et al., 2019; Lefebvre et al., 2019).

— Mediterranean island endemic species especially at risk due to low possibilities to migrate (CCP1).

High to Very High

2-3

medium

— Terrestrial species such as land plants, insects, birds, reptiles and mammals are projected to be negatively affected,
with a steep increase projected risks between 2° and 3°C of warming (CCP1; Manes et al., 2021).

— Arid conditions gaining space in the Mediterranean region, with, e.g., 13-30% of Mediterranean Natura 2000 area
and 15-23% of Natura 2000 sites projected to become arid above 3°C GWL (Barredo et al., 2016).

— Substantial loss of habitat in freshwaters, e.g., 25% (RCP4.5) and 40% (RCP8.5) for brown trout in 2100 (Santiago
etal, 2016).

Table SMCCP4.2d | Supporting material for marine ecosystems.

Risk with no/

[T ETELT)]

Range of
temperature
transition

Confidence lev-
el for transition

Explanation (text and references)

Undetectable to
Moderate

high

— New evidence published since AR5 WGII Chapters 5 and 18 (Cramer et al. 2014, Wong et al. 2014) confirms that
a shift in Mediterranean ecosystems has been detected since the 1980s with high confidence of a climate change
imprint and continued tropicalization (high confidence) and mass mortality events (very high confidence) (Chapter 3;
Fortibuoni et al., 2015; Stergiou et al., 2016; Corrales et al., 2017; Givan et al., 2018; Azzurro et al., 2019; Kim et al.,
2019; Albano et al., 2021).

— New evidence published since (Sabatés et al., 2006; Lejeusne et al., 2010; Sabatés et al., 2012) and AR5 WGII Chapter
18 (Cramer et al. 2014) confirms that climate warming has a negative impact on marine exploited fish stocks (high
confidence), superimposed on direct human impacts. The value of proliferating species is generally less than those of
declining species (high confidence) (Coll et al., 2014; Tsikliras and Stergiou, 2014; Stergiou et al., 2016; Azzurro et al.,
2019).

Moderate to High

high

— Observed shift in marine ecosystems projected to continue and intensify, with, e.g., loss of seagrass habitat (WGI
Chapter 3), decrease of primary production and biomass in the West Mediterranean (Macias et al., 2015; Moullec
et al.,, 2019), decreasing biodiversity of mesozooplankton (Benedetti et al., 2018), continued tropicalization (high
confidence) (Lloret et al., 2015; Corrales et al., 2018).

— Mass mortality events due to marine heatwaves (very high confidence) (Chapter 3) and increased risks of extinctions
as climate warms projected to continue (CCP1; Ben Rais Lasram et al., 2010; Garrabou et al., 2021; Manes et al.,
2021).

High to Very High

1.5-25

high

— Increased ecosystem shifts, mass mortality events and risks of extinction for endemic species between 1.5° and 2.5°C
(Chapters 3,9, 13; Garrabou et al., 2021; Manes et al., 2021).

— Loss of habitats and nesting areas (e.g., for turtles) due to beach losses induced by projected sea level rise (WGl
Chapter 3).

— 25% of endemic marine species in the Mediterranean projected to be at high risk of extinction due to climate change
(range of projections covered: from 1.5° to 3°C) (CCP1; Manes et al., 2021).

— Abundance of small to medium pelagic fish is projected to decline up to 33% by 2100 (Albouy et al., 2013; Burrows
et al, 2014; Stergiou et al., 2016; Raybaud et al., 2017; Albano et al., 2021).
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Table SMCCP4.2e | Supporting material for food production and security.

Range of
temperature
transition

Confidence level
for transition

R e, Explanation (text and references)

adaptation

— Decrease of wheat yield by 5% in Egypt, by 0-25% in Italy, by 18.8% in Morocco (Chourghal et al., 2016; Dettori
etal, 2017; locola et al,, 2017; Brouziyne et al., 2018; Kheir et al., 2019).
Undetectable to — Decrease of sunflower crop water productivity by 15.7% in Morocco (Chourghal et al., 2016; Dettori et al., 2017;

Moderate 10-14 high locola et al., 2017; Brouziyne et al., 2018; Kheir et al., 2019).

— Decrease of olive yield by 17% in Portugal, by up to 8% in Sardinia-Sicily in Italy, and by 15-18% in Spain (Fraga
et al., 2020).

— Decrease of wheat yield by 9% in Egypt, by 4.5-25% in Italy (Chourghal et al., 2016; Dettori et al., 2017; locola
et al., 2017; Brouziyne et al., 2018; Kheir et al., 2019) and by 5-55% in Algeria (Bouregaa, 2019; Cammarano
etal, 2019). Decrease of wheat crop water productivity in Morocco by 21.7% (Chourghal et al., 2016; Dettori
etal., 2017; locola et al., 2017; Brouziyne et al., 2018; Kheir et al., 2019).

— Decrease of maize yield by 20-29% in Italy (Chourghal et al., 2016; Dettori et al., 2017; locola et al., 2017;
Brouziyne et al., 2018; Kheir et al., 2019) and by 3-10% in Greece (Georgopoulou et al., 2017; locola et al., 2017).

— Decrease of barley yield by 18-25% in Algeria (Bouregaa, 2019; Cammarano et al., 2019), by up to 12% in Greece
(Georgopoulou et al., 2017; locola et al., 2017) and by 27% on average in the entire Mediterranean (Bouregaa,
2019; Cammarano et al., 2019).

— Decrease of rice yield by 6.4% in France and by 19.6% in Italy (Bregaglio et al., 2017).

— Decrease of sunflower crop water productivity by 44.7% in Morocco (Chourghal et al., 2016; Dettori et al., 2017;
locola et al., 2017; Brouziyne et al., 2018; Kheir et al., 2019). Decrease of sunflower yield by 65% in Greece

e 1521 Bk (Georgopoulou et al., 2017; locola et al., 2017).

— Decrease of olive yield by 20% in Portugal (Fraga et al., 2020), by 3-8% in Italy (Fraga et al., 2020), by 19-21% in
Spain (Fraga et al., 2020) and by 10-60% in Algeria (Bouregaa, 2019; Cammarano et al., 2019). Decrease of net
primary production of olive groves by 0.02—11% in Italy (Brilli et al., 2019; Fraga et al., 2020).

— Decrease of potato yield by up to —45% in northern Mediterranean (Zhao et al., 2015; Georgopoulou et al., 2017).

— Decrease of various vegetable yields by 4-34% in Greece (Georgopoulou et al., 2017; locola et al., 2017).

— Decrease of tomato yield by —19-81% over the entire Mediterranean (Saadi et al., 2015).

— Apples at maturity in northeastern Spain could be of inferior quality, and chilling requirements may be unsatisfied
(Funes et al., 2016; Rodriguez et al., 2019).

— By 2060, more than 20% of exploited fishes and invertebrates currently found in Eastern Mediterranean could
become locally extinct (Jones and Cheung, 2015; Cheung et al., 2016; MedECC, 2020). High losses of clawed
lobster production by the end of the century have also been projected under RCP4.5 (Boavida-Portugal et al.,
2018). For much of the Mediterranean, fisheries’ revenue may decrease by 15-30% by 2050 relative to 2000
under RCP8.5 (Lam et al., 2016).

— Decrease of wheat yield by 5-59% in Algeria (Chourghal et al., 2016; Dettori et al.,, 2017; locola et al., 2017;
Brouziyne et al., 2018; Bouregaa, 2019; Cammarano et al., 2019; Kheir et al., 2019), by 13-17% in Egypt and by
more than 14% in Italy (Chourghal et al., 2016; Dettori et al., 2017; locola et al., 2017; Brouziyne et al., 2018;
Kheir et al., 2019).

— Decrease of barley yield by 22-29% in Algeria (Bouregaa, 2019; Cammarano et al., 2019).

— Decrease of olive yield by 15-64% in Algeria (Bouregaa, 2019; Cammarano et al., 2019).

— Change of tomato yield by —94% to +12% in Tunisia, depending on soil type and sowing date, or even non-viable
crops under some combinations of soil type—sowing date (Bird et al., 2016).

High to Very High 2.3-4.0 medium — In northeastern Spain, 28-72% of the years after 2070 could have winters not fulfilling chilling requirements for
apple trees (Funes et al., 2016; Rodriguez et al., 2019), while chilling requirements will be severely compromised
for other fruit trees in Spain (Funes et al., 2016; Rodriguez et al., 2019).

— Early maturation may result in unbalanced wines through higher sugar and lower acids in the grape must after
2050 under RCP8.5 (Fraga et al., 2016; Koufos et al., 2018). Reduction in table quality vines and wine grape
production in southern Europe due to a future increase in the cumulative thermal stress and dryness during the
growing season (Cardell et al., 2019).

- Net irrigation requirements for date palms in Tunisia under RCP8.5 are expected to increase by 34% in 2050
compared to 2018 to sustain date production (Haj-Amor et al., 2020).
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Table SMCCP4.2f | Supporting material for health and well-being.

Risk with no/low  Range of temper-  Confidence level

Explanation (text and references)

adaptation ature transition for transition

— Population exposed to high or very high heat stress risk compared to 19862005 is expected to increase
by 53 million people in northern Mediterranean and by 82 million people in southwestern Mediterranean
(Gasparrini et al., 2017; Rohat et al., 2019).

0.7-1.3 medium — 1.3-1.6 times higher heat-related excess mortality in Italy and Spain compared to 1987-2010 (Gasparrini
etal, 2017; Rohat et al., 2019).

— Increase of specific cooling demand by 50-143% in office buildings at northern Mediterranean cities (Cellura
etal., 2018).

Undetectable to
Moderate

— Population exposed to high or very high heat stress risk compared to 1986—2005 expected to increase by
93 million people in northern Mediterranean (Gasparrini et al., 2017; Rohat et al., 2019).

— In northern Mediterranean, about 13-20,000 additional attributable deaths per warm season compared to
the reference (i.e., apparent temperatures at the historical levels observed during the period 1971-2001)
(Kendrovski et al., 2017).

— Heat-related excess mortality in Italy and Spain could increase by 2.9-3.7 times compared to 1987-2010
(Gasparrini et al., 2017; Rohat et al., 2019).

— Decadal mortality risk ratio compared to the historical mortality risk could equal 3-7 in southern
Mediterranean (Ahmadalipour and Moradkhani, 2018).

— More than 20,000 climate-related deaths over the entire Mediterranean due to sub-optimal fruit and
vegetable consumption (Springmann et al., 2016).

— The predicted probability of districts with West Nile Virus infections over the entire Mediterranean could
range from 0.02 to more than 0.5, compared to an average of 0.0125 in 2014 (Semenza et al., 2016).

— Increase of the epidemic potential of dengue fever in southern Europe (Liu-Helmersson et al., 2019).

Moderate to High 1.5-2.0 high

Under warming levels of 2.1°-3.1°C:

— Increase of specific cooling demand by 50-278% in office buildings at northern Mediterranean cities (Cellura
etal., 2018).

— Heat-related excess mortality in Italy and Spain could increase by 3.6-3.7 times compared to 1987-2010
(Gasparrini et al., 2017; Rohat et al., 2019).

— Slight increase of the epidemic potential of dengue fever in southern Europe (Liu-Helmersson et al., 2019).

— Supporting evidence from Chapter 13 (Figures 13.30; SM13.10).

— Under warming levels exceeding 3.7°C:

— Decadal mortality risk ratio compared to the historical mortality risk could equal 8-20 in southern

High to Very High 2.1-3.1 medium Mediterranean (Ahmadalipour and Moradkhani, 2018).

— In northern Mediterranean, about 50,000 additional attributable deaths per warm season compared to
the reference (i.e., apparent temperatures at the historical levels observed during the period 1971-2001)
(Kendrovski et al., 2017).

— Heat-related excess mortality in Italy and Spain could increase by 6.3-6.8 times compared to 1987-2010
(Gasparrini et al., 2017; Rohat et al., 2019).

— Increase of the epidemic potential of dengue fever in southern Europe (Liu-Helmersson et al., 2019).

— Increase of specific cooling demand by 134-375% in office buildings at northern Mediterranean cities
(Cellura et al., 2018).

— Supporting evidence from Chapter 13 (Figures 13.30; SM13.10).
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Table SMCCP4.2g | Supporting material for coastal risks.

Risk with no/low  Range of temper-  Confidence level

Explanation (text and references)

ELETOEL])] ature transition for transition

— Chronic flooding in Venice (Box 13.1).
— Mediterranean extreme water levels during storms increase consistently with sea level rise (Marcos et al.,

2009).
— Flood and erosion hazards and risks not attributed yet, highly depend on coastal management strategies
Undetectable to 0.7-15 medium (WGI Chapter 13; Frihy et al., 2010).
Moderate — Pocket beaches in the Mediterranean might be early responders to sea level rise (Brunel and Sabatier, 2009).
— Some permanent flooding is observed in subsiding areas such as around Thessaloniki (Greece) (Raucoules
et al.,, 2008).
- Times of emergence of climate induced erosion after 2050 in Mediterranean beaches (Le Cozannet et al.,
2016).

— Multi-criteria coastal risk analysis at the scale of the Mediterranean shows potential for high risks all around
the basin, with more marked potential for high risk in the southeastern Mediterranean (Satta et al., 2017).

— Chronic flooding taking place at high-tide is a significant concern in Venice (Box 13.1). The MOSE barrier
will prevent such flooding, but the closure of the barrier is projected to reach 2 months yr-' with 50 cm of
sea level rise, and adversely impact ship traffic and lagoon water exchange (Box 13.1). Chronic flooding also
projected to affect other low-lying areas in the Mediterranean, such as the Ebro Delta (Sayol and Marcos,

Moderate to High 1.5-2.0 high 2018), but a full picture of the problem is still missing at the scale of the Mediterranean.

Extreme water levels will change in response to two contrasting impacts of climate change in the

Mediterranean: reduced storminess and increased or accelerating mean sea level rise due to climate change,

with the latter dominating over the former by the mid-21st century (WGI Chapters 9, Fox-Kemper et al.,

2021, and 12, Ranasinghe et al., 2021; Lionello et al., 2017), possibly becoming the main driver of extreme

changes, e.g., in the northwestern Mediterranean by 2050 (Le Cozannet et al., 2015; Sayol and Marcos,

2018).

Hazards (e.g., extreme water levels amplification factors and allowances) and risks (e.g., economic average
annual losses) projected to increase more quickly in the Mediterranean than in other regions of the world by
2050 (Hallegatte et al., 2013; SROCC Chapter 3, Oppenheimer et al. 2019), when GWL exceed 1.6° to 2.4°C
(best estimate; WGI SPM, IPCC 2021).

Shoreline retreat caused by permanent flooding is projected to become widespread in the Mediterranean for
RCP8.5 by the mid-century, or for RCP4.5 during the second half of the century, and further aggravated for
higher levels of climate forcing (Snoussi et al., 2008; Le Cozannet et al., 2016; Antonioli et al., 2017; Anzidei
etal, 2017; Ciro Aucelli et al., 2017; Enriquez et al., 2017; Jiménez et al., 2017; Antonioli et al., 2020). Storm
surge superimposed with a rise of 0.5 m in mean sea level could result in the loss of up to 90% of pocket

beaches in the Aegean archipelago, at least temporarily (Monioudi et al., 2017). Sediment inputs from major

rivers limited by upstream dams, reducing potential compensation of erosion by sediments (Besset et al.,

2017).

Overtopping and other coastal risks induced by the combination of sea level rise, storms and waves is

projected to become significant for Mediterranean ports and related activities above 50 cm of sea level

rise with respect to 1986—2005, especially in the southwestern Mediterranean (Sanchez-Arcilla et al., 2016;

Sierra et al., 2016; Izaguirre et al., 2021). Wave agitation in ports increases due to sea level rise despite

projected decreasing offshore wave heights, reducing operability times in ports, with shallower ports being

projected to be more severely affected (Sierra et al., 2017).

— Groundwater salinisation projected to increase with sea level rise depending on the geological context and
the processes through which aquifers are exploited and recharged. Sea level rise is not the only process
causing salinisation, but is projected to add another constraint to groundwater management and to sectors
such as agriculture in a number of Mediterranean coastal floodplains and deltas, e.g., in some governorates
of the Nile Delta for 1 m of sea level rise by 2100 (Mabrouk et al., 2018; Mastrocicco and Colombani, 2021;
Pisinaras et al., 2021).

High to Very High 2.0-2.8 high
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Table SMCCP4.2h | Supporting material for committed impacts of sea level rise to cultural heritage, infrastructures and communities.

Range of
temperature
transition

Confidence lev-
el for transition

Risk with no/
low adaptation

Explanation (text and references)

— Mediterranean sea levels are controlled by sea level changes in the Atlantic through Gibraltar Strait at multi-decadal
timescales (Calafat et al., 2012), Mediterranean sea level projections are close to global trends (Thiéblemont et al.,
2019) (see SMCCP4.4).

— Pre-industrial temperatures resulted in stable sea level (AR5 WGI Chapter 13, Masson-Delmotte et al. 2013), whereas
now recent greenhouse gas emissions have committed 0.7 to 1.1 m of sea level rise by 2300 (WGI Chapter 9) (Nauels

Undetectable to etal, 2019).
0.5-1.2 low . . . . . . .
Moderate — Compared to other regions, the Mediterranean region is characterised by a very high number of cultural heritage sites
exposed to sea level rises, some of which have been preserved for more than 2000 years (Marzeion and Levermann,
2014).

— To date, 37 Mediterranean UNESCO World Heritage sites are at risk from flooding, and 42 at risk of erosion (Reimann
et al., 2018). This includes Venice, where high-tide flooding has increased consistently with relative sea level changes
(Box 13.1).

— Sea level is projected to rise between 0.3 to 3.1 m by 2300 for SSP1-2.6 (low confidence) (WGI Chapter 9).

— Sea level committed to rise by 2 to 3 m after 2,000 years, and by 6 to 7 m after 10,000 years for 1.5°C of GWL, but
these long term projections incorporate processes in which there is low confidence (NGI Chapter 9).

Moderate to High 1.2-15 medium — The number of UNESCO World Heritage sites exposed to flooding (erosion) increases from 37 to 40 (from 42 to 46) for

a sea level rise of 1.2 m (‘high-end scenario’ based on Kopp et al., (2014) in Reimann et al. (2018)). Flood frequencies,

depths and erosion rates increase significantly in each of the cultural heritage sites already affected today (Reimann

etal, 2018).

— Sea levels are projected to rise between 0.3 to 3.1 m by 2300 for SSP1-2.6 (low confidence) (WGI Chapter 9).

— Sea levels are committed to rise by 2 to 6 m after 2000 years, and by 8 to 13 m after 10,000 years for 2°C of GWL, but
these long-term projections incorporate processes in which there is low confidence (WGI Chapter 9).

— In at least 13 countries of the Mediterranean region, stabilisation of global warming at about 2°C leads to drowning
areas, where at least 10% of the population currently live (Clark et al., 2016). The southeastern Mediterranean
low-lying areas projected to be drowned are particularly densely populated (Clark et al., 2016).

High to Very High 1.5-2.0 high

SMCCP4.3 Sustainable development in the
Mediterranean Basin

Table SMCCP4.3 | Indicators for the achievement of the Sustainable Development Goals (SDGs) as illustrated in Figure CCP4.9.

SDG1 No poverty: (sdg1_320pov; Poverty headcount ratio at $3.20/day (% population)

SDG2 Zero hunger: (sdg2_crlyld; Cereal yield (t/ha))

SDG3 Good health and well-being: (sdg3_uhc; Universal Health Coverage Tracer Index (0-100))

SDG4 Quality education: (sdg4_second; Lower secondary education completion rate (%))

SDG5 Gender equality: (sdg5_Ifpr; Ratio of female to male labour force participation rate)

SDG6 Clean water and sanitation: (sdg6_water; Population using at least basic drinking water services (%))

SDG7 Affordable and clean energy: (sdg7_co2twh; CO; emissions from fuel combustion/electricity output (MtCO./TWh))

SDG8 Decent work and economic growth: (sdg9_intuse; Population using the internet (%))

SDG9 Industry, innovation and infrastructure: (sdg9_rdex; Research and development expenditure (% GDP))

SDG10 Reduced inequalities: (sdg10_adjgini; Gini Coefficient adjusted for top income (1-100))

SDG11 Sustainable cities and communities: (sdg11_pm25; Annual mean concentration of particulate matter of less than 2.5 microns of diameter (PM2.5) (ug/m?)),

SDG12 Responsible consumption and production:

SDG13 Climate action: (sdg13_co2pc; Energy-related CO, emissions per capita (tCO/capita))

SDG14 Life below water: (sdg14_cpma; Mean area that is protected in marine sites important to biodiversity (%))

SDG15 Life on land: (sdg15_redlist; Red List Index of species survival (0-1))

SDG16 Peace, justice and strong institutions: (sdg16_homicides; Homicides (per 100,000 population))

SDG17 Partnerships for the goals: (sdg17_govex; Government Health and Education spending (% GDP))

The list of Northern Mediterranean countries (N) includes Bosnia and Herzegovina, Croatia, Cyprus, France, Greece, Italy, Malta, Monaco, Portugal and Spain. Southern Mediterranean
countries (S) analysed are Algeria, Egypt, Jordan, Lebanon, Morocco, Syrian Arab Republic, Tunisia and Turkey.

Data extracted from Sachs et al. (2019). All analyses reported significantly different mean SDG indicator values between N and S regions with p < 0.0001 (Tukey—Kramer test).
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SMCCP4.4 Mediterranean sea level projections

Mediterranean sea level projections presented in the FAQ are
downscaled from those presented in AR6 WGI Chapter 9 (Fox-Kemper
et al., 2021) and Technical Summary (Arias et al., 2021), following the
method presented in Thiéblemont et al. (2019) (Table CCP4.SM.4).
Until 2100, the Mediterranean sterodynamic sea levels are assumed to
follow sterodynamic sea level changes in the Atlantic near Gibraltar. The

Cross-Chapter Paper 4 Supplementary Material

procedure ignores intra-basin sterodynamic sea level changes, but avoids
biases due to the resolution of models and the coarse representation of
water exchanges through the Strait of Gibraltar (Landerer et al., 2014;
Meyssignac et al., 2017; Parras-Berrocal et al., 2020). Furthermore,
observational evidence indicates that multi-decadal sea level changes
in the Mediterranean basin follow the Gibraltar forcing (Section 4.1;
Calafat et al., 2012). By 2150, Mediterranean sterodynamic sea levels
are assumed to follow the mean global thermal expansion.

Table SMCCP4.4 | Mean sea level projections in the Mediterranean relative to 1995-2014. There is medium confidence in the median values [likely range] shown for the five
SSP scenarios. There is low confidence in the median values [17-83rd percentiles] shown for SSP5-8.5-L, a scenario based on a Structured-Expert Judgement or assuming marine
ice-cliff instabilities (see WGI Chapter 9, Fox-Kemper et al.,, 2021, for details). Mediterranean projections include the mean Glacial Isostatic Adjustment in the Mediterranean, but
not local vertical ground motions due to natural or anthropogenic processes such as tectonics or groundwater extractions.

2050 (m) 2100 (m) 2150 (m)
SSP1-1.9 0.22 [0.15-0.30] 0.43[0.31-0.61] 0.52 [0.32-0.81]
SSP1-2.6 0.22 [0.16-0.30] 0.46 [0.34-0.66] 0.62 [0.39-0.95]
SSP2-4.5 0.23[0.17-0.31] 0.57 [0.44-0.79] 0.83[0.57-1.23]
SSP3-7.0 0.24[0.18-0.31] 0.69 [0.56-0.94] 1.08 [0.80-1.57]
SSP5-8.5 0.26 [0.20-0.33] 0.79 [0.64-1.06] 1.22 [0.91-1.78]
SSP5-8.5-L 0.24[0.18-0.33] 0.87 [0.65-1.38] 1.89[0.96-5.01]

CCP4SM-11




Cross-Chapter Paper 4 Supplementary Material

References

Aguilera, R., R. Marce and S. Sabater, 2015: Detection and attribution of global
change effects on river nutrient dynamics in a large Mediterranean basin.
Biogeosciences, 12(13), 4085-4098, doi:10.5194/bg-12-4085-2015.

Ahmadalipour, A. and H. Moradkhani, 2018: Escalating heat-stress mortality
risk due to global warming in the Middle East and North Africa (MENA).
Environ. Int., 117, 215-225, doi:10.1016/j.envint.2018.05.014.

Albano, P.G., et al, 2021: Native biodiversity collapse in the eastern
Mediterranean. Proc. R. Soc. B., 288(1942), 20202469, doi:10.1098/
rspb.2020.2469.

Albouy, C., et al, 2013: Projected climate change and the changing
biogeography of coastal Mediterranean fishes. /. Biogeogr., 40(3), 534-547,
doi:10.1111/jbi.12013.

Andrew, J.T. and E. Sauquet, 2017: Climate change impacts and water
management adaptation in two Mediterranean-climate watersheds:
Learning from the Durance and Sacramento rivers. Water, 9(2), 126,
doi:10.3390/w9020126.

Antoniolj, F, et al., 2017: Sea-level rise and potential drowning of the Italian
coastal plains: Flooding risk scenarios for 2100. Quat. Sci. Rev., 158, 29-43,
doi:10.1016/j.quascirev.2016.12.021.

Antonioli, F, et al., 2020: Relative sea-level rise and potential submersion risk
for 2100 on 16 coastal plains of the Mediterranean Sea. Water, 12(8), 2173.

Anzidei, M., et al., 2017: Flooding scenarios due to land subsidence and sea-
level rise: a case study for Lipari Island (ltaly). Terra Nova, 29(1), 44-51,
doi:10.1111/ter.12246.

Argaman, E., R. Barth, Y. Moshe and M. Ben-Hur, 2020: Long-term effects of
climatic and hydrological variation on natural vegetation production and
characteristics in a semiarid watershed: The northern Negev, Israel. Sci. Total
Environ., 747, 141146, doi:10.1016/j.scitotenv.2020.141146.

Arias, P. A., N. Bellouin, E. Coppola, R. G. Jones, G. Krinner, J. Marotzke, V. Naik,
M. D. Palmer, G-K. Plattner, J. Rogelj, M. Rojas, J. Sillmann, T. Storelvmo, P.
W. Thorne, B. Trewin, K. Achuta Rao, B. Adhikary, R. P. Allan, K. Armour, G.
Bala, R. Barimalala, S. Berger, J. G. Canadell, C. Cassou, A. Cherchi, W. Collins,
W. D. Collins, S. L. Connors, S. Corti, F. Cruz, F. J. Dentener, C. Dereczynski,
A. Di Luca, A. Diongue Niang, F. J. Doblas-Reyes, A. Dosio, H. Douville, F.
Engelbrecht, V. Eyring, E. Fischer, P. Forster, B. Fox-Kemper, J. S. Fuglestvedt, J.
C. Fyfe, N. P. Gillett, L. Goldfarb, I. Gorodetskaya, J. M. Gutierrez, R. Hamdi, E.
Hawkins, H. T. Hewitt, P. Hope, A. S. Islam, C. Jones, D. S. Kaufman, R. E. Kopp,
Y. Kosaka, J. Kossin, S. Krakovska, J-Y. Lee, J. Li, T. Mauritsen, T. K. Maycock,
M. Meinshausen, S-K. Min, P. M. S. Monteiro, T. Ngo-Duc, F. Otto, I. Pinto,
A. Pirani, K. Raghavan, R. Ranasinghe, A. C. Ruane, L. Ruiz, J-B. Sallée, B.
H. Samset, S. Sathyendranath, S. . Seneviratne, A. A. Sérensson, S. Szopa, I.
Takayabu, A-M. Treguier, B. van den Hurk, R. Vautard, K. von Schuckmann, S.
Zaehle, X. Zhang, K. Zickfeld, 2021, Technical Summary. In: Climate Change
2021: The Physical Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)].
In Press.

Azzurro, E., et al., 2019: Climate change, biological invasions, and the shifting
distribution of Mediterranean fishes: A large-scale survey based on local
ecological knowledge. Glob. Change Biol., 25(8), 2779-2792, doi:10.1111/
gch.14670.

Baahmed, D., L. Oudin and M. Errih, 2015: Current runoff variations in the
Macta catchment (Algeria): is climate the sole factor? Hydrol. Sci. J., 60(7),
1331-1339, doi:10.1080/02626667.2014.975708.

Barredo, J.I., G. Caudullo and A. Dosio, 2016: Mediterranean habitat loss under
future climate conditions: Assessing impacts on the Natura 2000 protected
area network. Appl. Geogr., 75, 83-92, doi:10.1016/j.apgeog.2016.08.003.

CCP4SM-12

Mediterranean Region

Bartsch, S., et al., 2020: Impact of precipitation, air temperature and abiotic
emissions on gross primary production in Mediterranean ecosystems in
Europe. Eur. J. Forest Res., 139(1), 111-126, doi:10.1007/s10342-019-
01246-7.

Rais Lasram, B., et al., 2010: The Mediterranean Sea as a ‘cul-de-sac’ for
endemic fishes facing climate change. Glob. Change Biol., 16(12), 3233—
3245, doi:10.1111/j.1365-2486.2010.02224 x.

Benedetti, F, F. Guilhaumon, F. Adloff and S.-D. Ayata, 2018: Investigating
uncertainties in zooplankton composition shifts under climate change
scenarios in the Mediterranean Sea. Ecography, 41(2), 345-360, doi:10.1111/
ecog.02434.

Besset, M., E.J. Anthony and F. Sabatier, 2017: River delta shoreline reworking
and erosion in the Mediterranean and Black Seas: the potential roles of
fluvial sediment starvation and other factors. Elem. Sci. Anthropocene, 5,
doi:10.1525/elementa.139.

Bird, D.N., et al., 2016: Modelling climate change impacts on and adaptation
strategies for agriculture in Sardinia and Tunisia using AquaCrop
and value-at-risk. Sci Total Environ., 543, 1019-1027, doi:10.1016/].
scitotenv.2015.07.035.

Bloschl, G., et al., 2017: Changing climate shifts timing of European floods.
Science, 357(6351), 588, doi:10.1126/science.aan2506.

Boavida-Portugal, J., et al., 2018: Climate change impacts on the distribution of
coastal lobsters. Mar. Biol., 165(12), 186, doi:10.1007/s00227-018-3441-9.

Bouregaa, T., 2019: Impact of climate change on yield and water requirement
of rainfed crops in the Setif region. Manag. Environ. Qual. Int. J., 30(4), 851—
863, doi:10.1108/MEQ-06-2018-0110.

Braca, G., et al, 2019: Evaluation of national and regional groundwater
resources under climate change scenarios using a GIS-based water budget
procedure. Rendiconti Lincei. Scienze Fisiche E Nat., 30(1), 109-123,
doi:10.1007/s12210-018-00757-6.

Bregaglio, S., et al., 2017: Identifying trends and associated uncertainties in
potential rice production under climate change in Mediterranean areas. Agric.
For. Meteorol., 237-238, 219-232, doi:10.1016/j.agrformet.2017.02.015.

Brilli, L., et al., 2019: Carbon sequestration capacity and productivity responses
of Mediterranean olive groves under future climates and management
options. Mitig. Adapt. Strateg. Glob. Change, 24(3), 467-491, doi:10.1007/
$11027-018-9824-x.

Brotons, L., et al., 2013: How fire history, fire suppression practices and climate
change affect wildfire regimes in Mediterranean landscapes. PLoS ONE, 8(5),
€62392, doi:10.1371/journal.pone.0062392.

Brouziyne, Y., et al., 2018: Modeling sustainable adaptation strategies toward
a climate-smart agriculture in a Mediterranean watershed under projected
climate change scenarios. Agric. Syst, 162, 154-163, doi:10.1016/j.
agsy.2018.01.024.

Brunel, C. and F. Sabatier, 2009: Potential influence of sea-level rise in controlling
shoreline position on the French Mediterranean Coast. Geomorphology,
107(1), 47-57, doi:10.1016/j.geomorph.2007.05.024.

Bucak, T, et al, 2017: Future water availability in the largest freshwater
Mediterranean lake is at great risk as evidenced from simulations with
the SWAT model. Sci. Total Environ., 581-582, 413-425, doi:10.1016/j.
scitotenv.2016.12.149.

Burrows, M.T, et al., 2014: Geographical limits to species-range shifts are
suggested by climate velocity. Nature, 507(7493), 492-495, doi:10.1038/
nature12976.

Calafat, EM., D.P. Chambers and M.N. Tsimplis, 2012: Mechanisms of decadal
sea level variability in the eastern North Atlantic and the Mediterranean Sea.
J. Geophys. Res. Oceans, 117(C9), doi:10.1029/2012JC008285.

Caloiero, T, S. Veltri, P. Caloiero and F. Frustaci, 2018: Drought analysis in Europe
and in the Mediterranean Basin using the Standardized Precipitation Index.
Water, 10(8), doi:10.3390/w10081043.



Mediterranean Region

Cammarano, D., et al, 2019: The impact of climate change on barley yield
in the Mediterranean basin. Eur. J Agron., 106, 1-11, doi:10.1016/.
€ja.2019.03.002.

Cardell, M.F, A. Amengual and R. Romero, 2019: Future effects of climate
change on the suitability of wine grape production across Europe. Reg.
Environ. Change, 19(8), 2299-2310, doi:10.1007/s10113-019-01502-x.

Cellura, M., F. Guarino, S. Longo and G. Tumminia, 2018: Climate change
and the building sector: Modelling and energy implications to an office
building in southern Europe. Energy. Sustain. Dev., 45, 46—65, doi:10.1016/j.
esd.2018.05.001.

Cheung, W.W.L., et al., 2016: Structural uncertainty in projecting global fisheries
catches under climate change. Ecol. Model, 325, 57-66, doi:10.1016/j.
ecolmodel.2015.12.018.

Chourghal, N., J.P. Lhomme, F. Huard and A. Aidaoui, 2016: Climate change in
Algeria and its impact on durum wheat. Reg. Environ. Change, 16(6), 1623—
1634, doi:10.1007/s10113-015-0889-8.

Ciro Aucelli, PP, et al, 2017: Coastal inundation risk assessment due to
subsidence and sea level rise in a Mediterranean alluvial plain (Volturno
coastal plain — southern Italy). Estuar. Coast. Shelf Sci, 198, 597-609,
doi:10.1016/j.ecss.2016.06.017.

Clark, P.U., et al., 2016: Consequences of twenty-first-century policy for multi-
millennial climate and sea-level change. Nature Clim. Change, 6(4), 360—
369, doi:10.1038/nclimate2923.

Coll, M., et al., 2014: Assessing fishing and marine biodiversity changes using
fishers' perceptions: The Spanish Mediterranean and Gulf of Cadiz case
study. PLoS ONE, 9(1), 85670, doi:10.1371/journal.pone.0085670.

Corrales, X., et al., 2018: Future scenarios of marine resources and ecosystem
conditions in the Eastern Mediterranean under the impacts of fishing, alien
species and sea warming. Sci. Rep., 8(1), 14284, doi:10.1038/s41598-018-
32666-x.

Corrales, X., et al., 2017: Hindcasting the dynamics of an Eastern Mediterranean
marine ecosystem under the impacts of multiple stressors. Mar. Ecol. Prog.
Ser., 580, 17-36, doi:10.3354/meps12271.

Cramer, W., G.W. Yohe, M. Auffhammer, C. Huggel, U. Molau, M.A. F. da Silva
Dias, A. Solow, D.A. Stone, and L. Tibig, 2014: Detection and attribution
of observed impacts. In: Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working
Group Il to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D.
Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B.
Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA,
pp. 979-1037.

Curt, T, A. Aini and S. Dupire, 2020: Fire activity in Mediterranean forests (the
Algerian case). Fire, 3(4), 58.

Dakhlaoui, H., J. Seibert and K. Hakala, 2020: Sensitivity of discharge projections
to potential evapotranspiration estimation in Northern Tunisia. Reg. Environ.
Change, 20(2), 34, doi:10.1007/s10113-020-01615-8.

Dettori, M., C. Cesaraccio and P. Duce, 2017: Simulation of climate change
impacts on production and phenology of durum wheat in Mediterranean
environments using CERES-Wheat model. Field Crop. Res., 206, 43-53,
doi:10.1016/j.fcr.2017.02.013.

Di Lena, B., O. Silvestroni, V. Lanari and A. Palliotti, 2018: Climate change effects
on cv. Montepulciano in some wine-growing areas of the Abruzzi region
(Italy). Theor. Appl. Climatol., doi:10.1007/s00704-018-2545-y.

EEA, 2017: Climate Change, Impacts and Vulnerability in Europe 2016: An
Indicator-based Report. European Environment Agency. Publications Office of
the European Union, Luxembourg, https://www.eea.europa.eu/publications/
climate-change-impacts-and-vulnerability-2016. Accessed 2020 . (424 pp).

El-Maayar, M. and M.A. Lange, 2013: A methodology to infer crop yield
response to climate variability and change using long-term observations.
Atmosphere, 4, 365-382, doi:10.3390/atmos4040365.

Cross-Chapter Paper 4 Supplementary Material

Enriquez, A.R., et al., 2017: Changes in beach shoreline due to sea level rise and
waves under climate change scenarios: application to the Balearic Islands
(western Mediterranean). Nat. Hazards Earth Syst. Sci., 17(7), 10751089,
doi:10.5194/nhess-17-1075-2017.

Faggian, P, 2018: Estimating fire danger over Italy in the next decades. Euro-
mediterranean J. Environ. Integr., 3(1), 15, doi:10.1007/s41207-018-0053-1.

Fernandes, P.M., A.M.G. Barros, A. Pinto and J.A. Santos, 2016: Characteristics
and controls of extremely large wildfires in the western Mediterranean
Basin. ) Geophys. Res. Biogeosciences, 121(8), 2141-2157,
doi:10.1002/2016)G003389.

Fortibuoni, T, et al., 2015: Climate impact on Italian fisheries (Mediterranean
Sea). Reg. Environ. Change, 15(5), 931-937, doi:10.1007/s10113-015-0781-
6.

Fox-Kemper, B., H. T. Hewitt, C. Xiao, G. Adalgeirsdéttir, S. S. Drijfhout, T. L.
Edwards, N. R. Golledge, M. Hemer, R. E. Kopp, G. Krinner, A. Mix, D. Notz,
S. Nowicki, I. S. Nurhati, L. Ruiz, J-B. Sallée, A. B. A. Slangen, Y. Yu, 2021,
Ocean, Cryosphere and Sea Level Change. In: Climate Change 2021:
The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi, R. Yu and B. Zhou (eds.)].
Cambridge University Press. In Press.

Fraga, H., I. Garcia de Cortazar Atauri, A.C. Malheiro and J.A. Santos, 2016:
Modelling climate change impacts on viticultural yield, phenology and stress
conditions in Europe. Glob. Change Biol., 22(11), 3774-3788, doi:10.1111/
gch.13382.

Fraga, H., J.G. Pinto, F. Viola and J.A. Santos, 2020: Climate change projections
for olive yields in the Mediterranean Basin. Int. J. Climatol., 40(2), 769-781,
doi:10.1002/joc.6237.

Frihy, O.E.S., E.A. Deabes, S.M. Shereet and F.A. Abdalla, 2010: Alexandria-Nile
Delta coast, Egypt: update and future projection of relative sea-level rise.
Environ. Earth Sci., 61(2), 253273, doi:10.1007/s12665-009-0340-x.

Funes, I, et al.,, 2016: Future climate change impacts on apple flowering date in
a Mediterranean subbasin. Agric. Water Manag., 164, 19-27, doi:10.1016/j.
agwat.2015.06.013.

Garbolino, E., V. Sanseverino-Godfrin and G. Hinojos-Mendoza, 2016: Describing
and predicting of the vegetation development of Corsica due to expected
climate change and its impact on forest fire risk evolution. Saf. Sci., 88, 180—
186, doi:10.1016/j.5s¢i.2016.02.006.

Garcia-Mozo, H., J. Oteros and C. Galan, 2015: Phenological changes in olive
(Olea europaea L.) reproductive cycle in southern Spain due to climate change.
Ann. Agric. Environ. Med., 22(3), 421-428, doi:10.5604/12321966.1167706.

Garrabou, J., et al.,, 2021: Sliding toward the collapse of Mediterranean coastal
marine rocky ecosystems. In: Ecosystem Collapse and Climate Change
[Canadell, J.G. and R.B. Jackson(eds.)]. Springer International Publishing,
Cham, pp. 291-324. ISBN 978-3030713300.

Gasparrini, A., et al., 2017: Projections of temperature-related excess mortality
under climate change scenarios. Lancet Planet. Health, 1(9), e360—e367,
doi:10.1016/52542-5196(17)30156-0.

Gaume, E., et al., 2016: Mediterranean extreme floods and flash floods. In: The
Medliterranean Region under Climate Change: A Scientific Update [Thiébault,
S., et al.(ed.)]. IRD Editions, Marseille, France, pp. 133-144. ISBN 978-
2709922203.

Georgopouloy, E., et al., 2017: Climate change impacts and adaptation options
for the Greek agriculture in 2021-2050: A monetary assessment. Clim. Risk
Manag., 16, 164-182, doi:10.1016/j.crm.2017.02.002.

Givan, 0., D. Edelist, O. Sonin and J. Belmaker, 2018: Thermal affinity as the
dominant factor changing Mediterranean fish abundances. Glob. Change
Biol., 24(1), E80-E89, doi:10.1111/gcb.13835.

Gosling, S.N., et al., 2017: A comparison of changes in river runoff from multiple
global and catchment-scale hydrological models under global warming

CCP4SM-13




Cross-Chapter Paper 4 Supplementary Material

scenarios of 1°C, 2°C and 3°C. Clim. Change, 141(3), 577-595, doi:10.1007/
$10584-016-1773-3.

Grillakis, M.G., 2019: Increase in severe and extreme soil moisture droughts
for Europe under climate change. Sci. Total Environ., 660, 1245-1255,
doi:10.1016/j.scitotenv.2019.01.001.

Gudmundsson, L., S.I. Seneviratne and X. Zhang, 2017: Anthropogenic climate
change detected in European renewable freshwater resources. Nature Clim.
Change, 7, 813, doi:10.1038/nclimate3416.

Guiot, J. and W. Cramer, 2016: Climate change: The 2015 Paris Agreement
thresholds and Mediterranean basin ecosystems. Science, 354(6311), 465—
468, doi:10.1126/science.aah5015.

Guyennon, N., F. Salerno, I. Portoghese and E. Romano, 2017: Climate change
adaptation in a Mediterranean semi-arid catchment: Testing managed
aquifer recharge and increased surface reservoir capacity. Water, 9(9), 689,
doi:10.3390/w9090689.

Haj-Amor, Z., K. Acharjee, L. Dhaouadi and S. Bouri, 2020: Impacts of climate
change on irrigation water requirement of date palms under future salinity
trend in coastal aquifer of Tunisian oasis. Agric. Water Manag., 228, 105843,
doi:10.1016/j.agwat.2019.105843.

Hallegatte, S., C. Green, R.J. Nicholls and J. Corfee-Morlot, 2013: Future
flood losses in major coastal cities. Nature Clim. Change, 3(9), 802-806,
doi:10.1038/nclimate1979.

Hoerling, M., et al., 2012: On the increased frequency of Mediterranean drought.
J. Climate, 25(6), 21462161, doi:10.1175/JCLI-D-11-00296.1.

locola, I., et al, 2017: Can conservation tillage mitigate climate change
impacts in Mediterranean cereal systems? A soil organic carbon assessment
using long term experiments. Eur. J. Agron., 90, 96-107, doi:10.1016/].
eja.2017.07.011.

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P.
Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb,
M.1. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, TK. Maycock, T.
Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. In Press.

Izaguirre, C., et al., 2021: Climate change risk to global port operations. Nature
Clim. Change, 11(1), 14-20, doi:10.1038/s41558-020-00937-z.

Jari¢, 1., etal., 2019: Susceptibility of European freshwater fish to climate change:
Species profiling based on life-history and environmental characteristics.
Glob. Change Biol., 25(2), 448-458, doi:10.1111/gch.14518.

Jiménez, J.A., et al., 2017: Impacts of sea-level rise-induced erosion on the
Catalan coast. Reg. Environ. Change, 17(2), 593-603, doi:10.1007/s10113-
016-1052-x.

Jones, M.C. and W.W.L. Cheung, 2015: Multi-model ensemble projections of
climate change effects on global marine biodiversity. ICES J. Mar. Sci., 72(3),
741-752, doi:10.1093/icesjms/fsu172.

Karali, A., et al., 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(1), 143-153, doi:10.5194/nhess-14-143-2014.

Kendrovski, V., et al., 2017: Quantifying projected heat mortality impacts under
21st-century warming conditions for selected European countries. [JERPH,
14(7), 729, doi:10.3390/ijerph14070729.

Kheir, AM.S., et al, 2019: Impacts of rising temperature, carbon dioxide
concentration and sea level on wheat production in North Nile delta. Sci.
Total Environ., 651, 3161-3173, doi:10.1016/j.scitotenv.2018.10.209.

Kim, G.-U., K.-H. Seo and D. Chen, 2019: Climate change over the Mediterranean
and current destruction of marine ecosystem. Sci Rep., 9(1), 18813,
doi:10.1038/541598-019-55303-7.

Kopp, R.E., et al., 2014: Probabilistic 21st and 22nd century sea-level projections
at a global network of tide-gauge sites. Earth’s Future, 2(8), 383-406,
doi:10.1002/2014EF000239.

Koufos, G.C., T. Mavromatis, S. Koundouras and G.V. Jones, 2018: Response of
viticulture-related climatic indices and zoning to historical and future climate

CCP4SM-14

Mediterranean Region

conditions in Greece. Int. J Climatol, 38(4), 2097-2111, doi:10.1002/
joc.5320.

Koutroulis, A.G., et al., 2016: Cross sectoral impacts on water availability at
+2°C and +3°C for east Mediterranean island states: The case of Crete. J.
Hydrol. Reg. Stud., 532, 16-28, doi:10.1016/j.jhydrol.2015.11.015.

Kuglitsch, F.G., et al., 2010: Heat wave changes in the eastern Mediterranean
since 1960. Geophys. Res. Lett., 37(4), doi:10.1029/2009g1041841.

Kundzewicz, Z.W., |. Pinskwar and G.R. Brakenridge, 2017: Changes in river
flood hazard in Europe: a review. Hydrol. Res., 49(2), 294-302, doi:10.2166/
nh.2017.016.

Lam, V.W.Y., W.W.L. Cheung, G. Reygondeau and U.R. Sumaila, 2016: Projected
change in global fisheries revenues under climate change. Sci. Rep., 6(1),
32607, doi:10.1038/srep32607.

Landerer, EW., PJ. Gleckler and T. Lee, 2014: Evaluation of CMIP5 dynamic sea
surface height multi-model simulations against satellite observations. Clim.
Dyn., 43(5), 1271-1283, doi:10.1007/500382-013-1939-x.

Le Cozannet, G., et al, 2016: Uncertainties in sandy shorelines evolution
under the Bruun rule assumption. Front. Mar. Sci., 3(49), doi:10.3389/
fmars.2016.00049.

Le Cozannet, G., et al, 2015: Evaluating uncertainties of future marine
flooding occurrence as sea-level rises. Environ. Model. Softw., 73, 44-56,
doi:10.1016/j.envsoft.2015.07.021.

Lefebvre, G., et al, 2019: Predicting the vulnerability of seasonally-flooded
wetlands to climate change across the Mediterranean Basin. Sci Total
Environ., 692, 546-555, doi:10.1016/j.scitotenv.2019.07.263.

Lehner, F, et al.,, 2017: Projected drought risk in 1.5°C and 2°C warmer climates.
Geophys. Res. Lett., 44(14), 7419-7428, doi:10.1002/2017gl074117.

Lejeusne, C., et al., 2010: Climate change effects on a miniature ocean: the
highly diverse, highly impacted Mediterranean Sea. Trends Ecol. Evol., 25(4),
250-260, doi:10.1016/j.tree.2009.10.009.

Lionello, P, D. Conte, L. Marzo and L. Scarascia, 2017: 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, 151, 80-91, doi:10.1016/j.
gloplacha.2016.06.012.

Liu-Helmersson, J., J. Rocklév, M. Sewe and A. Brannstrom, 2019: Climate
change may enable Aedes aegypti infestation in major European cities by
2100. Environ. Res., 172, 693-699, doi:10.1016/j.envres.2019.02.026.

Llasat, M.C., etal.,2013:Towards a database on societal impact of Mediterranean
floods within the framework of the HYMEX project. Nat. Hazards Earth Syst.
Sci., 13(5), 1337-1350, doi:10.5194/nhess-13-1337-2013.

Llasat, M.C., et al., 2016: Trends in flash flood events versus convective
precipitation in the Mediterranean region: The case of Catalonia. J. Hydrol.
Reg. Stud., 541, 24-37, doi:10.1016/j.jhydrol.2016.05.040.

Lloret, J., et al., 2015: How a multidisciplinary approach involving ethnoecology,
biology and fisheries can help explain the spatio-temporal changes in marine
fish abundance resulting from climate change. Glob. Ecol. Biogeogr., 24(4),
448-461, doi:10.1111/geb.12276.

Lobanova, A., et al.,, 2016: Impacts of changing climate on the hydrology and
hydropower production of the Tagus River basin. Hydrol. Process., 30(26),
5039-5052, doi:10.1002/hyp.10966.

Lozano, O.M., et al, 2017: Assessing climate change impacts on wildfire
exposure in Mediterranean areas. Risk Analysis, 37(10), 1898-1916,
doi:10.1111/risa.12739.

Mabrouk, M., A. Jonoski, O. Essink and S. Uhlenbrook, 2018: Impacts of sea level
rise and groundwater extraction scenarios on fresh groundwater resources in
the Nile Delta Governorates, Egypt. Water, 10(11), 1690.

Macias, D.M., E. Garcia-Gorriz and A. Stips, 2015: Productivity changes in the
Mediterranean Sea for the twenty-first century in response to changes
in the regional atmospheric forcing. Front. Mar. Sci., 2(79), doi:10.3389/
fmars.2015.00079.



Mediterranean Region

Maggiotto, G., et al, 2021: Heat waves and adaptation strategies in a
mediterranean urban context. Environ. Res., 197, 111066, doi:10.1016/.
envres.2021.111066.

Manes, S., etal., 2021: Endemism increases species’ climate change risk in areas
of global biodiversity importance. Biol. Conserv., 257, 109070, doi:10.1016/j.
biocon.2021.109070.

Marchane, A., et al., 2017: Climate change impacts on surface water resources
in the Rheraya catchment (High Atlas, Morocco). Hydrol. Sci. J., 62(6), 979—
995, doi:10.1080/02626667.2017.1283042.

Marcos-Garcia, P., A. Lopez-Nicolas and M. Pulido-Velazquez, 2017: Combined
use of relative drought indices to analyze climate change impact on
meteorological and hydrological droughts in a Mediterranean basin. J
Hydrol. Reg. Stud., 554, 292-305, doi:10.1016/j.jhydrol.2017.09.028.

Marcos, M., M.N. Tsimplis and A.G.P. Shaw, 2009: Sea level extremes in southern
Europe. J. Geophys. Res. Oceans, 114(C1), doi:10.1029/2008)C004912.

Marx, A., et al., 2018: Climate change alters low flows in Europe under global
warming of 1.5, 2, and 3°C. Hydrol. Earth Syst. Sci, 22(2), 1017-1032,
doi:10.5194/hess-22-1017-2018.

Marzeion, B. and A. Levermann, 2014: Loss of cultural world heritage and
currently inhabited places to sea-level rise. Environ. Res. Lett., 9(3), 34001,
doi:10.1088/1748-9326/9/3/034001.

Masia, S., et al., 2018: Assessment of irrigated agriculture vulnerability under
climate change in Southern ltaly. Water, 10(2), 209, doi:10.3390/w10020209.

Masson-Delmotte, V., M. Schulz, A. Abe-Ouchi, J. Beer, A. Ganopolski, LF.
Gonzalez Rouco, E. Jansen, K. Lambeck, J. Luterbacher, T. Naish, T. Osborn,
B. Otto-Bliesner, T. Quinn, R. Ramesh, M. Rojas, X. Shao and A. Timmermann,
2013: Information from Paleoclimate Archives. In: Climate Change 2013:
The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change
[Stocker, T.F, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A.
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA.

Mastrocicco, M. and N. Colombani, 2021: The issue of groundwater salinization
in coastal areas of the Mediterranean region: A review. Water, 13(1), 90.
Mathbout, S., et al., 2018: Observed changes in daily precipitation extremes at
annual timescale over the Eastern Mediterranean during 1961-2012. Pure

Appl. Geophys., 175(11), 3875-3890, doi:10.1007/s00024-017-1695-7.

Matias, L., M. Abdelaziz, O. Godoy and L. Gémez-Aparicio, 2019: Disentangling
the climatic and biotic factors driving changes in the dynamics of Quercus
suber populations across the species’ latitudinal range. Divers. Distributions,
25(4), 524-535, doi:10.1111/ddi.12873.

Meddour-Sahar, 0., 2015: Wildfires in Algeria: problems and challenges.
iForest—Biogeosciences For., 8(6), 818-826, doi:10.3832/ifor1279-007.

MedECC, 2020: Summary for Policymakers. In: Climate and Environmental
Change in the Mediterranean Basin — Current Situation and Risks for the
Future. First Mediterranean Assessment Report [Cramer, W., J. Guiot and K.
Marini(eds.)]. Union for the Mediterranean, Plan Bleu, UNEP/MAP, Marseille,
France, pp. 11-40.

Mediero, L., D. Santillan, L. Garrote and A. Granados, 2014: Detection and
attribution of trends in magnitude, frequency and timing of floods in Spain.
J. Hydrol. Reg. Stud., 517, 1072-1088, doi:10.1016/j.jhydrol.2014.06.040.

Meyssignac, B., et al., 2017: Evaluating model simulations of Twentieth-Century
sea-level rise. Part II: Regional sea-level changes. J. Climate, 30(21), 8565—
8593, doi:10.1175/JCLI-D-17-0112.1.

Monioudi, I.N., et al., 2017: Assessment of island beach erosion due to sea
level rise: the case of the Aegean archipelago (Eastern Mediterranean). Nat.
Hazards Earth Syst. Sci., 17(3), 449-466, doi:10.5194/nhess-17-449-2017.

Moore, F.C. and D.B. Lobell, 2015: The fingerprint of climate trends on European
crop yields. Proc. Natl. Acad. Sci. US.A., 112(9), 2670-2675, doi:10.1073/
pnas.1409606112.

Moullec, F, et al, 2019: An end-to-end model reveals losers and winners
in a warming Mediterranean Sea. front. Mar. Sci., 6(345), doi:10.3389/
fmars.2019.00345.

Cross-Chapter Paper 4 Supplementary Material

Mourato, S., M. Moreira and J. Corte-Real, 2015: Water resources impact
assessment under climate change scenarios in Mediterranean watersheds.
Water Resour. Manag., 29(7), 2377-2391, doi:10.1007/s11269-015-0947-5.

Nauels, A, et al., 2019: Attributing long-term sea-level rise to Paris Agreement
emission pledges. Proc. Natl Acad. Sci USA., 116(47), 23487-23492,
doi:10.1073/pnas.1907461116.

Okkan, U. and U. Kirdemir, 2018: Investigation of the behavior of an agricultural-
operated dam reservoir under RCP scenarios of AR5-IPCC. Water Resour.
Manag., 32(8), 2847-2866, doi:10.1007/511269-018-1962-0.

Oppenheimer, M., B.C. Glavovic , J. Hinkel, R. van de Wal, AK. Magnan, A.
Abd-Elgawad, R. Cai, M. Cifuentes-Jara, R.M. DeConto, T. Ghosh, J. Hay, F.
Isla, B. Marzeion, B. Meyssignac, and Z. Sebesvari, 2019: Sea Level Rise and
Implications for Low-Lying Islands, Coasts and Communities. In: /PCC Special
Report on the Ocean and Cryosphere in a Changing Climate [H.-O. Pértner,
D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K.
Mintenbeck, A. Alegria, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA,
pp. 321-445. https://doi.org/10.1017/9781009157964.006.

Oteros, J., et al., 2015: Variations in cereal crop phenology in Spain over the last
twenty-six years (1986-2012). Clim. Change, 130(4), 545-558, doi:10.1007/
510584-015-1363-9.

Paprotny, D., A. Sebastian, O. Morales-Napoles and S.N. Jonkman, 2018: Trends
in flood losses in Europe over the past 150 years. Nat. Commun., 9(1), 1985,
doi:10.1038/541467-018-04253-1.

Parras-Berrocal, I.M., et al., 2020: The climate change signal in the Mediterranean
Sea in a regionally coupled atmosphere-ocean model. Ocean. Sci., 16(3),
743-765, doi:10.5194/0s-16-743-2020.

Pausas, J.G. and S. Fernandez-Mufioz, 2012: Fire regime changes in the Western
Mediterranean Basin: from fuel-limited to drought-driven fire regime. Clim.
Change, 110(1), 215-226, doi:10.1007/s10584-011-0060-6.

Payet-Burin, R., F.Bertoni, C. Davidsen and P. Bauer-Gottwein, 2018: Optimization
of regional water—power systems under cooling constraints and climate
change. Energy, 155, 484-494, doi:10.1016/j.energy.2018.05.043.

Peleg, N., E. Shamir, K.P. Georgakakos and E. Morin, 2015: A framework
for assessing hydrological regime sensitivity to climate change in a
convective rainfall environment: a case study of two medium-sized eastern
Mediterranean catchments, Israel. Hydrol. Earth Syst. Sci., 19(1), 567-581,
doi:10.5194/hess-19-567-2015.

Pefiuelas, J., et al., 2017: Impacts of global change on Mediterranean forests
and their services. Forests, 8(12), 463, doi:10.3390/f8120463.

Pefuelas, J., et al., 2018: Assessment of the impacts of climate change on
Mediterranean terrestrial ecosystems based on data from field experiments
and long-term monitored field gradients in Catalonia. Environ. Exp. Bot.,
152, 49-59, doi:10.1016/j.envexpbot.2017.05.012.

Pisinaras, V., C. Paraskevas and A. Panagopoulos, 2021: Investigating the effects
of agricultural water management in a Mediterranean coastal aquifer under
current and projected climate conditions. Water, 13(1), 108.

Polemio, M. and T. Lonigro, 2015: Trends in climate, short-duration rainfall, and
damaging hydrogeological events (Apulia, Southern ltaly). Nat. Hazards,
75(1), 515-540, doi:10.1007/s11069-014-1333-y.

Pumo, D., D. Caracciolo, F. Viola and L.V. Noto, 2016: Climate change effects
on the hydrological regime of small non-perennial river basins. Sci. Total
Environ., 542, 76-92, doi:10.1016/j.scitotenv.2015.10.109.

Pyrgou, A. and M. Santamouris, 2018: Increasing probability of heat-related
mortality in a Mediterranean city due to urban warming. [JERPH, 15(8), 1571.

Quintana-Segui, P, et al., 2016: Drought: observed trends, future projections.
In: The Mediterranean Region under Climate Change: A Scientific Update
[Thiébault, S., et al.(ed.)]. IRD Editions, Marseille, France, pp. 123-131. ISBN
978-2709922203.

Ranasinghe, R., A. C. Ruane, R.Vautard, N. Arnell, E. Coppola, F. A. Cruz, S. Dessai,
A.S. Islam, M. Rahimi, D. Ruiz Carrascal, J. Sillmann, M. B. Sylla, C. Tebaldi,
W.Wang, R. Zaaboul, 2021, Climate Change Information for Regional Impact
and for Risk Assessment. In: Climate Change 2021: The Physical Science

CCP4SM-15




Cross-Chapter Paper 4 Supplementary Material

Basis. Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai,
A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.
I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T.
Waterfield, O. Yelekgi, R. Yu and B. Zhou (eds.)]. Cambridge University Press.
In Press.

Raucoules, D., et al., 2008: Ground deformation detection of the greater area of
Thessaloniki (Northern Greece) using radar interferometry techniques. Nat.
Hazards Earth Syst. Sci., 8(4), 779-788, doi:10.5194/nhess-8-779-2008.

Raybaud, V., M. Bacha, R. Amara and G. Beaugrand, 2017: Forecasting
climate-driven changes in the geographical range of the European anchovy
(Engraulis encrasicolus). ICES J. Mar. Sci., 74(5), 1288-1299, doi:10.1093/
icesjms/fsx003.

Reimann, L., et al., 2018: Mediterranean UNESCO World Heritage at risk from
coastal flooding and erosion due to sea-level rise. Nat. Commun., 9(1), 4161,
doi:10.1038/541467-018-06645-9.

Ribes, A., et al., 2019: Observed increase in extreme daily rainfall in the French
Mediterranean. Clim. Dyn., 52(1), 1095-1114, doi:10.1007/s00382-018-
4179-2.

Rodriguez, A., et al., 2019: Chilling accumulation in fruit trees in Spain under
climate change. Nat. Hazards Earth Syst. Sci., 19(5), 1087-1103, doi:10.5194/
nhess-19-1087-2019.

Rohat, G., et al., 2019: Influence of changes in socioeconomic and climatic
conditions on future heat-related health challenges in Europe. Glob. Planet.
Change, 172, 45-59, doi:10.1016/j.gloplacha.2018.09.013.

Roudier, P, et al., 2016: Projections of future floods and hydrological droughts
in Europe under a +2°C global warming. Clim. Change, 135(2), 341-355,
doi:10.1007/510584-015-1570-4.

Ruffault, J., et al., 2018: Extreme wildfire events are linked to global-change-
type droughts in the northern Mediterranean. Nat. Hazards Earth Syst. Sci.,
18(3), 847-856, doi:10.5194/nhess-18-847-2018.

Ruffault, J., N.K. Martin-StPaul, S. Rambal and F. Mouillot, 2013: Differential
regional responses in drought length, intensity and timing to recent climate
changes in a Mediterranean forested ecosystem. Clim. Change, 117(1), 103—
117, doi:10.1007/s10584-012-0559-5.

Saadi, S., et al, 2015: Climate change and Mediterranean agriculture:
Impacts on winter wheat and tomato crop evapotranspiration, irrigation
requirements and yield. Agric. Water Manag., 147, 103-115, doi:10.1016/j.
agwat.2014.05.008.

Sabatés, A., P. Martin, J. Lloret and V. Raya, 2006: Sea warming and fish
distribution: the case of the small pelagic fish, Sardinella aurita, in the western
Mediterranean. Glob. Change Biol., 12(11), 2209-2219, doi:10.1111/j.1365-
2486.2006.01246.x.

Sabatés, A., P. Martin and V. Raya, 2012: Changes in life-history traits in relation
to climate change: bluefish (Pomatomus saltatrix) in the northwestern
Mediterranean. /CES J. Mar. Sci., 69(6), 1000-1009, doi:10.1093/icesjms/
fss053.

Sachs, J., et al., 2019: Sustainable Development Report 2019. Bertelsmann
Stiftung and Sustainable Development Solutions Network (SDSN), New
York, NY, USA, https://sdgindex.org/reports/sustainable-development-
report-2019/. Accessed 2020.

Salameh, A.A.M., et al., 2019: Spatio-temporal analysis for extreme temperature
indices over the Levant region. Int. J Climatol, 39(15), 5556-5582,
doi:10.1002/joc.6171.

Salvati, A., H. Coch Roura and C. Cecere, 2017: Assessing the urban heat
island and its energy impact on residential buildings in Mediterranean
climate: Barcelona case study. Energy Build., 146, 38-54, doi:10.1016/j.
enbuild.2017.04.025.

Sanchez-Arcilla, A., et al., 2016: A review of potential physical impacts on
harbours in the Mediterranean Sea under climate change. Reg. Environ.
Change, 16(8), 2471-2484, doi:10.1007/510113-016-0972-9.

CCP4SM-16

Mediterranean Region

Sanchez-Salguero, R., et al., 2020: Shifts in growth responses to climate and
exceeded drought-vulnerability thresholds characterize dieback in two
Mediterranean deciduous oaks. Forests, 11(7), 714.

Santiago, J.M., et al., 2016: Brown trout thermal niche and climate change:
expected changes in the distribution of cold-water fish in central Spain.
Ecohydrology, 9(3), 514-528, doi:10.1002/ec0.1653.

Satir, 0., S. Berberoglu and A. Cilek, 2016: Modelling long term forest fire risk
using fire weather index under climate change in Turkey. Appl. Ecol. Environ.
Res., 14(4), 537-551, doi:10.15666/aeer/1404_537551.

Satta, A., M. Puddu, S. Venturini and C. Giupponi, 2017: Assessment of coastal
risks to climate change related impacts at the regional scale: The case
of the Mediterranean region. Int. J. Disaster Risk Reduct., 24, 284-296,
doi:10.1016/j.ijdr.2017.06.018.

Sayol, J.M. and M. Marcos, 2018: Assessing flood risk under sea level rise
and extreme sea levels scenarios: Application to the Ebro delta (Spain). J.
Geophys. Res. Oceans, 123(2), 794-811, doi:10.1002/2017jc013355.

Schleussner, C.F, et al., 2016: Differential climate impacts for policy-relevant
limits to global warming: the case of 1.5°C and 2°C. Earth Syst. Dyn., 7(2),
327-351, doi:10.5194/esd-7-327-2016.

Seif-Ennasr, M., et al., 2016: Climate change and adaptive water management
measures in Chtouka Ait Baha region (Morocco). Sci. Total Environ., 573,
862-875, doi:10.1016/j.scitotenv.2016.08.170.

Sellami, H., S. Benabdallah, I. La Jeunesse and M. Vanclooster, 2016: Quantifying
hydrological responses of small Mediterranean catchments under climate
change projections. Sci Total Environ., 543, 924-936, doi:10.1016/j.
scitotenv.2015.07.006.

Semenza, J.C., et al, 2016: Climate change projections of West Nile virus
infections in Europe: implications for blood safety practices. Environ. Health,
15(1), 28, doi:10.1186/512940-016-0105-4.

Siam, M.S. and E.A.B. Eltahir, 2017: Climate change enhances interannual
variability of the Nile river flow. Nature Clim. Change, 7(5), 350-354,
doi:10.1038/nclimate3273.

Sierra, J.P, et al., 2016: Vulnerability of Catalan (NW Mediterranean) ports to
wave overtopping due to different scenarios of sea level rise. Reg. Environ.
Change, 16(5), 1457-1468, doi:10.1007/s10113-015-0879-x.

Sierra, J.P, et al, 2017: Modelling the impact of climate change on harbour
operability: The Barcelona port case study. Ocean. Eng., 141, 64-78,
doi:10.1016/j.0ceaneng.2017.06.002.

Snoussi, M., T. Ouchani and S. Niazi, 2008: Vulnerability assessment of the
impact of sea-level rise and flooding on the Moroccan coast: The case of
the Mediterranean eastern zone. Estuar. Coast. Shelf Sci., 77(2), 206-213,
doi:10.1016/j.ecss.2007.09.024.

Solaun, K. and E. Cerda, 2017: The impact of climate change on the generation
of hydroelectric power - A case study in Southern Spain. Energies, 10(9),
1343, doi:10.3390/en10091343.

Spinoni, J., G. Naumann and J.V. Vogt, 2017: Pan-European seasonal trends and
recent changes of drought frequency and severity. Glob. Planet. Change,
148, 113-130, doi:10.1016/j.gloplacha.2016.11.013.

Springmann, M., et al., 2016: Global and regional health effects of future food
production under climate change: a modelling study. Lancet, 387(10031),
1937-1946, doi:10.1016/50140-6736(15)01156-3.

Stefanescu, C., J. Carnicer and J. Pefiuelas, 2011: Determinants of species
richness in generalist and specialist Mediterranean butterflies: the negative
synergistic forces of climate and habitat change. Ecography, 34(3), 353-363,
doi:10.1111/j.1600-0587.2010.06264.x.

Stergiou, K.I, et al., 2016: Trends in productivity and biomass yields in the
Mediterranean Sea Large Marine Ecosystem during climate change. Environ.
Dev., 17, 57-74, doi:10.1016/j.envdev.2015.09.001.

Thiéblemont, R., et al., 2019: Likely and high-end impacts of regional sea-
level rise on the shoreline change of European sandy coasts under a high
greenhouse gas emissions scenario. Water, 11(12), 2607.



Mediterranean Region

Tobin, 1., et al, 2018: Vulnerabilities and resilience of European power
generation to 1.5 degrees C, 2 degrees C and 3 degrees C warming. Environ.
Res. Lett., 13(4), doi:10.1088/1748-9326/aab211.

Tramblay, Y., L. Jarlan, L. Hanich and S. Somot, 2018: Future scenarios of surface
water resources availability in North African dams. Water Resour. Manag.,
32(4), 1291-1306, doi:10.1007/s11269-017-1870-8.

Tramblay, Y., et al, 2019: Detection and attribution of flood trends in
Mediterranean basins. Hydrol. Earth Syst. Sci, 23(11), 4419-4431,
doi:10.5194/hess-23-4419-2019.

Tsikliras, A.C. and K.I. Stergiou, 2014: Mean temperature of the catch increases
quickly in the Mediterranean Sea. Mar. Ecol. Prog. Ser, 515, 281-284,
doi:10.3354/meps11005.

Turco, M., et al., 2016: Decreasing fires in Mediterranean Europe. PLoS ONE,
11(3), €150663, doi:10.1371/journal.pone.0150663.

Turco, M., N. Levin, N. Tessler and H. Saaroni, 2017a: Recent changes
and relations among drought, vegetation and wildfires in the Eastern
Mediterranean: The case of Israel. Glob. Planet. Change, 151, 28-35,
doi:10.1016/j.gloplacha.2016.09.002.

Turco, M., M.-C. Llasat, J. von Hardenberg and A. Provenzale, 2014: Climate
change impacts on wildfires in a Mediterranean environment. Clim. Change,
125(3), 369-380, doi:10.1007/s10584-014-1183-3.

Turco, M., et al., 2018: Exacerbated fires in Mediterranean Europe due to
anthropogenic warming projected with non-stationary climate-fire models.
Nat. Commun., 9(1), 3821, doi:10.1038/s41467-018-06358-z.

Turco, M., et al., 2017b: On the key role of droughts in the dynamics of summer
fires in Mediterranean Europe. Sci. Rep., 7(1), 81, doi:10.1038/s41598-017-
00116-9.

Turner, SW.D., LY. Ng and S. Galelli, 2017: Examining global electricity supply
vulnerability to climate change using a high-fidelity hydropower dam model.
Sci, Total Environ., 590-591, 663—675, doi:10.1016/j.scitotenv.2017.03.022.

Van Vliet, M.TH,, et al., 2016: Multi-model assessment of global hydropower
and cooling water discharge potential under climate change. Glob. Environ.
Change, 40, 156-170, doi:10.1016/j.gloenvcha.2016.07.007.

Varela, V,, et al., 2019: Projection of forest fire danger due to climate change in
the French Mediterranean region. Sustainability, 11(16), 4284, doi:10.3390/
su11164284.

Vicente-Serrano, S.M., et al., 2014: Evidence of increasing drought severity
caused by temperature rise in southern Europe. Environ. Res. Lett., 9(4),
44001, doi:10.1088/1748-9326/9/4/044001.

Vicente-Serrano, S.M., et al., 2019: Climate, irrigation, and land cover change
explain streamflow trends in countries bordering the Northeast Atlantic.
Geophys. Res. Lett., 46(19), 10821-10833, doi:10.1029/2019GL084084.

Wong, P.P, I.J. Losada, J.-P. Gattuso, J. Hinkel, A. Khattabi, K.L. Mclnnes, Y. Saito,
and A. Sallenger, 2014: Coastal systems and low-lying areas. In: Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R.
Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L.
Ebi, Y.0. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken,
PR. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 361-409.

Wu, M., et al., 2015: Sensitivity of burned area in Europe to climate change,
atmospheric CO2 levels, and demography: A comparison of two fire-
vegetation models. J. Geophys. Res. Biogeosciences, 120(11), 2256-2272,
doi:10.1002/2015)G003036.

Zabalza-Martinez, J., et al, 2018: The influence of climate and land-cover
scenarios on dam management strategies in a high water pressure catchment
in Northeast Spain. Water, 10(11), 1668, doi:10.3390/w10111668.

Zhang, X., et al., 2018: Impacts of climate change, policy and Water-Energy-
Food nexus on hydropower development. Renew. Energy, 116, 827-834,
doi:10.1016/j.renene.2017.10.030.

Cross-Chapter Paper 4 Supplementary Material

Zhao, G., et al., 2015: The implication of irrigation in climate change impact
assessment: a European-wide study. Glob. Change Biol., 21(11), 4031-4048,
doi:10.1111/gcb.13008.

Zinzi, M. and E. Carnielo, 2017: Impact of urban temperatures on energy
performance and thermal comfort in residential buildings. The case of Rome,
Italy. Energy Build., 157, 20-29, doi:10.1016/j.enbuild.2017.05.021.

Ziv, B., et al., 2014: Trends in rainfall regime over Israel, 1975-2010, and their
relationship to large-scale variability. Reg. Environ. Change, 14(5), 1751—
1764, doi:10.1007/s10113-013-0414-x.

CCP4SM-17




