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OVERVIEW

The present document was produced in the framework of Co-Evolve4BG project “Co-
evolution of coastal human activities & Med natural systems for sustainable tourism 
& Blue Growth in the Mediterranean” in relation to Threats and Enabling Factors for 
maritime and coastal tourism development at a national scale” Co-funded by ENI CBC 
Med Program (Grant Agreement A_B.4.4_0075). 

This document constitutes the Deliverable 3.1.1.1 (Climate Change and 
morphological stability – Med scale) of the Activity 3.1.1 (Threats and Enabling 
Factors at Mediterranean scale: Med scale analysis) under the Output 3.1 (Integrated 
analysis of Threats and Enabling Factors for sustainable tourism at Med scale) of the 
project. 
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Abstract 
This summary report aims to identify various threats and challenges related to climate 
change and the morphological stability of the Mediterranean coast. It is developed by 
reviewing existing data at the national and regional levels. The document structure 
includes: 

Section 1: provides an overview of the present trends of surface temperature, water 
temperature and evolution of sea level rise at the Mediterranean scale. 

Section 2: highlights the analysis of coastal stability parameters. 

Section 3: focuses on the effects of relative Sea Level Rise on coastal stability and 
tourism development.
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I. Introduction 

Climate change is considered as a phenomenon that will cause long-term changes 
in the global average physical weather patterns. Most of the scientific community 
recognizes climate change as one of the fundamental environmental problems facing 
all countries worldwide. Because estuaries and enclosed seas are usually shallow 
and have limited exchange with the open ocean, their water temperature is closely 
related to air temperature and therefore likely to be more sensitive to climate warming 
than the open ocean. For example, since 1985 the average sea temperature in the 
Baltic Sea has been augmented 0.03°C per year (MacKenzie, B. R., & Schiedek, D. 
2007; IPCC, 2013). Tourism is likely to be strongly influenced by climate change. 
Many tourist activities depend on weather and natural resources so most tourists 
have great flexibility in adapting to their holiday destinations (Hein, L., Metzger, MJ & 
Moreno, 2009). Coastal areas are very important for tourism and the need to protect 
these resources is essential to the economy of nation (Phillips, M. R., & Jones, A. L. 
2006). However, many regions face growing dilemmas. Beaches are synonymous with 
tourism, while the current climate change and rising sea level forecasts are already 
evident, threatening with major erosion beaches around the world. So, impacts on the 
world tourism industry are expected (Phillips, M. R., & Jones, A. L. 2006).
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II. Climatic parameters analysis 

II.1. Atmospheric temperature 

The Mediterranean climate is a particularly worrying problem within the context of 
regional climate variability and change (Xoplaki, , et al, 2003). Pörtner et al., 2022 
showed that higher temperatures and hotter days increase in frequency during the 
twenty first century. In this context, two maps have been drawn up which show the 
distribution of atmospheric temperature according to five countries and according to 
the regions of each country. 

Figure 1.Mean annual atmospheric temperature in the coastal regions 		
	        of the Mediterranean (country level). 

In general, the distribution of annual mean atmospheric temperature in the coastal 
zones of five countries (Tunisia, Italy, Spain, Greece and Lebanon) does not show a 
large variability. However, we note that the lowest averages are on the coast of Italy 
(16.5C°)  while on the contrary the highest are detected on the coasts of Lebanon in 
the order of (21.3C°). 

In Lebanon scenarios of temperature and precipitations’ projections for Lebanon 
were developed based on two of the Representative Concentration Pathways (RCPs) 
developed by the Intergovernmental Panel on Climate Change (IPCC), RCP4.5 
(moderate case scenario) and RCP8.5 (worst-case scenario). These projections show 
that temperatures will increase on the coast by around 1°C by the year 2040, and will 
further increase by 3.5°C by 2090. 
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Figure 2. Projected Changes in Temperature in Lebanon (Moderate 
and Worst-case Projections). Source: Adapted from ESCWA, 2015. 

Currently the evolution of the atmospheric temperature in the Mediterranean is 
positive. Considering the five countries of study (data available only for Tunisia, Spain 
and Lebanon), we note that Tunisia shows the fastest thermal evolution by an annual 
average with 0.050C°. 

Figure 3. Atmospheric temperature evolution rate in the Mediterranean (country level). 
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II.2. Water temperature 

In recent studies, sea surface temperature in the Mediterranean has been shown to 
play a relevant role in the genesis and/or intensification of torrential rains across the 
whole basin, especially in the Western Mediterranean basin. The last three decades 
the Mediterranean Sea has experienced an estimated increase in its global surface 
temperature of 0.6-1 ℃. Some predictions based on these data, and considering the 
trends of recent years, suggest that this increase could reach 5.8 ℃ by 2100 (Sakalli, 
2017) (Figure 4). 

Figure 4. Distribution of the predicted 30-year, i.e. a) 2031-2060 and b) 2071-2100 
average sea surface temperature in the Mediterranean Sea, and the relative differences 
(c and d) to the 30-year study period (1986-2015), respectively. Source: modified from 
Sakalli, 2017. 

The predicted changes in sea water temperature show homogeneity along the entire 
Spanish coast (Figure 5), the estimated values are changes of 2.5-3 ºC per year, these 
changes can be considered moderate if we compared to the eastern Mediterranean 
(Sakalli, 2017). 

If we want to better understand the current situation of the water temperature 
distribution in the Mediterranean, we need to analyze the evolution of this phenomenon 
in the five country sub-regions. 
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Figure 5. Mean annual water temperature in the coastal regions of the 
Mediterranean (region level) 

The map shows a unidirectional evolution where the increase in water temperature 
is always towards the south. For example, in Italy, the water temperature goes from 
18°C in the Adriatic and Northern regions to 20°C in the Ionian and Tyrrhenian regions. 
Towards the south (Tunisia), the water temperature continues to rise until it reaches 
22°C in the southeast of Tunisia. 

II.3. Sea Level rise evolution 

Thermal expansion of sea water is a consequence of ocean heat uptake and one of 
the major contributors to global-mean sea level rise (Church et al., 2011). Sea level rise, 
as one of the most important Climate Change effects will have serious implications 
in terms of agriculture, natural resources, tourism, and industry in our case study. 
In the case of a widespread Sea Level Rise (SLR), the most vulnerable areas are the 
deltas and enclosed beaches. Research studies have indicated that without beach 
nourishments, a 0.5 m SLR, which is a reasonable scenario for Spain by 2100, could 
result in the disappearance high percentage of the beaches from the Mediterranean. 
Such rise in sea level would result in the disappearance of about 50% of the Ebro Delta 
in the region of Cataluña (Sánchez-Arcilla et al., 2008). 
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Regarding the maximum sea levels, we present in the following two figures a 
distribution of this level along the Mediterranean. 

Figure 6. Maximum Sea level in the coastal regions of the Mediterranean: 
NUTS/ GOV Level. 

Figure 7. Histogram of the maximum sea level detected in the 
coastal regions of Tunisia, Spain & Lebanon. 
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For example, the maximum sea level detected in Spain was at Cadiz governorate 
between (120 and 160 centimeter (cm)). We can explain this by the position of this 
governorate in relation to the Atlantic Ocean, towards the north of Spain the maximum 
levels will have decreases then in Barcelona the maximum level almost meets the level 
of Cadiz between (80 and 120cm). Nevertheless, in the Mediterranean level the highest 
maximum level sea was detected in the south-east of Tunisia at Gabes governorate 
with (243cm). In the east of the Mediterranean basin the lowest maximum sea levels 
are detected at the littoral governorates of Lebanon (Beirut 57cm). 

Regarding sea level rise, currently Lebanon coastal regions admit the strongest annual 
evolution of sea level rise in the Mediterranean (0.50 cm/year) and in the second order; 
we have Tunisia with (0.20 cm/year) (Figure 8). 

Figure 8. Histogram of Sea Level Rise (cm/year) in the study countries 
(only data from Tunisa and Lebanon are available). 

In terms of sectorial impacts and vulnerability, the National Adaptation Plans (NAP)  
specifies that coastal areas are an important national asset. The known issues are in 
regard to the warming and acidification of water, sea level rise and coastal erosion. 
With respect to the latter, the document highlights how the change in environmental 
processes may have consequences in the production of ecosystem services, which 
are highly sensitive to climate change. The temperature increase could drastically 
change the water ecosystem, while the significant sea level rise expected in Italy 
could increase erosion and expose the Italian coast to surges and flooding. A level of 
acidification is also expected (0.1 less pH units in a year). 
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III. Comparative presentation of some coastal stability parameters 
at the Mediterranean scale 

III.1. Distribution of coastline types at the Mediterranean scale: 

Mediterranean coasts being relatively long and showing varied and sometimes very 
changeable morphologies over short distances, they are distinguished in five types 
whose existence, frequency and representativeness vary, obviously, from one sector 
to another. They are Rocky, Sandy, Cliff, Dune, Marshes. 

The most varied and long coasts are in Italy where sandy beaches are the most 
developed with a length of 3500km, in second order Spain with a sum of 1000km 
sandy beaches, the third one is Tunisia with 400km of sandy beaches and the last 
one is Lebanon with 60km. It is widely recognized that tourism is one of the world’s 
largest and fastest growing industries. Historically sandy beaches have played an 
important role as locations for recreation and as attractions upon which tourism 
development has been based. This use of beaches for recreation and tourism has 
had significant impacts environmentally, socially and economically. Consequently, it 
is now understood that significant part of the costs are often associated with tourism 
development. Irrespective of this, demand for high quality beach areas continues to 
grow while the corresponding availability of such areas is diminishing. Thus, significant 
conflicts are arising. Simplistic management approaches will not solve this dilemma, 
rather creative, dynamic and ongoing applications tailor-made to the needs of specific 
areas are needed to ensure the future of these most popular of tourism attractions. 
The use of sandy beaches for tourism will be one of the significant management 
challenges in the coastal zone in the 21st Century (Orams, MB, 2003). 

Figure 9. Coastline types and length (km) at Mediterranean scale 
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III.2. The evolution of coastal stability at Mediterranean scale 

III.2.1. Eroded coasts and erosion rate 

Beach erosion increases in coastal zones as a result of both natural and anthropogenic 
pressures in the context of global climate change (Hinkel et al. 2013; Logar and Bergh 
2014; Semeoshenkova and Newton 2015). Beach erosion significantly threatens both 
environmental and economic values from tourism and biodiversity and increases the 
negative effects and risks of land loss, and destruction of natural defenses and coastal 
areas (Thinh, Nguyen An, and al 2019). In this context, we have produced two maps 
showing respectively the length of eroded coastal areas and the rate of erosion in the 
studies countries. The most eroded coasts are in Italy with 11.6 % and Spain with 12.8 
% relative to percentage the national coastal length. Coastal erosion in Tunisia and 
Lebanon is less developed than Italy and Spain coasts. It does not exceed 22.3 % in 
Tunisian coasts and 58 % in Lebanon. 

Figure 10. Length of the coast under erosion in the studies countries  
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Figure 11. Coastal erosion rates in the Mediterranean (Country level). 

In most cases, Bruun’s formula (Bruun, 1962) is applied, which theoretically allows, in 
the case of a beach in equilibrium, to calculate the value of the shoreline retreat for 
each region of Tunisia 

Figure 12. Estimated Lengths of coastal erosion and coastal erosion rates for 
North, East and South-East Tunisia 
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As a broad line, governments of Mediterranean countries should take measures 
to reduce beach erosion in a cost-benefit context. In the cost-benefit analysis of 
beach protection, it is important to realize that the investments are for the present 
generation, while the benefits will be in the future. Uncertainties about the options 
available include the timing of benefits and the nature and extent of those benefits. 
Beach protection and recovery measures can only be sustainable if coastal processes 
are fully considered and a detailed cost-benefit analysis is conducted (Thinh, Nguyen 
An, & al 2019). Additional policies should support the management plans for beach 
tourism (Alexandrakis & al. 2015). 

III.2.2. Coast stability and aggregation rate 

Considering coastal stability, Italy and Spain show the most stable data among the 
studies countries (see Figure 13). 

Figure 13. Stable Coasts in the Mediterranean (country level). 

The analysis of the attenuation curve of the coastal stability parameters allows a 
better understanding of the variation in coastal stability. 

However, in Spain for example, we noted the highest aggregation rate of the 
Mediterranean countries with 28.38 meters per year; we can explain this by the length 
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of the Spanish coastline and the average coastal erosion. In general, we can conclude 
that the parameters of erosion and aggregation rate are linked in nature to make the 
preferred balance. (Figure 14). 

Figure 14. Dimming Curve of Coastal stability parameters (m/year). 
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IV. The impacts of climate change on tourism development 

Tourism is a major global economic sector. That is undergoing tremendous growth 
in emerging economies, and is often touted as salient for development and poverty 
alleviation in developing countries. Tourism is recognized as a highly climate-sensitive 
sector, one that is also strongly influenced by environmental and socioeconomic 
change influenced by climate change, and is a growing contributor to anthropogenic 
climate change (Scott, D., Gössling, S. & Hall, CM. 2012). 

In 2003, the UN coordinated the First International Conference on Climate Change 
and Tourism in Djerba, Tunisia. Which recognized the interrelationships between 
tourism and climate change, the need to better understand the implications of climate 
change for the sustainability of tourism, and highlighted the obligations of the sector 
to reduce its GHG emissions and accede to all relevant international agreements to 
mitigate climate change. The scientific assessment commissioned for the Second 
International Conference on Climate Change and Tourism (MacKenzie, B. R., & 
Schiedek, D. 2007) addressed some of the information priorities, identified regional 
tourism vulnerability ‘hotspots’, reviewed the state of adaptation within the sector, 
provided an estimate of the contribution of global tourism to climate change (roughly 
5% of CO2 emissions in 2005; later refined to 5.2–12.5% of radiative forcing), and set 
out options for decoupling future growth in the tourism sector from 

 GHG emissions. The conference concluded that [climate change] must be considered 
the greatest challenge to the sustainability of tourism in the twenty-first century’.6 
Prior to the COP-15 conference in Copenhagen, Denmark, the WTTC5 issued its first 
position paper on climate change, which included ‘aspirational’ carbon emissions 
reduction targets of 25% by 2020 and 50% by 2035 (both from 2005 levels) (Scott, D., 
Gössling, S. & Hall, CM. 2012). 

Climatic Change and Altered Geographic and Seasonal Tourism Demand: 

Climate has direct and salient effects on tourism operators, destinations, and 
tourists alike and understanding the implications of climatic change for destination 
competitiveness and tourist demand patterns have been identified as a research 
priority in this field (Scott, D., Gössling, S. & Hall, CM. 2012). Varied approaches used 
to examine the potential geographic and seasonal redistribution of climatic resources 
for tourism and how tourist demand might respond tend to support some common 
broad scale patterns of influence on international tourism, but the contrasts also 
reveal some important areas for future research. A number of studies have utilized 
a ‘Tourism Climate Index’, which integrates multiple climate variables relevant to 
tourism, to examine how the distribution of climate resources for tourism could be 
altered over the 21st century (Scott, D., Gössling, S. & Hall, CM. 2012). 
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Winter Sports Tourism: With its highly visible sensitivity to climate variability, the risks 
posed by climate change to the large international ski tourism industry have received 
considerable attention. The ski industry was the first and the most studied aspect of 
climate change impacts on tourism, with more than 30 known studies in 13 countries. 
Diverse methodologies have been used to examine both supply- and demand-side 
impacts of climate change as well as the adaptive capacity of the ski industry (Scott, 
D., Gössling, S. & Hall, CM. 2012). 

Sea Level Rise and Coastal Tourism is one of the most prominent impacts of global 
climate change, a considerable literature has developed over the past 20 years 
examining the potential impacts of sea level rise (SLR) on ecosystems, economies, 
and society, and even the physical existence of some sovereign nations (Scott, 
D., Gössling, S. & Hall, CM. 2012). Although coastal tourism has been identified as 
the largest tourism activity segment globally and despite the massive ongoing 
investment in coastal tourism and vacation home properties, there has been 
remarkably little analysis of the implications for the tourism sector. The lack of readily 
available geospatial data sets of coastal tourism assets (resorts, beaches, transport 
infrastructure) at the regional or global scale may partially explain the absence of 
tourism in global-scale SLR impact assessments (Scott, D., Gössling, S. & Hall, CM. 
2012) 
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V. Conclusions 

To conclude we can present this figure illustrating the multifaceted interface between 
climate change and the tourism system. 

Figure 15. Climate change impact pathways on internaional Scott, D., Gössling, S. & Hall, CM. 
2012 

The notion of a tourism system is extremely important when considering the impacts 
of climate change. One of the limitations of the literature is that studies have tended 
to examine potential climate change impacts only in terms of one element of the 
tourism system, usually a destination or market segment, rather than considering the 
broader tourism system (Scott, D., Gössling, S. & Hall, CM. 2012). 
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