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Abstract 
The impact of climate change on water resources and tourism, the possibility of adapting to climate change in a tour-
ist destination, and mitigation of the impact of tourism activity on the climate change is analysed. Touristic activity 
seasonality and changes in water demands during the year is addressed. The importance of implementing the process 
of adaptation to climate change in a tourist destination, possible adaptation measures and opportunities to ensure sus-
tainable management of water resources in order to ensure quality tourism activities but also the quality of life of local 
inhabitants in the tourist destination are presented.
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1. Introduction 
Water resources are one of the key factors for life and development of life on Earth, and thus for humanity. Given the 
limited water resources, climate change and significant human activity, managing water resources in a sustainable way 
is an extremely important and very complex task [1]. It has been determined that climate change already has today, 
and will have even more pronounced and different impacts on water resources in the future. Climate change affects all 
life on the planet, all resources, including water resources. They also affect all human economic activities (agriculture, 
fisheries, energy, tourism, etc.) [2].

The need (demand) for water is globally growing due to a number of factors, including population growth, water pollu-
tion, economic progress, land use, climate change and others [3]. Drinking water is a strategic resource for socio-eco-
nomic development and environmental protection, but water scarcity, deteriorating of water quality, droughts and, on 
the other hand, floods represent current and future challenges in water management, especially with regard to climate 
change. The effects of climate change are even more pronounced in regions that are already deficient in water resources 
and where droughts are more frequent, and therefore there is an imbalance between available water resources and water 
needs [4]. This problem is particularly pronounced in the Mediterranean area, which stands out as a significant tourist 
destination, where the seasonal (summer) increase in water demand is particularly pronounced, and on the other hand 
climate change affects the reduction of local and seasonal availability of water resources [5].

The aim of this paper is to analyse the impact of climate change on water resources with an emphasis on tourism and 
the possibility of adapting to climate change in a tourist destination, but also mitigate the impact of tourism activity on 
the causes of climate change. The issue of touristic activity seasonality and changes in water demands during the year 
are emphasized. 

The paper analyses the importance of implementing the process of adaptation to climate change in a tourist destination, 
possible adaptation measures and opportunities to ensure sustainable management of water resources in order to ensure 
quality tourism activities but also ensure the quality of life of local inhabitants in the tourist destination. The emphasis 
in this paper is on the touristic destinations in the Mediterranean area especially in the coastal part of the Republic of 
Croatia.

2. Climate change impact on water resources 
The Mediterranean basin, including the Adriatic Sea region, is a region that is very sensitive to climate change, but 
also to anthropogenic impacts [6]. Since the 1970s, the mean annual temperatures in the Mediterranean region have 
increased by 0.1°C per decade, and precipitation has decreased by 25 mm per decade [7]. Temperatures are expected 
to increase by 1.5–2.5°C, and precipitation is expected to decrease by 5% to 20% up to 2050 [8], which could lead to 
the decrease of freshwater resources throughout the Mediterranean basin (30–50%). 

In the Adriatic region, the decrease of 15% of freshwater is expected in northern Italy and the Balkans [8]. Climate 
changes cause more frequent drought and flood occurrence, while the increase in water demand is expected due to 
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increasing urbanisation, agricultural production and tourism activities, which leads to the increase in withdrawal of 
water and pressures on regional water resources [9]. 

Water resource and supply vulnerability and risk assessments, water scarcity estimates and drought analyses due to 
climate change impacts are necessary for avoiding future water crises and preparing adaptation measures to mitigate 
the consequences of such crises [10]. 

To simulate the impacts of climate change on water resources in future various methodologies have been used [11]: 
coupling Global Circulation Models (GCMs) with hydrologic models through downscaling techniques, coupling 
high-resolution Regional Climate Models (RCMs) with hydrologic models and using hypothetical scenarios as inputs 
to hydrologic models. 

The impact of climate change on the water resources in the Mediterranean has been confirmed in different studies [5]. 
Based on scenarios of varying future temperature and precipitation to analyse the changes in groundwater recharge and 
in agricultural water demand for the West Bank of the Mediterranean basin, Mizyed [12] concluded that the groundwa-
ter recharge could decrease by up to 50%. 

Impact of climate change on water resources used for drinking water supply in the Adriatic region has been investi-
gated within the DRINKADRIA project (Adriatic IPA CBC 2007–2013) [5]. As an example of the impact of climate 
change on water resources for analysed pilot area in northern part of Croatia (where the touristic activity is very high 
in summer period) for springs Sv. Ivan, Gradole and Bulaž are presented in Figure 1 [6]. The decrease in discharge of 
springs Sv. Ivan, Gradole and Bulaž can be observed in all historical time series and projected time series of the total 
lowest average monthly discharge of springs, with accompanying trends, generated using different climate models 
(REGCM3, ALADIN, and PROMES) for 1961–2050. The island of Corfu in Greece (also pilot area in the Project) is 
facing rising temperatures and declining rainfall too, especially in the summer months. Although the island of Corfu 
is located in the western part of the country where precipitation levels are higher than the average in Greece, climate 
change will negatively affect the availability of water resources [14].

3. Climate change impact and tourism 
According to climate modelling results, the Mediterranean region is marked as a “hot spot” with particularly pro-
nounced effects of climate change impact [15]. The Republic of Croatia, which for the most part belongs to that region, 
will certainly feel the consequences of climate change, and its vulnerability is assessed as high. The vulnerability of 
some economic sectors is particularly significant: tourism, agriculture, forestry, fisheries and energy, as the success of 
these sectors depends to a large extent on climate factors. Consequently, the extreme vulnerability of the economy to 
the effects of climate change can have a negative effect on overall social development. Therefore, the implementation 
of adaptation measures is the only way to avoid catastrophic consequences for the environment and the economy, 
which endangers the sustainable development of the society [16].

In the tourism sector, the main expected impacts of climate change are: reduction of tourist demand in the summer 
months due to high temperatures, increased UV radiation, higher frequency and intensity of extreme weather events; 
reduction or loss of ecosystem attractiveness and biodiversity as elements of attractiveness in tourism; reduction of 
water availability and occurrence of problems related to various infrastructure systems (wastewater drainage, solid 
waste disposal, beach infrastructure, accommodation infrastructure, etc.) and / or their reduced functionality.

Changes in climate will lead to various implications for individual tourist destinations, but they can be both positive 
and negative. Due to climate change (but also due to its proximity to Western and Northern European guests), the 
northern parts of Europe could become attractive enough for vacations during the summer months, and the Mediterra-
nean and Croatia could remain attractive (only) for the rest of the year. The tourism sector will be forced to enrich its 
offer and offer higher quality products, which can have a positive effect on the competitiveness and structure of guests. 
Favourable climatic conditions in the coastal part of the Republic of Croatia in the off-season and pre-season can have 
a positive effect on reducing mass tourism in the summer months [17].

At the peak of the touristic season, some tourist destinations and islands have problems with water supply, which will 
continue in the future due to increased demand for water in this period [18]. The issue of water supply in the context 
of (oversized) development of island and coastal tourism is highlighted by a considerable number of studies in the 
Mediterranean area (Mallorca, Malta, Sardinia) [19]. 

In Croatia the problem is also highlighted on islands and in coastal areas with touristic activity. The impact of tourism 
on increasing demands for water supply is not only reflected by the seasonal increase of the number of tourists and 
seasonal workers. Namely, in addition to primary water consumption (drinking, bathing, sanitary water), tourists also 
encourage secondary consumption for agriculture focused on tourism, swimming pools, green areas, etc. Water con-
sumption increases exponentially with increasing accommodation capacity [19].
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Figure 1. Historical time series and projected time series of the total lowest average monthly discharge of Sv. Ivan, Gradole and 
Bulaž springs generated using different climate models for 1961-2050 with accompanying trends: A) REGCM3, B) ALADIN,  

and C) PROMES models [6]

In DRINKADRIA project it was concluded that the decrease of available water resources in the future due to climate 
change impact (Figure 1) will cause stress during touristic high season period when the demands for water are the 
highest (even double), and the water resources availability is at the lowest [6]. This can be observed in Figure 2 where 
the intra-annual distribution of the long-term mean of average monthly overflow discharges and abstracted quantities 
on the pilot area in Croatia in Istria for springs Sv. Ivan, Gradole and Bulaž are combined together and analysed for the 
period 1991–2012 [5].

Figure 2. Intra-annual distribution of the long-term mean of average monthly overflow discharges and abstracted quantities for 
springs Sv. Ivan, Gradole and Bulaž combined together (1991–2012) [5]
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When talking about the assumed features of tourism in the coastal part and on the islands, the starting line is usually 3S 
(Sun, Sea and Sand). Another often assumed basis is sustainable tourism with the fundamental theme that the island, 
as an eco-paradise, has untouched nature along with the local population and a way of life with low environmental 
impacts [20]. Tourists are looking for destinations with favourable climatic conditions, and on the other hand, tourism 
itself contributes to climate change. Addressing climate change is considered a prerequisite for sustainable tourism 
development, and sustainable water management is important for the quality of life of local inhabitants [19, 21].

4. Adaptation to climate change and mitigation measures
With increasing evidence of the impact of climate change, strategies and plans for climate change adaptation and 
mitigation have been developed at international, European and national levels. The Paris Agreement on Climate 
Change obliges the countries of the world to act in two directions: to take urgent measures to reduce greenhouse gas 
emissions in order to limit the increase in temperature to 1.5°C and 2°C compared to the pre-industrial period, and take 
measures to adapt to climate change, in order to reduce the damage from climate change (in force since 4 November 
2016, confirmed by the EU on 5 October 2016, and by the Republic of Croatia on 17 March 2017, [22]).

The Intergovernmental Panel on Climate Change (IPCC) in 2019 shows that the global trend of temperature rise is 
+1.1°C and if the concentration of greenhouse gases continues to increase at the current rate, global warming is likely 
to reach 1.5°C between 2030 and 2052. The UN’s 2030 Sustainable Development Goals (SDGs) set 17 global Sustain-
able Development Goals (SDGs), with a goal 13: taking urgent action to combat climate change and its impacts [22].

The European Commission adopted a new EU strategy for adaptation to climate change on 24 February 2021. The new 
strategy sets out how the EU can adapt to the inevitable impacts of climate change and become resilient to impend-
ing change by 2050. It is necessary to: make adaptation smarter by encouraging action based on reliable data and 
risk assessment tools, make adaptation more systematic because climate change affects all sectors, make adaptation 
faster because we already feel the effects of climate change, and step up action internationally because adapting is the 
cross-sectoral element of EU and Member State action. The Republic of Croatia is obliged to prepare a periodic report 
to the European Commission on measures to adapt to climate change at the national and local level [22].

The first strategic document that provides an assessment of climate change for Croatia is the Strategy for Adaptation 
to Climate Change in Croatia for the period until 2040 with a view to 2070 [17] and was adopted by the Croatian 
Parliament on April 7, 2020. The goal of the Strategy is to raise awareness of the importance and threats of climate 
change for society and the need to integrate the concept of climate change adaptation into existing and new policies, 
in order to reduce the vulnerability of the environment, economy and society caused by climate change. The Strategy 
identifies vulnerable sectors, including hydrology and water resources, and tourism, and prescribes the obligation to 
take adaptation measures. Table 1 shows the projections of climate parameters in the Republic of Croatia for the period 
2041–2070 [17].

Table 1. Projections of climate parameters for the Republic of Croatia according to the RCP4.5 scenario for the 
period 2041–2070 (prepared by authors based on [17])

Climate 
parameter

Projections of future climate in Croatia according to scenario RCP4.5 for the period 2041–2070 obtained 
by climate modelling

Precipitation

Average annual quantity: further decreasing trend (up to 5%) except in the NW parts of Croatia

Decrease in all seasons (up to 10% mountains and Northern Dalmatia) except winter (increase 5–10% Northern 
Croatia)

The number of drought periods will increase

Surface runoff Reduction of runoff (especially in spring)

Air temperature

Medium: increase 1.5–2.2°C (all seasons, especially in the continental part)

Max: increase up to 2.2°C in summer (up to 2.3°C on islands)

Min: the largest increase on the continent in winter 2.1–2.4°C; and 1.8–2°C coastal areas

Mean sea level 2081–2100
32–65 cm (estimation of average means for the Adriatic)

The main expected impacts that can lead to a high degree of vulnerability of water resources are [17]:

• reduction of water quantities in watercourses and springs;
• reduction of groundwater supplies and decline of groundwater levels;
• reduction of water levels in lakes and other dammed natural or built systems;
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• rising sea levels, salinization of coastal aquifers and aquatic systems;
• increase in water temperatures accompanied by a decrease in the carrying capacity of receiving water bodies;
• increasing the frequency and intensity of floods in endangered areas;
• increasing the frequency and intensity of torrents;
• increasing the frequency and intensity of floods from rainwater in urban areas;
• increase in sea level, and thus the probability of floods at the mouths of watercourses;
• reducing the efficiency of coastal infrastructure, and
• intensification of salinization of estuaries and coastal aquifers. 

The Strategy [17] provides an assessment of the impact of climate change and the vulnerability of the tourism sector 
on climate change and possible responses to high vulnerability, as shown in Table 2.

Table 2. Overview of the impacts and challenges of climate change adaptation in the tourism sector and possible 
responses to reducing high vulnerability [17]

Impacts and challenges that cause high vulnerability Possible responses to reducing high vulnerability

- inadequacy of the tourist offer to projected climate 
change (high temperatures, increased solar radiation, 
frequency of extreme weather events, etc.),

- changing the attractiveness of the area on the coast and 
in the continental part of the Republic of Croatia,

- damage and / or reduced functionality of various 
infrastructure systems (water supply, drainage, beach 
infrastructure, horticulture, etc.),

- deterioration of ecosystems, biodiversity and cultural 
heritage important to tourism due to indirect and direct 
effects of climate change.

- adaptation of the tourism sector to changed business conditions 
due to the impact of climate change,

- aligning tourism activities with projected climate change,
- strengthening competences related to impacts and adaptation to 

climate change of experts directly related to the tourism sector,
- inclusion of climate change adaptation measures in all 

segments of sustainable Croatian tourism,
- the revitalisation of tourist offer across the entire territory of the 

Republic of Croatia and exploitation until now underutilised or 
untapped potential,

- implementation of priority programs for the rehabilitation of 
cultural assets by including acceptable measures to reduce 
vulnerability to climate change.

Table 3 provides measures for adaptation to climate change in the tourism sector grouped into categories of very high 
and high importance and lists the key stakeholders.

Table 3. Climate change adaptation measures in the tourism sector: measures of very high importance (01–04), high 
importance (05) and key stakeholders [17]

Measure 
code Name of the measure Key stakeholders

T-01
Integrating climate change into the tourism 
development strategy

Ministry of Tourism, Ministry of Environmental Protection, 
local and regional self-government units, tourist boards, Croatian 
Meteorological and Hydrological Service

T-02

Raising awareness of experts involved in 
the tourism sector about the impact, risks 
and opportunities for adaptation to climate 
change

Ministry of Tourism, Croatian Chamber of Commerce, tourist boards, 
public institutions for the management of protected parts of nature

T-03 Encouraging education of students on 
climate change

Ministry of Science and Education, Croatian Chamber of Commerce, 
Croatian Chamber of Crafts

T-04

Strengthening the resilience of tourist 
infrastructure to various weather extremes

Ministry of Tourism, Ministry of Construction and Physical Planning, 
Ministry of Environmental Protection, Ministry of the Sea, Transport 
and Infrastructure, local and regional self-government units, Croatian 
Meteorological and Hydrological Service

T-05 Strengthening the resilience of local 
communities in the tourism sector

Ministry of Tourism, local and regional self-government units, tourist 
boards, Croatian Meteorological and Hydrological Service

In order to respond to the new policy goals for 2030, the existing Sustainable Energy Action Plans (SEAP) were to be 
upgraded to Sustainable Energy and Climate Action Plans (SECAP). The goal is to reduce CO2 emissions by at least 
40% by 2030, improve energy efficiency, reduce energy consumption and influence the adaptation to climate change. 
These plans serve as an effective tool for planning climate change mitigation and adaptation measures [23].
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In Croatia most cities with prepared SECAP are located in the Primorje-Gorski Kotar and Istria counties (11 cities in 
total), and these are the cities: Kastav, Opatija and Rijeka (Primorje-Gorski Kotar County), Buje, Novigrad, Pazin, 
Buzet, Labin, Rovinj, Poreč and Pula (Istria County) [23].

In the field of adaptation to climate change, vulnerability and risk analysis to climate change was conducted, and in the 
water and tourism sector the risk is moderate or high due to high exposure due to high population density and increase 
in number of tourists during the touristic season.

These sectors require the timely implementation of climate change adaptation measures. Table 4 gives an example of 
good practice, i.e. an overview of climate change adaptation measures in the water sector and tourism sector on the 
example of Croatian Northern Adriatic cities: Rijeka, Kastav, Opatija (Primorje-Gorski Kotar County), Poreč and Labin 
(Istria County). All these cities are tourist destinations.

In Croatia in 2013, the Institute for Social Research and the Society for Shaping Sustainable Development (Institut za 
društvena istraživanja and Društvo za oblikovanje održivog razvoja) conducted a survey on citizens’ attitudes towards 
climate change. Even then, 70% of citizens considered climate change a significant problem, and more than 40% of 
citizens thought that climate change mitigation was more important than current economic development, mostly citi-
zens of coastal regions of the Republic of Croatia [23]. 

The research conducted in 2019, through the RMPPI (Renewable micro power plant initiative) project confirmed the 
great interest of citizens in the topic of climate change and considered climate change a significant problem [28].

Climate change is of particular importance for the long-term positioning of tourist destinations on the world market. 
Some destinations will gain in attractiveness, and there will be more interest in them, while others whose attractiveness 
will be jeopardized by climate change will have to be repositioned in order to maintain their market position [29]. 

Table 4. Measures of adaptation to climate change in the water and tourism sector on the example of cities in Primor-
je-Gorski Kotar County and Istria County (prepared by authors based on [24–27])

Cities Climate change adaptation measures  
in the water sector

Climate change adaptation measures  
in the tourism sector

Rijeka

- strengthening the resilience of coastal water-
communal infrastructure and coastal water resources,

- preparation of project and planning documentation 
related to water protection infrastructure.

- networking and upgrading the system of 
monitoring environmental indicators related to 
climate change.

Kastav 
and 
Opatija

- economic evaluation of groundwater and springs,
- identifying vulnerable groups and critical assets in 

terms of flood risk,
- reconstruction of the water supply network and 

installation of equipment for smart monitoring of the 
water supply system in order to reduce water loss in 
the system,

- raising public awareness on the importance of water 
consumption and the impact of climate change,

- rationalization of water consumption,
- analysis of the impact of sea level rise,
- strengthening the resilience of water and communal 

infrastructure in coastal areas,
- preparation of an analysis of the possibility of 

recycling wastewater for reuse and rainwater 
collection.

- increasing resistance to climate change (measuring 
UV radiation and temperature, availability of 
drinking water in public places, personal protection 
from UV radiation),

- development and encouragement of tourism 
activities compatible with resistance to extreme 
weather conditions (supply diversification),

- raising the awareness of tourism workers about 
the impact, risks and possibilities of adaptation to 
climate change,

- strengthening the resilience of tourist infrastructure 
to various weather extremes (construction 
of swimming pools, indoor spa and wellness 
facilities, refrigerated areas, etc.),

- encouraging the education of students of tourism 
professions on climate change.

Poreč

- strengthening capacities for protection against 
harmful effects of water, stakeholder capacity, 
measures for protection against harmful effects of 
water in the event of extreme hydrological conditions 
(e.g. floods), and resilience of urban areas to 
anthropogenic pressures caused by climate change.

- development of the concept of sustainable tourism 
that includes adaptation to climate change,

- strengthening the competencies of employees in 
the tourism sector,

- strengthening the resilience of tourist infrastructure 
to various weather extremes.

Labin

- increasing revenues to combat water shortages,
- education of the population,
- regulations restricting water consumption, especially 

in dry summer periods, or adopting provisions that 
promote more rational use of water resources.

- diversification of the tourist offer,
- plans and programs related to climate change,
- availability of early weather warning systems.
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In general, most destinations are chosen by tourists because of the type of climate. In this context, identifying threats to 
climate change and future perspectives of change are important determinants of likely changes in preferences for travel 
destinations. Interest and concern about climate change have begun to spread in recent times and have become a global 
problem, and climate change is receiving significant attention in the field of tourism research [30].

Emphasizing the impact of tourism on the environment (which generates climate change) is a key focus of sustainable 
tourism development. Namely, the pronounced tourist seasonality affects the development of climate change. The pro-
cess of adaptation to climate change in a tourist destination requires the interaction of sustainable tourism development 
and climate change [29].

The future effects of climate change will extend the touristic season. The result of predicting the future climate is 
greater deseasonalisation of demand, as certain seasons (spring and autumn) will offer greater comfort to tourists and 
visitors. Higher temperatures in the current main part of the tourist season (July and August) will reduce the number 
of tourists, thus increasing the number of tourists in other months of the year due to more acceptable temperatures in 
Mediterranean tourist destinations [18].

This future deseasonal demand in certain tourist destinations will have a positive effect on water supply systems, which 
have so far been overstressed in the summer months due to a big increase in tourist arrivals in July and August. Tour-
ism is considered among the economic sectors that are least prepared for the risks and opportunities posed by climate 
change [21].

The development of selective forms of tourism is crucial for adapting the offer to the requirements of tourists who can-
not perform normal tourist activities due to unfavourable weather conditions (unbearable heat, UV radiation or rain). 
The product of the “sun and sea” that is characteristic for Croatia needs to be supplemented with other forms of tourism 
(health, sports, culture, history, education, entertainment). It is necessary to start applying these measures of adaptation 
to climate change as soon as possible [31] since it is expected that the cost of investing in adaptation will reduce the 
cost of repairing possible damages in the future [16].

5. Conclusion
Climate change is affecting, and in the near future it will certainly affect even more intensely, the population of the 
Earth. This paper presented the impact of climate change with an emphasis on water resources and tourism. The impact 
of climate change on water resources results mostly in decreasing the available quantities of water in future. The way 
that tourism responds to climate change is absolutely critical to the sustainability of tourism and if that sector would 
withdraw from engaging in climate change problematics, it would be to its significant detriment. 

For government, NGOs and decision-makers, climate change is a new strategic reality they have to face. 

It is clear that there has been a dramatic increase in research in the field of sustainable tourism development and climate 
change. The pronounced tourist seasonality, that we currently have, negatively affects and burdens water resources and 
systems in tourist destinations. 

Projections of climate parameters for Croatia in the future predict deseasonal touristic demand primarily due to the 
lower level of comfort that will prevail during the summer months due to too high temperatures. This deseasonalisation, 
which would redistribute tourist arrivals to the rest of the year, would have a positive impact on water resources and 
systems, decreasing the stress on water resources that we have now in high season. 

The Mediterranean basin area has been identified as one of the most vulnerable regions of the world to climate and 
anthropogenic change. In this area tourist seasonality is pronounced during the summer months, which is an additional 
challenge for efficient water management.

High ratings tourists give to destinations with favourable climatic conditions, which are an important element when 
choosing a destination. Therefore, the climate as one of the most important drivers of tourism, in the future will play an 
even more important role in choosing a destination. Given that climate is recognized as a key driver of tourism, climate 
change can have a positive or negative impact on tourism, although tourism itself contributes to climate change. The 
overall quality of life stems from the sustainability of the tourist destination. This in turn improves the quality of life of 
the local population and the image and competitiveness of tourist destinations.

Timely adjustments can significantly reduce the future damage and losses caused by climate change in the tourism 
sector. The SECAP analysis of selected cities in the Northern Adriatic part of Croatia presents concrete and specific 
measures for adaptation to climate change in the water sector and in the tourism sector, that should be implemented. 

The EU is fighting against climate change, so in the last financial period, until 2020, every fifth euro in the European 
budget was allocated for adaptation to climate change, which is 180 billion euros per year, while in the current financial 
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period from 2021 to 2027, every fourth euro in the European budget will be allocated for this purpose, which is more 
than 280 billion euros per year [2]. 

Another aspect that we are currently adding to our research on climate change impact on water resources and tourism 
are summer fires in Adriatic coastal areas since the number and fire severity have significantly increased over the 
past decades [32]. Fires are often consequences of human activities and unfavourable hydrological conditions during 
summer, have huge impact on the environment and can endanger touristic areas, while additional water resources are 
needed for fire control and extinguishing. 

There is still a lot to be done to raise public awareness about climate change and the impact on natural resources 
(including water resources). Raising general public awareness about this problem will certainly accelerate further 
research and implementation of preventive measures. At the same time, from the scientific point of view, the impact of 
climate change, adaptation and mitigation measures need to be continuously investigated, quantified and included in 
all spheres of human activities and the environmental management. 
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