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Abstract

:

In this study, we examined the correlation between the collected municipal waste (MW) and the tourism intensity (TI) in five of Croatia’s most popular tourist towns—Zagreb, Poreč, Rovinj, Split, and Dubrovnik—from 2015 to 2021. Furthermore, we conducted a comparative analysis of target scenarios for municipal waste reduction in these tourist towns based on population changes and the amount of separately collected and residual MW collected to achieve EU targets for processing MW for reuse and recycling. The TI indicator quantifies the population’s theoretical multiplication during tourist influx, providing a clear picture of the pressure exerted by tourism. Rovinj and Poreč have the highest TIs, while larger cities like Dubrovnik, Split, and Zagreb have lower average TI values. The correlation between the collected MW and the tourism intensity in Dubrovnik is very high and positive, in Zagreb and Rovinj it is high and negative, while Split has a higher positive correlation than Poreč. The results for the MW preparation rates for reuse and recycling from 2015 to 2021 and future projections for 2021–2035 suggest that, in five of Croatia’s leading tourist towns, the imperative must be to decrease residual MW, promote separation at the source, and separate MW collection to meet EU targets. Given the challenges of meeting all three—or even two or one—of the EU’s targets of 50% by 2025, 60% by 2030, and 65% by 2035, the current waste separation system must be improved. This study contributes to the scientific community by addressing the gap in the current knowledge on the effects of population changes caused by tourism on MW in tourist destinations. The findings could be relevant for practitioners and policymakers planning MW collection, processing, and recovery in tourism-oriented economies, particularly in Croatia’s top tourist destinations.






Keywords:


EU Waste Framework Directive; municipal waste; scenario analysis; the Republic of Croatia; tourism intensity; waste reduction targets












1. Introduction


Waste is mostly a byproduct of the consumer-based lifestyles that drive much of the world’s economies. Municipal waste (MW) is one of the most difficult types to manage, owing to its extremely complex and heterogeneous composition, proximity to citizens, high public visibility, and environmental and human health implications. MW is roughly composed of organic and inorganic waste. Many factors may influence the composition or amount of MW, such as economic development, existing municipal waste management, geographical location, residential structure, public habits, seasonal variation, and energy resources [1].



Tourism, particularly in countries with a strong seasonal variation in tourism such as the Republic of Croatia, has a considerable impact on MW generation [2]. The Republic of Croatia, as an Adriatic, Central European country, is a globally recognized tourist destination and one of the most popular tourist destinations in the Mediterranean [3,4,5]. Tourism is a significant part of the Republic of Croatia’s economy, representing almost 20% of its global gross domestic product and providing employment for thousands of people [6]. Although tourism has economic and financial benefits, it is also often accompanied by many negative effects that result in environmental and social impacts. The negative environmental impacts of tourism can be substantial. They include the depletion of local natural resources; air, water, and ground pollution; and waste management issues. According to the European Environment Agency (EEA), increasing tourism density, infrastructure, and activities, particularly in the Mediterranean, influence waste generation and energy consumption [7]. In comparison with other cities, tourist cities face additional challenges related to the tourism industry and tourists as waste producers. For example, tourism represents an extra source of MW in tourist destinations; both the mass and volume of MW increase during the tourism season, and tourists may display improper and inefficient behavior regarding separating different fractions of MW, contributing to an increase in mixed waste and leading to overcapacity in the MW system [1,8,9,10,11,12,13,14,15].



According to Eurostat [16], municipal waste generation in Croatia increased from 387 kg per capita in 2014 to 447 kg per capita in 2021. This waste generation trend continued to grow from 2014 to 2019, with a drop in 2020. During the COVID-19 pandemic in 2020, there was a significant reduction in services due to reduced working hours, the closure of catering facilities, and restrictions imposed on cultural activities and events and, as a result, a reduction in overnight stays in tourism; thus, municipal waste quantities decreased and remained consistent with those recorded in 2017. The easing of pandemic restrictions and the recovery of services following the pandemic in 2021 led to an increase in municipal waste to 447 kg per capita. However, the MW generation throughout the period remained below the European average.



The annual amount of municipal waste generated per capita in 2021 at the county level ranged between 253 kg and 672 kg, with a deviation from the average amount at the national level (447 kg) observed mostly in coastal counties, which can be attributed to the impact of tourism [17].



In the Republic of Croatia, waste management is one of the most crucial environmental protection challenges and one of the most demanding sectors to harmonize with EU standards. The main legislation for waste management in Croatia is the Waste Management Act [18], which stipulates measures to protect the environment and human health by preventing or reducing waste generation and its negative effects and promotes waste management, including recycling, reuse, and a gradual reduction in waste disposal. Within the waste management system, objectives and measures arising from the European Commission’s Waste Framework Directive [19] are very important, particularly the objectives of preparing for the reuse and recycling of at least 55%, 60%, and 65% of MW by weight by 2025, 2030, and 2035, respectively. In addition, the amount of MW landfilling should be reduced to 10% by weight by 2035.



Since 2016, all municipalities/towns have been covered by public waste management services. Separate collection for specific municipal waste (primarily paper, glass, plastics, metal, and biowaste) is performed through the so-called ”doorstep” collection process, using different public-space litter bins and trash cans at civic amenity sites and in retail stores, as well as through established national systems for special waste categories. In 2021, 74% of the total volume of separately collected waste was recovered, with the remaining waste predominantly disposed of at landfill sites or temporarily stored in smaller quantities. Thus, the recycling rate was 32%, the disposal rate was 58%, and 10% of waste was used in other waste treatment operations, predominantly mechanical–biological treatment plants. Given these data, the Republic of Croatia is at risk of failing to meet the 2025 target of preparing a minimum of 55% MW by weight for reuse and recycling [19].



Starting with the abovementioned points, tourism, as a constantly growing industry with millions traveling to different parts of Croatia each year, contributes to the increasing pressures on the area’s overall MW management infrastructure [2,3,4]. European waste statistics distinguish between the waste produced by business activities and households, but there are no specific statistics on waste in tourism [16]. In Croatia, waste from tourist accommodations is mostly collected with commercial or household waste. Therefore, determining the correlation between MW and tourism is important for planning the collection, processing, and recovery of MW in local waste management systems.



Several studies have used top-down and bottom-up methodologies to analyze the impact of tourism on MW generation. The top-down approach uses tourist flows to assess their effect on the total MW in a tourist region [8,10,11]. In contrast, the bottom-up approach measures the waste generated in tourist accommodations over a certain period [15,20]. In this study, we used the top-down approach to determine the correlation between tourism and the collected MW by focusing on five of Croatia’s tourist towns with the greatest number of overnight stays for 2015–2021. According to the criteria, Zagreb in central Croatia, Poreč and Rovinj in Istria, and Split and Dubrovnik in Dalmatia were chosen.



To assess the relevance of tourism in MW and to examine the impact of population changes caused by tourism on MW in tourist destinations, tourism intensity (TI) [21] was used. TI quantifies a population’s theoretical multiplication during tourist influx periods by comparing the number of tourist nights to the resident population of a territory. Firstly, we examine the relationship between collected MW and TI in five of Croatia’s top tourist towns for 2015–2021. As a reference for the collected MW quantities of selected towns, the total equivalent population (TEP), representing the sum of residents plus the equivalent tourist population (ETP), was employed rather than just the resident population. The ETP measures the number of overnight stays against the number of people living in a location all year round and represents tourists as an additional population, providing a clear picture of the pressure exerted by the tourism sector [22]. Secondly, we estimate the future quantities of collected MW, the total separately collected MW recyclables, and the amount of collected residual MW (RMW) in Croatia’s top tourist destinations up to 2035 concerning the EU MW targets for 2025, 2030, and 2035, given their existing MW systems. The long-term MW projections for these tourist destinations are based on estimation and probabilistic forecasts of the total population of Croatia [23] and the number of tourist overnight stays is based on a conservative growth rate of 1% or 3% per year for 2021 to 2035 [24].



The tourism intensity has been used in numerous studies as an indicator of tourism development and the economic significance of tourism and its sustainability [25,26,27,28,29]; however, to the best of our knowledge, no study has investigated the correlation between tourism intensity and collected MW in Croatia’s tourist towns. Furthermore, this is the first comparative analysis of target scenarios for municipal waste reduction in Croatia’s leading tourist towns based on population changes and the separate and residual amounts of MW collected to achieve EU targets for MW reuse and recycling. This study indicates the importance of the active and sustained participation of individual residents and non-residents in properly separating and collecting recyclable waste as an integral component of sustainable MW management in tourism-oriented economies. We aim to contribute to the scientific community by addressing the current knowledge gap on the effects of the population changes caused by tourism on MW in tourist destinations. Our findings could be useful in planning an MW separation system to support Croatia’s top tourist destinations’ efforts to improve their MW management performance to achieve the EU’s targets.



This paper is organized as follows. Section 2 presents and discusses the results. The data are presented in Section 3. Section 3 also provides a more detailed description of the concepts used in our research, with an outline of the methodology employed for data analysis. The methodological approach is divided into two sections: an overview of our study of Croatia’s top tourist destinations from 2015 to 2021 (Section 3.1) and an assessment of municipal waste flow development with an explanation of scenarios (Section 3.2). The conclusions are stated in Section 4.




2. Results and Discussion


This research intends to determine the relationship between collected MW and tourism intensity and long-term projections for collected MW quantities, the total amount of separately collected MW recyclables, and the amount of collected residual MW in Croatia’s top tourist destinations up to 2035, with EU MW targets for 2025, 2030, and 2035 taken into account. We started by examining Croatian tourist towns with the greatest number of overnight stays for 2015–2021.



The sample includes five towns selected according to the criteria mentioned earlier: Zagreb, Poreč, Rovinj, Split, and Dubrovnik. The MW quantities in the selected towns were compared based on the waste per capita of the TEP. TEP is an annual estimate of individual town populations that includes residents and the ETP. Because the ETP measures the number of overnight stays against the number of people living in a location all year round, it provides a clear picture of the pressure exerted by the tourism sector. Each day a person spends in a municipality equals 1/365 of the time spent by a full-time equivalent resident per year. Thus, a person who spends a week on vacation in a town is comparable to 0.02 full-time equivalents every year. Viewing the five tourist towns over the entire period reveals changes in the number of overnight stays and, hence, the ETP and TEP. The calculated ETP (Equation (1)) and TEP data for the towns with the highest number of overnight stays over the 2015–2021 period (presented in Table 1) show that the ETP peaked in 2019 before dropping in 2020, followed by rising again in 2021, as did the TEP. Rovinj, the town with the most overnight stays, had an ETP of nearly 60,000 from 2015 to 2021. In 2019, the year with the highest number of overnight stays, the Rovinj resident population grew by 80%. Additionally, the population in Poreč rose by 52%, Dubrovnik by 28%, Split by 5%, and Zagreb by 1%. The increased ETP amplified pressures on the area’s overall infrastructure, increasing the area’s vulnerability to anthropogenic impacts.



Owing to the increased total population as a sum of residents and ETP, the total MW collected per capita of the TEP was lower than if only the resident population was used. Between 2015 and 2021, the towns with the most overnight stays in Istria, Rovinj and Poreč (Table 2), had the greatest changes in total MW collected.



The calculated TIs (Equation (2)), presented in Table 1, show that towns located in Istria, Rovinj and Poreč, had the highest TIs among Croatia’s top tourist destinations for 2015–2021, with an average of 245.94 for Rovinj and 161.42 for Poreč. Compared with these towns, Croatia’s larger towns had lower average TI values: Dubrovnik at TI = 71.82, Split at TI = 11.17, and Zagreb (with its much larger population) at TI = 2.46, ranking fifth. According to the literature, Zagreb’s TI is significantly lower than Central European metropolises such as Vienna (TI = 8.7) and Prague (TI = 13.9). Poreč, Split, and Dubrovnik have greater TIs than other UNESCO heritage sites, like Rome (TI = 9.9) [30].



We used Pearson’s correlation coefficient (r) to determine the relationship between the amount of collected MW in Croatia’s tourist towns and tourism intensity. For Zagreb and Rovinj, there was a high, negative correlation between collected MW and tourism intensity (r = −0.64 and r = −0.57, respectively). The correlation between collected MW and tourism intensity was low and positive for Poreč (r = 0.26). The correlation coefficient for Split (r = 0.63) indicated a high, positive correlation between the variables. For Dubrovnik, there was a very high, positive correlation between collected MW and tourism intensity (r = 0.87). Based on this analysis, it is impossible to determine causality in the relationship between collected MW and tourism intensity in towns with the highest overnight stays.



Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5 compare historical (2015–2021) and projected (2021–2035) amounts of annual total collected MW based on TEP (resident and ETP) changes for these towns regarding their current MW systems under Scenario 1 (Sc 1) (Table 3). The total collected MW comprises waste collected separately from households, such as paper and cardboard, glass, metal, plastics, and bio-waste for recycling, and residual MW that was neither recycled nor reused but landfilled. Tables 4 and 5 show the linear equations of the relationship between the TEP and MW quantities. The number in the equation, i.e., the slope, indicates the rate at which the MW value changes with respect to the TEP value. Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5 show that although the resident population is experiencing a continuous decline, with annual percentage changes of −0.58% between 2021 and 2030 and −0.64% between 2030 and 2035, the tourist population grows, placing a real burden on the populations of tourist towns. According to Scenario 1.2 (Sc 1.2), collected MW will increase by 11% in Poreč and more than 2% in Dubrovnik in 2035 compared with 2021. However, the collected MW will decrease by more than 10% in Split, 8% in Zagreb, and 1% in Rovinj by 2035 compared with 2021. Scenario 1.3 (Sc 1.3) predicts an increase in collected MW in Poreč of 23%, over 13% in Rovinj, and over 6% in Dubrovnik—all high-TI towns. However, in larger towns like Split and Zagreb, the collected MW will decrease by more than 9% and approximately 7%, respectively.



Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10 compare the historical data (2015–2021) with the evolution of the annual amounts of collected RMW and the rates of separately collected MW (recyclables: paper/cardboard, glass, plastics, metal, and biowaste) for reuse or recycling for Zagreb, Poreč, Rovinj, Split, and Dubrovnik from 2021 to 2035 required to meet the EU targets under Scenario 2 (Sc 2) (Table 3). The historical data prove that MW management has improved in recent years in Zagreb, Rovinj, and Split, while in Poreč and Dubrovnik, negative trends in the examined period can be observed. The existing rates of reuse and recycling in the analyzed towns remain low, owing to externalities such as inefficient MW recyclable sorting at the source, resulting in it being deposited in landfills rather than recycled. Under the European Commission’s Waste Framework Directive, at least 55%, 60%, and 65% of MW by weight should be recycled or prepared for reuse by 2025, 2030, and 2035, respectively. However, the Republic of Croatia and its top tourist towns are currently not on track to meet these targets unless residual MW is reduced and separately collected MW is increased (Figure 6, Figure 7, Figure 8, Figure 9 and Figure 10). Equations for a suitable second-degree polynomial describing a set of numerical data on two variables (TEP and collected MW quantities) are shown for Zagreb, Poreč, and Rovinj in Table 4 and Split and Dubrovnik in Table 5.



Figure 6 shows that in 2021, the capital city of Zagreb prepared over 30% of its MW for reuse or recycling, leaving approximately 215,380 t of RMW. Figure 6 shows future projections of the annual amounts of collected RMW and waste rates prepared for reuse and the recycling required to meet EU targets. To meet all three targets, Sc 2 reveals that the RMW in Zagreb needs to decrease by 36%, 44%, and 53% by 2025, 2030, and 2035, respectively, from 2021 levels.



In 2021, Poreč prepared approximately 30% of its MW for reuse or recycling, whereas Rovinj prepared 41%. In 2021, 8000 t of RMW in Poreč and 6500 t in Rovinj were landfilled. The coastal towns of Poreč and Rovinj show more pronounced changes in yearly RMW collection and waste rates prepared for reuse and recycling with respect to fulfilling EU targets when all sub-scenarios are compared (Figure 7 and Figure 8). In Sc 2.1, even if all three targets are met for Poreč, residual MW should be reduced by 27%, 36%, and 44% by 2025, 2030, and 2035 compared with 2021. In Sc 2.2, RMW should be reduced by 25%, 32%, and 38% compared with 2021. In Sc 2.5 and Sc 2.6, the 65% target could be met if RMW is reduced by 38% or 39% by 2035, respectively. Rovinj prepared 41% of its MW for reuse or recycling in 2021 and is closer to meeting targets than the other towns (Figure 8). Specifically, RMW should be decreased by 25% by 2025, 33% by 2030, and 41% by 2035 compared with 2021 (Sc 2.1). Sc 2.2 illustrates that for Rovinj to meet all three targets, RMW needs to be decreased by 22%, 26%, and 32% by 2025, 2030, and 2035, respectively, compared with 2021. For Rovinj to meet targets for 2030 (60%) and for 2035 (65%) (Sc 2.3 and Sc 2.4), RMW must decrease by 33% and 42% by 2030 and 28% and 33% by 2035, respectively, compared with 2021. In Sc 2.5 and Sc 2.6, the 65% target could be met by reducing RMW by 41% and 32% by 2035, respectively, compared with 2021.



Split, Croatia’s second-largest city, prepared 16% of its MW for reuse or recycling in 2021, with about 55,000 t of RMW being landfilled. In Sc 2, targets might be accomplished, but Split would have to achieve ambitious RMW reductions of 49%, 56%, and 62% by 2025, 2030, and 2035, respectively, compared with 2021 (Figure 9).



Dubrovnik, Dalmatia’s most popular tourist town, prepared only 11% of its MW for reuse or recycling in 2021 and more than 16,000 t of RMW was landfilled. In Dubrovnik, a problem similar to Split exists: to fulfill all three targets, RMW must be decreased by 46%, 53%, and 59% in 2025, 2030, and 2035, respectively, compared with 2021 (Figure 10).



The results suggest that—in all five of Croatia’s leading tourist towns—the imperative must be to (1) decrease residual MW and (2) promote separation at the source and separate MW collection to meet EU targets. Given the challenges of meeting all three—or even two or one—of the EU’s targets (50% by 2025, 60% by 2030, and 65% by 2035), the current waste separation system must be improved. Progress in MW management could be made by increasing separate waste collection and recovery measures and activities; investing in new infrastructure and equipment acquisition; raising awareness through education; and encouraging the preparation, implementation, and development of waste prevention and reuse programs and projects that encourage the active and sustained participation of individual residents and non-residents in MW reduction (recycling, composting, and reuse initiatives) and properly separating and collecting recyclable waste.




3. Materials and Methods


Several scientific methods and procedures were used to obtain the research results. First, to determine the relationship between MW and tourist intensity, we used a sample of the five Croatian tourist towns with the highest number of overnight stays for 2015–2021, as reported by the Croatian Bureau of Statistics [5]. Data for all the analyzed parameters in MW management systems were collected for 2015–2021. The following parameters were included in the analysis: the total area of the towns in km2 according to the Register of Cities and Municipalities According to Area Size (2017) [31]; the population of the selected towns at the end of the examined years (2015 to 2021) according to the Population Estimate and Natural Change document, the situation as on 31 December published by the Croatian Bureau of Statistics (2024) [32], data on the total tourist nights in commercial accommodation establishments from 2015 to 2021 according to Tourism published by the Croatian Bureau of Statistics (2024) [5]; and TEP, ETP, and TI values and quantity data on the total MW, separately collected MW, and residual MW collected, as per the Municipal Waste Statistics (Eurostat) [16] and Reports on Municipal Waste for 2015 to 2021 published by the Ministry of Economy and Sustainable Development Republic of Croatia [17,33].



In the Republic of Croatia, waste from tourist accommodations (hotels, resort hotels, apartments, motels, private accommodations, cottages and cabins, youth hostels, camps, etc.) is collected with commercial or municipal waste. In both cases, the waste data cannot be directly attributed to tourist activities because they are always a mixture (for example, household and similar household waste (hotel waste) or hotel waste and other commercial waste). Therefore, we calculated the quantities of total MW, separately collected MW, and residual MW collected for the examined towns based on the TEP, representing the sum of residents plus the ETP. The term “resident population” refers to the officially registered population throughout the investigation period, whereas ETP represents tourists as an additional population, that is, the number of overnight stays converted into the equivalent number of persons living in that location all year. The ETP indicator is calculated by dividing the number of overnight stays by days in the year (365 or 366 in leap years) according to the following formula:


ETP = Number of overnight stays/Days in the year.



(1)







According to Eurostat, TI [21] accounts for the ratio between the number of overnight stays at tourist accommodation establishments and the total permanent resident population of the area, and it is calculated according to the following formula:


TI = Nights spent at tourist accommodation establishments/Total permanent resident population of the area.



(2)







The connection between the numerical variables in this study (collected MW and tourism intensity) was tested using Pearson’s correlation coefficient. Correlation explores the strength and direction of the relationship between two variables. A positive relationship or correlation exists when both variables grow or decline together, whereas a negative direction shows that the other variable declines when one variable grows, and vice versa. If the direction is not considered, i.e., the signs of a plus or a minus, it is possible to notice the strength of the link between the variables [34,35].



The amounts of separate and residual MW collected to achieve EU targets for Croatia’s top tourist destinations were estimated for 2021 to 2035. This was based on the population decline in Croatia between 2021 and 2035 (source: United Nations, Department of Economic and Social Affairs, Population Division, World Population Prospects (2022) [23]); projections of the number of overnight tourist stays in Croatia for 2021–2035 based on a conservative annual growth rate of 1% or 3% (source: The Strategy for Sustainable Tourism Development until 2030 in the Republic of Croatia [24]); the average total separate and residual MW collected per capita in 2015–2021; and the EU MW targets for 2025, 2030, and 2035 (source: Directive 2008/98/EC of the European Parliament and Council of 19 November 2008 on waste and repealing certain directives [19] and the decision on adopting the Waste Management Plan of the Republic of Croatia for the period 2023–2028 [36]). The datasets for all 5 towns for 2015–2021 are presented and compared in Table 2.



3.1. Overview of Croatia’s Top Tourist Destinations for 2015–2021


Croatia is situated on the Adriatic Sea at the crossroads of Central and Southeast Europe and covers 56,594 km2. It shares land borders with Slovenia, Hungary, Serbia, Bosnia and Herzegovina, and Montenegro, as well as a marine border with Italy (Figure 11a). The population is approximately 4 million. Croatia is administratively divided into the City of Zagreb and 20 counties, which are further subdivided into towns/cities and municipalities. Eight regions are designated for tourism development and marketing. Central Croatia and Slavonia are commonly referred to as Continental Croatia, in contrast to Coastal Croatia, which includes seaside districts [37].



A tourist destination is a geographical region with specific attractiveness for tourists, encompassing natural, infrastructural, and recreational capacities used to host tourism activities [38]. Urban/city destinations offer a broad and heterogeneous range of cultural, architectural, technological, social, and natural experiences and products for leisure and business [39]. Croatia is a popular tourist destination owing to its rich cultural and historical legacy. The main tourist area of the Republic of Croatia is Coastal Croatia. It is characterized by considerable tourist activity along the coast and significantly higher visitor demand than the continental region. In this study, five Croatian tourist towns were selected based on the criterion that these areas individually achieved the largest number of overnight tourist stays from 2015 to 2021. The sample comprises one town in Continental Croatia (the City of Zagreb), two towns in Istria County (Poreč and Rovinj), and two towns in Dalmatia (Split in Split–Dalmatia County and Dubrovnik in Dubrovnik–Neretva County) (Figure 11b).



Zagreb is Croatia’s capital and the most popular tourist destination in Central Croatia. Istria’s most popular tourist towns are Rovinj and Poreč. Dubrovnik is Dalmatia’s most popular tourist town, followed by the centuries-old town of Split. Poreč, Split, and Dubrovnik are included in the UNESCO World Cultural Heritage List [40].



The selected towns range in area from 77.48 km2 for Rovinj to 641,25 km2 for Zagreb, the largest town, followed by 142.64 km2 for Dubrovnik, 111.67 km2 for Poreč, and 79.30 km2 for Split.



An analysis of the number of residents (Table 2) in all the examined towns showed a decline in the total population from 2015 to 2021. At the same time, Zagreb and the coastal area towns have faced population growth due to tourism. Table 2 shows that, in 2019, Croatia’s top tourist destinations recorded the most overnight tourist stays. There was a continuous increase since 2015 that was only interrupted by the pandemic in 2020, after which, it soon recovered. By the end of 2021, tourism realized an average of 66% tourist nights from the pre-pandemic record in 2019 [3,4,5].



Waste collection refers to any waste collection, including pre-sorting and storage for transport to a waste treatment facility. The total collected MW comprises waste collected separately from households, such as paper and cardboard, glass, metal, plastics, bio-waste, and residual MW. In the analyzed years, the tourist towns in Istria, Rovinj and Poreč, had the highest total MW collected per capita, with 2.19 kg/day and 2.15 kg/day, respectively. Dubrovnik was third in terms of the total MW collected per capita, with 1.17 kg/day, followed by Split with 1.09 kg/day and Zagreb with 0.91 kg/day in the analyzed years (Table 2). The MW fraction separately collected at the source of generation was approximately 34% in Poreč, 25% in Rovinj, 22% in Zagreb, 19% in Dubrovnik, and 10% in Split. The amounts of separately collected MW and changes between 2015 and 2021 (Table 2) indicate positive trends in Rovinj, Zagreb, and Split. In Poreč and Dubrovnik, negative trends in separate waste collection in the examined period can be observed.



The collected MW increased from 2015 to 2019 alongside the rising number of overnight stays. In 2020, owing to a significant decline in overnight stays due to the COVID-19 pandemic, there was a significant drop in the amount of MW collected. In 2021, with the rise in overnight stays, the amount of MW increased as well.




3.2. Assessment of Municipal Waste Flow Development


The quantities of collected MW, the total amount of separately collected MW recyclables, and the amount of collected residual MW in Croatia’s top tourist destinations were calculated for 2021 to 2035, assuming the fulfilment of the EU MW objectives for 2025, 2030, and 2035. This calculation was based on estimation and probabilistic forecasts of the total population of Croatia [23], the number of overnight tourist stays based on a conservative growth rate of 1% or 3% per year from 2021 to 2035 [24], and the average total separate and residual MW collected per capita of the TEP in the 2015–2021 period. Table 3 summarizes the examined scenarios.



Sc 1 evaluates the effect of a change in the total equivalent population (resident and tourist equivalent population) on MW. Regarding resident population projections for the selected Croatia towns, the annual percentage changes between 2021 and 2030 amounted to −0.58% and −0.64% annually between 2030 and 2035 (Sc 1.1). In the overnight stay estimates, a conservative growth rate for 2021–2035 was used, 1% (Sc 1.2) or 3% per year (Sc 1.3). Accounting for the population decline in Croatia, the population changes caused by tourism, and the average quantity of total MW collected per capita of the TEP from 2015 to 2021, the collected MW quantities in selected towns were calculated with reference to the TEP for 2021–2035. With a dataset consisting of independent data values, xi, i.e., TEP, and dependent data values, yi, i.e., collected MW quantities, where i = 1, …, 15, we used applied mathematics, particularly the linear interpolation method, to find a single line that goes through all the data points. Equations representing a set of numerical data on a pair of variables (TEP and collected MW quantities) using a suitable first-degree polynomial are given below in Table 4 for Zagreb, Poreč, and Rovinj and Table 5 for Split and Dubrovnik.



Sc 2 focuses on estimating the quantities of collected residual MW and the amounts of separately collected MW from 2021 to 2035 required to meet the EU targets for preparing MW for reuse and recycling: at least 55% of MW by weight by 2025, 60% by 2030, and 65% by 2035 (Sc 2.1 and Sc 2.2), at least 60% by 2030 and 65% by 2035 (Sc 2.3 and 2.4), and at least 65% of MW weight by 2035 (Sc 2.5 and 2.6) regarding TEP trends in Croatia’s top tourist towns. In Sc 2, the values for the total separate and residual MW collected per capita of the TEP for 2021–2035 were calculated based on the following: the population changes explained in Sc 1, average total separate and residual MW collected per capita of the TEP from 2015 to 2021, and EU targets for processing MW for reuse and recycling. With a dataset consisting of independent data values, xi, i.e., TEP, and dependent data values, yi, i.e., collected MW quantities, where i = 1, …, 15, we used polynomial interpolation methods to find a single polynomial that goes through all the data points. The following tables provide equations for a suitable second-degree polynomial that describes a set of numerical data based on two variables (TEP and collected MW quantities). The results for Zagreb, Poreč, and Rovinj are in Table 4 and for Split and Dubrovnik are in Table 5.





 





Table 4. Linear and quadratic equations for Zagreb, Poreč, and Rovinj in the examined scenarios.






Table 4. Linear and quadratic equations for Zagreb, Poreč, and Rovinj in the examined scenarios.





	Scenarios
	Zagreb
	Poreč
	Rovinj





	Sc 1.1 and Sc 1.2
	y = 0.3272x
	y = 0.5506x
	y = 0.4682x



	Sc 1.1 and Sc 1.3
	y = 0.3274x
	y = 0.5508x
	y = 0.4684x



	Sc 2.1
	y = 3 × 10−5x2 − 37.87x + 1 × 107
	y = 0.0327x2 − 1522.5x + 2 × 107
	y = 0.0229x2 − 1046.1x + 1 × 107



	Sc 2.2
	y = 3 × 10−5x2 − 39.561x + 1 × 107
	y = 0.0014x2 − 68.786x + 871,506
	y = 0.0002x2 − 8.437x + 112,685



	Sc 2.3
	y = 2 × 10−5x2 − 21.433x + 7 × 106
	y = 0.009x2 − 409.18x + 5 × 106
	y = 0.0218x2 − 1001.1x + 1 × 107



	Sc 2.4
	y = 2 × 10−5x2 − 22.172x + 8 × 106
	y = 0.0011x2 − 57.864x + 746,399
	y = 0.0001x2 − 7.1955x + 99,753



	Sc 2.5
	y = −6 × 10−6x2 + 10.513x − 4 × 106
	y = −0.0205x2 + 973.95x − 1 × 107
	y = 0.0015x2 − 78.183x + 983,084



	Sc 2.6
	y = −7 × 10−6x2 + 11.25x − 5 × 106
	y = −0.0001x2 + 4.4921x – 23,455
	y = −2 × 10−5x2 + 0.531x + 5305.5










 





Table 5. Linear and quadratic equations for Split and Dubrovnik in the examined scenarios.
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	Scenarios
	Split
	Dubrovnik





	Sc 1.1 and Sc 1.2
	y = 0.3872x
	y = 0.4251x



	Sc 1.1 and Sc 1.3
	y = 0.3874x
	y = 0.4252x



	Sc 2.1
	y = 0.0003x2 − 99.811x + 8 × 106
	y = 0.0027x2 − 238.88x + 5 × 106



	Sc 2.2
	y = 0.0004x2 − 134.41x + 1 × 107
	y = 0.0222x2 − 2050.2x + 5 × 107



	Sc 2.3
	y = 0.0001x2 − 43.888x + 3 × 106
	y = 0.001x2 − 81.827x + 2 × 106



	Sc 2.4
	y = 0.0002x2 − 53.809x + 4 × 106
	y = −0.0128x2 + 1200.6x − 3 × 107



	Sc 2.5
	y = −0.0001x2 + 40.722x − 3 × 106
	y = −0.0013x2 + 122.35x − 3 × 106



	Sc 2.6
	y = −0.0002x2 + 59.965x − 5 × 106
	y = −0.0285x2 + 2656.1x − 6 × 107










4. Conclusions


By providing evidence of the correlation between the collected MW and tourism intensity, this study contributes to the literature on the effects of population changes caused by tourism on MW in tourist destinations. Additionally, it offers a comparative analysis of target scenarios for MW reduction in Croatia’s leading tourist towns based on population changes and amounts of separate and residual MW collected to achieve EU targets for MW reuse and recycling.



The TI indicator quantifies a population’s theoretical multiplication during tourist influx and provides a clear picture of the pressure exerted by tourism. The results show that, for 2015–2021, Rovinj and Poreč have the highest TIs among towns with the most overnight stays. Larger cities like Zagreb, Split, and Dubrovnik have lower average TI values. The correlation between collected MW and tourism intensity in Zagreb and Rovinj is high and negative. Split has a higher positive correlation than Poreč. Dubrovnik has a very high positive correlation between MW and tourism intensity. These findings are relevant for practitioners and policymakers when planning MW collection, processing, and recovery in their local waste management systems. However, causality in the relationship between MW and tourism intensity in towns with the most overnight stays has yet to be determined.



Historical (2015–2021) and projected annual amounts of MW collected from 2021 to 2035 are shown. These results indicate that despite a continuous decline in resident populations, the tourist population is growing, putting a significant burden on the populations of tourist towns. Waste management practices vary from town to town, but despite implementing local zero-waste strategies, all five of Croatia’s most popular tourist destinations—Zagreb, Poreč, Rovinj, Split, and Dubrovnik—fall far short of EU goals regarding separate MW collection. The results show that if the strategies outlined in the projected scenarios are implemented in all five towns, the EU goals might be met; nonetheless, these towns would still need to achieve ambitious residual MW reductions. Some of the main challenges facing waste management in tourist towns in meeting the EU’s targets include a potential underestimation of the amount of MW collected due to underreporting all recyclables on the market, weak enforcement mechanisms in implementing waste management according to the principles of waste hierarchy, and significant landfilling.



Croatia relies on tourism. As such, our analysis of the effects of the population changes caused by tourism on MW in this country’s tourist destinations is particularly valuable for assessing sustainable MW management strategies. Furthermore, the methodology we proposed provides a foundation for decision making and can be applied to other tourist destinations that aspire to benefit more from developing the tourism industry while simultaneously implementing MW prevention and minimization strategies, as in the case of Croatia. The methods and procedures used in this study are easily implementable as long as the appropriate variables are selected and context-specific data are collected. Further research on the impact of population changes caused by tourism on MW should include an assessment of the environmental implications of waste management processes, goods, and services throughout their cycles in Croatia’s tourist destinations.
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Figure 1. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Zagreb. 
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Figure 2. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Poreč. 






Figure 2. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Poreč.



[image: Recycling 09 00075 g002]







[image: Recycling 09 00075 g003] 





Figure 3. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Rovinj. 
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Figure 4. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Split. 
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Figure 5. Evolution, 2015–2021, and projection, 2021–2035, of population, ETP, TEP, and total MW in Dubrovnik. 
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Figure 6. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRR MW) and residual MW (RMW) in Zagreb with EU goals. 
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Figure 7. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRR MW) and residual MW (RMW) in Poreč with EU goals. 
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Figure 8. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRR MW) and residual MW (RMW) in Rovinj with EU goals. 
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Figure 9. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRR MW) and residual MW (RMW) in Split with EU goals. 






Figure 9. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRR MW) and residual MW (RMW) in Split with EU goals.



[image: Recycling 09 00075 g009]







[image: Recycling 09 00075 g010] 





Figure 10. Evolution, 2015–2021, and projection, 2021–2035, of MW prepared for reuse and recycling (PRRMW) and residual MW (RMW) in Dubrovnik with EU goals. Dubrovnik. 
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Figure 11. (a) Map of Europe with Croatia highlighted; (b) Croatian county map featuring the popular tourist destinations studied in this research, i.e., Zagreb, Poreč, Rovinj, Split, and Dubrovnik. 
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Table 1. Calculated ETP, TEP, and MW amounts per capita of the TEP, plus TI.
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Variables

	
Town

	
2015

	
2016

	
2017

	
2018

	
2019

	
2020

	
2021






	
Equivalent tourist population

	
Zagreb

	
4943

	
5508

	
6202

	
6882

	
7230

	
2131

	
3768




	
Poreč

	
7129

	
7993

	
8636

	
8577

	
8736

	
3303

	
6689




	
Rovinj

	
8608

	
9098

	
10,108

	
10,699

	
10,613

	
4774

	
9257




	
Split

	
3670

	
4692

	
5828

	
6833

	
7492

	
2218

	
4700




	
Dubrovnik

	
8176

	
9211

	
10,647

	
11,120

	
11,767

	
2120

	
5112




	
Total equivalent population

	
Zagreb

	
789,616

	
788,094

	
784,561

	
783,119

	
781,650

	
771,026

	
770,592




	
Poreč

	
23,556

	
24,399

	
25,051

	
25,068

	
25,405

	
19,908

	
23,272




	
Rovinj

	
22,417

	
22,805

	
23,651

	
24,140

	
23,875

	
17,738

	
22,417




	
Split

	
174,173

	
173,782

	
173,155

	
172,596

	
171,690

	
163,964

	
164,760




	
Dubrovnik

	
50,678

	
51,661

	
52,973

	
53,354

	
54,025

	
43,875

	
46,630




	
Total MW collected per capita of the TEP kg/year

	
Zagreb

	
323.76

	
340.05

	
320.60

	
319.34

	
330.67

	
346.57

	
329.00




	
Poreč

	
630.42

	
600.51

	
537.91

	
536.93

	
503.73

	
501.86

	
494.24




	
Rovinj

	
450.96

	
444.65

	
530.55

	
437.12

	
456.73

	
544.19

	
450.96




	
Split

	
358.31

	
375.61

	
382.50

	
405.08

	
403.33

	
386.41

	
398.31




	
Dubrovnik

	
442.53

	
426.16

	
422.86

	
429.62

	
435.67

	
378.44

	
393.80




	
Tourism intensity

	
Zagreb

	
2.30

	
2.58

	
2.91

	
3.24

	
3.41

	
1.01

	
1.79




	
Poreč

	
158.41

	
178.32

	
192.02

	
189.84

	
191.29

	
72.80

	
147.23




	
Rovinj

	
227.53

	
242.92

	
272.43

	
290.54

	
292.09

	
134.79

	
261.29




	
Split

	
7.86

	
10.16

	
12.71

	
15.05

	
16.65

	
5.02

	
10.72




	
Dubrovnik

	
70.22

	
79.41

	
91.81

	
96.10

	
101.64

	
18.58

	
44.94











 





Table 2. The data used in this research.
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Variables

	
Town

	
2015

	
2016

	
2017

	
2018

	
2019

	
2020

	
2021






	
Size of resident population *

	
Zagreb

	
784,673

	
782,586

	
778,359

	
776,237

	
774,420

	
768,895

	
766,824




	
Poreč

	
16,427

	
16,406

	
16,415

	
16,491

	
16,669

	
16,605

	
16,583




	
Rovinj

	
13,809

	
13,707

	
13,543

	
13,441

	
13,262

	
12,964

	
12,932




	
Split

	
170,503

	
169,090

	
167,327

	
165,763

	
164,198

	
161,746

	
160,060




	
Dubrovnik

	
42,502

	
42,450

	
42,326

	
42,234

	
42,258

	
41,755

	
41,518




	
Total MW collected **/t/year

	
Zagreb

	
255,643.65

	
267,989.61

	
251,526.76

	
250,080.96

	
258,465.05

	
267,217.00

	
253,524.00




	
Poreč

	
14,850.35

	
14,651.99

	
13,475.10

	
13,459.70

	
12,797.16

	
9991.00

	
11,502.00




	
Rovinj

	
10,109.26

	
10,140.07

	
12,548.06

	
10,552.05

	
10,904.38

	
9653.00

	
10,852.00




	
Split

	
62,407.24

	
65,274.60

	
66,231.53

	
69,914.96

	
69,247.98

	
63,357.00

	
65,625.00




	
Dubrovnik

	
22,426.79

	
22,015.58

	
22,400.25

	
22,921.61

	
23,537.26

	
16,604.00

	
18,363.00




	
Total MW collected per capita/kg/year

	
Zagreb

	
325.80

	
342.44

	
323.15

	
322.17

	
333.75

	
347.53

	
330.62




	
Poreč

	
904.02

	
893.09

	
820.90

	
816.18

	
767.72

	
601.69

	
693.60




	
Rovinj

	
732.08

	
739.77

	
926.53

	
785.06

	
822.23

	
744.60

	
839.16




	
Split

	
366.02

	
386.03

	
395.82

	
421.78

	
421.73

	
391.71

	
410.00




	
Dubrovnik

	
453.18

	
432.55

	
430.24

	
436.59

	
443.37

	
383.43

	
400.09




	
Separately

collected MW **/t/year

	
Zagreb

	
40,263.52

	
48,805.81

	
34,146.27

	
33,449.68

	
57,541.45

	
94,992.00

	
79,620.00




	
Poreč

	
6271.35

	
5959.99

	
4502.90

	
3824.70

	
4120.36

	
2873.00

	
3474.00




	
Rovinj

	
1867.83

	
1670.07

	
2177.54

	
2184.32

	
2340.93

	
3795.00

	
4449.00




	
Split

	
5819.21

	
3978.70

	
2484.96

	
3809.07

	
10,581.25

	
10,488.00

	
10,812.00




	
Dubrovnik

	
4406.37

	
4575.58

	
4795.59

	
4466.71

	
5345.46

	
2809.00

	
1967.00




	
Residual MW collected **/t/year

	
Zagreb

	
215,380.13

	
219,183.80

	
217,380.49

	
216,631.28

	
200,923.60

	
172,225.00

	
173,904.00




	
Poreč

	
8579.00

	
8692.00

	
8972.20

	
9635.00

	
8676.80

	
7118.00

	
8028.00




	
Rovinj

	
8241.43

	
8470.00

	
10,370.52

	
8367.73

	
8563.45

	
5858.00

	
6403.00




	
Split

	
56,588.03

	
61,295.90

	
63,746.57

	
66,105.89

	
58,666.73

	
52,869.00

	
54,813.00




	
Dubrovnik

	
18,020.42

	
17,440.00

	
17,604.66

	
18,454.90

	
18,191.80

	
13,795.00

	
16,396.00




	
Tourist nights ***

	
Zagreb

	
1,804,290

	
2,016,107

	
2,263,758

	
2,511,817

	
2,638,962

	
780,077

	
1,375,248




	
Poreč

	
2,602,248

	
2,925,510

	
3,152,000

	
3,130,607

	
3,188,578

	
1,208,852

	
2,441,529




	
Rovinj

	
3,141,925

	
3,329,703

	
3,689,510

	
3,905,090

	
3,873,649

	
1,747,362

	
3,378,938




	
Split

	
1,339,598

	
1,717,396

	
2,127,350

	
2,494,072

	
2,734,632

	
811,912

	
1,715,549




	
Dubrovnik

	
2,984,357

	
3,371,075

	
3,886,065

	
4,058,636

	
4,295,071

	
775,954

	
1,865,885








* The Croatian Bureau of Statistics, Demographics of Croatia, Population Estimate and Natural Change, the situation as of 31 December (2024) [32]. ** Municipal Waste Statistics (Eurostat) [16] and Reports on Municipal Waste for 2015 to 2021 published by the Ministry of Economy and Sustainable Development Republic of Croatia (2015, 2016, 2017, 2018, 2019, 2020, and 2021) [17,33]. *** Tourism published by the Croatian Bureau of Statistics (2024) [5].













 





Table 3. Scenario explanations and assumptions and targets.
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Scenarios

	
Assumptions and Targets






	
Sc 1

	
Estimates of annual amounts of total MW collected from 2021 to 2035 regarding total equivalent population changes (resident and tourist equivalent population).

Sc 1.1: Assuming population projections for selected Croatian towns from 2021 to 2035, the annual percentage changes between 2021 and 2030 amounted to −0.58% and -0.64% annually between 2030 and 2035.

Regarding the tourist population, there are two sub-scenarios:




	
Sc 1.2: Assuming an annual growth of 1% for the number of overnight stays from 2021 to 2035.




	
Sc 1.3: Assuming an annual growth of 3% for the number of overnight stays from 2021 to 2035.




	
Sc 2

	
Estimates of the annual amounts of collected residual MW and the rates of separately collected MW (recyclables: paper/cardboard, glass, plastics, metal, and biowaste) from 2021 to 2035 are required to achieve the EU targets for preparing waste for reuse and recycling.




	
There are six sub-scenarios:

Sc 2.1: Assuming that targets are met for preparing at least 55% of MW by weight for reuse and recycling by 2025, 60% by 2030, and 65% by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.2.

Sc 2.2: Assuming that targets are met for preparing at least 55% of MW by weight for reuse and recycling by 2025, 60% by 2030, and 65% by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.3.

Sc 2.3: Assuming that targets are met for preparing at least 60% of MW by weight for reuse and recycling by 2030 and 65% by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.2.

Sc 2.4: Assuming that targets are met for preparing at least 60% of MW by weight for reuse and recycling by 2030 and 65% by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.3.

Sc 2.5: Assuming that targets are met for preparing at least 65% of MW by weight for reuse and recycling by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.2.

Sc 2.6: Assuming that targets are met for preparing for at least 65% of MW by weight for reuse and recycling by 2035, ceteris paribus, as in Sc 1.1 and Sc 1.3.
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