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Abstract

:

The intensive use of soil and water resources results in a disbalance between the environmental and economic objectives of the river basin. The water quality management model supports good water status, especially downstream of dams and reservoirs, as in the case of the Sutla/Sotla river basin. This research aims to develop a new, improved integrated water quality management model of rural transboundary basins to achieve environmental objectives and protection of the Natura 2000 sites. The model uses river basin pressure analysis to assess the effects of climate and hydrological extreme impacts, and a programme of basic and supplementary measures. The impact assessment of BASE MODEL, PAST, and FUTURE scenarios was modelled using the soil and water assessment tool (SWAT) based on land use, climate and hydrological data, climate change, presence or lack of a reservoir, and municipal wastewater and agriculture measures. Eight future climate change scenarios were obtained with optimistic (RCP4.5) and pessimistic (RCP8.5) forecasts for two periods (2020–2050 and 2070–2100), both with and without a reservoir. The model shows that the most significant impacts on the waterbody come from the nutrients and sediment hotspots, also shows the risk of not achieving good water status, and water eutrophication risk. The modelled average annual increase in sediment is from 4 to 25% and in total N from 1 to 8%, while the change in total P is from −5 to 6%. The conducted analysis provides a base for the selection of tailor-made measures from the catalogue of the supplementary measures that will be outlined in future research.
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1. Introduction


As a consequence of the intensive use of soil and water in river basins, it is necessary to balance environmental objectives with developmental objectives, which can be achieved by sustainable development that considers the economy, environment, and society [1]. In the last century, due to a need to solve water-related problems, the definition of integrated water resource management (IWRM) was created. The Global Water Partnership [2] defined IWRM as “the process that promotes the coordinated development and management of water, soil and related resources in a way that maximizes the results of economic and sociological wellbeing on equal footing without compromising the sustainability of vital ecosystems”. The adoption of the Water Framework Directive (WFD) [3] created the foundation of the European Union’s (EU) water policy, aimed at protecting and improving water status and water ecosystems, promoting sustainable water uses, and implementing integrated river basin management (IRBM). The WFD encouraged the development of methods for assessing the ecological status of water and assessing the status of European waters [4]. The implementation of the WFD is regularly evaluated, and its revision was scheduled for 2019. The functionality of aquatic ecosystems and their positions in river basins were the planned points of focus. Despite disappointing results in improving surface and groundwater quality within the EU, the WFD will not be revised because member states must first prepare better river basin management plans [5]. The first verification of WFD implementation was achieved through A Blueprint to Safeguard Europe’s Water Resources [6]. The document stressed the need for better implementation and greater integration of WFD goals into sectoral policies, such as the Common Agricultural Policy (CAP), cohesion and structural funds, renewable energy policies, and the integrated governance of floods and droughts.



The CAP and WFD represent the two most influential EU policies in environmental issues and for problems in rural areas. According to the Organization for Economic Cooperation and Development (OECD), rural areas are defined as less than 150 inhabitants per km2. According to the new EU methodology, and based on the revised OECD approach, 45.8% of inhabitants in Croatia live in rural areas [7].



Climate changes that cause extreme hydrological events can impact river basin hydrological regimes and water quality. The sixth climate change report by the Intergovernmental Panel on Climate Change (IPPC) in 2017 emphasizes the need to model impacts and take mitigation and adaptation measures to address climate change. Regarding the WFD and the European Union (EU) strategy for biodiversity to 2020, objective 2, river basin natural environmental objectives are a more significant challenge than achieving good water status.



Rural transboundary river basins present challenges for each state’s innovative water quality management. Due to the lack of sanitation, agglomerations of less than 2000 population equivalent (PE), as well as agricultural activities with high biological diversity and numerous Natura 2000 areas, present more challenges for each state’s innovative water quality management. The pollution reduction approach must be applied at the national and river basin levels to achieve a good status for all waterbodies and environmental objectives for river basins.



According to the United Nations, there are almost 245 transboundary water basins worldwide. The need for cooperation and harmonization of policies for transboundary water basins is high. Approximately 40% of the global population and 55% of Europe’s population live in transboundary river basins [8]. In Croatia, most of the large water courses of the Black Sea basin are of interstate importance, a border, or transboundary, as is the case with the Sutla/Sotla river basin [9,10]. Most of the published papers deal with various transboundary problems related to water use and public participation [11,12]. However, they do not deal with the methodology of water quality management in rural transboundary river basins. Traditional watershed modelling does not effectively capture system heterogeneity, limiting its ability to effectively represent the two-way interaction between human and natural systems. Modelling both natural and human behavior, especially for transboundary river basins, can help reveal the reciprocal interactions of natural and human systems that can be helpful in integrated water quality management and modelling. To ensure adequate tools for the end user, the European Commission has financially supported the EUROHARP project [13,14,15]. The aim of the project was to develop guidance for choosing the appropriate quantification tools to satisfy existing European requirements on harmonization, transparency, and quantification of nutrients from diffuse sources. The soil and water assessment tool (SWAT) model was found to be an appropriate model for all types of scenario analyses for transboundary rural river basins [2,9,16] used the SWAT model to investigate the impact of climate change on large transboundary river basins, while Abbaspour, K.C. et al. 2015 [17] used SWAT for analyses of transboundary rural river basins for the whole of Europe.



The SWAT model is a physically based, deterministic, watershed-scale simulation model developed by the United States Department of Agricultural Research Service [16]. The SWAT model was developed to assist the water managers in examining the impacts of agricultural activities in catchments (Arnold et al., 1998). The SWAT model is widely used for modelling hydrology in terms of the quantity of water (discharge, soil water, and snow and water management), the quality of water (land use, production technologies, good agricultural practices, and agri-environmental measures), and the effects of climate changes [17,18,19].



Such a diagnostic tool uses WFD monitoring system data to recommend a hierarchy of measure implementations and the integration of water policies into other sectors to achieve the objectives of the WFD, especially in agricultural policy, and stronger integration in spatial planning [16,17,18,19].



The contribution of agriculture to nonpoint source pollution of surface waters is estimated to be 55% for the European Union [20], and the problem of agriculture nonpoint source pollution also exists on other continents. Several papers have analyzed problems and proposed solutions for agriculture nonpoint source pollution (Volk, M. et al., 2009; Piniewski, M., 2017; Epelde, A.M. et al., 2015; Glavan, M. et al., 2012; Glavan, M. et al., 2020 [21,22,23,24,25]).



A prerequisite for achieving WFD environmental objectives and ecosystem services (ES) is based on the driving forces-pressures-state-impact-response (DPSIR) approach. This approach involves the analysis of pressures and impacts in the river basin, the monitoring and assessment of both the water status and the programme of measures (PoMs), which includes assessing the effectiveness of basic measures and the need for supplementary measures and information about them according to the WFD [16,20,21,22].



Basic wastewater measures included in the preparation of water quality management include requirements and standards related to protecting the environment from the adverse effects of urban wastewater discharges. Water protection is defined in the Urban Wastewater Treatment Directive (Council Directive 91/271/EEC) and EU standards. It concerns the collection, treatment, and discharge of urban wastewater and wastewater from specific industrial sectors. Depending on the size of the agglomeration and the sensitivity of the receiving water, the deadline for the construction or extension of the required urban wastewater collection and treatment systems has been 2018, 2020, or 2023.



Basic agricultural measures included in the preparation of agricultural management include cross-compliance requirements and standards related to the protection of water sources defined in the Nitrate Directive (Council Directive 91/676/EEC) and by EU standards on the good agricultural and environmental conditions of land (GAEC). Measures from the Nitrate Directive include a maximum amount of 170 kg of organic N per year, and define periods when organic N application is allowed. GAEC standards for maintaining good agricultural and environmental conditions of land include base measures for the prevention of soil erosion by defining minimum soil cover and minimum land management practices (soil coverage and tillage at the proper time). This document consists of sub-measures addressing multiple environmental issues. Supplementary measures specified in this study addressed the conflict between water resources and crop production issues (green cover, green manure, and crop rotation).



Additionally, the specific, tailor-made river basin measures and the use of ES, as the WFD measure, must be analyzed to optimize the set of measures in the river basin economically. Those are measures from the catalog of RDPS natural water retention measures (NWRM). These are multifunctional measures that aim to protect water resources using natural means and processes, and contribute to reducing the risk of floods, water scarcity, and drought by improving the status of surface and groundwater bodies. They can be found in the SWAT catalogue of measures or can be adapted to the SWAT model to demonstrate their efficiency as tailor-made measures.



Additional benefits of using ES include human wellbeing and improvement of the quality of human life, and it is an important step in a holistic approach to integrated water management. Today, climate change, awareness of public, public participation, and the integration of new methodologies and models are the most important challenges [5,11,12,26,27].



This research aims to develop an integrated water quality management model for transboundary and rural river basins, which balances environmental and development goals to achieve good water status and reduce the risk of eutrophication [9,27,28]. The model is applied to the case study of the Sutla/Sotla river basin.



The proposed water quality management model is based on applying different tools to determine the impact of current basic measures on the present situation and the impact of measures applied in the past. Modelling the future situation by implementing basic agricultural measures, climate change, and possible reservoir reconstruction creates the basis for the analysis and recommendations for an additional, “tailor-made” set of measures, including ES, which will be analyzed in future research on the Sutla/Sotla river basin [9].




2. Materials and Methods


2.1. The Sutla River Basin: Case Study


The Sutla (in the Croatian language)/Sotla (in Slovenian) River is a border river between the Republic of Croatia and the Republic of Slovenia (Figure 1). The Sutla River originates at an altitude of 717 m a.s.l. below Macelj Hill and flows into the Sava River southeast of Brežice town (Figure 1). The terrain of the catchment area is approximately 1000 m a.s.l. The river is 91 km long. After 3 km of headwater section, the river becomes a national border between Slovenia (on the right side of the river) and Croatia (on the left side). In the downstream section, before it flows into the Sava River, the national border lies on the Sutla River’s former course (before the regulation). The catchment area is 590.6 km2, of which 78% is in Slovenia, and the rest is in Croatia [10]. The basin is a narrow belt with an average width of 1–2 km (maximum 5 km). The Slovenian side has larger tributaries, including the Mestinjščica and Bistrica (ob Sotli), and smaller torrential tributaries are on the Croatian side. The average annual rainfall in the Sutla river basin is 1200 mm, and evapotranspiration is approximately 650 mm. The Sutla River has a significant initial decline of over 7 km, changing from 620 m a.s.l. to 250 m a.s.l. Subsequently, the drop decreases to 112 m a.s.l. at the mouth of the Sava River. At the Zelenjak water meter (downstream from the dam), the average flow is 7.3 m3/s (minimum 0.9 m3/s and maximum 129 m3/s). Zelenjak is a hydrological and water quality monitoring station [10].



The Sutla River flow regime is of the Pannonian type with two identical peaks, one in early spring and the other in late autumn. Low flows occur in summer and winter, and the lowest flows occur in August [1,29]. Measuring stations that monitor the quantity and quality of Sutla River water are presented in Figure 1. The only lake that existed for a short period on the Sutla River was Sutla Lake, the artificial lake behind the Vonarje dam. Sutla Lake/Vonarje Reservoir was created using natural retention by constructing the dam as a multipurpose hydrotechnical facility to provide public water supply, irrigation, flood protection, and a location for tourism. The site has eutrophicated and was discharged in 1989. The Sutla Lake/Vonarje Reservoir, with a volume of 12.4 million m3 and a length of approximately 6 km, covered an area of 195 ha (Figure 2). Of that, 3.7 million m3 is required for 100-year flood protection. Currently, it is used as retention in the case of high flood water [9,29,30,31].



Sutla Lake is located 150 km upstream from the mouth of the Mestinjščica tributary (Figure 2). The biological minimum flow determination downstream from the Vonarje dam was defined as 120 L/s in 1980. The monitoring stations are Luke Poljanske (2.5 km downstream) and Bratkovec (9.1 km downstream). Immediately below Sutla Lake, the river declines within the medium river catchment area before the tributaries join. The upper course of the Sutla River has a large longitudinal slope and torrent flow. In contrast, the longitudinal slope decreases and passes into a lowland flow with meanders in the middle course. Thus, the source of the Sutla River can be categorized as type 1 (a mountain and lowland small river), while the lower part of the Sutla River can be categorized as type 4 (a lowland medium-large river). At the bottom of the retention area, a wetland ecosystem has developed, the dam has been restored, and plans involve re-establishing Sutla Lake (Figure 2) [10].



Based on the available data sources obtained from the monitoring of the Sutla river basin (hydrology, water quality, and sediment over the last few years), and available knowledge of the river basin (hydro-morphology) (Figure 2), as is presented in the article Flajsig et al. (2020) [32], assessment of the water state has been prepared for the following water quality stations:




	−

	
Prišlin (upstream of the dam) regarding the monitoring of sediment has significant anthropogenic impact and significant hydro-morphological changes, and, regarding the monitoring of water quality has a water status ranging from bad, poor to good (depending on the group of indicators).




	−

	
Luke Poljanske (downstream of the dam) has anthropogenic impacts and slightly changed hydro- morphology status and, regarding water quality has the water status ranging from bad, poor to good.




	−

	
Zelenjak has anthropogenic impacts and slightly changed hydro-morphology status and, and regarding water quality has the water status ranging from good to poor.




	−

	
Harmica has anthropogenic impacts and slightly changed hydro-morphology status and, and regarding water quality has the water status ranging from good to poor [32].









The Sutla River, as part of the Natura 2000 ecological network, is vital for the conservation of seven fish species and one shellfish species under the Habitats Directive [31,32,33,34,35,36]. Initiatives to re-establish Sutla Lake stimulate the development of the water quality management model related to the main sources of nutrient pollution (inhabitants and agriculture) and the risk of not achieving good water status and river basin environmental objectives. Notably, the sanitation of agglomerations of less than 2000 PE is not included in the basic measures of European water policy but should be addressed by the national implementation programme [1].




2.2. Input Data and Database


For this research, which is based on the DPSIR approach, all data related to water and land management were collected from official public sources (public databases, indicators, and data), projects, and studies, and no data were measured. The sources of the official data are from the national monitoring systems and the statistical census and registers and were collected for the longest period available.



All model input data sources for the SWAT model are official public data with additional field trip data. Table 1 provides an overview of the SWAT model input data.



For each cluster, the authors collected all available data for the longest period possible, and data on pressures and states are interpreted. Each dataset was examined for homogeneity, completeness, errors, and accuracy. Storage, handling, retrieval, processing, management, analysis, and data manipulation were essential for data processing.




2.3. Integrated Water Quality Management Model for Rural Transboundary River Basin


The most important part of rural transboundary river basin management is modelling land use and quantifying pollution to manage water quality. The major source of nutrients, the threat to achieving good water status, and the environmental objectives of the river basin are the most important issues. In the case of transboundary river basins, the challenge is even greater because of a range of factors related to the diversity of water quality management, backgrounds, approaches, interests, and development scenarios for the defined area. The greatest challenge arises from the fact that transboundary river basin management is ruled by different water policies, even for EU Members. The integrated water quality management model for rural transboundary river basins developed here (Figure 3) includes the key tools for solving such issues based on the relevant EU directives, laws, and expert knowledge. Additional complexity in water management results from climate change impacts (with uncertainties) on land use, land cover, water resources, water use, and various other environmental aspects [11,12,33,34,35,36,37], including Natura site locations and touristic activities. The basic framework approach for achieving these research aims is to develop a transboundary, rural, integrated water quality management model that balances environmental and economic developmental goals. European and international experiences in rural areas’ management use a life-cycle concept with the problem-oriented DPSIR framework approach. According to the application of directives, the model is based on river basin pressure analysis, the assessment of climate change impacts of extreme hydrological events, and the application of measures. The model serves as a basis for the proposition of “tailor-made” river basin measures and water monitoring. The integrated water quality management model (IRBM) used in this research has been prepared based on the above requirements with the following key steps, marked with a green dashed line on the flow chart (Figure 3).



Implementation of the WFD is a crucial starting point for IRBM. Based on the DPSIR approach, the achievement of environmental goals and gap analysis identifies waterbodies at risk of not achieving good water status and environmental goals [10,32,38,39,40]. This approach forms the critical basis for providing ESs and enhancing human wellbeing. Additionally, the objectives for the protection of river basin waters under Natura 2000 can be analyzed. Therefore, the DPSIR approach is chosen as the basic framework for achieving the main aim of this research: the development of the transboundary, rural, integrated water quality management model. The DPSIR framework is used as an analytical tool for assessing and modelling water issues and research in papers [1,3,4,5,6]. This approach is adequate, problem-oriented, and methodological in assessing the risk of failing to achieve good ecological status in the IRBM according to the requirements of the WFD. Adopting the river basin as the optimal management unit, in line with the IRBM paradigm, the WFD treats the river basin as an interconnected system with the development of management responses to improve water quality because of improving ecosystem health, which was the reason to propose the conceptual framework DPSIR for water quality management and design of the mathematical model for Sutla River water quality, with an emphasis on Sutla Lake [9,40,41].



2.3.1. DPSIR Approach, Identification of the Problem, and Analysis of the Available Data


The flow chart of the DPSIR approach for the integrated water quality management model (Figure 3) consists of several steps and iterations. The first step is observing the problem in the river basin and collecting and analyzing the necessary available data to solve the problems that are encountered. In rural river basins, the most common problems are the risk of eutrophication and not achieving good water status.



Using the DPSIR approach alongside ArcView, based on the collected data, an analysis is performed and the impact on water is assessed. If the data are not sufficient, it is not possible to prepare pressure quantification data, and it is therefore necessary to return to the first step and collect the necessary data.




2.3.2. Pressure Indicator Identification


For the DPSIR approach, datasets, indicators, and a geographical information system (GIS) have been used in this research for spatial analysis and presentation [37,38,39,40,41] because they provide the tools for making maps and analyzing geographic information. The authors have focused the research on nutrient pollution and eutrophication. Higher and lower pressures were analyzed based on the public, official, and available pressure, state, and impact indicators. The impact indicators used in connection with eutrophication vary depending on the water category. However, they are generally sensitive to nutrients, and are either directly (biological indicators) or indirectly (physicochemical indicators) affected by biological processes.




2.3.3. Pressure and Impact Quantification


After obtaining the first results from the analyzed indicators and data from the official public sources, if it is necessary, additional research with additional data must be conducted. When all available data is collected, data on pressures and states are interpreted. If the available data are insufficient, it is necessary to reanalyze the problem and the available data and collect new data. On the other hand, if the available data are sufficient, the pressure quantification prepared by the DPSIR approach and GIS can be used as indicators.



However, it is necessary to prepare a more precise quantification of indicators for the BASE MODEL scenario using adequate tools.




2.3.4. Modelling the Impact


According to Figure 3, if available data that has been collected are sufficient to conduct a qualitative analysis and prepare pressure quantification, it is possible to pass to the next step. If the impact assessment is not satisfactory, it is necessary to go back to the first step and check all of the available data again. If it is satisfactory, it is possible to go to the next step. Ensure that it is possible to model the impacts: the risk of not achieving good water status; the influence of the establishment of the reservoir; eutrophication; Natura 2000, environmental flow, and analysis of the old maps; hydromorphological pressures; analysis of the longitudinal profile and the cross-section of the watercourse; the input of nutrients on the characteristic points of waterbody with SWAT model; analysis of river basin to define the scenarios, basic measures, and supplementary measures.



For a better understanding of the DPSIR approach and a better impact assessment, ArcSWAT with ArcGIS is an excellent tool.




2.3.5. The SWAT Model


A large group of models can be used for river basin modelling. However, a small number of models are available and suitable for modelling agriculture in rural river basins [20,24,42,43]. The SWAT model integrates all relevant ecohydrological processes, including water flow, nutrient transport and turnover, vegetation growth, and land use and water management [18,24].



The SWAT model enables water managers to model the quality and quantity of river basin surface water and has proven to be the most suitable for small transboundary rural river basins. The model combines studies of water quantity (river discharge, surface flow, subsurface flow, irrigation, reservoirs, and lakes), water quality (weather, erosion, plant growth, nutrient cycles, pesticides, soil temperatures, agricultural land management, crop production, urban land management, and agri-environmental measures) and climate change. The model can prepare yearly, monthly, daily, or hourly simulations over long periods [41,42,43]. The model can represent sediment and nutrient load concentrations and cumulative distributions related to available public data.



The SWAT model with GIS visualization and presentation has been used to model the rural characteristics of the river basin and emphasizes the research on modelling land use and the quantification of pollution for water quality management [32,43,44]. The SWAT model is used to calculate the total maximum daily load (TMDL) and to simulate the application of various measures, including best management practice (BMP) and best agriculture practice (BAP). As Volk et al., 2009, [21], “SWAT uses readily available inputs, has the capability of routing runoff and chemical through streams and reservoirs, and allows for the addition of flows and the inclusion of measured data from point sources. Moreover, SWAT has the capability to evaluate the relative effects of different management scenarios on water quality, sediment, and agricultural chemical yield in large, ungauged basins.”



The SWAT model is set up to maximize spatial and computational efficiency. The model has fast access to input data and allows the user to study long-term effects. The model enables scenario simulation, calibration, validation, optimization, and visualization of the optimal solution [44,45,46,47]. The model can represent the hydrological response units (HRUs) in a spatially semi-distributed way.



Land use, soil, and slope heterogeneity of the model are accounted for through subbasins, but this approach ignores flow and pollutant routing between HRUs. Additionally, a weakness in the model is that a wide range of different data needs to be obtained to run the model. Numerous parameters need to be modified during calibration, which discourages modellers from using the SWAT model. Adjustments are usually not measurable because they are made using the modellers’ experiences, best knowledge, and subjective assessment of the study area [9,41]. This format keeps the model simple and supports the application of the model to almost every river basin. However, the environment is complex, and disregarding or underestimating the importance of parameters could lead to inaccurate model results and evaluations [48]. Erosion and sediment yield are estimated for each HRU with the modified universal soil loss equation (MUSLE). The SWAT model tracks the movement and transformation of several forms of nitrogen and phosphorus in the soil profile, shallow aquifer, reach, reservoir, pond, and wetland. In an innovative impact approach, pressure quantification of input pollution in water using a SWAT model and an analysis of the condition of the water ecosystem concerning the climatological-hydrological conditions and abiotic and biotic factors have been used [9].



For this study, the SWAT 2012 model, GIS ESRI ArcGIS 10.3 software and the SWAT interface were used. Many researchers have applied the SWAT 2012 model and have presented their research in papers, which allows us to compare the results [16,25].




2.3.6. Key Impact Assessment


Impact assessment modelling using the DPSIR approach and the SWAT model with GIS includes the input of nutrient data at certain points along the river basin and the waterbody, to help model the risk of not achieving good water status and eutrophication [9,27,28]. The analysis of the river basin includes the influence of the establishment of the reservoir on the place of natural retention [10,30,31], Natura 2000 [32,35,36,44], environmental flow (E-flow) [32], analysis of old maps, hydromorphological pressures, sediment analysis [9,32,35,47], and analysis of the longitudinal profile and cross-section of watercourses [29,30,47,49] to define scenarios and possible basic and supplementary measures (Figure 3).



After this step, with the relevant knowledge of the river basin’s processes, it is possible to move forward to the next step: scenario definition and the implementation of basic and supplementary measures.




2.3.7. Definition of the Future Alternative Scenarios


The aim of evaluating different water quality management scenarios (Figure 3) under different conditions and measures is to assess scenarios in terms of the future management of river basin water quality with “tailor-made” measures, including ES and human wellbeing. The scheme of the SWAT water quality management model, presented in Figure 4, was created based on the methodological scheme for assessing hydrologic services based on grey water footprint (WF), from Taffarello, D. et al. (2018) [50]. The scheme was upgraded and developed with several alternative scenarios, including assessing the impact of climate change.



The preparation of the SWAT integrated water quality management model requires basic data: the digital elevation model (DEM) data, soil type data, data on land use according to soil type, land use and land management data, climatological and meteorological monitoring station data for the regional climate model data, data from meteorological monitoring stations, data from water quality and quantity monitoring stations, and wastewater treatment plant data. Also, the quantitative and qualitative public data were used in the SWAT model for the preparation of the BASE MODEL with existing land use hydrological conditions based on a series of 30 years of data and present measures, including agriculture and wastewater treatment.



Calibration and validation of the BASE MODEL were performed using the SWAT CAP tool. After this step, it became possible to prepare different scenarios. Two past scenarios and future scenarios were created based on present land use and on 30 years of meteorological data. PAST scenarios (1a and 1b) have used past municipal wastewater and agriculture measures, and FUTURE scenarios (2a and 2b) have been constructed to reflect future agriculture and wastewater treatment measures. In addition, the FUTURE scenarios (with and without reservoir) were prepared with the planned municipal wastewater and agricultural measures in mind. These scenarios also integrated the European framework for action (COM/2009/147) was issued in April 2009 and sets out a framework to reduce the EU’s vulnerability to the impact of climate change. They were also designed based on the climate change adaptation strategies for Croatia (until 2070) [51] and Slovenia (until 2050) [52] and the results of the regional and national models of Slovenian Environmental Agency (ARSO). These relied on the future scenario (prepared on the basis of BASE MODEL) with six models, for the RCP4.5 (moderately optimistic scenario) and RCP8.5 (pessimistic scenario) for the 2020–2050 and 2070–2100 periods for the Sutla river basin (Figure 5). Six dynamically downscaled regional climate models (RCMs), CCLM4 (drivModel: CNRM-CERFACS-CNRM-CM5), CCLM4 (drivModel: MPI-M-MPI-ESM-LR), HIRHAM5, INERIS, RACMO22E and RCA4 (Figure 4), were prepared at the local river basin level using bias correction (BC) methods. To prevent unrealistic results at the daily level, BC was performed for precipitation, maximum air temperature, minimum air temperature, relative humidity, global solar radiation, and wind speed.



For the Sutla river basin, eight FUTURE scenarios (with reservoir: 2a1 RCP 4.5 2020–2050, 2a2 RCP 4.5 2070–2100, 2a3 RCP 8.5 2020–2050, and 2a4 RCP 8.5 2070–2100; and without reservoir: 2b1 RCP 4.5 2020–2050, 2b2 RCP 4.5 2070–2100, 2b3 RCP 8.5 2020–2050, and 2b4 RCP 8.5 2070–2100) were developed (Figure 4). After calculation and analysis of the PAST scenarios and the FUTURE scenarios, it is possible to propose additional supplementary measures. These are presented in this paper. Not included as part of this paper’s results are: the preparation of scenario 3 with a “tailor-made” set of measures, and the possibility for the preparation guidelines for the improvement of the methodology. This will be the subject of future research.



For each scenario, six characteristic climate models were used to obtain the variability in inputs and outputs (Figure 5).




2.3.8. Impact Assessment for Alternative Scenarios


In this step, an impact assessment for each scenario was prepared for the basic and supplementary measures, including ES (Figure 4). Usage of the SWAT model, in the BASE MODEL and all scenarios (PAST and FUTURE), showed that the most significant impact of the nutrients and sediment was on the surface water, which results in the risk of not achieving good water status and water eutrophication.



A supplementary wastewater measure related to WFD is the proposed environmental flow. Supplementary agricultural measures were selected among measures of rural development programmes (RDPs). This set of measures will be formed on the subbasin level for the hot spots which have the highest risk of eutrophication and nonachievement of good water status (including hydromorphological states).



Primarily, this assessment will emphasize the need to model impacts and take mitigation measures to adapt to climate change. Available information has been analyzed, including existing measures, water use, ecosystem requirements, analysis of the historical flow of the river before the construction of the dam, and other hydrotechnical interventions affecting the regulation of the river. Analyzing the river’s longitudinal profiles and reservoir volumes are prerequisites for maintaining the river ecosystem upstream and downstream from the reservoir and the lake ecosystem itself.



Successful management of rural areas includes various measures ranging from expensive sanitation of points and diffuse sources of pollution to low-cost solutions for pollution prevention in water bodies. If the available data are insufficient, it is necessary to reanalyze the problem and the available data, collect new data, or model the impact or scenario definition and implementation of the basic measures. If the available data are sufficient, the possibility of applying basic and supplementary measures and applying the ecosystem service as an equal WFD measure will be analyzed. The preparation of monitoring proposals for water status related to the effectiveness of the implemented optimal set of water quality management measures and the preparation of the methodology improvement guideline is not part of this article.



After that, it is possible to prepare an impact assessment for each scenario and a recommendation of the first set of supplementary measures, including the ecosystem service. It is the end of the research presented in this paper. In the next step, it will be possible to select the “tailor-made” measures for the river basin. If the “tailor-made” measures, selected using the SWAT model for the proposed scenario, give satisfying results, it will be possible to move forward to the next step. It is the monitoring of the implemented “tailor-made” measures that will help achieve the river basin environmental protection objectives. If selected “tailor-made” measures are not satisfactory, it is necessary to go back to the scenario definition to check it again. If they are satisfactory, it is possible to move forward to the next step, but if they are not, then it is necessary to check the modelling of the impact, and even to go back to the first step and recheck the available data. Each step in the flow chart is very important and must be successfully finished. The number of iterations, and any returns to the previous step or steps, depends on the results obtained at each stage.





2.4. Model Performance Objective Functions


Objective functions show that the simulated total flow is within the acceptable range. To achieve acceptable calibration and validation results for a BASE MODEL a list of model parameters was changed from default to final values for the model performance for flow. Calibration was based on the official monitoring data [52]. After the base model calibration was completed, the parameters remained fixed for further use in scenario modelling.



The calibration of the model parameters varied within an acceptable range until a satisfactory correlation was achieved between the measured and simulated data. Usually, the parameter values are changed uniformly on the catchment level. The first step in the calibration and validation process in the SWAT model is to determine the most sensitive parameters for a given basin. For the sensitivity analysis and calibration, special software called SWAT-CUP is used, which includes the sequential uncertainty fitting (SUFI-2) algorithm [53,54]. The sensitivity analysis was performed using measured data for the Sutla River. The analysis was carried out for average daily flow and monthly sediment, nitrate–nitrogen, and phosphorus levels. The default lower and upper bound parameter values for all parameters were used [9]. The defined streamflow was found to be sensitive to changes. The streamflow had the most significant impact on the model output when changed. Therefore, the most sensitive parameters were used to perform model calibration. In this study, calibration of the model was performed for daily flow and monthly sediment, nitrate–nitrogen, and phosphorous levels.





3. Results and Discussion


In relation to the main aim of this research, and according to the proposed methodology that was presented in the flow charts representing the integrated water quality management river basin model (Figure 3) and the scenario scheme (Figure 4), the research included the input data and databases that have been used. The transboundary, rural, integrated water quality management model has been developed for the Sutla river basin, and consists of a range of technically tested tools, and is presented with the obtained results and discussion related to them in the following section. All elements of the model and all tools applied in the order shown in the flow diagram (Figure 3) impact the results and their description and clarification. The results are presented with spatial and numerical presentations of the calculated sediment, nitrate–nitrogen, and phosphorus levels in the Sutla river basin. This section is divided by subheadings and provides a concise and precise description of the model results.



3.1. DPSIR Approach, Identification of the Problem, and Analysis of the Available Data


A previous study performed by the authors observed problems in the Sutla river basin [9]. The study analyzed all of the available public data, including climatological, hydrological, hydraulic, water status, and protected area monitoring programmes, as well as measures implemented in the river basin [9]. As a result, all the specific issues for the rural transboundary river basin that related to achieving the river basin’s environmental objectives were checked. This includes an analysis of natural and human activities and the human-induced input of nutrient enrichment corresponds that leads to the risk of failing good ecological status and the risk of water body eutrophication and the loss of ecosystem health, as described in Section 2.3.1. The lack of sanitation in settlements with less than 2000 PE, which involves the need to construct the third stage of purification for the settlement of Rogaška Slatina, combined with agricultural activities, represents the issues in water quality management.



The proposed measures for the locations in the Sutla river basin are the result of the DPSIR approach with GIS visual presentation [9,10]. In addition, many local and regional initiatives support filling Sutla Lake with water again, building tourist and recreational facilities, and using water for irrigation and drinking water supply. All of the stated facts indicate an urgent need to improve the water quality of the Sutla River and redefine Sutla Lake as a multipurpose lake [10].




3.2. Pressure Indicator Identification


The Sutla river basin model applies a life-cycle concept within the DPSIR framework approach, as presented in Section 2.3.2. The first analysis of the results (Table 2 shows a significant input of nutrients into the Sutla River. The identified sources are untreated municipal wastewater and excess nitrogen from agricultural land [9].



Excessive inputs of nutrients, adverse oxygen conditions due to high temperatures, and low flow rates have led to high risks of eutrophication of water. The reduced risk of eutrophication has to be based on the interests of all users of the river basin, ES, and human wellbeing. In the case of transboundary river basins, such as the river basin of the Sutla, the challenge is even greater because of various factors related to the diversity of water management, background approaches, interests, and development scenarios for the defined area. The problem of eutrophication is a problem that needs preventive and continuous work. The DPSIR framework approach for the Sutla River basin with specific datasets and indicators is presented in Table 2.



For each cluster, the authors collected all available data for the longest period possible. The sources are national monitoring systems, statistical censuses, registers, and authors focused on research on water quality, nutrients, and eutrophication. Thus, river restoration based on the revitalizating role of nature retention in water quality management and site-specific ecological requirements are urgently needed, primarily in relation to nature protection areas and recreation resorts [10,27,31]. Pressure indicators are nutrient emissions and nutrient loads for all water bodies. State indicators and monitoring indicators are phosphorus concentrations (Total P and orthophosphate) and nitrogen concentrations (Total N, NO3) for all waterbodies. Impact indicators are ecological status and macrozoobenthos (community composition, biomass), for all water bodies; phytoplankton (chlorophyll a, biovolume), Secchi depth, macrophytes, and bottom water oxygen concentrations, for waterbodies of lakes; and phytobentos (benthic algae community composition), for waterbodies of rivers and lakes [9]. GIS did not provide a visual presentation of DPSIR and only improved the indicator’s understanding (Table 2).



Constant anthropogenic pressure from point and diffuse sources of pollution on ichthyofauna are always present, as in the case of the Sutla River. The main pressures are the spatial distribution and quantification of pollution, the channeling of watercourses, and the appearance of foreign and invasive species [9,31,32].



The official monitoring system provided all input data that were used. Measures may be established when the significant pressures [33,40] have been identified and nutrient reduction objectives have been set. Most agglomerations of less than 2000 PE still use individual permeable septic tanks or emit wastewater directly into the environment.




3.3. SWAT River Basin Model—BASE MODEL


Based on the methodology from Section 2.3.4., a spatial representation of the water impact and the simulation of sediment, nitrate–nitrogen, and phosphorus levels in the Sutla river basin are given in Figure 6. The red colour represents areas with a critical level of calculated sediment and nitrate–nitrogen and phosphorus transport out of the HRUs. The critical source areas (CSAs) were determined through analysis of theBASE MODEL, i.e., where the source and transport areas connected to waterbodies coincide. For example, HRUs where the annual average sediment yield exceeded 0.5 t/ha and average nitrate–nitrogen loading from groundwater exceeded 5 kg/ha were CSAs (Figure 6). These areas have geologies and soil types that are susceptible to soil erosion and, for that reason, are subject to the action of weather forces. The spatial variability in sediment yield is influenced by many factors, particularly land use, management practice, slope, and soil characteristics. The impact of land management on erosion and nitrogen leaching and its graphical representations greatly depends on the accuracy of the spatial and attribute data used in the modelling process. The average annual sediment and nitrogen yields at the HRU level were divided into six classes (Figure 6).



The sediment source in this river catchment is spatially heterogeneous and, on average, 0.78 t/ha/year. This study shows that in certain HRUs, sediment yield can reach up to 31.61 t/ha/year (Figure 6). This value can be exceeded during periods of heavy rainfall.



The highest amount of sediment was transported from vineyards (3.51 t/ha/year), followed by arable lands (1.91 t/ha/year) (Table 3).



The areas with arable fields, especially those on shallower soils and lowland sandy soils, are exposed to nitrogen and phosphorus losses, with nitrogen and phosphorus secreted into the main river channel. Losses are spatially concentrated on agricultural land and are 1.97 kg/ha/year of N and 0.60 kg/ha/year of P on average. This study shows that in certain HRUs, nitrate–nitrogen and soluble phosphorus yield can reach up to 54.53 kg/ha/year and 12.99 kg/ha/year, respectively (Figure 6). The average highest amount of nitrate–nitrogen is transported from orchards (4.5 kg/ha/year), followed by vineyards (3.83 kg/ha/year) and arable fields (3.61 kg/ha/year). On the other hand, the average highest amount of soluble phosphorus in mineral forms is transported into the main channel from arable fields (1.7 kg/ha/year), followed by orchards (0.78 kg/ha/year) and vineyards (0.69 kg/ha/year). Modelling results for the study period between 2004 and 2014 also showed that, on average, almost 14,000 tons/year of sediment, 1741 tons/year of total nitrogen, and 125 tons/year of total phosphorus could be expected at the main catchment outlet at the confluence with the Sava River. The results showed that the main point sources (wastewater treatment plants) under normal conditions contribute minimal quantities of N (10.75 tons/year) (0.62%) and P (4.29 tons/year) (3.43%) on an average daily basis. The official monitoring system provided all input data that was used, but it is necessary to continue collecting new data and further develop the SWAT model.



Results of Indices Analysis for Algae as Eutrophication Indicators


Measured nutrients, N from agricultural activities and P from point sources, at their critical ratio can cause eutrophication of the freshwater ecosystem [9]. Algae, as a biological element of water quality, were used in water analysis and as an indicator of eutrophication. Analysis of the SWAT model results, including the available water quality data based on surveillance monitoring, was carried out by Croatian Waters; the results of the investigative monitoring were analyzed, and an analysis of the indices for the biological elements of water quality and the presence of algae as an indicator of eutrophication was performed. The indices used in the analysis are the trophic diatom index (TDI), the saprobic index (saprobity) (SI), and the nondiatom index (NDI). These indices indicate an increase in the trophy level at station Prišlin, which was particularly observable from the TDI, NDI, and poor water status. The Prišlin station data show the worst water quality due to nutrient loads (two larger settlements with the industrial areas located upstream). On the other hand, the Zelenjak and Harmica stations indicated good water status [9,10,32,35].



For the period of 2004–2012, the SWAT model and monitoring showed higher trophic state TDI and NDI values in the Sutla River. It is necessary to carry out more detailed research on biological elements of water quality in the future, especially periphyton and macrophyte vegetation, which were directly related to eutrophication. The pollutant impacts on aquatic ecosystems and other quality parameters under different development scenarios (hydrology and hydraulics, pollution, chemical parameters, and aquatic ecology) were crucial for proposing remediation measures.





3.4. Model Performance Objective Functions


The Sutla River catchment area was subdivided into 11 subbasins and 1970 HRUs. The number of HRUs in each subbasin was set by a minimum threshold area of 0%:0%:0% for land use, soil, and slope classes. The high number of HRUs is correlated with a steep topography, dispersed agricultural areas, and 39 soil types in the study area. Daily river flow time step sensitivity analysis and calibration were performed for subbasin 11 outlets for 2009–2014, with a three-year warm-up period (2001–2003) and one validation period (2004–2008). Sediment and nutrient (NO3-N, PO42−) monthly time step and river flow daily time step sensitivity analyses and calibrations were performed for the water quality monitoring point at the subbasin 11 outlets between 2004 and 2012.



Objective functions for monthly time step sediment, nitrate–nitrogen, and phosphorus calibration (Table 4) show that the model is acceptable for predicting all of them. The Nash–Sutcliff coefficient (ENS) is in the range of very good results for sediment and nitrate–nitrogen and satisfactory for phosphorus, and the negative percent bias (PBIAS) is in the range of satisfactory model performance for sediment and very good for nitrate–nitrogen and phosphorus [24].



The results of the validation in this research are in line with the calibration results.



Negative percent bias (PBIAS) (Table 4) values are in the range presented in Table 4 in the article Moriasi, D.N. et al. (2007) [53], which indicates a minor overestimation of the simulated values. Values for the ENS range from negative infinity (poor model)) to 1.0 (perfect model) [54], and related to the present results, the Nash–Sutcliffe efficiency (ENS) at daily time steps is acceptable [53].



However, the ENS coefficient is very sensitive to values that stand out from the average [53]. The SWAT model simulated good and very good streamflow trends, as simulated streamflow values do not exceed the measured streamflow data by more than 15% [54,55].



It is important to stress that quality of the calibration and validation results should have an impact on the selection of methods applied in the construction of alternative scenarios. Therefore, each of the presented scenarios in this paper was established on base model original calibration and validation. That allowed us to start scenario modelling from the same starting point. Each of the scenarios added a different multi-objective view on the present and foreseen state of the catchment. We propose that multiple variations for each scenario should be developed to better understand how to achieve each one of the objectives, which means that specific elements should be introduced gradually. Our study gradually added elements in scenario variations, such as changed agricultural management, reservoir placement, updated/foreseen network of wastewater treatment plants, and climate change data. This allowed us to better understand the impact of past or future farmland management, the efficiency of wastewater treatment plants, and reservoir placement. Effects of these elements on river water quality and quality were tested under climate change conditions. Finally, multi-objective comparative analysis results were added to the integrated water quality management model.



When modelling climate change, SWAT model parameters were not changed. The purpose of the scenarios is to investigate the impacts of changing climatic conditions in river basins on the river flow, sediment load, and nutrient load in the river.




3.5. Key Impact Assessment Analysis


In the BASE MODEL and all scenarios (PAST and FUTURE) using the SWAT model, the most significant impacts on the waterbody from river basin nutrients and sediment and the risk of not achieving good water status and water eutrophication were demonstrated. As the result of the key impact assessment analysis, the significant pressures that have affected the transboundary rural Sutla river basin can cause changes in the hydrological regime and biological elements of water quality. Nutrients are a key factor in eutrophication and should be included in the PoMs to reduce hot spots and a total load of nutrient pollution pressures. This is in the interest of all river basin users, as well as the ES and human wellbeing. Environmental objectives, linked to river water resource processes and ES, can be achieved if appropriate water quality, river flow, sediment regimes, and related river morphology are guaranteed.



The proposed eutrophication methodology assessment applies data obtained based on naturally observed values. It was not possible to simulate eutrophication by SWAT due to the lack of measured data during the period of the reservoir’s operation.



Based on a key impact analysis, an IWRM plan is the central element that ideally fulfils the requirements of different water-related policies, such as the WFD, Urban Wastewater Treatment Directive (UWWTD), Nitrate Directive (ND), and other national legislation [4,33,39].



Monitoring programmes for the assessment of eutrophication consist of two different monitoring concepts: monitoring biological quality element(s), including supporting quality elements, and monitoring nutrients (and other physicochemical quality elements) as a screening tool. Generally, monitoring of nutrients will be conducted at a higher frequency than monitoring biological quality elements [4,9,56].



Basic mandatory measures, according to UWWTD, have been implemented for agglomerations larger than 2000 PE. However, wastewater in other settlements is collected in individual permeable septic tanks if not emitted directly into small creeks and rivers. Out of a total of 54,839 residents living in the Sutla river basin, only 11,070 inhabitants are connected to the sewage system and wastewater treatment plant (WWTP).



The holistic approach defines the E-flow for the profile downstream of the dam, as presented in the paper [32], linking hydrological, morphological, and ecological characteristics based on the exploration of the Sutla River and its biological communities. The E-flow obtained by the hydrological method of vegetation, which amounts to 0.504 m3/s, should be increased to 0.68 m3/s to meet the requirements of fish bioindicators (Barbus balcanicus) and allow the ecosystem to function normally (Figure 7) [32].



Barbus balcanicus spawn between April and June, and the spawning period requires a water depth greater than 40 cm and a water velocity greater than 49 cm/s. The analysis of the river’s longitudinal profile and the Sutla Lake (reservoir) volume are prerequisites for maintaining the river ecosystem upstream and downstream from the lake ecosystem itself, and the proposal for the definition of an E-flow downstream of the dam has been prepared in previous research [32].



Based on the available data, a holistic E-flow assessment was prepared using three profiles of different locations, including Bratkovec, Luke Poljanske, and Zelenjak, in different periods of the hydrological year (dry and rainy) and following the requirements of the WFD to achieve good water status. Dams disrupt the flow of sediment and the capacity of the stream to convey sediment, with consequences for the morphology and the biota that use the river and adjacent areas. E-flow management can manage the flow and sediment regimes downstream of dams [32]. The E-flow was defined for the Bratkovec profile by linking hydrological, morphological, and ecological characteristics based on the fish bioindicator Barbus balcanicus. If the reservoir is fully restored, it will be necessary to define the E-flow again because of the importance of preserving the biodiversity of the Sutla River, which flows throughout the Natura 2000 area.




3.6. Impact Assessment for Alternative Scenarios of Future River Basin Management


After defining PAST and FUTURE scenarios for the river basin management, the numerical modelling results of the impact assessment for all scenarios are presented in Table 5. Values for Qav., year (m3/s), sediment (t), and total N (kg) for the measurement profile before the Sutla River flows into the Sava River are shown. The values for all scenarios (except the BASE MODEL) represent the average percentage increase or decrease in the value in relation to the BASE MODEL. In the brackets, the range of percentage values relative to the six models used is shown.



According to the BASE MODEL, for PAST scenarios (without and with reservoir), there was no significant change in the flow of the Sutla River. However, there was significantly more sediment in the past (72%, 81%), with the highest level of sediment calculated in the Bistrica stream. For the PAST scenarios, the values of Qav./year are similar to the values of the BASE MODEL. The values of the sediment, total N and total P are significantly higher than the value of the BASE MODEL, given the implemented wastewater and agricultural basic measures that did not exist in the past. The results show that the main point sources (wastewater treatment plants) under normal conditions contribute minimal quantities of N and P on an average daily basis. Most phosphorus pollution comes from households and industry. Approximately 20% of the population is connected to the public sewage system (UWWTD), and the influence of small settlements is important, but with the impact on the local area.



High levels of total N (38%, 53%) and total P (55%, 53%) resulted in water eutrophication in the past. The main reason was agricultural land management of fields with autumn ploughing and leaving soil bare during the winter. Significantly higher values in the past than today can be explained because basic wastewater and agriculture management measures based on new environmental policies and their obligations were implemented. We can conclude, that in relation to the results of the BASE MODEL, the main source of nitrogen pollution in the Sutla river basin was runoff from agricultural land and forest.



For FUTURE scenarios, expected mean annual flow values range from 4 to 22%, with the minimum annual flows expected to decrease −22%, with a maximum expected increase of 66%, which is in line with expected extreme events due to climate change. Expected average annual sediment values range from 4 to 25%, with maximum annual sediment values set to reach 84%. Expected average annual total N values are set to increase from 1 to 8% and total P from −5% to 6%.



Values for mean annual flow, for the FUTURE scenarios, are expected to increase, with values ranging from 4% to 22%. Values for minimum annual flows are expected to range from −13% to 5.7%, and a significant increase for values of maximum flows, ranging from 9.3% to 66%, is expected. The expected increase in annual sediment values ranges from 4% to 25%, in minimum annual sediment values ranges from −2% to 19%, and in maximum annual sediment values ranges from 19% to 84%. For total N, expected mean annual values range from 1% to 8%, minimum annual values range from −5% to −14%, and maximum annual values range from 9% to 39%. For total P, expected mean annual values range from −5% to 6%, minimum annual values range from −4% to −21%, maximum annual values range from −4% to 31%. The values of Qav./year for the FUTURE scenarios are lowest for RCP4.5 (2020–2050), followed by the values for RCP8.5 (2070–2100). In some scenarios, the range of these values shows an average flow of up to 17% (−7; 50) or 25% for sediment (−3; 84), while in total N and total P, these changes are lower.



The results of climate change scenarios indicate a potentially significant increase in Sutla River flow and sediment transport, but not for nutrients, which was the result of the basic measures that were implemented. However, hot spots in some subbasins have been identified, and the set of tailor-made measures from the catalogue of supplementary measures will be proposed. It was expected that all values would be significantly higher due to climate change, which occurs with the average flow and sediment. However, the total N and total P values were lower as N and P applications to agricultural land were better utilized. In the scenario for RCP 4.5 2020–2050 without the reservoir, the increase in value was up 4%, and in the total P, there was a decrease in value compared with the present scenario of −6%. In the reservoir scenarios, the values were slightly higher. In the RCP 4.5 2070–2100 scenario both without and with a reservoir, the values were significantly higher for flow and sediment. In the scenario RCP 8.5 2020–2050, the values were slightly lower than for RCP 4.5 2070–2100. In the scenario without the reservoir, there was even a drop in total P of −3%. In the RCP 8.5 2070–2100 scenario, higher mean values were observed, especially for average flow and sediment, but extremely large value ranges, especially large maximum values, were also observed. These scenarios indicate the possibility of highly problematic situations in the river basin. These scenarios open the discussion about the impact of RCM selection on modelling climate changes within river basin models, such as the SWAT model. This article also raises questions for the usability of the results for policy and decision makers concerning the implementation of the results for short- or long-term water strategies or water/river management plans.



In the FUTURE scenario, the spatial analysis revealed that the hot spots were in the same places as in the BASE MODEL and PAST scenarios and appropriate measures had to be applied to them. One of the very convenient, straightforward, and practical measures was applying a buffer zone 3 m from the watercourse. If there was a significant amount of sediment, soil loss, or erosion, it was necessary through agricultural education to influence agricultural land to be overgrown (and never bare). In critical cases, afforestation should be implemented to prevent erosion and sediment removal. Similar results have been presented in papers by Glavan, M. & Pintar, M., 2012; Epelde, A.M., 2014; Piniewski, M, 2017 [22,23,24], where it was concluded that for the rural Reka river basin in Slovenia, climate change scenarios exhibited a slightly stronger trend towards the long-term increase in sediment concentration, but showed that the trend could have gone in the opposite direction as well. Additionally, in the case of the Sutla River, the average results showed that the river flow increases slightly. Changes in precipitation patterns were expected to lead to increased loss of soils and nutrients through erosion and leaching processes and could result in moderately higher sediment and total nitrogen (TN) and total phosphorous (TP) concentrations than those currently observed, as in the Sutla river basin.



Data for minimum and maximum flow values indicate hydrological extremes, but also the change in the occurrence of extremes according to the seasons. A significant increase of the sediment is expected, in contrast to the little increase in total N and total P due to the basic and supplementary measures that can be implemented. Perhaps due to better soil moisture, crop nutrient uptake is better, and not so many nutrients are available for leaching and runoff. Due to the above, it is necessary for the future to choose tailor-made measures from the catalogue of supplementary measures to avoid the risk of eutrophication and the risk of not achieving good water status. These are measures of integrated water management that enable the use of ecosystem services and prevent significant sediment input and total N and total P inputs.



According to the FUTURE scenario, less flow and more sediment are predicted, thus jeopardizing the survival of the Barbus balcanicus and emphasizing the need to define E-flow.



Based on the impact results for the flow, sediment, total N, and total P, agricultural and water management measures are proposed in the Conclusion. In this paper, the last two steps shown in Figure 3 (the flow chart of the DPSIR approach for the integrated water quality management model) are not analyzed.



By evaluating the results of the proposed model and comparing them with the results of other authors in similar basins, the results were logical and acceptable. Therefore, the proposed model was acceptable for solving the problem of water quality management under the influence of climate change [16,44].



Concerning the existing situation and identified hot spots at the subbasin level, it was necessary to identify additional measures, which will be the subject of further research. Recommended measures for reducing nutrient intake from agricultural areas include agri-environmental policies, such as the implementation of a protection zone (i.e., a buffer zone for the river), and financial support for organic and ecological food production, as well as management plans for lower diffuse pollution loads, efficient organic and artificial fertilizer use. Increased nitrate and phosphorus levels in stream water has reflected changes in agricultural management, and the implementation of vegetative buffer strips (VBS) would decrease the average annual loads of sediment, nitrate nitrogen, and total phosphorus in the streamflow [25].



In further work, the most acceptable basic and supplementary measures should be defined to prepare a scenario with a “tailor-made” river basin set of measures, which will be tested in the proposed water quality management model. The idea was to prepare and test one “tailor-made” set of measures, although more than one “tailor-made” set of measures could be applied (with and without reservoir) and multi-criteria optimization could be conducted to select the optimal set of “tailor-made” measures.



The PoMs to reduce nutrient pollution pressures fulfils the requirements of WFD, UWWTD, ND, and national legislation. It must be cost-effective, and stakeholders must be brought into the discussion, including better cross-sectoral integration and payment for ES [56,57]. Considering that the Sutla river basin is transboundary, it is necessary to harmonize hydrological and water quality monitoring and the locations of monitoring stations concerning the new requirements.



The Evaluation of the Results


Other authors [21,22,23,24] studying rural river basins of similar areas in temperate continental aridity have reached similar conclusions regarding the management of rural river basin water quality, which contributes to the implementation of WFD policies and sustainable development. Future scenarios contribute to the prediction of water quantity and quality related to the establishment of the reservoir, irrigation opportunities, and tourism. The assessment here agrees with authors [16,22,23,24,25,26,27,28,29,50] who have dealt with the same issue using the SWAT model.



It should be noted that we created new data based on existing data that can be used in further research because all relevant data from both countries were collected and evaluated. Data, experience, and knowledge contributed by Slovenia were used for modelling the impact of climate change, which is especially important considering the fact that 78% of the Sutla river basin is in Slovenia.



Although Croatia and Slovenia are members of the EU, the special problem was the collection of data because each state has its own hydrological and meteorological measuring stations, and only Croatia has water quality stations. The administrations of the states collect and process various data in the river basin, and prepare their own studies. Each state implements its own water policy because there is no single river basin management plan, and certain water problems are solved bilaterally.



The common practice in the past with overexploitation of river water for various uses must be limited, especially in the light of the impact of climate change and the increasing likelihood of extremely dry and wet periods. The development should coincide with environmental policy, including the protection of aquatic resources.



Despite the fact that the Sutla River is the national border between Croatia and Slovenia, it is the important bridge linking inhabitants on both sides of the river that have been living together for centuries. The prerequisite for successful water quality management of this transboundary river basin is better cooperation between Croatia and Slovenia to avoid negative experiences with eutrophication from the past.






4. Conclusions


Seasonal hydrological extremes are especially important in water quality management. High temperatures and low flow in the watercourse pose a threat to the aquatic ecosystem. Also, the intensive precipitation results in greater runoff and more intensive leaching of sediment and nutrients, and with the runoff of sediment and nutrients to the river, protected species are endangered. The increased amount of sediment poses a special threat to the fish, more than the increased amount of nutrients.



The presented DPSIR approach for the integrated water quality management model is able to prepare a reliable water impact assessment and based on the analyzed scenarios propose an optimal set of measures that should significantly improve the achievement of environmental goals. The approach is concentrated on water quality, including sediment, total nitrogen, and total phosphorus load. The proposed methodology for eutrophication assessment applies the DPSIR approach in combination with GIS spatial analysis and the SWAT model.



The presented research contributes to the knowledge and understanding of the impact of climate change using long-term predictions of six different RCMs on the level of local river basin quantity (river flow) and quality (sediment load, total nitrogen load, and total phosphorus load) states of surface waters.



The application of the developed methodology has proven to be appropriate for the Sutla river basin case study. This method enables the broader acquisition of basic knowledge and includes natural processes and sources of pollution. The analysis of the eutrophication process and decreasing the risk of eutrophication by selecting the optimal set of mitigation measures, would protect endangered species, especially Barbus balcanicus.



As a result of the applications of the developed methodology, the impact of the population and agriculture in the Sutla river basin, the possible restructuring of the Sutla Lake/Vonarje Reservoir, and the impact of climate change are acceptable.



The official monitoring system provided all of all the input data that were used, and for the further development of the SWAT model, it is necessary to continue collecting new data. In the future, it will be necessary to carry out more detailed research on biological elements of water quality, especially periphyton and macrophyte vegetation, which are directly related to eutrophication.



The results of this study show that decisions made regarding the introduction of measures for preserving water quantity and quality, based on BASE MODEL and PAST scenarios, and FUTURE climate change impact scenarios, need to be discussed in depth among decision-makers and policymakers before the implementation of additional “tailor-made” measures. The proposed model brings policymakers the opportunity to manage the quality of river basin water holistically and make decisions related to the application of optimal, “tailor-made” river basin measures that include basic and supplementary measures and ES.



In future research, “tailor-made” measures for reducing hot spots of nutrients in the Sutla river basin should be proposed and verified with a new scenario that includes the optimal set of “tailor-made” measures within the developed integrated water quality management model and with SWAT support. The development of scenarios with different sets of “tailor-made” measures and the selection of optimal measures with multicriteria optimization methods should be also investigated. The scientific contribution of the presented research consists of the innovative integrated water quality management model for rural and transboundary river basins developed here, the methodology for the development of scenario analyses that include the impact of climate change in the future, and the implementation of measures.



This approach is implemented in the Sutla river basin case study, but the methodology could be implemented on similar transboundary rural river basins. Further and widespread application of this approach will enable a more comprehensive acquisition of basic knowledge for the river basin, which includes natural processes, pollution generation, and a decreasing risk of eutrophication.
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Figure 1. Transboundary Sutla river basin: (a) river network and subbasins, precipitation stations, and climate change model points; (b) land use of the Sutla river basin, river network, and subbasins and UWWTPs. Data source: Geodetic Survey of the Republic of Slovenia, Ministry of Agriculture, Forest and Food RS, Ministry for Agriculture RH, Ministry of Environment and Spatial planning RS, Copernicus Land Monitoring Service EU, Year: 2021. 
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Figure 2. Transboundary Sutla river basin: (a) location of Sutla Lake, surface water bodies, and monitoring stations [18]; (b) Sutla Lake in the past [9]; (c) Sutla Lake in 2019 [9]. 
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Figure 3. Flow chart of the DPSIR approach for the integrated water quality management model. 
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Figure 4. Scheme of the SWAT integrated water quality management model. 
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Figure 5. Climate models: (a) average temperature (°C), BC deviation from 1981–2010 related to RCP 4.5 and RCP 8.5, six characteristic climate models and periods; (b) average precipitation (mm), BC deviation from 1981–2010 related to RCP 4.5 and RCP 8.5, and six characteristic climate models and periods. 
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Figure 6. Spatial representation of simulated sediment, nitrate–nitrogen and phosphorus levels in the Sutla river basin for the 2004–2012 period [9]. 
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Figure 7. Swamp (hrv.: potočna mrena) Barbus balcanicus.. 
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Table 1. SWAT model input data sources for the Sutla river basin.
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	Type Data
	Characteristics and Data Description
	Source
	Scenario





	Topography

(DEM raster)
	Slovenia: 25 m—Elevation

Austria: 1 m—Elevation
	CLS

EEA
	All scenarios



	Soils
	Slovenia: 1:25,000

Croatia: 1:25,000

Spatial soil variability, soil types and properties
	MAFFS

BFULJ

FAUZ
	All scenarios



	Land Use
	Slovenia, Croatia: 1 m

Vector data (Graphical Units of Agricultural Land)

Croatia: 100 m Corina Land cover (CLC), 2012, Version 18.5.1

Land use, Land cover classification and spatial representation
	MAFFS

BFULJ

FAUZ
	All scenarios



	Land

Management
	Crop rotations (harvesting, planting, management), fertilizer application (rates and time)
	CAFS

Field trip
	All scenarios



	Weather
	Daily precipitation, temperature (max., min.), relative humidity, wind, solar radiation from 2001–2014
	EARS

CMHS
	PRESENT and PAST scenarios



	Climate change data
	Daily precipitation, temperature (max., min.), relative humidity, wind, solar radiation from 2020–2050 and 2070–2100
	EARS

CMHS
	RCMs data

FUTURE scenarios



	River

Discharge
	Daily flow data (m3/s)

from 2001–2014
	EARS

CMHS
	PRESENT scenario



	Water

quality
	1 monitoring point (CRO-Zelenjak)

TSS, NO3−, PO42−, TP, TN (2001–2012)
	monthly monitoring

HV
	PRESENT scenario



	Reservoir data
	Reservoir: volume, surface area, the month of operational, sediment concentration, hydraulic conductivity, outflow
	project documentation
	PAST and FUTURE scenarios



	Agglomerations
	PE, spatial position prepared in GIS
	EARS

HV
	FUTURE scenarios



	WWTP
	Average daily discharge of orgP, sediment and orgN and other parameters
	EARS

HV
	All scenarios



	Septic tanks
	Septic systems: year became operational, permanent residents, the average area of the drained area
	EARS

HV
	All scenarios







WWTP = Wastewater treatment plant; CLS = Copernicus land services; EEA = European Environment Agency; MAFFS = Ministry of Agriculture, Forestry and Food of the Republic of Slovenia; BFULJ = Biotechnical Faculty University of Ljubljana; FAUZ = Faculty of Agriculture University of Zagreb; EARS = Environmental Agency of the Republic of Slovenia; CMHS = Croatian Meteorological and Hydrological Service; HV = Croatian Water, Croatian legal entity for water management; CAFS = Chamber of Agriculture and Forestry of Slovenia, Agricultural Advisory Service.
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Table 2. DPSIR model input data sources for the Sutla River Basin [10] and added input data sources.
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Sutla/Sotla River Basin

	
Slovenian Part of the River Basin

	
Croatian Part of the River Basin






	
Surface of the river basin

	
459.9 km2 (78% of the whole)

	
130.7 km2 (22% of the whole)




	
Driving forces:

	
Tourism and recreation, protection of cultural and natural heritage

	
Agriculture, protection of cultural and natural heritage, traffic




	
Pressure—Urbanization:

Settlements; settl. ≥ 2000 inh.

Density; Population density

	


84; 1

38139; 85/km2

	


67; 1

16700; 120/km2




	
Pressure—Land Use

	
62% of agricul. land; 36.3% forests; 8.6% pastures; permanent crops 0.4; scrub 0.5

	
65% of agricul. land; 22% forests; 20.1% pastures; perm. crops 0; scrub 10.2




	
Pressure—Agriculture

rural population

	
10% of the pop.; agricul. activity: livestock; fragment. farms

	
30% of the pop.; agricul. activity: vineyards, livestock; fragmented farms




	
Pressure—Industry/

Entrepreneurship, Tourism

	
Glass manufacturing; sparkling water—drink production; 250 small enterprises

	
Industry in Hum na Sutli, manufact. in Klanjec, Livestock in G. Čemehovec




	
Pressure—Tourism/Recreation/Parks

	
Health C. Rog. Slatina; Spa C. Olimje; Reg. Park Kozjansko; Lands.P. Boč and Jovsi;

	
Ethno village Kumrovec




	
Pressure—Natura 2000

	
Whole river Sutla/Sotla




	
Pressure indicators

	
Nutrient emissions, nutrient loads—for all water bodies




	
State-water status [8]

	
Sutla-Prišlin station—poor status, Sutla-Zelenjak and Sutla-Harmica—good status




	
State indicators

	
Phosphorus concentrations (Total-P, orthophosphate), nitrogen concentrations (Total N, NO3)—for all water bodies




	
Impact indicators

	
Ecological status and macrozoobenthos (community composition, biomass); phytoplankton (chlorophyll a, biovolume) and Secchi depth; macrophytes (lower growing depth); phytobentos (benthic algae)
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Table 3. Numerical modelling average HRU results for the BASE MODEL study period between 2004 and 2014 [9].
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	Land Use
	Sediment Yield

Average (t/ha)
	Nitrate Nitrogen

Average (kg N/ha)
	Soluble P

Average (kg P/ha)





	arable land
	1.91
	3.61
	1.80



	orchard
	0.02
	4.54
	0.78



	grassland
	0.08
	0.76
	0.31



	forest
	0.02
	0.61
	0.08



	vineyards
	3.51
	3.83
	0.69



	urban
	0.23
	0.21
	0.31



	water
	0.00
	0.00
	0.00



	wetlands
	0.08
	0.93
	0.29



	Total average for river basin
	0.78
	1.97
	0.60
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Table 4. Statistical values for the calibration of river flow (m3/s) (2004–2014) and sediment concentration (mg/L), nitrate–nitrogen concentration (mg/L) and load (kg/day) and mineral phosphorus load in the Sutla River (2004–2012) [9].
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Objective Function




	

	
ENS

	
PBIAS






	
River flow (daily)




	
Calibration (2009–2014)

	
0.59

	
−10.58




	
Validation (2004–2008)

	
0.54

	
0.59




	
Sediment (monthly)




	
Load Calibration (2004–2012)

	
0.72

	
34.35




	
Nitrate–nitrogen (monthly)




	
Concentration Calibration (2004–2012)

	
0.82

	
−1.96




	
Load Calibration (2004–2012)

	
0.65

	
31.30




	
Mineral phosphorus (monthly)




	
Load Calibration (2004–2012)

	
0.41

	
2.32
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Table 5. Numerical modelling results for BASE MODEL, PAST and FUTURE SCENARIOS.






Table 5. Numerical modelling results for BASE MODEL, PAST and FUTURE SCENARIOS.





	Scenario
	Qav,year (m3/s)

av. (min; max)%
	Sediment (t)

av. (min; max)%
	Total N (t)

av. (min; max)%
	Total P (t)

av. (min; max)%





	BASE MODEL
	7.76
	13853
	1898
	119



	PAST2a
	1%
	72%
	38%
	55%



	PAST2b
	0%
	81%
	53%
	53%



	FUTURE 3a1
	4% (5.7; 9.3)
	4% (−12; 19)
	1% (−13; 10)
	−6% (−21; −4)



	FUTURE 3a2
	17% (−7; 51)
	9% (−15; 35)
	4% (−14; 23)
	5% (−21; 13)



	FUTURE 3a3
	12% (1; 29)
	12% (−5; 26)
	5% (−4; 17)
	−3% (−10; 6)



	FUTURE 3a4
	23% (3; 67)
	22% (−5; 77)
	8% (−9:39)
	−3% (−15; 23)



	FUTURE 3b1
	5% (−13; 19)
	10% (−19; 29)
	2% (−12; 10)
	2% (−12; 11)



	FUTURE 3b2
	17% (−7; 50)
	12% (−13; 39)
	4% (−13; 23)
	2% (−12; 20)



	FUTURE 3b3
	12% (1; 29)
	15% (−2; 32)
	5% (−5; 16)
	4% (−4; 11)



	FUTURE 3b4
	22% (3; 66)
	25% (−3; 84)
	7% (−9; 38)
	3% (−10; 31)







Note: Average percentage change values for PAST and FUTURE scenarios (in the brackets are the minimum and maximum % change according to the different climate models) are defined according to the absolute values of the BASE MODEL.
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