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Abstract

:

Sustainable development is socioeconomic growth that integrates political, economic, and social measures alongside environmental protection to meet the needs of communities and citizens without compromising the ability of future generations to meet their needs. The sustainable development concept was initially based on three main pillars: environment, economy, and society. In successive years, this concept has been expanded to include new pillars. The awareness of these changes has influenced our research interests. The main research objective of this study was to evaluate the applicability of geographic information system (GIS) tools (data, tools, and multidimensional analyses) to the implementation of sustainable development principles in rural areas. The study covered rural and nonurbanized areas in Poland, especially farmland, forests, fisheries, and farms. The study presents the results of our research into environmental, economic, and social determinants of growth in the spatial dimension. GIS tools continue to evolve, which improves access to information and increases database managers’ awareness that highly accurate data are needed for spatial analyses. GIS systems allow us to formulate, in a structured and formal way, models that reflect both the current state and forecast changes that will occur in space. It is a very useful tool in the sustainable development of rural areas.
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1. Introduction


Pollution is a problem that surfaced in the 19th century, mainly in industrial and heavily populated areas, but was recognized as a serious threat to human well-being only in the 1960s [1]. The sustainable development concept, which originated in the 1970s, postulated that environmental protection should be taken into account in social and economic development. This notion undermined the existing definition of economic growth. The term “sustainable development” came into use in policy circles after the publication of the Brundtland Commission’s report on the global environment and development in 1987 [2]. The Brundtland Commission defined sustainable development as “meeting the needs of the present without compromising the ability of future generations to meet their own needs” [2,3]. The report also marked the first use of the term “sustainable development.” In Poland, the principles of ecologically sustainable development were formulated only in the late 1990s. In 1991, the Polish parliament adopted a resolution on environmentally friendly policy that amended the Act on Environmental Protection and Management of 31 January 1980 (Journal of Laws, 1994, No. 49, item 196) [4]. The Environmental Protection Law defines sustainable development as socioeconomic growth that integrates political, economic, and social measures with environmental protections to meet the current needs of communities and citizens without compromising the ability of future generations to meet their needs [5]. The resolution states that Poland is guided by the principles of sustainable development, and the relevant provisions have been incorporated in the Constitution of the Republic of Poland in 1997 (Art. 5) [6]. The constitution places all institutions under the obligation to protect the environment and to guarantee the ecological security of present and future generations. Ecological considerations are the cornerstone of sustainable development in theory and in practice. Sustainable development has many different meanings and therefore provokes many different responses. Based on Hopwood et al. [7], the concept of sustainable development is an attempt to combine growing concerns about a range of environmental issues with socioeconomic aspects.



In the literature we can find analyses of sustainable development from various points of view: in agriculture [8,9,10,11], urbanization [12,13,14], sustainable cities [15,16], sustainable tourism [17,18], the social dimension [19,20,21,22], ecological economics [23,24] and more. In 2016, Polish scientists presented select definitions of sustainable development in chronological terms. They presented 38 different attempts to define sustainable development [25]. A universal approach to the implementation of sustainability strategies has never been proposed because space is a highly diverse phenomenon that requires a multidisciplinary, multidirectional, and multicriteria approach.



The sustainable development concept was initially based on three main pillars: the environment, economy, and society. In successive years, this concept has been expanded to include new pillars. These changes have influenced our research interests. In Poland, in a 2011 report [26], the Central Statistical Office published 76 indicators of sustainable development. In a 2015 report [27], the number of indicators was expanded to 101, and the institutional and political domain was included as the fourth pillar of sustainable development. In many cases, the institutional domain is regarded as a barrier to development or as an institutional gap [28,29,30]. We have also addressed the problems relating to the institutional domain in rural areas in studies dedicated to the development of renewable energy sources in Poland [31,32] and the absorption of EU funds in rural areas [33,34]. The search for new indicators of sustainable development has inspired us to analyze the influence of the Common Agricultural Policy (CAP) on the sustainable development of rural areas [35,36,37]. Sustainability indicators in various areas of social and economic life facilitate analyses of progress in the implementation of sustainable development policies [38]. Mitchell emphasized that “existing indicator sets are not obviously compatible and there is a danger that, without the application of a clear method, indicators will be produced in an ad hoc fashion without full consideration of key sustainable development principles or indicator characteristics” [39], (p. 1). Tasaki et al. [40] surveyed a total of 1790 indicators and classified them into 77 subcategories and four categories. The indicators measured various elements. The indicators captured to each country’s developmental stage and specific conditions. These indicators are used to denote the limits of human activities in relation to the natural environment, to estimate the extent to which human needs can be satisfied by existing natural resources, and to determine the permanence of the three pillars of sustainability. The relevant indicators are developed by measuring the constituent elements of eco-development: balanced development, permanent growth, and self-sustained development [41]. Spatial order, the fifth pillar of sustainable development, has only recently been incorporated into Polish legislation. Spatial order is evaluated in land management analyses and plays an important role in local development [42,43,44]; it is an object of scientific inquiry in geodesy and cartography. The significance of the green economy concept, which, until recently, had been limited to the domain of economic sciences, was recognized in Poland around 2008. The green economy aims to reduce the consumption of energy derived from fossil fuels, to maximize the efficiency of energy generation and energy resources, and to increase the share of renewable energy in the overall energy balance [45,46,47]. On 1 January 2016, the 17 Sustainable Development Goals of the 2030 Agenda for Sustainable Development came into force [48]. Sustainable development is one of the concepts of the modern theory of global economy development and represents a response to the necessity of preventing environmental degradation. Sustainable development is a result of adopting the principle of integrated order, perceived as a coherent and simultaneous perception of the economic, social, and natural order [8].



New pillars of sustainable development are likely to emerge as continued economic growth and globalization contribute to environmental degradation. The question that remains to be answered is whether the search for new pillars of sustainability makes a real contribution to analyses of initiatives that support sustainable development.



There is currently no generally accepted definition of “rural areas” [49,50,51], and there is no consensus on how to construct a consistent definition [52,53]. According to statistical institutions, rural areas are defined as territories situated outside the administrative boundaries of urban areas. In some cases, rural areas are classified based on their population or population density. Rural areas play a very important role in social life and the economy. Rural areas are places of residence and employment, but they are also recreational sites that enable visitors to enjoy unspoiled nature. Rural areas are suppliers of raw materials and products, but they are mainly providers of space for other functions. Recently, with the industrialization and expansion of urban areas, we can observe a decrease in both land and the workforce. Additionally, farmers have felt the need to adapt by diversifying production and increasing corporate income by introducing other complementary activities. From this point of view, we can say that “multifunctional agriculture” covers all the functions ascribed to agriculture: from the environmental to the sociocultural, and from tourist services to educational and cultural services [54]. For these reasons, rural space should be managed effectively, in line with the principles of sustainable development.



Geographic information system (GIS) is a highly useful tool in the decision-making process in the domain of physical, social, and economic space. GIS tools support the acquisition of spatial data from various sources, rapid processing of data, and the release of data in the desired form for multidisciplinary analyses, studies, and forecasts [55]. GIS tools are used to collect, gather, edit, process, update, and release spatial data. They are most useful in the process of acquiring input data from various sources with the involvement of different methods and techniques, beginning from crude field data and moving to fully automated data acquisition systems that do not require human involvement. Data from various sources are processed to generate new information and products [56].



The preservation of the delicate balance between spatial order, ecological rationality, social acceptance, and economic profitability is very difficult in land management. This is particularly true in rural areas, where the main goals of development should be focused on spatial, social, economic, and environmental functions. Local communities have to be activated for the above goals to be achieved. The use of advanced GIS tools supports the dissemination of reliable information and increases the awareness of local community members. Integration and universal access to various types of geoinformation, collected and updated by the public administration sector, are implemented as part of the Spatial Information Infrastructure, which is a direct implementation of the INSPIRE Directive [57].



The study presents the results of research into environmental, economic, and social determinants of growth in the spatial dimension in rural areas, closely linked with the concept of sustainable development and the challenges faced by Europe in a globalized economy. The main research objective was to evaluate the applicability of GIS tools (data, tools, and multidimensional analyses) to the implementation of sustainable development principles in rural areas in Poland. Agriculture, forestry, and fisheries are the sectors of the economy in which the most favorable conditions for implementation of the principles of sustainable development exist. On the one hand, the resources of the natural environment are used, and on the other hand, farmers and producers, through their activities, shape the environment [8].




2. Materials and Methods


2.1. Area and Object of Study


The study covered rural and nonurbanized areas in Poland. Rural areas account for around 93% of Poland’s territory. Since the definition of rural areas is ambiguous, the area and the object of research were defined in this stage of the study. Agriculture, forestry, and water management are the main segments of the rural economy; therefore, farmland, forests, and fisheries were selected as the areas of research. Pursuant to the provisions of Art. 3e of the Council Regulation (EC) No. 1198/2006, a fishery is “an area with a sea or lake shore or including ponds or a river estuary and with a significant level of employment in the fisheries sector” [58]. The study also focused on farms as the main units of economic activity in rural areas.




2.2. Sources and Scope of Data


Various sources of data were used, including statistical data released into the public domain by the Central Statistical Office (GUS), survey results [59,60], and data acquired from institutions responsible for specific tasks in the investigated areas (e.g., Fisheries Local Action Groups (FLAGs) [35], Agricultural Advisory Center of the Region of Warmia and Mazury in Olsztyn [59,60], and the Regional Directorate for National Roads and Motorways in Olsztyn [61]). The obtained data were used to develop databases at various levels of reference. Databases were subjected to spatial analyses with the use of dedicated computer applications (comparative analyses at the level of municipalities [59], or associations of municipalities: FLAGs [35], regions and counties [36], parcels as a part of agricultural holdings, as well as analyses based on the existing road infrastructure [61]).



Geographic information web portals were also a useful source of data for analysis. Data generated by Web Map Service (WMS) servers were used to create raster layers on the map of the analyzed objects, which supported detailed evaluations. Various types of data were processed with the use of appropriate tools and methods.



Different types of data were used in studies analyzing the potential of renewable energy sources, mainly biomass produced by farms in the Region of Warmia and Mazury. The analyses were carried out based on the results of a survey conducted in 2012 among biomass producers and biomass processing companies in the region. The number of participants was determined based on the data provided by the employees of Agricultural Advisory Center of the Region of Warmia and Mazury in Olsztyn specializing in renewable energy sources [59,60]. The spatial distribution of biomass producers and processing companies was determined by geocoding (based on registered address).



Geographic information systems are composed of software, hardware, data, administrators, and methods for processing and analyzing data [62]. The main functions of GIS are the collection, verification, accumulation, integration, processing, and release of spatial data (information about geographic space). Users can combine descriptive data with information about the spatial location of the analyzed objects; they can generate thematic maps, conduct spatial analyses, and formulate conclusions. These functions are shown in Figure 1.




2.3. Key Assumptions and Research Objectives


We had the following research hypotheses:




	
The rational distribution of human activities based on local conditions and the influence of external factors is the mainstay of sustainable development.



	
Sustainable development of rural areas is a conscious transformation process during which human needs must be aligned with the needs of the natural environment.



	
Sustainable (permanent and multifunctional) development of rural areas requires effective legal, economic, administrative, and technical instruments.



	
Geographic information systems and GIS tools support rapid and comprehensive analyses of spatial and environmental phenomena and are useful in the process of generating development forecasts and planning the sustainable development of rural areas.








The main aim of this study was to formulate the principles for using spatial data and spatial analyses in the sustainable development of rural areas. The main research objective entailed the following detailed objectives. The procedure involved several steps, presented in Figure 2.




	
To determine the scope, sources, and applicability of data for spatial analyses of phenomena relating to sustainable development.



	
To identify the determinants of rural development in view of the main pillars of sustainable development.



	
To determine the optimal directions of sustainable development in rural areas.



	
To propose a practical approach for the use of spatial tools, methods, and analyses and to develop theoretical and practical procedures for the sustainable development of rural areas.










3. Results and Discussion


3.1. Determination of the Scope, Sources, and Applicability of Data for Spatial Analyses


Space is a highly varied phenomenon, which is why a universal analytical method and growth directions that will guarantee socially, economically, and ecologically sustainable development are difficult to determine. Studies analyzing land management practices should rely on GIS data, tools, and models. Tested solutions as well as innovative methods and new sources of data should be taken into account in land management analyses [63].



The level of socioeconomic development in FLAGs was determined based on GUS data describing the demographic, social, and economic status of municipalities and their infrastructure levels. The scope of input data was narrowed down by analyzing the Local Development Strategies of Fisheries and defining the priorities of the eight analyzed FLAGs.



Different types of data were used in studies analyzing the potential of renewable energy sources, mainly biomass produced by farms in the region of Warmia and Mazury. The analyses were carried out based on the results of a survey conducted in 2012 among biomass producers and biomass processing companies in the region. The number of participants was determined based on the data provided by the employees of Agricultural Advisory Center of the Region of Warmia and Mazury in Olsztyn, specializing in renewable energy sources [59,60]. The spatial distribution of biomass producers and processing companies was determined by geocoding (based on registered address).



The possibilities offered by GIS tools were also discussed in a study evaluating the applicability of photovoltaic panels in road infrastructure. The location of photovoltaic panels powering traffic signs in the Region of Warmia and Mazury was determined based on information obtained from the Regional Directorate for National Roads and Motorways in Olsztyn. Solar-powered traffic signs were localized by manual geocoding with the use of Google Maps [61]. The road authority describes the location of photovoltaic panels based on distance marker posts. The signs are located 1 km apart, and the location of photovoltaic panels was determined based on a public map resource to maximize the geocoding precision. In automatic geocoding, the point of interest is localized along the road axis; therefore, distance marker posts were used to determine the side of the road on which photovoltaic panels had been installed.



A village or town neighboring a national road was identified in the first stage of the study. In the following stage, the location of solar-powered traffic signs was determined based on distance marker posts (Figure 3 and Figure 4).



The precise location of photovoltaic panels was determined with the use of Google Maps and the Street View application.



The location of photovoltaic panels was validated based on the nearest distance marker post. Data were compiled in table format, and points were automatically displayed in GIS software.



In [37], the analysis of economic viability was carried out with various variants as a case study of selected plots of agricultural land located in the Regional Directorate of State Forests in Szczecinek in the West Pomeranian Voivodeship. Empirical data were taken from the Szczecinek Forestry Institutions and from individual farmers who carried out afforestation under RDP 2004–2006 and RDP 2007–2013. The average costs of afforestation, support for afforestation in individual RDP periods, as well as average transaction prices of agricultural land were taken into account. The average transaction prices of agricultural land acquired from the Agricultural Property Agency (ANR) in 2004–2016 were adopted for analyses, as the largest afforestation under the RDP was implemented on land acquired from the ANR resource. The data obtained were verified on the basis of industry portals and field research.




3.2. Identification of the Main Determinants of Rural Development in View of the Pillars of Sustainable Development


The original concept of sustainability is based on three pillars, but institutional and spatial domains have been proposed as a fourth pillar of sustainable development. Global trends and challenges associated with minimizing the adverse effects of socioeconomic growth on the environment have led to changes in the concept of sustainable development. According to the Code of Conduct for Responsible Fisheries [64], data relating to social, economic, and institutional factors should be collected and analyzed to promote the sustainable development of fisheries and the achievement of social and economic goals.



Poland is the EU Member State with the largest number of FLAGs. Fisheries Local Action Groups bring together members of local fisheries, municipalities, public institutions, and social organizations and operate based on the adopted development strategies. The majority of funds available under the Fisheries Operational Program 2007–2013 have been dedicated to Priority Axis 4, namely the sustainable development of fisheries. The studies have revealed differences in the absorption of EU funds by Polish FLAGs. In some cases, these variations were associated with the statutes of the analyzed FLAGs and the resulting interpretation problems. Other difficulties resulted from frequent changes in the Local Development Strategies of Fisheries, the number of intermediate agencies, ineffective management of FLAG budgets, and the absence of effective enforcement mechanisms in the supervising institutions. Institutional and political aspects were the main source of problems in FLAGs [35]. These aspects were also identified as the main barrier to growth in the studies, analyzing the prospects for the development of the renewable energy market in the Region of Warmia and Mazury [59,60]. Agriculture is the main source of income in rural areas, and the opportunities created by renewable energy sources and their impact on sustainable and multifunctional development of rural areas have been analyzed [59,60]. The above analyses accounted for social, economic, environmental, institutional, and political aspects of development. A review of the literature [65,66,67,68,69,70,71,72,73], an analysis of Polish and EU regulations, and the results of our own research were used to identify and verify the key drivers of sustainable development in the analyzed fields of activity in rural areas.



The results of a survey involving biomass producers and processing companies were used to identify the main barriers to the development of the renewable energy market. Interestingly, biomass producers and companies processing biomass identified completely different obstacles to growth.



According to the biomass producers (farmers) surveyed in [59,60], the main barriers to the development of the renewable energy market are the low prices of biomass, the small market, and the absence of stable contracting options. The results of these studies indicate that farmers are not aware of the environmental benefits associated with renewable energy sources. Economic factors are the main drivers of growth in the biomass market [73,74,75].



A survey of biomass processing companies [59] demonstrated that the absence of legal stability and the shortage of renewable energy support programs are the main barriers to the growth of the renewable energy market. According to the respondents, negative market trends and low levels of infrastructure development exacerbate this problem. The results of [60] revealed that processing companies were unable to harness the potential of the local biomass market. The optimal distance between a biomass production facility and a biomass processing plant has been estimated at 20 km based on a review of the literature. Biomass transport zones have been identified based on the existing road network and are presented in Figure 5.



Transport zones should be distributed uniformly in every region to ensure that the potential of biomass producers and processing companies is fully harnessed (rational localization). The distance between biomass producers and processing companies should be minimized to reduce costs. In the evaluated region, the average distance between biomass producers and processing companies is around 70 km. Biomass is characterized by low energy density (low energy content per unit of volume); therefore, it should be utilized close to the source. Long-distance transport increases costs and has an adverse impact on the natural environment.



A review of the literature [36] indicates that the natural environment is significantly influenced by changes in land use patterns. The relevant research was initiated in the late 19th century and was developed in the mid-20th century. These authors analyzed spatial variations in land use patterns and the influence of natural factors, historical factors, urbanization [76,77,78,79,80,81,82], and Common Agricultural Policy (CAP) instruments on changes in the natural environment [83,84]. Similar conclusions were formulated in [36].



In [37], we assessed legal, social, and economic conditions, with a focus on the size of afforestation implemented by individual farmers (beneficiaries of the measure). Since 2004, the value of agricultural land has increased significantly in Poland. Based on the research carried out in [37,85], this is why farmers are reluctant to implement afforestation. The afforestation bonus does not compensate the farmer enough for giving up field cultivation.



The analysis of literature carried out in [37] proved that increasing the forest cover of the country is consistent with the content of resolutions and international agreements to which Poland is a signatory and will serve the goal of improvement of the environment [85]. Degradation of the natural environment is one of the main reasons to implement the afforestation program in both Poland and other EU countries. Poland’s membership in the EU and the consequent need to implement the principles of the Common Agricultural Policy is connected with improving the status of areas with unfavorable natural conditions. The Common Agricultural Policy of the EU takes into account the multidimensional interdependencies between agriculture and the natural environment [84]. The revival of land with low agricultural suitability and afforestation positively affects the sustainable development of agriculture and rural areas, both directly and indirectly. The direct impact consists of increasing forest areas and increasing forest cover, thus creating conditions for strengthening ecosystems and biodiversity of rural areas. Indirectly, afforestation provides opportunities for additional employment and income for the rural population.



The price of agricultural land in Poland has increased significantly since 2004. The results of the study revealed that this is the main reason why farmers are reluctant to participate in afforestation projects. Afforestation premiums do not compensate for the loss in income from the production of field crops.



The key determinants of sustainable development in rural areas have been identified in view of internal and external factors, including the CAP. The opportunities and barriers to the sustainable development of rural areas are presented in Table 1.




3.3. Determination of the Optimal Directions of Sustainable Development in Rural Areas


Development strategies that account for human needs and the environment play a very important role at the local level, in particular in rural areas. A sustainable development framework can be proposed based on an evaluation of the observed phenomena.



Diverse land-use patterns are introduced to increase the percentage of land not used for agricultural purposes and to decrease the share of agricultural production in rural incomes [36]. In fisheries, sustainable development strategies include limits on fish production and the creation of new employment opportunities outside the fisheries sector [35].



Agriculture is closely related to energy policy. Energy crops have the potential to become an agricultural product of strategic importance, thus increasing the share of biofuels in the overall energy balance, improving energy supplies, and contributing to the achievement of energy policy goals [75]. Energy crops can also increase the profitability of agricultural production and improve the socioeconomic status of rural residents. However, not all areas characterized by an abundance of low-quality soils are suitable for the cultivation of energy crops. The long-term goal of the energy policy is to turn Polish rural areas into segments of an innovative economy [36,86].



The results of a survey presented in [59] revealed certain differences in the opinions expressed by biomass producers and companies that convert biomass into energy. Most respondents agreed that the absence of systemic incentives is the main barrier to the growth of the renewable energy market. The farmers and companies polled are aware that renewable energy plays a very important role in sustainable development, but in their opinion, the existing support programs are insufficient. Stable sources of raw materials are required for biomass production and conversion into energy. The renewable energy market provides farmers and businesses with a new opportunity for diversifying their sources of income. However, these measures necessitate changes in the production profile, the search for new markets, effective transportation, and specialist machines and equipment.



Based on a review of the literature, the authors of [36] postulate that space is a limited commodity. The area dedicated to food crops per capita continues to decrease [80]. The above results from the use of agricultural land for nonfarming purposes, mainly for afforestation and urbanization, as well as steady population growth. In this context, rational management of space, in particular agricultural land, takes on a new significance. Agricultural production in rural areas increased after Poland joined the European Union. A significant decrease was observed in the area of land that had been kept temporarily fallow [87]. These changes can be attributed to the availability of EU structural funds. Farm area is an important determinant of changes in land use structure. In a market economy, Polish farmers have to increase their output to derive a satisfactory income. When the demand for agricultural products is stable, the above goal can only be achieved by increasing the farm area [88].



Various programs and support measures creating sustainable development have been implemented in agriculture and forestry. Many of these projects have been initiated as part of the obligations undertaken by Poland under international agreements. The main aim of these measures is to achieve climate neutrality.




3.4. Practical Application of the Applied Tools and Methods of Spatial Analysis and the Development of Theoretical and Practical Procedures for Sustainable Development of Rural Areas


Data collection and the selection of the appropriate methods and tools are very important considerations in a spatial analysis. These observations have been confirmed in [35,36], which relied on data generated by the Central Statistical Office. Spatial analyses are highly useful for evaluating social, demographic, and economic phenomena.



The absorption rate of EU funds significantly influences the directions of sustainable development in rural areas. Measures that support sustainable development have to be monitored because the principles governing the availability of EU funding for various projects change with every financial framework. The detailed regulations governing the availability of funding for various projects are set in domestic laws. Legal regulations have to be constantly amended to account for socioeconomic changes. The availability and distribution of EU funds have to be controlled to eliminate adverse phenomena. The existing GIS can be expanded to create an integrated system where all payments are controlled in real time. The proposed system would also facilitate the evaluation of grant applications.



However, more complex methods may be required to evaluate space and the uneven distribution of the analyzed processes. Complex and detailed analyses that can be performed within a short time are becoming increasingly popular.



The authors of [59,60] proposed a useful tool facilitating biomass management for energy generation. Data relating to the biomass market should be combined with local conditions to optimize biomass production and processing. The phenomena associated with the development of the renewable energy market can be visualized to support farmers in the process of adapting to the current market situation and to provide biomass processing companies with valid information about the availability of biomass sources. The authors of [59] compiled a map of biomass producers and biomass processing companies. They analyzed 11 measures that influence the biomass market and identified three key problem areas: financial support for the biomass market (subsidies), a stable energy policy, and education (Figure 6). The results confirmed considerable spatial variations in the observed phenomena. Spatial analyses should take into account local conditions, and the spatial distribution of the expectations voiced by biomass processing companies is the best example of the above. Local conditions include farm area, production profile, degree of mechanization, and support from the competent institutions and local authorities. Such analyses support decision-making and enable market participants to make the most of existing opportunities. In rural areas, the development of the renewable energy market can significantly contribute to the activation of local communities, as discussed in Section 3.3.



In [60], the physical distance between biomass producers and biomass processing companies was mapped based on the existing road network. The resulting raster map (network of regular cells with identical size and shape) emphasized the continuity of the analyzed phenomena, and it was used to analyze the problem from a completely different perspective. The map indicates areas that require special attention due to a shortage of biomass processing companies. The majority of companies converting biomass into energy are separated by a considerable distance from biomass producers. The process of mapping geographic distances is relatively simple; however, it was initially complex in the discussed example because road distances had to be manually calculated, and the isolines between road sections had to be manually interpolated. The use of computer tools, in particular GIS, significantly accelerated that process and improved the quality of the results (Figure 7).



The Geographic Information System supports the integration of various types of data obtained from numerous sources and stored in different formats. The quality of the collected, processed, and released data is visibly improved. The resulting information is easier to find and interpret, which supports the formulation of accurate conclusions. Various types of spatial data and databases can be processed with the use of GIS tools. Statistical data from the Energy Regulatory Office, the Agricultural Advisory Center in the Region of Warmia and Mazury, and Geoportal data can be imported and displayed in layers as maps and attribute tables presenting biomass production and processing in the region [60]. These data can also be processed with the use of GIS tools for other spatial analyses.



GIS tools can also be deployed to monitor and manage the renewable energy market. Thematic maps developed with the use of various types of data support the integration of all actors on the biomass market. GIS tools are highly useful for presenting processed data to various groups of stakeholders.



The authors of [60] proposed an integrated system for biomass production, processing, and the distribution of biomass-derived energy. The establishment of local distributed energy centers in rural areas would substantially improve the efficiency of energy generation from biomass [61].



The analysis conducted in publication [61] demonstrated that the process of generating a map with the use of geocoding is highly laborious and time-consuming. Not all objects can be accurately positioned on a map due to the limited availability of valid satellite images. The geocoding process has to be automated when working with large datasets. Popular geocoding tools mainly rely on address points from large databases (up to 80 million address points) and support automatic and highly accurate determinations of the object’s longitude and latitude (Figure 8).



GIS tools continue to evolve, which improves access to information and increases database managers’ awareness that highly accurate data are needed for spatial analyses. The scope of data relating to roads and the accompanying infrastructure has also been significantly expanded in recent years.



A comprehensive database relating to road networks and the location of distance marker points would support the development of a geocoding tool that automatically assigns geographical coordinates to all objects along roads. With the use of the proposed tool, objects that are localized in numerous databases and described only with the use of distance marker points could be automatically transferred to maps (GIS software) and automatically managed. The described process of positioning photovoltaic panels for powering traffic signs is one of many examples of how databases can be used in geocoding. Such solutions could also be used to improve transport safety in rural (nonurbanized) areas, i.e., to designate dangerous places (where there are frequent road accidents), pedestrian crossings, etc.





4. Conclusions


The study describes the applicability of GIS tools for the sustainable development of rural areas:




	
The informative and functional value of source data was determined in view of the aim, scope, and time framework of spatial analyses.



	
The main determinants of sustainable development were identified and indicators for monitoring sustainable development measures were proposed.



	
The optimal directions of sustainable development were identified in view of changing external circumstances, including legal, social, and economic.



	
The applicability of GIS tools as instruments that support vital decision-making processes in the implementation of sustainable development principles was discussed.








The main determinants of growth in agricultural areas, forests, and fisheries were defined based on the main sources of income in rural communities. The implemented measures have to be continuously monitored to guarantee that they serve the intended purpose. The data, methods, and tools that are most appropriate for the research objective, scope of study, and analyzed area have to be selected. The acquisition of the most relevant data is the key to success. In many cases, the relevant data can be obtained only from institutions responsible for the implementation of a given program or task. For an integrated GIS to be developed based on the provisions of the INSPIRE Directive, these data have to be made available to the public. The results of the study emphasize the need for a pan-European geographic information system that facilitates the identification of various spatial phenomena, contributing to decision-making in the localization process and the identification of the key determinants of sustainable growth. These efforts require consistent development strategies, a rational spatial policy, and legal regulations that define the goals of sustainable development. The success of this undertaking will be largely determined by the cohesiveness and applicability of GIS data and the effectiveness of monitoring.



Creating and sharing spatial data in digital form is not only good practice but is also regulated by specific legal acts. Currently created in Poland under the INSPIRE Directive, map portals and the widely available General Geographic Object Databases offer a reliable, current, and continuous source of spatial information for the entire country, extremely helpful in the planning process at various levels of generalization. The database implemented into the Spatial Information System is its most important element and should constitute a complete and reliable representation of elements of the real world.



GIS systems allow us to formulate models in a structured and formal way to reflect both the current situation and forecast changes that will occur in space when certain conditions are met.



The proposed methodology can be used in practical applications:




	
Preparing planning studies, both regarding spatial policy and local law, as well as in economic planning and shaping the structure of rural space (structure of ownership and structure of use).



	
The development of thematic spatial information systems related to planning studies and works shaping the rural space.



	
Reports submitted to Polish and EU authorities relating to the utilization of funds dedicated to rural development in the multiannual financial framework and modification of the implemented actions.



	
The use of renewable energy sources to improve Poland’s energy security.
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Figure 1. The scope, sources, and applicability of data for spatial analyses. Source: own elaboration. 
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Figure 2. The procedure of using spatial data and spatial analyses in the sustainable development of rural areas. Source: own elaboration. 
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Figure 3. Estimated location of solar panels on national road No. 16 (Gietrzwałd). Source: [61]. 






Figure 3. Estimated location of solar panels on national road No. 16 (Gietrzwałd). Source: [61].



[image: Land 10 00006 g003]







[image: Land 10 00006 g004 550] 





Figure 4. Location of a photovoltaic panel on national road No. 16, distance marker post 38 (Gietrzwałd) (126 + 250 km). Source: [61]. 
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Figure 5. Distribution of biomass producers and processing companies in the Region of Warmia and Mazury. Source: [60]. 






Figure 5. Distribution of biomass producers and processing companies in the Region of Warmia and Mazury. Source: [60].



[image: Land 10 00006 g005]







[image: Land 10 00006 g006 550] 





Figure 6. The required measures supporting the development of the biomass market according to the surveyed biomass processing companies in the Region of Warmia and Mazury. Source: [59]. 
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Figure 7. Travel time between biomass producers and biomass processing plants (warm colors denote longer travel time). Source: [60]. 
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Figure 8. Location of signs powered by photovoltaic technology on the Gołdap bypass. Source: [61]. 
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Table 1. The opportunities and barriers to the sustainable development of rural areas.
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Pillar of Sustainable Development

	
Determinants






	
Barriers/Negative Factors




	
Social

	
Low levels of awareness relating to the significance:




	
noneconomic functions of local associations




	
develop of renewable energy sources and photovoltaic systems




	
noneconomic functions of forests




	
Rapid urbanization




	
Economic

	
Production limits in sea fisheries and lower employment in the fisheries sector




	
Barriers to business growth (unstable market of farming supplies and agricultural produce)




	
Economic factors are the main drivers of business growth (production)




	
Environmental

	
Environmental degradation




	
Loss of land used in agricultural production




	
Intensification of production




	
Institutional and political

	
Legal instability (frequent changes in legal regulations)




	
Differences in the operating principles of FLAGs and the resulting interpretation problems




	
Frequent changes in the Local Development Strategies of Fisheries




	
Lack of programs to support renewable energy




	
Ineffective management of the CAP budget




	
Absence of renewable energy support programs




	
Changes in the CAP principles




	
Lack of stable legal basis




	
Opportunities/Positive Factors




	
Social

	
Higher standard of living




	
Promoting the concept of sustainable development




	
Development of services and higher service quality




	
Development of social capital




	
Activation of local communities




	
Improved road traffic safety




	
Economic

	
Additional source of income for rural residents




	
New employment opportunities outside the fisheries sector




	
Diversification of agricultural production




	
Financial support under the CAP




	
Management of surplus production and agricultural wastes




	
Energy security




	
Environmental

	
Protection of natural resources




	
Improved quality of the natural environment, including water quality




	
Promotion of environmentally friendly solutions (renewable energy)




	
Slowing down the exploitation of natural resources and minimizing pollution




	
Higher forest cover




	
Institutional and political

	
Financial support for technological development

Goal performance based on development strategies

Involvement of local partners in decision-making

Public-private partnership








Notes: Source: own elaboration.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
o)

|dentify the
Qeterminants

-

Institutional
and political

)
A

-

Step IlI

2

Determine the
\optimal directions

~

. Rural areas

-

Step IV
?/-P
Spatial » |
tools Develop theoretical and

practical procedures

D

<>
Sustainable

develop

/






nav.xhtml


  land-10-00006


  
    		
      land-10-00006
    


  




  





media/file16.png
part of the national road nr 65 - Gotdap ring road

LOCALIZATION OF PHOTOVOLTAIC PANELS

photovoltaic panels
national roads

\Ya\ A
\ \pl.ol..r \ /4

l.ll : A Y
7/ \V /’I.n/(\pl.ll

|

Zeromskiegq






media/file2.png
Numeric

AN /N YN N
N A N A [ e N
Social Economic Institutional  [Environmental
and p
m " political
@ &=
N~ H 4 N e
—eee < J
W —> LAW <
Spatla! A
analysis
o
4 Type N l Area
Agricultural
of use and
Agricultural use ’ Land plot
I’ “— | Thefam
Forests
Waters l Commune
Infrastructure Voivodeship g
kUrbanised - Data \_Country )
L
Source /Geolocation ) Type
of data
XYZ
Address
Public
N
admni-  — N / — Text
stration
. Geoportals »Raster
L Jr——’
N s Remo(te L—; Vekior
- /@.~ sensm%
=
=" | |
—/
Graphic
Descriptive P_“'_’"c _
participation

i)






media/file5.jpg





media/file3.jpg
determinants

Step Il

*&Q\

Determine the.

optimal directions < Ruralareas ™)

i & StepIv (@)

Sustainable

Spatial
o D-valopm-m-ﬂcaiand develop

practical procedures





media/file1.jpg





media/file7.jpg





media/file10.png





media/file12.png
communeboundanes distnct boundaries processors’ expectiations

e —1 S

E L]
N

D;.
g

§f





media/file9.jpg





media/file0.png





media/file14.png
road accessibility [km]

* processing points =
¥ production points - 44
D warmifisko - mazurskie province -

community






media/file8.png





media/file11.jpg





media/file6.png
16 B ——

- - - . .

— Cesewe = T 1.-—0‘----«4 -
B NS I ﬁ‘w -

ERTecy

-
-
——
[y
i
.
\





media/file15.jpg
LOCALIZATION OF PHOTOVOLTAIC PANELS
portof h naonl o v 6 - Gldap g 1030






