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Abstract

:

Since complex urban systems are a combination of different spatial typologies and may have various complex characteristics (human, environmental, social, economic, political, and cultural), decision-making cannot be done without a holistic approach and complex analysis and evaluation of the possible development scenarios. This is especially true in today’s world, where spatial and urban planning must consider various objectives such as sustainable development, accessibility, landscape characteristics, and public interests on a strategic level. This results in the need to use appropriate decision support and decision-making tools in the strategic urban planning process of complex urban environments with Historic Urban Landscapes (HUL) characteristics to improve urban development and resilience. The proposed evaluation model, “Strategic Planning for Urban Resilience—SPUR model,” is based on a holistic approach to spatial planning with an emphasis on the strategic sustainable development of urban voids as HULs and was tested on the case study of the Delta area in the City of Rijeka, Croatia. The proposed holistic approach can help in scenario building, evaluation, and selection of planning alternatives, as well as decision-making processes in urban management, by enabling the evaluation and control of complex scenarios from a sustainable development perspective.
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1. Introduction


Global and local economies are passing through critical changes such as abandonment (complete or partial) of traditional industries and technological developments (Information and Communications Technology—ICT but also “hard” production technologies, or mobility technologies). In parallel, there are migrations towards urbanized and economically and infrastructurally developed areas, climate change effects, their related risks, the growing awareness of them, and changes in values, such as the growing value of sustainable development [1,2,3,4]. This results in the subsequent attempt to diminish the land use and reduce urban expansion [5], with the frequent interventions in areas inside existing complex landscapes [6]. In such cases, questions arise on the nature of those areas, how to approach their requalification, renewal, or regulation, and adequate choices of intervention and decision-making procedures.



Often, such areas, of which the case study in this research is an example, arouse great interest from stakeholders [7] and the general public. Those areas impact the identity of the local and sometimes global population [2,8,9], and their complexity creates the threat of image-based decision-making by political and even professional actors without considering the area’s complexity. Such areas, situated in urban, peripheral, or central positions, may display the characteristics of different spatial and functional typologies: spatial heritage, ex-industrial sites, ex-portual areas, transport infrastructure, brownfields, spaces of memories or memories of a better past, but can also cause dissatisfaction with spatial degradation.



To adequately plan the spatial interventions in such areas, it is vital to understand the space’s characteristics without simplifying either spatial characteristics or requalification opportunities. Indeed, built environments such as urban systems are a system of complex components (human, environmental, social, economic, political, cultural, etc.) and their relations, which require complex analysis and evaluation, possibly with multiple development scenarios that take into account new (or of increasing interest) approaches and goals such as sustainable development, accessibility, landscape characteristics, public interests, and so on.



Since space is a sphere of multiple interests, the decision-making in spatial interventions is often perceived as a matter of politics, with the threat of forgetting that spatial intervention is also an expert issue that can be based on scientific and professional bases and decision-aid tools. This aspect is aggravated by the spatial planning crisis acknowledged since the 1980s, but also because of the increasing number of new spatial planning accents (such as Green Infrastructure, Smart Cities, climate change adaptations, universal design, walkability, etc.) and ever more complex spatial conception (such as Historic Urban Landscape (HUL) [6], sustainable development ideas, resilience, etc.), without simultaneous empowerment of the role of spatial planning and spatial planner as an expert figure that could insist on the implementation of those contemporary social-spatial ideas. Contemporary spatial planning takes part in the process of shifted or incompletely defined responsibilities and is highly subjected to variations in decision-makers capabilities and interests. This creates a need for an objective method of goal formation, creation, improvement of alternatives, and evaluation and choice of alternatives that can also be used for simple communication with various stakeholders and the public, not all equipped with adequate technical knowledge.



This is emphasized by the operating context and contemporary level of scientific consciousness and environmental awareness possessed even by the non-professional public. Today’s spatial interventions are increasingly planned in complex environments (such as HUL) with complex requirements (such as explicated by United Nations Sustainable development goals (UN SDGs) [1] and ever-growing interest in resilience). To efficiently plan “complexity with complexity”, there is a need for objectification of scientific and professional knowledge that can help the decision-aid process, both by technical experts and decision-makers, and improve communication with the public.



The research presented in this paper aimed to create a framework and a decision support model that links the issues mentioned earlier—spatial planning issues and current accents in spatial planning—and allows overcoming obstacles that arise in the gaps in the decision support process of spatial planning. This model is based on holistic approach to spatial planning and international documents accepted by much of the international community, such as [1,6]. The model can evaluate the sustainability and resilience aspects of spatial interventions and can be the basis for evaluating the urban resilience of spatial interventions.



The goal is to create an evaluation multi-criteria decision support model based on UN SDGs with the perspective of sustainable development and resilience as decision support and decision-making tool in the strategic urban planning process of complex urban environments with HUL characteristics to improve urban development and resilience.



The research questions (RQ) posed were:




	
RQ1: How can we approach the planning of urban interventions in a complex urban area from the perspective of sustainable development, resilience, and UN SDGs? What role do or can UN SDGs, resilience, and HUL have in spatial and urban planning from a sustainability and resilience perspective? How do they differ from other concepts in spatial planning?



	
RQ2: Why is a particular area best defined as void (or something else), why is a particular area a HUL, why is the definition/description important, what is the usual way of intervening, what are new emphases in urban interventions?



	
RQ3: How can a decision support tool for strategic spatial planning of complex urban areas based on HUL and UN SDGs be defined and function?








The research hypothesis was stated: It is possible to create an evaluation and prioritization model for strategic proposals in complex urban environments such as HULs based on a holistic (i.e., looking at space in an integral way) view of the sustainable development perspective, resilience, and the UN SDGs.




2. Literature Review


Some concepts were analyzed through the bibliographic search and literature review conducted herein to capture the complexity of spatial planning in complex places in terms of sustainable development and resilience. We found the unstructured research topics that we attempted to structure through groups or layers of related concepts. In this way, seemingly initially unrelated concepts formed three groups or layers of a complex picture. The literature review was instrumental for the definition of the conceptual framework and the evaluation model.



The first group or layer of concepts could be related to procedural aspects, such as spatial planning, urban planning, spatial management, urban management, investment planning, decision support, decision-aid, heritage evaluation, spatial evaluation, etc. The second group or layer of concepts could be related to spatial aspects, such as landscape, HUL, urban landscape, landscape-based urban planning, urban void, bad places, ex-industrial sites, brownfields, ex-portual city, portual city, waterfront, etc. The third group or layer of concepts could be related to the aspects of different approaches or topics that are either relatively new or are gaining increasing importance in scientific literature, and public perception, such as sustainable development, UN SDGs, sustainability, durable development, resilience, smart cities, public space, concepts related to green infrastructure (green ecoservices, urban ecosystems, green roofs, green façades, etc.), concepts related to inclusivity (universal design, access, inclusive design, health, etc.), concepts related to mobility and other infrastructure (mobility, accessibility, walkability, etc.), concepts related to uncertainty and the mitigation of it (risk, hazard, uncertainty, climate change, floods, earthquakes, safety, etc.).



Because these concepts relate to many fields and are the topic of different research and practices, it is not possible to give a detailed literature review of every topic, but the goal of the literature review is to give a holistic overview of the characteristic issues and insight on the importance of those concept groups in contemporary spatial planning and development, their relation and the mutual influence on spatial development, as well as to identify the opportunities for a comprehensive model that could be decision support (as in Figure 1) during described processes in sustainable development and resilience perspective.



2.1. Complexity 1—Process of Spatial Planning and Its Problems


Spatial planning, even if it has its roots in antiquity, develops greatly after the 1st and the 2nd World Wars. The second part of the 20th century has seen at first a development of spatial planning and optimism in its capabilities, and then its crisis that lasts for almost 50 years. The factors negatively influencing spatial properties are related to the dimension of spatial planning [10].



After WW2, the comprehensive or systemic approach was developed, which viewed space and its development in a comprehensive way, based on sciences [11,12]. Since the 1960s, there has been increasing interest in social aspects of planning, with increasing fragmentation of topics.



There are several problems with the activity or process of spatial planning itself. In the diagrams [11,12] that show the ideal situations of various types of spatial planning processes (here defined as ideal situation: I.S.), it can be noted that there is a lack of an analytical phase before the decision on starting planning activity (in the I.S., just as in reality)—whereas this decision probably influences the planning process from the beginning. The analysis (in the I.S.) starts after the decision on planning process followed by forming the spatial planning goals. In reality, the goals are formed before the decision on planning, which can be expected will interfere with the process, because the whole process (from analysis to proposals) is done after the goal definition and the planners are not yet involved. In the next phase of the I.S., the scenarios are defined, analyzed, and evaluated, possibly in a long-term vision. This phase is also, in reality, often skipped. Then the plan is adopted, and the next phase is its implementation. Therefore, there is a problem with the planning phases even in the I.S., and it is even more complicated in reality when decision-makers and planners are in different spheres. This division also presents interesting questions on the positioning of evaluation professional(s) as members of a planning team or a decision-maker team.



All the phases include value-based decisions, even if ideally there are no conflicts in values allowing the process to be considered as the technical activity of the planning team and decision-maker that have similar values, just as the stakeholders and the public. In reality, this is not so [13], and since the mid-20th century, many different branches of spatial planning theories and approaches were created that are mostly relate to social aspects of spatial planning, as well as the social creation of values [14] and communication. In these approaches, the planner becomes more of a social activist that engages themselves at the side of vulnerable groups [15], even if they are paid by the decision-maker—which is not a sustainable position, especially as there is a lack of a neutral figure as in judiciary system [15]. This leads to a group of liberal and neoliberal spatial planning approaches that are less optimistic [11], and oriented to planning for elite and tourism [16]. Various theories consider the relationship between capital and planning (or planner), but do not mention the importance of politics, state and other powerful stakeholders that have political power without direct capital movement. Only more recently, generally when considering the planning processes in South (meaning non-USA and western Europe, termed here as “North”) the research starts to notice the decisive role of politics and politicians [17].



The second development is oriented to communication and co-creation aspects, often not considering the problems such as differences in power inside and between groups, conflicting values and interests [13,18,19], prejudices, or difficulties that some citizens have in participating [20]. Some authors [21,22,23] note that public participation requires a stable society with the tradition of participation. Also, none of the researched sources mentions potential lack of knowledge in some field, which can be interpreted in many ways: as optimism of equal knowledge, giving up on the scientific and professional knowledge and role (noted also by [15,24]), the maintenance of the professional planner role as it is, although it is not mentioned directly; and which would imply the maintenance of the general structure of the modern planning process. It can be noted that those approaches cannot be used exclusively in complex environments with different stakeholders with different needs, values, and powers.



Since the 1970s, planning is oriented towards post-positivistic and post-modern approaches, as it is understood that it is based on values and politics. Fragmentation of approaches and distancing from general planning theories, can be directly connected to post-modern distance from unified scientific knowledge [11], also reflected in the related field of architecture [25].



Recent developments are related to practice-based theories (based on different types of case studies [26]). Some negative aspects seem to be: lack of application of theories in practice, circulation of existing ideas without new knowledge creation, exchange of the scientific and professional knowledge with public knowledge [17]. It also raises concerns about the influence of planning theories, as the theories and methodologies should be general and atopical [27]. In some countries the innovations arrive from different branches of state and not from civil society [17]. The inadequacy of Northern developmental models is being criticized in scientific literature [28,29,30]. The crises of spatial planning and development is noticed even in North, with recent strong orientation to sectoral policies [31].



Strategic planning often refers to top levels of planning, as regarding the definition of goals in top-down approach, but in neoliberal spatial planning it is often related to the solution of some aspect or area deemed as problematic or in need of development. It gives more general indications and goals and is not detail oriented [16]. Positive results are noted by [32] where, areas for strategic planning were defined by spatial and requirements characteristics. Similar orientation is noted by [33]. Strategic planning and management model for HUL based on economic evaluation and stakeholder participation is discussed in [34]. According to [35], strategic planning since the 1990s is oriented to intervene with quick continuous changes in European territories related to changes in capitalistic systems. Landscape urbanism is lately gaining importance, especially in the North [36]. It can have various meanings and is characterized by complexity and indeterminacy [37]. It can be related to landscape architecture, to design and planning aspects. It is synthetic, evolutive process, multi-scale, locally related [38]. It is often related to urban interventions in shrinking cities [39] and its void spaces [40]. Usually, it relates to interventions without important buildings, but sometimes it can also incorporate big infrastructure [39].



Another interesting aspect in planning is the role of the evaluation and prioritization of alternative scenarios. They develop from operational research, mostly after the WWII [41]. Modelling of scenarios and predictions in spatial planning is more complex than those sectorial. Evaluation is considered to be a part of the spatial planning process, but it is rarely done in the reality of planning practice, and is mostly done for the economic sphere [42]. The importance of evaluation as a part of the planning process gains importance with public participation.



The “lack of support from urban planners” regarding Urban Green Infrastructure in spatial plans is noted by [43]. The observation indicates the problem of decision-making in spatial planning: the planner does not decide or implement innovative approaches for which they have no approval from the decision-maker. On the other hand, [44] reports small percentage of planners and architects (8%, 24%) that use security strategies in their designs, but the connection with standard practice is not clear. Spatial planning is considered as “a promising instrument to reduce flood impacts” by [45]. It shows the lack of sectorial connection within spatial planning, due to lack of access or obligation of information use, and lower understanding by the general and professional public [45]. The importance of spatial planning for flood prevention through zoning, is considered by [46], while [47] considers it as a platform through which conflicting interests can reach agreements. This indicates the need for improvement of the integration of sectoral policies in spatial planning, as this is the area of human activities that considers the coordination of human activities in their spatial aspect, especially on local levels [48]. The possible integration structure is proposed and discussed in [49].



Table 1 presents the most salient points of complexities in spatial planning and decision-making process, and the opportunities and requirements of a potential decision-aid model.




2.2. Complexity 2—Complex Context


The urbanization process has its apex in the last 50 years [50]. Some areas, especially urban, are complex environments created by stratification of hard and soft activities during their long history [51,52,53]. This spatial heritage—natural and build, production and activities, is as all heritage, a social continuous process based on values and regards elements of the past but also our vision of today and the future [2]. The continuity implicit in the presence of heritage gives it major importance in the transformation of places where people live, and the potential loss of its Complex Social Value [54] can produce social trauma [55,56].



These complex environments can influence the quality and life, self-identity, and self-perception of the population [57,58]. The territory can be interpreted as a widespread good [52,59] that can mostly positively impact the life for local residents, and secondarily tourism [60]. This complexity was internationally recognized first by [61] (2000, amended in 2016) that acknowledges all territory—both extraordinary and ordinary, urban, rural, and natural as landscape, to plan and manage in “landscape quality objective”. At the global level complexity of the territory was acknowledged by [6] introducing the concept of HUL. It recognizes the spatial stratification of heritage, notices the rapid urbanization with subsequent environmental and social problems, and states that the HUL is comprised both by natural and artificial components, in both tangible and intangible aspects, and should be managed from a sustainable development perspective.



Cultural significance impacts social values, and is often embedded in the territory with complex historic spatial stratification [62]. The complexity of heritage is discussed by [2,9,57,63,64]. With the awareness of negative aspects related to sprawl, scattering [65,66], and peri-urban development [30,67], there is a growing interest to use already used land so not to use additional rural or natural land [5] as well as to connect fractured spaces. Those areas face demographic, structural and environmental problems even if they are still inhabited [68]. Some EU countries have the state authority for the requalification of strategic areas [69]. Urban voids, especially smaller can represent the opportunity for creation of a network of informal spaces [70]. Urban voids are usually smaller unused urban spaces, but their most characterizing aspect is the lack of function [71]. The opportunities of identification and use are discussed in [71]. They are usually not destined to building development (and are approached as possible landscapes). This shows an enormous shift in understanding of open spaces and the relation of built and unbuilt areas, which is discussed in [72] and is in line with other contemporary critics of modern creation of space discussed in [73]. Urban morphology or urban texture can be the most significant element of spatial identity [28,74], and its modification can influence positively or negatively both the identity of local community and climate, or even rates of criminality [75,76,77].



Traditional urban structures were the result of emergence and generative processes that could be used in contemporary intervention planning, for example using principle-based codes [78,79] (in a similar pattern approach as to [80,81]) to maintain the gradual change (differing from modern tradition). A similar continuation, but of forms and not of principles, is discussed in [82].



Table 2 presents the most salient points of complexities in considering the spatial context, and the opportunities and requirements of a decision-aid model.




2.3. Complexity 3—Complex Requirements—Resilience and UN SDGs


Modern planning, as developed in the 19th century, was mostly related to real estate characteristics and values, and had a social and class component, as the first zoning principles were related to maintenance of property values [21,83]. Modern planning in in the 20th century was oriented mostly to monozoning planning [84], which simplifies the planning approach treating the territory as empty space [85], often resulting in great demolitions [86]. It helped to maintain the quality of life of middle and high economic and social classes and often kept the lower economic classes excluded from urban development (especially in the South) [16]. Big problems of the cities today are urban sprawl and scattering, growing poverty, weak governance and environmental policies, inequalities, and exclusion, often overlapping in the same place [13,16,28,74], especially in South, but even in the North [87].



The concept of development is more used in South [21], introduced with modern planning. It passes several crises with focusing first on the market and later on the topic of governance. In the sustainable development, the topic of urban environment has a central place as a space of modernization [21], quality of life [88], and then as a spatial configuration of human environment that can, curb the expansion of built environment [5] and be more energy efficient. On the other hand, the same urban environments can produce other problems such as great use of resources [21] and difficulty in introducing Green Urban Infrastructure [43].



The notion of “sustainable development” or “durable development” started with [89] and gained more interest with [90]. It is generally defined through 3 spheres (ecological, economic, and social) [1,54,91]. With [1] the aspects of sustainable developments are defined through 17 goals, each with specific sub-goals (169 in total). Their orientation to international and national policy levels [92] makes them require detailed elaboration in spatial and technological terms for local or detailed level of planning (or design) but less expansive if used for strategic planning. The “sustainable and resilient path” is given as a direction toward the achievement of sustainable development [1].



As the goals are “people-centered goals” [1], they are elaborated with strong social emphasis even when covering natural environment. Only some sub-goals (oriented to ecosystems) can be interpreted as more protective than management-oriented. The goals cover challenges of poverty, health, inequalities, ecological management, urban and rural development, use and protection of resources, resilience to natural disasters, financial aspects and partnerships. The document [93] follows international documents on disaster risk reduction. It shows the emphasis (not complete shift) on disaster risk management instead of disaster management. Risk reduction, new risk prevention, existing risk reduction and resilience [94,95] strengthening are the main points of interest of the risk reduction strategies [96].



The contemporary approach to spatial planning tries to requalify the places that are exposed to risks using adaptation strategies, as to allow for reuse of already urbanized spaces and the control of urban expansion [5]. A resilient place can maintain function while absorbing shock, but also maintains capacity to renew and reorganize to keep functioning, especially in awareness that there are both known and unknown threats [97]. As resilience, so spatial planning and decision-making for resilience must be multiscale and multidimensional [98]. Aspects of resilience and its spheres that should be considered in spatial planning are given by [99,100]. This approach is based on anticipation, planning and reduction of disaster risks, working on “risk drivers” (poverty, lack of planning, and governance), and is people-centered and preventive, multi-hazard, multisectoral, and oriented toward resilient reconstruction [93].



Sustainability and resilience make the approach to spatial planning increasingly complex, introducing or giving more weight to the “new accents”, topics that are gaining increasing importance, whether relatively new (climate adaptation) or not (green infrastructure) [94]. Different human environments impact the health in different ways, specially of poor population that is even more vulnerable than rural population [50].



Accessibility can be interpreted in two main ways. One is related to barrier free spaces [20,101] and is a basis for Universal Design [102]. The other is related to the urban infrastructure and places and their topo-geographical position that allows for access, related to mobility in general. Walkability [103,104] regards the ease and attractiveness of places for pedestrians [105]. It does not cover accessibility (as accessibility considers partially different concepts and requires even more detailed analysis and design). Smart mobility is gaining importance, and regards new vehicular technologies, communications, way of life, and micromobility [106]. Different elements of public infrastructure can impact the possibility and ease of use for the persons with disabilities [107].



Public spaces have great importance in public life, particularly related to freedom and expression, and generally in the way of life of local population, and there is raising interest on the impact of climate change on them [108]. Urban Green Infrastructure is important for various ecoservices and maintenance of biodiversity [43,109], as they have positive effects on CO2, Urban Heat Islands, flood mitigation [43], or stormwater harvesting, and can supplement traditional water drainage [110].



Smart Cities are considered to be developed through six pillars related to nature, living, mobility, governance, people, economy [111]. In Smart Cities, monitoring the effects of everyday activities and natural events, is aided by sensors, remote sensing, and big data. This would allow for monitoring of environmental and human factors that could allow for predictions and interventions in case of extreme events, and would, in the future, allow for 3D planning system [112]. Monitoring of quantitative indicators can help with decision-making about the renewal or sectoral decisions. “Digital urban space” (a digital twin of urban space) is proposed by [113], from the connection of various technologies [111]. The continuous data collecting and analyzing, raise the question of privacy, but could be useful for spaces related to the public sector. The basis for urban spatial monitoring and digitalization exists as Spatial information infrastructure in more than 100 countries [45] and could be reinforced with remote sensing [114].



The behaviors of all systems that are a part of climate change are not completely understood therefore the comprehensive modelling of climate change impact is not yet completely possible [115] and is especially difficult in spatial planning where the changes are impacted by many factors most of which have different dynamics. There are both increasing risks [46] and risk awareness about possible impacts of climate change [116], such as sea and river level raising, rivers drying-up, extreme weather, etc. The traditional approach to risk mitigation was related to physical spatial infrastructure and risk economy [117], that is now recognized as a partial approach. Existing infrastructure could be inefficient due to lack of maintenance or designed based on old data [46]. Additional problems are related to the lack of understanding of risks from the general public that makes it harder to invest in adequate infrastructure (even in North [45]), and is also related to the partial loss of infrastructure during the modern period [5]. Today, the preference is for approaches that combine the creation (or maintenance) of risk mitigating infrastructure and softer approaches [46] (defining levels and uses of accepted flooding) and allowing for continuous functioning of selected areas with most frequent “soft” measures [45].



The counterterrorism and counter-crime measures also tend to be twofold—through infrastructure (specially “landscaped security”) and governance [44]. Urban spatial functional organization is required to be fragmentable and usable independently, in 15-min logic, especially in case of emergencies [118]. Similarly, as with environmental risks, the public, even professional, are often not aware of risks and can pose resistance to the use of security-based design [44].



Urban Heat Islands are particularly important in dense areas, but [47] reports that the impact of urban form depends also on location. The overview of the impacts of pavement surfaces is given by [119,120,121]. Various types of architecture and urban forms [122] can also help the adaptation to climate changes and research into the traditional forms can also be helpful [123,124]. Tourism is an important part of the economy, but it can also produce negative effects on spatial resources [28,125,126,127,128]. Tourism planning is directly related to spatial planning, but is increasingly based on economic approaches [129]. The human environment is a part of general environment and takes part in exchange circles of resources and energy. Circular organization in the cities shows benefits that depend on the type of circularity, suggesting that different circularities should be implemented together. Gentrification can be a result of improvement investments, in fact inadequate intervention can produce social polarization and durable lack of sustainability [130,131].



Table 3 presents the most salient points of complexities in approaches and expectations (“new accents”) in spatial planning, and the opportunities and requirements of a decision-aid model.





3. Materials and Methods


3.1. Development of the SPUR Model


After the research questions had been asked, the work phases and workflow were defined, resulting in a holistic Strategic Planning for Urban Resilience, i.e., the SPUR model (Figure 2). The model consists of two major parts focusing on establishing a hierarchical goal structure and conducting multi-criteria decision analysis.



Therefore, the 1st part considered a literature review through which the connections of spatial planning, UN SDGs, and planning for the complexity of urban territory were investigated, as well as useful concepts that today have growing importance for spatial and urban planning. This part was helped by the network analysis using “visualization of similarities” software [132] VOSviewer (Nees Jan van Eck and Ludo Waltman, Leiden University’s Centre for Science and Technology Studies (CWTS), Leiden, The Netherlands) [133] and the retrieval of bibliographic data based on keyword research. The literature review was done using standard internet research based on proposed keywords and the search query, as shown in Table 4. The search query was used in both Scopus and Web of Science (WoS) databases.



The research mainly found papers that are at least partially interdisciplinary, sometimes overlapping key topics and other times expanding them. Based on the conducted literature analysis and analysis of UN SDGs, the UN SDGs goals were further defined into criteria that could be used to evaluate scenarios. This was based on the approach described in [90], where spatial planning experts interpreted the UN SDGs to express further the spatial and technical aspects of Mediterranean area characteristics that are not evident in UN SDGs. In this research, the UN SDGs were refined based on spatial and technical aspects of urban voids and HUL areas and the “new accents” planning issues described in the previous literature review section.



After this first step, two further iterations were done. In the 1st iteration, it was noted that some criteria related to different UN SDGs were identical. In this case, only one was chosen and assigned to the SDG with which it seemed more in line or to the SDG that had fewer criteria. At this stage, some criteria were deemed to be more appropriate for the lower level or next stage of urban planning, such as urban design, as they were related to a more detailed planning scale. These criteria were delegated to the holistic implementation Guidelines for lower levels of spatial planning, urban and building design (further explained below). In the 2nd iteration, some criteria that complemented each other were connected to form a unique criterion which was also assigned to one UN SDG based on the already mentioned criteria. At the end of this process, there were 49 criteria (Table 5) that were then used to evaluate the alternative scenarios holistically.



Because the UN SDGs are also defined through sub-goals, and criteria were often related to these sub-goals, on some occasions, the criteria can sometimes appear somewhat disconnected from the UN SDG. For example, in the case of UN SDG1, where the sub-goal of the goal “End poverty in all its forms everywhere” was: “By 2030, build the resilience of the poor and those in vulnerable situations and reduce their exposure and vulnerability to climate-related extreme events and other economic, social and environmental shocks and disasters” [1] and then influenced the criteria building.



The SPUR model is organized into 3 phases (Figure 2): evaluation phase, prioritization phase, and decision phase. The base for the prioritization and evaluation was PROMETHEE methods [134,135,136,137] and VisualPROMETHEE software [138], which offers several evaluation scales. Most criteria were evaluated with the Qualitative 5-point scale, with function direction toward maximum or the best grade for the best situation. Some criteria were evaluated based on the Impact 5-point scale, and only some were Numerical with minimum and maximum values and point of deflection (the value at which the alternative changes from positive to negative). The expert evaluators (spatial planning experts) were familiar with these scales when assigning the values to the alternatives based on defined criteria.



Often, the development of a hierarchical goal structure (HGS) is the first and crucial step in the decision-making process. It is an iterative process that ends when all stakeholders agree [83,139,140] and can be defined from a pool of experts involved in particular problem-solving [83,139,140,141] or as a part of a defined decision support concept [139,142,143,144,145,146]. In this case, our group of experts provided one final HGS with all criteria weighted equally. Such is used to establish the soundness of each alternative concerning the stated HGS. Therefore, the newly developed and proposed SPUR model seeks single-stakeholder, i.e., expert group, and equal criteria weights rather than multi-stakeholder and different criteria weights. The reason lies in the stated research questions of this approach, and it seems to return valid answers, at the same time, offers a solid measure towards which the variability of the weights could be tested and validated. Therefore, the multi-stakeholder approach, which previously showed promising results [83,92,139,140,141,142,143,144,145,146], would benefit the proposed SPUR model’s future research and maturity buildup.



The phase 1, evaluation phase has several aspects or sub-routines. First, potential alternative scenarios are evaluated with respect to the criteria and using proposed evaluation scales. This opens 2 possible directions. One sub-routine (Improvement of alternative scenarios) allows the verification of weaker aspects of the alternatives, and gives holistic guidelines for improvement (on a strategic level), then the alternative can be improved and reevaluated again. This sub-routine can be used when it is required that all compared alternatives are at least “good” (or other chosen value) in all or chosen criteria before being taken in consideration for the choice of alternatives. On the other hand, also the alternatives that are not “good” can be evaluated, but the assignment of values to the alternatives based on criteria, makes this aspect communicable. This sub-routine is aided by the coding of cells formula and format in Excel (but other similar software can be used as well). The extract of this stage is shown in Appendix A, Figure A1.



The other sub-routine evaluates the alternatives using a multi-criteria decision analysis (MCDA) approach based, in this case, on outranking method. Here the PROMETHEE method and the aforementioned software were used. Other MCDA methods could be potentially used, but when dealing with a large number of qualitative and quantitative criteria, the PROMETHEE methods show superior strengths. Here, the PROMETHEE II method [135,136,137] is used to obtain a complete range of alternatives, followed by the PROMETHEE Network and PROMETHEE Diamond for verification and validation. For both aspects, the VisualPROMETHEE software [138] is used. After this phase, the alternatives can still be improved, and the process is repeated.



In phase 2, the alternative scenarios are compared. It can be done in several ways. The simplest is a simple comparison based on the evaluation—“choice of the best alternative”, but it is also possible to introduce constraints such as budget, different weights for the criteria etc. The phase 3 has two aspects. Based on phase 2, in phase 3, the decision can be made by a decision-maker. Also, this phase gives the holistic Guidelines for implementation (guidelines for the next stage of planning at a more detailed scale, given in Appendix B) based on the “new accents” in spatial planning described in the literature review.



After the literature review and creation of the “Strategic planning for Urban Resilience—SPUR” model, the model was tested on the case study of the Delta area in the City of Rijeka, Croatia.




3.2. Case Study—Evaluation of Alternative Strategic Spatial Planning Proposals


3.2.1. Area of Study—Delta Area, Rijeka


City of Rijeka, “continental face of on the mirror of Mediterranean”, situated in Kvarner Gulf, is the biggest Croatian port [147,148], 3rd biggest city in the Republic of Croatia, and regional capital of Primorsko-Goranska County, with 266.503 inhabitants [149]. It is a northern nodal point on the Adriatic coast that connects the Adriatic coast and Pannonian Basin (Figure 3). Crucial events for the city’s growth happened in 1717 with the declaration of free navigation in the Adriatic by Habsburg emperor Charles VI, in 1719 when Rijeka, together with Trieste, got the status of free port and in 1852 when the city river Rječina channel was regulated after the flooding, and a new river channel. The previous river basin become a port, and urban element known as Mrtvi kanal (Dead channel). These two elements define the area of the case-study.



The construction and expansion of the port engaged international stakeholders, and the city port in the 19th century developed one of the biggest ports in Europe and an important industrial center [49]. This was aided by railway and road constructions. Construction of Delta was mostly done in this period (1888), and the port activities grew quickly until WWI [150]. After WWI, the Delta area was in a bordering zone of two different states, dividing the city in 2 different cities (Rijeka and Sušak), while the port was divided (although partially expanded). Port infrastructure was partially added as well as some of the warehouses and administration buildings, that represent important cultural heritage. After WWII, the value of Delta area in urban design and its role in the connection of the previously divided city was emphasized. The regulation plan from 1948 defines the Delta area as a part of city center that connects the city by representative (mostly administrative) buildings, and gives the regulation of green and public areas. It also defines the port, railway and road expansion, the connection of the two cities in one urban unit, connection of the city and its surrounding and the sea, city expansion, green areas, tourism, and public use buildings [151]. The Delta area would therefore allow for the creation of the center and contact with the sea. This is still not realized. In 1949 Turina, V. (with Radić, Kučan and Seifert) [152], proposed a recreational zone with an iconic swimming pool.



Between 1951 and 1960 Rijeka was the most important port of ex-Yugoslavia. This, among others, results with the construction of Exportdrvo building on Mrtvi kanal and attached industrial infrastructure. With the plan of 1974, the Northern part of Delta was planned as a part of the city center, while the Southern part remained as port, with the area divided by the new road D-404. In 1985–1986, an urbanistic and architectural design competition was organized. In 2013, Port authority and City of Rijeka organized an urbanistic and architectural design competition. Currently, those designs are not realized. They are all mentioned in Figure 4.



The area in consideration can be considered as HUL as it is a result of historic layering of cultural and natural values. The area is mostly manmade by adding terrain to a natural coastal area in multiple moments of history and is defined by the manmade river bed and a channel that was previously a city river. The area has a sea side.



The built elements represent important city infrastructure that historically connected or divided the city, based on historical circumstances. The main functional aspects of the area, mostly related to portual activity, gave this area characteristic mostly void or partially built character throughout the history. It was and is a place of important views (perceptions and spatial relationships) towards historic landscape of both former cities, of two historic nucleus between them (as it is void), river canyon with its forest and main landmarks (castle of prehistoric founding and internationally important sanctuary) on the city hills, urban structure that connects low areas of the city with the center on the hill together with its historic monuments, both historic and new ports and the sea. Small urban green and tree-lined river and channel beds are historical spatial places that play an important part in defining urban character and identity. The channel was until recently a place of trade, and is still a place where local population has the small boats, and is one of the main connectivity points in urban mobility, that was also a part of the first urban public transport routes, and is an important place in urban pedestrian network that connects areas of the two former cities.




3.2.2. Alternative Scenario Proposals


Three alternative scenarios for Delta area were proposed and evaluated (Figure 5). The area is connected with the rest of the city by ten different bridges. Today, it is mostly used as parking space and infrastructure for autobus and port, with some zone of communal infrastructure, a small sport club and administration and temporary cultural space. There are some potential problems related to the possibilities of flooding. Alternative scenarios 2 and 3 are both proposed based on three levels of complexity, HUL and landscape based urban planning, and sustainability principle for resilient landscape.



Alternative scenario 1 is a “do nothing” scenario. There is a noticeable lack of green areas with subsequent lack of ecological network. The northern part is in minor part used as memorial area with the monument, touristic activity, passive recreation, and small green area, while the most of this area is used as city parking. The southern part is mostly industrial and infrastructural with railway infrastructure, heliport, and in a smaller part city water purification plant and Rowing club. The ex-industrial buildings are now used for administration and temporary cultural events.



Alternative scenario 2 is based on partial continuation of present city structure, characterized by urban blocks and mixed use (commercial, administrative, residential, touristic, public, cultural). Existing water purification plant, Rowing club and heliport are maintained. The rest is used for green and recreational area that are now lacking in the city. The green areas create continuous network with existing green areas and corridors outside the area and they also defined river, channel, and sea waterfronts with pedestrian paths, opening the contact with the sea. The level of the terrain is raised, and buildings have water recycling and reuse, as well as above average energy efficiency.



Alternative scenario 3 is mostly based on resilience strengthening. In south, the nautical tourism, sports, and fishing ports are proposed, as well as touristic, recreational, and swimming. The contact with the sea is also formed. Existing water purification plant, Rowing club and heliport are maintained. Proposed interventions include various resilience interventions: terrain raising, protected communication and safe places and shelters, flood and earthquake resistant construction, green infrastructure, water recycling and energy efficiency, etc. This alternative relates to the city identity as a city on sea and river, especially in the central urban part. It also creates less spatial conflicts and allows for renaturalization of coastal areas.



Alternative scenario 1 as a “do nothing” scenario different than the other two alternatives, as the other two alternatives are prepositive of improvement. “Do nothing” option is characterized by the closure of the case-study are for the public as it contains mostly inaccessible communal infrastructure.



Alternative scenario 2 and 3 are similar in the fact that they are proposing requalification of the area. Scenario 2 is based on a presence of a denser construction of commercial and residential buildings, while scenario 3 is oriented to public spaces and uses such as recreation and green spaces. Both scenarios propose the requalification on the bases of sustainable principles and involve opening the case study area for public (in different measure) and towards the sea, with the largest dedicated area appearing in scenario 3.






4. Results and Discussion


Once the clear hierarchical goal structure (HGS) is defined, the prerequisites for conducting the SPUR multi-criteria evaluation model are set. In this particular case, as previously argued, the decision-maker has a fixed HGS to evaluate alternatives in relation to different criteria. This allows them to freely select experts for alternative evaluation as well as decision analysist for conducting the multi-criteria evaluation. It should be highlighted that the evaluation of alternatives is done according to previously stated sustainable criteria (Table 5) that results from the first step of the SPUR model and creating a decision matrix (Appendix A, Figure A2). This can be done by a single stakeholder or by multi-stakeholder, the model is opened to such and gives opportunity to decision-maker to come up with a compromised point of view of all involved stakeholders into a clear and concise HGS.



In the second step of the SPUR model, the focus is on a multi-criteria decision analysis of Delta’s alternative strategic planning scenarios. This is conducted throughout three phases: evaluation, prioritization, and decision phase. As previously stated, this step is supported by multi-criteria decision-making methods, particularly the PROMETHEE methods (PROMETHEE I and II in particular) employing VisualPROMETHEE software.



The evaluation step starts with the creation of a decision matrix, shown in Appendix A (Figure A2), where all alternatives have been evaluated by the experts, and the preferences according to each criterion have been precisely stated. Herein lie the major benefits of PROMETHEE methods in relation to other multi-criteria and outranking methods: the possibility to simultaneously compare alternatives according to different types of criteria (qualitative and quantitative) and to compare alternatives according to a large number of criteria.



As defined, the HGS consists of 49 qualitative and quantitative criteria (Table 5) to evaluate the best alternative strategic plan scenario. For qualitative criteria, the Usual preference function is proposed, while for quantitative criteria, the Linear preference function is proposed. These two preference functions are considered to adequately provide decision-makers with a sufficient number of options to accommodate most typical situations in evaluating and prioritizing alternative strategic plan scenarios.



Taking all of these into account, the prioritization step is achieved by performing the PROMETHEE II method, as the results are shown in the complete ranking form (Figure 6). Since the Phi net flow of each compared alternative is clearly visible, the optimal solution is clearly shown regardless of the displayed result option: PROMETHEE II (Figure 6a), PROMETHEE Diamond (Figure 6b), or PROMETHEE Network (Figure 6c). All aforementioned displays show the strengths and weaknesses of each alternative in relation to the defined HGS and all criteria. In PROMETHEE methods, the Phi net flow is defined on a +1 (green) to −1 (red) scale. This means that the alternative closest to +1 is perceived as the best one out of all analyzed alternatives, while the alternative closest to −1 is perceived as the worst one. Knowing such, and by looking into these displays, it is evident that the alternative “Alternative_03” in the Delta area case study is the best one, i.e., optimal for this particular problem.



Knowing the best and worst alternatives is important, as well as knowing the span between them. The large span between the best and worst alternatives (+0.7015 and −0.8495) gives the data analyst insight and confidence that the HGS and criteria, in spite of their large number, are solid and correctly defined. This is a crucial step of the validation process when data is analyzed with outranking methods such as PROMETHEE. If the span between the best and worst alternatives is narrow, additional analysis should be conducted focusing on overlapping goals and criteria.



In addition, the results from Figure 6 indicate that one of the strategic plan solutions is a far better choice than the other to achieve sustainable development. To support such claims, it is important to test and validate complete ranking results not just with the PROMETHEE II method (complete ranking of alternatives) but also how such corresponds with PROMETHEE Diamond (comparability of alternatives) and PROMETHEE Network (proximities between flow values). Such a synergic effect of PROMETHEE displays gives data analyst and decision-maker insight and confidence into obtained results before approaching the final step of the SPUR model, i.e., the decision phase.



Once the prioritization has been achieved throughout the VisualPROMETHEE, and complete ranking results are validated, the decision-maker can follow the model and make the decision in the decision phase. Also, it is possible to make additional final tunning of the results by changing criteria weights along stability intervals, adding additional heuristics are re-run prioritization, or simply checking unicriterion net flow scores for the selected alternative. This can be done using the GAIA Web based on the GAIA plane, as shown for each alternative in Figure 7. It can be seen that the criteria axes are oriented as in the GAIA plane, while criteria that express similar preferences are located close to each other or overlapped. For each criterion, the radial distance corresponds to the net flow score shown in red as negative Phi (Figure 7a) or green as positive Phi (Figure 7b,c). This can offer additional insight into each alternative concerning unicriterion, at the same time showing the multi-criteria context of complete ranking (dashed circle).



The literature review part Complexity 1 identifies important gaps in the process of decision-making in spatial planning: from goal creation to alternatives creation and evaluation. This is important as the identification of regulatory gaps in environmental policies is one of the important topics of [150], further: EUMLG, as well as the importance of assessment tools. The need for integration of various sectoral analyses, plans, and policies is identified in the review part and is also consistent with [156]. The comparison of topics faced by the SPUR model and [156] is given in Table 6.



This phase also identifies the problem of power imbalances between the planner and decision-maker (where the planner does not have the decision-making power with which to influence the process). It is also interesting to notice the role of public participation where at times it is expected that planner “helps” the public but also where public can aid the planner with introducing innovative approaches in case the decision-maker is open to accept public opinion, which is not always the case [20]. The analyzed literature shows only recent awareness of the problem of power imbalances between technical and scientific roles and decision-making roles, and even that mostly in South.



The literature review part Complexity 2 indicates the need to use different approaches and tools through the decision-making process in spatial planning and urban management in complex environments, such as HUL. The authors noticed the lack of holistic considerations in the research of SDGs and other topics, which was also noted by other researchers [157]. Therefore, the holistic multi-criteria decision approach could help to deal with the multiplicity of inputs from a very complex human environment, in relation to sustainable urban development goals. For now, the roles of sustainable development goals, resilience and HUL were hindered by the structural obstacles related to processes of spatial planning, urban design and even building design.



The definition of the characteristics of a certain area (urban void) is best done objectively, considering all possible aspects of HUL. In fact, some areas show characteristics of a variety of spatial-functional typologies (ex-industrial site, ex-portual site, etc.). Grasping the complexity helps to determine the stakeholders and orient planning process in more sustainable perspective. In this way, not only, the owner of the site decides based on economic feasibility, but public interest can also be taken into consideration (as uses or resilience strengthening) and a variety of legal and economic tools can be researched to allow for this more complex intervention. Although landscape urbanism has recently been developing into a wide discipline [37], it can be interpreted in many different ways, from landscape architecture to landscape design to more planning and process-oriented practices [38]. The proposed approach is considering the spatial area in the perspective of holistic attitude towards space of European Landscape Convention and HUL. Considering complexity and evolutive nature of spatial processes it is a landscape-based spatial planning approach. Therefore, landscape is considered in strategic (as it orients every other level of planning and design) and holistic perspective of the two international documents. It is proposed as a part of spatial planning procedures as they are regulated as spatial organization tools in most countries. Landscape approach, based on input from ecological and other sciences, and shifting the attention away from priority of aesthetic approaches, reestablishes the importance of scientific approach to spatial planning.



The literature review part Complexity 3 notices that what makes UN SDGs and HUL different than other “new accents” is both their complexity (they ideally contain all other aspects if elaborated as needed) and their official acknowledgment on international and national level that can be a base for their inclusion in public procurements and official spatial planning legislation. UN SDGs are mostly defined in “people-centric” perspective, where ecological, social, and economic goals are oriented to sustainable development and resilience, therefore a model that allows to verify their implementation can be very helpful in decision-making process. The multi-criteria evaluation model can also help with the improvement of alternatives and the choice of optimal alternative. This model has to be created taking into consideration complexities of HUL and UN SDGs. A multi-criteria evaluation software that can evaluate necessary number of criteria and alternatives was used for this purpose. The proposed MCDA software does not have to be used in similar situations but is recommended because of its’ capability to manage the necessary number of criteria and it visualization characteristics. The deflection values of criteria can help to determine weak aspects of the scenarios and their improvements, and holistic guidelines for implementation (Appendix B, Table A1) can help transfer the goals to the next stage of planning.



In the evaluation model, the characteristics of proposed alternative scenarios are evaluated by spatial planning experts, and some characteristics, depending on the context and existence of relevant sources, might require the assessment by experts from other fields. This aspect can be considered a potential limitation of the model. The model is a synthetic representation of complex systems that requires interpretation of spatial characteristics by planning experts, and based on complexity and context might require interpretation of other experts as well, which might be considered as a limit.



Similar to UN SDGs, New Urban Agenda [158] gives 175 commitments and considerations, mostly related to the provision of essential services for all citizens, equal opportunities, termination of discrimination, pollution reduction, resilience strengthening, climate change reduction, humanitarian aspects, innovations, greening, accessibility, and safety. These goals are partially considered to be obtained through urban planning, mainly through public spaces as points and networks. Although the proposed model is created based on UN SDGs, the similarity of the considered topic makes the proposed model adequate for the implementation in the perspective of the New Urban Agenda. The similarity of the topics proposed by EUMLG with UNSDGs also makes the proposed model useful from the perspective of this research. Primarily, it could be used in the territorial assessment, but also the procurements with impact on sustainable goals. The model also addresses some regulatory gaps (complexity 1) for which the EUMLG requires identification. Building-oriented evaluation approaches such as DGNB and BREEAM [159,160] could be combined with the proposed model in the next phases of spatial intervention, especially in building design (giving holistic guidelines and evaluating building designs).



The proposed model helps to maintain the holistic vision throughout all planning and design levels, starting from a strategic level and giving holistic implementation guidelines for urban and building design. The proposed model is open source (in contrast to cited evaluation models) and oriented to spatial planning, particularly in urban areas with holistic guidelines for implementation (lower levels of planning and designs). It is also modular and flexible, allowing for modification of limit values, making the limit values, goals, evaluations, and prioritization transparent for public participation and communication.



Findings reveal the importance of various sub-topics in spatial planning that are not all new but are recently gaining increasing importance (landscape, green services, resilience, etc.). As it is usually done, the spatial planning process does not necessarily consider those topics nor evaluate possible alternatives. Therefore, it is necessary to create a planning and decision aid tool that can help in scenario creation, evaluation, choice of planning alternatives, and urban management decision-making process in general, allowing for control of complex scenarios, all from a sustainable development perspective.



The SPUR model proposes a strategic, holistic view of spatial issues. A sustainable and resilient perspective is introduced with scenarios based on UN SDGs. The model can be used for the spatial intervention decision-making process in every urbanized or semi-urbanized environment or landscape. The model can help guide the spatial interventions decision-making, both at strategic and lower planning levels, to respect the principles of sustainability and resilience. In the contexts where the introduction of those aspects is not expected to be introduced in the planning process, the model, by being a part of public procurement, can help to orient the planning and decision-making process in complex sustainable development and resilience perspective.



Additionally, the model can be used in any urbanized area without prominent HUL characteristics: built areas, semi-built areas, voids, central or peripheral. It can be used for the comparison of areas with similar spatial elements or even different elements but similar spatial logic. Further research might be oriented towards resilience evaluation of different cities or for identifying synergies of networks of public and resilient spaces. With adequate resources, the model could be the base for machine learning based on objective criteria based on sustainable and resilient goals. This would greatly aid the creation of adequate alternative scenarios. The model could also be verified for use in combination with GIS technologies. Also, the model could be further developed for the lower level of spatial planning, in the combination with topo-geographical, morphological, and pattern language principles.




5. Conclusions


It is possible to create a tool that can help such processes and manage different inputs and evaluate alternatives for achieving sustainable urban development, based on the characteristics of complex HUL areas and UN SDGs. For this, the analysis of contemporary spatial planning topics was needed, so to define criteria that could be easily used in other similar situations.



The model can be used to fill a gap in the planning and decision-making process as a support tool in a decision on spatial interventions in complex urban environments from a sustainable and resilience perspective. The model is oriented towards strategic planning, with holistic guidelines for urban planning and design as well as building design in terms of resilience, but does not evaluate single buildings for their best use. However, if needed, it can be used together with a building-oriented model such as [161]. Besides the functionality of a model, the fact that it is based on internationally and nationally adopted documents related to SDGs can add additional weight to its introduction in the decision-making process, for example, through the public procurement requirement [162], as suggested in [92].



The main contribution of the SPUR model is that it connects the characteristics of complex environments such as HULs and UN SDGs and answers the need to analyze, evaluate and give holistic guidelines in multi-scale multi-dimensional [98], and multi-goal perspectives, using as the bases accepted international values and goals (UN SDGs), complex urban environments in a manageable and communicable way without diminishing the complexity of socio-ecological [110] environments. Therefore, the proposed model preserves the spatial area’s complexity and helps define and improve alternative intervention scenarios. Prioritization and decisions can be made using a simple comparison of alternatives or using additional restraints. The model proposes a basic deflection value for every criterion under which the alternative doesn’t satisfy the criteria. This helps to recognize the weak points of the proposals (even a single one, but also of alternative proposals) and can help to improve the proposal(s) before prioritization and decision on the choice of alternative.



Although the model is a strategic planning decision-aid tool, it takes into account the connection between different levels of planning (for example, an area that is defined as residential can be more or less resilient depending on urban design characteristics and even on building design characteristics), and gives holistic guidelines for the lower level of planning to assure that the sustainability and resilience principles are maintained throughout all levels of planning and design. This aspect is important as the quality of spatial interventions, planning, and development program is more important than the quality of single building designs.



As the model is based on the internationally accepted documents, it can be a basis for evaluations of sustainability goals in complex environments that can be a part of public procurements. This is especially important in the EU field where the topics of EUMLG share the same perspective of UN SDGs, including bridging the regulatory gaps.
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Figure A1. Table of evaluation of criteria, definition of preference function, and visualization of criteria fulfilment—Extract (green cell—acceptable result, red cell—not acceptable result). 
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Figure A2. Decision matrix from VisualPROMETHEE. 
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Table A1. Holistic Implementation Guidelines for lower levels of spatial planning, urban and building design.






Table A1. Holistic Implementation Guidelines for lower levels of spatial planning, urban and building design.





	Criteria
	Guidelines





	C1
	Determination of major risks in the area, continuous data gathering and monitoring, information and analysis updating, open access to information, coordination of spatial management activities, empowerment of population

Interventions oriented to of risk reduction and prevention, and resilience strengthening

Depending on type of risk (in consultation with experts), interventions such as (but not exclusively):

Physical interventions oriented to reduction of risk and management of risk:

Creation of dykes, ditches, canals, increasing river profile, creation raising the lend level, creation of expansion zones, creating safe communication inside and with outside the area, shelters and community gathering zones

Soil reinforcements interventions and anti-desertification infrastructure and measures

Building based on earthquake and fire safety codes

In-between distance adequate for seismic risk and communication necessities

Distances adequate for fire prevention and accesses

Healthy buildings and design based on sustainability certificates or evaluations

Climate active buildings and urban design (interventions that mitigate UHI and other effects of extreme weather)

Ecological network and other green infrastructure (green roofs and facades, ponds…)

Conservation of heritage

Recycling and production of water and energy, adequate waste management

Introduction/renewal of basic services in households

Soil strengthening and adequate land-use zoning avoiding the areas that cannot be managed safely

Built systems that can function during expected risks

Safety equipment located in adequate locations, including mobile infrastructure (ITC, bridges…)

Interventions that guarantee access to basic services, in private spaces and especially in public spaces even during risk periods

Universal design for all places related to risk management and risk management plans

Universal design for all public and workspaces, incentives for private spaces



	C2
	Interventions that do not impact agricultural areas directly or indirectly



	C3
	Area(s) oriented to aid small food producers, in particular vulnerable and indigenous groups, and help sustainable small production and resilience of ecosystems and local animal and plant species

Interventions that improve ecosystems, and that strengthen resilience to climate change of the area and possible of nearby areas



	C4
	Interventions that guarantee transport for all potential area users, including vulnerable groups and economic activities.

Assure adequate areas and infrastructure for all modes of transport

Safety measures as a part of all infrastructure design and management

Urban organization based on topo-geographical and morphological analysis and pattern language



	C5
	Healthy buildings

Urban design that reduces and recycle pollutants, and increase air, water, and soil quality



	C6
	Interventions that create safe environments (without violence and crimes) and safe access to all accessible areas

Urban organization based on topo-geographical morphological analysis and pattern language

Adequate infrastructure (ICT, co working hubs…) and universal design approach to allow equal opportunities



	C7
	Urban interventions that collect, recycle, and purify water

Building designs that that collect, recycle, and purify water

Intervention that reduces water pollution (dumping, chemicals, wastewater…) and help sustainable (including easy and effective) waste management

Interventions that implement integrated water resources management (harvesting, desalination, wastewater treatment, recycling and reuse)

Interventions that protect and restore water-related ecosystems, both visible and not visible (aquifers)



	C8
	Introduction and renewal of sanitary service both private (through financial and administrative schemes) and public (such as toilets and showers etc., based on universal design) and oriented to optimize water use and recycling



	C9
	Installation of drinking water points in public spaces, resistant to risk and emergencies

Improvement of private access to drinking water (through financial and administrative schemes) and water purification

Interventions that allow sustainable withdrawals and supply of freshwater



	C10
	Climate active buildings and urban design (interventions that mitigate UHI and other effects of extreme weather)

Buildings and urban spaces that produce energy

Energetically partially self-sufficient area (specially in case of emergencies)



	C11
	Monitoring of economic situation and quality of jobs and organizing learning opportunities for reorientation

Adequate infrastructure for quality work (such as IT infrastructures, co-working hubs, and universal design approach)

Quality urban design and secondary services

Policies that promote entrepreneurial culture and aid in formalization of SMEs

Policies that promote tourism based on local culture and products and job creation



	C12
	Interventions that allow for diversification of jobs and sectors with a focus on high value-added and labor-intensive sectors

Interventions that create safe working environments



	C13
	Adequate infrastructure for quality work (such as IT infrastructures, co-working hubs, and universal design approach)

Spaces adaptable for new functions

Comfort and healthy buildings

Urban design offering well-being in open spaces

Universal design for all public and workspaces

For areas outside residential areas, intervention promotes inclusive and sustainable industrialization, for centralized areas or local centers, the intervention promotes functions and functional mixes adequate to its location and geographic significance

Interventions that promote domestic technology development and innovation in developing countries



	C14
	All mobility needs for the area resolved inside the area



	C15
	Evaluation and choice of urban and building designs in design phases for the CO2 emission

Monitoring



	C16
	Mix of uses determined based on the role and position of urban area in regional and local context

Determining the need of local population and economic sectors

Use or reuse in resilience perspective, and verifying for new complex approaches

Implementation of procedures for inclusive urban planning

Implementation of procedures for sustainable urban planning

Interventions oriented to improve safety and accessibility in public transportation system



	C17
	Intervention of valorization of natural and cultural heritage



	C18
	Universal and inclusive design for public spaces, including green spaces

Urban organization based on topo-geographical analysis, morphological analysis and pattern language

Public space as a hub and shelter in case of higher impact emergencies



	C19
	Universal and inclusive design for public spaces, including green spaces

Urban organization based on topo-geographical analysis, morphological analysis and pattern language



	C20
	Evaluation of interventions during urban design and building design phases



	C21
	Interventions that reduce vibrations and noise from different activities

Universal design of public spaces

Public transport and resting places every 300 m

Public infrastructure planned and design in safety and resilience perspective



	C22
	Urban design based on topo-geographical analysis, morphological analysis, pattern language and universal design



	C23
	Urban design based on topo-geographical analysis, morphological analysis, pattern language, mobility, universal design, and wayfinding



	C24
	Evaluation and choice of visual impact in urban and building design phases



	C25
	Activities of urban planning and design of contact areas in occasion of planning bigger urban area, based on the same principles as the main area



	C26
	Analysis of natural, cultural, and social environment and proposal and evaluation of activities based on existing resources and valorizing existing resources

Interventions that define waterfronts



	C27
	Urban design based on evaluation of proposals during urban and infrastructure/building phase, and based on complex spatial approach and topo-geographical analysis (such as to connectivity, visibility, and axial analysis, as well as walkability indexes), pattern language and universal design



	C28
	Green infrastructure planned and design in resilience and universal design perspective and evaluated as such



	C29
	Analysis of natural, cultural, and social environment and proposal and evaluation of recreational activities based on existing resources and valorizing existing resources and allowing all year use and seasonal variation use

Interventions that define waterfronts and/or other characteristic spatial elements



	C30
	Definition of adequate limits of gentrification and evaluation of potential gentrification and choice of alternative

Interventions that allow for equal use of space and empower and promote inclusion



	C31
	All year possible use of public spaces and activities based on universal design

Primary all year use and secondary uses depending on seasons for public spaces and activities

Reservation of a determined percentage of private activities that guarantee all year use and seasonal variation use

Interventions that provide universal and safe access to green and public spaces



	C32
	Definition of various uses context, with predominantly public use and resilience-oriented infrastructure



	C33
	Creation of safe spaces that can be used as emergency meeting and waiting places, equipped with necessary aids and resources for primary needs, including water, food, and medicine according to preventive information and evaluation, a with basic emergency specialized equipment, and with particular attention to crime prevention during emergencies and secure alternative access to and from the area and safe places

Communications protected from risks (elevated paths, resilient ICT, etc.)

Creation of shelters for defined area of interest (it can be bigger than the area in question), equipped according to standard regulation and universal design

Interventions to diminish risks of disasters, especially water related, but also other natural disasters such as seismic or fire (as in C1 guidelines)



	C34
	Urban building design that allows for sustainable waste management (in easy and efficient way, considering also vulnerable population) and defined adequate areas and technologies

Evaluation of urban and building designs for the issue of waste management



	C35
	Urban and building design that reduce noise, vibrations, glow, and light pollution (choice of illumination, walls and window, orientation, green and other screening and absorption elements, etc.)



	C36
	Evaluation and choice of urban and building design for ecological network efficiency

Urban design that aids in air, water, and soil purification



	C37
	(Percentage of green areas:) Definition of minimum limit, recommended 15%

Safe, accessible, and universal



	C38
	(Percentage of sport and recreation areas:) Definition of minimum limit, recommended 15%

Safe, accessible, and universal



	C39
	(Percentage of other public areas:) Definition of minimum limit, recommended 10%

Safe, accessible, and universal



	C40
	Improvement of natural areas and green infrastructure inside and optionally outside the area

Interventions that allow long-term sustainable use of resources, especially energy and materials



	C41
	Urban design based on long-term circular economy principles

Building design improving circularity of construction

Public procurement that promotes sustainable development Urban design and spatial management that helps with information on sustainable lifestyles



	C42
	Analysis of natural, cultural, and social environment and proposal and evaluation of touristic activities based on existing resources and valorizing existing resources, respecting and complementing local population demand and offer

Evaluation and choice of touristic activities that complement and enhance local offer



	C43
	Interventions that strengthen resilience and mitigate climate change effects, including temperature, wind, overexposure to sun, humidity, sea level rising, river drying, extreme rain and weather in general, and desertification

Combination of low and high technologies for the resilience

Interventions in C1 and others based on expected risks



	C44
	Interventions that reduce marine and coast pollution

Requalification of marine and coastal ecosystems with hard and soft interventions to achieve their maximum resilience

Depending on location, intervention of conservation of coastal and marine areas



	C45
	Infrastructure for equality access to marine resources

Accessible markets—physically, economically, and administratively



	C46
	Definition of local needs and designation of adequate area at seaside and sea for local community and their activities



	C47
	Planning, evaluation and choice of planning and management options that best preserve and restore terrestrial ecosystems and habitats and connect them in the ecological network, and the optimal organization of ecological network in defined area

Punctual interventions of preservation and restoring of ecosystems and habitats

Management plan of sustainable use of terrestrial resources in the area

Intervention of soil restoration and anti-desertification



	C48
	Urban and building design based of safety principles including urban design organization based on topo-geographical analysis, morphological analysis and pattern language

Transparent public procurement methods in all phases—in planning, design, construction, and utilization phases

Opportunity for public participation in planning and design



	C49
	Analysis and evaluation of different/multiple financial sources potential

Process with multi-stakeholders organization with knowledge and skills exchange

Cost-benefit analysis of urban and building design base on multicriteria evaluations for sustainability goals (for socio-cultural, ecological, and economic sphere)

Analysis of different partnership opportunities and portfolio building
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Figure 1. Conceptual framework for a decision support tool in spatial planning in relation to holistic approach to the 3 complexities. 
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Figure 2. Strategic Planning for Urban Resilience—SPUR model. 
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Figure 3. Upper left corner—the position of City of Rijeka regarding European and Asian continents, lower left corner—the position of City of Rijeka with regards to Republic of Croatia and neighboring countries, right—the position of Delta area in City of Rijeka. 
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Figure 4. Main planning and design proposals for the area, based on [153,154,155]. 
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Figure 5. Alternative scenarios: 1—public use, 2—business area, 3—communal services, 4—business, commercial and tourism, 5—sport and recreation, 6—sport and recreation—swimming area, 7—mixed use, 8—nautical tourism port, 9—sports port, 10—fishing port, 11—water areas, 12—green areas, 13—infrastructure. 
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Figure 6. Results of multicriteria analysis from the SPUR model by means of the VisualPROMETHEE software: (a) PROMETHEE II; (b) PROMETHEE Diamond; (c) PROMETHEE Network. 
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Figure 7. GAIA web results: (a) Alternative_01; (b) Alternative_02; (c) Alternative_03. 
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Table 1. Complexities 1, opportunities and requirements of a decision-aid model related to complexities in spatial planning.
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	Points of Complexity
	Can a Decision-Aid Model Be of Help
	Comments on Model Functioning—What It Should Be Like





	Lack of analytical phase before the decision on planning activity and decision on planning activity and goal forming
	Yes
	Public procurement for analytical phase and decision on planning

Defined in terms of sustainable development

Strategic planning—on its own, or supported by a model adequate for spatial scale

Involvement of stakeholders and general public—model should be presented to allow easy and transparent communication



	Definition of scenarios
	Yes
	Public procurement for planning procedure based on defined goals and sustainable development goals

The model could give guidelines or be a guideline for alternative scenario creation

Model based on sustainable development goals clearly defined



	Evaluation of scenarios
	Yes
	Criteria based on sustainable development scenarios

Definition of values and limit values of the criteria based on good practiced (expert opinion)

Easy to communicate with different publics



	Choice of alternative or improvement of alternative
	Yes
	Ranking and verification of minimal values for criteria



	Integration of sectors
	Yes
	Model verifies the strategies and plans for every sector in integrative way



	Public participation
	Yes
	Model allows for easy understanding and communication
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Table 2. Complexities 2, opportunities and requirements of a decision-aid model, related to complexities in considering the spatial context.
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	Points of Complexity
	Can a Decision-Aid Model Be of Help
	Comments on Model Functioning—What It Should Be Like





	Complex environment
	Yes
	The model reflects social, environmental, and economical characteristics of landscapes based on sustainable goals

Strategic planning—on its own, or supported by a model adequate for spatial scale
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Table 3. Complexities 3, opportunities and requirements of a decision-aid model, related to complexities in considering the spatial context.
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	Points of Complexity
	Can a Decision-Aid Model Be of Help
	Comments on Model Functioning—What It Should Be Like





	Complex approaches
	Yes
	The model based on sustainable goals and resilience

Strategic planning—on its own, or supported by a model adequate for spatial scale
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Table 4. The search query used in both Scopus and WoS databases.
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	Search Query
	Construction of Query





	Part 1
	“Decision support” OR “Decision-aid” OR “Spatial management” OR “Urban management” OR “Investment planning” OR “Spatial planning” OR “Urban planning” OR “Evaluation of heritage” OR “Heritage evaluation” OR “Spatial evaluation”



	Part 2
	“Sustainable develop *” OR “UN SDG *” OR “United Nations Sustainable development goal *” OR “Sustainable development goal *” OR “Sustainability” OR “Durable development” OR “Resilien *”



	Part 3
	“Historic * urban landscape” OR “Urban landscape” OR “Landscape *” OR “Urban void*” OR “Ex-industrial site *” OR “Brownfield *” OR “Export * cit *” OR “Port *-city” OR “Waterfront” OR “Infrastructure” OR “Mobility” OR “Accessibility” OR “Walkability” OR “Green Ecoservices” OR “Urban ecosystem *” OR “Green roof *” OR “Green façad*” OR “Smart cit *” OR “Public space *” OR “Universal design” OR “Inclusive design”)



	Part 4
	“Risk” OR “Hazard” OR “Uncertaint *” OR “Climate change”



	Final query
	Part 1 AND Part 2 AND Part 3 AND Part 4







* It a common use in literature search and it stands for “in searches, a wild card”. In databases it is used to search word variations.
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Table 5. The SPUR model hierarchical goal structure.
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	Criteria n.
	SDG [1]
	Criteria
	Direction





	C1
	Goal 1
	Intervention to diminish risk to persons, and communities, especially poor, health, heritage, socioeconomic assets and ecosystems, hazard exposure and vulnerability to disaster (such as water related, seismic, fire, landslides etc.), and increase preparedness for response and recovery
	Max



	C2
	Goal 2
	Interventions that do not impact agricultural areas
	Min



	C3
	
	Intervention that positively impacts the agricultural productivity and incomes of small-scale food producers, particularly of vulnerable and indigenous groups, and help sustainable small production and resilience of ecosystems and local animal and plant species
	Max



	C4
	Goal 3
	Interventions to ensure all needs, accessibility, and safety in transport, including public transport
	Max



	C5
	
	Interventions that do not pollute or improve the quality of air, water, and soil (as gasses and articles or ionic and non-ionic radiation, or dust)
	Max



	C6
	Goal 5
	Interventions that promote the use of technologies that allow for equal work and opportunities for everyone
	Max



	C7
	Goal 6
	Interventions oriented towards lowering the pollution or that do not pollute water, but that recycle water, purify water, specially to the point of potability
	Max



	C8
	
	Interventions that introduce or renew sanitary services—private and public (such as toilets and showers etc.)
	Max



	C9
	
	Interventions that allow better access to drinking water
	Max



	C10
	Goal 7
	Interventions that use substantially the renewable energy (contemporary and advanced sustainable resources of energy) and that allow for improvement of energy efficiency (optimum if at least double)
	Max



	C11
	Goal 8
	Interventions that would create medium and high paying jobs (IT, financial, tourism, medicine etc.)
	Max



	C12
	
	Interventions that would open new jobs/medium-high labor intensity
	Max



	C13
	Goal 9
	Interventions to develop and/or improve sustainable and resilient infrastructure, affordable and equitable access for all to public spaces and high-quality jobs (including water, transport, IT infrastructures, co-working hubs, universal design approach etc.) and support economic development and well-being
	Max



	C14
	
	Interventions that allow for additional areas for traffic inside the area, and that do not require additional areas for traffic outside the area
	Max



	C15
	
	Interventions resulting in technologies and materials with low CO2 emission
	Max



	C16
	Goal 11
	Interventions proposing adequate function for the location (such as construction of affordable housing, basic services, inclusive and sustainable industrialization, mobility, recreation, socialization etc.) and its geographic significance
	Max



	C17
	
	Interventions to protect, safeguard and enhance cultural and natural heritage
	Max



	C18
	
	Interventions that enhance and provide universal and safe access to social space—closed, open and green
	Max



	C19
	
	Interventions that enhance the communication for local community
	Max



	C20
	
	Interventions that do not impact negatively on building construction of existing buildings
	Max



	C21
	
	Interventions that allow for different functions of public spaces—communication, pauses, discussion, access, infrastructure function
	Max



	C22
	
	Intervention aimed to define identity of spaces, such are places of rest, communication nodes
	Max



	C23
	
	Interventions that create or improve connections with surrounding area and that define entrances/exits from the area and to the surrounding area (such as city)
	Max



	C24
	
	Interventions that allow the preservation of quality urban/natural views and cityscape
	Max



	C25
	
	Interventions that help to define adjacent areas that need definition
	Max



	C26
	
	Interventions that propose activities based on natural and cultural resources (for example commercial activities)
	Max



	C27
	
	Interventions that allow accessibility, walkability, universal design, multimodal infrastructures, smart mobility, micro mobility, public and private mobility
	Max



	C28
	
	Interventions that enhance green services such as parks, green roofs and/or green facades
	Max



	C29
	
	Interventions that allow recreation and leisure for all, especially based on spatial characteristics (such as natural and cultural heritage) such as waterfront activities, winter sports, festivals etc.
	Max



	C30
	
	Interventions that halt gentrification or produce it in the least measure
	Max



	C31
	
	Interventions that allow all year use and local seasonal patterns of use
	Max



	C32
	
	Interventions that plan mixed functions
	Max



	C33
	
	The intervention creates safe spaces and/or emergency sheltering in case of disasters
	Max



	C34
	
	Interventions that allow sustainable waste management
	Max



	C35
	
	Interventions that reduce or do not add noise, vibrations, glow and light pollution
	Max



	C36
	
	Interventions that allow for green infrastructure services such as ecological network
	Max



	C37
	
	Percentage of green areas
	Max



	C38
	
	Percentage of sport and recreation areas
	Max



	C39
	
	Percentage of other public areas
	Max



	C40
	Goal 12
	Interventions that do not require additional spaces in natural areas or that improve green areas outside the area
	Max



	C41
	
	Interventions that allow recycling and reuse of materials or energy
	Max



	C42
	
	Touristic interventions that create jobs and promotes local culture and products, especially through preservation and valorization of cultural heritage
	Max



	C43
	Goal 13
	Interventions that strengthen resilience and mitigate climate change effects, including temperature, wind, overexposure to sun, humidity, sea level rising, river drying, extreme rain and weather in general, and desertification
	Max



	C44
	Goal 14
	Interventions that sustainably manage marine and coastal ecosystems, including reducing sea and coast pollution
	Max



	C45
	
	Depending on location, interventions that provide or aid access for small-scale fishers to resources and markets
	Max



	C46
	
	Interventions that allow uninterrupted activities at seaside and sea
	Max



	C47
	Goal 15
	Interventions that ensure the protection and restoration, and sustainable use of terrestrial and inland freshwater ecosystems and their services, and preserve habitats and biodiversity
	Max



	C48
	Goal 16
	Interventions that create safe environments (without violence and crimes)
	Max



	C49
	Goal 17
	Interventions that have the potential of raise financial resources from different/multiple sources
	Max
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Table 6. Comparison of EUMLG topics with SPUR model principles.






Table 6. Comparison of EUMLG topics with SPUR model principles.





	Urban Agenda for the EU. Multi-Level Governance in Action (EUMLG) [156]
	SPUR Model Principles





	Integration of urban policies
	Integrative of variety of urban planning approaches in a holistic landscape and resilience perspective



	Identification of regulatory gaps in urban environment
	Identification of gaps in decision-making process in spatial planning allowing for the regulatory adaptation (definition of public procurement for holistic strategic landscape planning)



	Measuring the impact of procurements for sustainable goals, culture and security in public spaces
	Model allows for such measurements



	Consideration of functional urban areas as units instead of administrative borders
	Model considers a landscape based spatial unit



	Reusing spaces
	Model is oriented to reuse of already urbanized landscapes



	Circular economy
	Model proposes circular principles for variety of circularities



	Definition of land uses that include renaturalizations
	Model evaluates renaturalization, resilience and green infrastructure as basic components of the landscape
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