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Abstract


Urban forests (UFs) play a crucial role in mitigating climate change, but their management presents complex trade-offs between environmental, economic, and social aspects. We developed a Decision Support Tool (DST) to simulate 27-year UF dynamics under six different management strategies, aiming to maximize socio-economic and environmental benefits while considering costs. Business as Usual (BaU), Yielding Scenario (YS), High Management (HM), Forest Development (FD), Social Boost (SB), and Cover Maximizing (CM) strategies were tested with the DST in the Vazzieri district of Campobasso, central Italy. The DST integrates CO2 removal, management expenditures and revenues, and the social usability of UFs. The findings show that while all the strategies contribute to climate change mitigation, FD and SB offer the best balance between the environmental and social sides. FD demonstrates significant CO2 removal with moderate expenditures, whereas SB maximizes CO2 removal despite its high management expenditures. Otherwise, YS and BaU show limited environmental benefits with beneficial economic outcomes. While achieving the highest environmental and social benefits, CM incurs the greatest economic costs. This study highlights the need for long-term, integrated UF strategies to harmonize climate change mitigation with economic viability and social inclusivity. The DST provides a valuable framework for urban planners and policymakers to optimize sustainable UF management.
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1. Introduction


According to the United Nations World Urbanization Prospects 2018 [1], the global urban population has increased from 30% in 1930 to 55% today. This proportion is projected to reach 68% by 2050 [1]. Urbanization has led to a series of global challenges that require urgent attention [2,3,4,5]. Despite covering only 3% of the Earth’s surface, urban areas contribute over 70% of carbon emissions, produce more than 50% of global waste, consume 60% to 80% of global energy, and drive 75% of global demand for natural resources, such as food and water [5]. Once symbols of progress, urban structures now pose major environmental challenges, as growing populations force cities to balance economic growth, environmental protection, and social equity in line with Agenda 2030 priorities [6,7]. In recent years, particularly following the COVID-19 pandemic, the role of urban green spaces (UGS) in promoting not only ecological values but also social and economic well-being has gained increased recognition [8]. National and international policies have increasingly directed financial resources toward enhancing urban greenery [9]. However, without strategic planning, these investments may turn into mere ‘greenwashing’ efforts, ultimately weakening the impact of sustainability policies [10]. Nevertheless, the right strategies, driven by innovation and data, can unlock new possibilities for urban resilience and long-term well-being [3,10].



Amid these urban challenges, UGS and, particularly, Urban forests (UFs), emerge as crucial components for achieving sustainability goals [7,11]. UFs provide a wide range of ecological, social, and economic benefits essential for enhancing urban quality of life. One of the key benefits is carbon sequestration, which helps mitigate climate change by capturing CO2 from the atmosphere [12,13]. Additionally, UFs improve air quality by reducing pollutants [14] and regulate local microclimates, helping to minimize the urban heat island effect [15]. In addition to environmental benefits, UFs also contain land consumption, prevent urban sprawl, and limit uncontrolled development. This highlights their pivotal role in shaping urbanization patterns [16]. UFs enhance residents’ well-being by offering spaces for recreation and relaxation, reducing stress, and improving mental health, while fostering social cohesion and engagement through inclusive green areas [17]. They also improve the aesthetic value of neighborhoods, increasing overall livability, social cohesion, and preferences [18]. Additionally, they reduce socio-economic disparities, promote healthier lifestyles, and decrease social isolation [17], particularly in underserved communities. Economically, UFs reduce energy costs by lowering air conditioning demand, increasing property values, and boosting local economies through tourism and job creation related to green space maintenance [19,20,21]. They also generate jobs in forest management and green space maintenance [22], further stimulating the local economy. Additionally, municipalities can generate carbon credits through sustainable forest management and reforestation projects, which can be sold in voluntary markets to fund further investments in green infrastructure and sustainability efforts [23,24].



Despite these benefits, managing UFs presents several challenges. One of the primary obstacles is the competition for limited urban space [25]. As cities expand, the demand to convert green areas into housing, commercial developments, and infrastructure increases, often leading to conflicts between urban growth and the preservation or enhancement of green spaces. In addition to spatial constraints, municipalities face budgetary pressures. Despite these benefits, managing UFs faces challenges, especially competition for limited urban space [25]. As cities grow, green areas are increasingly converted into housing and infrastructure. For instance, the permeable/sealed soil ratio in Italian cities declined from 49.8% to 44.7% between 1990 and 2018, reflecting more gray urban areas [16]. At the global level, efforts to counterbalance such trends have led 162 countries to adopt specific National Urban Policies (NUP) to promote sustainable urban development by aligning sectoral policies and encouraging balanced spatial planning [4]. Besides space constraints, municipalities often struggle with limited budgets for UGS and UF management and maintenance. Many operate under tight financial constraints, making it difficult to allocate sufficient funds for effective UGS and UF management, reforestation, and maintenance. Municipalities often face tight financial constraints that limit their ability to effectively manage, maintain, and expand UGS and UFs [10]. UFs are increasingly vulnerable to the impacts of climate change. Rising temperatures, more frequent extreme weather events, and altered precipitation patterns require UFs to become resilient to heatwaves, floods, and droughts. This necessitates cities to invest not only in green infrastructure but also in management practices that promote climate resilience, ensuring UFs continue to provide critical ecosystem services [26,27]. Moreover, there is an urgent need to address social equity in UF distribution. Research shows that economically disadvantaged neighborhoods often have limited access to green spaces, exacerbating social inequalities [28] and depriving residents of the numerous benefits of UFs, including improved health and recreational opportunities. Managing and expanding UFs also entails significant financial and environmental costs. Planting new trees, maintaining existing forests, and mitigating the impacts of pests and diseases require substantial investments. Furthermore, certain maintenance practices, such as tree pruning, soil aeration, or lawn mowing, may result in CO2 emissions that sometimes outweigh the immediate benefits of carbon sequestration [29]. Therefore, cities must carefully assess the trade-offs between the long-term benefits of UFs and the operational costs associated with their management and upkeep. Balancing ecological, economic, and social considerations is crucial for effective UF management planning. Decisions must consider the needs and priorities of various stakeholders, including local authorities, developers, residents, and environmental organizations [30,31,32,33,34].



Given this complexity, effective UF management requires more than intuition or isolated interventions. Effective management necessitates a comprehensive, evidence-based approach that integrates the interconnected ecological, economic, and social dimensions of sustainability [35]. This integrated approach is increasingly essential as cities aim to meet sustainability targets while managing competing demands for space and resources [36]. UF management must align ecological objectives with financial constraints and societal needs to ensure that interventions are both feasible and beneficial for all stakeholders [37]. In this context, models play a pivotal role in helping local governments select the most appropriate forest management strategies to contribute to sustainable urban development. Among these models, Decision Support Tools (DSTs) provide policymakers and urban planners with data-driven insights into the long-term impacts of various strategies, enabling informed decisions aligned with sustainability goals. Several types of DST have been applied in urban ecology, such as Multi-Criteria Decision Analysis (MCDA) models, which compare NBS options based on weighted objectives [38]. The use of these tools is currently supported by online platforms enabling practitioners to evaluate environmental costs and benefits of multiple NBS [39]. The strength of DSTs lies in their ability to compare strategic alternatives using scenario-based approaches [40], facilitating long-term decision-making. Furthermore, DSTs foster holistic approaches to UF management by integrating ecological, economic, and social factors into the decision-making process [41]. While the ecological benefits of UFs, such as carbon sequestration, are well-documented, DSTs also facilitate the inclusion of economic and social considerations, ensuring that UF strategies are not only ecologically effective but also economically viable and socially equitable [38,39,41].



Despite the promising potential of DSTs in optimizing UF management, significant gaps remain in their current application. Many UF models still primarily focus on ecological aspects and ecosystem services [42,43], often neglecting the economic and social dimensions of forest management and its long-term impacts on urban sustainability. Furthermore, although some DSTs include economic data, they frequently overlook the full life-cycle implications of UF interventions, such as the costs of installation, maintenance, and long-term environmental trade-offs. This limitation hinders their ability to guide cities in making truly sustainable decisions that consider both the immediate and long-term effects. Additionally, many DST models rely on static assumptions, failing to consider the dynamic nature of urban environments and ecosystems [42,44]. Addressing these gaps is essential for improving the effectiveness of UF management. A comprehensive DST that integrates life-cycle analysis (LCA) and costing (LCC) would enable planners to evaluate strategies not only for their ecological performance but also for their financial sustainability and social benefits [45]. Incorporating a life-cycle perspective into DSTs offers a more nuanced and practical approach to decision-making, helping cities make informed choices that support sustainable urban development while balancing the competing demands of ecology, economy, and social equity [39,40,41,42,43,44,45].



This study aims to develop an innovative Decision Support Tool (DST) to assist urban administrations in selecting optimal strategies for the implementation and management of urban forests (UFs). The tool is designed to identify strategies that maximize social, economic, and environmental benefits, while taking into account related costs. To ensure a holistic, long-term approach, the methodology includes a life cycle perspective (Life Cycle Assessment—LCA, and Life Cycle Costs—LCC), applied to dynamic inventories of tree cover changes over a 27-year period (2024–2050). DSTs were tested across various UF management strategies. The evaluation of the trade-offs is based on ecological (net CO2 sequestration), economic (monetary balance), and social (well-being indicators) metrics. This work is part of the National Innovative Program for Housing Quality [46]. Although still in its early stages, this tool represents a first attempt to provide valuable insights for municipalities, exploring key mechanisms for sustainable urban development through urban forestry.




2. Materials and Methods


2.1. The Testing Area and the Cartographic Database


The testing area is located in Campobasso, central Italy (41°32′52.128′′ N—14° 40′12.594′′ E), covering 1.21 square kilometers within the residential district of ‘Vazzieri’ (Figure 1). The Vazzieri district, predominantly developed in the 1980s, has experienced significant urbanization and socio-economic changes. Originally designed as a residential area for young families, it featured low-density housing with minimal commercial and social infrastructure, contributing to its suburban character. In the early 2000s, urban transformation accelerated with the establishment of a university campus, resulting in increased residential density, expanded commercial services, and the growth of gray infrastructure. As a result, the spatial layout of the Vazzieri district began to reflect broader patterns of urban sprawl typical of expanding urban fringes across Italy [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47]. This shift had substantial effects on land use and the availability of green areas. Over the past two decades, the area shifted from agricultural and rural land to built-up areas, significantly reducing the availability of urban green spaces (UGS). The current ratio of permeable to sealed surfaces in the testing area is 72.8%, with urban forests (UFs) accounting for approximately half of the green spaces present. In response, recent urban renewal efforts have prioritized the re-integration of ecological considerations into urban development. The testing area, along with the broader urban context, is currently benefiting from national and European funding aimed at revitalizing urban environments, with a particular focus on enhancing UGS (e.g., [48,49]). This research is part of the ‘Programma Innovativo Nazionale per la Qualità dell’Abitare’ (PINQuA), a national initiative aimed at urban renewal and improving the quality of life in residential areas [46]. The ongoing transformation of the Vazzieri district presents a unique opportunity to analyze the effects of urbanization on green infrastructure, with a specific focus on UF management strategies within the evolving targets of urban requalification.



Green infrastructure within the testing area was mapped through an on-screen interpretation process within a GIS environment. The mapping process involved the photointerpretation of high-resolution color orthophotos from 2021 to identify UF polygons. Each photointerpretation of the UF polygons was performed using ArcGIS software version 9.3 on color aerial photographs from 2021 with a resolution of 0.5 m. Each UF polygon was manually clipped to delineate the area of interest. Specifically, only homogeneous UGS polygons containing trees with at least 10% canopy coverage were selected and clipped. The UF polygons were then categorized based on tree cover density, expressed as the percentage of tree canopy cover. Subsequently, the UF polygons were further classified by their ownership. UF polygons located on land parcels classified as private property in the Campobasso city cadastral maps were designated as Privately-owned UF (Priv-UF). The remaining UF polygons were classified as Collectively owned UFs (Col-UFs). The Col-UFs were further classified according to their management status. Two classes were defined. The first class related to Publicly managed UF (Pub-UF), referring to Col-UF under municipal responsibility for maintenance and care, while the second class related to Informal UF (Inf-UF), referring to Col-UF not actively managed by the municipality. This classification was derived from surveys conducted by municipal green space management employees. Figure 1 illustrates the UF infrastructure within the testing area, while Table 1 provides detailed information on its classification and coverage.




2.2. Decision Support Tool (DST)


The Decision Support Tool (DST) framework simulates the dynamics of UFs over time. UF dynamics are shaped by a combination of interoperable models, incorporating both ecological variables and human factors. The models employed in the DST were made interoperable by utilizing a common functional unit to represent UFs. The three ecological variables considered in the DST are i. canopy cover densification due to tree growth over time; ii. forest expansion, defined as the increase in the area occupied by UFs; and iii. tree mortality, referring to the rate of tree loss due to natural causes. These three variables were incorporated into the DST framework using models derived from the literature and adapted to meet the specific objectives of this research, following an expert-based evaluation.



To model the canopy cover growth over time, we utilized the model proposed by [29]. This model simulates the annual growth of canopy cover for three oak species (Quercus spp.) due to their high suitability in Mediterranean urban contexts. As demonstrated in similar studies [29], the current distribution of these species across various urban and peri-urban forests in Italy support their common use in recent UF planting interventions.



The model assumes an equal distribution of these species within the representative UF, with one-third of trees allocated to each species. The species were selected based on their suitability and prevalence in the urban and peri-urban green spaces of the testing area. Allometric models were applied to estimate tree growth [50]. Specifically, the canopy area of individual trees was calculated annually using the formula below:


Ci = π/4 · (Dbhi · K/d)2



(1)




where Ci is the canopy cover (in square meters) of each tree for the i-th year, Dbhi is the annual value of the tree diameter at breast height (Dbh; in meters) for the i-th year, and K/d is the ratio between the crown diameter (K) and the tree diameter for the i-th year (both in meters). The Dbhi values were derived from tree ring analyses of sample trees, and these data were used to construct the mean diametric growth curve for the three species over time. The K/d values were obtained from [51] based on data for the Quercus spp. trees. This canopy cover growth model was uniformly applied across all the UFs in the testing area.



Forest expansion and tree mortality rates were considered to be directly influenced by management practices. For managed UFs (both Priv-UFs and Pub-UFs), forest expansion is limited by various ordinary management practices, such as lawn mowing and tree pruning. While these practices promote tree health, they hinder the establishment of new vegetation. Consequently, the forest expansion rate for both Pub-UFs and Priv-UFs was set to zero. As for Inf-UFs, forest expansion occurs rapidly because vegetation grows freely without human management. Based on the findings from similar studies (e.g., [52,53]), an annual forest expansion rate of 4.4% was applied to Inf-UFs due to the lack of management. While the absence of management promotes increased forest expansion, it also leads to higher tree mortality due to natural causes, such as aging, infestations, or uncontrolled diseases. Tree mortality is also influenced by the intensity of forest management. Generally, private UGS and UFs receive more frequent and effective interventions, which further reduce tree mortality. As a result, the mortality rate for Pub-UFs was set at 1.4% per year, as reported by [54]. Meanwhile, the tree mortality rate was assumed to be twice as high for Inf-UFs and half as high for Priv-UFs.



Table 2 summarizes the application of the three models previously described in relation to the different UF classes present in the testing area. Using these models in relation to the different UF types, the DST simulated the evolution of UFs under various management strategies and natural drivers, forecasting tree cover dynamics in the testing area. The DST was designed to forecast tree cover dynamics over a 27-year period, with projections extending to 2050. The year 2050 was chosen as the projection horizon because it aligns with various climate-related targets in Italy and across Europe [55].




2.3. Urban Forest Management and Scenarios


As previously described, the DST framework simulates various UF dynamics over time, considering both ecological variables and human factors, the latter being primarily represented by UF management interventions. The simulation model incorporates a range of management actions and interventions tailored to the targets of different UF strategies. The investigated UF strategies are designed to enhance long-term urban sustainability and vitality. Specifically, the main objectives include maintaining existing UFs, improving their health and functionality, and expanding UF coverage. Depending on the intensity of forest management, the strategies and interventions involve several actions based on different management intensities. These actions consist of basic ordinary management (low impact), dead tree replacement (medium impact), and tree planting for reforestation (high impact).



2.3.1. Management Actions and Interventions Considered in the DST


Low-impact UF management consists of ordinary actions aimed at ensuring the long-term conservation of UFs. These primarily involve regular lawn mowing and systematic tree pruning practices. Lawn mowing helps prevent UF degradation, enhancing their usability for citizens, while tree pruning removes dead or hazardous branches and promotes balanced canopy growth. Ordinary management is therefore essential not only for maintaining tree health but also for enhancing the aesthetic value of public and private UFs, as well as maximizing their accessibility and attractiveness. Medium-impact UF management involves the replacement of dead trees, helping to maintain UF coverage and availability. Regarding high-impact UF management, tree planting for reforestation plays a critical role in the ecological regeneration of UFs by enhancing tree density and diversity. For both dead tree replacements and reforestation efforts, the DST incorporates parental care during the first five years. This includes soil tillage, irrigation, and fertilization practices, promoting young tree stabilization and early growth while reducing the risk of planting failures. UF management interventions can be implemented by both public and private stakeholders. However, the intensity of these practices varies significantly across the three UF types. Management of Priv-UFs tends to be more intensive and targeted, while management of Pub-UFs and Inf-UFs may be less frequent or absent. Hence, along with the parental care of young trees, the DST also considers the different types of UFs in the testing area.




2.3.2. Urban Forest Management Scenarios


Six forest management scenarios were developed, each featuring specific UF strategies. These scenarios vary from minimal intensity to more intensive management approaches. The six scenarios are presented in increasing order of intensity in UF management, with strategies outlined for Pub-, Inf-, and Priv-UFs. The six scenarios are outlined below:




	
Yielding Scenario (YS), representing a strategy with minimal intervention. For Pub-UFs, ordinary management is restricted to lawn mowing and tree pruning (basic), without the replacement of dead trees. Inf-UFs remain unmanaged, following natural processes. Priv-UFs are maintained through basic ordinary management, including lawn mowing and tree pruning, without the replacement of dead trees. This scenario serves as a baseline, reflecting minimal investment in the health, appeal, and expansion of UFs by the public administration.



	
Business as Usual Scenario (BaU), representing the standard (and current) UF management. Pub-UFs receive full ordinary maintenance (i.e., lawn mowing, tree pruning, and replacement of dead trees). Inf-UFs remain unmanaged, following natural processes. Priv-UFs follow full ordinary management, with the same interventions as Pub-UFs.



	
High-Management Scenario (HM), involving more intensive UF management. Pub-UFs are managed with ordinary maintenance, including the replacement of dead trees. Inf-UFs begin receiving the same ordinary management (lawn mowing, tree pruning, and replacement of dead trees) that was previously absent. Priv-UFs also follow the same management approach.



	
Forest Development Scenario (FD), employing a proactive approach aimed at increasing UF coverage. Pub-UFs receive full ordinary management, and reforestation actions are conducted in Pub-UFs with less than 50% tree cover to increase coverage to at least 50%. In Pub-UFs where tree cover ranges from 50% to 100%, additional trees are planted to achieve full coverage. Inf-UFs remain unmanaged. Priv-UFs continue with full ordinary management.



	
Social Boost Scenario (SB), in which private owners are engaged through incentives to enhance Priv-UF coverage. Specifically, private owners continue to implement full ordinary management of Priv-UFs and are incentivized to increase tree coverage by 20%, supported by green subsidies. Pub-UFs are maintained with full ordinary management, while Inf-UFs remain unmanaged.



	
Cover Maximizing Scenario (CM), aimed at maximizing UF coverage through the most intensive UF management. Pub-UFs are maintained with full ordinary management, and reforestation actions are conducted to achieve 50% coverage where current coverage is below this threshold, or 100% coverage where it ranges between 50% and 100%. Inf-UFs begin receiving full ordinary management, and additional reforestation actions are implemented to reach 100% coverage in Inf-UFs with tree cover ranging from 75% to 100%. Priv-UFs continue with full ordinary management, with an additional 20% increase in tree coverage incentivized through green subsidies.



	
The UF management scenarios are reported and described in Table 3.










2.4. Cost–Benefit Assessment and Trade-Off Analysis


The cost–benefit assessment aims to quantify the environmental, economic, and social impacts linked to the six UF management scenarios. This analysis is crucial for evaluating the effectiveness of different UF strategies by quantifying their ecological (e.g., net CO2 sequestration), economic (e.g., cost–benefit balance), and social (e.g., well-being indicators) impacts. These criteria enable urban planners to compare alternatives based on measurable outcomes, thus supporting evidence-based decision-making in urban planning. The cost–benefit assessment is structured around three key dimensions of urban sustainability. First, an ecological evaluation is carried out, including both the costs and benefits related to CO2 removal and emissions. Next, an economic evaluation is carried out, focusing on management costs and the potential financial benefits for public administration from carbon credits generated through sustainable forest management. Then, a social evaluation is carried out, assessing the social impacts on citizens’ well-being, considering UF availability, accessibility, and attractiveness. Finally, a trade-off analysis is conducted to compare the results across scenarios and identify the most advantageous UF strategies in terms of overall sustainability, with a focus on recognizing the necessary trade-offs between ecological, economic, and social aspects.



2.4.1. Environmental Evaluation


The ecological evaluation involves a NET analysis comparing the environmental impacts of UF management (in terms of CO2 emissions from interventions and actions implemented) with the CO2 removal capacity of UF. Environmental impacts were estimated using a Life Cycle Assessment (LCA) approach, with a specific focus on Global Warming Potential (GWP) impacts. The LCA adopts a “cradle-to-service” perspective, excluding the end-of-life phase. The analysis was conducted using SimaPro software (v. 9.4.0.2), following the four-step framework defined by the ISO 14040–14044 series standards [56]. The functional unit was defined as one square meter of representative UF. The LCA was performed based on dynamic Life Cycle Inventories (LCI) that include input/output material and energy flows for UF management over 27 years. Primary data were collected through questionnaires sent to companies involved in UGS management within the testing area. Secondary data were obtained from the Ecoinvent 3.3 database [57]. The analysis focused on GWP impacts related to tree planting, parental tree care, basic ordinary management (lawn mowing and tree pruning), and wood waste treatment. CO2 emissions from transport processes, where relevant, are included among the input data directly provided by the Ecoinvent database. The ReCiPe 2016 midpoint (H) method [58] was used to assess GWP impacts in terms of kg of CO2 eq emitted. The LCA also accounts for the annual CO2 emissions generated by reforestation efforts, and any other interventions contributing to the carbon footprint of each scenario. Conversely, the environmental benefits were estimated by quantifying the CO2 sequestered by UFs. Consistent with previous studies, tree canopy cover was used as a proxy for CO2 removal capacity [59]. The i-Tree Canopy software was thus used to estimate annual CO2 sequestration based on the percentage of canopy cover in the testing area. This tool simulates carbon sequestration dynamics, calculating the amount of carbon annually stored by tree biomass while accounting for environmental variables, such as tree species, age, and canopy size. By comparing the CO2 emissions from different UF management strategies with the CO2 removal capacity of UFs, the net environmental benefits and costs were quantified for each scenario. Based on dynamic inventories, the cost–benefit analysis was conducted annually and as a cumulative balance over the entire reference period. Detailed information on the LCA is provided in the Supplementary Materials (please see Tables S1–S3 and S5).




2.4.2. Economic Evaluation


The economic evaluation involves a cost–benefit analysis comparing the financial expenditures of the public administration for UF management with the potential economic benefits derived from carbon credit trading. Financial costs were estimated using a Life Cycle Cost (LCC) approach, focusing on the total monetary expenditures required for different UF management strategies. Consistent with the LCA, the LCC analysis was performed using a “cradle-to-service” perspective, excluding the end-of-life phase, and based on a functional unit of one square meter of UF. The costs were estimated by calculating the annual expenditures related to all proposed UF management interventions and actions over the 27-year reference period. Detailed cost calculations were based on data gathered through questionnaires distributed to companies engaged in urban green space management within the testing area. The data specifically covered expenses related to tree planting, parental care, and ordinary maintenance practices. In parallel with the LCC analysis, the economic benefits were estimated based on the potential revenue municipalities could generate by selling carbon credits in a voluntary market. The value of carbon credits was assumed to be EUR 71.02/Mg of CO2 eq, based on current market estimates [60]. According to rules of most of the carbon market [60], carbon credits were calculated exclusively for CO2 sequestration resulting from reforestation activities and the sustainable UF management actions (e.g., management of previously unmanaged UFs). The total amount of CO2 sequestered annually was determined based on the CO2 removal capacity of UFs, as estimated by the i-Tree Canopy software. Consistent with the ecological evaluation, a cost–benefit analysis was performed annually, with a cumulative analysis over the entire 27-year reference period. These calculations yielded the net economic analysis, both annual and cumulative, for each UF management scenario. Detailed information on the LCC is provided in the Supplementary Materials (please see Tables S1, S2, S4 and S5).




2.4.3. Social Evaluation


The social evaluation of UF strategies focused on the benefits derived from their availability, accessibility, and attractiveness for citizens. To account for these benefits, three new indicators were developed, inspired by the work of [61], assessing different dimensions of social value associated with UFs. UF availability, accessibility, and attractiveness were quantified in terms of the area (square meters) of UF that are available, accessible, and attractive for public use. UF availability refers to the total area of UF in the testing area, including Pub-, Inf-, and Priv-UFs. This indicator measures the overall presence of forested spaces that can potentially benefit citizens. UF accessibility measures the UF area (square meters) that is both public and within reach of all individuals (i.e., without physical or legal barriers). It includes Pub- and Inf-UFs that are open and accessible to the public, providing equal opportunities for recreational use. UF attractiveness focuses only on Pub-UFs (square meters), assessing their aesthetic and recreational qualities, which are enhanced through active management, making them more appealing and user-friendly. The social benefit analysis was conducted by evaluating the annual and cumulative changes in these three indicators for each of the six UF management scenarios over a 27-year period. By comparing these changes, the potential social benefits of each scenario were estimated.




2.4.4. Trade-Off Evaluation


The trade-off analysis aimed to assess the interplay among the environmental, economic, and social impacts of each scenario. By comparing the costs and benefits of each UF strategy across these three dimensions, it identified the UF management scenarios that achieve the most favorable balance among the diverse targets of UF strategies. This final step enables an integrated evaluation of each strategy, highlighting potential trade-offs that policymakers may need to consider to prioritize long-term sustainability. To carry out the trade-off analysis among the six UF management scenarios, it was necessary to first normalize the NET results of the environmental, economic, and social cost–benefit analyses to values comparable across all scenarios. Normalization was achieved through a min–max standardization process [62], in which the cost–benefit results of each scenario were scaled to values ranging from −1 to +1. The Business as Usual (BaU) scenario served as the baseline, with the results of its cost–benefit analysis assigned a 0 value. For the social results, the three distinct social indicators were first integrated into a single social index. The weight assigned to each social indicator was adjusted according to an expert-based evaluation. The attractiveness indicator was weighted twice as much as accessibility, and accessibility was weighted twice as much as availability. After aggregating the three social indicators into a single social index, the resulting values were also normalized to a scale from −1 to +1 for each scenario, as with the ecological and economic indices. To facilitate interpretation of the ecological, economic, and social indices, which range from −1 to +1, we adopted a simple classification scheme. Indices were considered negative if ranging from −1 to 0, and positive if ranging from 0 to +1. Furthermore, the magnitude of values was qualitatively described as low (0–0.33), medium (0.34–0.66), or high (0.67–1.0) for both positive and negative scores. This approach was intended to provide intuitive understanding of the relative performance of each scenario, without implying strict thresholds. Finally, a comprehensive comparison was made across the six UF management scenarios.






3. Results


3.1. Environmental Costs and Benefits


The annual CO2 removal capacity of the six urban forest (UF) management scenarios is shown in Figure 2. During the period 2024–2050, UF of the Business as Usual (BaU) scenario increased the CO2 removal capacity by 13.5%, passing from 277.1 Mg yr−1 CO2 sequestered in 2024 to 314.7 Mg yr−1 CO2 sequestered in 2050. The CO2 annually sequestered by the UF of the Yielding Scenario (YS) decreased from 281.5 Mg yr−1 CO2 in 2024 to 237.1 Mg yr−1 CO2 in 2050, reflecting a general 15.8% reduction in CO2 removal capacity, with an annual change rate of −0.66%. In the High-Management (HM) scenario, the UF maintained a constant annual CO2 removal capacity of 277.1 Mg yr−1 throughout the reference period. In contrast, the UF management of the Forest Development (FD) scenario resulted in a 12.5% increase in the CO2 removal capacity over 27 years, rising from 323.1 Mg yr−1 CO2 sequestered in 2024 to 363.5 Mg yr−1 CO2 sequestered in 2050 (with an average annual removal of 344.8 Mg yr−1 of CO2). Regarding the Social Boost (SB) scenario, which encouraged private owners to carry out beneficial interventions, the UF management led to an increase in annual removal capacity from 347.0 Mg yr−1 CO2 sequestered to 388.8 Mg yr−1 CO2 sequestered (i.e., an average annual of 369.5 Mg yr−1 CO2 sequestered, and a 12.1% increase in CO2 removal capacity). Finally, the UF in the Cover Maximizing (CM) scenario increased the CO2 removal capacity passing from 398.2 Mg yr−1 CO2 sequestered in 2024 to 429.5 Mg yr−1 by 2050 (with an average annual CO2 removal capacity of 415.1 Mg yr−1 CO2, and a general 7.9% increase in removal capacity, at an annual change rate of +0.29%).



As shown in Table 4, the UF management of the BaU scenario resulted in a total emission of 1836.2 Mg CO2 over the 27-year reference period, with an average annual emission equal to 68.0 Mg yr−1 CO2. The UF management of the YS scenario led to a total emission of 1639.3 Mg CO2 over the reference period (so, 10.7% lower CO2 emission compared to the BaU scenario), with an average annual emission of 60.7 Mg yr−1 CO2. The HM scenario involved an intensification of UF management effort, which caused an average annual emission of 71.6 Mg yr−1 CO2, with 1933.1 Mg CO2 totally emitted over the reference period. The UF management of the FD scenario emitted 1890.7 Mg CO2 between 2024 and 2050 (so, +3.0% compared to the BaU scenario), with an average of 70.0 Mg CO2 annually emitted. The UF management of the SB scenario involved an average annual emission of 80.5 Mg yr−1 CO2, resulting in a cumulative emission of 2172.3 Mg CO2 by the end of the reference period. Finally, the intensive UF management strategy proposed for the CM scenario resulted in a cumulative emission of 2277.0 Mg CO2 over the 27 years of the reference period (so, 24.0% higher compared to the BaU scenario), with an average annual emission of 84.3 Mg yr−1 CO2.



The basic ordinary management practices (i.e., both lawn mowing and tree pruning practices) of Pub-UFs and Priv-UFs represented the main contributor to the total CO2 emission for all the UF management scenarios, accounting for between 100% in the YS scenario and 93.7% in the CM scenario. Regarding the dead tree replacement actions, they contributed 3.0%, 4.2%, 3.4%, 2.8%, and 3.4% of the total CO2 emission in the BaU, HM, FD, SB, and CM scenarios, respectively. On the other hand, reforestation interventions contributed 1.4%, 1.8%, and 2.9% of the overall CO2 emission in the FD, SB, and CM scenarios, respectively.




3.2. Economic Costs and Benefits


For the six scenarios, Figure 3 presents i. the cumulative expenditures from the public administration, ii. the potential cumulative revenues from carbon credit sales, and iii. the dynamic balance between estimated revenues and expenditures over the reference period of 2024–2050. Overall, for the UF management of the BaU scenario, the total expenditures and potential revenues were estimated at ERU 223,152.83 and EUR 1746.28, respectively, along the whole reference period. Specifically, the UF strategy of the BaU scenario involved an average annual expenditure of EUR 15,939.49, of which 28.3% was allocated to basic ordinary management, and the rest for dead tree replacement and related parental care. For the UF management of the YS scenario, the estimated total expenditures for the whole reference period amounted to EUR 4441.72 (so, −72.1% compared to BaU scenario). However, potential revenues were absent.



For the UF management of the HM scenario, total expenditures over 27 years were estimated at EUR 377,907.47 (so, 69.3% higher than BaU), with an average annual expenditure of EUR 26,993.39 (of this, 37.7% was allocated to basic ordinary management and 62.3% to dead tree replacement. The potential revenues for the UF management of the HM scenario over the period 2024–2050 were estimated at EUR 220,674.50. For the UF management of the FD scenario, public administration expenditures over 27 years were estimated at EUR 332,278.99 (so, 48.9% higher than those of the BaU scenario), with an average annual expenditure of EUR23,734.21. The 20.3% of the overall expenditures for UF management of the FD scenario was allocated to basic ordinary management, while 79.7% were related to dead tree replacement actions and reforestation interventions. In return, the UF management of the FD scenario ensured potential revenues of EUR 10,371.17 over the 27-year period, five times higher than those projected for BaU scenario. For the UF management of the SB scenario, the estimated total expenditures amounted to EUR 358,811.87, with an average annual expenditure of EUR 25,629.42, distributed as 17.6% for basic ordinary management, 50.4% for dead tree replacement and reforestation, and 32.0% for green subsidies to private UF owners. Being based on chief sustainable UF management efforts, the potential revenues for the SB scenario were estimated at EUR 11,573.50 from 2024 to 2050 (so, +563% compared to BaU scenario). Finally, the total expenditures for implementing the UF management proposed by the CM scenario were estimated at EUR 526,826.70, with an average annual expenditure of EUR 37,630.48. UF management expenditures of the CM scenario were allocated as 20.8% for basic ordinary management, 57.4% for dead tree replacement and reforestation, and 21.8% for green subsidies to private UF owners. Otherwise, the potential revenues from sustainable UF management in the CM scenario were estimated at EUR 159,498.84 between 2024 and 2050 (so, 90 times higher than the potential revenues for BaU scenario).




3.3. Social Costs and Benefits


Table 5 presents the areas of UF available, accessible, and attractive at the beginning and end of the 2024–2050 period for the six investigated scenarios in the testing area. Over the reference period, the UF management of the YS scenario reduced the area of available UF by 8% and the area of attractive UF by 31%, while it gained 8% in terms of area of accessible UF. Between 2024 and 2050, the UF management of the BaU scenario allowed an increase in the availability of UF area by 7% and the accessibility of UF area by 19%, while the area of attractive UF in the BaU scenario remained unchanged during the reference period (i.e., 3.3 ha coverage). Regarding the UF management of the HM scenario, both the area of available UF and accessible UF remained constant (respectively, 25.9 ha and 9.9 ha coverage), while the area of attractive UF notably increased, rising from 3.3 ha coverage in 2024 to 8.9 ha coverage in 2050 (so, +170% over 27 years). Thanks to its expanding strategy of UF management, the FD scenario increased both the availability and accessibility of the UF area by 6% and 16%, respectively. However, the area of attractive UF in the FD scenario remained unchanged, at a stable coverage of 3.3 ha between 2024 and 2050. In the reference period, the UF management of the SB scenario increased the availability of the UF area by 19% and the area of attractive UF by 4%. On the other hand, the area of accessible UF in the SB scenario remained unchanged, at a coverage of 3.3 ha throughout the reference period. Finally, the intensive strategy of UF management proposed for the CM scenario was the only one to concurrently increase the area of available, accessible, and attractive UF during the reference period. In detail, the UF management of the CM scenario allowed an increase in the area of available, accessible, and attractive UF by 4%, 11%, and 70%, respectively.




3.4. Environmental, Economic, and Social Trade-Offs


The trade-off analysis between the six investigated scenarios (Figure 4) shows that, overall, the UF management strategies with the best compromises between environment, economic, and social aspects were those of the FD and SB scenarios. Especially, the UF management of the FD scenario demonstrated positive medium-range indices both in terms of environmental and social benefits (i.e., values equal to 0.45 and 0.49 for environmental and social indices, respectively). However, the FD scenario exhibited an economic index with a low negative value (i.e., −0.26). As for the SB scenario, the environmental index was the highest among the six scenarios (i.e., +0.59), demonstrating the best scenario for its climate change mitigation potential. Moreover, the social index of the SB scenario showed a low positive value of +0.12, while the economic index registered a low negative value of −0.32. In contrast, the UF management of the YS scenario, characterized by a passive strategy, resulted in one of the most disadvantageous compromises overall, primarily due to the negative values of the environmental (−0.31) and social (−0.35) indices. On the other hand, the UF management proposed in the YS scenario was the only one to display a positive value for the economic index, even with a medium value equal to +0.35. The scenario with the worst overall compromise was the HM scenario, with a UF management that achieved a positive medium value of the social index (i.e., equal to +0.46) but low to high negative values for both the environmental and economic indices, equal to −0.23 and −0.81, respectively. A separate result was noted for the UF strategy outlined in the CM scenario, which showed extreme values equal to +1, −1, and +1 for the environmental, economic, and social indices, respectively.





4. Discussion


This study introduced and evaluated an innovative Decision Support Tool (DST) to assess the potential impacts of six urban forest (UF) management strategies on CO2 removal, economic outcomes, and social effects in urban areas, while also analyzing the trade-offs inherent in each scenario. The main findings indicate that UF management significantly influenced not only climate change mitigation potential but also key economic and social aspects of sustainable urban development. This study improves the understanding of urban green complexities and offered valuable insights for shaping future urban policies. In this context, developing further data and tools to support governance is crucial for implementing strategies that maximize the multiple benefits of urban green spaces (UGS) and urban forests (UF) [30,37,43,63].



4.1. Overall Performance of the UF Scenarios


From an environmental perspective, for all the investigated scenarios, the UFs effectively offset emissions generated by UF management due to their CO2 removal capacity. In line with the results from other studies (e.g., [29,64]), a complete offset occurred rapidly, in about 6–7 years for all the investigated scenarios. The DST highlighted that the UF management proposed in the High-Management (HM) scenario, which focused on increasing UF managed by public administration, did not result in significant gains in climate change mitigation potential by UFs during the reference period. The lack of improvement in CO2 removal capacity in the HM scenario was mainly due to informal UFs being subject to several management practices that limit natural tree successions. Our results are consistent with the findings reported in the literature [65], indicating that unmanaged UGS and UFs can contribute equally or even more to climate regulation and biodiversity services in urban contexts. To further support this upshot, the DST also found that the Business as Usual (BaU) scenario ensured a 13.5% increase in CO2 removal capacity over 27 years, while avoiding the environmental costs linked to the exponential increase in UF management of the HM scenario. On the other hand, abandoning certain UF management practices (e.g., replacing dead trees) may pose risks to UF CO2 removal capacity, as proved by a 10.7% reduction in CO2 removal observed for the Yielding (YS) Scenario compared to BaU. As emphasized by [66], maintaining (and increasing) urban tree cover is a key challenge for effective UF management. Due to an expansive approach and focus on reforestation, the Forest Development (FD) scenario stood out as a balanced environmental-target UF strategy, showing significant CO2 sequestration without excessive emissions. Beyond CO2 trends, it is important to consider the actual CO2 removal capacities of the tested strategies. Notably, the most significant increases in CO2 sequestration were observed in the more ambitious Social Boost (SB) and Cover Maximizing (CM) scenarios, which represented intensive UF strategies. The findings thus demonstrate that large-scale tree planting is essential for maximizing climate change mitigation potential by UFs. These findings align with previous studies that highlight the potential of sustainable UF management in mitigating climate change (e.g., [67]). However, reforestation interventions come with substantial CO2 emissions due to tree planting practices, claiming an optimal balance across environmental, economic, and social costs and benefits in long-term planning.



Regarding the economic aspect, our study found that, due to the limited size of the testing area used to evaluate the DST, UF management significantly contributes to the public administration budget. Although sustainable UF management could help offset these costs, the results show that the potential revenue from carbon credits remained consistently insufficient to balance expenditures across all the scenarios. In the best-case scenario, potential revenues covered only 58% of the total expenditures. This was applied to the SB scenario, which showed a potential revenue five times higher than that of the BaU. Despite increased costs for UF management and green subsidies for private actors, the SB strategy generated higher revenue through sustainable management actions. Moreover, it further validated how private incentive initiatives would represent both a profitable and effective policy [68]. Nevertheless, the YS scenario was the only one with a non-negative economic performance, as it completely avoided UF management costs. However, it resulted in negative environmental and social impacts, suggesting that a conservative economic approach may undermine environmental and social benefits. Despite showing high revenue potential, the CM scenario raised long-term concerns due to its substantial environmental impact. Moreover, the CM scenario represented the second-best economically performing option, with a revenue/expenditure ratio of 0.3. These findings highlight the need to balance short-term investments with long-term outcomes [69]. Overall, despite the high costs of UF management, the CM, SB, FD, and HM scenarios remain viable options for policymakers. To date, substantial funding is consistently allocated at various governance levels for the implementation of urban greening [9], encouraging municipalities to assign larger budgets to promote sustainable UF management.



Regarding the social impact of the six scenarios, the DST revealed that the availability and accessibility of UFs were strongly influenced by the choices made in each strategy. The CM scenario was the only one that enhanced not only availability but also accessibility and attractiveness of UFs, resulting in overall improvements. However, intensive UF management could involve hidden costs, such as the degradation of ecological quality, which reduces biodiversity and natural traits. Additionally, it could limit public engagement, thereby decreasing community participation and positive perceptions [70]. Less visible effects could undermine the long-term social benefits of UFs. This underscores the need to balance the quantity of UFs with their quality and community usability, as highlighted by studies emphasizing the role of UF access in urban well-being [61]. For instance, the FD scenario, with its expansive yet moderate strategy, offered a more balanced approach, enhancing accessibility without compromising social quality or inclusivity. To effectively capture the complexity of the socio-economic and environmental aspects, the final trade-off analysis proved especially valuable. The analysis allowed for the identification of key differences across the six UF management strategies, balancing environmental, economic, and social factors. The FD and SB scenarios emerged as the most balanced, offering the best environmental and social benefits, although both had negative economic outcomes, which could be justified by substantial public funding. In contrast, the YS and BaU scenarios provided economic benefits (or reduced investments) at the expense of environmental and social outcomes. Thus, effective UF management should prioritize integrated approaches over focusing on individual benefits [35]. We argue that the main challenge lies in balancing these factors while considering local conditions and ensuring long-term sustainability in urban policies. To enhance practical implementation, cities could prioritize strategies like FD and SB, which offer strong environmental and social outcomes, supported by adequate public funding. In general, municipalities could adopt multi-criteria frameworks—such as the one used in this study—to guide decision-making based on local priorities. Additionally, integrating long-term funding tools and citizen engagement may help reconcile economic constraints with sustainable and inclusive urban forestry policies.




4.2. Final Remarks


In light of the findings above, this study offers valuable insights into UF management through the development of the proposed DST. The key strength of the DST lies in its capacity to integrate ecological, economic, and social aspects, offering a comprehensive framework for evaluating different UF management scenarios. Furthermore, the dynamic approach to assess trade-offs between potentially conflicting objectives, such as carbon sequestration, economic costs, and public accessibility, provides added value. At the same time, the presented tool should i. allow decision-makers to visualize the impacts of different UF strategies and ii. offer flexibility for future adjustments as more data become available. While the developed methodology is open to improvement, it has proven effective in addressing the complexities of UF implementation. By combining ecological and social factors with economic performance, it provides a balanced evaluation of different strategies, avoiding decisions that are overly influenced by a single sustainability dimension, such as environmental or financial concerns.



Future research could refine this methodology, for example, by incorporating advanced machine learning techniques [71] or decision-making models that consider both mitigation and adaptation aspects [27], particularly in relation to climate change and socio-economic trends. Several promising directions for future research arise. Further studies could expand to different urban areas, validating the strategies in diverse contexts. Moreover, focusing on informal UFs and UGS, currently left to natural evolution, could uncover effective management practices to enhance their role in sustainability goals. These underutilized spaces could provide valuable resources for carbon sequestration, biodiversity, and social well-being [72]. The DST could be applied to evaluate the impact of ongoing policies, as well. Many cities are already implementing UF strategies; however, their long-term impact on sustainability remains uncertain. Using this tool to evaluate existing policies would offer essential feedback for refining and expanding ongoing strategies. Finally, it is important to explore the practical challenges of implementing these strategies, particularly in urban areas with varying levels of resources and governance structures, to better assess their feasibility. Although this research represents an initial attempt at creating a comprehensive tool for UF management, it lays the foundation for future applications that will be invaluable for decision-making. For this purpose, the main findings of this study represent a step toward more sustainable urban environments. As the tool is further refined and tested in different contexts, it could become a key resource for cities worldwide seeking to improve the resilience, productivity, and inclusivity of their urban ecosystems.





5. Conclusions


This study aimed to assess the potential impact of different urban forest (UF) management strategies on carbon sequestration, economic performance, and social accessibility through the development of an innovative Decision Support Tool (DST). The tool integrated various ecological, economic, and social parameters to evaluate the effectiveness of six management scenarios over a 27-year period. The results reveal that UF management choices not only have significant implications for climate change mitigation but also affect economic and social aspects crucial to sustainable urban development. Among the tested strategies, the Forest Development (FD) and Social Boost (SB) scenarios emerged as the most balanced approaches, offering substantial benefits in carbon sequestration and social inclusivity, while emphasizing the importance of long-term planning and public investment. On the other hand, more intensive approaches, such as Cover Maximizing (CM), showed considerable improvements in CO2 removal but came with high environmental costs and significant economic implications. Additionally, this study highlights the importance of balancing environmental, economic, and social factors when developing UF strategies, as well as the need for flexible and adaptable decision-making tools to optimize these goals.



In conclusion, this study presents a novel and comprehensive approach to UF management through the development of the DST, which could serve as a valuable tool for urban planners and policymakers. Despite the potential of developing the tool for further refinement (e.g., limitations about model simplifications, species homogeneity, static assumptions about carbon credit prices, etc.), the methodology demonstrated its ability to handle the complexities of UF management by integrating ecological, economic, and social dimensions of sustainability. Future research could focus on refining the model by incorporating more detailed data, advanced machine learning techniques, or approaches that consider both mitigation and adaptation strategies. Moreover, expanding the application of the DST to different urban contexts, scales, and UF types would provide further insights into the effectiveness of UF strategies. The findings and methodology of this study could contribute to the growing body of research on urban sustainability, providing a foundation for future work that can help cities worldwide develop more resilient, sustainable, and inclusive urban ecosystems. As urban areas continue to face environmental challenges, the development of robust decision-making tools, such as the DST, will certainly be crucial in shaping effective and comprehensive strategies for UGS and UF planning and management.
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Figure 1. Location of the Vazzieri district in Campobasso, central Italy, and map of the urban forest (UF) infrastructure within. The UF polygons are color-coded to indicate varying levels of tree cover density and different ownerships (Private-owned UF, Priv-UF; Public-managed UF, Pub-UF; Informal UF, Inf-UF). 
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Figure 2. CO2 sequestration by the six urban forest (UF) management scenarios during the reference period of 2024–2050. The line graph illustrates the CO2 removal trend across six different UF management strategies. 
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Figure 3. Cumulative trends in financial expenditures and potential revenues for the six urban forest (UF) management scenarios over the reference period (2024–2050). The line graph also shows the dynamic net balance for each scenario, illustrating the evolving financial performance over time. 
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Figure 4. Best and worst trade-offs across different UF management strategies proposed in the six scenarios. The comparison is based on three sustainability indices—environmental, economic, and social—over the reference period. 






Figure 4. Best and worst trade-offs across different UF management strategies proposed in the six scenarios. The comparison is based on three sustainability indices—environmental, economic, and social—over the reference period.



[image: Urbansci 09 00216 g004]







 





Table 1. Coverage (in hectares) of the unsealed area divided into non-forested green spaces (e.g., grassland and brownfields) and urban forest (UF), classified by ownership as private (Priv-UF), public-managed (Pub-UF), or informal (Inf-UF). The sealed area of Vazzieri district is also reported to highlight the distribution of paved, built-up, and other non-permeable spaces within the testing area.
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Infrastructures Within the Testing Area

	
Coverage (ha)






	
Sealed area

	
69.9




	
Non-forested (Grassland and brownfields)

	
25.0




	
Urban forests (UFs)

	
Private Urban Forests (Priv-UFs)

	
17.0




	
Collective Urban Forests (Col-UFs)

	
Managed (Pub-UFs)

	
3.3




	
Informal (Inf-UFs)

	
5.6











 





Table 2. Summary of the three models used to simulate the evolution of urban forest (UF) canopy growth, forest expansion, and tree mortality in the testing area over the reference period of 2024–2050. Each model’s source study is provided, along with its specific application to Public-owned UF (Pub-UF), Private-owned UF (Priv-UF), and Informal UF (Inf-UF).
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Model

	
References

	
Application




	
Priv-UF

	
Pub-UF

	
Inf-UF






	
Canopy growth

	
[29]

	
Ci = π/4 · (Dbhi · K/d)2




	
Forest expansion

	
[52,53]

	
None

	
None

	
+4.4% surface yr−1




	
Tree mortality

	
[54]

	
+0.7% dead trees yr−1

	
+1.4% dead trees per year

	
+2.8% dead trees yr−1











 





Table 3. Synthesis of the six urban forest (UF) strategies across the six investigated scenarios. The table outlines the specific actions and interventions proposed for each scenario, based on different UF types (Public-owned UF—Pub-UF; Private-owned UF—Priv-UF; Informal UF—Inf-UF). The intensity of tree planting for reforestation interventions is also described.
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Scenario

	
Urban Forest

	
Interventions




	
Lawn

Mowing

	
Tree

Pruning

	
Dead Tree Replacement

	
Reforestation Actions






	
Yielding Scenario

	
Pub-UF

	
Yes

	
Yes

	
No

	
No

	




	
Inf-UF

	
No

	
No

	
No

	
No

	




	
Priv-UF

	
Yes

	
Yes

	
No

	
No

	




	
Business as Usual

	
Pub-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Inf-UF

	
No

	
No

	
No

	
No

	




	
Priv-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
High Management

	
Pub-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Inf-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Priv-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Forest Development

	
Pub-UF

	
Yes

	
Yes

	
Yes

	
Yes

	
<50% to 50% UF cover,

and 50–99% to full cover




	
Inf-UF

	
No

	
No

	
No

	
No

	




	
Priv-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Social Boost

	
Pub-UF

	
Yes

	
Yes

	
Yes

	
No

	




	
Inf-UF

	
No

	
No

	
No

	
No

	




	
Priv-UF

	
Yes

	
Yes

	
Yes

	
Yes

	
+20% UF cover




	
Cover Maximizing

	
Pub-UF

	
Yes

	
Yes

	
Yes

	
Yes

	
<50% to 50% UF cover,

and 50−99% to full cover




	
Inf-UF

	
Yes

	
Yes

	
Yes

	
Yes

	
75–99% to full cover



