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Abstract:

 We argue that a healthy urban forest contributes immensely to the sustainability of cities. The argument is based on a comprehensive array of values elicited from Canadians in several cities. To begin, we define the urban forest as inclusive of all the trees in the city and thus representing the predominant contributor to a city’s green infrastructure. Then we enumerate and explain the broad diversity of ways in which urban people value trees in the city. We, thus, show the myriad pathways by which trees contribute positively to any city’s social, economic, and ecological sustainability. Following a short summary of the ways in which trees may detract from people’s quality of life, we present promising management directions for urban-forest improvement, as we understand the situation in Canada. We conclude that all cities can enhance their sustainability by improving the urban forest.
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1. Introduction

The world is decidedly urban today, given that more than half of all humans live in cities [1]. The proportion is much higher in countries like Canada, where it is well over 80% [2]. The global trend toward urban living will continue for some decades. Clearly, the sustainability of human civilization depends to a great degree on determining sustainable pathways for city living and urban development.

Propositions for how to make urban living more sustainable are numerous and diverse and address a wide range of themes (Table 1). Such themes are, of course, not independent of each other; indeed, they are often deeply intertwined. In this paper, we argue that one particular type of plant, implicit in the “greenspace and biodiversity” theme in Table 1, has the potential to make immense contributions to city sustainability, not only in their own right but also as strong influences on most of the other themes. Those plants are trees, and together they define the urban forest.

Table 1. A selection of themes in the discourse of urban sustainability.


	Theme
	Reference(s)





	Community/Social Cohesion
	[3,4]



	Education
	[5]



	Employment
	[6]



	Energy
	[7,8]



	Food Security
	[9,10]



	Greenspace and Biodiversity
	[11,12]



	Human Health
	[13,14]



	Justice and Human Rights
	[15,16,1718]



	Transportation
	[19,20,21]



	Urban Form and Design
	[22,23]



	Water and Air Quality
	[24,2526]










Our objective is to demonstrate, through the lens of values, the potency and promise of trees and their associated organisms to enhance sustainability in any urban setting. As Table 1 shows, urban sustainability consists of a broad range of elements. Without doubt, all these elements need to be carefully and diligently addressed in the pursuit of city sustainability. In the context of Canadian cities, our position on the centrality of trees is this: because people value trees so strongly and for such a wide range of benefits and services, and because both urban residents [27] and professionals [28] agree that more trees are highly desirable in the city, trees therefore represent a superlative opportunity for advancing urban sustainability.

By focusing on trees in this article, we do not imply that other plants are irrelevant. Indeed, shrubs and non-woody annual and perennial plants, even manicured grass, can be considered vital components of a city’s green infrastructure. Some of the values we describe later in the paper can well be satisfied by these other types of plants, especially when they exist in association with trees. Trees are special and unique in the plant community for many reasons (see below), perhaps most profoundly because they predominate in contributing to the vertical dimension of the plant community on account of their height.

We begin with a contextual and conceptual discussion on sustainability and urban forests so as to lay a foundation under our claims of trees’ contributions to sustainability. The main part of the paper highlights the diverse suite of values people ascribe to trees in the city (these are sometimes also called urban-forest benefits or services). To be fair to a comprehensive treatment of how trees and people in the city interact, we identify several ways in which trees can be detrimental to urban dwellers. Finally, we explain the main avenues for improving urban forests, particularly in the Canadian setting in which we, as urban-forest scholars, have most of our personal and professional experiences. The paper draws heavily on our research on these topics across Canada, as well as our ongoing work in support of planning and implementation of new directions for the urban forest in Halifax, Canada [29].



2. Concepts of Sustainability in Relation to Cities

As the places where most people on the planet live and work, cities have become central to both global socioeconomic development and environmental sustainability [30]. The concepts of development and sustainability are intertwined; entities such as the Organisation for Economic Co-operation and Development and the World Bank are now promoting urban sustainability for its value in attracting investment [31]. With virtually all worldwide population growth until 2050 expected to take place in urban areas, strategies for managing resource use and environmental degradation have become essential [32].

A city is, by itself, unsustainable. While calling them “parasites on the biosphere” may be extreme [33] (p. 290, as cited in [32]), it is true that cities depend on vast hinterlands for both essential resources and waste disposal [34]. Thus, rather than in absolute terms, urban sustainability is commonly conceptualized as a city’s ability to maximize relative socioeconomic and environmental benefits while minimizing harm [35]. Within these broad categories, considerations of urban sustainability include inter- and intra-generational equity, protection of the natural environment, minimization of natural resource use, and community and individual well-being [36]. Considerable ambiguity remains in the definition of urban sustainability, but ambiguity is arguably desirable, because it allows communities to adopt individual understandings of sustainability that incorporate local values, circumstances, and environmental considerations [32].

Because cities concentrate people and wealth, they play a crucial role in global efforts to address climate change, but they also concentrate societal and infrastructural vulnerability to natural disasters [37]. However, while city living in developed countries generally remains more environmentally friendly than the alternatives [38], the reverse may hold in developing countries, although that is slowly changing [1]. Many cities, particularly in middle-income countries, have begun to lead by example, promoting compact urban forms, encouraging non-motorized modes of transportation, and (re)introducing efficiency concepts, such as passive solar design [39]. For true urban sustainability, cities must implement a wide range of interventions, from high-level policy to new technological solutions, to adjustments in building materials and streetscape [32].

The last two decades have also witnessed increasing focus on urban sustainability reporting, from Maclaren [36] identifying a dearth of clear reporting methods to the recent compilation of many new urban sustainability indicator methods [35]. Many urban sustainability indicator frameworks now explicitly address the urban forest canopy, including ISO standard #37120, “Sustainable Development of Communities” [40]. It is clear that urban sustainability is a complex phenomenon requiring concerted attention to a host of economic, social, and environmental issues.



3. Conceptions of Urban Forests

In dialogues and policy forums across the globe, from sub-national to global levels, there is a wide range of definitions and conceptions of forest and tree. A forest is usually conceived as a tree-dominated ecosystem. A key question, though, is what “dominated” means. When are the trees of insufficient size or density such that the ecosystem in question, rural or urban, is not considered a forest? In the urban setting, there are abundant sites and locations where the land cover is dominated by built infrastructure. Sometimes there are vast expanses of mowed grass with a few scattered trees. A conception of urban forest needs to account for such situations.

Defining a tree is somewhat less arbitrary, but there are still difficulties. One is the distinction between a shrub and a tree, both of which are woody plants but, at maturity, small ones are defined as shrubs whereas large ones are trees. For some species, the size threshold is arbitrary. For this paper, a tree is a living stem of a species determined by local, regional, or national authorities to be a tree species. Even minuscule seedlings of tree species are still trees.

Given the above, what is an urban forest? We find the most helpful conception to be an inclusion of all trees in the town or city [41]. In our own setting of the city of Halifax, the municipal government has jurisdiction over an area greater than a half-million hectares. The municipality has some 400 km of Atlantic coastline, and is largely wooded beyond the urban core. The Urban Forest Master Plan [29] applies only to what is called the urban core, which was defined as the territory in which all homes are serviced with municipal sewers and water.

Thus, once the urban boundary has been defined, the urban forest is defined as all trees within that boundary. The circumstances under which any urban tree might find itself are varied indeed. The definition is blind to land ownership. Whether trees are on private land (i.e., homes and businesses) or government land (i.e., municipal, provincial, national), they are all part of the urban forest. Whether a tree is standing alone in a grassy park or a tree pit on a busy commercial street, in a row of trees along a residential street, grouped in a back yard, or in a dense stand in an urban wooded park, it is part of the urban forest. The discussion below on values associated with urban trees makes it clear that each and every tree in the city has the potential to make a significant contribution to sustainability of the urban environment. Each and every tree is a contributor to the city’s green infrastructure.



4. How Trees Contribute to Sustainability of Cities

The premise of this paper is that trees make strong contributions to desirable ecological, social, and economic conditions in any city, which can be interpreted as enhancing the city’s sustainability. While the literature is replete with accounts of forest benefits, services, and values, the treatments of these in individual accounts is either broad and shallow—as in bare lists—or narrow and deep, as when one forest value, e.g., carbon sequestration, is examined at length. Our presentation below aims at a compromise between the two—our list is long, and we have presented a short explanation for each item presented.

We prefer the term “value” in our research because it helps citizens give considered responses to questions about what they deem to be important about trees in the city (see [42] for further justification). Our research group has recently engaged in studies of urban-forest values in selected Canadian cities (e.g., [43,44]), and has produced materials promoting trees in cities through enumeration of diverse forest values [45]. We draw upon this work in the following summary account of more than twenty ways in which trees contribute to urban sustainability. The list could be much longer–we regard the following ones as the leading forest values.

We acknowledge potential shortcomings of such a list. For example, some values (e.g., shade) are pre-requisites for or important influences on other values (e.g., extension of road-surface life, and enhancement of human heath). A reader may judge some of the values as substantially more important than others. The list is not logically established based on deductive reasoning–it arises from empirical research based mainly on what urban citizens say in answer to the importance question. Perhaps the values could be clustered into meaningful classes such as economic, social, and ecological values (e.g., [46]). All that said, we stand by the list as a broad suite of values identified, using the very words found below, in our survey, interview, and focus-group elicitations involving hundreds of people across Canada [27,43,44].


A Suite of Urban-Forest Values

Trees enhance the aesthetic beauty of the city. The idea that trees are pretty may be self-evident to any urban dweller as visions of green usually inspire calm and pleasant feelings. Indeed, city trees provide a wide set of visual pleasures, from the different colours of the leaves to the size and texture of tree trunks [47]. Trees also have sounds, such as when leaves rustle in the wind or a carpeted floor of fallen leaves is walked upon. Trees give people joy through the senses.

Trees provide shade. Shade is at the root of so many of the social, economic, and environmental benefits provided by trees in the city. It is a vital service in promoting people’s health, as shade trees block harmful ultraviolet radiation [48]. Shade trees, especially ones that are strategically situated where people congregate outdoors like in parks and on sidewalks, can help to mitigate the risk of skin cancer. Children are especially vulnerable to skin cancer, and thus trees in playgrounds and school yards have the potential of significantly reducing their exposure and risk of skin cancer. Through shade, trees sustain human health.

Trees help conserve fuel by reducing emissions from parked vehicles. Outdoor parking lots can be considered miniature urban heat islands with extensive impervious surfaces and low albedo. Vehicles parked in sunlight heat up and emit hydrocarbons into the air from the fuel in their tanks. Well-placed trees can reduce the amount of fuel that evaporates into the atmosphere from vehicles [49]. Thus, trees conserve fuel while concurrently helping to sustain the urban atmosphere.

Trees cool the city environment. Due to their built infrastructure, cities frequently experience higher temperatures than the surrounding countryside—this is the urban heat-island effect [50]. Trees reduce ambient air temperatures by altering wind speeds, shading surfaces, and blocking solar radiation [51,52]. Trees also transpire water vapour into the air and, thus, cool it [53,54]. Consequently, the more trees there are in the city, the greater the cooling effect will be. This is especially relevant given expected climatic change and the associated warmer temperatures.

Trees clean the air. Air pollution is an issue for most cities, and urban trees help improve air quality. Gaseous pollutants like ground-level ozone, sulphur dioxide, nitrogen dioxide, and carbon monoxide are removed from the atmosphere by trees by absorbing them through their leaves [55]. Particulate matter is also removed from the air and stored temporarily on the plant surfaces until it washes off in the rain [56]. Overall air quality is better with more trees in the city.

Trees foster health and healing. Trees help purify the air and reduce rates of asthma and other respiratory illnesses in urban populations [57,58]. When we fall ill, or are convalescing from illness, trees can play a pivotal role in healing. Landmark research by Ulrich [59] showed that surgery patients recovered faster and better when the view through their hospital bedroom window was dominated by trees rather than another building. Research in Japan has shown clear health benefits from exposure to forest landscapes [60].

Trees enhance community safety. Security and safety are serious concerns in a city. Among the psychological causes of insecurity and feelings of danger, we find mental fatigue and elevated levels of stress. Although earlier research suggested that dense and naturally vegetated areas were perceived as insecure and threatening (e.g., [61]), these perceptions have been changing through the years with our understanding of how mental fatigue and stress are mitigated by green space and its most dominant feature–trees. More recent research shows that residents living in greener surroundings report lower levels of fear, fewer incivilities, and less aggressive and violent behaviour [62].

Trees increase property values. Trees in the city are a major component of a neighbourhood’s aesthetic appeal and benefit homeowners by adding monetary value to properties. For Portland, Oregon, Donovan and Butry [63] found that a large tree on a residential property can add some $9000 to the sale price of a house. Land owners are also helping others by having trees on their residential properties, because adjacent homes and even entire neighbourhoods benefit from the increased property value. This is an important message to communicate to homeowners, since there is frequently more available space to plant trees on private residential properties than next to publicly owned streets.

Trees reduce energy costs. In some places, roughly 5%–10% of urban electricity demand is spent on cooling/heating buildings. Trees around buildings and houses can act as heat insulators and heat absorbers, shielding buildings from a high-temperature environment through shade, or keeping buildings from losing their heat in winter by increasing the humidity of the surrounding area and slowing down wind [64]. Simulations in Canadian cities have shown that an increase in a neighbourhood’s tree cover by about three trees per house reduces the heating energy of that house by up to 10% and the cooling energy by up to 40% [65]. The annual savings in heating and cooling costs can reach the hundreds of dollars every year depending on house size.

Trees prolong the life of infrastructure. Trees help reduce the amount of maintenance and repair required for city streets, thus reducing costs against the city budget. The asphalt used to pave streets is made up of aggregate held together by asphalt cement. The asphalt cement is a petroleum product, which breaks down and evaporates in the sunlight, causing streets to crack and eventually crumble into potholes, which need to be repaired, or the whole street repaved, at great cost. McPherson and Muchnik [66] found that just a 20% shading of streets in Modesto, California, could save 60% of resurfacing costs over a 30-year period. This service provided by trees is a huge incentive for engineers and indeed all municipal managers to increase tree canopy over asphalt surfaces.

Trees capture and store carbon. Atmospheric carbon dioxide is one of the main drivers of climate change [67]. Its concentration in the air is rising largely because of the burning of fossil fuels like coal, oil, and gas [67]. Anything we can do to slow down emissions of carbon dioxide and increase the rate of its removal from the air will be good for the future of cities [68]. Trees capture carbon dioxide from the air and store the carbon in their trunks, roots, and branches. As long as a tree is healthy and growing, it stores increasing amounts of carbon. The more trees we have in the city, and the larger and longer they grow, the more carbon dioxide will be taken out of the atmosphere [69].

Trees slow down stormwater flow and consequently improve water quality. Urban land is covered mainly by roads, sidewalks, rooftops, and parking lots. Most of these surfaces are impervious and prevent rainwater from being absorbed directly into the ground. Consequently, stormwater and wastewater systems, as well as natural water bodies, are strained during heavy rains as runoff flows into them off impervious surfaces. Excessive runoff can lead to flooding, sewage spillover, and aquatic pollution. This is especially the case in cities like Halifax, where the older parts of the city have combined storm and sanitary sewers. City trees intercept some amounts of rainfall and retain it in their foliage for a period of time [70]. Trees, thus, provide a critical economic service in stormwater management.

Trees provide employment opportunities. As they grow up into overhead wires, shed their leaves, grow new branches in undesirable directions, drop dead branches, or die, trees are cared for by municipal workers as well as private landscape contractors and other specialized tree caretakers. Salaries make up large proportions of the budget of tree-care organizations. The more trees there are in a city, the greater the amount of economic activity associated with their maintenance [71]. Trees represent smart societal investments because they demand expenditures on caring for vital urban green infrastructure.

Trees support business activity. The services provided by trees provide tangible financial benefits to business owners. Research has shown that consumers perceive business districts with trees as better places to shop [72]. Moreover, consumers say they are willing to pay higher prices, travel further and longer, and shop longer and more frequently in areas with green streetscapes [73]. This not only benefits business owners, but also provides incentive for them to become more actively involved in the stewardship of urban trees.

Trees enhance recreational opportunities. City residents frequently visit treed areas for recreation. Recreation in these areas can be passive or active, ranging from gentle activities such as cultural events, walking, picnics, or tree climbing, to active sports such as running or biking [74,75]. The many types of urban forest formats, ranging from treed streets to dense and naturalized forest remnants, serve diverse recreational uses [76].

Trees enhance tourism. Among the few studies linking urban forests and tourism, Majumdar et al. [77] concluded that for Savannah, Georgia, the better the urban forest, the more attractive the city is for tourists. This seems a reasonable conclusion considering that most city residents would like more trees and better urban-forest management in their own cities [27]. All other things being equal, it seems fair to say that tourists would prefer to visit a well-wooded city as opposed to one with few trees.

Trees provide diverse foods. Trees have been a source of food for people throughout the ages. Urban settings are highly suitable for growing the full range of fruit and nut trees [78]. Additionally, there may be opportunities to pick edible berries and mushrooms that grow on the forest floor of treed parks and other naturalized areas. Thus, trees can contribute, even if in a small way, to food security in the city.

Trees conserve biodiversity. Biodiversity, in the simplest terms, refers to the full diversity of life on earth and includes the diversity of gene pools, species, communities and ecosystems. Trees themselves represent important elements of biodiversity, but they also serve as host and habitat for a wide range of other organisms. The ability of trees to contribute to urban biodiversity increases as one moves from single isolated trees to lines of trees along streets and lanes, and further to stands of trees in parks and other areas [79]. Urban forests can contribute immensely to biodiversity conservation through inclusion of the full range of native tree species in their full spectrum of ages and community associations [80].

Trees promote learning opportunities. Trees provide habitat for many kinds of wild organisms, including fungi, insects, lichens, birds, mammals, and other vascular plants. An excellent focus to start learning about terrestrial nature in the city is the trees. Indeed, there is no better place to learn about nature than to be in it [81]. Getting away from the city and out into natural forests can be costly and may even be impossible for some people. The alternative is to study nature in the city. Trees in the city can provide excellent opportunities to learn about the kinds of species and natural ecosystems there are in the countryside and the wilderness. Research has also shown that urban trees can enhance the learning capacity of learners [82].

Trees impart a sense of place. Feeling a sense of belonging in the city is important to its citizens. The vegetation of a locale can contribute strongly to this sense of place. The presence of trees transforms barren areas into pleasant, welcoming spaces that infuse the city environment with a positive sense of self [83]. It has been shown that well-kept treed neighbourhoods serve to strengthen the ties among residents, generating a sense of place and stewardship among neighbours [84]. This in turn generates important civic values such as a greater sense of safety and adjustment, more use of neighbourhood common spaces, and fewer incivilities [85].

Trees contribute to a sense of well-being. The main argument is that the more that people can experience nature, the better they feel, emotionally, mentally, and physically [11,86,87]. The lack of nature in cities means that many people cannot benefit from it as directly as they might. In many cities around the world, trees dominate the natural ecosystems. If we are to bring nature to the people in an urban environment, that means more trees, not just in total but also more trees in naturalized conditions (see [88]). A healthy urban forest contributes to a healthy and happy people.

To sum up, we conclude that trees boast an extensive and diverse array of values to cities. We suggest that they are the greatest contributors to urban sustainability of all forms of plants. In absolute terms, the contributions of trees to urban sustainability are substantial. The more trees there are in the city, the better the city can serve as a good place to live.




5. Can Trees Detract from Urban Sustainability?

Unfortunately, trees can be detrimental to urban dwellers in several ways. We believe that the benefits of trees outweigh the costs, but these potential inconveniences or risks should be taken into consideration when planning a sustainable city. Some costs may be unavoidable; some stem from the location of the tree in relation to infrastructure, others from tree species selection. Yet other costs relate to how well or how badly the built infrastructure accommodates trees.

Trees can damage infrastructure. Roots may crack sidewalks, and branches or whole trees can fall and cause damage during extreme weather events such as windstorms [89,90]. Roots are also know to invade underground drainage pipes [91], although this normally happens in the context of leaky pipes. Trees may require frequent maintenance to ensure they do not damage infrastructure, such as pruning programs to keep tree branches out of overhead wires [92]. Moreover, natural or disturbance-related mortality and the presence of standing deadwood both present a similar hazard or significant costs for removal, as is the case currently with widespread ash (Fraxinus spp.) mortality caused by the emerald ash borer (Agrilus planipennis) [93]. Similarly, trees can create unwanted debris, such as sap and leaves [93]. Lastly, infrastructure and people may be put at risk by the increase in wildfire potential that comes with an increase in urban trees [29].

Humans can have allergic reactions to the pollen produced by trees and plants in the urban forest [94,95]. Treed areas can create feelings of unease due to real or perceived danger [96]. Urban residents occasionally identify heightened feelings of unease and fear of crime in some treed urban areas due to the potential of concealed individuals or activities [85,97,98]. Trees provide habitat for other species, but not all these species may be desirable. Urban wildlife can annoy or threaten pets and humans, or damage plants and structures (e.g., birds and fruit trees) [99]. For example, in Helsinki, Finland, the excrement on sidewalks from aphids in linden trees produced a vomit-like odour during warm spells [100].

Tree shade may be valued by some but be seen as an inconvenience by others. Trees located over flower or food gardens can provide undesirable shade that limits the growth of more-desired plants, such as vegetables [101]. They may also hinder the growth of garden plants in the understory when their needles and leaves decompose. Thus, the location of a tree in its ecological and social contexts influences whether the tree’s services are of value.

Similarly, tree shade that lowers summer cooling costs could increase winter heating costs [102]. Trees might be positioned in a way that limits winter sunlight, turning shade into a disservice [103]. While we generally think of street trees as cooling agents, they also have the potential locally to increase air temperatures. For example, a canopy of immature trees can block airflow but still allow solar radiation to strike and heat the ground [51].

The touted improvements in quality of life that trees bring can result in increased financial costs to nearby residents. The increase in property values from trees may result in an increased property tax for the owner. Dwyer et al. [104] conservatively estimated that, in the United States, $1.5 billion/year in property taxes might be attributed to the value trees add to property. As trees increase the value of the spaces and buildings around them, the increased values benefit owners wishing to sell but represent higher real-estate costs for would-be buyers.

Trees and parks are differentially distributed in cities. Ethnic/racial minorities and low-income residents have lower access to green space [105,106]. While city planning that incorporates tree planting and park development in lower-income areas aims to rectify this social injustice, it also increases the desirability of these areas and can contribute to their gentrification, pushing out the original residents [107].

More trees means more maintenance. The equipment used for tree maintenance is usually powered by fossil fuels, so engine emissions need to be factored against trees’ carbon-storage capabilities [102]. These costs might start to outweigh the benefits of trees if urban vegetation is short-lived or stressed, and requires constant attention or removal and replacement [108]. Lastly, some trees may not always be the optimal choice for a sustainable city. The water demands of many tree species may make them unsuitable for cities in arid and semi-arid climates [109].

Despite the above drawbacks of trees in the city, we reiterate our own views about the net benefits of trees, as well as what we perceive to be the trend in Canada based on our research [27,28]: the benefits of trees in the city far outweigh the drawbacks, and hence both professionals and citizens favour increases in urban tree canopy. When urban forests are managed well, as outlined below, the net benefits can be significantly increased.



6. Enhancing Urban Forests for City Sustainability

Shaping the urban forest so it delivers on citizens’ value expectations requires active and careful intervention—there is no passage without fare. Investment is needed to improve the supply of urban-forest services while also mitigating potential disservices. The majority of trees in the city require substantial management actions to maintain function and ensure tree establishment and survival. Cities represent rather different conditions from those under which tree species have evolved. An abundance of stressors and disturbances afflict city trees (e.g., poor soils, pollution, invasive species, vandalism, poor management), resulting in urban forests suffering relatively high rates of tree decline and mortality [110]. Ensuring that city dwellers live well among trees, and the challenges associated with doing so, has therefore spawned a wide array of policies and practises for maintaining and enhancing urban forests.

Urban forestry in North America, as a practice and profession that separated from traditional forestry in the 1960s, represents an amalgamation of forestry with horticulture, arboriculture, and landscape architecture [111]. Arguably, broad establishment and acceptance of urban forestry was cemented by the Dutch elm disease (Ophiostoma novo-ulmi), which ravaged the extensively planted elm (Ulmus spp.) populations of North American cities and first exposed the public to the consequences of widespread urban canopy loss [112]. While urban forest management in many ways remains reactive and practice-oriented, being driven by immediate disturbance and threats like the Dutch elm disease, more advanced and progressive models of urban forest governance are emerging [113]. Urban forest management today continues to grow beyond operational necessities like tree planting, maintenance, and removal.

Across Canada, the urban forest is increasingly becoming an item on municipal planning agendas and many cities are creating policies and strategic plans that address their urban forest [28,114]. The design and implementation of tree protection regulations for public and private properties are becoming commonplace in larger cities [115]. Many of these regulations focus on the formal planning process, since development practices and land-use change are among the largest contributors to urban tree mortality and canopy loss [116]. Trees also continue to garner attention in the urban design process as vital pieces of green infrastructure, where the realities of growing trees that survive to maturity is no longer an afterthought in landscape architecture and engineering [117]. Experiments are underway to explore how to grow trees on buildings—examples include the famous Hundertwasserhaus in Vienna and the Bosco Verticale (Vertical Forest) in Milan. The use of underground structural soil cells in high-density streetscapes is a prime example of designing cities for trees rather than adapting trees to cities [118].

Another growing trend in urban forest enhancement is incentive-based programs that offer financial or non-financial motivation for residents, businesses, and organizations to take part in urban forest stewardship activities (e.g., free-tree programs) with the long-term goal of changing citizen behaviours and fostering stewardship [119,120]. Lastly, many cities are adopting comprehensive and strategic urban forest management plans [28]. These plans generally consist of guidelines for tree planting and species selection, tree maintenance (e.g., pruning-cycle establishment), pest management, conservation goals, and performance standards [121]. Management plans are an important step for communities to acknowledge urban forests as a public good and a key stage of policy development for ensuring explicit and consistent goals for long-term sustainable urban forest management [122].

The complexity and heterogeneity of the urban forest and the growing importance of cities have demanded a more enlightened and interdisciplinary approach to understanding and managing them. This requires not only maintenance operations and municipal policies, but also ongoing research from the social, natural, and applied sciences, as well as partnerships involving governments, industry, academia, and communities [123]. In fact, today it is argued that urban forest management and governance have become particularly innovative as they often involve partnerships with a variety of non-government stakeholders, such as environmental non-governmental organizations, citizen associations, landowners, and industry [113]. Indeed, these partnerships are arguably necessary given the complex and fragmented ownership regimes of cities and their urban forests. Ultimately, it is the partnership between humans and trees that contributes to the overall sustainability of the modern city.



7. Conclusions

Municipal managers across Canada seek to increase the proportion of the urban landscape dominated by trees. This objective rests firmly on the understanding that trees are, on balance, extremely good for people and the city environment. We have shown above that trees offer a relatively much stronger and broader array of benefits to people compared to their negative aspects, suggesting that they are strong net contributors to urban sustainability. Careful and sensitive management of a city’s tree population, with an eye to reducing tree disservices and increasing tree services, as well as catering to people’s tree-related values, can substantially enhance those contributions.

Urban sustainability is a journey of improving city conditions economically, socially, and environmentally. It aims to improve the human condition in respect of people’s health and welfare. City development is most often dominated by construction and maintenance of grey infrastructure, mostly buildings and transportation networks. Without question, such infrastructure is needed for a city to function. However, at one end of the spectrum, grey infrastructure can be developed with no regard to the quantity and quality of green infrastructure, i.e., trees and other plants. At the other end, it can be designed and installed to cater well to, and even celebrate, the green infrastructure. Sustainable urban development will proceed well when cities are reconceived from concentrations of concrete, steel, and asphalt sprinkled about with a few amenity trees, to a natural or semi-natural landscape into which concrete, steel, and asphalt are judiciously introduced. Where the former predominates, urban redevelopment is warranted with emphasis on renewal and expansion of green infrastructure. If the latter exists anywhere in the world, it is to be emulated and repeated. Trees are indeed indispensable for city sustainability.
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