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Abstract
For cities to grow their urban forest canopy the formula appears rather straightforward: the right
trees, plus the right conditions, plus the right care equals success. These simplified “tree chain of
custody” steps, however, represent activities within a complex value-chain in Canada. Given that
there is heightened demand for urban tree planting as natural climate solutions become the norm,
how can we prepare the value-chain to meet these demands? To answer this question, we outline
the pathways by which trees presently go from nurseries into urban and peri-urban areas.
Delineating the actors, roles, and present barriers to success exposes the complexity of the process
and relationships in the value-chain, as there are distinct phases with multiple actor groups involved
who influence, and are influenced, by one another. We explore the issues that pose prominent chal-
lenges to, as well as opportunities for, the value-chain. Emergent themes include communication,
forecasting demand and timing, underpricing and undervaluing tree establishment, lack of awareness
on the importance of soils, juvenile tree health, species selection, and gaps in evidence-based decision
support tools. The touchstones of science and innovation, collaboration, and knowledge mobilization
are pertinent for the value-chain in Canada to draw upon to navigate the future.
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Introduction
Urban forests are of immense value and are often highlighted as a key component of “green
infrastructure”. Green infrastructure refers to “an interconnected network of green space that con-
serves natural ecosystem values and functions and provides associated benefits to human popula-
tions” (Benedict and McMahon 2002, p. 12). Trees reduce air pollution and provide oxygen
(Zupancic et al. 2015; Leff 2016; Nowak et al. 2016). Trees’ hydrological functions have upsides of
improving water filtration, storing water, and lowering stormwater runoff (Bartens et al. 2008;
Berland et al. 2017; Leff 2016). Moreover, habitat is provided for wildlife and biodiversity is promoted
(Threlfall et al. 2015; Leff 2016; Aronson et al. 2017). Trees also help cities adapt to climate change
(Rahman et al. 2015; Brandt et al. 2016; Leff 2016; Sinnett 2020). In addition to the ecological benefits,
urban forests offer several advantages to the well-being of individuals who live in cities and peri-urban
areas. Urban forests enable an active lifestyle (Mytton et al. 2012; Richardson et al. 2013; Leff 2016)—
promoting mental well-being while reducing physical conditions such as blood pressure, obesity, and
diabetes (Jiang et al. 2014; Kardan et al. 2015; Ulmer et al. 2016).
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At the same time, urban forests in Canada are confronting many challenges, and these will intensify in
the future. The 2020 Canadian City Parks Survey reveals that 70% of cities are reporting increased
demands for more naturalized spaces and projects, plus there is a growing demand for green
infrastructure (Park People 2020). This increasing demand is and will continue to be exacerbated by
climate change; heat waves, heavy rainfall, and other extreme weather events are expected to increase
in frequency and intensity with negative impacts on urban forests (Johnston 2004; Safford et al. 2013).
It is anticipated that climatic changes will also increase susceptibility to insects and disease (Tubby
and Webber 2010; Dale and Frank 2017) as well as favor many populations of tree pests and pathogen
species normally kept at low levels by cold winter temperatures (Tubby and Webber 2010). None of
the above challenges operate in isolation as urban forests are complex systems characterized by
interconnections and interdependencies and their basic requirements are different compared with
rural conditions (Czaja et al. 2020).

Aggressive tree planting goals to achieve canopy cover growth targets are a common manifestation to
overcome the above challenges. As with many other issues of importance to Canadians, the impetus
for tree planting comes from governments and nongovernment organizations through a mix of
mechanisms. The 2019 mandate letter from Canada’s Prime Minister included three priorities related
to urban forestry: (i) operationalize the plan to plant 2 billion trees over the next 10 years, (ii) help
cities to expand and diversify urban forests, and (iii) increase the resilience of Canadian urban forests
by supporting research and providing access to domestic sources of climate-resilient and genetically
diverse trees (Trudeau 2019). It builds upon provincial tree planting programs, such as Forests
Ontario’s 50 Million Tree Program (Forests Ontario 2020). Forest management in cities is largely
the purview of municipal governments. Considerable variability exists in municipalities throughout
Canada in terms of their capacity for forest management, policies, and by-laws. Notwithstanding
efforts by governments, the Canadian Urban Forest Strategy (CUFS) sets forth a vision of sustainable,
biodiverse, and healthy urban forests that protect and enhance the well-being and prosperity of
Canadian communities (Tree Canada 2019a). Most recently, the Government of Canada announced
CAN$200 million in investments into the “Natural Infrastructure Fund” that recognizes the impor-
tance of local parks, green spaces, and waterfronts as part of our natural infrastructure (Department
of Finance Canada 2021).

The burgeoning interest in planting trees and increasing canopy cover is much needed, timely, and
laudable. However, it focuses attention on the ultimate end goal and neglects the means to achieve
it. We argue for a value-chain approach to urban forestry in Canada and discuss three essential
questions to advancing this perspective in scholarship and practice. First, what are the pathways by
which trees presently go from nurseries to being planted in urban and peri-urban areas? Second, what
issues pose prominent challenges and opportunities to the value-chain? Third, what touchstones can
the urban tree value-chain in Canada draw upon to navigate the future?

Pathways
Understanding the urban tree value-chain is essential to meeting growing demand for planting trees
in North American cities (Conway and Vander Vecht 2015). The urban tree value-chain (also referred
to as a market, supply, or commodity) employs the analogy of a chain to symbolize interconnections
among the actors involved in bringing a product from its source to end (Kaplinsky and Morris 2000).
Value-chains are networks that operate across levels, encompass the range of activities implemented
by individuals and (or) organizations, and concern different divisions and relationships among actors
(Kaplinsky and Morris 2000; Ingram et al. 2014; Khalili and Alinezhad 2018). We ground our
perspective in recent works like Kapoor (2018), who demonstrated that value-chains are in fact
complex interdependent networks that function more like ecosystems rather than simple, linear
(linked) chains. While “existing urban forest literature is strongest in its quantification and
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qualification of the benefits and care of trees : : : ” there is considerably less information available on
the value-chain (Vogt et al. 2015, p. 293). Comprehending the decisions made by those engaged in
the urban tree value-chain is needed to illuminate if, and how, municipalities are meeting their goals,
the ways urban forests may be changing, and broader socio-ecological dynamics (Conway and Vander
Vecht 2015).

As urban forestry evolved into a field of professional practice, researchers have started exploring some
portions and (or) aspects of the value-chain. Sydnor et al. (2010), for example, sought to better
understand the value-chain/interaction between nurseries (suppliers) and urban foresters (planters)
regarding desired tree species for planting. Their research revealed differences between these two
actor groups in terms of the desired tree species for planting as well as awareness of species availabil-
ity, largely due to lack of communication and (or) miscommunication. Research by Whittet et al.
(2016) revealed similar results in relation to tree/seed supply and demand challenges between suppli-
ers, planters, and government. Increasing attention (see Campbell et al. 2016; Jim 2019) is being
directed to knowledge co-production and information sharing. Jim (2019) characterized the connec-
tions between value-chain actors as weak and found little interaction or knowledge sharing among
researchers, policy-makers and practitioners, which severely impedes progress in urban forestry.
Whereas most scholarship addresses a portion and (or) aspect of the value-chain, a notable exception
is by Conway and Vander Vecht (2015) who used mixed methods to comprehensively explore the
value-chain regarding selecting tree species.

Advancement in understanding the urban forest value-chain comes from Bowen and Jenkins (2021)
who used tree planting by municipalities as a departure point and illustrated (Fig. 1) the urban tree
value-chain in Ontario in terms of the main actor groups, actions required, and pathways by which
they interact. Bowen and Jenkins (2021) highlighted that urban tree planting is comprised of multiple
actions for tree planting and maintenance, which are both imperative for successful tree establish-
ment. It is also comprised of multiple pathways: one based on the flow of products and one based
on the flow of knowledge and communication. Distinguishing these pathways is necessary, according
to Bowen and Jenkins (2021), to recognize their distinct flows. The pathway of products is linear and
clearly delineates what each actor is contributing to urban forest establishment. However, the
knowledge and communication pathway is not that simple. There are many more connections, they
are bidirectional, and may occur separately or in conjunction with the pathway of products. A total
of 13 established paths of communication were identified, with many additional paths identified by
actor groups to be integral, beneficial, or of interest.

Governance of urban forest in Canada is fragmented, multi-faceted, and not comprehensively
reflected in value-chain studies to date. Fragmentation largely stems from the dearth of federal or
provincial government involvement (Kenney 2003) and largely resides with municipalities (Barker
and Kenney 2012). Institutional diversity is observed at the municipal level as exhibited in documents
such as “ : : : street tree regulations (called ordinances, bylaws, or other terms, depending on context;
Mincey et al. 2013), as well as policies, strategies, and management plans (Davies et al. 2017) and
can be complemented by other municipal planning instruments, such as zoning and urban growth
regulations (Hill et al. 2010; Mincey et al. 2013)” (Ordóñez et al. 2020, p. 137).

While enabling legislation grows (see Bardekjian 2018) and many cities have developed climate
change and (or) urban forest policies to enhance climate resilience that support urban livability
(Cheng et al. 2021), the extent of policy effectiveness remains unclear (Cheng et al. 2021). In effort
to combat tree/vegetation loss and protect urban greening, local governments have initiated enforce-
ment strategies or programs to protect urban green space, for example, tree planting programs
(Phelan et al. 2019) as well as mechanisms to protect trees on private property (Phelan et al. 2019).
Conversely, municipal efforts to protect urban trees can also be problematic. For example,
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Fig. 1. A conceptual diagram of the illustrative case example from Ontario that defines the process pathway for tree planting and demonstrates the complexity of
the interactions among actor groups. The diagram defines the established lines of communication among actor groups while also identifying the communication
lines that are not well established but are integral, beneficial, or of interest for tree establishment, especially with respect to tree maintenance (Bowen and
Jenkins 2021).
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municipalities may impose size mandates for trees at planting, despite empirical evidence showing
that transplanting large trees are likely to have reduced growth for many years (e.g., Watson 1985).
In comparison, “smaller 1- to 3-inch trees, transplanted at the same time, will often equal in size or
surpass them before larger trees regain their pre transplanting vigor. In spite of these difficulties,
larger trees continue to be transplanted for the immediate advantages they can provide in landscape
design” (Watson 1985, p. 37). Restricting plant lists by origin poses another considerable challenge
by municipalities and cities. There is a preponderance on native tree species (Conway and Vander
Vecht 2015), while only planting these species is often problematic and limits the diversity of plant-
ings (Sjöman et al. 2016). Studies throughout the world (e.g., Sjöman et al. 2010, 2012, 2016;
Lévesque et al. 2013, 2014; Hilbert et al. 2019) have found many non-native, noninvasive species are
adapted to poor site conditions characteristic of urban settings and underrepresented in urban
plantings.

Relatedly, development practices set by municipalities shape urban forests. Land-use planning policies
promote intensification within existing urban areas (Jim 2001; Phelan et al. 2019). For example,
development is often the source of soil issues that negatively impact the establishment and growth
of trees in urban areas (Jim 2013). The cultivation and management of urban forests are influenced
by space restrictions on urban sites, resulting in inadequate soil volume needed to reach tree maturity
(Jim 2001; Tree Canada 2015). This can result in developers as well as planners ignoring the soil needs
of the trees and ultimately shortening their lifespan (Tree Canada 2015). Minimum requirements for
soil and tree spacing (e.g., Tree Canada 2015; Cheng et al. 2021) are an example of how this issue is
being tackled in Canada. At the same time, significant gaps and discrepancies have been found to exist
within Canadian cities, with only three cities (15%) having developed aligned climate change and
urban forest policies (Cheng et al. 2021).

Private landowners are another critical linkage in the urban forestry chain, especially as the majority
of lands available for new plantings are privately owned (Green Infrastructure Ontario 2015;
Conway 2016). Landowners collectively manage a significant portion of the urban forest (Conway
2016), emphasizing the centrality of their role in the management of urban forests. Most trees on
private property have been planted, rather than naturally existing through regeneration (Nowak
2012; Pearce et al. 2013; Conway 2016). Reasons why landowners may want trees to be planted
include aesthetics, climate change mitigation, shade benefits, and social factors (Conway 2016;
Avolio et al. 2018; MacDonald et al. 2020). At the same time, owners of private property have declined
trees even when they are free. For example, research by Carmichael and McDonough (2018) revealed
nearly one-quarter of eligible people in Detroit declined free street trees due to historical lack of
maintenance. Similarly, “in Ontario, Canada, residential property owners reported factoring in
maintenance concerns as well as aesthetics in tree planting decisions (Conway 2016)” (MacDonald
et al. 2020, p. 2). This demonstrates the need to engage private landowners in tree planting programs
in a way that is responsive to their motivations (MacDonald et al. 2020).

This illustrates the need to closely consider interactions between/among value-chain actors.
Previously it was assumed that regulations by local authorities did not extend to gardens and trees
on private property (Daniel et al. 2016). However, recent studies clarify that “private tree cover is
affected not just by the attitudes of individual owners or residents (Kirkpatrick et al. 2013; Pearce et al.
2013), but also are influenced by a range of direct and indirect governance mechanisms (Nasar et al.
2007; Hall 2010a, 2010b; Kirkpatrick et al. 2011)” (Daniel et al. 2016). For example, Daniel et al.
(2016) investigated Brisbane’s (Australia) contemporary planning and environment policy and found
“urban consolidation” to be a common theme in response to rapid population growth with the scope
of direct and indirect regulation of urban trees on private property.
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Equally important is consideration of actors absent from the urban forest value-chain. Indigenous
Peoples in urban forestry are noticeably absent, despite being recognized as key actors, and the need
to work as true partners in shared governance, joint decision-making, collaborative stewardship,
and land-use planning is highlighted (Harland 2019). A positive signal in this regard comes from
Tree Canada (2019b), which “ : : : established an Aboriginal Engagement Committee to ensure that
the organization’s work would include appropriate acknowledgement and increased participation of
Indigenous peoples in Tree Canada programs, projects and activities”. Natural Resources Canada’s
Canadian Forest Service (CFS) and Tree Canada has subsequently (2019) conducted a research study
to better understand the needs and interests of Indigenous communities in relation to urban forestry.
Results provide insight into how Indigenous communities perceive and engage in urban forestry proj-
ects and how these projects create opportunities for community engagement. Despite these initiatives,
there is an apprehensible lack of meaningful engagement with Indigenous people and clear need to
learn about and learn with Indigenous sovereignties and ontologies (Cooke 2020).

Prominent challenges and opportunities
With a more fulsome picture of the actors involved as well as the pathways by which they interact, we
turn our attention to gleaning insights into the contemporary situation of the urban forest value-chain
in Canada. The entry point for this section stems from the recent study by McGrath (2021), who
asked actors from across the Canadian value-chain about present challenges and opportunities.
Eight salient issues were identified, and we will use this section to discuss how they present both
challenges and (or) opportunities drawing upon scholarship and experiences from Canada and
beyond.

Geography and size of cities influences urban forestry
In Canada there are four size classes of cities based on population: large urban population centres
(100 000 or more), medium population centres (between 30 000 and 99 000), small population centres
(between 1000 and 29 000), and rural areas (less than 1000; Statistics Canada 2017). While the
practice of urban forestry has largely focused on large centres, small municipalities provide many of
the same benefits (e.g., environmental, associated amenities, etc.; Groninger et al. 2002). Small cities
also experience similar challenges to those in urban centres, but without the same access to resources,
including invasive species, effects of climate change, budget constraints, etc. (Barker and Kenney
2012). Smaller population centres may also have fewer resources (e.g., knowledge of tree maintenance,
financial resources, tree inventories, social capital, etc.; Groninger et al. 2002). This lack of resources
may worsen challenges and negative effects on small municipalities (Barker and Kenney 2012).
Inadequate resources often compel small municipalities to manage urban forests reactively, thus
addressing problems as they arise rather than resolving them pre-emptively (Groninger et al. 2002).
This can include hazard tree removal, cleanup following storms, disease outbreak, etc. Consistent
monitoring is integral to the safety and vitality of a community’s urban forest, but many small
municipalities cannot commit a continuous flow of financial and human resources (Maco and
McPherson 2003).

Bowen and Jenkins (2021) uncovered many disparities between large and small municipalities in their
study in Ontario that corroborates the findings from others, which suggest that smaller cities are
limited by their budget and resources. Participants from municipal actor groups highlighted that
larger cities have greater ability to ensure tree quality. For instance, they will go to the nursery to
inspect and tag trees to be planted by contractor, they inspect stock after purchase by contractor—
only quality stock is received—and staff can visit planting sites to delineate planting areas and allocate
tree species and size. Large cities also indicated that they require a two-year guarantee by the contac-
tor that they will replace tree if it dies. Comparatively, respondents for smaller municipalities have
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stated they lack the resources to ensure quality detailed by larger cities and cannot enforce the
replacement of trees by contractors if they die within the two-year period.

In Canada, urban forestry is undertaken by municipalities with little involvement from upper-level
governments (Barker and Kenney 2012; Tree Canada 2019a). The effectiveness of urban forestry
may be harder to gauge, as it is inconsistent and sporadic between municipalities: “a network of
relationships, resources, and environmental factors defines urban forests, but urban forestry overall
is implemented in an inconsistent manner without significant involvement from a central guiding
entity (Kenney 2003)” (Barker and Kenney 2012, p. 119). Therefore, how urban forests are planted
and managed is also geographically distinct. Canada’s climate alone makes urban forestry distinctly
different across the country resulting in different challenges faced by actor groups. This poses a
challenge to diversification and leaves trees and urban forests vulnerable to devastating insect and dis-
ease infestations. A particularly salient example is Ophiostoma ulmi or Ceratocystis ulmi, Dutch elm
disease, which first hit Eastern Canada, killing off 80%–90% of elms. As the disease moved west, the
impact in Prairie provinces, cities, and towns were far greater due to the large prevalence of elms in
the west (Tree Canada 2019a).

Communication
Ineffective and (or) nonexistent communication is foundational to several present difficulties
identified by actors (e.g., municipalities, nurseries, consultants, landscape contractors, landscape
architects etc.) across the Canadian value-chain (Bowen and Jenkins 2021). Jim (2019) identified a
disconnection between available and digestible information across research and practice, which has
the two-fold implication: researchers exert little influence over the end value-chain/product (e.g., loss
of productivity, diminished effectiveness/results, increase costs, etc.) and practitioners are not able to
make good use of translating knowledge into practice. A lack of coordination and not sharing
information are often the cause of poor performance (Arshinder and Deshmuk 2008), distortions
(Simatupang et al. 2002), and greater uncertainty (Yu et al. 2001).

Current urban forestry challenges are complex and cannot be solved by managerial expertise/
practitioners alone; similar to other “wicked problems”, communication is paramount to knowledge
sharing and understanding across numerous stakeholders and disciplinary boundaries (Ludwig
2001; Campbell et al. 2016). An exciting opportunity exists to bridge the knowledge–practice gap by
fostering interactions among researchers and practitioners through communication, mutual learning,
and understanding (Sydnor et al. 2010; Campbell et al. 2016; Jim 2019). Information sharing and
communication among actors will lead to better decisions and optimization of value-chain dynamics.

Forecasting demand and timing
Actors throughout the Canadian urban forest value-chain identified the challenge of forecasting
demand. Municipal budgetary approval processes allow for a lead time consisting of months, which
does not align with the several years it takes to finish a tree in the nursery to meet size requirements
for municipal contracts. To meet demand, nurseries must take on financial risk through the initiation
of contracts with other growers or grow trees on speculation, with no advance contractual obligation
or deposit. This risk is exacerbated when growing unproven material as it can lead to wasted time and
wasted product, limiting the amount of new material that is introduced into the landscape. Disparities
between what urban foresters wish to plant as compared to available stock is a clear and persistent
problem in the value-chain (Cutting-Decelle et al. 2007). Sydnor et al.’s (2010) survey of urban
foresters in Ohio illustrated the extent of this mismatch, as desirable species were not available from
nurseries and other species were in excess; a similar pattern has been found in many other countries
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(see Moreira da Silva et al. 2016). Cleary, numerous potential constraints exist in the value-chain be it
natural, economic, or practical (Moreira da Silva et al. 2016; Whittet et al. 2016).

Tree establishment is misunderstood, underpriced, and
undervalued
Tree establishment was repeatedly identified as a challenge and opportunity by actors throughout the
Canadian urban forest value-chain (Bowen and Jenkins 2021). Tree establishment concerns the instal-
lation and care (maintenance) of trees, which ultimately influences their well-being and success.
A systematic review conducted by Roy et al. (2012) revealed that only 15.6% (18 of 115) of papers dis-
cussed the problems or costs of urban trees. More recently, Vogt et al. (2015) observed that the cost of
maintenance/management (i.e., planting, pruning, removal and treatment), are not well understood
particularly with respect to how mismanagement may reduce the benefits that could be gained from
trees that receive more optimal care. Unhealthy trees have reduced crown growth and (or) increased
mortality, and the economic, social, environmental, and ecological benefits potentially provided, are
lost. It is unfortunate that tree care budgets are frequently considered nonessential or less-essential
city services compared with other services (police/fire departments, road projects, schools, etc.)
(Vogt et al. 2015). However, urban forestry professionals broadly recognize that ongoing maintenance
costs are essential to support urban forest health, ecological functions, and associated ecosystem
services (Vogt et al. 2015). Unmaintained trees may even become a disservice, such as when heavy/
breaking limbs cause safety concerns or accidents (Roman et al. 2021). Current literature on the cost
of not maintaining trees is lacking, especially in terms of specific maintenance activities. Except for
specific utility arboriculture or pruning cycles, costs of not pruning are rare (see Ryder and Moore
2013 for a noteworthy exception) (Vogt et al. 2015). Evidence is required to determine the true cost
and benefits of proper care from installation onward to meet urban forestry goals (Vogt et al. 2015).

Opportunities for the Canadian value-chain here are multi-faceted. There is a need to understanding
the true cost as well as the benefits gained from proper installation and care of trees in urban settings.
Changing the mindset and expectations of people, from tree planting to establishment, is a simultane-
ous requirement. Together, this shift in understanding and expectations provides a logical basis to
support tree establishment. This idea came forth in recent work by McGrath (2021, p. 5) on the
Canadian value-chain in which regular investment through “itemized, multi-year maintenance
contracts built into municipal budgets” was expressed as a clear need. This need is not hypothetical
as the integration of urban forests into municipal asset management plans is now being explored by
some cities (e.g., Regional Municipality of York).

Soils matter for tree establishment and performance
Attention to soils is very important to the Canadian value-chain, further, it was consistently identified
as a high-priority research need by the value-chain (McGrath 2021). Developing soil standards for
tree establishment and performance, including geographically relevant soil research and specifications
were highlighted as pressing needs. While it is well understood that tree establishment and perfor-
mance in urban settings is often challenging because of poor soil quality (Day and Bassuk 1994;
Conlin and van den Driessche 1996; Jim 1998b; De Lucia et al. 2013; Watson et al. 2014; Layman et al.
2016), it is often neglected (Haan et al. 2012; McGrath et al. 2020) as well as understudied. Major gaps
in knowledge include soil structure, aggregate stability, bulk density, porosity (Jim 1998a; Puskás and
Farsang 2009), soil volume restriction, and soil sealing (Jim 2017; Just et al. 2018). There is also a need
to understand long-term effectiveness and consequences related to tree performance in poor-quality
soils (Layman et al. 2016). Although research examining the relationship between soil properties
and urban tree performance are limited, Scharenbroch and Catania (2012) found soil organic matter,
pH, and texture to relate to urban tree performance and Layman et al. (2016) highlighted the
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connection between healthy soil and improved tree performance. Such research remains generally
disconnected from practice, in which “common tree growth limitations have remained entrenched.
For decades, they have escaped the attention of managers and continued to suppress tree perfor-
mance. They account for many cases of poor tree performance, premature decline, tree hazards and
wasteful use of resources” (Jim 2019, p. 51).

Efforts by Scharenbroch et al. (2017) to develop a rapid urban site index for assessing the quality of
street tree planting sites, to match species tolerances and site qualities, and assess the efficacy of soil
management actions are examples of tools being advanced for managers. They explore these factors
to understand the connection between urban soil quality and tree performance and provide
practitioners with a rapid-assessment tool.

Nurturing juvenile tree health
Actors across the Canadian value-chain expressed concerns regarding the effects of nursery produc-
tion practices and quality of nursery stock (McGrath 2021). There are multiple dimensions of this
challenge and much more research is needed to specifically understand how different tree nursery soil
conditions impact transplanting/establishment (Day et al. 2009). Poor root environment negatively
influences transplant survival (Hirons and Percival 2011) and quality root systems have been found
to lead to failure due to girdling or poor anchorage (Gilman 2013; Hirons and Percival 2011). The
influences of container designs on tree root quality while growing in nurseries and the relationship
with tree establishment/survival is gaining attention (Day et al. 2009; Gilman et al. 2016; Allen et al.
2017; McGrath et al. 2021). Gilman (2013) also demonstrated that poor tree form can lead to tree
damage in storm events and be costlier for cities to manage either through replacements or increased
pruning costs.

Opportunities here are several. It is clear that “a number of nursery production practices can influence
the establishment of trees. Perhaps of greatest significance is the extent to which the root system can
be diminished during transplanting” (Hirons and Percival 2011, p. 54). Root structure/quality needs
to be considered early on, during nursery production, to develop healthy structural roots and avoid/
mitigate root challenges and defects (Day et al. 2009; McGrath et al. 2021). While a good start is
required for trees, greater attention and consistent management of root architecture throughout
production is necessary for the long-term success of urban trees (McGrath et al. 2021). Therefore,
practices for nurseries to develop high-quality root systems is needed across production timelines
(from production to finished stock) and across production types (i.e., bareroot, container-produced,
and balled and burlapped) of nursery-produced trees. The development of high-quality root systems
is therefore important for the long-term viability of the urban canopy.

Selecting “the correct” tree species
In Canada, making evidence-based tree species selections was identified another high-priority
research need (McGrath 2021). Improved availability to support species selections, information on
species selections across geographic areas, and matching species to design and site conditions were
emergent themes in the research-needs discussions by the Canadian urban tree value-chain
(McGrath 2021). Purchasing preferences of tree species may be changing, but this doesn’t necessarily
translate into changes in production inventories (Sydnor et al. 2010), as described above in relation to
the challenges of communication and forecasting demand. In Canada, a first filter for selecting and
assigning plants is by using hardiness zones. Currently, hardiness zones assign plants to geographic
locations based on the most northerly and southerly zones in which they can grow. This approach
has limitations due to the coarse spatial nature and the relatively unsystematic assignment of plants
to zones (McKenney et al. 2007a, 2007b). In contrast, Natural Resources Canada is developing tools
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to move beyond single hardiness zone maps using a climate profile for each plant species based on
extensive distribution data and continent-wide climate models, where species-specific climate
envelopes are now available for 130 tree species (Natural Resources Canada 2021). Cultivated varieties
as well as native species need to be assessed for tolerance to the environmental conditions that are
typical of the urban landscape. Climate change exacerbates the variety and the complexity of
landscapes into which trees are planted, making tree selection even more challenging as well as
impacting tree species survival (Khan and Conway 2020). There is higher demand for more diverse
urban forests, including an abundance of locally native trees, to help combat, mitigate, and adapt to
climate changes (Moreira da Silva et al. 2016; Khan and Conway 2020; see also Mesquita et al. 2010;
UN 2014; Whittet et al. 2016). Further, selecting tree species for anticipated vulnerability is another
challenge facing the value chain.

Invasive insects, plants, and diseases as threats to Canada’s urban forest future are some of the biggest
biotic conservation and preservation challenges that are the forefront of knowledge gaps faced by
actors in the urban forest value-chain. New approaches for forecasting urban forest vulnerability as
a complex of interrelated scenarios is an emerging area of interest with new resources emerging for
forest managers (Steenberg et al. 2016a, 2016b). Within these scenarios, understanding the effect of
invasive plants, pests and diseases can help manage risk through informed decision-making.

Urban forests tend to be much less diverse than the proposed benchmarks set, particularly at a species
level (Kendal et al. 2014). Strategic planning for diversity should be based on the composition of the
urban forest based on inventories to help set benchmarks for diversity (Alvey 2006). Diversity is a
critical parameter contributing to ecological resilience and is recognized as a form of protection for
urban forests against catastrophic losses (Raupp et al. 2006; Laćan and McBride 2008). Santamour
(1990) proposed a rule to in aid in planning urban tree diversity planning that states that municipal
trees should be comprised of no more than 10% of any species, 20% of any one genus, and 30% of
any single family. For those that supply products to the market, understanding and forecasting the
numbers of trees needed of different species is important to meet the changing demand.

Recognition that biodiversity is essential for urban forest resilience (Sjöman et al. 2018) affords several
interesting opportunities. Species selection in urban areas are constrained by numerous factors
(e.g., harsh conditions in urban environment, soil characteristics, direct disturbances, functional
criteria, public preferences, etc.), and evaluating species tolerance in these environments should be a
priority (Sjöman et al. 2018). Due to the long-lived nature of trees, shifts in urban tree composition
requires long-term thinking and planning, especially in relation to adaptation to future climatic
conditions (Wood and Dupras 2021). There are numerous existing tree species selection tools that
may help practitioners. One approach is to identify plant traits that can help characterise a species’
tolerance to stresses, relevant to the urban environment, thus providing evidence for site fitness. For
example, water stress is the main abiotic constraint for trees in urban environments (Sieghardt et al.
2005; Hirons and Thomas 2018) and, in many regions, it is likely to increase under future climate
scenarios (Allen et al. 2010). Therefore, a quantitative indication of tree drought tolerance should
always be a fundamental consideration in tree selection for urban environments. More recently,
Sjöman et al. (2018) studied the drought tolerance of 45 tree species by evaluating the leaf water
potential at turgor loss. This work provides practical data on species that are heuristic to urban forest-
ers and highlight the importance of quantitative plant trait data to aid in species selection decisions.

Evidence-based decision-support tools
Informed decision-making is a challenge identified by many actor groups in Canada (McGrath 2021).
Decisions regarding urban forests and green spaces were historically “ : : : driven by a mix of esthetic
preferences, socially progressive intentions, development patterns, and desired environmental
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benefits” (Campbell et al. 2016, p. 1262; see also Ricard 2005; Jonnes 2011). Decisions appear to be
perceived as being heavily influenced by certain value-chain actors. For instance, landscape architects
were consistently perceived by other value-chain actors to be driving the market trends without con-
sultation on feasibility or timelines, including diversifying tree lists for cities, and specifying native
trees on their projects (Bowen and Jenkins 2021). Differences in perceptions of reality between actors
may be a source of conflict (Arshinder and Deshmuk 2008). Inherent in the above example, and rec-
ognized as a more pervasive challenge, is the interdependence of actor decisions along the value-chain
(Handayati et al. 2015). While actors have a right to make their own decisions and usually operate in a
decentralized manner, the result may be sub-optimal performance of the entire value-chain (Yu et al.
2001; Arshinder and Deshmuk 2008).

Several research studies have identified the opportunity to strengthen the value chain through
evidence-based tools and not rely on current practices or history of use. Campbell et al. (2016) stated
that a robust basis of evidence will ultimately influence decision-making in a more effective way than
relying on perceptions and preferences along the value-chain. While Martin et al. (2014) argued that
in urban forestry, conservation and management decisions, or recommendations on the fate of
individual trees, require an evidence base. This is further supported in the recent work by McGrath
(2021) where value-chain actors (e.g., landscape architects, soil suppliers, consultants and contractors)
similarly articulated the need for evidenced-based resources to support practice including soil
specifications, soil standards, and installation practices. Additional knowledge identified includes
quantitative metrics of tree-level characteristics (i.e., species, age, and tree size), objective and
repeatable evaluations of tree condition and maintenance, and importance of urban trees at different
spatial scales of urban forests (i.e., across land use types, municipalities, neighborhoods, etc.) (Moore
1999; Martin et al. 2014).

Navigating the future
Complexity, uncertainty, and change lie ahead for urban forests in Canada. Resilience is required if
the urban forestry value-chain is to address contemporary challenges, realize present opportunities,
and successfully navigate the future. Resilience involves the ability of a system to persist, adapt, and
transform (Folke 2006, 2016; Walker and Salt 2006). In this section we highlight three key touch-
stones for a resilient urban forestry value-chain in Canada—science and innovation, collaboration,
and knowledge mobilization—and discuss the need for novel approaches to programs that bring them
together.

Science and innovation
Urban forestry is, by necessity, multi-disciplinary (Konijnendijk et al. 2006). Vogt (2018) employed
the analogy of “ships that pass in the night” to question if urban greening has a disciplinary crosstalk
problem. Most recently, urban forestry has been defined as “ : : : the transdisciplinary science and
practice of planting, maintaining, restoring, preserving, and stewarding trees, forests, greenspace,
and natural areas in cities” (Vogt et al. In press; see also Vogt 2017). The actors constituting the urban
forest value-chain importantly possess different knowledge (Vogt et al. 2016), and in some instances
distinct knowledge systems. Fostering synergies across knowledge systems and catalyzing opportuni-
ties for knowledge co-production are recognized ways to generate new insights and innovations in
relation to ecosystems (e.g., Tengö et al. 2014; Djenontin and Meadow 2018; Norström et al. 2020).

A rich repository of forestry science exists. The same cannot be said for urban forestry research
and theory, although there are notable differences between Europe and North America (see
Konijnendijk et al. 2006). The fundamental gaps in our understanding of urban forest ecosystems
are a consequence of their “novelty”. Novel ecosystems by definition present a departure from historic
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assemblages, functioning of biotic components, and abiotic conditions and are therefore distinct from
the original characteristics of ecosystems (Hobbs et al. 2009). Where we try to extrapolate, or directly
apply theory, from forest ecosystems we discount the biotic and abiotic variations characteristic of
urban ecosystems. Sound science of urban forests is urgently needed and underpins the value-chain
approach.

In addition to the important innovations that will come from new knowledge, strengthening the
connection between the science practice–policy interface is an important tenant for navigating the
future. Rigorous science is essential to informing urban forestry practices and governance. However,
practitioners and decision-makers are often disconnected from scientific evidence. “Plugging” the
gaps in the knowledge–practice continuum is necessary to create and deploy data-driven approaches
that will be the foundation of effective urban forest design (i.e., the intractable problem of urban soils
sensu Jim 2019).

Collaboration
Taking a value-chain approach to urban forestry emphasizes collaboration and builds upon the
collective capacity of the network. In this regard, we ground our perspective with the work of Gray
(1989), who described collaboration as the sharing of power among parties to define a problem and
construct solutions in the environmental domain (see also Purdy et al. 2018).

Collaborative action has long been garnering attention as a distinct approach to environmental
management (e.g., Ostrom 1991; Selin and Chavez 1995; Daniels and Walker 1996). In looking for-
ward, the co-operative management model responds to devolution of responsibility and supplements
conventional decision-making structures (Meadowcroft 1998; Armitage et al. 2012). Moreover, it is
highlighted as an important innovation to navigating contemporary circumstances of complexity,
uncertainty, and change (e.g., Folke et al. 2005; Armitage et al. 2009; Bodin 2017).

Knowledge co-production in urban forestry is an enabling mechanism for success. The blending of
roles between researchers and practitioners and among actors facilitates capacity building and creates
trust (Campbell et al. 2016). In fostering collaborative relationships and building the underused or
undeveloped communication channels the value-chain can create greater understanding of actor roles
and responsibilities. In so doing, prospects are elevated for ensuring that emergent solutions fully
address the challenges identified by actors. Moreover, collaboration increases the frequency and
quality of communication and moves from merely transactional interactions to co-generation of
solutions (Österle and Otto 2010).

Collaborative approaches in urban forestry help to break down barriers among actor groups and
ensure that outcomes truly reflect the needs of the actors while being reflective of their communities
(Locke et al. 2010). Further, with respect to urban forest cover and access to quality urban greening
spaces, there are significant social inequities, particularly race-based inequity (Watkins and Gerrish
2018). The shift to more inclusive frameworks (e.g., the “All Lands, All People” approach from
Grove 2009) where inclusivity is actively cultivated is important. When common opportunities or
goals are defined, for example strategically defining canopy cover increase goals, coordinated collabo-
rative approaches can inform and strengthen sustainable decision-making (Locke et al. 2013).

Knowledge mobilization
Knowledge mobilization is a growing imperative. Strengthening the connection among the value-
chain actors and between research and practice is increasingly emphasized internationally
(e.g., Bennet and Bennet 2007; Hammersley-Fletcher and Lewin 2015; Coldwell et al. 2017; Malin
and Brown 2020). Similarly, efforts for evidence-informed policy and practice based on real-world
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knowledge are being strongly encouraged (Nutley et al. 2007), with particular prominence to address
global pressing issues (Bennet and Bennet 2007). While knowledge mobilization is variously defined
(see Levin 2008 for summary), we employ it as “a range of active approaches deployed to encourage
the creation and sharing of research-informed knowledge” (Davies et al. 2015, p. 2). In this overarch-
ing sense, it encompasses knowledge transfer, utilization, dissemination, and so on. Effective
knowledge mobilization involves reciprocal and complementary flow/uptake of research knowledge
between actors. Active engagement, which meaningfully involves researchers as well as all potential
information users, is essential for this bidirectional process (Bennet and Bennet 2007).

In urban forestry, the breadth of topics and disciplines can present obstacles preventing the successful
translation of knowledge to practice. Jim (2019) presented the example of soil science education in
urban forestry or arboriculture, where gaps in curricula may not develop “soil awareness” that would
allow practitioners to understand relevant references. The complex network of stakeholders that
comprise the value-chain may have different expectations, approaches, and understandings (Ugolini
et al. 2015). Fostering cross-disciplinary learning opportunities as well as enhancing education and
training programs (college, university, and continuing education) in urban forestry will expand the
knowledge base and strengthens the value-chain (adapted from Bowen and Jenkins 2021).
Developing content and creating accessible, solutions-oriented knowledge transfer events or tools,
would help to address the current constraints of access to knowledge that the value-chain experiences
(Ugolini et al. 2015; McGrath 2021). Knowledge mobilization facilitates information sharing and
learning, which ultimately enhances the capacity for an actor to leverage knowledge in a manner that
is actionable and produces value (Bennet and Bennet 2007).

The need for novelty
Novel approaches are required for navigating the future. It is imperative to develop urban forestry
programs that match the needs of the value-chain (Ugolini et al. 2015), and those are largely reflected
in the seven emerging themes presented above. However, catalyzing a resilient urban forestry
value-chain in Canada necessitates an approach that also meaningfully brings together science and
innovation, collaboration, and knowledge mobilization. Programs that address the needs of the urban
forestry value-chain through such an approach are scarce.

Given the impetus outlined in this perspective, we draw attention to consortium research as a model
typology and novel approach for the urban forestry value chain. The consortium research approach
(sensu Österle and Otto 2010) refers to programs or projects in which a number of partners and
(or) companies together with researchers address common research topics. The purpose of the
consortium research approach is to undertake science and innovation, promote collaboration between
practitioners and researchers, and facilitate knowledge mobilization among the actors in the network.
There are defined phases in consortium research: analysis, design, evaluation, and diffusion.
Consortium research by its nature is an iterative process; therefore, as new problems emerge within
and among the value-chain, the process allows for the redefinition of priorities as part of the feedback
loop, helping the value-chain to navigate the future.

Consortium research is proving extremely valuable as it allows companies to tackle questions
collaboratively that are too expensive or risky to explore alone (e.g., the Canadian Traumatic Brain
Injury Research Consortium (cf Hutchison et al. 2018) and drug discovery (cf Simpson and
Wilkinson 2020)). It is worthwhile to note that consortium research is not a panacea. There are many
circumstances in which the consortium research approach can become either more or less suitable.
A key consideration of the suitability is the competitive nature of the research portfolio and associated
expectations from the network, where consortium research lends itself particularly well to precompe-
titive research scenarios (Wagner et al. 2010).
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Although such programs are scarce in urban forestry, the recent launch of the Greening the
Landscape Research Consortium (see Vineland Research & Innovative Centre 2021a) illustrates the
potential of new programs through this approach. This program aims to “build the collective capacity
of the Canadian urban tree value-chain by developing and mobilizing scientific knowledge within our
collaborative network” (Vineland Research & Innovative Centre 2021b, p. 1). It is comprised of
members from across the value-chain representing the various actor groups (e.g., nurseries, landscape
contractors, soil suppliers, arborists, municipalities). The strategic plan of the program is based on the
pillars of science and innovation, collaboration, knowledge mobilization, and capacity building. To
this end, members help to define the priority areas and work with the research team to define needs
and opportunities that are grounded in real-world scenarios using case studies to support direct
transfer of findings to the collaborative network. While only recently launched, approaches like this
demonstrate the promise of novel programs to support resilient urban forestry value-chain in Canada.

Conclusion
The opening section of this paper highlights the myriad of challenges confronting urban forests in
Canada and opportunities for their enhancement. The desire to overcome present challenges as well
as respond to climate change has led to much enthusiasm about trees and green spaces in cities
(Lee et al. 2015; Mengbing and Zhang 2020) and an array of government and nongovernment mech-
anisms to this end.

Urban forests are complex systems characterized by interconnections and interdependencies—no
part operates in isolation (Czaja et al. 2020). It is therefore imperative to understand the urban tree
value-chain (Conway and Vander Vecht 2015). A value-chain perspective illuminates the pathways
from source to end, reveals salient contemporary issues such as the seven areas of opportunity
explored herein, and affords an opportunity to glean key touchstones of science and innovation,
collaboration, and knowledge mobilization to navigate the future. Ultimately, achieving canopy cover
goals through aggressive tree planting hinges on the effectiveness and efficiency of the urban forest
value-chain.
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