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Introduction 

More than 80% of Canadians live in towns and cities and are therefore considered to be urban dwellers. 

Urban forests provide a wide range of environmental and economic services, and they are valued 

immensely by urban residents. Climate change is a significant threat to urban areas and to the urban forest 

resource. Climate vulnerability assessments are necessary to gear future decisions about urban trees in the 

long term. To move forward, these assessments must depart from generic discussions and move towards 

an exploration of susceptibility of the urban forest elements to climate change, expanding our 

understanding of the basic vulnerability elements: exposure, sensitivity, and adaptive capacity, as well as 

non-climatic drivers and factors. These assessments will help us understand how urban forests are 

vulnerable to climate change; identify future areas for research; and, most importantly, how to include 

adaptation measures in urban forest planning and management and bring climate change to the forefront 

of the decision-making process in sustainable urban forest management.  

Basic Concepts 

Climate change and urban forests 

The climate across Canada is becoming warmer and more variable, and this will continue to change in the 

coming decades (see Table 1). Assessing the vulnerability of cities to climate change is important. Climate 

change vulnerability research in the urban context is growing, particularly for areas like water resources, 

but other areas, such as natural services and infrastructure, are still underdeveloped (Hunt & Watkiss, 

2011). Climate change will affect cities the most, not just because of demographic pressure (today more 

than 50% of the world is urban; UN-HABITAT, 2012), but also because of special microclimatic envelopes 

that augment global climatic changes, such as heat island effects (Wilby, 2007). 

The forest is usually the dominant natural feature of the Canadian urban landscape and urban trees provide 

multiple benefits. Because climate is one of the main controllers of plant distribution around the world, 

mailto:peter.duinker@dal.ca
mailto:camilo.ordonez@dal.ca


 

2 of 11 

urban forest responses to climate change will manifest in terms of species mal-adaptation to the new 

temperatures and precipitation, as well as increasing stressors such as air pollution, pest and diseases, 

inadequate soil habitat, among others (Johnston, 2004). A basic understanding of the main impacts of 

macro-scale climate change and the forest sector is already understood (see Table 2). In general, climate 

change means that future decisions about a natural resource cannot take the current climate as a baseline 

(Spittlehouse & Stewart, 2003), which makes adaptation considerations necessary (Williamson et al., 

2009). Climate adaptation is an adjustment in natural or human systems to cope with the consequences of 

climate change (Smit & Wandel, 2006). However, the urban forest literature has had much of a focus on 

climate mitigation but little work has been done on the vulnerability and adaption side (Ordonez et al., 

2010). We believe that undertaking vulnerability assessments is an important step in this direction. 

Climate vulnerability  

Vulnerability refers to the particular characteristics of a system that make it prone or unresilient to 

change (Adger, 2006). Vulnerability is a function of the exposure to the threat, the sensitivity, and adaptive 

capacity of the system (Schneider et al., 2007). Exposure is the nature and extent to which the system is 

exposed to significant climate variation, which is not just about temperature increases, but also about 

precipitation changes, weather extremes and variability (see Table 1). Sensitivity relates to the 

characteristics of a system that determine how it is being exposed to a threat. In the case of forests, their 

sensitivity may be inherent to the growing environment (hydrology, soils, etc.) as well as to the tree species 

themselves (physiology, phenology, growth patterns, reproduction, etc.; Johnston & Williamson, 2007). 

Finally, adaptive capacity is the ability or potential of a system to respond successfully to climate 

variability and change (Smit & Wandel, 2006). How broadly adaptive capacity is defined depends on the 

extent of the system. A forest’s adaptive capacity may be applicable at the tree-species level (e.g. dispersion, 

and evolution potential) or the habitat level (hydrology, soils, etc.) (Johnston & Hesseln, 2012). If seen as a 

socio-ecological system (e.g. Moffatt & Kohler, 2008), urban forest’s adaptive capacity may also comprise 

its management, including issues of financial resources, equity, and institutional change (Adger et al., 

2004). 

Vulnerability Assessments 

To provide the best possible chance for sustaining the urban forest in a rapidly changing climate, it is 

essential that managers have the ability to identify what we need to do differently in the future, i.e. which 

existing strategies and activities continue to make sense from a climate adaptation perspective. 

Vulnerability assessments (VAs) are a key tool for informing adaptation planning and management 

(Füssel & Klein, 2006; Kelly & Adger, 2000; see Figure 1). Developing and applying these assessments to the 

urban forest will provide three essential contributions: 

1. They help us identify which elements of the urban forest are likely to be most strongly affected 
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by projected changes;  

2. Understanding why these elements are likely to be vulnerable; and 

3. Identifying areas of future research of climate change and urban forests (Glick et al., 2011). 

Eventually, VAs provide us with critical information about the susceptibility of the urban forest and on 

where to put adaptive efforts, which may include: 1) building resistance to climate-related stressors; 2) 

enhancing resilience in order to provide the system with a better chance for accommodating and 

weathering changes; and 3) anticipating and facilitating ecological transitions that reflect changing 

environmental conditions (Walker et al., 2004). VAs also allow us to inform and craft adaptation strategies 

and allocate resources to where they are most needed. At the least, VAs help us understand the direction of 

change in the urban forest’s future and the factors that contribute to that change (Turner et al., 2003). This 

may imply whether there will be less or more urban forest, or less or more tree species in it. 

When undertaking Vas, we need to consider that we do not know the absolute magnitude of climate change 

and how exactly the urban forest may respond to change. We also do not know how our cities will continue 

to grow and evolve in the coming years. However, uncertainty, or the expression of the degree to which a 

value is unknown because of disagreements of what is known or even knowable, should not limit VAs and 

the development of adaptive options. It is not only important to develop a language for addressing 

uncertainty in this context, but also to add a confidence level to the assessment (Walker et al., 2003). It is 

also important to remember the essence of adaptive management, which is an iterative process of learning 

by doing in a scientifically rigorous way (Lee, 1993).  

There are limits to what VAs can do for urban forest management. They do not provide priorities for 

management, which are ultimately informed by the urban forest values of the citizenry and/or experts. 

They also do not provide an estimate of extinction risks or serve as the sole basis for assigning a species a 

species-at-risk status. Rather, VAs provide a theoretical underpinning for differentiating which element of 

the urban forest will likely thrive and/or decline (Turner et al., 2003). Finally, adaptation planning 

functions at a broader scale than VAs. In so saying, these assessments may provide insights of the relative 

vulnerabilities of urban forest elements, as well as insights on the factors and stressors. Some of these may 

go to the next level of identifying adaptive management responses, but others do not. Adaptive responses 

may also choose to focus on other vulnerabilities and/or stressors of the urban forest. 

Urban Forest Vulnerability Assessments to Climate Change – Our Approach  

The realm of urban forest vulnerability to climate change is unmapped territory. Much effort has gone to 

assessing the impact of future climate projections on urban trees to inform impact mitigation strategies 

(BC-MCSCD, 2010; Ligeti, 2007), as well as how climate change is being addressed in urban forest 

management plans (Ordonez & Duinker, 2013). These findings are a starting point for discussion and for 



 

4 of 11 

recognizing some of the factors that determine the elements of VAs, chiefly, exposure, sensitivity, and 

adaptive capacity (see Table 3 and Table 4). To move forward, it is our view that urban forest VAs must 

depart from these assessments of impact and mitigative strategies and towards an assessment of 

susceptibility, expanding our understanding of exposure, sensitivity, and adaptive capacity, and to aid in 

the development of adaptive strategies. 

Goals & Methods 

We will undertake a collaborative assessment of climate change vulnerability for the urban forest and 

discuss the implications of adapting urban forests to climate change in association with local urban forest 

managers and planners. We will develop an expert-opinion-based conceptual model that can indicate the 

elements of the urban forest that are susceptible to change and assess the total level of climate 

vulnerability for the urban forest. This will be done through one-day workshops targeted towards urban 

forest professionals and led by our team (see details in next section).  

Some Considerations 

VAs can have different pathways. Depending on the considerations of exposure, sensitivity and adaptive 

capacities, different assessment responses can result. For instance, temperature increases and extremes 

will cause tree species mal-adaptation (Johnston et al., 2009) due to northward range shifts (e.g. Iverson 

et al., 2004). Mal-adaptations may express themselves in urban trees through changes in phenology 

(Sukopp & Wurzel, 2003) and survival rates (Yang, 2009). Species that are adapted to higher temperatures 

and extremes will likely thrive. This picture is not full without precipitation changes. Species that are 

adapted to drought will probably do relatively well in cities (Roloff et al., 2009), while others that require 

more stable watering regimes may decline. Thus, when considering climate exposures in VAs, this 

complexity must be assessed.  

Moreover, although vulnerability depends on individual tree species sensitivity, there are other factors 

of vulnerability related to environmental, habitat, and ecosystem issues (see Table 4). As important as tree 

selection is to abate mal-adaptation, ultimately individual trees are part of an ecosystem unit with 

permeable boundaries. Not only are many ecological processes and benefits the outcome of trees 

functioning as an ecosystem (Nowak & Crane, 2002), but urban forest tree diversity could affect the 

ecological processes of surrounding forests (Woodall et al., 2010). Beyond tree selection, tree survival may 

also depend on tree density and location. Some cities in Canada have noted that small, abundant, and 

strategically-located plantings are necessary to address climate change (e.g. City of Victoria, 2009). In short, 

it is necessary to move beyond individual tree species sensitivity and assess the forest ecosystem as a 

whole (Williamson et al., 2012).  

It is obvious then that the course of a VA depends on urban forest structure. Many Canadian urban forests 

are dominated by a few species of trees (Kenney & Idziak, 2000). A homogeneous urban forest is intuitively 
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more vulnerable to climate change because of the higher risk of tree loss due to pests and diseases (e.g. 

emerald ash borer in Ontario; Ligeti, 2007). Yet species diversity is only one of the many factors that 

determine urban forest structure. Age diversity is also important. Not only may older trees be less 

adaptable than younger trees, but rapid or constant regeneration can make forests more resilient (Petchey 

& Gaston, 2009). All in all, comprehensive information on urban forest structure is crucial for VAs.  

Finally, a VA is incomplete if one stops at the level of impact assessment. By that we mean the kind of 

assessment that characterizes the impacts of climate change on the urban forest, and recognizes possible 

management actions that can mitigate them, for example, striving for higher species diversity in an urban 

forest threatened by a particular pest and/or disease. Such assessments add considerations and activities 

to a set management strategy, but does not assess vulnerability or foster significant adaptation (Glick et al., 

2011). Ideally, a VA influences the development of an adaptation strategy so managers can also learn by 

doing (Gleeson et al., 2011). To illustrate this, we refer to some of the sensitivity and adaptive capacity 

factors identified in Table 4. Many of these factors are related to the degree of naturalization of the urban 

forest. Naturalization is pertinent to climate change given the contributions of increased canopy cover to 

lower urban temperatures (Gill et al., 2007), the contributions of nativeness to genetic diversity (Hamrick, 

2004), biological heterogenization (McKinney, 2006), soil quality (Millward et al., 2011), and seed 

recruitment (O'Brien et al., 2012), among other factors. Also, species at risk, as defined by low 

representation or connection to fragile habitats, tend to contribute more to the vulnerability of forested 

ecosystems (e.g. Aubry et al., 2011). In general, naturalization can be an expression of climate change 

vulnerability and adaptation measures. However, how this fits into specific VAs of particular urban forests 

is still unclear. With the rapid advancement of urban forest management, VAs can bring climate change to 

the forefront of the decision-making process in sustainable urban forest management.  

Workshop Details 

A one-day workshop is planned for several Canadian cities (London, Halifax, and Saskatoon). These are 

representative of three different climatic zones and different forest types. The goal of this workshop is to 

undertake a collaborative assessment of climate change vulnerability for the urban forest and to discuss 

the implications of adapting the urban forest to climate change in current local urban forest planning 

management. The workshop is targeted towards urban forest professionals in the public and private sector, 

including, arborists, urban foresters, planners, landscape architects, engineers, and academics.  

Agenda 

 08:00 - 08:30 Registration and snacks 

 08:30 – 10:00 Introduction to vulnerability assessments and the urban forest resource 

 10:00 - 10:15 Break 

 10:15 - 12:00 Identification of impacts, exposures, and sensitivities 

 12:00 – 12:45 Lunch 
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 12:45 – 14:45 Identification of adaptive capacities and vulnerabilities 

 14:45 – 15:00 Break 

 15:00 – 16:30 Overview of results, and implications for urban forest management 

General logistics 

The workshop will be carried out as an open facilitated conversation among specialists based on some 

guiding questions. These questions may include:  

(a) What exposure will the urban forest have to the expected changes in climate? 

(b) How sensitive are the urban-forest components (species, tree ages, tree configurations, tree 

locations) to the expected climatic changes? 

(c) If there were no adaptive capacity, and therefore no adaptation responses or actions, what impacts 

would we expect to see in the urban tree population? How would specific urban-forest values be 

affected? 

(d) What adaptive capacities do urban trees have on their own? How might these mitigate the impacts?  

(e) What adaptive capacities do urban-forest managers and urban-tree owners have to deal with the 

undesirable impacts of climate change in urban trees? 

(f) Given the sensitivities, the exposures, and the adaptive capacities, how vulnerable is the UF to CC? 

(g) To what degree should urban forest management be pro-active in trying to raise urban forest 

resistance or resilience to climate change? How would UF values fare under pro-active and reactive 

strategies? 

As mentioned above, some background information on the urban forest of each city will be needed in 

advance of the workshop. 

Team Members 

Peter Duinker  Professor, Dalhousie University 

Camilo Ordóñez PhD Student, Dalhousie University 

Post-Workshop – Outcomes & Reporting 

Having conducted preliminary VAs in three cities, we will develop a synthesis report that summarizes the 

results of the assessment. These VA reports provide information for developing adaptation strategies and 

inform management planning. They also serve to sensitize readers to the kinds of climate change impacts 

urban professionals are contemplating, and to the kinds of vulnerabilities the urban forest has. It will also 

point to the developments that are needed in formal management plans to move toward higher 

adaptability of urban forests to climate change.  
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Tables & Figures 

 Table 1: A modest climate change scenario for some urbanized Canadian Provinces 

 Region of Canada 
BC Coast BC Interior Prairies ON & QC Maritimes NL 

C
li

m
a

te
 V

a
ri

a
b

le
s Mean January temperature +2°C +3°C +3°C +3°C +2°C +2°C 

Mean July temperature + 1°C +2°C +2°C +2°C +1°C +1°C 
Days over 35°C max T + 50% + 50% + 50% + 50% + 50% + 50% 
Total precipitation + 10% no change + 10% no change + 10% + 10% 
Prop. precipitation as snow - 10% + 20% + 20% + 45% + 40% + 40% 
Large precipitation events + 50% + 50% + 50% + 50% + 50% + 50% 
Wind-storm Events + 20% + 20% + 20% + 20% + 40% + 40% 

 

Abbreviations:  
BC=British Columbia; Prairies = Alberta, Saskatchewan & Manitoba; ON = Ontario; QC = Quebec; Maritimes = New Brunswick, Prince 
Edward Island, Nova Scotia; NL = New Foundland & Labrador. 
Legend:  + = Increase, - = Decrease  
(Based on Meehl et al., 2007; Parmesan & Yohe, 2003) 

 

Table 2: Selected stressors and impacts of climate change on forest ecosystems 

 

 CLIMATE VARIABLE 
Temperature Precipitation 

Higher average More extremes Lower average Fewer, larger events Less as snow 

F
o

re
st

 
E

co
sy

st
em

s 

Soil (Stability, Nutrients, 
Water content) 

Lower water levels.  
Rates of erosion 
and leaching 
changed 

Increased overflows 
Higher 
filtration rates 

Community 
Relationships 

Altered competitive dynamics among tree species; altered herbivore patterns and predator-prey 
dynamics. 

D
is

tu
rb

a
n

ce
s 

Insects and Diseases 
Increased range extensions and 
widespread outbreaks 

Uncertain or undefined 

Fires Increased number and size of fires 

Wind  With higher energy storage, more precipitation intensity (with wind), thus higher damage 

In
d

iv
id

u
a

l T
re

e 
V

a
ri

a
b

le
s 

Growth (Productivity) 
Increases where 
temperature is 
growth-limiting 

Lowered 
growth 
response 

Lower growth Lower growth 
Uncertain or 
undefined 

Tree phenology 

Longer growing 
seasons, earlier 
spring events, 
later fall events 

More frequent 
frost damage 

Uncertain or undefined 

Regeneration 
Higher seedling 
mortality 

Higher seedling 
mortality 

Higher seedling 
mortality 

Uncertain or undefined 

Tree Mortality 
Uncertain or 
undefined 

Increased Increased Uncertain or undefined 

  

(Based on Williamson et al., 2009 and authors) 
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Figure 1: Elements of climate vulnerability (based on Füssel & Klein, 2006) 

 

Table 3: Factors of climate exposure for urban forests 

Elements Characterization by factor 

Direct Climate 

Temperature; maximum & minimum 

Quality and quantity of precipitation  

Solar radiation 

Wind  

Humidity 

Climate Extremes 

Frequency and intensity of droughts 

Frequency and intensity of flooding 

Frequency and intensity of storms 

Hydrology Evapotranspiration 

CO2  Atmospheric concentrations 

Salinity Concentrations in water and soil  

Vegetation & species responses  Vegetation distribution, new species 

Air pollution  Particulate matter, sulphur and nitrogen oxides, ozone, etc.  
  

(Based on BC-MCSCD, 2010; Glick et al., 2011; Ligeti, 2007) 
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Table 4: Factors of urban forest sensitivity and adaptive capacity to climate change 

Level Element Characterization by factor 

Environment  

Hydrology Precipitation, watering, drainage 

Fire Frequency and intensity  

Wind Frequency and intensity 

Soils Quantity & quality 

Species 

Physiology Temperature, CO2 concentrations, pH, salinity, moisture 

Sensitive habitat Ephemeral or sensitive habitat needs 

Ecological linkages Tree associations with other trees, vegetation, animals, etc.  

Phenology Leafing, flowering, fruiting, etc.  

Growth Plantings, growth, colonization, successional stage 

Specialization Generalist vs. specialist (habitat/resource needs) 

Reproduction Strategies, generation life spans 

Stressors Pollution, pest/diseases 

Habitat Community structure 

Species mix/diversity (species, genetic) 

Age diversity 

Invasive, naturalized, non-native, and native diversity  

Tree arrangement in relation to each other (ecological connectivity)  

Provision of shade (leaf area) 

Ecosystem Processes Decomposition, nutrient transport, etc.  

Institutional  
Staffing 

Tree inventory  

Level of knowledge/skill of staff 

Diversity of skills/fields 

Quantity of staff  

Programmes Storm, pest/disease, fire  

Political 

Governance  Diversity of institutions & partnerships (public, community-led)  

Communication  External (website, pamphlets, workshops, etc.); Internal (workshops, etc.) 

Policy  Green infrastructure policy  

Social  
Awareness  Level of awareness  

Engagement  Committees, Volunteer, planting programmes  

Economic  Valuation  

Tree influence on property values 

Incentives (removal/planting)  

Carbon accreditation programme 

Operational budget; programme funds; emergency funds 
 

(Based on BC-MCSCD, 2010; Glick et al., 2011; Johnston & Hesseln, 2012; Ligeti, 2007; and authors)  
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