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Abstract: 
 
 

 
 Street tree health in the City of Victoria, British Columbia has declined in the last 

decade. Using the health condition of six tree genera representing 72 % of the total 

17,601 COV street trees inventory in 2005 this trend is likely in large part due to lack of 

moisture from June to October. Declining health is evident in branch die back and early 

leaf drop especially on species with a medium to high water requirement. The Prunus 

genus (cherries and plums) in particular, which comprises 29% of all COV street trees, 

was rated at 54% fair to dead condition which is 20% higher than all COV street trees.  

Current summer precipitation from June to early October totals 105 mm and 

evapotranspiration for the same period totals -382 mm leaving a moisture deficit of 277 

mm. This deficit is projected to increase (based on extreme models) to 362 mm by 2050 

and 420 mm by 2080 which will have a devastating impact on street trees which will not 

able to withstand the intense moisture deficit interval.    

  

 Recommendations on species selection and maintenance alternatives include: 

regular monitoring with site specific information, changing the list of trees used for 

selection and planting, increase watering, and increased maintenance. The results and 

recommendations of this study may be of value to other jurisdictions that will be affected 

by the impacts of moisture deficit related to climate change.  
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Chapter 1 - Introduction 
  

 Street trees comprise a significant percentage of the urban forest in most cities. 

Appropriate tree species selection and replacement is key to creating a sustainable urban 

forest. Many local factors dictate tree species selection. In the past, these factors 

generally related to historical use of trees as determined by location, desired tree, and 

maintenance practices. Little or no consideration was given to the possibility of global 

climate change when selecting street tree species. If a tree species met the City’s street 

tree criteria it remained on the tree planting palette. 

 

 In the 1970s, scientific information suggesting that climate change would affect 

street tree selection was usually taken lightly and met with a ‘let’s wait and see’ attitude. 

More recent studies on future climate projections have been published indicating that 

global warming is real and significant warming has already occurred in north-western 

North America (Field, et al., 2007) and British Columbia ( PCIC, 2007). This new 

climate information suggests that many current tree species will be impacted by the 

effects of global warming because of their sensitivity to parameters such as precipitation 

and extreme temperatures.   

 

 Although the effects of global warming are only now being felt, the worry about 

such a situation was raised decades ago by concerned scientists (Woodwell, and 

Houghton, 1977). These individuals realized that the increased use of fossil fuels, 

coupled with a growing population and a demand for energy was contributing to the 
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increase of greenhouse gases (GHG 1). Their research and projections showed that prior 

to 1950 most of the CO2, a contributor to GHG, had come from cutting down and burning 

of forests but by 1978 almost all the new CO2 was coming from the burning of fossil 

fuels (Broecker, et al., 1979). Today scientists understand that climate change is related 

to a number of factors which include the increase of GHG from the burning of fossil fuels 

rich in CO2 and global deforestation and forest degradation (IPCC, 2007). This 

understanding has been reinforced by recent world record breaking temperatures. 

Previous to 2007, “"The five warmest years over the last century occurred in the last 

eight years," said James Hansen, director of NASA GISS. They stack up as follows: the 

warmest was 2005, then 1998, 2002, 2003 and 2004.” (Gutro, 2005). 

 

 However, “The year 2007 tied for second warmest in the period of instrumental 

data, behind the record warmth of 2005, in the Goddard Institute for Space Studies 

(GISS) analysis. 2007 tied 1998, which had leapt a remarkable 0.2°C above the prior 

record with the help of the "El Niño of the century". The unusual warmth in 2007 is 

noteworthy because it occurs at a time when solar irradiance is at a minimum and the 

equatorial Pacific Ocean is in the cool phase of its natural El Niño-La Niña cycle.” 

(NASA, 2007). Further corroboration is seen in that previous to 2007, the hottest 20 years 

on record have occurred from 1980-2005 with 2005 being the hottest year and 2001-2005 

being in the top 6 years (Hansen, et al, 2005).  

 

                                                 
1 “GHG”is referred to in this paper as the combined elements of carbon dioxide (CO2),  methane (CH4) and nitrous oxide (N2O),   
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 There are now scientific data to support that this increase is in part strongly 

related to the increase in GHG (Hansen, 2007). Using current computer models, which 

project future climate based on present and future GHG emissions, a temperature increase 

of 0.5° C per decade is projected (Hamann, and Wang, 2006) for BC. This could result in 

an increase of 1.4 - 5.8° C by 2100 for Victoria, BC (IPCC, 2007), a significant increase 

in temperature compared to values experienced since the last Ice Age (Hebda 1995). 

Some models show the increase in northern parts of the Province to be as much as 10° C 

by 2100 (Murdock, et al., 2007). Such increases in temperature and changes in related 

factors such as summer moisture deficit may have a profound influence on the growing 

conditions in the Victoria, BC region affecting present street tree health and longevity. 

These changes are of serious concern to the City of Victoria (COV) as they could have 

devastating effects on the numerous varieties of valuable trees that beautify and line the 

streets.  

 

1.1 Study area  

 

 The City of Victoria is located on the southern part of Vancouver Island in British 

Columbia, Canada (Figures 1.1a and 1.1b).  Situated at 48° 25' N latitude and 123° 19' W 

longitude (EC, 2008), the City encompasses an area of 19.68 sq. km and has a population 

of 78,057 (Statistics Canada, 2006 Census).  

 

 Victoria, BC has one of the mildest climates in Canada with mean annual 

temperature of 11° C and January minimum of 0.7° C and July maximum of 21.9 ° C. 
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The hardiness or growing zones are determined by the minimum temperature which is 

normally associated with the winter months in the northern hemisphere. Victoria’s 

hardiness zone is 8a (EC, 2008). 

 

Figure 1.1a and 1.1b: Location of the study area in North America and on Vancouver 

Island 
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Map not to scale. (Reproduced and modified with permission from University of Texas at 

Austin, USA and CRD, BC, CANADA) 

_____________________________________________________________________ 
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 Victoria was designated the Capital City of British Columbia in 1871 and is now 

part of the Capital Regional District (Figure 1.1b) which has a combined population of 

330,088 (Statistics Canada, 2006 Census). The Capital Regional District shares many of 

the same characteristics related to climate and tree species so the research from this 

project may serve to assist arborists in this region. 

 

 In 1906, the City of Victoria started to construct boulevards as part of a local area 

improvement plan (COV, 2006).  Today there are some 234 kilometres of boulevards 

which vary in width from 1.5 to 5 meters (COV, 2006). The study area (Figure 1.2) 

covers all boulevards within the City boundaries and includes the downtown trees that are 

planted in hard-surfaced grated areas (CRD, 2009). Only 2% of all boulevards are 

presently irrigated (COV, 2006).  

 

Figure 1.2: Boundary of the City of Victoria Study Area  
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Study area is identified within the red boundary and is bordered by the cities of Oak Bay, 

Saanich, Esquimalt, and the Strait of Juan de Fuca. Map not to scale. (Reproduced and 

modified with permission CRD, BC) 

_____________________________________________________________________ 

 

1.1.1 History of urban trees in Victoria and tree health issues 

 

 In the early to mid 20th century, the City of Victoria (COV) British Columbia, 

Canada, known as the Garden City, embarked on an ambitious plan to plant trees on 

street boulevards and during the 1930-1960s.  As part of a cultural exchange with Japan, 

the COV planted 5000 flowering cherry trees in the genus Prunus (Chaster, et al., 1988). 
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Today, there are 17,601 street trees in the COV which includes 149 species from 66 

genera (COV, 2005). Unfortunately, in the last decade, the health of these street trees has 

declined; it is suspected likely in large part to the effects brought on by changing climate 

and the elimination of the summer program of watering the city boulevards (COV, 2006). 

 

 A major concern is that 12, 670 (72%) of all COV street trees are within six 

genera (Acer, Aesculus, Betula, Crataegus, Prunus, and Quercus), (COV, 1991) 

encompassing a narrow genetic range, many of them clones, with potential limited 

capacity to adapt to climate change. Many ornamental trees are old, by urban tree 

standards, reaching 50 years in an environment where 40 years is the life expectancy for 

healthy trees, and receiving conservative maintenance (Nowak, et al., 2002). These trees 

need to be replaced as a matter of normal urban forestry practices.  

 

 The City of Victoria continues to plant street trees based on previous historical 

information, existing tree species lists, and schedules. Some of this historical tree 

information is outdated and needs to be replaced with more current information that 

reflects the impacts created by changing climate and human activity. Much of the 

available or existing information and documentation on street trees does not look at 

present industry planting standards under changing climate. 

 

 In 2001, due to a severe water shortage in the CRD, the COV stopped the summer 

night watering of all city boulevards (COV, 2006). This previous supplemental summer 

watering created an artificial set of growing conditions upon which street trees became 
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dependent. With the increase of summer temperature brought on by changing climate 

(Murdock, et al., 2007) and elimination  of summer watering street trees began to decline, 

a deterioration evident in the branch die back on Betula and Prunus, increased pest 

infestation on Prunus, and wind damage to Pinus due to severe winter storms (COV, 

2007). Already growing in a stressful environment, the trees now have to deal with new 

pests, harsh winter storms, changes in moisture availability, and warmer temperatures. 

Although no tree possesses all the qualities required to tolerate pests and harsh 

environmental city conditions, selecting the right tree for the right location (Harris, et al., 

2004) is key to a healthy urban forest. This becomes even more important when we 

consider the compounding effects related to climate change. 

 

 The purpose of this thesis is to examine the relationship of COV tree health to 

climatic conditions, project future tree health as the climate changes and make 

recommendations to maintain a viable and vigorous street tree population.    

 

1.2 Research objectives, questions and hypothesis 

  

 The COV has several options to adjust to and cope with the impacts brought on 

by climate change including an evaluation and of their present street tree selection list, 

adjusting if necessary their replacement plan and changes in management practices so 

that today’s investments may not become future losses. For example there are now better 

choices of trees such as native species which are capable of living much longer and have 

the ability to cope with the warm and drier summers and wet winters. To select the 
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appropriate options for the future COV planners and arborists need information and 

guiding principles.  

 

 The goal of this study was to evaluate the present condition of six main street 

trees genera in the COV and to examine their potential sensitivity to climate change and 

then determine the best approaches for ensuring a healthy COV urban forest for the future 

generations to enjoy. The information and methods used in this report may also serve as a 

foundation for evaluating urban forests in other cities or regions.  It may help to 

demonstrate the degree of potential climate change and how this may impact trees which 

may then lead to better tree selection and better management not only with respect to 

individual trees but as ecological units or groups. To provide the information and 

guidance for the COV, I approached the issue by addressing several questions.  

 

 Since greenhouse gases are already in the atmosphere we will continue to see a 

warming trend resulting in various impacts (Hebda, 2006) including those directly related 

to Victoria’s street trees. In light of this changing climate, what would be the optimum 

tree selection considerations and management strategies and practices to ensure resilience 

and longevity of Victoria’s city street trees? The key questions examined in this report 

were: 

1. Are street trees already stressed because of climate change in combination 

with other factors? 

2. Are future climatic conditions and implied weather events within the tolerance 

of currently used street trees and maintenance practices? 
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3. What impacts will climate change have on existing street trees?  

4. Are there tree species and cultivars better suited to ensure resilience and 

longevity? 

5. What maintenance practices are appropriate under conditions of increasing 

temperature and moisture stress? 

  Based on the answers to these questions, recommendations are provided that may 

assist in developing a tree replacement program consistent with, and capable of 

incorporating new information and insights.  

  

 In order to determine whether there is a need to change the current tree 

management practices, the following pair of hypothesis were tested. 

 Ho: Climate change will have no effect on the City of Victoria street trees 

therefore there is no need to change the present tree selection and maintenance practices. 

 Ha: Climate change will have a negative impact on the health and longevity of the 

City of Victoria street trees and actions taken now will reduce that impact. 

 

1.3 Benefits and value of trees 

  

 The importance of trees in urban settings has been the topic of numerous studies. 

Such studies have shown that urban trees reduce atmospheric carbon dioxide (Trexler, 

1991) and keep the city cooler in the summer and warmer in the winter (Jo and 

McPherson, 2001). Other reports have shown that trees improve water and air quality, 

increase real estate value, and provide many social and psychological benefits for 
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residents (Dwyer, et al., 1992). (Figures 1.4 and 1.5 illustrate the value of trees.) Studies 

show that hospital patients recover from surgery more quickly when their hospital room 

offered a view of trees. “The strong ties between people and trees are most evident in the 

resistance of community residents to removing trees to widen streets. Or we note the 

heroic efforts of individuals and organizations to save particularly large or historic trees 

in a community” (ISA, 2005). As a result, cities invest hundreds of thousands of dollars 

and thousands of man-hours in designing, developing, and maintaining the urban forest.  

 

Figure 1.3: Benefits of Trees. 

 

 

Street trees offer social, environmental and economic value. Trees provide habitat for 

wildlife and insects which act as natural pest control agents. (Reproduced with 

permission from ISA) 

________________________________________________________________________ 

Figure 1.4: Value of Trees 
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Street trees offer significant economic value to cities. Trees also filter out dust and 

various air-borne particles. (Reproduced with permission ISA) 

________________________________________________________________________ 

 

 

 Although the value varies, it is estimated that it costs $4000/tree to establish and 

maintain it over an average 40 year life span (COV, 2006). In 2005 the estimated 

International Society of Arborists (ISA) value of COV street trees was $39,139,000 

(COV, 2005).  This enormous investment has been instrumental in creating a special 

environment that sustains an economy built on tourism and fosters the well-being of its 

residents. For example, in 2006 Victoria received $1,185,974,400 from tourists who 
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stayed a total of 3,559,347 nights in local establishments. Over 50% of those surveyed 

attributed their visit and enjoyment to the natural beauty of Victoria (Tourism Victoria, 

2006). The loss of Victoria’s urban forest may significantly affect Victoria’s tourism 

revenue. A failure to make adjustments now may lead to a significant loss of street trees 

and an increased financial burden on City residents.  

 

 As bioclimatic limits shift due to climate change, accompanying physiological 

effects may affect the life span and vigour of certain tree species. Although these trees 

continue to grow under these difficult conditions, they may look very unhealthy, require 

extensive maintenance, and be of less economic value. Therefore, a review of present 

street tree health will allow city staff to project which tree species will have a greater 

survival rate and further, by identifying appropriate maintenance practices this may also 

help to ensure longevity. Failure to foresee these changes may lead to a significant 

collapse in urban forest as hundreds of street trees succumb to environmental changes 

associated with a shift in the climate. 
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Chapter 2 - Literature Review of material on street trees and impacts 

of climate change on City of Victoria 

 
  

 To determine if the effects of changing climate influence the health and longevity 

of street trees it was necessary to review literature that focused on: the importance of 

choosing appropriate street trees and maintaining these; future climate impacts and the 

information available; and the specific data sources used in this report. From the literature 

it should be possible to determine if present street tree growing requirements are within 

the projected changes and if not, what options are available to the COV.  

 

2.1 Tree selection and management  

 

 Choosing the right street tree for the right location is very important if the tree is 

to maintain good health throughout its life. The publication Arboriculture integrated 

management of landscape trees, shrubs, and vines (Harris, et al., 2004) provides a 

complete guide used for the selection, care and maintenance of city trees. A section under 

‘Site Evaluation’ for trees provides information on why it is important to consider the 

temperature, moisture, wind, light radiation, and urban climate. The section under 

‘Benefits of Trees’ explains how trees improve air quality, moderate climate, reduce 

noise, and are a benefit to a sustainable community socially, economically, and 

environmentally.   
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  In the past, street trees and site selection were determined by the local arborist 

who used his or her judgement based on previous records kept in paper files. This is 

noted in the book Trees of Greater Victoria: a heritage (Chaster, et al., 1988) which 

provides valuable historical data on the original street tree selection, their location, origin, 

and heritage value. If a specific tree died, it was usually replaced with the same species 

unless the arborist felt that another species might do better. If new varieties were planted 

the choice was generally not based on any scientific information from historical records 

but rather on popular trend and citizen wishes. Older records where usually hand written 

on paper and filed away. Trying to access all the records was very difficult and time 

consuming so that past history of condition was not often factored into the choice of a 

tree for specific site. Today, urban communities are using computer programs designed to 

track historical maintenance thus providing valuable tree health records which can be 

used for future tree selection. The COV has a computerized inventory but staff need to 

create a historical maintenance record for each tree.  

 

 For example, in their study, “Canberra’s Urban Forest: Evolution and planning 

for future landscapes”, Banks and Brack (2003) evaluated the Decision Information 

System for Managing Urban Forests (DISMUT) software program that was being used 

for the management of Canberra’s urban forest in Australia. DISMUT is able to track all 

maintenance work associated with each specific tree for the life of that tree. Using 

DISMUT, Canberra has been able to monitor and manage some 400,000 trees from over 

200 species in streets and parkland (Banks and Brack, 2003). Their research found that 

using this program proved invaluable in providing specific tree maintenance and health 
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information needed for future tree selection and maintenance. Trying to carry out such a 

task on paper would be enormous and perhaps even discouraging.  

 

 Today tree managing software packages such as the one used in a Canberra, 

Australia are becoming more valuable in the monitoring and maintenance of urban 

forests, including street trees. The City of Vancouver uses a computerized tree inventory 

system call VanTree (City of Vancouver, 2009). The data base for this system contains 

over 500,000 street tree work histories and over 60,000 service requests (City of 

Vancouver, 2009). A similar program (from Hansen Technologies, Sacramento, CA) is 

used by the City of Seattle (Personal communication with Mark Mead, Senior Urban 

Forester, City of Seattle Department of Parks and Recreation, April 2009). 

 

 The COV uses a software program called CANOPY (COV, 2005) which is able to 

evaluate tree condition and maintain a historical record of every tree in the program. 

Canopy, allows for each tree to have its own Global Positioning System (GPS) coordinate 

which is then plotted on the Geographic Information System (GIS). This system is used 

for quick locating and referencing of each tree. In addition to providing valuable 

maintenance history related to species and site, tree software programs save considerable 

time in that the records are quickly available. 

   

2.2 Future climate change and impacts for British Columbia and City of Victoria 
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 Since future climate is projected to rise by 0.5 º C per decade (Hamann and Wang, 

2006) it is important to review the possible impacts that such climatic changes might  

have on the future growing ranges for tree species. 

 

 The information contained in the Taking Nature’s Pulse, The Status of 

Biodiversity in British Columbia (Austin et al., 2008) contains future climate projection 

for BC which includes Vancouver Island and Victoria. The projected Mean Annual 

Temperature (MAT) and the Mean Annual Precipitation (MAP) are plotted showing the 

change in climate to the year 2080. The publication also covers the impacts that climate 

change might have on the present biodiversity. The information can be used to help 

assess the impact that climate change will have on COV street trees by evaluating the 

current tree requirements against future projections of temperature and moisture. 

 

 The Province of BC website on Climate Change 

(http://www.env.gov.bc.ca/epd/climate/about/impacts-bc.htm) provides a number of 

useful articles on the impacts of climate change and provides links to other websites that 

contain information on climate change such as historical climate trends and future 

interactive climate model projections. Although the information related to trees is more 

specific to the practice of forestry, the climate predictions for moisture and temperature 

are valuable in projecting local climate for the COV. The publication, Indicators of 

Climate Changed for British Columbia 2002 (MoE, BC, 2002) projects that temperatures 

may rise by 5 to 10º C by 2100 (MoE, BC, 2002) an increase large enough to change 

plant hardiness zones. In addition, extended freeze-free seasons and increased growing 
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degree days may result in an increase of insects and diseases. Moisture is expected to 

increase during the winter months however, less precipitation is projected for the summer 

months when temperatures are expected to increase the most. The research found in this 

report relates back to the climate models and information published by the 

Intergovernmental Panel on Climate Change (IPCC, 2007). Changes in growing days or 

annual mean temperature and moisture may have an effect (Hebda, 2006) on specific tree 

species survival and distribution (Hamman and Wang, 2006). 

 

2.3 Future climate data and tree information available for COV street tree study 

 

 Climate can be established through direct values such as the Mean Annual 

Temperature (MAT) and the Mean Annual Precipitation (MAP) or proxy values such as 

plant hardiness zones. MAT or MAP is calculated by taking the average of the 12 

monthly averages for temperature or precipitation. Although this figure gives an average 

for the year it doesn’t correctly reflect the temperature or moisture during the growing 

season from March to October in Victoria, BC when tree species are more likely to come 

under stress due to high temperatures and low precipitation. Likewise, hardiness zones 

are based on the minimum temperature for that zone which usually occurs in the winter 

months. The hardiness zone doesn’t identify the upper range of summer temperature that 

a tree species is able to tolerate.  

 

 The publication Atlas of relations between climatic parameters and distribution of 

important trees and shrubs in North America (Thompson, et al., 1999) provides the 
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temperature, precipitation, mean temperature of coldest month, and growing degree days 

for all native North American tree species. The data provides the basis by which tree 

species growing ranges are determined and allows for exploring how changes in climate 

affect the distribution of specific species (Thompson, et al., 1999). Using the existing 

growing ranges and climate variables it may be possible to project whether existing or 

new tree species would be capable of surviving under future climate projections in a 

region. Unfortunately, this publication does not list many of the ornamental tree species 

now found in the COV because it is concerned with native North American taxa.  

 

 The published article Beyond Traditional Hardiness Zones: Using Climate 

Envelopes to Map Plant Range Limits (McKenney, et al., 2007) discusses the effects of 

changing climate on plant hardiness zones. The article is written to show to how plant 

species are now being model according to their growing range rather than just the plant 

hardiness zones. The authors have set up a website at http://www.planthardiness.gc.ca 

however, data on most COV tree species is missing or not available. As more information 

becomes available, the website will be updated. 

  

 The scientific paper Potential Impacts of Climate Change on the Distribution of 

North American Trees (McKenney, et al., 2007) looks at the effects of changing climate 

on native tree species by explaining how climate models are generated using projected 

future temperature and precipitation. Reference is made to how these changes in climate 

affect geographic range or the species growing range. Even though the COV street trees 
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are mainly ornamental and not native this article helps explain the rationale for tree 

species distribution as related to temperature and moisture. 

   

 Effects or consequences brought on by changing climate can have a positive or  

negative effect on tree species. An increase in frost free days and an increase in growing 

degree days can extend the growing season for most trees resulting in healthier trees. On 

the other hand, the increase in growing degree days can also have a positive influence on 

pests by increasing the available time to reproduce. This may result in pests completing 

more life cycles per growing season and thus having a detrimental impact on street trees.  

For instance, changes in climate may result in the spread of existing or new diseases and 

pests (Allen & Wallis, 1998). A good example in British Columbia is the Mountain Pine 

Beetle, Dendroctonus ponderosae, which has devastated interior forests of British 

Columbia as noted in the study by Carroll, et al. (2006). This insect has expanded its 

range as a result of warmer winters and the availability of a preferred host. This 

expansion has been compounded by the planting of mono-species specific to forestry 

requirements for lumber and additional stresses to the pine trees from warmer summers 

and less precipitation. 

 

 Where temperatures remain above 5° Celsius and moisture is present (Woods, et 

al., 2005) the possibility for new infection increases.  Over the last five years the increase 

in warmer wet winters followed by dry summers has aided the spread of Phytopthora 

lateralis on Chamaecyparis. This disease has no present satisfactory control as noted by 

Pirone (1978).  
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 Pirone (1978) identifies and references numerous pests and diseases that affect 

many of the COV ornamental trees. As new diseases and insects appear it will be very 

important to add these to the inventory list in publications such as this one so that each 

new tree species selected may be evaluated against the most recent criteria. Also, 

publications such as Common tree diseases of British Columbia (3rd ed.) (Allen, et al., 

1998) highlights environmental factors and other circumstances that influence the 

presence of disease.  

  

2.4 Specific data sources used in this report 

 

 The information for this report was found in various unpublished documents 

provided by the COV and other published material. There was enough historical 

documentation to provide a useful benchmark for determining if the effects of changing 

climate will have an influence on COV street trees.  

 

 In 1991, the COV inventoried all street trees and created City of Victoria, 

Boulevard Tree List and Inventory, 1991 (COV, 1991). The inventory listed all street 

trees, by genus, species, location, and year planted. In 2005 the COV updated this 

inventory using the CANOPY software program (COV, 2005) which creates a database 

on all existing street trees including a maintenance history. The tree information in the 

CANOPY software program was used extensively in the research for this project. All 

COV street trees are listed by genus and species. CANOPY is able to identify the total 



Victoria’s Street Trees 
 

 

 

23
 

number for each tree species and the health condition for each individual tree. 

Information found in COV documents describe the nature of the documents and where 

they are found dealing with boulevard trees, boulevard maintenance, and boulevard 

irrigation were used to help in projecting the effects climate change may have on street 

trees. 

 

 Weather records for Victoria, BC were found on the Government of Canada 

weather website (http://www.climate.weatheroffice.ec.gc.ca/) and results from the 

Victoria International Airport (EC, 1961-1990) were used as this site provides statistical 

information for the entire CRD region. Minimum and maximum temperatures for the 

days, months and years were accessed from this source as well as average monthly 

precipitation. The climate conditions from 1961-1990 were used to represent the current 

condition while acknowledging that some warming has taken place recently. The annual 

evapotranspiration (ET) rates for the Victoria region were found at the BC Ministry of 

Agriculture and Food Resource Management Branch (MoAFF, 2002)). The BC 

government monitors ET rates for the entire Province and publishes these for the growing 

months from May to October. Future ET rates were projected by Dave Spittlehouse of the 

Ministry of Forest and Range, BC).  

 

 The plant hardiness zones for Canada were obtained from the Natural Resources 

Canada website (http://planthardiness.gc.ca/). Plant hardiness zone for North America 

were found on the USNA website (http://www.usna.usda.gov/Hardzone/ushzmap.html) 

and the Sunset climate zones were located on the Sunset website 
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(http://www.sunset.com/garden/climate-zones/). The hardiness zone for each tree species 

was found at Natural Resources Canada or online at Michigan State University website 

at: (http://msuplants.com/pd.asp?pid=3904).  

 

 The COV street tree water requirements were researched from Cornell University, 

New York (Bassuk, et al., 2009), Colorado State University, Colorado (Klett and Wilson, 

2003), and the City of Roseville, California (Anonymous, 1993) as these sources 

contained a number of the specific tree varieties now used by the COV. The City of 

Vancouver, BC has a street tree program which includes a street tree selection matrix 

which is used to identify tree species and appropriate planting location however, little 

work has been done to evaluate these tree species lists against future effects from 

changing climate.  

 

 Future climate projections for Victoria, BC temperature and precipitation were 

obtained using the Pacific Climate Impacts Consortium (PCIC) Regional Analysis Tool 

found online (http://www.pacificclimate.org/). The tool calculates future mean 

precipitation and temperature for thirty year intervals centred on 2020, 2050, and 2080 

specific to the Capital Regional District on Vancouver Island of which Victoria is a part. 

There are a number of experimental models which can be run to project climate change 

with results ranging from minimum change to extreme change. The information from 

these projections was used to generate future temperature and moisture conditions for 

Victoria so that this could be used in assessing COV street tree health.   



Victoria’s Street Trees 
 

 

 

25
 

Chapter 3 - Research Methods 
 

3.1 Research approach  

 

 In an effort to identify and address possible effects of changing climate on COV 

three strategies were used: establish a baseline and determine if trees are now being 

affected by climate and which ones; project their health under future conditions, evaluate 

effects of higher temperatures, less precipitation, and pests; consider whether present 

maintenance practices are appropriate and what changes will be required to meet future 

climate changes..  

 

 It was important to first establish a benchmark of Victoria’s current daily 

maximum temperature and total monthly precipitation for March to October. This would 

help determine whether or not street trees are stressed under present temperature and 

moisture conditions. The benchmark or ‘starting point’ was also needed to determine if 

the growing parameters of Acer, Aesculus, Betula, Crataegus, Prunus, and Quercus are 

within the present climate conditions found in the COV. Then, it was necessary to 

evaluate any additional impacts on the six tree genera as a result of future climate 

projections. 

 
  
 Existing (COV) street tree information, current climate data, and future climate 

projections provided the data needed to test the hypothesis as to whether the effects of 

climate change will impact COV street trees and address the first two analyses. This 
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information and research formed the basis for a ‘case study’ by which COV tree species 

could be evaluated. According to Yin, (Yin, 1981) “case studies can be done by using 

either qualitative or quantitative evidence”. This may include archival records, 

observations, reports (verbal) or a combination of these (Yin, 1981). The third analysis 

was carried out by comparing COV maintenance practices to published maintenance lists 

and other municipal tree programs. 

 

 Of the 66 genera (COV, 2005) found in the COV street tree inventory, only Acer, 

Aesculus, Betula, Crataegus, Prunus, and Quercus were considered in this report (COV, 

1991). This was done to keep the research project manageable and yet provide a good 

cross section of COV street trees representing a range of sensitivities to climate. These 

six genera are found in number greater than 1300 and represent 72% of the total street 

tree inventory (see Appendix A).  

 

3.2 Current health of COV trees and its relationship to climate  

 

 Establishing current conditions included the plotting of all City of Victoria (COV) 

street trees and their present health condition; identifying moisture requirements for 

specific species in each of the six genera; and identifying existing climate for COV. The 

approach and methods for each of these steps are outlined as follows.  

 

3.2.1 Street trees 
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 In 2005 the City of Victoria (COV) completed an inventory of all existing street 

trees. The total inventory consisted of 17,601 street trees in 66 different genera. Figure 

3.1 lists the major genera  

 

Figure 3.1: Total number of City of Victoria street trees by genus.  
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Nine different genera are listed as having 500 or more street trees however, only Acer, 

Aesculus, Betula, Crataegus, Prunus, and Quercus, with 1300 or more trees, were 

included in this study. 57 different genera comprise the total of 3111 trees in the “other” 

category.  

________________________________________________________________________ 
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 International Society of Arboriculture (ISA) certified arborists collected statistical 

information on every tree which was entered on a palm pilot (Appendix B). These data 

were then downloaded to the CANOPY tree software program. (Chapter 2). 

 

 Using the Guide for Plant Appraisal Form – 9th Edition (ISA, 2000) each COV 

street tree was numerically rated based on five tree factors: roots, trunk, scaffold 

branches, small branches and twigs, and foliage and/or buds. Based on the total numerical 

ranking for all five tree factors (Appendix B) every tree was then placed in one of the 

following categories: Excellent, Good, Fair, Poor, Very Poor, Dead as in Table 3.1.  

 

Table 3.1: Point rating for tree condition used in COV inventory of tree health. 
 

Category Number of Points 

Excellent 29-32 

Good 25-28 

Fair 21-24 

Poor 16-19 

Very Poor 12-15 

Dead No Points 

 

The highest rating a tree could receive was a total of 32 points which was a perfect score 

in all five tree factor areas. Dead trees were not given a numerical rating.   

________________________________________________________________________ 
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 The results of the data collection are found in Figure 3.2. At the time of writing 

this report, there was no published standard that 50% or more of all street trees should be 

in the Good to Excellent for an urban forest to be classified as healthy. However, it is 

reasonable to conclude that a healthy urban forest would be comprised of at least 50% of 

all street trees in the Good or Excellent Categories.  

 

 In order to determine the overall condition of the existing street tree inventory, the 

Categories of Fair to Dead were added together and given a percentage of the total 

number of trees. The trees in these Categories are more likely to show signs of decline if 

growing conditions worsen and the COV may want to identify a replacement or 

maintenance strategy to deal with these first. Although, it was not possible to list in this 

report the condition of every single tree, specific trees are found in the CANOPY tree 

software inventory and can be located by Category and address location. 

 
Figure 3.2: Current condition of COV street trees. 
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17,601 trees were inventoried. 873 were rated Excellent; 10,799 as Good; 5046 as Fair; 

824 as Poor; 40 as Very Poor; 19 as Dead. Approximately 34% or 5929 street trees were 

rated Fair to Dead. 90% or 15,845 trees fall in the Good and Fair categories. 

________________________________________________________________________ 

 

  Using the tree data in the CANOPY inventory, charts were generated that 

identified the current numbers and conditions for each of the six main tree genera (Acer, 

Aesculus, Betula, Crataegus, Prunus, and Quercus) presently being planted in the City of 

Victoria. The total number of trees in the Fair to Dead category for each of the six tree 

genera was then compared to total Fair to Dead trees for the six genera and total Fair to 

Dead trees for all street trees.  
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3.2.2 Moisture requirements 

 

 The moisture requirement for fourteen tree species was established and a table 

created (Table 3.2). These tree species were selected because they exist in number greater 

than 175 (number in parenthesis below individual species) and they provide a good cross 

section of the six genera. The water requirement for each species is listed as high, 

medium or low. Trees with high water requirements need more than normal lawn 

watering; those in the medium range require moderate watering or normal lawn watering; 

those in the low range have low water needs and can withstand periods of drought (Klett 

and Wilson, 2003). 

 

 The Capital Regional District Water Facts Sheet, Waterfacts 6: states that lawn 

“only requires 25 mm/week to remain healthy” (CRD, 2008) thus the monthly 

precipitation for a normal lawn would be 100 mm/month including normal precipitation. 

Although the growing season for Victoria, BC is from March to October, 100 mm of 

precipitation would only be required during June, July and August when 

evapotranspiration (ET) rates are approximately 100 mm/month. ET rates are found in 

Table 3.6 and these figures were used to calculate the tree species total monthly water 

requirement. 

 

Table 3.2: Moisture requirement for tree species  
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Tree   
Water Req. 
mm/month 

Very Wet                              ►    Very Dry 

Genera Species 
occasionally 
saturated or 
very wet soil 

consistently 
moist, well 
drained soil 

occasional 
periods of 

dry soil 

prolonged 
periods of 

dry soil 
Acer 

(1755) 
campestre 

(540) 
Low 
<100 1 2 3 4 5 6 7 8 9 10 11 12 

 platanoides 
(197) 

Medium 
≤100 1 2 3 4 5 6 7 8 9 10 11 12 

 rubrum 
(957) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

Aesculus 
(1300) 

carnea 
(639) 

Medium 
≤100 1 2 3 4 5 6 7 8 9 10 11 12 

Betula 
(1429) 

papyrifera 
(768) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

 pendula 
(532) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

Crataegus 
(1683) 

oxyacantha 
(1307) 

Medium 
≤100 1 2 3 4 5 6 7 8 9 10 11 12 

Prunus 
(5180) 

sargentii x 
serrulata 

(529) 

Medium 
<100  1 2 3 4 5 6 7 8 9 10 11 12 

 serrulata 
(1219) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

 subhirtella 
(317) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

 x yedoensis 
(843) 

High 
>100 1 2 3 4 5 6 7 8 9 10 11 12 

 cerasifera 
(1930) 

Medium 
<100 1 2 3 4 5 6 7 8 9 10 11 12 

Quercus 
(1351) 

garryana 
(929) 

Low 
<100 1 2 3 4 5 6 7 8 9 10 11 12 

 robur 
(273) 

Medium 
≤100 1 2 3 4 5 6 7 8 9 10 11 12 

 

The figures for this table are derived from the City of Victoria Street Tree Inventory 

(unpublished data, 2005), Cornell University (Bassuk, et al., 2009), and City of Roseville 

(Anonymous, 1993). The shaded squares indicate the moisture range that the species may 

be found within and remain in good or excellent condition as indicated in Figure 3.2. 

Water Requirement shown in mm/month is the recommended moisture needed for 
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continued healthy tree growth. (Reproduced and modified with permission from Nina 

Bassuk, Cornell University.) 

________________________________________________________________________ 

 

3.2.3 Climate 

 

 Climate is generally determined over a period of 30 years and the main indicators 

for change are temperature and precipitation (Hebda, 1995) Environment Canada (EC) 

has compiled weather records since 1865 (EC, 2003 and continues to track weather 

conditions at a number of locations throughout the Capital Regional District (CRD). The 

most applicable weather for this report was found at the Victoria International Airport at 

a north latitude of 48º 64´, west longitude of 123º 43´ and elevation of 20 m (EC, 2008) 

because it represents a somewhat inland station compared to Gonzales which is 

immediately on the coast.  

 

 Annual minimum temperatures are use to determine tree species hardiness within 

a specific growing zone. Each of the 14 tree species in the six tree genera has a specific 

minimum temperature tolerance. If the temperature falls below the annual minimum 

temperature tolerance, the tree species will likely freeze and die. This minimum 

temperature tolerance each species is shown as a specific hardiness zone in Table 3.4.  

 

 Monthly extreme high temperatures are also important as trees will be seriously 

injured or even killed when temperatures rise above a species maximum tolerance 
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(Harris, et al., 2004). As temperatures increase, ET rates increase and less moisture 

becomes available to the trees. 

 

 The monthly extreme minimum and maximum temperatures for Victoria, BC 

summarized in Table 3.3. By comparing the EC records for extreme temperatures to the 

allowable suitable temperature within the established growing parameters for each of the 

six specific tree genera, it was determined that certain tree species are under stress 

because they are not able to tolerate temperature extremes. Note the extreme highs for the 

months of May to September. These extremes will be used to project future temperature 

extremes for 2020, 2050, and 2080.  

  

Table 3.3: Historical monthly extreme temperatures for Victoria from 1880 to 2007 (EC, 

2008) 

 

Temperature: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Monthly Extreme 
Maximum (°C) 

15.4 18.3 20 24.4 31.5 33.3 36.1 34.4 31.1 27.6 18.3 16.1 

Date (yyyy/dd) 1984/04 1963/10 1942/31 1971/25 1983/28 1942/30 1941/16 1960/09 1955/04 1987/01 1975/03 1958/02 

Monthly Extreme 
Minimum (°C) 

-15.6 -15 -10 -3.9 -1.1 2.2 4.1 4.4 -1.1 -4.4 -13.3 -14.4 

Date (yyyy/dd) 1950/28 1950/01 1989/03 1956/05 1954/01 1976/01 1979/02 1973/18 1972/27 1956/28 1955/15 1968/29 

 

The figures for this table are derived from Environment Canada records for Victoria, BC 

(EC, 2008). They highlight the monthly extreme temperatures on record which may have 

an influence of the health of specific tree species. (Reproduced with permission 

Environment Canada) 

________________________________________________________________________ 
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3.2.4 Hardiness zones 

  

 Hardiness zones are used in identifying the optimum growing conditions for 

plants and are generally based on the plant’s ability to withstand the annual minimum 

temperature of the zone. Hardiness zones are widely used in horticulture and 

arboriculture to determine plant species selection based on local climate. 

 

 Within North America (NA) there are a number of Hardiness classifications 

(USNA, 2003). Environment Canada (EC) has broken Canada into 17 Hardiness Zones, 

starting at 0a, 0b and continuing to 8a. Victoria, British Columbia lies within the 

Canadian Hardiness Zone of 8a, the mildest in Canada with the annual minimum winter 

temperature of -9.5 to -12.2° C according to the EC Hardiness Zone (EC, 2008). The 

United States Department of Agriculture (USDA) identifies 20 hardiness zones (1-11) for 

North America and Victoria, British Columbia is found in Zone 8a with a annual 

minimum winter temperature of -9.5 to -12.5° C.  

 

In western North America  including western Canada, Sunset Magazine has 

developed 45 Climate Zones (Harris, et al., 2004) which are more precise because they 

take into account “not only winter minimum temperatures, but also summer highs, 

lengths of growing seasons, humidity, and rainfall patterns” (Sunset Magazine, 2008). 

Victoria, British Columbia is found within the Sunset Hardiness Zone of 5 with a winter 

minimum that ranges from -2 to -17° C. Although information from various sources may 
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slightly differ, a minimum temperature of approximately -9.5 to -12.2° C was used in this 

report and since the USDA Hardiness Zones encompass all of NA, this classification was 

used to assign species hardiness (Table 3.4).  

 

Future hardiness zones were determined by adding the monthly Weighted Mean2 

temperature to the current monthly extreme minimum temperature. The new USDA 

hardiness zone was then determined and compared to the Sunset Magazine Climate 

Zones and minor adjustments made based on precipitation and extreme monthly 

temperatures. 

 

Table 3.4: USDA Hardiness zone of various tree species. 

 

Type of Tree   Hardiness Zones 

Genera Species USDA 

Acer 
(1755) 

campestre 
(540) 4a to 8b 

 platanoides 
(197) 2b to 7b 

 rubrum 
(957) 4a to 9b 

Aesculus 
(1300) 

carnea 
(639) 4a to 7b 

Betula 
(1429) 

papyrifera 
(768) 2b to 9b 

 pendula 
(532) 3b to 9a 

Crataegus 
(1683) 

oxyacantha 
(1307) 4a to 8b 

Prunus 
(5180) 

sargentii x serrulata  
(529) 6a to 9b 

                                                 
2 Weighted Mean is the average of all figures that fall between 10-90% of the total. 
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 serrulata 
(1219) 5a to 8b 

 subhirtella 
(317) 4b to 8b 

 yedoensis 
(843) 5a to 9b 

 cerasifera 
(1930) 4b to 9a 

Quercus 
(1351) 

garryana 
(929) 6a to 8a 

 robur 
(273) 4a to 8b 

 

The figures for this table are derived from (Michigan State University, 2003). The figures 

in the USDA Hardiness Range show the zones in which the species is generally found. 

Note that no species is found above zone 9b where summer temperatures reach extremes 

beyond the species tolerance range. Daily, average summer temperatures (June, July, 

August, September) for zones 10 and 11 are above 32° C or 90° F.  

________________________________________________________________________ 

 

 Once it was confirmed that the 14 species were capable of living with the current 

extreme temperature ranges for Victoria, BC, the next step was to identify the daily 

average temperature. The daily average temperature and total monthly precipitation was 

used to determine if present conditions were above the minimum requirements for each 

species.  

 

 The current average daily temperature and total monthly precipitation for 

Victoria, BC, was further required to establish a benchmark from which future 

projections for temperature and moisture could be calculated. The data collected by EC 



Victoria’s Street Trees 
 

 

 

38
 

form the Victoria International Airport weather station for the period of 1961-1990 

(Table 3.5) was used in this report. 

 

Table 3.5: Average annual and monthly temperature and moisture for Victoria from 

1961-1990 (EC, 2008) 

 

Temperature:  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Daily Average (°C) 3.4 4.8 6.1 8.4 11.4 14.3 16.2 16.2 13.8 9.7 6 3.8  
Daily Maximum 
(°C) 6.5 8.4 10.2 12.9 16.3 19.3 21.8 21.8 19.1 14.1 9.4 6.8  

Daily Minimum 
(°C) 0.3 1.2 1.9 3.8 6.5 9.3 10.7 10.6 8.4 5.3 2.5 0.8  

Precipitation:              
Rainfall (mm) 124.1 91.2 68.2 41.8 33.4 27.3 17.6 23.7 36.6 74.4 136.4 138 812.8 
Snowfall (cm) 17.2 8.1 3.7 0 0 0 0 0 0 0 3.4 14.5 46.9 
Total Precipitation 
(mm) 141.1 99.3 71.9 41.9 33.4 27.3 17.6 23.7 36.6 74.4 139.2 151.6 857.9 

 

The figures for this table are derived from Environment Canada records as averages for 

Victoria, BC from 1961 to 1990. Note the significant drop in average precipitation for the 

months of April-September and especially July and August when the city's climate is 

usually in a moisture deficit situation. (Reproduced with permission from Environment 

Canada.) 

________________________________________________________________________ 

 

3.2.5 Calculating available moisture 

 

 Trying to establish specific water requirements for each tree species in any given 

location is difficult because soil conditions may vary and these play a vital role in plant 

health. The soil’s type, the infiltration rate and moisture holding capacity dictate how 
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much water is available to the tree. There are also a number of environmental factors that 

must be considered and these can only be evaluated by the local arborist at the time of 

tree selection and planting. For example, some questions to be considered are: Is the tree 

planted in a hard surface area with little or no ability for moisture infiltration or 

retention? Is it next to a building where there is reflected heat? Is it in full sun or in the 

shade? Is there additional wind due to a tunnelling effect? Each of these factors will 

significantly affect local ET and plant health however they are not part of this study but 

rather fall under the responsibility of the City Arborist on a case by case basis. 

 

Available summer moisture, in many instances, will become the determining factor in 

tree health and longevity. This is especially true of those species with a medium to high 

water requirement. Available soil moisture is calculated by determining the moisture 

holding capacity for a specific type of soil (Scherer, et al., 1996).  The moisture holding 

capacity is the amount of water that exists between the soil’s field capacity and the 

plant’s wilting point (Scherer, et al., 1996).  Additional factors that may affect available 

soil moisture are rate of precipitation, infiltration rate of soil, run-off, slope and irrigation. 

These are not considered in this report as they are more site specific and should be 

considered by the arborist at the time of tree selection and planting.  

 

 The soil records published by Government of Canada indicate that the parent soil 

in the Victoria area mostly falls within the category of fine sandy loam (Experimental 

Farms Service, GC, 1958) so the available soil moisture can be calculated using the 

average precipitation and the depth of soil. Although, planting medium for city trees may 
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vary, the parent soil for Victoria, BC was used in this report because most tree roots 

eventually extend and gather moisture beyond the planting hole into the parent soil.   

  

 Since the majority of the tree’s absorption roots are usually found in the top 90 

cm of soil (Harris, et al., 2004), the available soil moisture for COV trees was based on 

soil to a root depth of 90 cm (3 feet). Soil moisture (SM) was determined by calculating 

the moisture holding capacity (MHC) for Victoria’s soil (classification Langford) to a 

root depth of 90 cm. The first 30 cm of loamy sand has a MHC of 26.7 mm, the 2nd 30 cm 

of loamy sand has a MHC of 26.7 mm and the last 30 cm of sandy loam has a MHC of 

40.8 mm for a combined total MHC of 94.2 mm in the 90 cm of soil (Scherer, et al., 

1996). 

  

 Finally, to determine if there is sufficient moisture to maintain street tree health, 

the evapotranspiration (ET) rate was used to calculate the amount of moisture lost from 

the soil through evaporation and from the plant through evaporation and transpiration. It 

is usually calculated from the temperature, relative humidity, wind, and solar radiation 

(Farmwest, 2009). ET is used to determine the moisture deficit and the amount of 

moisture needed to make up for it. By using monthly ET it is possible to determine 

whether or not water requirements for COV tree species will be met by current 

precipitation or where additional watering will be required. The growing season ET rates 

for Victoria, BC are found in Table 3.6. 

.   
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Table 3.6: Average historical evapotranspiration rates from 1961-1990 for the Victoria, 

BC area. 

 

Indicator Measurement Figures for 
Victoria, BC (EC, 2008) 

Time Period Month March April May June July  Aug. Sept. Oct.
ET  (Baseline) mm/month 34 54 83 98 118 101 65 35

 

 

The figures for this table were provided by Dave Spittlehouse (personal communication 

April, 2009) as ET averages for Victoria, BC at Victoria International airport. The 

Baseline ET was used to determine additional moisture requirements for tree species by 

comparing the available monthly moisture to the monthly ET rate. 

________________________________________________________________________ 

 

 By subtracting the monthly ET rate from the monthly available soil moisture and 

total monthly precipitation it was possible to determine if sufficient soil moisture is 

available for normal tree health (Equation 3.1). The amount of sufficient moisture was 

calculated for each month during the growing season (March to October) in Victoria. 

This figure was shown as a monthly moisture surplus or deficit. A positive figure 

indicated that there was soil moisture at the end of the month that could be carried 

forward to the next month however this could never exceed the soil’s moisture holding 

capacity of 94.2 mm. If the monthly moisture deficit was zero or negative this indicated 

that there was insufficient monthly moisture to replace the moisture lost by monthly ET. 

Soil moisture was shown at the beginning of the next month as zero and not a negative. 

This allowed for an accurate monthly calculation of moisture verses ET.  
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Equation 3.1: Calculating monthly moisture surplus/deficit 

Available soil moisture at beginning of the month + total monthly precipitation – total 

monthly ET rate = moisture surplus/deficit  

________________________________________________________________________ 

 

 For example, using Formula 3:1 and EC records from 1961-1990, the soil 

moisture for March was calculated as follows: 

 

 Available soil moisture at beginning of March (94.2 mm) + total monthly precipitation 

(46.5 mm) – total monthly ET rate (-34) = moisture surplus (106.7 mm) 

 

 Although there was 106.7 mm of moisture left at the end of the month, the soil 

could only hold 94.2 mm so this was the figure used for Available soil moisture at 

beginning of the month April. By comparison, the following calculation was carried out 

for June of the same time period. 

 

Available soil moisture at beginning of June (32.5 mm) + total monthly precipitation 

(27.3 mm) – total monthly ET rate (-98.0 = moisture deficit (-38.2 mm) 

 

 Although there was a monthly moisture deficit of -38.2 mm in June, the Available 

soil moisture at beginning of the month July was 0. 
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3.3 Future climatic conditions 

 

 Since street trees vary in longevity, it was necessary to set up future climate 

projections for temperature and precipitation to the end of this century with time horizons 

of 2020, 2050, and 2080. This allows for mid and long range projections that could be 

used in street tree selection. The future projections for temperature and precipitation were 

achieved using the Pacific Climate Impacts Consortium (PCIC) Regional Analysis Tool 

found online at the PCIC website (http://www.pacificclimate.org/). The time horizons of 

2020, 2050, and 2080 were run using the SRES AR4-CCCMA_CGCM3 A2-run4 

scenario which is in the average range of the 226 models used on this site for climate 

projections (Appendix C). A second scenario was run using the SRES TAR –HadCM3 

A1Fl Model which is indicates future climate conditions at the extreme upper level of 

change (Appendix C).  

 

 The monthly Weighted Mean temperature change of each new time period was 

used to adjust Victoria’s present monthly daily maximum and minimum temperatures, 

monthly extreme minimum and maximum temperature, and monthly total precipitation as 

recorded by EC from 1961- 1990. For example, if  the Weighted Mean temperature for 

July, 2050 SRES AR4-CCCMA_CGCM3 A2-run4 increased by 3.5° C, this figure was 

added to the present daily maximum of 21.8° C for July, 1961-1990 and the new daily 

maximum temperature for July, 2050 was calculated at 25.3° C.  Likewise, if moisture 

projections changed, the same method of calculation was applied.   
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 The future monthly Weighted Mean temperature increases for 2020, 2050, and 

2080 were then used to determine the projected hardiness or growing zone for the City of 

Victoria, BC. The figures for the Weighted Mean temperature increase between the 

winter months of November to March were added to the annual minimum temperature of 

-9.5 to -12.2° C of Hardiness zone 8a. This resulted in a new annual minimum 

temperature which was compared to the present annual minimum temperatures found in 

the USDA hardiness zones to see if the present hardiness zone for Victoria, BC changed.  

 

 Then, the 14 species used in this report were compared against the future daily 

minimum and maximum temperature, and total monthly moisture conditions to determine 

if the new conditions were still within each species optimal growing range. The 

Temperature and moisture tables may be used to identify a street tree replacement 

program which could include short and long range goals for replacing trees for specific 

sites. By using this template it is possible to create a tree planting list of known species 

for specific climates and locations. 

 

 For example, if Victoria’s climate in 2050 is similar to another city further south, 

(for example, San Francisco CA) it may be possible, in the near future, for Victoria to 

incorporate in their street tree program some of the trees of that city. 

 

3.4 Current and future pests 
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 The results in changes of temperature and precipitation were used to consider the 

possibility of new or increased pests’ issues on street trees. This qualitative analysis was 

done by examining the increase in Growing Degree Days and the increase in frost free 

days and projecting which pests might benefit from future climate change. This was done 

using a list of current pests and their climatic requirements and projecting which pests 

would benefit under future climate. It is also possible to consider the future Hardiness 

zone for Victoria and compare this with existing conditions farther south to determine 

which pests may move north into Victoria when the temperature increases. Weak and 

unhealthy trees are more prone to disease and pests, so it is important to review and 

identify conditions and requirements associated with healthy tree growth.  

    

3.5 Street tree maintenance   

 

 Suggestion for street tree maintenance was developed by comparing the 

maintenance of Vancouver, BC and the Corporation of Saanich, BC to the COV. The 

COV maintenance program was also compared to the publication Arboriculture (Harris, 

et al., 2004) which provides specific information on maintaining urban trees. My thesis 

report does not detail all the maintenance requirements for a healthy street tree 

management plan as these are generally available (Harris, et al., 2004) and most 

knowledgeable arborists are aware of the basic tree maintenance requirement to create a 

healthy growing environment for street trees.  

. 
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Chapter 4 - Results: Current and Future Climatic Conditions and City 

of Victoria Street Tree Suitability 

 

 The methods described in Chapter 3 generated current and future climate 

conditions (temperature and precipitation) for the City of Victoria, BC. Using these data 

enabled me to examine the present-day health conditions of the street trees in the City of 

Victoria (COV) by genus. I relate the condition of the genera specifically to growing 

season temperature (Daily Weighted Mean for the months of March to October) and 

moisture (Monthly Total of the same months). The monthly evapotranspiration (ET) rate 

(Table 4:2) was subtracted from the available soil moisture and total monthly 

precipitation to determine if there was sufficient moisture to sustain healthy trees.  Using 

climate model data available on the PCIC website 

(http://www.pacificclimate.org/tools/select)  (Chapter 3) for 2020, 2050, and 2080, I 

compare present-day to future projected conditions to infer if street trees growing today 

and the street tree selection list are within the envelope of future climate parameters. 

These comparisons then provide the basis for evaluation and recommendations 

concerning tree selection and management in Chapter 6.  

 

 To determine the effects of ET, I used two different models and two types of 

analysis (Table 4.1). For both analyses I used weather data from the SRES AR4-

CCCMA_CGCM3 A2-run4 model (Canadian model representing the middle of the road 

for climate change) and then the SRES TAR –HadCM3 A1Fl (Hadley model representing 

an upper limit climate change). In the first analysis I did not change the ET rate for future 
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times but used the 1961-1990 ET rates as provided by Environment Canada for Victoria 

Airport, BC (Table 3.6, Chapter 3). As temperature increases ET will clearly change but 

this change may be compensated for by increased moisture use efficiency associated with 

higher atmospheric CO2 concentrations, so I calculated the first set of results without 

changing the ET value. For the second analysis I used the same two models for future 

climate but used future modeled ET for Victoria provided by D. Spittlehouse of the 

Ministry of Forests and Range (Personal communication April 2009). Spittlehouse used 

the Canadian GCM model 2 B 1 scenario to generate the middle of the range future ET 

and Hadley Centre model 3 A2 scenario for the upper range of projected values. These 

two scenarios are very similar to the two scenarios I used and generate the same middle 

and high range results.   

 

 Spittlehouse used Victoria Airport data to generate the future modeled ET rates 

which is representative of the research area only 30 km distant. To keep the results 

consistent, I also used the data from the Victoria International Airport weather station so 

that the results of my research can be applied broadly to the Capital Region District.    

 

Table 4.1: Four different analyses used to determine ET rate from March to October for 

City of Victoria, BC. 

 

Model No change in ET: CO2 
compensation 

Change in ET based on model 
output provided by D. 
Spittlehouse values. 

CGCM3 B1 (scenario) 
middle of road 

No ET increase for time 
periods of 2020, 2050, and 
2080. Plant stomatal closure 

Future ET changed for time 
periods of 2020, 2050, and 
2080 using Canadian GCM 
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in effect with a compensation 
of -18.5% ET. 

model 2 B 1. 

HadCM3 A2 (scenario)  
upper limit of change 

No ET increase for time 
periods of 2020, 2050, and 
2080. Plant stomatal closure 
in effect with a compensation 
of -18.5% ET. 

ET changed for time periods of 
2020, 2050, and 2080 using 
Hadley Centre model 3 A2. 

 

This analysis provided six outcomes for each of the two scenarios for time horizons 2020. 

2050 and 2080. 

________________________________________________________________________ 

  

 Based on the information in Table 4.1, I was able to list the range of ET rates for 

modeled future climates in Victoria, BC (Table 4.2). 

 

Table 4.2: ET Rates for March to October for City of Victoria, BC Using Different 

Analyses for 2020, 2050, and 2080. 

 

Indicator Climate 
Model  

ET Rate for Victoria, BC (mm/month) 
Time Period March April May June July Aug. Sept. Oct. 
 (1961-1990) 
(Monthly Total)   EC 34 54 83 98 118 101 65 35 

2020 (Monthly Total)   
(No change in ET) CGCM3 34 54 83 98 118 101 65 35 

2050 (Monthly Total)   
(No change in ET) CGCM3 34 54 83 98 118 101 65 35 

2080(Monthly Total)   
 (No change in ET) CGCM3 34 54 83 98 118 101 65 35 

2020 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 34 54 83 98 118 101 65 35 

2050 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 34 54 83 98 118 101 65 35 

2080 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 34 54 83 98 118 101 65 35 

2020 (Monthly Total)   
(Future ET - CGM 2B1) CGCM3 37 57 86 101 123 105 68 37 

2050 (Monthly Total)   
(Future ET - CGM 2B1) CGCM3 39 59 88 103 126 108 69 38 
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2080(Monthly Total)    
(Future ET - CGM 2B1) CGCM3 41 60 90 105 129 110 70 39 

2020 (Monthly Total)  
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 35 58 86 103 128 108 70 37 

2050 (Monthly Total)    
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 36 62 90 108 139 116 75 39 

2080 (Monthly Total)   
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 38 69 95 116 155 126 84 43 

 

ET rates for spring and fall months generally remain constant in the 30 mm to 75 mm 

range. The projected ET rates in 2050, using the middle of range CGCM3 model, are 

similar to the projected 2020 ET rates using the Hadley model. 2080 with CGCM3 is 

similar to 2050 with Hadley. The greatest ET increase occurs in June, July, and August 

with a high range of 155 mm in July, 2080 with the Hadley model. 

________________________________________________________________________ 

 

 Using the SRES AR4-CCCMA_CGCM3 A2-run4 scenario and the SRES TAR –

HadCM3 A1Fl scenario I was able to generate the following moisture surplus/deficit 

results. The surplus or deficit was determined by using Formula 3.1 in chapter 3. 

(Available soil moisture at beginning of the month + total monthly precipitation – total 

monthly ET rate = moisture surplus/deficit). Although ET may not change, the soil 

moisture continues to change as the soil is only capable of holding a certain amount of 

moisture determined by the soil moisture capacity of the specific soil type (Chapter 3). In 

the spring, after the wet winter the available moisture is greater than the soil moisture 

capacity so the soil is saturated and at its maximum moisture capacity. As the soil 

moisture is used through ET, and if it isn’t replaced by precipitation or watering, the soil 

moisture surplus eventually reaches zero. At this point, the soil moisture is now in a 

deficit which is indicated as a negative number. The total moisture deficit is calculated 
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for each month however if this figure is zero or a negative for the month, the moisture for 

the next month starts at zero as the moisture carrying capacity of the soil is always zero 

or above. 

 

 In my calculations I used the total monthly precipitation however, “Effective 

Precipitation (EP) is the amount of precipitation added and stored in the soil” 

(Farmwest.com, 2009) and is only calculated using the formula (Effective Precipitation 

(mm) = (Rain – 5) x 0.75) found on Farmwest.com website at 

(http://www.farmwest.com/index.cfm?method=pages.showPage&pageid=234). This 

would indicate that during summer months, useable moisture will be less and the 

moisture deficit would be somewhat higher than plotted. 

 

Table 4.3: Moisture surplus/deficit for March to October for City of Victoria, BC, using 

the different analyses. 

 

Indicator Climate 
Model  

Moisture Surplus/Deficit for Victoria, BC (mm/month) 
Time Period March April May June July Aug. Sept. Oct. 
 (1961-1990) 
(Monthly Total)   EC 132.1 82.1 32.5 -38.2 -100.4 -77.3 -28.4 39.4 

2020 (Monthly Total)   
(No change in ET) CGCM3 134.3 90.6 46.0 -20.3 -98.5 -74.0 -31.3 46.1 

2050 (Monthly Total)   
(No change in ET) CGCM3 144.3 95.1 49.8 -14.9 -102.5 -80.1 -25.5 51.3 

2080(Monthly Total)   
 (No change in ET) CGCM3 147.9 98.4 50.2 -17.0 -105.9 -85.1 -32.8 72.9 

2020 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 130.7 86.7 36.8 -36.9 -107.6 -87.7 -31.3 46.1 

2050 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 127.8 86.3 29.3 -51.5 -109.4 -89.4 -40.5 53.5 

2080 (Monthly Total)   
(No change in ET) 

HadCM3 
A1Fl 136.4 87.5 32.3 -49.4 -111.7 -92.9 -39.0 55.8 

2020 (Monthly Total)   
(Future ET - CGM 2B1) CGCM3 131.3 87.6 40.0 -29.3 -103.5 -78.0 -34.3 44.1 

2050 (Monthly Total)   CGCM3 139.3 90.1 39.8 -29.9 -110.5 -85.1 -29.5 50.3 
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(Future ET - CGM 2B1) 
2080(Monthly Total)    
(Future ET - CGM 2B1) CGCM3 140.9 92.4 37.2 -37.0 -116.9 -94.1 -37.8 68.9 

2020 (Monthly Total)  
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 129.7 82.7 29.8 -48.9 -117.6 -94.7 -36.3 44.1 

2050 (Monthly Total)    
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 125.8 78.3 14.3 -76.5 -130.4 -104.4 -50.5 49.5 

2080 (Monthly Total)   
(Future ET - HadCM3 A2) 

HadCM3 
A1Fl 132.4 72.5 5.3 -94.4 -148.7 -117.9 -58.0 47.8 

 

________________________________________________________________________ 

 

 Using the current 1961-1990 ET figures, the moisture deficit (MD) occurs in 

June, July, August, and September and totals -244.3 mm for the four months. Using 1990 

ET rates for 2020, the duration of moisture deficit is still four months however it 

improves by 20.2 mm to -224.1 mm using the CGCM3 model and increases (it is a deficit 

which is negative number, as it increases it becomes more negative) by 19.3 mm to -

263.6 mm for the same four months with the Hadley model. 

 

 With the CGCM3 B1 scenario adjusted ET, by 2020 the MD interval still extends 

from June to September remains about the same as for the non-adjusted calculation ( -

245.1 mm), but for the HadCM3 A2 scenario there is a 53.3 mm increase to -297.6.  

Using Hadley and future projected ET rate, the MD interval remains at four months in 

2050 and 2080 but intensity increases so that 2080 totals -419.0 for the four months is an 

increase of 174.7 mm over 1990.  The shoulder months of March, April, and October 

change little for all scenarios, having a surplus of moisture. However in May 2080, using 

the Hadley data and the future projected ET rates, the moisture surplus is only 5.3 mm. If 

using the EP formula there would be no moisture left and the drought period would now 

extend into May, five months (Farmwest.com, 2009).  
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 In summary the moisture deficit interval on a monthly basis for COV appears not 

to change but the intensity of the moisture deficit increases markedly especially for 2080 

with the Hadley model.     

 
 

4.1 Health of COV urban tree genera under current climatic conditions  

 

 The following figures were used to determine the overall status of the COV street 

trees and more specifically, the six genera used in this study. First, I identified the 

condition for the six genera and then I reviewed each of the six genera individually. I 

then examined the species within the Prunus genus because of its large number of trees in 

the Victoria urban forest. 

 

 An analysis of the overall condition of COV street trees reveals that most of them 

(90%) are in Fair to Good category (Chapter 3, Figure 3.2). 

  

Figure 4.1: Present-day condition of six main street tree genera in the City of Victoria 
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The graph was created by adding the existing street trees in the six genera in each of their 

condition categories. Each of the six genera contains tree numbers of 1300 or more as 

seen in Chapter 3, Figure 3.1.A total of 12,601 trees were inventoried (2005, COV) in the 

genera of Acer, Aesculus, Betula, Crataegus, Prunus, and Quercus. 509 were rated 

Excellent; 7391 as Good; 4062 as Fair; 667 as Poor; 28 as Very Poor; 13 as Dead. 

Approximately 38% or 4770 street trees were rated Fair to Dead. This is 4% higher than 

the average for all COV street trees as noted in Chapter 3, Figure 3.2 and shows a slightly 

worse condition for these six genera. (COV, 2009) 

________________________________________________________________________ 

 

 The condition of the six genera is slightly worse than of the total COV street tree 

inventory. However, of concern is the proportion of the six genera in the fair to dead 

category because although they comprise 72.1% (12,670 ÷ 17,601 = .72) of the total 
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street tree inventory, they make up 80.4% (4770 ÷ 5929 = .804) of all trees in the Fair to 

Dead categories. Therefore, there are 5929 trees in the COV inventory rated Fair to Dead 

and of these, 4770 are in the six genera used in this research. 

 

 The difference of 8.3% (80.4% – 72.1%) is explained by the poorer rating for the 

Prunus genus which comprises 29.3% of the total tree inventory and 40.8% of the total 

tree inventory for the six genera.  

 

4.2 Health of trees by genus and species   

  

 The six genera are listed alphabetically and the total for each genus is given a 

percentage in relation to the total number (17,601) of COV street trees. In each of the six 

genera, species with more than 200 individuals are identified. The complete list of all 

significant species in the six genera is found in Table 3.4 in Chapter 3. 

 

 For each genus, the total number of trees in the Fair to Dead categories was added 

and given a percentage based on the total trees in that genus. For example, the Acer genus 

has a total of 1755 trees with 588 rated Fair to Dead. This equates to 35% of all trees in 

the Acer genus rated as Fair to Dead.  

 

 The percentage of Fair to Dead  in each genus was then compared to the 

percentage (38% in Figure 4.1) for Fair to Dead in the combined six genera and then to 
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the percentage (34% in Chapter 3, Figure 3.2) for Fair to Dead in the entire street tree 

inventory. A summary of these figures can be found in Table 4.4. 

 

4.2.1 Maples (Acer) 

 

 The Acer genus totals 1755 trees which is approximately 10% of the total COV 

street tree inventory. Of these 97% or 1964 trees are found within the following three 

species: Acer campestre (540 trees); Acer platanoides (197); and Acer rubrum (957) 

(Figure 4.2). 

 

Figure 4.2: Current numbers and condition of all maples (Acer) in the City of Victoria. 
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80 were rated Excellent; 1087 as Good; 495 as Fair; 90 as Poor; 3 as Very Poor; 0 as 

Dead (COV, 2009). 

 

33% or 588 of the 1755 Acer street trees were rated Fair to Dead. This number is better 

than 38% for the total of all six genera and on par with 34% for all COV street trees.  

________________________________________________________________________ 

 

4.2.2 Horse Chestnuts (Aesculus) 

 

 The Aesculus genus totals 1300 trees which is approximately 7.4% of the total 

COV street tree inventory.  Of these 53% or 540 trees are found within the single 

following species of Aesculus carnea. (Figure 4.3)    

 

Figure 4.3: Current numbers and condition of all Horse Chestnuts (Aesculus) in the City 
of Victoria. 
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27 were rated Excellent; 886 as Good; 336 as Fair; 51 as Poor; 0 as Very Poor; 0 as Dead 

(COV, 2009). 

 

Approximately 30% or 387 Aesculus street trees were rated Fair to Dead. This number is 

better than 38% for the total of all six genera and better than 34% for all COV street 

trees. 

________________________________________________________________________ 

 

4.2.3 Birches (Betula) 
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 Genus Betula includes 1429 trees which represents approximately 8 % of the total 

COV street tree inventory. In this genus, 88% or 1300 trees are found within the two 

species Betula papyrifera (768) and Betula pendula (632). (Figure 4.4)    

 

Figure 4.4: Current numbers and condition of all Birches (Betula) in the City of Victoria. 
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106 were rated Excellent; 993 as Good; 285 as Fair; 42 as Poor; 2 as Very Poor; 1 as 

Dead (COV, 2009). 

 

Approximately 23% or 330 birch street trees were rated Fair to Dead. This number is 

better than 38% for the total of all six genera and 34% for all COV street trees.  

________________________________________________________________________ 
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4.2.4 Hawthorns (Crataegus) 

 

 There are 1683 trees which is 9.6% of the total COV street tree inventory in the 

genus Crataegus. 77.6% or 1307 trees are found within the following one species of 

Crataegus oxyacantha (Figure 4.5).    

 

Figure 4.5: Current numbers and condition of all Hawthorns (Crataegus) in the City of 
Victoria. 
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64 were rated Excellent; 1121 as Good; 445 as Fair; 51 as Poor; 2 as Very Poor; 0 as 

Dead (COV, 2009). 
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Of these approximately 30% or 498 trees were rated in the Fair to Dead category. This 

number is better than 38% for the total of all six genera and 34% for all COV street trees.  

________________________________________________________________________ 

 

4.2.5 Cherries and Plums (Prunus) 

 

 The genus Prunus contributes the greatest number of street trees in COV and 

comprises approximately 29.4% of the total street tree inventory. Of the total 5180 

Prunus trees, 93.3% 1908 are found to be cherries: Prunus ‘Accolade’ (Hybrid between 

Prunus sargentii and a form of Prunus x subhirtella) (529), Prunus serrulata (1219), 

Prunus subhirtella (317), Prunus yedoensis (843), and one is a plum, Prunus cerasifera 

(1930) (Figure 4.6).  

 

Figure 4.6: Current numbers and condition of all Plums and Cherries (Prunus) in the City 

of Victoria. 
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207 were rated Excellent; 2405 as Good; 2138 as Fair; 386 as Poor; 13 as Very Poor; 3 as 

Dead (COV, 2009). 

 

In the plum and cherry group nearly half (49% or 2540) trees were rated to be in a Fair to 

Dead condition. This number is higher or worse than 38% for the total of all six genera 

and 34% for all COV street trees. These data indicates that a many trees will require 

replacement or increased maintenance to improve their status above the Fair rating.  

________________________________________________________________________ 

 

4.2.6 Oaks (Quercus) 
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 The Quercus genus represents 1351 trees or approximately 7.6% of the COV 

street tree inventory. Of these 89% or 1202 of the 1351 Quercus trees are found within 

the following two species: Quercus garryana (929); Quercus robur (355) (Figure 4.7).    

 

Figure 4.7: Current numbers and condition of all Oaks (Quercus) in the City of Victoria. 
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25 were rated Excellent; 899 as Good; 363 as Fair; 47 as Poor; 8 as Very Poor; 9 as Dead 

(COV, 2009).  

 

31% or 427 street trees rated in the Fair to Dead category, a proportion lower or better 

than 38% for the total of all six genera and 34% for all COV street trees. 

________________________________________________________________________ 
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 Figures 4.1 to 4.7 are summarized in Table 4.4 and Figure 4.8 which identify each 

genus by the total number of trees in the Fair to Dead categories and their percentage as 

compared to the same for all COV trees. This helps to identify the genera that are a 

concern. 

 

Table 4.4: Summary of numbers of trees in Fair to Dead categories. 

 

Total of Trees in All Categories 
(Excellent to Dead) 

Total of Trees in Categories 
Fair to Dead 

Genera Total Number  Number % of Total 

Acer 1755 588 33.5 

Aesculus 1300 387 30 

Betula 1429 330 23 

Crataegus 1683 498 30 

Prunus 5152 2540 49 

Quercus 1351 427 31.2 

All Six 12,670 4770 38 

All COV 
Street Trees 17,601 5929 34 

 

________________________________________________________________________  

 

 Four (Acer, Aesculus, Crataegus, Quercus) of the six genera are in the similar 30% 

range as the six genera and all COV street trees. The percentage of Fair to Dead trees for 
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the six genera is 4% higher than the percentage of Fair to Dead for all COV street trees. 

The percentage for Fair to Dead Betula trees is 15% lower than the percentage of Fair to 

Dead for the six genera and 11 % higher than the Fair to Dead for all COV street trees. 

The percentage of Prunus is 11% higher than the percentage of Fair to Dead for the six 

genera and 15 % higher than the Fair to Dead for all COV street trees. 

 

Figure 4.8: Percentage of trees in fair to dead categories for each genus. 
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Most genera are in the 30% range except for Prunus which is higher and Betula which is 

lower. 

________________________________________________________________________ 
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 At first glance, one might conclude that the best genus of street tree is Betula 

because it has the best overall condition with fewest trees in the Fair to Dead category. 

Further investigation shows that in 1991 there were 1497 Betula street trees and in 2007 

1429 (COV, 1991, 2007). During this time, an additional 60 trees were planted so 128 

(Poor or Dead) trees were removed.  

 

 Since these newly planted Betula trees were watered and given extra maintenance 

it is assumed that they would fall in the Excellent to Good categories thus creating a bias. 

Taking this into consideration, the difference between the removals and new plantings is 

a 9% shift (Number of Trees Removed between 1991 to 2007 ÷ Total of Trees in 2007 = 

Ratio of Removed to Existing Trees 128 ÷ 1429 = .0895). If the 9% shift was added to 

the present 23% (Fair to Dead) Betula in Table 5, this would equal 32% which is on par 

with the other street trees. 

 

 For the genus Prunus in 1991 there were 5127 Prunus street trees and in 2007 the 

number was 5152. During this time, an additional 312 trees were planted and 259 trees 

were removed.  Using the same analysis as for Betula: (Number of Trees Removed 

between 1991 to 2007 ÷ Total of Trees in 2007 = Ratio of Removed to Existing Trees 

259 ÷ 5152 = .05) The 5% shift in relatively unhealthy Prunus trees is notable because it 

raises the proportion in the Fair to Dead categories to 54% or more than one half of the 

trees in the genus.  
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Figure 4.9: Adjusted Percentage of trees in Fair to Dead categories for each genus, taking 

into account recent plantings with special maintenance. 
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All genera are in the 30% range except for Prunus which is much higher and has over 

50% of the trees in the Fair to Dead categories. 

________________________________________________________________________ 

 

 Considering these results there is a clear need to act quickly and consider 

seriously the issues related to the genus Prunus. This issue is particularly critical as 

conditions in the future are likely to be less favourable for the genus because of climate 

change. As approximately 30% of all the City of Victoria (COV) street trees are within 

Prunus, a major decline or loss of these trees would greatly impact the street tree program 
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and urban forest. Recommendations for dealing with this issue are addressed in the 

Chapter 5. 

 

 In the Prunus genus there are eight cherry species and only one plum species. 

There are also a number of unknown Prunus trees which could not be identified at the 

time when the trees were inventoried. Table 4.5 shows each species by rating category, 

total number of trees per species, and percentage of total number of trees for each species 

in the Fair to Dead range. 

  

Table 4.5: Summary of Prunus species by health rating. 

 

Prunus by species Number of Prunus specie by Rating Category 
Cherries Excellent Good Fair Poor Very Poor Dead Total 

Trees 
Total Fair to 

Dead 
% Fair to 

Dead 
P. avium 0 32 25 21 0 0 78 46 59.0 
P. cerasus 98 9 4 1 0 0 112 5 4.4 
P. sargentii 7 55 16 9 0 0 87 35 28.7 
P. sargentii x P. 
serrulata 1 210 299 32 3 1 546 335 61.4 

P. serrulata 56 550 635 114 2 0 1357 751 55.3 
P. subhirtella 2 66 60 22 2 0 152 84 55.3 
P. wadai 0 2 3 2 0 0 7 5 71.4 
P. x yedoensis 34 254 420 72 3 1 784 496 63.2 
Sub-total 198 1178 1462 273 10 2 3123 1757 56.0 
Plums          
P. cerasifera 0 1146 588 94 3 0 1831 685 37.4 
Sub-total 0 1146 588 94 3 0 1831 685 37.4 
Unknown specie 9 81 88 19 0 1 198 108 54.5 
          
Total 207 2405 2138 386 13 3 5152 2540 49.3 

 

________________________________________________________________________ 
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 The cherries Prunus sargentii x serrulata, P. serrulata,  P. x yedoensis each 

contain over 500 trees and each species has more than 55% in the range of Fair to Dead. 

By comparison, the plum, Prunus cerasifera has 1831 trees and only 37.4% of them are 

in the Fair to Dead categories. The plums seem to be doing better than the cherries and 

this may be related to the fact that Prunus cerasifera has a medium water requirement 

whereas the cherries have a high water requirement (Chapter 3). Based on the percentage 

comparison of Fair to Dead trees in the cherries and plums, the unidentified species of 

Prunus trees are most likely cherries. 

 

Figures 4.10 – 4.21: The following graphs identify the numbers of trees in each category 

for each Prunus species.  

 

Figure 4.10: P. avium      Figure 4.11: P. cerasus  Figure 4.12: P. sargentii 
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Figure 4.13: P. sarg. x ser.    Figure 4.14: P. serrulata  Figure 4.15: P. subhirtella 
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Prunus subhirtella
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Figure 4.16: P. wadai   Figure 4.17: P. x yedoensis  Figure 4.18: P. sp. unknown 
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Figure 4.19: P. cerasifera  
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________________________________________________________________________ 

 

Figures 4.20 and 4.21: The following two graphs identify the total numbers of trees in 

each category for Cherries and Plums. 

 

Figure 4.20 (All Cherries)    Figure 4.21 (All Plums) 
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Figures 4:20 and 4:21 show the difference in tree health between the cherries and plums. 

The cherries are less healthy and have over 1000 more trees in the Fair to Dead category 

as compared to the plums. 

________________________________________________________________________ 

 

4.3 Current Temperature and Moisture Requirements  

 

 Tables 3.2 and 3.4 of Chapter 3 identify the moisture requirement and Hardiness 

zone (minimum winter temperature) for the 14 species within the six genera of this study. 

In this section, the temperature and moisture for Victoria, BC are compared to the 

requirements of the 14 species to see if current climate conditions may be contributing to 

the poor state of street trees especially in the genus Prunus. In order to determine whether 

or not there is sufficient moisture to maintain tree health, Formula 3.1 in Chapter 3 was 

used. Figures in Table 4.6 cover the season from March to October. Temperature and 

precipitation figures were taken from the Victoria International Airport weather station 

(EC, 2008). 1990 evapotranspiration (ET) rates were calculated using data from Victoria 
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International Airport (EC, 2008). The moisture holding capacity of the fine sandy loam 

soil in Victoria, BC is 94.2 mm of moisture in the top 90 cm of soil (Chapter 3). The 

figures in Table 4.6 were used in comparing projections of available soil moisture for the 

years 2020, 2050, and 2080.    

 

Table 4.6: Calculation of monthly soil moisture and maximum monthly moisture deficit 

for the years 1961-1990 (EC, 2008) 

 

Indicator Measurement Figures for Victoria, BC 
based on Averages for the period of 1961-1990 

Time Period Month March April May June July Aug. Sept. Oct. 
Temperature  
(Daily Maximum)   ° C 10.2 12.9 16.3 19.3 21.8 21.8 19.1 14.1 

Precipitation  
(Monthly Total) mm/month 71.9 41.9 33.4 27.3 17.6 23.7 36.6 74.4 

Available Soil Moisture 
(Monthly Total) mm/month 94.2 94.2 82.1 32.5 0.0 0.0 0.0 0.0 

ET Rate  
(Monthly Average) mm/month -34.0 -54.0 -83.0 -98.0 -118.0 -101.0 -65.0 -35.0 

Moisture Deficit 
(Total Monthly 
Maximum)   

mm/month 132.1 82.1 32.5 -38.2 -100.4 -77.3 -28.4 39.4 

 

_______________________________________________________________________ 

 

 The results of Table 4.6 are plotted in Figure 4.22 which illustrates the difference 

between present precipitation and present ET rate resulting in a moisture deficit. Once all 

available soil moisture has been used, MD would only stay at zero if monthly 

precipitation equalled the monthly ET rate. However, since the monthly ET Rate is 

higher than the monthly precipitation, MD drops below zero.  

 



Victoria’s Street Trees 
 

 

 

72
 

Figure 4.22: Available moisture based on current ET and precipitation from Victoria 

International Airport  
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In late May, moisture drops below zero and reaches a low of over -100 mm in July before 

climbing back to zero in mid September. There is a significant period when moisture is 

not available and trees undergo moisture stress.  

_______________________________________________________________________  

 

 Table 4.6 and Figure 4:22 confirm that there is significant moisture deficiency in 

June, July, August, and September which likely results in serious stress and presumably 

health challenges for species with medium to high water requirements. Of the 14 species 

listed in Chapter 3, Table 3.1 only Acer campestre and Quercus garryana have a low 
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water requirement and are thus able to withstand such long periods of drought. The five 

Prunus species have a medium to high water requirement (100 mm of moisture/month) 

and these trees will start to show signs of stress in July when temperatures are high and 

precipitation does not satisfy the ET demands. A shortfall of -38 mm of moisture for the 

month of June, as noted in Table 4.6, is particularly notable as it identifies the start of the 

drought season. The lack of moisture in June is then compounded by a MD in July, 

August, and September for a total MD of -244 mm. During the months of June to 

September trees with medium to high water requirements will show signs of top die-back 

and early season browning and leaf drop. This pattern of drought impact now occurs with 

trees in Prunus and Betula as is seen in Figures 4.23, 4.24, and 4.25. These pictures were 

taken during the summer of 2007 which is the second hottest year on record.  

 

Figure 4.23 and 4:24: Prunus species in decline during the warm summer of 2007 

 

Figure 4.23: Southgate and Heywood St.               Figure 4.24: Douglas and Yates St. 
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Both pictures were taken on August 8, 2007. Trees show early signs of leaf browning and 

branch die back.   

_______________________________________________________________________  

 

Figure 4.25: Betula species in decline  
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This picture was taken on August 8, 2007 at Beacon Avenue and St. Andrews St. in 

Victoria and illustrates the early leaf browning on birches growing on the boulevard 

which is not irrigated.   

_______________________________________________________________________ 

   

 Other trees such as those in the genus Carpinus, which were not part of this study, 

are also showing signs of stress due to insufficient summer moisture. Carpinus has a high 

water requirement and many of these trees along Government Street are showing signs of 

early season browning. A number of Carpinus have now died due to repeated summer 

stresses and they have been replaced with the same species in the same location under the 

same circumstances (COV, 2007).  

 

Figure 4.26 and Figure 4:27: Carpinus species in hard surface boulevards 
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Figure 4.26: Government and Herald  Figure 4.27: Douglas and Burdett 

         

The Carpinus in these pictures (August 8, 2007) are showing significant early leaf 

browning which has led to branch die back of this species on Government Street. The tree 

in Figure 4.25 will eventually die and will need to be replaced.   

_______________________________________________________________________ 

 

 The information in Table 4.6 confirms that there is a summer moisture deficit for 

June, July, August and September. Many of the ornamental species now planted in the 

COV have a medium to high water requirement. Based on this information these species 

may not be the best choice for COV streets unless supplemental moisture can be 

provided. 

 

4.4 Projections of future temperature, hardiness zones, and precipitation 
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 Developing even a simple climate model (SCM) to project future conditions is a 

complex challenge (IPCC, 1997). In most cases, it involves far more than the simple 

projection of future greenhouse gas (GHG) concentrations and their impact (IPCC, 1997). 

As scientists refine present models, better models will become available. Synthesized 

model climate outputs are available for model runs to investigate the impact of climate 

change on tree health. For this analysis, output from climate models was obtained from 

the Pacific Climate Impact Consortium (PCIC) in Victoria 

(http://www.pacificclimate.org). Their Regional Analysis Tool available on the PCIC 

web site (http://www.pacificclimate.org/tools/select) was used to project daily 

temperature and monthly precipitation for the CRD area, which includes Victoria, BC. 

The daily maximum temperature and total monthly precipitation of 1961-1990 were used 

as a baseline and then projections were made for the years of 2020, 2050, and 2080 as 

midpoint of 30 year means. The SRES AR4-CCCMA_CGCM3 A2-run4 Model was 

chosen for projections representing a middle of the road amount of change coming close 

to the average of 140 runs from 22 models available on PCIC site. For a consideration of 

more extreme change, the SRES TAR –HadCM3 A1Fl Model is used because its values 

occur in the upper range of climate change projections.  

 

4.4.1 Projected temperature change for years 2020, 2050, and 2080 
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 I calculated the future temperature for 2020, 2050, and 2080 using the daily 

maximum temperatures of 1961-1990 and then added the Weighted Mean temperature 

changes for each month as generated by the two PCIC models.  

 

Table 4.7: Future Daily Maximum temperatures by month for 2020, 2050, and 2080 

using SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 A1Fl 

Model. 

 

Indicator Temperature  Future Daily Maximum Temperature for 2020, 2050, 2080 
Victoria, BC (EC and PCIC) 

Time Period Measurement March April May June July Aug. Sept. Oct. 
1961-1990 EC °C 10.2 12.9 16.3 19.3 21.8 21.8 19.1 14.1 
2020  CGCM3 Model °C 11.6 13.9 16.9 19.6 23.3 22.3 21.1 15.9 
2050  CGCM3 Model °C 11.8 14.3 18 20.5 25.3 24.3 21.9 16.2 
2080  CGCM3 Model °C 12.7 15.2 19.2 21.5 27.3 26.9 23.9 16.9 
2020  HadCM3 A1Fl Model °C 10.8 14.3 17.4 20.9 23.8 24.1 21.1 15.1 
2050  HadCM3 A1Fl Model °C 11.8 16.4 18.7 22.8 27.3 25.3 23.3 16.3 
2080  HadCM3 A1Fl Model °C 13.9 18.5 20.3 25.6 31.1 29.9 25.9 19.2 

 

The greatest increase in temperature is under the 2080 Hadley model with increases from 

6.7 - 9.3 °C for the summer months of June, July, and August as compared to the same of 

1961-1990.   

_______________________________________________________________________ 

 

Figures 4.28 and Figure 4:29: Summary of Future Daily Maximum temperatures for 

2020, 2050, and 2080 using SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES 

TAR –HadCM3 A1Fl Model. 

 

Figure 4.28: CGCM3 Model    Figure 4.29: HadCM3 Model 
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Both models show a consitent monthly increase in temperature for the year with the 

Hadley model reaching above 30 °C for a Daily Maximum in July. Summertime 

temperature for 2050 with Hadley are similar to 2080 with CGCM3. This means that 

higher temperatures using the Hadley model would be reached some 30 years earlier than 

expected under the more conservative models like CGCM3l.   

_______________________________________________________________________ 

  

4.4.2 Effects of future temperatures on plant hardiness zones 

 

 As was noted in Chapter 3, Table 3.4, all 14 species currently fall within the range 

of minimum and maximum daily temperatures of -12 °C to 30 °C in the Hardiness zone 

of 8a for Victoria, BC. As seen in Figures 4.28 and 4.29 the projected daily maximum 

temperature for both models to year 2080 is still within 30 °C, the upper growing limit 

for Hardiness Zone 8a. The most significant change takes place with yearly minimum 

temperatures which determines plant hardiness zones. By 2050, CGCM3 and HadCM3 

Models show an increase in the plant hardiness zone to 8b which is similar to coastal 
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Oregon. In the year 2080, using HadCM3, the monthly minimum temperature is 

projected to rise as much as 5 °C. This will change the present plant hardiness zone from 

8a to 9a, the climate similar to San Francisco, California, US. 

 

 During extreme winter minimum temperatures, species growing in warmer 

hardiness zones may be damaged or killed. The monthly extreme minimum temperature 

is the all time record low for that month. Table 4.6 highlights the extreme monthly 

minimum temperatures. The six tree genera in this study are even able to withstand the 

current monthly extreme minimum temperatures as noted in Chapter 3, Table 3.4 

 

Table 4.8: Monthly extreme minimum temperatures for 2020, 2050, and 2080 using 

SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 A1Fl Model. 

 

Model Future Monthly Extreme Minimum Temperature for 2020, 2050, 2080Victoria, BC (EC and PCIC) 
Time Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1961-1990 EC -15.6 -15 -10 -3.9 -1.1 2.2 4.1 4.4 -1.1 -4.4 -13.3 -14.4 
2020 CGCM3 -14.3 -13.5 -8.6 -2.9 -0.5 2.5 5.6 4.9 0.9 -2.6 -12.1 -13.4 
2050  GCM3  -13.1 -13 -8.4 -2.5 0.6 3.4 7.6 6.9 1.7 -2.3 -11.3 -12.6 
2080  GCM3  -11.9 -12.6 -7.5 -1.6 1.8 4.4 9.6 9.5 3.7 -1.6 -9.9 -10.9 
2020 HadCM3  -16 -14.1 -9.4 -2.5 0 3.8 6.1 6.7 0.9 -3.4 -12 -13.1 
2050 HadCM3  -14.2 -14 -8.4 -0.4 1.3 5.7 9.6 7.9 3.1 -2.2 -10.6 -11.7 
2080 HadCM3  -13 -12 -6.3 1.7 2.9 8.5 13.4 12.5 5.7 0.7 -8.4 -10.9 

  

Monthly extreme minimum winter temperature changes from -15 °C to around -12 °C for 

increase of +3 °C using 2080 GCME and 2080 HadCM3.  By 2080 the summer monthly 

extreme minimum temperature with Hadley is within 3 °C of the daily mean average as 

seen in Figure 4.31 

______________________________________________________________________ 
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Figures 4.30 and 31: Summary of monthly extreme minimum temperatures using the 

SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 A1Fl Model. 

 

Figure 4.30: CGCM3 Model    Figure 4.31: HadCM3 Model 
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______________________________________________________________________ 

  

 The average annual minimum temperature for 1990 is the average of all winter 

monthly minimum temperature for the 30 year period (1961-1990). Using the projected 

future monthly minimum winter temperature we can then determine the changes in the 

hardiness zone for Victoria, BC. 

 

Table 4.9: Future projected Hardiness Zones for City of Victoria, BC, Canada using the 

SRES AR4-CCCMA_CGCM3 A2-run4 Model. 

Year Average Annual Minimum Temperature ° C Hardiness Zone  

 Current Increase Future USDA Sunset 

1990 -9.5 to -12.2 0  8a 5 

2020  1 to 1.5 -8. to -10.7 8a 6 
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2050  1.8 to 2.5 -7.7 to -9.7 8b 7 

2080  2.4 to 3.7 -7.1 to -8.5 8b 14 or 15 

 

________________________________________________________________________ 

 

 The USDA hardiness zone has changed to 8b but by 2050 and 2080 however 

using the Sunset hardiness zone it has changed to 14 or 15. 

 

Table 4.10: Future projected Hardiness Zones for City of Victoria, BC, Canada using 

SRES TAR –HadCM3 A1Fl Model. 

Year Average Annual Minimum Temperature ° C Hardiness Zone  

 Current Increase Future USDA Sunset 

1990 -9.5 to -12.2 0  8a 5 

2020  -.4 to 1.3 -9.9. to -10.9 8a 6 

2050  1.0 to 2.7 -8.5 to -9.5 8b 7 

2080  2.6 to 4.9 -6.9 to -7.3 8b to 9a 14 or 15 

 

________________________________________________________________________ 

 

 By 2050 the USDA hardiness zone has changed to 8b but by 2080 it has changed 

by two levels to 9a which is comparable to Sunset 14 or 15. The jump from Sunset 5 to 

15 is related to more than average annual minimum temperature and includes moisture, 

high summer temperatures, rain, wind (Sunset Magazine, 2008). 
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 In an effort to determine if extreme maximum temperatures in 2020, 2050, and 

2080 will exceed the tree tolerance, I used the monthly extreme maximum temperatures 

for 1961-1990 and added the Weighted Mean increase for that month. Although it is 

difficult to determine how this increase will affect the growing range of certain species, 

the change in temperature range is considerable as seen in Table 4.10. The 14 species 

reviewed in Chapter 3, Table 3.4 of this study are capable of surviving within the future 

Hardiness zone but the Hardiness zone only identifies the average annual minimum 

temperature and does not deal with increase summer temperature and reduced 

precipitation. Under extreme maximum temperatures, trees are more likely to show signs 

of stress and temperatures above 40 °C can kill tree roots in the top 100 mm to 150 mm 

of exposed soil (Harris, et al, 2004). 

 

Table 4.11: Monthly extreme maximum temperatures for 2020, 2050, and 2080 using 

SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 A1Fl Model. 

 

Model Future Monthly Extreme Maximum Temperature in °C for 2020, 2050, 2080Victoria, BC (EC and PCIC) 
Time Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1961-1990 EC 15.4 18.3 20 24.4 31.5 33.3 36.1 34.4 31.1 27.6 18.3 16.1 
2020 CGCM3 16.7 19.8 21.4 25.4 32.1 33.6 37.6 34.9 33.1 29.4 19.5 17.1 
2050  GCM3  17.9 20.3 21.6 25.8 33.2 34.5 39.6 36.9 33.9 29.7 20.3 17.9 
2080  GCM3  19.1 20.7 22.5 26.7 34.4 35.5 41.6 39.5 35.9 30.4 21.7 19.6 
2020 HadCM3  15 19.2 20.6 25.8 32.6 34.9 38.1 36.7 33.1 28.6 19.6 17.4 
2050 HadCM3  16.8 19.3 21.6 27.9 33.9 36.8 41.6 37.9 35.3 29.8 21 18.8 
2080 HadCM3  18 21.3 23.7 30 35.5 39.6 45.4 42.5 37.9 32.7 23.2 19.6 

 

________________________________________________________________________ 

 

 1961-1990 shows a monthly extreme maximum temperature of 35 °C however, 

using the Hadley model, in June 2050 the projected monthly extreme maximum 
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temperature reaches over 40 °C and by 2080 it increases beyond 40 °C for June, July, and 

August. This is about 6-10 °C increase over current extreme monthly maximum 

temperatures 

. 

Figure 4.32 and 4:33: Summary of monthly extreme maximum temperatures using the 

using the SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 

A1Fl Model. 

 

Figure 4.32: CGCM3 Model    Figure 4.33: HadCM3 Model 
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In these two models I have included the daily maximum temperature for 1961-1990 as a 

comparison. The difference between this temperature and the monthly extreme maximum 

temperature for 2080 is 20 °C for CGCM3 and 25 °C for Hadley. This is double the 

current daily maximum temperature. 

________________________________________________________________________ 

 

4.4.3 Projected precipitation change for years 2020, 2050, and 2080 
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 To calculate the future precipitation for 2020, 2050, and 2080 I used the Total 

Monthly precipitation of 1961-1990. I then used the two PCIC models which generated a 

percentage change for each month. The change in Total Weighted Mean precipitation 

was added to the 1961-1990 Monthly Total precipitation to create the projected monthly 

total for each month under both models. A summary is found in Table 4.12 and the 

calculations for precipitation are located in Appendix D. 

 

Table 4.12: Future Monthly Total precipitation for 2020, 2050, and 2080 using SRES 

AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –HadCM3 A1Fl Model. 

 

   

Indicator Precipitation Future Precipitation for 2020, 2050, 2080 
Victoria, BC (EC and PCIC) 

Time Period Monthly Total March April May June July Aug. Sept. Oct. 
1961-1990 EC mm/month 71.9 41.9 33.4 27.3 17.6 23.7 36.6 74.4 
2020  CGCM3 Model mm/month 74.1 50.4 38.4 31.7 19.5 27.0 33.7 81.1 
2050  CGCM3 Model mm/month 84.1 54.9 37.7 33.3 15.5 20.9 39.5 86.3 
2080  CGCM3 Model mm/month 87.7 58.2 34.7 30.8 12.1 15.9 32.2 107.9 
2020  HadCM3 Model mm/month 70.5 46.5 33.1 24.3 10.4 13.3 33.7 81.1 
2050  HadCM3 Model mm/month 67.6 46.1 26.1 17.2 8.6 11.6 24.5 88.5 
2080  HadCM3 Model mm/month 76.2 47.3 27.7 16.4 6.3 8.1 26.0 90.8 

 

_______________________________________________________________________ 

 

 The two models show an increase of precipitation in October with the greatest 

increase of an addition 33.5 mm occurring in 2080 under CGCM3. The HadCM3 model 

of 2050 and 2080 show significant lower precipitation from May to September during the 

growing season. The precipitation in July and August for 2050 and 2080 HadCM3 is now 

under 10 mm/month which is very low and comparable to a dry near-desert like climate. 
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By comparison, Regina, Saskatchewan receives 8 times the amount of precipitation with 

a total monthly average of 63 mm in July and 38 mm in August. Osoyoos, BC receives a 

total monthly average of 18 mm in July and 23 mm in August which is similar to 

Victoria’s current precipitation (EC, 2008). 

 

Figures 4.34 and Figure 4:35: Summary of Future Monthly Total precipitation for 2020, 

2050, and 2080 using SRES AR4-CCCMA_CGCM3 A2-run4 Model and SRES TAR –

HadCM3 A1Fl Model. 

 

Figure 4.34: CGCM3 Model    Figure 4.35: HadCM3 Model 
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_______________________________________________________________________ 

 

4.5 Calculating future moisture deficit for years 2020, 2050, and 2080 

 

 As temperature increases, so does the ET rate (Ramfrez and Finnerty, 1996). Using 

the Penman-Monteith equation on an irrigated potato crop in the San Luis Valley of 

Colorado, USA Ramfrez and Finnerty (1996) found that a temperature increase of 3° C 

created a potential ET increases by 14%. Clearly such an increase in ET creates additional 
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stress on trees growing in moisture deficient areas. However, Ramfrez and Finnerty (1996) 

also found that as CO2 increases, the potential effect of ET decreases on an irrigated 

potato. For example, when CO2 was doubled and temperature increased by 3° C, ET fell by 

18.5 %. This was largely due to increased stomatal resistance thus reducing the plants 

requirement for CO2 and water thereby lowering the ET (Ramfrez and Finnerty, 1996). 

Considering this phenomenon, and acknowledging the unknown interaction of warmer  

temperature and CO2 on COV street trees, I looked at two scenarios; the first with no 

future change in 1961-1990 ET rates as compensated by CO2 and the second using future 

ET rates as generated by D. Spittlehouse (personal communication, April 2009). 

  

 For each scenario I used the total monthly precipitation from the Victoria Airport 

(EC 1961-1990) and added the change in monthly precipitation for 2020, 2050, and 2080 

using the CGCM3 and HadCM3 models. Then, I used the soil moisture holding capacity 

94.2 mm for Victoria (Chapter 3) to determine the available soil moisture at the beginning 

of the month and Formula 3.1 in chapter 3. (Available soil moisture at beginning of the 

month + total monthly precipitation – total monthly ET rate = moisture surplus/deficit).  

 

4.5.1 Calculating future moisture deficit for 2020, 2050 and 2080 using CGCM3 

Model and HadCM3 Model with no change to ET rate 

 

 In this section, I ran the two climate models for 2020, 2050, and 2080 and using the 

projected figures for temperature and precipitation, I calculated the available moisture. I 
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did not change the ET rate but assumed that future CO2 increases compensated fully for 

any increase in ET.  

 

Figures 4.36, 37, 38: Future Monthly moisture deficit for 2020, 2050, and 2080 using 

SRES AR4-CCCMA_CGCM3 A2-run4 Model and1990 ET rates. 

 

Figure 4.36: (2020) MD      Figure 4.37: (2050) MD         Figure 4.38: (2080) MD 
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Using this model there is little change in soil moisture deficit during the growing months even in 2080.  

_______________________________________________________________________ 

 

Figures 4.39, 40, 41: Future Monthly moisture deficit for 2020, 2050, and 2080 using 

SRES TAR –HadCM3 A1Fl Model and 1990 ET rates. 

 

Figure 4.39: (2020) MD     Figure 4.40: (2050)  MD         Figure 4.41: (2080) MD 
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The Hadley model shows a slight increase in MD during the summer months notably in 2080. 
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_______________________________________________________________________ 

 

Figures 4.42 and 4.43: Summary of Future Monthly moisture deficit summary for 2020, 

2050, and 2080 using SRES AR4-CCCMA_CGCM3 A2-run4 and SRES TAR –HadCM3 

A1Fl Models and 1990 ET rates. 

 

Figure 4.42: ( CCCMA_CGCM3 A2-run4)  Figure 4.43: (HadCM3 A1Fl)) 
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_______________________________________________________________________ 

 

 Since ET rates are kept constant, the determining factor is precipitation which 

declines during the summer months. This decline is relatively small so all scenarios show 

a summer MD for July of over -100 mm.  

 

4.5.2 Calculating future moisture deficit for 2020, 2050 and 2080 using CGCM3 

and HadCM3 Models and projected ET rates.  
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 Calculations for these models are based on the work done by D. Spittlehouse. The 

weather data (1961-1990) from the Victoria Airport (- 48.64N, 123.43W, 19 m) were used 

to calculate present ET rates using the Penman-Monteith equation (Allen et al., 1998).  

Spittlehouse then used the climate changed scenarios from ClimateBC (Wang, et al., 2006) 

and ran future climate ET rates for 2020, 2050, and 2080 using the Canadian GCM model 

2 B1 and Hadley Centre model 3 A2. Figures 4.40 and 4.41 graph the future changes to 

1990 ET rates using the work of D. Spittlehouse. 

 

Figures 4.44 and 4.45: Summary of Future ET Rates for 2020, 2050, and 2080 using 

Canadian GCM model 2 B1 and Haley Centre model 3 A2 
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The 2080 Canadian GCM model 2 B1 shows as total ET value increase of more than 30 mm of moisture 

for the summer months of June to September, and the Hadley Centre model 3 A2 shows a total  ET value 

rise of 100 mm for the same four months.  

 

 Using the projected ET rates provided by D. Spittlehouse, I was able to calculate 

the projected MD for the 2020, 2050, and 2080 using the future projected precipitation of 

the SRES AR4-CCCMA_CGCM3 A2-run4 and SRES TAR –HadCM3 A1Fl models. 

 

Figures 4.46, 47, 48: Future Moisture Deficit for 2020, 2050, and 2080 using SRES 

AR4-CCCMA_CGCM3 A2-run4 Model. 

. 

Figure 4.46: (2020) MD      Figure 4.47: (2050) MD         Figure 4.48: (2080) MD 
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________________________________________________________________________ 

 

June and August MD for 2080 is projected to increase by 61 mm or double over 1990 ET 

rates. July and August ET rates for 2080 increase by 52 mm over 1990 ET rates. The 

drought season under these conditions would extend to more than four months, June to 

September with a cumulative rise in MD of 282 mm.  
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Figures 4.49,50,51: Future Moisture Deficit for 2020, 2050, and 2080 using SRES TAR 

–HadCM3 A1Fl Model. 

 

Figure 4.49: (2020) MD    Figure 4.50: (2050) MD        Figure 4.51: (2080) MD 
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_________________________________________________________________________ 

 

 Moisture Deficit in 2080 for June, July, and August using HadCM3 exceeds 100 

mm with a high of 150 mm in July compared to -60 to -100 respectively for the same 

months of the 1961-1990 normal. The upper extreme of climate change using the HadCM3 

A1Fl Model project a significant moisture deficit starting in May and continuing until 

September for a total of six months and a cumulative MD of 448 mm. 

 

 The MD graphs for both models are summarized in Figures 4.52 and 4.53. The 

figures show a steady decline in available moisture during the summer growing season 

which could reach from 244 mm to 419 mm per growing season by 2080 with Hadley. 

 

Figures 4.52 and 4.53: Summary of Future Moisture Deficit (MD) for 2020, 2050, and 

2080 using SRES AR4-CCCMA_CGCM3 A2-run4 and SRES TAR –HadCM3 A1Fl 

Model. 
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Figure 4.52: ( CCCMA_CGCM3 A2-run4)  Figure 4.53: (HadCM3 A1Fl)) 
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_________________________________________________________________________ 

 

4.6 Insects and disease 

  

 It is difficult to ascertain whether various changes to temperature and moisture in 

Victoria will result in new pests that will impact street trees, because this depends on 

dispersal rates , pest climatic sensitivities, and the appropriate host. However with 

temperatures increasing, the geographic range of pest species is expected to increase 

(Johnston, 2004). It is possible to identify existing pests and project whether climate 

changes will in general positively or negatively affect current populations. The 

publications, Arboriculture, by Harris, et al., (2004), Pirone, (1978) and Allen, et al., 

(2003) provide useful sources to qualitatively assess insect and pests responses to 

warming and were used to construct Table 4.12 for current major pests of COV street 

trees.  
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 Future projections indicate that there will be more precipitation and warmer 

temperatures from October to March, whereas April to September will see less 

precipitation but will also be warmer than today. Summer drought conditions may lead to 

increased insect activity due to increased concentrations of carbohydrates in foliage 

(Mattson and Haack, 1987). An increase in Frost Free Days and Growing Degree Days3 

above a temperature of 5° C will have a positive effect on insect populations and disease 

severity because it will allow for longer reproductive periods and increased number of 

generations.  

 

 To determine the Frost Free Days and Growing Degree Days (GGD) for Victoria, 

BC, I used the information found on the Farmwest.com website 

(http://www.farmwest.com/index.cfm?method=climategd.showgraph) and confirmed the 

figures using the Natural Resources Canada website 

(http://atlas.nrcan.gc.ca/site/english/maps/archives/5thedition). I then checked this with 

PCIC and used the projection of R. Hebda and D. Spittlehouse as found at: 

http://pacificclimate.org/resources/climateimpacts/rbcmuseum/index.cgi?harvest 

 

 Since the temperature for Victoria in 2080 will be similar to that of San Francisco, 

CA (Chapter 3), I compared the Growing Degree Days to the data found on US Climate 

Records for San Francisco, CA (http://www.wrcc.dri.edu/cgi-bin/cliGCStG.pl?casfoa) 

and the Frost Free Days to the information found at Olive - Trees.net, Santa Paula, CA  

                                                 
3 Growing Degree Day is determined by subtracting the base temperature (5° C) from the daily average 
temperature for each day and totalling this number for the year. 
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(http://www.growquest.com/frost_free_new%20mex.htm). Table 4.13 summarizes the 

results. 

 

Table 4.13: Growing Degree Days and Frost Free Days for Victoria, BC in 1990 and 

2080. Inferred from the Natural Resources Canada and PCIC websites.   

 

Victoria, BC Growing Degree Days Frost Free Days 
1990 2000-2500 240 

2080 middle 
of the road 3000-3500 350 

2080 upper 
range 3500-4000 350 

 

_________________________________________________________________________  

  

 Victoria, BC has an annual frost free period from March 14 to November 24 for a 

total average of 200 to 250 days (Table 4.13). By 2080 under the SRES TAR –HadCM3 

A1Fl Model this will have increased to over 350 days as the annual frost free period will 

extend from January 7 to December 29, an increase of over 100 days. This also increases 

the Growing Degree Days by almost 600 days for the middle of the road projection and 

over 1000 days for the upper range of change. These increases will improve the 

opportunity of pests to reproduce by extending the season in which the pest can multiply. 

For example, if aphids require approximately seven to eight days to reproduce (UCDavis, 

2009) extending the growing season by 100 days will allow for several additional 

generations. As a result of warmer temperatures and increased GGD, the COV can expect 

to see an increase in pest attacks and in disease problems on street trees. 
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Table 4.14: Diseases and insects currently attacking COV street trees and the inferred 

effect on them resulting from climate change. 

 

Tree 
Genus 

Current Conditions Future Temperature and 
Precipitation 

 Type of Effect on Disease or Insect Populations, 
 Disease Insect October - March April - September 

Acer  Aphid  Increase 
 Canker  Increase Increase 
  Caterpillar  Increase 
 Powdery mildew  Increase Decrease 
 Rust  Increase Decrease 

Aesculus Blight   Increase 
 Fungal Conks  Increase  Increase 

Betula  Aphid  Increase 
  Borer  Increase 
 Fungal Conks  Increase Increase 
  Leaf miner  Increase 

Crataegus  Aphid  Increase 
 Leaf Blight   Increase 
  Leaf hoppers  Increase 

Prunus  Aphid  Increase 
  Caterpillar  Increase 
 Fungal Conks  Increase Increase 
  Tortrix Moth  Increase 

Quercus  Scale  Increase 

 Fungus 
(Armillaria)  Increase  

  Jumping Gall 
Wasp  Increase 

  Winter Moth Increase  
 

________________________________________________________________________ 

 

 In general increased temperatures and less precipitation in summer results in the 

proliferation of a number of insects and diseases because the opportunity to reproduce 
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increases; the exceptions being powdery mildew and rust which spread more readily 

under warm moist conditions. Warmer damp temperatures from fall to spring will 

enhance the growth of fungi, disease and insects.  

 

 For example, Phytophthora benefits from the warm moist winters which enhance 

the spread, establishment, and growth of this disease (OSU, 2008). The hot dry summers 

which follow, create further stress on the trees making them more susceptible to this 

disease. In 2006, a number of Chamaecyparis trees in Beacon Hill Park were removed as 

they were infected and dying from Phytophthora (COV, 2006) and many more trees are 

showing signs of infection (Figures 4.50 and 4.51).  

 

Figures 4.54 and 55: Spreading of Phytophthora among Lawson Cypress at Beacon Hill 

Park  

 

Figure 4.54: Infected Chamaecyparis   Figure 4.55: Dead Chamaecyparis 
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These pictures were taken on August 8, 2007 at Beacon Hill Park.   

_______________________________________________________________________ 

   

 The results show that moisture deficit and stress on COV trees will increase 

markedly especially by 2080. Increase in Growing Degree Days and longer frost free 

periods indicate that the incidence of many pests and diseases will increase too. Already 

stressed trees, especially those with high to moderate moisture needs, will have 

difficulties surviving without enhanced management.  
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Chapter 5 - Analysis and Discussion  

  

 In this chapter I first interpret and discuss the conditions of specific COV street 

tree genera and species in relation to current climate conditions. Then, I review the list of 

trees that the COV has been planting since 2001, and identify their moisture requirements 

as a basis for a review of the maintenance that these species will require. I also provide a 

list of suitable drought-tolerant tree species for consideration as street trees and a list of 

current pests that will probably benefit from future climate changes. I note the limitations 

of the study and propose the activities required for a comprehensive maintenance regime 

in the context of climate change.      

 

5.1 Analysis of tree sensitivity to climate change 

 

 At the outset it is important to note that the results of this study are based on a 

comprehensive sample of COV street trees which were recently inventoried in 2005 by 

qualified ISA certified arborists. All 17,601 COV street trees were categorized in this 

study as to their health condition. Of these trees in six genera, consisting of some 12,670 

were reviewed as part of the analysis. This number makes up 72% of the total COV street 

tree inventory and provides a strong basis for establishing the current condition and 

inferring potential trends. The evidence from the health assessment indicates clearly that 

climate even today has a strong influence on the condition of the trees and as a result it 

can be inferred that climate change likely will have a negative impact on their health and 

longevity. The six genera investigated provide a wide cross reference of various species 
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with different moisture requirements. Of the fourteen species in the six genera, six have 

high moisture requirements (above 100 mm/month), six have medium moisture 

requirements (equal or greater than 100 mm/month) and two have low moisture 

requirement (less than 100 mm/month). Within the largest genus, Prunus, all nine species 

fall in the medium to high water requirement with Prunus serulata, P. subhirtella, and P. 

x yedoensis showing the most sensitivity to current climate conditions and future climate 

change. These three species have a high water requirement and total 2291 trees, or 44% 

of all Prunus plantings in Victoria.  

 

 It is challenging to project with certainty how future climatic conditions will 

affect street trees. Nevertheless reliable data from current climate for Victoria, BC 

retrieved from Environment Canada which has been keeping records since 1840 (EC, 

2008) can be combined with projections of future climate to gain insights of potential 

impacts of changing climatic conditions. The information for computing the future 

climate models was retrieved from the University of Victoria’s PCIC website 

(http://pacificclimate.org/tools/regionalanalysis/) which uses numerous models for future 

climate projections. Using present and future weather data, ET rates were calculated to 

anticipate future stress using the Penman-Monteith equation by Dave Spittlehouse of the 

Ministry of Forests and Range (Personal communication, April 2009) with expertise in 

the area of climate change modeling.  

 

5.2 Current status of City of Victoria’s street trees under existing climate 
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 Under present conditions, Victoria has a four month drought period that starts in 

June and ends at the beginning of October. Analysis of the health of the COV trees 

confirm that those tree genera with a high to medium water requirement are generally in 

poorer condition than trees with a low water requirement. This is due to the fact that trees 

with low water requirement can withstand periods of drought (Bassuk, et al., 2009).  

 

 The Prunus genus in particular is being negatively influenced by a lack of 

moisture and increasing summer temperatures leading to a poorer health condition for 

this genus. Most affected are the cherry trees (Prunus avium, P. cerasus, P. sargentii, P. 

sargentti x serrulata, P. serrulata, P. subhirtella, P. wadai, P. x yedoenisis) of which 

56% are rated Fair to Dead (Table 4.5). Even within the Prunus genus, the plums (Prunus 

cerasifera) which have a medium water requirement are doing better with only 37 % in 

the Fair to Dead category. 

 

 Prunus have been planted throughout the COV on many boulevards since the 

1930s. As a part of the management protocol for maintaining the taxed boulevards, the 

trees were regularly watered during the summer until 2001 when such watering by hose 

and sprinkler stopped due to CRD watering restrictions. Only 2% of all boulevards have 

underground irrigation so the majority of trees do not receive any supplemental summer 

watering. Once established, trees are left to survive on annual precipitation however, it 

should be noted Victoria’s precipitation for the months of June to July totals 41 mm and 

is equal to Osoyoos, BC in a semi-desert climatic regime. Street trees with a medium to 

high water requirement such as Prunus need 100 mm of moisture/month during the 
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growing season from June to beginning of October. On this basis, COV cherries and 

plums are in a deficit of almost 300 mm during the summer growing season. So, without 

additional summer watering and increased maintenance practices, the health condition of 

these trees will worsen, resulting in weak, unhealthy, and aesthetically unappealing trees 

that will eventually die even under today's conditions!  

  

 Although this study focused on the six most abundant genera in COV, any tree 

species with medium to high water requirements will need additional water and care to 

remain healthy under present climatic conditions. In this context the poor health of 

Carpinus (Figure 4.6) which has a medium to high water requirement and is in decline 

throughout the COV (Carpinus was not part of this study) is notable. Clearly this climatic 

constraint limits the choice of future plantings of trees that have a medium to high 

moisture requirements. 

 

 Current temperatures, including the monthly extreme minimum and monthly 

extreme maximum, are within the hardiness growing zone for the six genera and all COV 

street trees so at present these extreme temperatures do not affect plant hardiness. 

 

 Several fungi, bacteria and insects attack COV trees (Table 4.14) and unhealthy 

trees under moisture stress are more likely to decline. Many of the current Prunus are 

infested with Cherry Bark Tortrix Moth (Enarmonia formosana) and these trees are also 

being attacked by tent caterpillars (Malacosoma americanum) (COV, 2009). Increase of 

pests and disease will continue to be an issue as noted in Figures 4:50 and 4:51 so 
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selecting trees that have some resistance to disease and pests will be an important step to 

creating a sustainable urban forest.    

 

5.3 Future of City of Victoria’s street trees under changing climate 

 

 The COV continues to plant significant numbers of street trees that have a 

medium to high water requirement. These trees will only decline in health if they are not 

watered regularly as indicated by their species requirements. Table 5.1 was composed 

from records dating back to 2001. These records show that over 1100 new trees were 

planted on streets and less than 100 were in the category of medium to low water 

requirement. Since only 2% of the boulevards are irrigated, 90% of these trees planted 

since 2001 will need some form of additional watering to continue in good health or 

perhaps even survive.   

 

Table 5.1: Tree species currently being planted on COV streets. Assessment of future 

suitability is based on present water requirement of each species. 

 

Tree Species Water Requirement USDA Hardiness 
Zone 

Pests Issues Future Suitability 

Acer campestre Low 4a to 8b low Good 
Acer macrophyllum Medium - high 6a to 9b low poor 
Acer platanoidies Medium 2b to 7a low poor
Acer rubrum High 4a to 9b low poor
Aesculus carnea Medium 4a to 7b low poor
Aesculus hippocastanum Medium 3a to 6b low poor
Amelanchier grandiflora High 4a to 8b low poor
Betula jacquemontii high 4a to 7b low poor
Betula papyrifera high 2a to 9b medium poor
Carpinus betula medium - high 5a to 7b low poor
Castanea sativa medium 4a - 11 low poor
Cercidiphyllum japonicum high 4a to 9b low poor
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x Chitalpa tashkentensis low 7a - 11 low Good 
Cornus cultivar 
 'Eddies White Wonder' 

medium 6a – 9b low poor

Crataegus x mordenesis medium 5b low poor
Crataegus oxyacantha medium 4a to 8b high poor
Crataegus x lavallei medium 4a to 8b low poor
Davidia involucrata medium 5a to 8b low poor
Fagus sylvatica medium - high 4a to 7b low poor
Fraxinus angustifolia medium - low 8b to 9b low Good 
Fraxinus excelsor medium - high 3a to 9b low poor
Fraxinus ornus medium 6a to 8b low poor
Ginko biloba low 3a to 9b low poor
Liquidambar stryraciflua medium  6a to 9b low poor
Liriodendron tulipifera medium - high 5a to 9b low poor
Magnolia cultivar ‘Galaxy’ medium 4a to 9b low poor
Magnolia kobus medium 4a to 9b low poor
Malus x zumi medium - high 4a to 8b low poor
Metasequoia glyptostroboides high 5a to 8b low poor
Parrotia persica medium 4a to 8b low poor
Platanus x acerifolia medium - low 4a to 9a low Good 
Prunus sargentti x serrulata medium 6a to 9b medium poor
Prunus cerasifera  medium 4b to 9a low poor
Prunus sargentii medium - high 4a to 7b medium poor
Prunus serrulata high 5a to 8b high poor
Prunus yedoensis high 5a to 9b high poor
Pseudotsuga menziesii medium 5a to 7b medium poor
Pyrus calleryana high - low 5a to 9b low Good 
Quercus coccinea medium 5a to 9b low poor 
Quercus garryana low 6a to 8b medium to low Good 
Quercus robur  medium - low 4a to 8b low Good 
Robinia pseudoacacia low 5a to 9b low poor
Salix babylonica medium - high 6a to 9b low poor
Tilia cordata medium 4a to 8b medium poor
Ulmus carpinifolia  medium - high 5a to 8b low poor
Zelkova serrata medium - low 5a to 8b low Good 
 

Of the 47 species presently being planted only eight species have a medium to low water 

requirement. The USDA hardiness zone identifies the range at which the tree is currently 

found and although tree species listed may be grown above the highest zone indicated, 

the tree will require additional care to remain healthy. 

_______________________________________________________________________ 
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 Future climate projections vary but current projections indicate that Victoria, BC 

will experience higher summer temperatures and less summer precipitation (Chapter 1). It 

was first thought that future climate change would follow mid to low range models 

(IPPC, 2007)  however, most recent information coming from the March, 2009 

Copenhagen conference on Climate Change warns that future climate is more likely to 

follow the trends of more extreme models or even worst case scenarios (University of 

Copenhagen, 2009). This latest information is of great concern especially when 

consideration is given to maintain existing COV street trees which are already stressed 

due to lack of moisture. 

 

 Recent calculation of future climate show an increase in all summer temperatures 

of more than 5 to 10 °C during critically dry summer months by the end of the century 

(Chapter 4). Such a change will have significant impact especially on Prunus and other 

genera with a medium to high water requirement. As summer daily maximum 

temperatures increase, so will ET rates and thus the demand for more moisture. 

  

 For example under higher range climate models such as Hadley (SRES TAR –

HadCM3 A1Fl), Victoria, in 2080, could experience a total moisture deficit of 450 mm 

for the five months of drought that will extend from May to October. It is very doubtful 

that any of the tree species in the medium to high water requirement will be alive at this 

time without a lot of supplemental summer watering.  
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  In 2080, daily maximum temperatures will reach 30 °C or more  using the upper 

range SRES TAR –HadCM3 A1Fl model but this is still within the tolerance of all COV 

tree species however, using the same model, monthly extreme maximum temperatures 

will exceed 45 °C and this is above the acceptable level for survival of many COV tree 

species. For example, extended temperatures over 35 °C are considered detrimental to 

Prunus and temperature above 40 °C may be deadly to many weak trees (Harris, et. al, 

2004).  

 

   An increase in monthly mean minimum temperature will affect plant hardiness 

zone and allow the COV to look at new tree species. By 2050 the hardiness zone will be 

similar to Portland, Oregon and by 2080 to San Francisco, CA. Trees growing in those 

climates will be able to survive in Victoria so this may open up new opportunities for 

planting more drought resistant street trees with less tolerance to freezing winter 

temperatures. The increase in monthly mean minimum temperatures will also result in a 

longer frost free period of an additional 100 days so that Victoria will see little or no frost 

in 2080. This will significantly increase the Growing Degree Days by 500 to 1000 

allowing for a greater selection of tree species (PCIC, 2009).  

 

 By reviewing the hardiness zones and the water requirements of tree species it is 

possible to provide a list of potential new trees that might be considered for future street 

tree planting. Table 5.2 lists those tree species that can currently be planted as they are 

zone hardy. As annual minimum temperatures increase and the USDA hardiness zone for 

Victoria changes from 8 to 9, more species can be added to this list. A source for new 
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drought tolerant species is found at website used by Friends of the Urban Forest, San 

Francisco, CA (http://www.fuf.net/resources/gallery/) however many of these species are 

not hardy in the present Victoria climate. 

 

Table 5.2: Some hardy tree species with the ability to withstand periods of drought for 

use as street trees in COV under current or future climatic conditions.  

 

Tree Species Water Requirement USDA Hardiness 
Zone 

Pests Issues Future Suitability 

Acer campestre low 4a to 8b Low Good 
Acer truncatum low 4a to 8b unknown Good 
Albizia julibrissin low 6a to 9b low Good 
Arbutus menziesii low 2b to 7a low Good
Butia capitata low 8a to 9b low Good 
Calocedrus decurrens low 5b to 8b unknown Medium (Tall) 
Chamaerops humilis low 7b to 11 low Good 
Chionanthus retusus low 3a to 9a unknown Good 
Chitalpa tashkentensis low 7a to 11 low Good 
Cladrastis lute low 4a to 9a unknown Good 
Cornus mas low 4a to 8b low Good 
Eriobotrya japonica  low 8b to 10 low  Good 
Eucalyptus sp.  low 7a and up low Good
Koelreuteria paniculata low 5a to 9b unknown Good
Fraxinus angustifolia medium - low 8b to 9b low Medium 
Fraxinus oxycarpa low 5a to 8b low Good 
Fraxinus velutina medium - low 6a to 10b medium Medium 
Ginkgo biloba low 3a to 9b low Good
Gymnocladus dioicus low 3a to 8b unknown Good 
Maackia amurensis medium - low 3a to 7b unknown Medium 
Magnolia grandiflora low 8b to 10 low Good
Platanus x acerifolia medium - low 4a to 9a low Good 
Paulownia tomentosa low 5b to 9a low Good
Pinus palustris low 4a to 8b medium Medium
Pistacia chinensis low 6b to 11 unknown Good
Pyrus calleryana high - low 5a to 9b low Good 
Quercus coccinea medium 5a to 9b low poor 
Quercus garryana low 6a to 8b medium to low Good 
Quercus robur  medium - low 4a to 8b low Medium
Quercus virginiana  medium - low 8a to 11 low Medium
Robinia pseudoacacia low 5a to 9b low Good
Robinia x ambigua low 4a to 8b low Good 
Sequoidendron giganteum medium - low 6a to 8b low Medium (Tall)
Taxodium distichum medium - low 4a to 9b low Medium (Tall) 
Trachycarpus fortunei low 7b to 11 low Good 
Ulmus parvifolia low 5a to 10b low Good 
Washingtonia filifera low 8a to 11 low Good 
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Washingtonia robusta low 8a to 11 low Good 
Zelkova serrata medium - low 5a to 8b low Good 
 

It should be noted that tree species such as Eriobotrya are hardy to zone 8b and are thus 

presently marginal in Victoria’s 8a zone. 

_______________________________________________________________________ 

 

 The 39 tree species in this table are able to cope with periods of extended drought 

and could be used by the COV. Where the growing characteristics of the species are 

unknown further research by the city arborist is needed to it to specific planting locations. 

Once planted each individual tree should be carefully monitored to determine the species' 

suitability to Victoria’s present and future climate.     

  

 The negative side of warmer winters is that milder conditions will contribute to a 

longer reproductive time for most pests and will allow pests now occurring south of 

Victoria to move north. Some pests predicted to increase and have an influence on COV 

are the fungi, bacteria, and certain insects. Table 5.1 identifies several pests most likely to 

benefit from warmer temperatures and a longer growing season (Personal 

communications with M. Gorman, IPM Coordinator, COV,  April 2009). 

 

Table 5.3: Some of the pests that are predicted to increase in the COV 

 

Type of Pest Pest Species 
Fungi Botryosphaeria obtusa 

Cytospora leucostoma 
Glomerella cingulata 
Hypoxylon mammatum  
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Heterobasidion annosum  
Phytophthora cactorum 

Bacteria Erwinia amylovora 
Pseudomonas syringae,  
Xanthomonas campestris 
Xanthomonas fragariae 

Virus Virus that carried by insects that are expected to increase as climate 
change.  

Insects Agrilus anxius (Bronze Birch Borer) 
Aphids  
Asterolecanium variolosum (Golden Oak Scale) 
Enarmonia formosana (Cherry Bark Tortrix) 
Malacosoma sp. (Tent Caterpillar)  
Spider Mites 

 

________________________________________________________________________ 

 

5.4 Weaknesses and limitation of this study 

 

 Although the study looked at a large sample of COV street trees it was based on 

results related to the overall general condition of the tree genus or species and not the 

individual tree. Individual tree health can be affected by the local growing conditions, 

maintenance, pest attacks, human activities, and other factors. Consequently it was not 

possible to consider all these factors for each individual tree. For example several of the 

Prunus trees are old by urban standards, some are growing on grafted root stock, and 

many are cultivars or clones however these trees were not individually studied. It would 

be beneficial to look at the role these factors play in individual tree health. 

 

 The climate models used to generate future conditions are based on general 

figures for the area and are not specific enough for urban areas where micro-climates 
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exist, temperature varies due to thermal heating, wind tunnels are created by larger 

buildings, ET rates increase, and hard surfacing reduces normal infiltration of 

precipitation (Harris, et al, 2004). All of these factors should be considered at each site 

when a tree is planted. In general, the climate conditions within a city are more extreme 

and therefore have a greater negative influence on tree health. 

 

 Since health of trees can be influenced by weather it is very important to track 

future temperature and moisture changes. For example, in 2007, the second hottest year 

on record globally, Betula, Prunus, and Carpinus in the COV showed a decline in health 

as indicated by early leaf drop, leaf browning or branch die back (Chapter 4, Figures 4.23 

to 4.27).  There are no records to indicate that any one tree within a specific species has 

shown a greater tolerance to hotter, drier climate however if such a tree was found, it 

would be good to monitor this tree to see if it was genetically stronger and worth 

propagating. Keeping track of weather will also help in determining how pests react to 

future climate changes. When a pest outbreak occurs, it is easier to relate it to 

temperature, moisture, or wind damage, if comprehensive weather records are kept at the 

time of the occurrence of the problem.  

 

 It is recommended that the COV arborist start to collect historical data such as 

tree species or cultivar, date and place purchased, date planted, site characteristics, 

maintenance activities, pests issues, human activity and any other relevant information 

that could assist in assessing the future use of each species or cultivar. With the use of a 
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computer based program it is easy to compile these data and associate them with an 

individual tree.  

 

5.4 Tree maintenance in the City of Victoria 

 

 Regular maintenance is essential to establishing a healthy urban forest especially 

when trees are growing in adverse conditions such as on city boulevards. A 

comprehensive program consists of cyclical pruning, nutrient and water management, 

diagnosis of plant problems, preventive maintenance, and repair (Harris, et al, 2004).  

 

 The COV now waters newly planted trees weekly for the first two years and then 

periodically for the next three seasons (COV, 2007). After the fifth year, the tree is 

removed from the watering route and is expected to survive on precipitation alone. Pest 

management is ongoing however documentation indicates that street trees under moisture 

stress are becoming unable to resist many of the local pests and diseases. The COV is 

working on developing an urban forest master plan including activities as summarized in 

Table 5.3. 

 

Table 5.4: Maintenance activities for COV street trees (COV, 2007) 

 

Activity Frequency Current Status Desirable Status  
Site Selection for new 
or replacement trees 

As required Based on previous 
planting spot or 
determined by 
developers for new 
developments and 

Based on site conditions, 
availability of water, 
environmental and social 
values related to increase 
biodiversity while being 



Victoria’s Street Trees 
 

 

 

112
 

review by staff. fiscally responsible.  
Tree Selection for 
planting new and 
replacement trees  

Reviewed Yearly  Trees selected from 
previous lists. Many of 
the same species 
selected and planted in 
the same location. 

Based on tree species ability 
to survive present and future 
climate conditions and 
location. Need to consider 
environmental and social 
values. 

Yearly Planting 
Schedule 

Yearly During the fall to 
spring with not set 
schedule. 

Based on species and best 
planting time for young tree 
survival. 

Newly Planted Care 
which includes: 
regular watering, 
fertilizing, mulching, 
adjusting of stakes, 
selective pruning, pest 
control. 

Yearly schedule 
required to track and 
care for all newly 
planted trees 

Watering schedule 
based on 5 years after 
which the tree is to 
survive on its own. 
Fertilized at time of 
watering. 

Young trees to be watered 
until established as 
determined by species. 
Fertilized as indicated by soil 
and tissue sample or by 
species requirement. Pruned 
for structure and location, 
mulched yearly until 
established, inspected for 
pests and general health 
condition at time of watering.

Pruning of all Trees Seven year cycle to 
complete entire 
COV. 

On complaint basis. All COV trees to be pruned 
on a seven year cycle to 
improve health by removing 
dead, diseased and dieing 
branches and to prune for 
structural stability. 

Water/Nutrient 
Management on 
mature trees 

Yearly or as 
required by species 
and location 

Does not exist. As required by species, 
location or health of tree. 
Tissue and soil samples taken 
as required. 

Diagnosis of Pest 
Problems on Mature 
Trees 

As require or Yearly 
at the minimum.  

Based on species and 
historical issues. 

Based on species and 
historical issues. There will 
be a need to monitor for new 
pests. 

Repair & Preventative 
Maintenance of 
damaged or injured 
mature trees.  

As required due to 
injure or Yearly 

On complaint basis. 
Many trees damaged 
by mowers and weed 
whippers. 

Preventative measures and 
training to be instituted to 
lessen tree damage. Damaged 
or injured trees repaired as 
quickly as possible, to 
encourage new growth, retain 
structure and encourage 
resistance to pests. 

Replacement Program 
for all City Streets 

Five year plan need 
to identify locations, 
tree species, and 

Does not exist. Plan designed around 
species, environmental, 
social and economic values. 
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funding. Replacement program should 
follow the recommendations 
of a street tree master plan. 

 

________________________________________________________________________ 

 

 A number of cities schedule regular cyclical pruning and inspection of all their 

city trees. Such is the case with Vancouver where a city-wide pruning program occurs 

every seven years (City of Vancouver, 2008). Municipality of Saanich, BC, has 

incorporated a small tree maintenance program that ensures that newly planted trees are 

regularly watered, fertilized, pruned, mulched, and inspected (Saanich, 2008) since 1997 

as compared to COV which doesn’t have a formal program. The COV is working to 

incorporate a number of these activities however results show that there is a need to 

develop a long term strategy for maintaining existing trees, selecting suitable replacement 

trees with low moisture requirements, and providing care for newly planted trees. 

 

 Based on the results of this study it is imperative that the COV work to address 

the moisture deficit during the months of June to October through its tree selection and 

maintenance program. The water/nutrient issue as identified in Table 5.3 should be given 

high priority and city staff should quickly develop a program to address the issue of 

supplemental watering during periods of drought for extant trees. This should be a 

multifaceted short and long-term approach which incorporates the use of additional water 

trucks and encourages watering of trees by volunteers (resident homeowner) on an as-

need basis. The long-term approach would be to prioritize specific streets for the 

installation of an underground drip irrigation system. 
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 To improve the efficiency of supplemental watering, COV staff need to review 

the type of soil used for planting trees and improve the present moisture holding capacity 

by using natural amendments that increase the organic composition while introducing 

favourable soil bacteria.  Soil samples should be taken at specific locations where tree 

health is a concern and the soil tests should indicate the cation exchange capacity (CEC) 

of the soil, pH, and base saturation of present nutrients. Without an accurate knowledge 

of the soil chemistry, it will be more difficult to address tree health issues. In addition to 

soil tests, it may be beneficial in certain cases to take tissue samples of leaves from 

declining trees to determine if this is related to other issues such as toxins or plant 

physiology. 

 

 This report examined current and future sensitivity to moisture deficit in the City 

of Victoria urban tree inventory. The analysis revealed that several species especially in 

the genus Prunus are already stressed and do not make good candidates for future 

plantings.  It is recommended that the city arborist take immediate action to deal with the 

summer moisture deficit by initiating a watering program which incorporates all options 

including the use of volunteers. The analysis also indicates that more research is needed 

to assess the sensitivity of individual tree species to changes in weather, pests, and human 

activities. Careful consideration should be given to the use of more drought tolerant trees 

and it is imperative that accurate records be kept for each individual tree. A street tree 

program requires a significant amount of planning and this is addressed in the next 
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chapter dealing with specific recommendations for improving the status of the COV 

street trees. 
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Chapter 6 - Recommendations 

  

 Action needs to be taken by reviewing the species of trees now planted and 

increase the maintenance on these trees to ensure that they remain healthy for their 

lifespan or until they can be replaced. It is also necessary to look at trying new species 

that are more tolerant of drought conditions. A new list of tree species more tolerant of 

higher temperatures and less moisture has been developed so that local arborists can 

consider planting some of these trees on a trial basis. Finally, recommendations are given 

on how the COV can develop a maintenance regime that will address the lack of summer 

moisture.  

  

6.1 Planning a sustainable street tree program 

 

 A key to a successful street tree program starts with the development of a 

Citywide street tree management plan (Harris, et. al, 2004). This requires a number of 

steps as illustrated in Figure 6.1. 
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Figure 6.1: Some of the steps required for a street tree management program. 

 

An on-going street tree management program requires the review of present street trees in 

light of changing environmental factors related to where the trees are to be grown. Also 

to be considered are the social and economic impacts related to people’s attitudes and 

perception and current funding that the City can invest in the development of a street tree 

management plan. 

_______________________________________________________________________ 
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6.1.1 Inventorying and documenting of existing and newly planted trees 

 

 Keeping accurate records is essential to developing a sustainable urban forest. As 

a tree grows it changes over time (Harris, et. al, 2004). Trees get bigger, local 

environmental conditions change, diseases occur, and single events such as severe 

weather or even a singular car accident can change the condition of a tree. As trees 

change the social attitudes may change so there is a continual need for gathering 

information on the status and health of each tree and maintaining an up-to date inventory. 

The process is vital to establishing costs and budgets that based on well documented 

information. 

 

 In addition to these specific tree factors there are long term trends, of which 

changing macro-environmental conditions are especially important. Over the next 20 to 

50 years, COV trees will be subjected to less summer precipitation and higher summer 

temperatures which will contribute to greater tree stress than in the past. This additional 

stress will almost certainly lead to some early tree decline or mortality. Many established 

trees will be reaching their realistic life span in this interval and trees chosen for the 

future will have to be able to withstand changing climatic conditions outside the normal 

range of experience in the region. It may be easier to project the  how a tree with a life 

expectancy of only 40 years will be affected as compared to tree specie with a life span of 

200 years. The reason is that the divergence of climatic and associated characteristics will 

become greater with time (IPCC FAR, 2007). Few models project climatic conditions 

beyond 2100. Consequently it becomes challenging to foresee what present-day COV 
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tree species and varieties might be able to persist let alone thrive. Therefore, current 

documentation should be kept on species health and appearance as this will be a vital 

resource in future years in determining if this specific species should be replanted. For 

example, if monitoring begins to show which species are responding negatively early in 

the process of climate change then this will be a good indication that the species should 

be replaced in the next rotation or at least get a receive a different management regime. 

Such monitoring could also be used to implement preventative management regimes if 

the arborist sees the species beginning to fade on an extreme site. 

 

 Figures 6.2 illustrates the importance of street tree selection based on growth 

habit and life expectancy. These factors must be considered when planting trees that are 

expected to live through significant changes in temperature and moisture as predicted for 

Victoria by the year 2050 and especially 2080.  

 

Figure 6.2: A list of 100 common urban trees species and their growth characteristics 

including longevity 
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Long-lived trees may exceed 200 years; medium-lived 100 to 200 years; short-lived less 

than 100 years. Therefore, even short-lived trees will be impacted by changing climate. 

(Reproduced with permission from ISA.)  

________________________________________________________________________ 

 

 Current and ongoing documentation of COV trees needs to include information 

on the tree species, site location, soil conditions, maintenance, and any other factor that 

can influence tree health. The street tree inventory and documentation should address 

questions such as: When was the tree planted and when did the tree die? Was the tree’s 

death related to less moisture, higher temperatures, or was the tree damaged in some 

way which caused it to decline? Based on the tree’s growth requirements and 

characteristics, is it the right tree for this location? Is the tree planted in a hard surfaced 

area or a grass boulevard? Is the tree location in shade, full sun or against a building 

with high reflection factors? What type of soil is it planted in and what type of drainage 
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does the soil have? Is it regularly attacked by pests?  Keeping a current and accurate 

inventory and history of each tree will provide the City Arborist with the information 

needed to make wise tree replacement choices based on current and future climate trends.  

 

Figure 6.3 illustrates the some of the basic site requirements that need to be documented 

when selecting or replacing a street tree. The COV needs to create a similar form that is 

part of the computerized program so that historical records will be automatically recorded 

and can be used to track tree conditions or search for common patterns hopefully related 

to climate. The documentation should record tree health following a particularly hot or 

dry spell since this method of monitoring tree responses under extreme conditions is one 

way of anticipating conditions that might become the norm rather than the exception as 

they are today. 

 

 For instance, if there is an excessive leaf drop or browning of the leaves following 

a heat wave is the flower crop markedly reduced the following year? One way to track 

such information is to initiate a photo monitoring program of key trees. This program 

should be set up by the COV arborist and digital photos taken to help link tree health to 

significant or extreme weather changes. A specific way of doing this may be to track the 

beginning, peak, and end of flowering period from year to year. This is now becoming a 

widespread web based program for Canada to which the COV could contribute 

(http://planthardiness.gc.ca/ph_help.pl?lang=en). 

 

Figure 6.3: Sample form for inventorying site location and tree species information 
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_______________________________________________________________________ 
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 Information such as the regional Hardiness zone should be updated to reflect 

conditions so that new species may be tested as to their hardiness. For example, previous 

to 1980 most palm trees were killed off by severe frosts. This no longer happens which is 

supported by the fact that big palms are now growing throughout Victoria. Therefore, 

consideration to planting palm varieties in strategic location, such as planters or narrow 

boulevards, may be a good alternative where drought resistant species are required. A 

number of palm varieties are hardy for Victoria and these are listed in Chapter 5, Table 

5.2 (Site Assessment Checklist reproduced with permission form Nina Bassuk, Cornell 

University) 

 

 Various data collecting computerized programs can be used to collect statistics on 

each tree however this information should be entered on the COV computerized tree 

software system so that it is readily available. A specific data base for each newly planted 

tree should be created at the time of planting and basic information related to species and 

site conditions noted. On going tree statistics could be collected during regular scheduled 

maintenance such as pruning, watering, fertilizing, pest control or when staff are sent our 

under a specific street tree work order. A standard form can be developed to so as to 

obtain specific data each time the tree is visited (similar to Figure 6.3). This information 

can be uploaded into the software so that the history for each tree is kept current. It would 

be beneficial and save time if such a form was part of the tree software program and staff 

entered the information on location on a portable device that could be uploaded to the 

central system at the end of each day. This would reduce the amount of paper work and 

keep the records current.  
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6.2 Identifying and setting up a long term street tree replacement schedule 

 

 The long-term goal of a sustainable urban forest management plan is to provide 

enough canopy cover to ensure a healthy environment (Harris, et. al, 2004). Therefore, an 

essential part of every healthy and sustainable urban forest is a well researched and 

designed street tree replacement program as part of a Street Tree Master Plan.  

 

 First of all the COV tree replacement program needs to take into consideration the 

current status of existing street trees prior to developing the yearly tree replacement list. 

Current health conditions may be good indicators of changing site conditions and an 

indication that a different species or variety needs to be considered. If a data base 

tracking program detects a general decline of a particular species or variety it might also 

provide impetus to change the tree selection       

 

6.2.1 Management and replacement of the extant tree stock  

 

 Prior to planting any new trees, it is important that the COV list all existing trees 

by their current condition and location. All trees in the Fair to Excellent condition should 

be identified and these should be given regular maintenance so that they do not decline in 

health creating a greater impact on the COV urban forest. This strategy will require 

identifying each tree and its environmental requirements, most importantly, the water 

requirement of such species so that proper care and maintenance can be scheduled.  
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 Since the majority of COV trees will need supplemental watering in the future 

because of climate change, the COV will have to change its current policy and begin 

watering these trees as required. Otherwise the trees may get rapidly stressed from year to 

year and decline at rate for which it may not be possible to keep up with replacement 

needs. 

 

 It is recommended that the COV look at the following options. First, implement 

supplemental summer watering during drought periods. Second, look at installing 

underground drip irrigation based on tree species requirement. Third, identify streets 

where drought tolerant trees species need to be planted such as location with a south 

exposure, on sloping boulevards where sharp draining, or where course textured soils 

exist and reduce the moisture holding capacity. This will provide the COV some time, as 

it deals with the trees that need to be replaced. 

 

 All trees in the Poor, Very Poor, and Dead categories need to be considered for 

replacement considering that future climate conditions will only be adding more stress 

and that recovery of weak trees cannot be anticipated. There are approximately 900 trees 

in Poor to Dead categories (Figure 3.2). It will likely be necessary to identify the priority 

in which of these trees are to be replaced as funding may not allow for all to be replaced 

at once. Careful consideration should be given to the type of tree selected for replacement 

and unless the COV is willing to carry out regular watering, trees capable of withstanding 

periods of drought should be selected from Table 5.2 or another available list. In addition, 
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there are over 1000 empty planting spots (COV, 2006) that need to be evaluated as to site 

characteristics so as to identify suitable tree replacements.  

 

 As trees are removed specific information related to the removal needs to be 

collected. Observations should include the genus and species originally planted, the date 

it was planted (if known), and why the tree needed to be replaced. Soil texture should 

also be noted. Prior to planting a new tree, it will be important to review the site 

requirements, tree requirement, availability of supplemental summer watering, and 

maintenance requirements so that maintenance issues related to newly planted trees do 

not create unnecessary additional burden to the COV.  

 

6.2.2 Consideration of new tree species for street tree planting 

 

 With any change, there is some resistance. If the COV is to be successful in 

creating a sustainable urban forest, it must change its present practices to meet increasing 

anticipated climatic stresses as demonstrated in Chapter 4. Prior to initiating such change 

the COV will need to educate and inform the residents of the current issues and offer 

solutions. Since the resident pays for the urban forest, it is essential that city residents 

understand the issues related to creating a sustainable urban forest. In order to do this, the 

residents need to be well informed as to the current and future concerns related to street 

tree management. It is recommended that the COV arborist work with the COV 

Communications Department to develop a Public Relations program that informs 
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residents of the new realities and issues related to keeping the COV urban forest and the 

cost associated with this as it may mean raising taxes to keep the City green. 

 

 Broadly speaking City staff need to identify options for selecting future street 

trees with the attached maintenance cost for such options. This information needs to be 

well documented so that residents and City Council can make well informed cost benefit 

decisions. For example, if the residents decide to they want the COV to replant with 

Prunus species, then the cost to water or irrigate needs to be attached to this decision as 

does any increased maintenance due to likely more serious pest problems. Considering 

the challenge of supporting so many trees it may be necessary to identify and focus on 

specific streets for higher maintenance related to economic values such as tourism. A 

maintenance cost needs to be attached to each type of tree species. 

 

  The COV can not continue to plant trees based on previous lists using mainly 

large single genera such as Prunus. Serious consideration needs to be given to planting a 

wider range of different genera with wide ecological capacity (or tolerance) including 

more drought tolerant species while at the same time increasing the biodiversity of the 

tree assemblage by providing more diverse trees and fewer individuals or clones of the 

same species. For example, the native Quercus garryana is capable of surviving drought 

periods and this tree is highly esteemed by many residents. This species should be 

seriously considered as a good street tree and used as a replacement in selected sites 

especially those prone to strong drought and in areas adjacent to other oaks so as to 

improve canopy connectivity and greenway linkage for animal species dependant on the 
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rare Garry Oak ecosystem. A list of possible new tree species capable of surviving 

drought periods was provided in Chapter 5, Table 5.2 

 

 There are a number of other tree species capable of withstanding drought and 

requiring less maintenance (Chapter 5) while still providing social, environmental, and 

economic value. A healthy urban forest can purify air of containments, sequester carbon, 

moderate temperature reducing home heating and cooling costs (Harris, et al. 2004), and 

bringing communities together through events like Arbour Day. So the COV needs to 

ensure that the urban forest remains healthy and this can be done by developing a new 

planting list that includes drought tolerant trees for specific locations. This will help to 

create a diverse urban forest will have a greater ability to withstand specific pest 

infestations than a monoculture forest. 

 

 To achieve a diverse urban forest, consideration should be given to removing 

from the tree planting list, species that are doing poorly and replacing these with new 

varieties. This can be carried out on a limited trial basis as is currently being tried in 

Vancouver, BC (personal communication with Sophia Dessureault, IMP Coordinator, 

City of Vancouver Parks Board, April 2009). For example, the birches (Betula) have a 

high water requirement and are under stress and attack from Bronze Birch Bores (Agrilus 

anxius ) so these trees should be phased out. In addition, the numbers of Acer 

macrophyllum, Acer rubrum, Cercidiphyllum japonicum, Salix babylonica should be 

reduced or new trees not planted unless supplemental summer watering can be provided.  
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 All the Prunus have a medium to high water requirement. Prunus serrulata and 

Prunus yedoensis are two species in the high range so serious thought should be given to 

only planting these on irrigated boulevards in strategic locations or providing regular 

additional summer watering by another means. It should also be noted that many of the 

older cherries (Prunus) now in decline on COV streets, where stem grafted and this has 

made them more susceptible to drought and pests as the scion restricts the flow of water 

and nutrients and the bark in this region is usually thinner allowing easier penetration for 

boring insects (personal communication with Sophia Dessureault, April 2009). (The City 

of Vancouver has over 30,000 Prunus planted on streets.) Today most Prunus are grafted 

on root stock creating a healthier plant. By working with the tree growers, it may be 

possible to develop varieties that have a greater drought tolerance. This should be 

researched further. 

 

 In the future it will be important for arborist to share tree data, such as early 

warning signs on varieties that are doing poorly as temperature increases. This would 

allow for adjustments to be made to current selections to ensure that the urban forest 

remains healthy. Perhaps such a group could be set up by the International Society of 

Arboriculture Pacific Northwest Chapter (http://www.pnwisa.org/).  

 

 Serious consideration should be given to work with organizations such as Gary 

Oak Ecosystem Recovery Team (GOERT), LifeCycles, and other local volunteer groups 

to identify locations to plant native and fruit bearing trees where appropriate on a wider 

basis to diversify the urban forest. The COV could perhaps engage volunteer stewards 
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that might provide added maintenance with less cost or step up a ‘Tree Hotline Number’ 

and initiate a volunteer neighbourhood monitoring initiative (Be a ‘Tree Watcher’ and 

help maintain a healthy urban forest by calling the COV Tree Hotline Number if you see 

a problem.).  

 

6.3 Creating a viable maintenance program 

 

 In 2008 the COV allocated approximately $1,500,000 for Arboriculture which 

includes Operational and Capital funding (Operational Budget: $1,000,000; Capital 

Budget - Street Tree Management Plan and Program: $250,000; Irrigation Upgrades: 

$150,000; Boulevard Improvements: $80,000) (COV, 2009). This is a significant amount 

of money which can be allocated to address issues around inadequate maintenance. 

 

 The COV must develop and implement a program to maintain newly planted trees 

as this is vital to creating a vibrant sustainable urban forest. This may include installing 

drip irrigation, use of additional watering trucks, contracting out truck watering, or 

encouraging adjacent neighbours to water the trees on the boulevards. A maintenance 

program for mature trees needs to be developed and implemented before more trees 

decline in health. The table in Chapter 5 provides the basic requirements and may be used 

as a guideline however it is recommended that the COV develop a program that is 

specific to existing tree species and modify this for newly introduced tree species. 
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 There are a number of additional techniques that the COV could incorporate in 

the management of street trees. The COV should look at replacing the grass by allowing 

residents to plant native plants or other drought tolerant plants. Native plants will reduce 

the amount of moisture required, provide beneficial habitat, and promote the growth of 

beneficial micro organisms which will improve street tree health.  Boulevards covered in 

grass have less infiltration capacity than those with native meadow (reference?). In areas 

where residents wish to plant vegetable gardens on the boulevard such requests should be 

reviewed and allowed as enhanced maintenance will provide additional water and 

nutrients for the tree.  

 

 The COV needs to develop a multifaceted approach that addresses deteriorating 

street tree health. This includes the monitoring of all street trees, increasing and adjusting 

maintenance practises to improve tree health, incorporating new tree varieties with 

drought tolerance, and educating the public. If the COV makes such changes, the result 

will be a healthy but changing urban forest. 
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Chapter 7 - Summary and Conclusions 

 

 This study undertook to evaluate the relationship of the condition of City of 

Victory street trees to climate and assess whether the tree population is at risk to climate 

change. Ninety percent of the street trees in City of Victoria are in the Fair and Good 

categories of condition however, the genera (Prunus, Betula, Acer, Carpinus) with 

medium to high water requirements now show signs of stress. Tree death, browning 

leaves, and branch die-back appear to signal declining health likely because of a lack of 

available summer moisture. 

 

 Climate models show that Victoria, BC will continue to experience four to five 

months of drought starting in June and ending in October. However, the intensity of the 

drought will increase such that with average projected change there will be an additional 

175 mm deficit and in the upper range, the moisture deficit will increase to over 400 mm. 

The genus Prunus with many flowering specimens (29% of all street trees) is at particular 

risk especially the species and varieties Prunus sargentii x serrulata, P. serrulata,  P. x 

yedoensis (5026 total trees). 

 

 Current and new pests are expected to increase as Growing Degree Days increase 

by 600 and frost free periods by 100 days by 2080. These increases will improve the 

opportunity of pests to reproduce by extending the season in which the pest can multiply. 

Trees will become further stressed from increased pest attacks. 
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  Under future climatic conditions, all trees with a medium to high moisture 

requirement will need to be watered during the MD season or they will die. In the past, 

all boulevards were watered during the summer by hose and sprinkler but in 2001 this 

practice ceased. Today, only 2% of the 234 km of city boulevards is irrigated making the 

issue of city wide watering a large and costly project.  

 

 The COV continues to plant street trees that have a medium to high water 

requirement and these trees are only watered for the first three to five years after which 

they are expected to survive on precipitation which is extremely low during the summer 

and in a deficit of 244 mm. The continued planting of these moisture loving trees 

magnifies the current problem by increasing the number of trees to be watered. 

 

 If the COV wishes to continue to plant Prunus, there will be a need to water these 

trees to ensure health. An alternative is to review the current planting list (strategy) and 

develop a planting program using more drought tolerant species such as the native 

Quercus garryana and Arbutus menziesii.  

 

 Present COV arboricultural practices are well below the standard needed for a 

sustainable urban forest. Maintenance is required on newly planted trees, cyclical pruning 

of all trees needs to be programmed, and constant monitoring and evaluating of current 

species is required. This monitoring is extremely important if future planting choices and 

maintenance are to be based on sound documentation. There is an urgent need to plant 

more trees per year and replace those in the poor to very poor category since these 
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unhealthy trees will required additional maintenance and will probably continue to 

decline.  

 

 If Victoria wishes to keep its reputation as the Garden City there is a need to make 

changes today in anticipation of the changing climate to ensure a healthy sustainable 

urban forest. Adaptive strategies include establishing a detailed computerized monitoring 

system of current trees and extreme climate events, researching and trial planting new 

drought hardy species, selecting key streets for the planting of Prunus and installing drip 

irrigation on these streets, and engaging the public and volunteer organization to monitor 

and care for the maintenance of current and future street trees. Only by taking a unified 

collective, comprehensive approach as citizens and employees of the City of Victoria can 

we ensure a healthy sustainable urban forest for future generations. 
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Appendix A: Table 1: Total number of City of Victoria street trees by 

genus 

 

This information was taken from the CANOPY software data base used by the City of 

Victoria, BC, Canada. 

 
 

Genus Population Percent 
   
Prunus 5180 29.4
Acer 1755 10.1
Crataegus 1683 9.6
Betula 1429 8.1
Quercus 1351 7.2
Aesculus 1300 7.2
Carpinus 684 3.9
Fraxinus 600 3.4
Sorbus 508 2.9
Ulmus 496 2.8
Platanus 235 1.4
Fagus 229 1.3
Liquidambar 175 1.2
Liriodendron 177 1.1
Pinus 182 1
Robinia 175 1
Malus 153 0.9
Tilia 128 0.7
Cercidiphyllum 105 0.6
Eucalyptus 87 0.5
Pseudotsuga 80 0.5
Chamaecyparis 50 0.5
Ilex 72 0.4
Magnolia 64 0.4
Thuja 64 0.4
Zelkova 59 0.3
Gleditsia 59 0.3
Ginkgo 58 0.3
Pyrus 56 0.3
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Cedrus 56 0.3
Laburnum 54 0.3
Cornus 48 0.3
Populus 47 0.3
Castanea 35 0.2
Salix 18 0.1
Arbutus 16 0.1
Sequoiadendron 13 0.1
Abies 12 0.1
Styrax 11 0.1
Sophora 9 0.1
Picea 8 0
Cupressocyparis 8 0
Tsuga 7 0
Euonymus 7 0
Trachycarpus 7 0
Taxus 5 0
Davidia 5 0
Cupressus 5 0
Catalpa 5 0
Unknown 4 0
Rhus 4 0
Ailanthus 3 0
Alnus 3 0
Cercis 2 0
Juglans 2 0
Parrotia 2 0
Paulownia 2 0
Taxodium 1 0
Sequoia 1 0
Sciadopitys 1 0
Rhamnus 1 0
Larix 1 0
Syringa 1 0
Junipurus 1 0
Calocedrus 1 0
Chitalpa 1 0
TOTAL SPECIES                               66  17601 99.7
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Appendix B: Figure 1: Five categories used to rate street tree 

condition 

 
 
Each tree factor is assigned a numerical number and all five factors are added together, 

divided by 32 (total possible points), and multiplied by 100 to determine the condition 

rating.  

 

 

Reproduced with permission from International Society of Arboriculture. 
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Appendix C: Figures 1-12 Climate models for temperature and 

precipitation run on PCIC models 

 
The models are a 30 year “climate window” averaged such that the year 2020, 2050, and 

2080 is the middle of climate interval. Figures 1-6 show the middle of the range 

projection for temperature and precipitation. 

 

Figure 1: SRES AR4-CCCMA_CGCM3 A2-run4 Temperature Scenario for 2020 
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Figure 2: SRES AR4-CCCMA_CGCM3 A2-run4 Temperature Scenario for 2050 
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Figure 3: SRES AR4-CCCMA_CGCM3 A2-run4 Temperature Scenario for 2080 
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Figure 4: SRES AR4-CCCMA_CGCM3 A2-run4 Precipitation Scenario for 2020 
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Figure 5: SRES AR4-CCCMA_CGCM3 A2-run4 Precipitation Scenario for 2050 
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Figure 6: SRES AR4-CCCMA_CGCM3 A2-run4 Precipitation Scenario for 2080 
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Figures 7-12 show the extreme range projections for temperature and precipitation using 

the Hadley model. 

 

Figure 7: SRES TAR-HadCM3 A1Fl Temperature Scenario for 2020 
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Figure 8: SRES TAR-HadCM3 A1Fl Temperature Scenario for 2050 
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Figure 9: SRES TAR-HadCM3 A1Fl Temperature Scenario for 2080 
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Figure 10: SRES TAR-HadCM3 A1Fl Precipitation Scenario for 2020 
 
 
 



Victoria’s Street Trees 
 

 

 

161
 

Figure 11: SRES TAR-HadCM3 A1Fl Precipitation Scenario for 2050 
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Figure 12: SRES TAR-HadCM3 A1Fl Precipitation Scenario for 2080 
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