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Executive Summary 

The European gypsy moth (Lymantria dispar dispar) is an invasive species to Canada and was 
first introduced in Quebec in 1924. The Gypsy moth (GM) is now established in five provinces 
of eastern Canada but not yet in western Canada. In regions where the GM has established 
itself, the Canadian Food Inspection Agency (CFIA) has set up a quarantine area and imposed 
regulations on the movement of forest products and engaged in public awareness campaigns 
in order to slow the spread of the GM to new areas of Canada. 

Since 1978, CFIA and the Government of British Columbia have engaged in a surveillance and 
eradication program. The concern has been that GM establishment will lead to severe damage  
of trees and other susceptible plants, and result in the imposition of regulations to further 
address the spread of the GM to other jurisdictions, most notably the western United States. 

The purpose of this study is to evaluate the net benefits of current efforts to prevent GM 
establishment in British Columbia. In this study we compared the expected net economic losses 
from damaged trees and other vegetation, and the increased burden of quarantine if the 
prevention program was abandoned, to the on-going costs of the prevention program. We 
considered commercial timber and related carbon emissions, Christmas trees, nursery trees, 
agricultural crops, and urban street trees in our assessment of potential damage from GM 
outbreaks. We included all areas of British Columbia with suitable habitat for the GM. We also 
considered potential management responses to GM outbreaks by municipal managers, farmers, 
and unaffected jurisdictions. 

The main finding of the study is that under most plausible scenarios, the current prevention 
program is an efficient means to prevent future damage from the gypsy moth. That is, we 
found the expected benefits of the current pest management strategy exceeded its expected 
costs for all scenarios considered but one. The one negative outcome was an unlikely scenario 
with no quarantine costs imposed by trading partners (United States) and very low expected 
avoidable damage to values at risk. Under the most plausible scenarios, we predicted the 
imposition of quarantine and economic losses due to the GM to urban street trees, commercial 
forests or agricultural plants. Here we found that the expected annual benefits from the current 
prevention program ranged from 3.4 to 8.3 times greater than the estimated annual costs of 
the program, based on an average program costs. Overall, the analysis supports the continuation 
of the British Columbia GM prevention program. 
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Over the past decades, the GM has been detected in British 
Columbia each year as people travel from quarantined areas in 
eastern Canada to un-quarantined areas in western Canada. 
During this time, many GM introductions developed into 
growing populations requiring eradication. On one occasion in 
1998, eradication actions did not occur quickly enough and the 
United States requested the CFIA to impose quarantine around 
the affected areas (near Nanaimo and Victoria). The quarantine 
lasted until Canadian authorities eradicated the established 
populations using the biological control agent Btk (Bacillus 
thuringiensis subspecies kurstaki), a bacterium found naturally  
in soils and lethal to lepidopterans such as the GM. During this 
period, vehicles and cargo moving between BC and the United 
States from the quarantine areas entailed visual inspections and 
transportation of high-risk materials required inspection certificates.

The costs of BC’s GM prevention program include monitoring, 
detecting and eradicating the GM on an annual basis. Between 
2000 and 2015, total program spray costs were $5.3 million 
(2015C$). Total monitoring and detection costs were an estimated 
$8.6 million (2015C$) over this same period. The expected 
benefits of the program are to avoid future quarantine costs,  
to reduce damage to trees and other vegetative resources, and 
possible human health impacts (severe allergic reactions). 

The objective of the current report is to evaluate the costs and 
benefits of the British Columbia GM eradication program. Benefits 
involve avoided potential quarantine costs as well as damage to 
trees and agricultural plants. Since the level of future damage 
from the establishment of the GM is uncertain, we considered 
several possible scenarios and developed probabilistic models. 
These scenarios consisted of different levels of damage to trees 
at risk (scope of damage), and varying reactions by trading 
partners (different levels of quarantine costs). In addition to 
these uncertainties, several assumptions regarding the potential 
behaviour of municipal governments and private individuals in 
reaction to the presence of the GM were considered. 

Biology of Gypsy Moth 
The GM life cycle includes four main stages: eggs, caterpillars 
(larvae), cocoons (pupae), and adult moths. GM eggs are laid in a 
mass containing 500-800 eggs in late summer. Masses are often 
laid on items under or near a tree including: outdoor equipment 
and furniture, outdoor toys and playground equipment, fences, 
tree trunks, wood and lumber piles, garden sheds and other 
gardening equipment, recreational and other types of vehicles 
(Government of British Columbia 2018b). Eggs hatch the following 
spring and the young caterpillars disperse to begin feeding on 
the leaves of nearby trees and shrubs. Caterpillars feed and grow 
for approximately two months before they form a cocoon and 
pupate on the trunk of the tree or nearby. After approximately 
two weeks, the flightless female moths emerge from the cocoon 
and mate, and then crawl to a sheltered spot nearby to deposit 
an egg mass.

Introduction 

The Canadian Forest Service, in partnership with the Government 
of British Columbia, conducted this analysis to assess the economic 
efficiency of the ongoing program to prevent the establishment of 
the invasive European gypsy moth (Lymantria dispar dispar), in 
British Columbia. For practical reasons this analysis focused on L. 
dispar dispar. However, the surveillance and eradication methods 
are simultaneously applicable to the Asian gypsy moth (L. dispar 
asiatica and L. dispar japonica); therefore, the evaluated benefits 
of the program are likely underestimated, especially because the 
establishment of European gypsy moth in BC would make the 
detection and eradication of Asian subspecies much more difficult. 

The European gypsy moth (GM) was introduced into the eastern 
United States in 1868 (Government of British Columbia 2018a). 
Since then, it has spread and become established throughout 
the forests of eastern North America. The first introduction of 
the GM into Canada was in Quebec in 1924; the first record  
of the GM in Ontario was in the 1940s. The GM was initially 
reported in New Brunswick in 1981 and by the 1990s, established 
GM populations were found in Ontario, Quebec, New Brunswick, 
Nova Scotia and Prince Edward Island. Agriculture Canada, 
Food Production and Inspection Branch (now the Canadian 
Food Inspection Agency (CFIA)) led eradication efforts on two 
occasions in Charlotte County, New Brunswick in 1987 and 1988. 
There were earlier spot eradication efforts led by Agriculture 
Canada in Ontario and Quebec. In BC, the GM was first detected 
in 1978 and eradication programs were conducted yearly with a 
few exceptions led by the CFIA and its predecessors (Agriculture 
Canada and AAFC) until 1998. In 1999, the CFIA decided to 
change its approach to a “slow the spread strategy” supporting 
the provinces who wished to undertake eradication efforts 
through collaborative surveys and the continued regulation of 
movement of articles originating from eastern Canada (Pers. 
Corr., Marcel Dawson, CFIA 2019).

Periodic population outbreaks within the occupied areas cause 
tree damage and possible tree mortality in commercial forests, 
urban forests, and on agricultural lands, which in turn, lead to 
expenditures on pesticides by government agencies and private 
households to mitigate damage. To restrict the movement of 
GM infested material, the CFIA established GM “Regulated 
Areas” across eastern Canada. Within and from these areas, 
the transport of high-risk materials is regulated. Regulated 
commodities include: Christmas trees, nursery stock, non-
propagative forest products with bark attached, outdoor 
household articles, military vehicles and equipment (CFIA 
2011). Despite these regulations, dispersal outside of the 
quarantined area does occur. Long-distance movement of the  
GM from quarantine areas to non-quarantine areas typically 
involves people traveling by vehicles between regions with 
unnoticed GM egg masses affixed to vehicles or their cargo. 
While regulations tend to work well between countries as 
crossing points are limited and generally have inspection 
resources, within country regulation is often less effective, 
particularly when no resources are provided to monitor and 
enforce the existing regulations. 
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pine-oak compared to 6% for pine-sweetgum stands (Eisenbies 
et al., 2007). 

Potential impacts from defoliation events, often repeated over 
successive cycles, include: more GM treatment activities (pesticide 
use), reduced wood production, urban tree mortality, reduced 
aesthetics and recreation values of trees, lower water quality, 
reduced wildlife habitat, carbon emissions, and human health 
impacts due to allergic reactions to the hairs of the caterpillar 
(Leuschner et al. 1996). After GM establishment, its population 
will continue to expand to infest larger areas with suitable hosts 
and climate. 

Following the introduction and spread of the GM in eastern 
North America, a wide array of predators, parasitoids, and 
pathogens were introduced as biological control agents in an 
attempt to permanently suppress GM outbreaks (Coulson, 
1981). It has now been determined that both a baculovirus, 
Lymantria dispar nucleopolyhedrovirus, LdNPV, and a fungal 
pathogen, Entomophaga maimaiga, are the main agents 
responsible for the collapse of GM outbreaks in eastern North 
America (Hajek et al, 2015). Neither of these pathogens is 
known to exist in British Columbia; therefore it is unclear how 
long outbreaks may persist if they become established in this 
new region.

In addition to the above potential impacts on forest resources 
and human health that all involve associated economic damage, 
the reaction by jurisdictions to GM existence in British Columbia 
will likely lead to the imposition of quarantine measures that will 
impose trade costs (Leuschner, et al., 1996). Trade costs due to 
quarantine involve the direct costs to inspect and certify the 
transportation of high-risk goods within and from pest infested 
regions. Other indirect costs include the time involved to have 
goods inspected and have documents completed, as well as 
the added waiting time at border crossings due to inspection 
requirements.

In an Iowa state report, researchers identified economic 
damage to commercial forests and urban trees based on 
harvesting rates, urban tree removal and replacement costs, 
landscape value, where landscape value includes the aesthetic 
value of a tree, impact on property values, pollution removed 
from the environment, and impact on heating and cooling 
(utility) costs (Iowa Department of Natural Resources, 2013). 
Under the “Gypsy Moth Slow the Spread Program” in the US, 
GM spread had been decreased to an average rate of 3 miles 
(4.8 km) per year, and the benefit-cost ratio was more than 4:1 
when estimating GM impacts on new areas (Iowa Department of 
Natural Resources, 2013). The present value damage costs were 
projected to be $551 million (USD) in cumulative value or $22 
million per year under a 20-year (recurring) infestation period.

Gypsy Moth History and Management in 
British Columbia 
Although the first detection of GM egg masses in British Columbia 
occurred in 1911 on nursery stock, the first incursion of the GM 

Several researchers have developed models to evaluate the 
suitability of BC’s current and future climate for the establishment 
of GM populations (Régnière and Nealis 2002; Gray 2004; 
Régnière et al. 2009). In general, they found that under historical 
conditions, introductions of GM into coastal areas and valleys 
below 500 m south of 50°N are likely to become established. 
With a predicted warming climate, these susceptible areas will 
probably expand to include more northerly and higher elevation 
forests (Régnière et al. 2009).

Spread and Impact of Gypsy Moth Outbreaks 
The GM invasion process follows three key steps: introduction, 
establishment and outbreak. As the females of the European 
GM are flightless, long-distance dispersal of the GM involves 
either the movement of egg masses through the movement of 
people and their belongings or larval dispersal by wind (Sharov 
and Liebhold 1998). Many introductions disappear without 
eradication activities; however, some nascent populations persist, 
establish, and spread onto adjacent areas (Liebhold et al. 2016). 
Once established, GM populations typically increase by one or 
two orders of magnitude per year (Elkinton and Liebhold 1990) 
leading to high larval populations and complete defoliation of 
trees within several generations. GM outbreaks typically follow a 
periodic infestation cycle of five to ten years which is affected by 
weather, host trees, natural enemies or geographic heterogeneity 
(Phero Tech Inc., Deloitte and Touche Management Consultants 
1994; Haynes et al. 2009).

There are over 300 host trees of the European GM in North 
America. The most common GM host trees include: 1) forest or 
urban street trees: alder, ash, beech, birch, dogwood, Douglas-
fir, elm, hawthorn, hemlock, holly, juniper, larch, linden, maple, 
oak, pine, poplars, cedars, redwood, true firs, trembling aspen 
and willow; and 2) fruit trees: apple, apricot, cherry, chestnut, 
hazelnut, peach, pear, plum and walnut (Government of British 
Columbia 2018b). Tree defoliation and mortality caused by GM 
outbreaks reduce the aesthetic or commercial value of trees as 
well as their quantity. Previous studies have shown that tree 
defoliation and mortality rates vary for different tree species—
some species are more susceptible to GM infestation than 
others. Susceptible tree species experience higher defoliation 
and mortality rates than resistant tree species. Tree defoliation 
rates range from 50% to 90% and 10% to 50% while tree 
mortality rates range from 5% to 25% and 0% to 5% for 
primary and secondary host trees, respectively (Davidson et al. 
1999; Bigsby et al. 2014). For all host trees, tree mortality will 
increase due to increased intensity, duration and frequency of 
defoliation (Davidson et al. 1999). For example, between 1972 
and 1975 in Rhode Island, United States, oaks suffered the 
greatest defoliation and mortality from a GM population 
outbreak among stands of mixed oak species, oak-pine, and 
mixed hardwood species, with a loss of 17.4% of the basal area  
in mixed oak stands (Brown et al. 1979). After monitoring the 
defoliation and mortality of pine-hardwood stands for four years 
following a GM outbreak on the coastal plain of Virginia and 
Maryland, researchers found oaks and sweetgum were defoliated 
much more than other species. Oaks had the largest proportion 
of basal area mortality, with 17% tree mortality (basal area) for 
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was in Vancouver’s Kitsilano area in 1978 which triggered a 
ground spray eradication program in 1979 (Phero Tech Inc., 
Deloitte and Touche Management Consultants, 1994). Although 
the GM has not become permanently established in British 
Columbia, it has been detected in pheromone traps every year 
since 1978 at various locations in the coastal and southern areas. 
During the past 38 years from 1979 to 2016, there have been 
28 years of eradication actions in British Columbia (Government 
of British Columbia, 2017). The detected moths mainly occurred 
in higher populated areas and around popular recreational areas. 
Since 1978, the GM has been found in: Victoria, Vancouver, 
Nanaimo, Courtenay, Duncan, Langley, Richmond, Chilliwack, 
Burnaby, Surrey, Abbotsford, North Vancouver, Kelowna, 
Coquitlam, Campbell River, Salmon Arm, White Rock, Cranbrook, 
and Vernon (Government of British Columbia, 2018d). The 
cumulative number of GMs detected from 2000 to 2017 at the 
municipality level varies from 0 to 800, with the largest number of 
GMs found in the Surrey, Victoria and Vancouver areas (Figures 1 
and 2). When combining detection data with climate suitability to 
determine GM survival (Régnière and Nealis, 2002), the coastal 
and southern areas are assumed to be regions with potential 
risk for GM infestation. These areas cover 14 Natural Resource 
Districts (Figure 1, from Districts No. 1 to No. 14), 45 municipalities, 
and 5 Agricultural Districts (Figure 2, from Districts No. 1 to No. 
5) in British Columbia. Figures 1 and 2 show the moth trapping 
locations where GM has been detected, and the number of moths 
detected overlaid onto each forestry and agricultural sub-regions. 

and secondary host trees. Based on this work we assumed the 
defoliation and mortality rates for secondary host trees would 
be 25% and 2.5%, respectively, and outbreak cycles would last 
two-years (Table A6 in Appendix).

From 1979 to 1998, the CFIA (or its predecessors) worked in 
collaboration with its partners, including the province of BC 
and other western provinces to pursue a prevention strategy for 
European GM from eastern to western Canada. Since 1999, the 
CFIA has continued to support BC’s and Manitoba’s efforts to 
respond to GM incursions (Pers. Corr., Marcel Dawson, 2019, CFIA). 

GM monitoring by pheromone traps is conducted by the CFIA and 
the BC provincial government. Each year, in high-risk areas across 
southern British Columbia, approximately 6000 pheromone traps 
are deployed (Figure 1). In most of this area traps are deployed 
on a grid with 1.6 km spacing between traps. Outside of the core 
area (Southern Vancouver Island and the Lower Mainland), traps 
are placed along major highway routes, ports and in campgrounds 
thought to be high-risk due to the frequency of out-of-province 
visitors. Each fall, after the GM flight season is over, the trapping 
results are reviewed. In cases where only a few moths are caught 
in isolated traps, the usual recommended management action 
is the placement of a higher density delimitation grid of traps 
(6.2/ km2 within 1.6 km of any trap that caught moths) for the 
following two years. In many cases, these small introductions do 
not persist and require no further management. If a population  
is found to increase or spread in subsequent years, then an 
eradication program is launched. The most common eradication 
method involves a ground or aerial spray with the biological 
insecticide Btk, which is carried out by the BC Government. Aerial 
spraying is the most effective way to eradicate widespread GM 
populations; however, it has technical disadvantages regarding 
weather limitations to rain and wind (Government of British 
Columbia, 2018c).

Figure 1. Total counts of gypsy moth adults trapped across BC Natural 
Resource Districts, 2000–2017.

Figure 2. Total counts of gypsy moth adults trapped across BC 
Agriculture Sub-Regions, 2000–2017.

The most common tree species in British Columbia are lodgepole 
pine, spruce, hemlock, balsam fir, and Douglas-fir. Three of the 
five tree species, spruce, lodgepole pine, and hemlock account 
for 61% of the growing stock (Ministry of Forests, Mines and 
Lands 2010). While susceptible to the GM they are not primary 
host trees. As such the level of expected defoliation and mortality 
are not as high as in primary host trees, such as oak. Bigsby et 
al. (2014) constructed defoliation and mortality rates for primary 
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In the history of the GM in British Columbia, the year 1999 
stands out. In that year, established GM populations reached 
their highest levels in the province. These high populations led 
to the only occasion of quarantine to be imposed in BC, with 
quarantine zones set up around areas with detected GMs in an 
attempt to prevent the spread of the pest to unoccupied areas 
within and outside of British Columbia, in particular the United 
States. The most expensive GM eradication program to date 
was launched in 1999, in addition to the added trade-related 
costs associated with the quarantine. A delayed response to 
treating a building population in years prior to 1999, in part 
due to public resistance to aerial spraying, resulted in this peak 
year (Pers. Corr. Tim Ebata, 2019, Government of BC; Pers. 
Corr., Marcel Dawson, 2019, CFIA). 

In this same year, the management governance system changed. 
Prior to 1999, CFIA conducted both monitoring and eradication 
of spot GM populations in western Canada. To be consistent 
with CFIA practices in eastern Canada, CFIA shifted responsibility 
for eradication (treatment) of spot populations to the provinces 
in 1999, but maintained the responsibility of GM monitoring in 
western Canada (Pers. Corr. Marcel Dawson 2019, CFIA). Since 
that time, the responsibility to manage European GM in western 
Canada is shared between the federal and provincial governments, 
as it is in eastern Canada.

Data and Methods 

General Assumptions
A model for evaluating the benefits and costs of the BC gypsy moth 
prevention program was developed. We considered the expected 
future costs from allowing the GM to become established in 
British Columbia as would result from abandoning the current 
prevention program. These expected costs were subsequently 
compared to the current ongoing expenditures to prevent the 
establishment of the GM. The two management paths are 
captured in Figures 3 and 4. 

Figure 3 shows a series of events and actions that generally recur 
over a two- to three-year cycle under the current management 
path. In a given year GM eggs are introduced to BC from the 
movement of people from eastern Canada. If the caterpillars 
survive and the moths emerge in large enough numbers, they 
will be detected in pheromone traps that are set up in a grid 
pattern or along major transportation corridors across southern 
BC. In areas where moths are detected, trapping density is 
increased around the positive findings and monitored until the 
following year. If, in the following year more moths are found,  
a spray program is then initiated and the population of moths is 
eradicated, which would recur until no moths trapped in the next 
following 2 years. The GM population would be considered 
successfully eradicated and standard trapping would be resumed. 

Figure 4 shows a conceptual series of events that could occur if 
there is no prevention program. In a given year, GMs are introduced 
into British Columbia by people moving from infested areas in 
North America or, in the case of the Asian GM, by egg masses 
arriving on ships or cargo. If a GM population becomes established, 

Figure 4. Conceptual model of impacts after the establishment of the 
gypsy moth (GM) in British Columbia.

Figure 3. Conceptual model of status quo management strategy to 
prevent the establishment of the gypsy moth (GM) in British Columbia.

it generally increases in each subsequent year. Over several years, due  
to natural and human-aided dispersal, moths are further distributed 
across British Columbia. As the GM population grows, periodic 
population outbreaks will occur across suitable areas and damage 
will occur to resources at risk. Also, as the moth population increases 
in an area, unoccupied jurisdictions such as the United States, and 
perhaps other trading partners, will prompt the CFIA to quarantine 
BC and impose regulations that will diminish the risk of movement 
of the GM from BC to other areas. 
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Since we could neither predict if quarantine would be imposed 
nor estimate the scope and severity of the damage to resources 
values and human health, we considered various scenarios with 
and without different levels of quarantine and resource damage. 
It was assumed that public and private land managers would make 
decisions that minimize economic damage associated with the 
presence of the GM. That is, we supposed decision makers would 
minimize the combined costs of damage to the resources of 
interest and expenditures to reduce the damage. In effect, the 
abandonment of the prevention program by government agencies 
delegates the cost of management to sub-regional governments 
and private landowners. 

Model Overview 
We modelled the GM invasion process and estimated its impacts 
on forests, urban trees and agricultural resources by the following 
key assumptions and procedures: 

• based on historical rates of introduction and eradication in 
BC, we assumed that the probability of the GM becoming 
introduced somewhere in BC, in the absence of any eradication 
treatments, was 100% per year; 

• regions with low persistence rates would be consistently 
subject to re-introduction from areas with high persistence, 
based on the fact that the currently nearest source population 
of GM to BC is approximately 2500 km, yet BC experiences 
introductions virtually every year; 

• because of the large uncertainties as to the initial point of 
establishment, the spread speed, direction, and effect of 
mountainous terrain on dispersal, we did not model spread 
explicitly; 

• instead we assumed that GM would occupy all susceptible 
areas of the province within 35 years, based on a spread 
rate of 25 km/yr and supported by historical occupancy 
rates in Ontario and Quebec in Régnière et al. (2009);

• in effect, we supposed that an equal amount of damage 
would occur each year, as the outbreak wave spreads across 
the province; 

• we assumed damage to forest, urban trees and agricultural 
resources would occur for one year in an outbreak (medium 
intensity 2 yr outbreak, Table A6); 

• to be conservative, damage from subsequent outbreaks were 
assumed to be negligible because either biological controls 
reduce severity of subsequent outbreaks or susceptible stock 
is replaced with less susceptible stock; 

• total impacts were calculated by summing the regional impacts;

• regional impacts incorporated variability of susceptibility to 
GM by varying the estimated probability of persistence 
based on information from Régnière and Nealis (2002);

• in sum, the annual impact of the invasion would be roughly 
1/35th of the total impacts over the study horizon, discounted 
using a real discount rate of 2%.

We only considered areas where the GM population is expected 
to establish and persist. Based on the work of Régnière and Nealis 

(2002), which estimated the probability of the persistence of the 
GM in Southern British Columbia using models of GM phenology 
combined with weather records and topographic features, we 
limited the scope of analysis to the coastal and southern areas 
of BC (areas at risk in Figures 1 and 2) and assigned different 
probabilities of establishment across sub-regions/municipalities 
(p2 in Tables A13, A17, A18 and A23). Although we used different 
probability parameters for each sub-region in our model, it is not 
explicitly spatial. Low probability areas are generally in the more 
northern and interior regions or in high elevation zones while high 
probability areas are in the warmer southern and coastal areas 
and low elevation areas.

We also restricted the period of study to 35 years. The period 
reflects the time for the GM to occupy all susceptible areas within 
BC and a period of delay between occupation and start of 
noticeable damage. The period of time for BC to be occupied 
by the GM is based on a spread rate experienced in Michigan. 
The spread rate in the lower peninsula of Michigan was estimated 
to be between 17.1 km per year to 19.5 km per year (Tobin et al. 
2015). Using a faster spread rate of 25 km per year, we predicted 
that it would take approximately 30 years for complete occupation 
of the susceptible areas of BC, assuming an initial introduction 
along the southwest coast where most of the introduced moths 
have been detected. This 30-year invasion window was based on 
observed historical invasions in Ontario and Quebec, provinces 
of similar size (Régnière et al. 2009), and may be conservative if 
multiple independent introductions occur during that period. 
As GM outbreaks follow a periodic cycle of 5 to 10 years, we 
supposed that the first population outbreak that causes damage 
will occur five years after GM introduction, extending the 
analysis period to 35 years (Phero Tech Inc., Deloitte and Touche 
Management Consultants 1994; Haynes et al. 2009). We 
further assumed that damage will occur at a constant rate over 
30 years, but that the spatio-temporal variation in impact was 
captured in our model by regional probabilities of establishment. 
Finally, we presumed all future damage and quarantine costs 
were discounted by a real discount rate of 2% per annum.

The components included in the analysis were: avoided expected 
quarantine costs, potential damage to plants and the monitoring 
and eradication program costs. Specifically, potential benefits of 
implementing a GM prevention program include the following 
aspects:

• Avoided trade cost from quarantine regulations (BC domestic 
and foreign trade or foreign trade only)

• Avoided damage to commercial forests, urban street trees, 
nursery stock, Christmas trees and fruit trees and bushes 
(include apple, apricot, blueberry, cherry, cranberry, grape, 
nectarine, peach, pear, prune and plum, raspberry)

The commercial forests, fruit trees, nursery stock, Christmas 
trees, and urban street trees fall within different sub-regions 
and municipalities. To predict the infestation risks in each of the 
sub-regions, we used the probability of persistence (estimated 
probability that an introduced population will persist for at least 
20 years) calculated by Régnière and Nealis (2002). 
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We did not consider other potential avoided costs. For example, 
we did not account for possible human health impacts nor did 
we try to attempt to estimate the potential expenditures on 
pesticides by private individuals or sub-regional governments to 
control GM populations. Tree mortality was limited to only street 
trees as we did not have access to good overall tree densities on 
other municipal lands such as municipal park areas or watersheds. 
Similarly, we did not consider urban trees on private property 
within a municipality. We also did not include trade related costs 
associated with jurisdictions other than the United States. Finally, 
quarantine trade costs were restricted to direct administrative 
costs of regulating trade and we did not account for the value 
of time to implement the regulations by the private sector nor 
the potential border delays due to inspections.

For program costs, we consider for monitoring and spray 
management costs borne by the federal and provincial 
government agencies. We did not, however, take into account  
any costs borne by others in the economy that may be related  
to these management actions, such as perceived concerns with 
the use of Btk to treat GMs. 

Gypsy Moth Monitoring and Eradication Costs 
To estimate monitoring and eradication costs, data was 
collected from the CFIA and the Government of British 
Columbia on trapping and eradication efforts. Since 1980,  
the GM has been detected each year in British Columbia. On 
average, 80 GM adults were trapped per year, ranging from 1  
to 585 over the years 1980 to 2015 (Figure 5) (Government  
of British Columbia 2018e). Between 1999 and 2015, there 
were 10 years of recorded GM eradication expenditures (missing 
records for years 2001 and 2002, and no eradication treatments 
for years 2009 and 2011 to 2014). Over the same period, the 
aerial spray areas ranged from 200 ha to 13,389 ha while the 
ground spray areas varied from 20 ha to 62 ha. Two years had 
extremely high treatment costs, 1999 and 2015, with expenditures 
of C$3.6 million and C$1.5 million in nominal value, respectively 
(Government of British Columbia 2018e). 

Converting all expenditures to 2015 dollars and excluding the year 
1999 (as it was assumed to be an anomaly), the annual treatment 
costs from 2000 to 2015 ranged from C$0 to C$1,500,000 with 
an average cost of C$328,079 (Table 1). Monitoring costs involve 
material costs of lures and traps and the labour to set and retrieve 
traps. Based on information provided by the CFIA, the average 
annual monitoring costs between 2011 and 2016 were C$569,886 
(Table 1). Combining the monitoring and treatments costs, the 
average or expected annual management costs for the GM program 
are approximately C$900,000 per year shared by the federal and 
provincial governments.

Figure 5. The number of GM adults trapped (1980–2015) and GM treatment costs (1999–2015) (C$2015) in British Columbia.
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Table 1. Historical annual GM treatment costs for British Columbia, 
2000–2015 (2015C$)

Cost element Mean (C$) Min (C$) Max (C$)

Monitoring Costs 2011 to 2016 569,886 500,473 630,022

Spray costs 2000 to 2015 328,079 0 1,500,000

Total Program Costs 897,965 500,473 2,130,022

Avoided Costs from Quarantine Regulations
As discussed previously, if the GM becomes established in 
British Columbia, wood product trade within and from BC to 
non-infested areas would require inspection and certification 
under quarantine regulations. The quarantine costs for British 
Columbia were estimated for two scenarios: 1) quarantine costs 
are imposed on both trade to the United States and domestic 
trade of wood products (high cost scenario); and 2), quarantine 
costs are imposed only on trade from BC to the United States 
(base scenario). In either case, we assumed that quarantine 
regulations would occur after the third year of pest introduction. 
We believed this was reasonable given that populations are 
generally small and spatially constrained in the first and second 
year after establishment. However, by the third year the population 
would still be increasing with no planned management actions. 
At this point, quarantine restrictions would likely be imposed. 
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As CFIA does not track costs per pest but by activity, GM 
quarantine costs can be estimated by extrapolating inspection 
and certification costs associated with the regulation of the pine 
shoot beetle (Tomicus piniperda) in Ontario at the time of this 
study (see Tables A1–A5 in the appendix). There are two types 
of quarantine costs extrapolated: 1) trade costs to the United 
States; and, 2) domestic trade costs. To estimate trade costs for 
shipments of forestry related products to the United States under 
a potential BC gypsy moth quarantine, experienced trade costs 
associated with pine regulation in Ontario were adjusted by the 
relative differences of pine to all tree species in Ontario, and by 
the difference in the scale of export shipments to the United 
States from BC and Ontario, respectively (see Table A4). As 
there was no information on the proportion of pine-only forest 
products to all forest products produced in Ontario or traded, 
we assumed that the proportion corresponded directly to the 
relative frequency of pine forest products in Ontario’s forest 
inventory. The inverse of this ratio was then used to scale up the 
pine-related regulation costs in Ontario to the hypothetical case  
if all species were regulated within Ontario. We then scaled this 
value by the relative differences between BC and Ontario forest 
product exports (in volume terms) to the United States. Finally we 
adjusted this figure by the proportion of the BC’s forest industry 
that is in GM susceptible areas and would likely be subject to 
quarantine provisions (Table A3). A sample calculation using 
deterministic scaling factors is shown in Table A4 in the appendix. 
For our final estimation, we introduced a degree of uncertainty 
by modeling the cost predictions using a probabilistic model, 
specifically, by assuming the ratios (scaling factors) as random 
variables based on observed variation in harvests and trade levels 
over a period of time. The steps of the procedures are described 
in Table A5. A similar exercise was used to calculate domestic 
trade related costs of quarantine. Instead of using the difference 
in exports between the two provinces, however, we used the 
difference in the total scale of the industries, as measured by the 
total timber harvesting in each province (see Table A2). 

The quarantine costs for British Columbia were estimated by 
adjusting the labour and certification fees on inspecting and 
certifying pine products in southern Ontario (Tables A1–A5). For 
wood product inspection costs in Ontario, we approximated the 
labour fees of inspection by multiplying the number of shipments 
for each wood product category by 2.5 hours per shipment and 
C$35 per labour hour. The certification fees were estimated by 
multiplying the number of shipments by C$17 per certificate. 
The inspection and certification fees for British Columbia were 
determined by adjusting the costs in Ontario by a series of ratios 
for each wood product category respectively. 

Generally, the procedure to calculate the quarantine costs can 
be described as follows:

Quarantine costs in BC = Quarantine costs on pine products 
 in Ont ÷ a × b × c (1)

where, a is the proportion of pine trees (7.5%)1 in Ontario 
forests; b is a series of ratios of different types of wood product 
exports to the US from British Columbia and Ontario or ratios 
between total timber harvest volumes in British Columbia and in 
Ontario (Table A2); c is the proportion (64%) of average timber 
harvest volumes of the coastal and southern areas of British 
Columbia (Table A3). Specifically, a accounts for more tree species 
other than pine that may be impacted by GM, b is used to adjust 
for the difference in industry scale and wood product shipments 
and c limits the scale of the quarantine area to only the coastal 
and southern interior regions of British Columbia. 

Avoided Economic Losses from Damage to Trees
In a previous study on GM, the economic losses were estimated 
by multiplying the predicted infested areas in each year by the 
expected lost values and the pest infestation probability (Leuschner 
et al., 1996). In the current report we also considered the pest 
establishment probability and the tree mortality rate in addition 
to the pest infestation (introduction) probability. We estimated 
the expected value at risk for each of the sub-regions (Figures 1 
and 2) for commercial forests, urban street trees, fruit trees, 
nursery stock and Christmas trees by the following formula 
(Monte Carlo simulation procedures: Tables A7–A11): 

Expected economic losses in a sub-region =  
 Value of trees in a sub-region × Probability of pest 
 introduction × Probability of pest establishment  
 × Tree mortality rate (2)

Annual economic damage was assumed to occur at a constant 
rate after a five-year delay from time of first introduction. We 
believed that it would take 30 years for GM to occupy all of the 
climatically suitable areas in the southern and coastal parts of 
British Columbia. In general, the avoided economic losses for 
each sub-region were estimated using the following steps: 1) 
identify the value at risk in a sub-region; 2) specify the probability 
of pest introduction (assumed to be 1); 3) indicate the probability 
of pest establishment; 4) specify the probability of tree mortality; 
5) estimate the expected economic losses of a sub-region by 
equation [2]; 6) Aggregate the economic losses over all sub- 
regions; and 7) annualize the present value damage over a 
35-year period.

For commercial forestry trees, we assumed that forest land 
managers would not undertake their own GM monitoring and 
treatment programs, and that the potential economic losses 
from pest infestation to commercial forests include lost values 
from reduced timber harvest and carbon released from dead 
trees. The volumes and stumpage values of harvested trees for

1 Ontario falls into the Boreal Shield and the Hudson Plains eco-zones, 
where pine volumes account for 10.7% and 1.3% of the forests, 
respectively. From the distribution map of Canada’s 15 terrestrial 
eco-zones, the Boreal Shield and Hudson Plains eco-zones roughly 
account for 1/3 and 2/3 of the forest land in Ontario. Therefore, we 
estimated that the pine forests comprise 7.57% of the forests in 
Ontario, which was calculated from: (2/3) × 10.7% + (1/3) × 1.3% ≈ 7.5% 
Data source: Natural Resources Canada. Forests – Forest Resources – 
Statistical data (Accessed 26 Jan. 2018. http://cfs.nrcan.gc.ca/statsprofile/ 
inventory/borealshield).

http://cfs.nrcan.gc.ca/statsprofile/inventory/borealshield
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each of the 14 Natural Resource Districts were estimated using 
data from British Columbia’s Harvest Billing System (Table A12). 
The amount of carbon stored in these trees was approximated 
based on the harvest volumes. To estimate the volumes and 
values of trees at risk, the harvest volumes, stumpage values 
and the values of CO

2
 equivalent from the harvested trees 

were multiplied by the probabilities of pest introduction and 
establishment, and by the tree mortality rate. The predicted 
volumes and values of trees at risk for each of the sub-regions 
were estimated based on the lower boundaries of the probabilities 
of pest establishment and an expected tree mortality rate of 2.5% 
(Tables A6 and A13); the aggregate volumes and values of trees 
at risk were simulated from probabilistic distributions of the pest 
establishment and tree mortality rate (Table A14).

For each of the 45 municipalities located on the coastal and 
southern areas of British Columbia, the number of urban street 
trees was estimated by multiplying the size of each of the 
municipalities by the corresponding street tree densities. Two 
points of references were used: the reference of Vancouver and 
Victoria for a street tree density of 1456 trees per km2 for the 
coastal municipalities, while street tree density was found to be 
44 trees per km2 in Kelowna for the southern interior municipalities 
(Table A15). From the projected number of street trees in each 
of the municipalities, we approximated damage using two methods. 
The first method estimated the cost to remove dead urban trees 
and the ecological value of trees killed ($69.6 per tree) based on 
a previous study on urban trees in the City of Kelowna, BC (City 
of Kelowna 2007). The second method determined the removal 
and replacements cost of killed urban street trees as a measure 
of tree value. The referenced tree removal and replacement costs 
were C$455 to C$1255 per tree (Table A16 in Appendix). 

For agricultural lands, the potential economic losses we 
considered included: fruit trees (apple, apricots, blueberry, cherry, 
cranberry, grapes, nectarines, peaches, pears, plums and prunes), 
tree nursery stock, and Christmas trees. Trees on agricultural 
lands are planted in all or some of the five agricultural regions 
across coastal and southern interior British Columbia. The value  
of fruit trees were estimated from net revenues (gross revenue 
minus operational costs) over a 30-year productive period. The 
value of nursery stock and Christmas trees were accounted for by 
one-year net revenues, respectively. Finally we assumed net to be 
10% of the gross revenues for each type of trees (Tables A21–A24 
in Appendix). 

Monte Carlo Simulation Parameters and Inputs
The quarantine scale factor, pest introduction, pest establishment 
and tree mortality rates were modelled as a probabilistic process. 
The probability of gypsy moth introduction was assumed to be 1 
for the southern and coastal areas of British Columbia and 0 in 
the north. Probabilities of pest establishment within a forestry/
agricultural sub-region of southern and coastal BC were predicted 
to distribute evenly in a pre-defined probability interval based on 
the work of Régnière and Nealis (2002). The probabilities of pest 
establishment across sub-regions of BC ranged from 0 to 1 across 
5 intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8] and [0.81, 1] 

(Tables A13, A17, A18, and A23). Based on Bigsby et al.’s (2014) 
work, we assumed the defoliation and mortality rates for trees 
in BC are 25% and 2.5%, respectively (Table A6 in Appendix).

To model uncertain values of quarantine costs and tree mortality 
rates, beta distributions were used while uniform distributions 
were assumed for pest establishment probability. We constructed 
the models in Excel using @RISK 7.5.2 Industrial (Palisade 
Corporation 2016); they were estimated 5,000 times using a 
random seed (Mersenne Twister) and Latin Hypercube sampling 
(Tables A7–A11 in the Appendix).

Results 

Simulated Component Estimates

Potential quarantine costs
The simulated average annual quarantine costs were approximately 
C$5.4 million and C$2.5 million for quarantine scenarios A and B 
for coastal and southern areas of British Columbia, respectively 
(Table 2). Considering a 3-year quarantine delay, the annual 
quarantine costs were adjusted to be approximately C$5.1 million 
and C$2.4 million under a 2% discount rate over a 35-year GM 
occupation period.

Table 2. Simulated annual quarantine costs for southern British Columbia

Scenario Mean (C$) Min (C$) Max (C$)

Quarantine scenario A: 
International (to the US)  
and domestic shipments

5,379,709 3,996,532 6,749,729

Quarantine scenario B: 
International shipments  
(to US) only

2,516,727 1,361,481 3,659,437

Note: The simulation procedure is provided in Table A5. After adjusting for 
the 3-year quarantine delay, the annual quarantine costs are C$5,050,391 
and C$2,362,666 over a 35-year period.

Potential economic losses from damaged commercial 
forests
Table 3 shows the simulated annual lost value from commercial 
forests, assuming forest managers would not take any defensive 
measures to control GM populations. Assuming it would take 
30 years for the GM to occupy the entire southern and interior 
areas of British Columbia, the aggregate value of harvested trees 
at risk were annualized using a 2% discount rate over a 35-year 
period (5 years damage delay). The aggregate volume and value 
of trees at risk for the whole coastal and southern areas of British 
Columbia are presented in Table A14 in the Appendix. In addition, 
the simulated annual volume of trees under mortality risk was 
19,592 m3 and the corresponding value of dead trees was 
estimated to be C$300,673. At a price of C$30 per metric ton  
of CO

2
 equivalent, we predicted the annual value of released 

carbon associated with tree mortality to be C$32,918.
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Table 3. Simulated annual lost values from commercial forests over a 
35-year period for southern British Columbia

Category Mean Min Max

Volume of dead trees (m3) 19,592 16,636 22,732

Value of dead trees (C$) 300,673 243,741 361,858

Lost value from released 
carbon in dead trees (C$)

32,918 27,744 38,556

Carbon and timber value (C$) 333,591 271,485 400,415

Note: This table provides annualized values based on Table A14.

Potential economic losses from urban street tree 
damage 
For each of the 45 municipalities, the number of trees at risk, 
the ecological values, tree removal and replacement costs were 
computed based on the number of street trees, tree mortality 
rate and the probabilities of pest introduction and establishment 
(Tables A17 and A18). We then estimated the annualized 
number of street trees at risk was estimated to be C$1,941 using 
Monte Carlo simulation based on the simulated aggregate values 
(Tables 4 and A19). The annual ecological value of these dead 
trees were assessed to be approximately C$189,282, the annual 
tree removal and replacement costs were estimated to be 
C$1,236,742 and the annual tree removal costs were C$543,623 
(Table 4). Assuming that municipal land managers would remove 
and replace all dead trees, we expected annual damage to be 
about C$1.2 million. However, if trees are not replaced then the 
estimated damage would be approximately C$0.73 million, 
considering the cost of removing dead trees and lost ecological 
values. We also expected that many, but not all trees would be 
replaced. Based on a 50% replacement assumption, then the 
predicted damage to urban street trees would be approximately 
$1 million per year.

Table 4. Simulated annual economic losses from urban street trees 
over a 35-year period for southern British Columbia

Category Mean Min Max

Number of trees at risk 1,941 1,683 2,224

Ecological value of dead 
trees (C$)

189,282 164,301 219,952

Tree removal costs (C$) 543,623 470,991 657,433

Tree removal and  
replacement costs (C$)

1,236,742 1,071,504 1,495,661

Note: This table provides annualized values based on Table A19.

Potential economic losses on agricultural lands
The annualized number of fruit trees at risk was C$287,907, 
while the annual values of the fruit trees over a 35-year period 
were estimated to be at C$808,029, assuming a 2% discount 
rate (Table 5). For nursery stock, the annual number of trees at 
risk was assessed at C$73,951 and the annualized value of 
nursery stock at risk was C$16,060. For Christmas trees, the 

annual number of trees at risk was C$3,680 and the corresponding 
value is C$51,001. All these results presume that agricultural 
land managers do not have an existing pest management program 
and damage would materialize. However, it is reasonable to 
assume that many agricultural land managers have existing pest 
management programs and the existence of the GM may not 
increase damage beyond existing pest damage. 

Table 5. Simulated annual economic losses from agricultural plants 
over a 35-year period for southern British Columbia

Category Mean Min Max

Fruit trees

Number of trees at risk 287,907 243,800 335,805

Value of trees at risk (C$) 808,029 655,315 975,658

Nursery stock

Number of trees at risk 73,951 60,289 89,975

Value of trees at risk (C$) 16,060 14,815 20,113

Christmas trees

Number of trees at risk 3,680 2,749 4,703

Value of trees at risk (C$) 51,001 37,735 63,300

Value of all agricultural plants (C$) 875,090 707,865 1,059,071

Note: This table provides annualized values based on Table A24.

Aggregate Cost and Benefit Scenarios
Since analysis was counterfactual, expected results depended  
on what we assumed about future behavioural responses to the 
presence of GM. As such, we considered several combinations of 
benefits and cost scenarios. Scenario 1 determined the quarantine 
costs on international shipments (low quarantine costs) and only 
the economic damage to urban street trees (low tree damage). 
This scenario assumed that commercial forest land managers and 
agricultural land managers would be able to completely avoid 
economic damage through pest management. For example, forest 
managers would either harvest damaged and dead trees early to 
salvage them before they degrade or choose to re-direct harvest 
to non-infested stands of trees to avoid the harvest reductions, 
as affected stands are re-queued to a time far into the future. 
Likewise, farmers may choose to eradicate pests including the 
GM right after the introduction period of pests at zero marginal 
costs under the existing pest management routines. For urban 
street tree damage, we assumed that no trees would be replaced 
and resulting damage only included expenditures to remove trees 
and foregone ecosystem benefits. Scenario 2 considered low 
quarantine costs and full urban street tree damage (all killed street 
trees removed and replaced) as well as damage to commercial 
forests and agricultural plants, and carbon emissions from 
commercial forests (high tree damage). In this scenario, we also 
assumed that urban land managers would aggressively replace 
killed trees and/or conduct their own GM eradication programs 
and that net carbon emissions costs from killed commercial trees 
would be positive. Scenario 3 considered quarantine costs on 
international and domestic shipments (high quarantine costs) 
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and high tree damage as described in scenario 2. Scenario 4 
described the case where there were no quarantine costs and 
only urban damage. Moreover, in this scenario, we presumed 
that other jurisdictions would not react to GM establishment in 
BC. But based on the experience in 1999 when quarantine was 
imposed on BC at the request of the US interests, this scenario is 
rather unlikely. 

Conclusions and Discussions 

To mitigate the environmental and economic damage caused 
by an invasive species, two options are often applied: prevention 
and restoration (Berry et al. 2017). Since 1979 the province of BC, 
in conjunction with the CFIA, has pursued a prevention strategy for 
the European gypsy moth. The logic behind the strategy is that 
future damage (potential trade costs and tree damage) from 
gypsy moth is predicted to be greater than prevention costs 
(monitoring, detection and eradication), and that the net benefits 
would be greater than a restoration strategy. The purpose of this 
report is to evaluate if, in fact, the expected annual avoided 
damage exceeds the annual cost of prevention.

We found that the estimated potential economic losses from 
quarantine and the damage to trees and other vegetation on 
commercial forests, urban lands, and agricultural lands in the 
coastal and southern areas of British Columbia are very likely to 
exceed the estimated cost of the prevention program. While we 
did investigate one scenario where the program was considered 
inefficient, this case had some rather unlikely outcomes if the 
European gypsy moth did become established: no quarantine 

Table 6 summarizes the four scenarios. The annual net benefits  
of the BC gypsy moth program ranged from almost break-even 
(C$165,061) to C$6.6 million, or benefits exceeding costs by a 
factor of 8.3. Of the four scenarios, the two most plausible 
(Scenarios 1 and 2) resulted in expected benefits exceeding 
program costs by a factor of 3.4 and 5.4 for scenario 1 and 
scenario 2, respectively.

Table 6. Summary of annual benefits and costs scenarios over a 35-year period

Scenario 1 – low 
quarantine and 

low tree damage

Scenario 2 – low 
quarantine and 

high tree damage

Scenario 3 – high 
quarantine and 

high tree damage

Scenario 4 – no 
quarantine and 

low tree damage

Quarantine costse 2,362,666a 2,362,666a 5,050,391b –

Tree damagef 732,905c 2,445,423d 2,445,423d 732,905c

Total avoided damage (benefits) 3,095,571 4,808,089 7,495,814 732,905

Total program costs 897,965 897,965 897,965 897,965

Net benefits of costs 2,197,606 3,910,124 6,597,849 –165,060

Benefit-to-cost ratio 3.4 5.4 8.3 0.8

a: Quarantine costs on international wood products transportation only.
b: Quarantine costs on international and domestic wood products transportation.
c: Economic losses from urban tree damage.
d: Economic losses from forest, urban street trees, and agricultural plants. 
e, f: Tables 2, A25 and A26.

would be imposed by trading partners and the economic damage 
would be limited to urban street trees. However, even if no 
quarantine costs materialized should the current prevention 
program be abandoned by the provincial and federal governments, 
it is still possible that municipal land managers may adopt similar 
prevention programs at the municipal scale. If this were to happen, 
it is nevertheless very likely that the aggregate expenditures on 
prevention would exceed current GM program expenditures due 
to the loss of economies of scale in managing the problem. In 
addition, as urban forests damage estimates in this study were 
limited to street trees on municipal land, and these projections 
were based on lower expenditures of tree removal/replacement 
costs per tree, the predicted damage is conservative. Excluding 
the highly unlikely scenario, the results lend strong support to 
the current program if it continues with its current effectiveness 
and expected expenditures. That is, the current expenditure on 
the GM prevention program is an efficient strategy against the 
European gypsy moth. Inclusion of all urban forest costs is beyond 
the scope of the current analysis but is a possibility for future 
research.
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Appendix 

Table A1. Annual trade costs (inspections and certifications) related to the quarantine of Tomicus piniperda in Ontario that were used in estimating 
quarantine costs for the European gypsy moth

Number of  
shipments

Labour fees  
(C$) [a]

Certification  
fees (C$) [b]

Ratio of BC shipment 
to Ontario shipment [c]

Export shipments to the US

Shipments of pine plants 90 7,875 1,530 24.66

Shipments of Christmas trees 45 3,937 765 0.23

Shipments of bough 93 8,137 1,581 0.23

Shipments of pine foliage 164 14,350 2,788 0.23

Domestic shipments

Domestic movement certificates issued for PSB regulated 
pine material

371 32,462 6,307 4.8

Shipments of nursery stock certified under PSB program 98 2,625 1,666 4.8

Shipments certified by inspection 265 23,187 4,505 4.8

Shipment of Christmas trees under PSB program 5 700 85 4.8

Shipment of Christmas trees certified under DMC's inspection 3 420 51 4.8

Entomology lab    – 4,272     – 4.8

Note: Data of the accumulated shipments were from CFIA for 2015. The labour fees were computed by multiplying the number of shipments by 2.5 hours 
per shipment (with the exception of costing 75 hours in total for the inspection on shipments of nursery stock under pine shoot beetle program) and 
C$35 per working hour. The certification fees were calculated by multiplying the number of shipments by C$17 per certificate.

Table A2. Ratios of the wood product exports volume and timber harvests in Ontario and British Columbia

Year

Ratio of BC exports of  
Christmas trees to US to  
Ontario exports to US

Ratio of BC exports of  
logs to US to Ontario  

exports to US
Ratio of BC harvest  
volumes to Ontario

2006 0.21 16.04 3.86

2007 0.16 27.55 4.66

2008 0.17 29.72 5.14

2009 0.64 18.59 4.97

2010 0.70 19.45 4.81

2011 0.11 42.58 5.06

2012 0.12 35.12 5.46

2013 0.04 21.70 4.95

2014 0.10 21.71 4.76

2015 0.05 14.21 4.29

Average 0.23 24.67 4.80

Source: It was calculated from wood product export volumes and timber harvests in Ontario and British Columbia from the website of Natural Resources 
Canada (Accessed 30 Aug. 2018. http://cfs.nrcan.gc.ca/statsprofile/trade/bc).

http://cfs.nrcan.gc.ca/statsprofile/trade/bc
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Table A3. Timber harvest volumes and proportions in the southern, coastal and northern forestry areas of British Columbia

Harvest volume (m3) Proportion of the harvest volume

Year Southern interior Coastal area Northern interior
Southern and 
coastal areas Coastal area

2003 20,946,175 16,072,861 24,718,404 0.60 0.26

2004 32,764,378 26,900,704 32,475,506 0.65 0.29

2005 29,435,630 21,724,421 31,825,209 0.62 0.26

2006 29,727,442 19,706,943 31,961,396 0.61 0.24

2007 29,733,199 18,695,007 26,998,834 0.64 0.25

2008 25,615,122 15,405,715 20,921,305 0.66 0.25

2009 19,684,193 10,681,586 17,628,037 0.63 0.22

2010 24,205,789 16,354,319 24,864,282 0.62 0.25

2011 25,214,644 18,769,751 21,389,532 0.67 0.29

2012 26,780,583 18,154,048 23,547,939 0.66 0.27

2013 26,668,105 20,696,511 23,650,563 0.67 0.29

2014 24,306,955 19,157,196 23,007,000 0.65 0.29

2015 25,328,540 17,696,206 24,772,172 0.63 0.26

Average – – – 0.64 0.26

Data source: Government of British Columbia (2018f). 

Table A4. Estimated annual quarantine costs by product categories for southern British Columbia, static values

Labour fees (C$) Certification fees (C$)

Item

Adjusted for all 
species in 
Ontarioa

Adjusted for  
BC forestry 

industry scaleb

Adjusted for 
area suitable 

for gypsy mothc 

Adjusted for all 
species in 
Ontariod

Adjusted for  
BC forestry 

industry scalee

Adjusted for 
area suitable 

for gypsy mothf

Export shipments

Shipments of plants 104,974 2,589,300 1,657,548 20,395 502,941 322,038 

Shipments of Christmas trees 52,480 12,073 7,691 10,197 2,345 1,494 

Shipments of bough 108,466 24,953 16,200 21,075 4,847 3,147 

Shipments of foliage 191,285 44,006 28,568 37,164 8,548 5,550 

Sub-total – – 1,710,008 – – 332,230

Domestic shipments

Domestic movement 
certificates 432,718 2,077,568 1,329,664 84,072 403,545 258,335 

Shipments of nursery stock 34,991 168,000 107,520 22,208 106,598 68,239 

Shipments certified by 
inspection

309,082 1,483,968 949,760 60,051 288,244 184,525 

Shipment of Christmas trees 9,331 44,800 28,672 1,133 5,438 3,482 

Shipment of Christmas  
trees certified under  
DMC's inspection

5,598 26,880 17,203 680 3,264 2,089 

Entomology lab 56,945 273,408 174,981        –    –    –

Total    –    – 4,317,809       –    – 848,900

a: Table A1 [a] × 13.33.
b: × Table A1 [c].
c: × 0.64, Table A3.
d: Table A1 [b] × 13.33.
e: × Table A1 [c].
f: × 0.64, Table A3)
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Table A5. Calculation procedures for quarantine costs in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Data source

Quarantine Costs Input (1)

X1: Number of shipments Number of international and domestic shipments of pine products in Ontario Table A1

X2: Labour fees (C$) Calculated by multiplying the number of shipments by 2.5 hours per shipment and C$35 per hour Table A1

X3: Certification fees (C$) Calculated by multiplying the number of shipments by C$17 per certificate Table A1

X4: Ratio to adjust for  
quarantine costs

Assume the ratios follow Beta distributions, which are specified by the following general format:

RiskBetaGeneral (Parameter, Parameter, min, max, RiskStatic (mean))

Specifically, for export shipments, parameters are specified as:

Pine Plants: RiskBetaGeneral (2, 2, 14.21, 42.58, RiskStatic (24.66)

Christmas trees: RiskBetaGeneral (2, 2, 0.041, 0.7, RiskStatic (0.23)

Bough: RiskBetaGeneral (2, 2, 0.0035, 0.46, RiskStatic (0.23)

Foliage: RiskBetaGeneral (2, 2, 0.0035, 0.46, RiskStatic (0.23)

For import shipments, parameters are specified as: 

RiskBetaGeneral (2, 2, 3.86, 5.46, RiskStatic (4.8))

Table A2

Output (1)

Quarantine costs ((Sum (X2 × X4) + Sum (X3 × X4)) / 7.5%) × 64%

Table A6. Defoliation and mortality rates for primary and secondary GM host trees

Trees defoliated (%) Trees killed (%)

Scenario Year Primary host trees Secondary host trees Primary host trees Secondary host tree

High outbreak (3 years) 1 90 25 0 0

2 90 50 25 5

3 50 10 25 5

Medium outbreak (3 years) 1 50 12.5 0 0

2 75 25 12.5 2.5

3 25 5 12.5 2.5

Medium outbreak (2 years) 1 50 12.5 0 0

2 75 25 12.5 2.5

Low outbreak (2 years) 1 25 0 0 0

2 50 10 5 0

Source: Bigsby et al. (2014).
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Table A7. Calculation procedures for commercial forests in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Source

Input (2)

X5: Timber volume (m3) We calculated the average harvest volumes of timber for each Natural Resource District  
in coastal and southern interior areas of British Columbia from 2003 to 2015.

Harvest Billing System (HBS) 
of British Columbiaa

X6: Stumpage value (C$) We calculated the average timber stumpage values for each Natural Resource District  
in the coastal and southern interior areas of British Columbia from 2003 to 2015.

Harvest Billing System (HBS) 
of British Columbia

X7: Value of CO2 equivalent The value of CO2 equivalent was calculated from the timber harvest volumes and a 
conversion factor of 2 based on data generated from TIPSY software. We assumed it 
would take 50 years for the carbon in dead trees to be released into the atmosphere.

Harvest Billing System (HBS) 
of British Columbia

X8: Probability of pest 
introduction

We assumed a probability of 1 for each of the sub-districts. GM detection history from the 
website of the government of 
British Columbiab

X9: Probability of pest 
establishment

The probability was presumed to follow a Uniform distribution, with 5 probability 
intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8], [0.81, 1]. For example, the 
distribution was specified as: RiskUniform (0.81, 1, RiskStatistic (0.81)).

Based on a previous studyc

X10: Probability of tree 
mortality 

We assumed the probability followed a Beta distribution with a mean of 0.025,  
for which the distribution was specified as: 
RiskBetaGeneral (2, 2, 0.018, 0.032, RiskStatic (0.025))

Previous studyc

Output (2)

Volume at risk Sum (X5 × X8 × X9 × X10)

Value at risk Sum (X6 × X8 × X9 × X10)

Value of CO2 equivalent X7 = X5 × 2
Sum (X7 × X8 × X9 × X10) / 50

a: Government of British Columbia (2018f).
b: Government of British Columbia (2018d).
c: Régnière et al. (2009). 

Table A8. Calculation procedures for urban street trees in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Source

Input (3)

X11: Area of municipality (km2) 25 municipalities in Coastal BC and 20 in Southern Interior BC Government of British Columbiaa

X12: Tree density (tree per km2) References of urban street tree densities of the following cities:  
Vancouver, Victoria and Kelowna.

Websites of the following cities: 
Victoria, Vancouver and Kelownab

X13: Probability of pest 
introduction

A probability of 1 for each of the municipalities in the coastal and southern  
interior areas of BC

Based on the GM detection historyc

X14: Probability of pest 
establishment

We assumed the probability followed a Uniform distribution, with 5 probability 
intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8], [0.81, 1]. For example, 
the distribution was specified as: RiskUniform (0.81, 1, RiskStatistic (0.81)).

Based on a previous studyd

X15: Probability of tree  
mortality 

The probability was presumed to follow a Beta distribution with a mean  
of 0.025, for which the distribution was specified as:  
RiskBetaGeneral (2, 2, 0.018, 0.032, RiskStatic (0.025)).

Based on a previous studyd 

Output (3)

Tree removal and replacement 
costs Sum (X11 × X12 × C$455 per tree  × X13 × X14 × X15)

Tree ecological value Sum (X11 × X12 × C$69.64 per tree × X13 × X14 × X15)

a: Government of British Columbia (2016).
b: City of Vancouver (2018), City of Victoria (2018), City of Kelowna (2007).
c: Government of British Columbia (2018d). 
d: Régnière et al. (2009). 
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Table A9. Calculation procedures for fruit trees in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Source

Input (4)

X16: Area of fruit trees (ha) For each fruit tree species, the area was calculated by dividing the total area by the 
number of districts where it grows.

Government of British 
Columbiaa

X17: Fruit tree density (tree per ha) Tree densities vary for different tree species which include: apple, apricots, blueberry, 
cherry, cranberry, grapes, nectarines, peaches, pears, plums and prunes.

Table A20

X18: Gross revenue (C$) – Statistics Canadab

X19: Probability of pest introduction A probability of 1 for each of the agricultural districts in the coastal and southern 
interior areas of BC 

Based on the GM 
detection historyc

X20: Probability of pest establishment The probability was presumed to follow a Uniform distribution, with 5 probability 
intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8], [0.81, 1]. For example, the 
distribution was specified as: RiskUniform (0.81,1, RiskStatistic (0.81)).

Based on a previous studyd

X21: Probability of tree mortality We assumed the probability followed a Beta distribution with a mean of 0.025,  
for which the distribution was specified as: RiskBetaGeneral (2, 2, 0.018, 0.032, 
RiskStatic (0.025)).

Based on a previous study 
discussed earlierd

Output (4)

Number of trees at risk Sum (X16 × X17 × X19 × X20 × X21)

Value of trees at risk Sum (X18 × X19 × X20 × X21) × ((1 + 0.02)30 – 1) / (0.02 × (1 + 0.02)30) × 10%  
(Net revenues for 30 years under 2% discount rate)

a: Government of British Columbia (2018g).
b: Statistics Canada (2017a).
c: Government of British Columbia (2018d).
d: Régnière et al. (2009). 

Table A10. Calculation procedures for nursery stock in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Source

Input (5)

X22: Number of trees – Statistics Canadaa1

X23: Gross sale (C$) The value (net revenue) of nursery stock is assumed to be 10% of its gross revenue. Statistics Canadaa2

X24: Probability of pest 
introduction

We assumed a probability of 1 for each of the agricultural districts in the coastal 
and southern interior areas of BC 

Based on the GM detection historyb

X25: Probability of pest 
establishment

The probability was presumed to follow a Uniform distribution, with 5 probability 
intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8], [0.81, 1]. For example, the 
distribution was specified as: RiskUniform (0.81, 1, RiskStatistic( 0.81)).

Based on a previous studyc

X26: Probability of tree 
mortality 

We assumed the probability followed a Beta distribution with a mean of 0.025,  
for which the distribution was specified as:  
RiskBetaGeneral (2, 2, 0.018, 0.032, RiskStatic (0.025))

Based on a previous study (Table A6)d

Output (5)

Number of trees at risk Sum (X22 × X24 × X25 ×  X26)

Value of trees at risk (C$) Sum (X23 × X24 × X25 × X26) × 10%

a1: Statistics Canada (2017b).
a2: Statistics Canada (2017c).
b: Government of British Columbia (2018d). 
c: Régnière et al. (2009). 
d: Bigsby et al. (2014). 
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Table A11. Calculation procedures for Christmas trees in the @RISK simulation

Input variable Description of input and formulas used in at @RISK Source

Input (6)

X26: Area of Christmas trees (ha) – Government of British 
Columbiaa

X27: Number of Christmas trees It was calculated by multiplying the area of Christmas trees by Christmas tree 
density (The Christmas tree density varied from 1210 trees per acre, 1452 trees 
per acre, to 1742 trees per acre, we used 3705 trees per ha).

College of Agricultural, 
Consumer and Environmental 
Sciences, University of Illinoisb

X28: Value of Christmas trees It was calculated by multiplying the number of Christmas trees by the value per 
Christmas tree and 10% of net revenue (C$99 per tree/$75 per tree).

US National Christmas Tree 
Associationc

X29: Probability of pest introduction A probability of 1 for each of the agricultural districts in the coastal and southern 
interior areas of BC.

Based on the GM detection 
historyd

X30: Probability of pest establishment We assumed the probability followed a Uniform distribution, with 5 probability 
intervals: [0, 0.2], [0.21, 0.4], [0.41, 0.6], [0.61, 0.8], [0.81, 1]. For example, the 
distribution was specified as: RiskUniform (0.81,1, RiskStatistic (0.81). For example: 
RiskUniform (0.81,1,RiskStatistic (0.81)).

Based on a previous studye

X31: Probability of tree mortality The probability was assumed to follow a Beta distribution with a mean of 0.025, 
for which the distribution was specified as:RiskBetaGeneral (2, 2, 0.018, 0.032, 
RiskStatic (0.025)).

Based on a previous study 
discussed earliere

Output (6)

Number of trees at risk Sum (X27 × X29 × X30 × X31)

Value of trees at risk (C$) Sum (X28 × X29 × X30 × X31)

a: Government of British Columbia (2018g).
b: College of Agricultural, Consumer and Environmental Sciences, University of Illinois (2017).
c: US National Christmas tree Association (2017).
d: Government of British Columbia (2018d). 
e: Régnière et al. (2009). 

Table A12. The average volumes and values of harvested trees in the coastal and southern Interior areas of British Columbia, 2003–2015

ID Natural Resource District Volume (m3)
Stumpage value  

(2015 C$)
Amount of CO2 
equivalent (mt)

Value of CO2 
equivalent (C$30/mt)

1 South Island 5,439,209 36,900,033 10,878,418 326,352,540

2 Chilliwack 1,167,654 9,887,315 2,335,308 70,059,240

3 Sea to Sky    464,992 3,857,078 929,984 27,899,520

4 Campbell River 4,121,079 56,397,339 8,242,158 247,264,740

5 Sunshine Coast 1,911,265 19,419,011 3,822,530 114,675,900

6 Cascades 2,988,083 43,547,586 5,976,166 179,284,980

7 Rocky Mountain 2,089,808 20,786,869 4,179,616 125,388,480

8 Okanagan Shuswap 3,912,574 39,431,758 7,825,148 234,754,440

9 100 Mile House 2,589,988 24,283,062 5,179,976 155,399,280

10 Selkirk 3,578,817 42,739,854 7,157,634 214,729,020

11 Thompson River 3,695,901 58,483,552 7,391,802 221,754,060

12 Cariboo – Chilcotin 3,345,523 29,457,457 6,691,046 200,731,380

13 North Island – Central Coast 4,327,042 51,770,752 8,654,084 259,622,520

14 Quesnel 4,591,951 47,357,018 17,262,751 517,882,530

Note: Government of BC (2018f). 
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Table A13. Estimated volumes and values of harvested trees at risk and the corresponding values of CO2 equivalent of commercial forests for each of 
the Natural Resource Districts in southern British Columbia

ID Natural Resource District p2

Volume of trees  
at risk (m3)

Value of trees  
at risk (C$)

Value of CO2  
(C$30/mt)

1 South Island 0.81 110,144 747,226 132,173

2 Chilliwack 0.81 23,645 200,218 28,374

3 Sea to Sky 0.41 4,766 39,535 5,719

4 Campbell River 0.81 83,452 1,142,046 100,142

5 Sunshine Coast 0.81 38,703 393,235 46,444

6 Cascades 0.41 30,628 446,363 36,753

7 Rocky Mountain 0.41 21,421 213,065 25,705

8 Okanagan Shuswap 0.81 79,230 798,493 95,076

9 100 Mile House 0.61 39,497 370,317 47,397

10 Selkirk 0.61 54,577 651,783 65,492

11 Thompson River 0.81 74,842 1,184,292 89,810

12 Cariboo – Chilcotin 0.21 17,564 154,652 21,077

13 North Island – Central Coast 0.01 1,082 12,943 1,298

14 Quesnel 0.01 1,148 11,839 1,378

Note: p1 is the probability of GM introduction that was assumed to be 1. p2 is the lower boundary of the pest establishment probability of each Natural 
Resource District. We assumed a 2% decay rate for the dead trees, therefore, the value of CO2 equivalent was annualized by dividing by 50. The estimated 
values in this table were based on deterministic values of p2 and a tree mortality rate of 2.5% for each sub-region.

Table A14. Simulated aggregate volumes and values of trees at risk in commercial forests of southern British Columbia

Item Mean Min Max

Volume of dead trees (m3) 685,713 582,293 795,654

Value of dead trees (C$) 7,516,405 6,093,191 9,045,969

Lost value from released carbon in dead trees (C$) 822,909 693,569 963,858

Note: The Monte Carlo simulation procedure is provided in Table A7.

Table A15. References of urban street tree densities in the coastal and southern interior areas of British Columbia

City Number of urban trees Area (km2) Number of trees per km2

Vancouver 140,000 114.97 1218

Victoria 33,000 19.47 1694

Kelowna 9,459 212 44

Data source: City of Vancouver (2018); City of Victoria (2018); City of Kelowna (2007).

Table A16. References of urban street tree removal and replacement costs

Item Value per tree

Removal costa Between $200 and $1000 (25 feet tall to 75 feet tall )

Replacement costb $255 per tree

Total economic cost $455 – $1255 per tree

a: Tree removal (2018).
b: This replacement cost was estimated by $194 per street tree plus $38 per labour hour multiplied by 1.6 labour hour.
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Table A17. Estimated volumes and values of urban street trees at risk in 25 coastal cities in British Columbia

City
Urban  

area (km2) p2 Number of trees
Ecological  
value (C$)

Removal and  
replacement cost (C$)

Abbotsford 376 0.81 546,918 771,269 5,039,166

Burnaby 91 0.81 131,956 186,086 1,215,814

Campbell River 144 0.81 210,233 296,473 1,937,036

Chilliwack 262 0.81 381,044 537,352 3,510,845

Colwood 18 0.81 25,733 36,289 237,098

Coquitlam 122 0.81 178,107 251,168 1,641,033

Courtenay 32 0.81 47,199 66,561 434,880

Duncan 2 0.81 3,015 4,251 27,775

Langford 40 0.81 58,165 82,025 535,919

Langley 10 0.81 14,884 20,989 137,133

Maple Ridge 267 0.81 388,515 547,888 3,579,680

Nanaimo 91 0.81 132,175 186,394 1,217,826

New Westminster 16 0.81 22,762 32,099 209,725

North Vancouver 12 0.81 17,257 24,336 159,004

Parksville 15 0.81 21,204 29,902 195,367

Pitt Meadows 87 0.81 125,986 177,666 1,160,799

Port Alberni 20 0.81 28,777 40,581 265,142

Port Coquitlam 29 0.81 42,481 59,907 391,406

Port Moody 26 0.81 37,704 53,170 347,394

Powell River 29 0.81 42,102 59,373 387,917

Richmond 129 0.81 188,257 265,483 1,734,557

Surrey 316 0.81 460,792 649,813 4,245,620

Vancouver 115 0.81 167,432 236,115 1,542,678

Victoria 19 0.81 28,354 39,986 261,250

White Rock 5 0.81 7,456 10,515 68,701
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Table A18. Estimated volumes and values of urban street trees at risk in 20 southern interior cities in British Columbia

City Area (km2) p2 Number of trees
Ecological  
value (C$)

Removal and  
replacement cost (C$)

Armstrong 5 0.81 233 329 2,147

Castlegar 20 0.61 878 933 6,094

Cranbrook 32 0.41 1,429 1,020 6,663

Enderby 4 0.81 190 268 1,753

Fernie 14 0.41 603 430 2,811

Grand Forks 10 0.61 466 495 3,231

Greenwood 2 0.61 108 115 750

Kamloops 299 0.81 13,361 18,842 123,108

Kelowna 212 0.81 9,459 13,339 87,153

Kimberley 61 0.41 2,707 1,932 12,623

Merritt 26 0.41 1,164 831 5,429

Nelson 12 0.61 534 567 3,702

Penticton 42 0.81 1,880 2,651 17,319

Quesnel 35 0.01 1,580 28 180

Revelstoke 41 0.61 1,836 1,950 12,743

Rossland 60 0.61 2,670 2,835 18,524

Salmon Arm 155 0.81 6,933 9777 63,881

Trail 35 0.61 1,560 1,656 10,822

Vernon 96 0.81 4,289 6,048 39,514

Williams Lake 33 0.81 1,479 2,086 13,629

Note: The probability of pest introduction p1 was assumed to be 1 for each of the cities. p2 is the lower boundary of pest establishment probability for 
each of the cities. The tree density was 1,456 trees per km2 for the coastal cities and 44 trees per km2 for the southern interior cities. The ecological value 
was C$69.64 per tree and the tree removal and replacement cost was C$455 per tree. The estimated values in this table were based on deterministic 
values of p2 and a tree mortality rate of 2.5% for each sub-region. 

Table A19. Simulated aggregate volumes and values of urban street trees at risk for southern British Columbia

Item Mean Min Max

Number of dead trees 67,947 58,940 77,879

Ecological value of dead trees (C$) 4,731,785 4,107,287 5,498,504

Tree removal and replacement costs (C$) 30,916,847 26,786,111 37,389,458

Tree removal costs (C$) 13,589,823 11,774,115 16,434,926

Note: The Monte Carlo simulation procedure is provided in Table A8.
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Table A20. Fruit orchard plant densities

Fruit Trees Spacing Density (per acre) Density (per ha) 

Applea 10´ × 16´ 272 672

750–1,000 1,853–2,471

Apricotb 110 271

250 617

Blueberry (low bush)c 5´ × 12´´ 8,712 21,605

Blueberry (high bush)c 10´ × 5´ 1,060 2,610

7´ × 5´ 1,180 2,890

8´ × 4´ 1,350 3,430

6´ × 4´ 1,780 4,360

Cherry (sweet)c 13´ × 5´ 670 1,650

Cranberryd 2´ × 3´ 7,260 17,939

Grapese 6´ × 10´ 726 1794

Nectarinef 20´ × 14´ 155 383

18´ × 12´ 201 496

14´ × 4´ 777 1,920

Peachf 20´ × 14´ 155 383

18´ × 12´ 201 496

14´ × 4´ 777 1,920

Pearg 10´ × 18´ 242 598

300–1,400 741–3,459

Plum and pruneh 14´ × 18´ 172 414

Raspberryc 6´ × 12´´ 7,400 18,500

8´ × 12´´ 5,400 13,600

10´ × 12´´ 4,400 11,000

a: Wunderlich et al. (2007).
b: Anderson et al. (2003).
c: Production Lareault inc. (2017).
d: Stark Bro’s Co. (2018). 
e: Ingels et al. (2015). 
f: Ontario Ministry of Agriculture – Food and Rural Affairs (2003). 
g: West et al. (2012); Oregon State University (2018). 
h: Day et al. (2009). 
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Table A21. Estimated volumes and values of fruit trees at risk in southern British Columbia

Crop
District 

No. Area (ha)
Tree density  

(per ha)
Net revenue 

(2015 value) (C$)
Number of  
trees at risk

Value of trees  
at risk (C$) p2

Apple 1 858 672 918,440 11,680 416,544 0.81

2 858 672 918,440 11,680 416,544 0.81

3 858 672 918,440 11,680 416,544 0.81

4 858 672 918,440 11,680 416,544 0.61

5 858 672 918,440 144 5,142 0.01

Total 4,291 4,592,200

Apricots 3 53 271 4,800 290 21,782 0.81

5 53 271 4,800       – – 0.01

Total 106 96,000

Blueberry  
(Low brush)

3 6,886 21,605 9,631,800 3,013,004 4,368,302 0.81

Total 6,886 9,631,800

Cherry 3 801 1,650 2,078,950 26,773 942,880 0.81

5 801 1,650 2,078,950 331 11,640 0.01

Total 1,602 4,157,900

Cranberry 5 2,561 17,939 4,511,000 11,487 25,258 0.01

Total 2,561 4,511,000

Nectarines 4 80 383 103,300 465 35,288 0.61

Total 80 103,300

Peaches 1 170 383 197,600 1,321 89,620 0.81

4 170 383 197,600 995 67,492 0.61

5 170 383 197,600 16 1,248 0.01

Total 511 592,800

Pears 1 89 598 120,633 1,086 54,711 0.81

3 89 598 120,633 1,086 54,711 0.81

5 89 598 120,633    –    – 0.01

Total 269 361,900

Plums  
and prunes

1 32 414 24,740 273 11,223 0.81

2 32 414 24,740 273 11,223 0.81

3 32 414 24,740 273 11,223 0.81

4 32 414 24,740 206 8,452 0.61

5 32 414 24,740     –     – 0.01

Total 163 123,700

Raspberry 4 1,736 11,000 1,935,700 4,899,860 661,148 0.61

Total 1,736 1,935,700

Blueberry  
(High bush)

3 8,997 2,610 12,393,500 475,514 5,620,814 0.81

Total 8,997 12,393,500

Grapes 3 7,425 1,794 8,876,000 269,778 4,025,577 0.81

Total 7,425 8,876,000

Note: The area and revenue for each of the 5 agricultural regions were calculated based on data from Statistics Canada. The probability of pest introduction 
p1 was assumed to be 1. p2 is the lower boundary of pest establishment for each of the agricultural districts. The number of districts from 1 to 5 represents 
the agricultural sub-regions of Vancouver Island-Coast, Lower Mainland-Southwest, Thompson-Okanagan, Kootenay and Cariboo respectively. We assumed 
the value of fruit trees are accounted by 10% of its sales revenue, upon which the value of trees at risk are computed for a 30-year productive period under 
a 2% discount rate. The total number of trees and net revenues for each fruit species in BC was divided by the number of agricultural districts where each 
fruit tree species grow to get an estimate for each of the agricultural sub-regions. The estimated values in this table were based on lower boundaries of 
p2 and tree mortality rate of 2.5% for each sub-region.
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Table A22. The estimated volumes and values of nursery stock at risk in southern British Columbia

District Area (ha) Number of trees
Net revenue  

(2015 value) (C$)
Number of  
trees at risk 

Value of trees  
at risk (C$) p2

1 902 20,816,738 2,850,987 341,446 46,763 0.81

2 5,070 117,028,554 16,027,821 971,630 133,070 0.81

Note: p2 is the lower boundary of pest establishment probability. We assumed the value of trees accounted for 10% of its sales revenue. The estimated 
values in this table were based on deterministic values of p2 and tree mortality rate for each sub-region.

Table A23. The estimated volumes and values of Christmas trees at risk in southern British Columbia

District Area (ha) Number of trees
Net revenue  

(2015 value) (C$)
Number of  
trees at risk 

Value of trees  
at risk (C$) p2

1 329 1,218,945 12,067,555 19,994 197,938 0.81

2 342 1,267,110 12,544,389 10,520 104,150 0.81

3 198 733,590 7,262,541 1,634 16,177 0.81

4 814 3,015,870 29,857,113 5,059 50,085 0.61

5 287 1,063,335 10,527,016 29 289 0.01

Note: p2 is the lower boundary of pest establishment. The density of Christmas tree was 3,705 trees per ha and the sales price was C$99 per tree. We 
assumed that the net revenue (value) of Christmas trees is 10% of its sales revenue. The estimated values in this table were based on deterministic values  
of p2 and tree mortality rate for each sub-region.

Table A24. Simulated aggregate volumes and values of agricultural plants at risk In southern British Columbia

Item Mean Min Max

Fruit trees

Number of trees at risk 10,076,740 8,532,993 11,753,207

Value of trees at risk (C$) 20,199,605 16,381,976 24,390,112

Nursery stock

Number of trees at risk 2,588,292 2,110,130 3,149,147

Value of trees at risk (C$) 401,490 370,363 502,807

Christmas trees

Number of trees at risk 128,792 96,219 164,634

Value of trees at risk (C$) 1,274,951 943,312 1,582,403

Note: The Monte Carlo simulation procedures are provided in Tables A9, A10 and A11.
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Table A25. Summary of the simulated annual economic losses from commercial forests, urban street trees, fruit trees,  
nursery stock and Christmas trees in southern British Columbia

Item Mean (C$) Min (C$) Max (C$)

Commercial forests

Value of trees at risk 7,516,405 6,093,191 9,045,969

Lost values from carbon release 822,909 693,569 963,858

Urban street trees

Tree removal and replacement costs 30,916,847 26,786,111 37,389,458

Fruit trees

Net revenue of fruits over 30 years 20,199,605 16,381,976 24,390,112

Nursery stock

Value of trees at risk 401,490 370,363 502,807

Christmas trees

Value of trees at risk 1,274,951 943,312 1,582,403

Total potential economic losses 61,132,207 51,268,522 73,874,611

Annual economic losses 2,445,423 2,050,854 2,955,148

Note: We assumed it would take 30 years for GM to occupy the entire forests and agriculture regions in coastal and  
southern interior areas of British Columbia. A 5-year delay was assumed for severe damage to occur after GM introduction.  
The potential economic losses was annualized over a 35-year period (30 years spread period plus a 5-year delay). 

Table A26. Simulated aggregate economic losses from urban street trees In southern British Columbia

Item Mean Min Max

Tree removal costs (C$) 13,589,823 11,774,115 16,434,926

Tree ecological value (C$) 4,731,785 4,107,287 5,498,504

Total potential economic losses (C$) 18,321,608 15,881,402 21,933,430

Annual economic losses 732,905 635,291 877,386

Note: The potential economic losses was annualized over a 35-year period (30 years spread period plus a 5-year delay). 
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