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ADDENDUM

The scheduled release of this report in April
2009 was temporarily delayed by the onset
of the international influenza A HIN1 epi-
demic originating in Mexico. While the au-
thors of this report are well aware of current
conditions pertaining to influenza A HINT,
this report was finalized prior to the onset of
this event and consequently does not include
analyses specific to this epidemic.
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Infectious diseases have always crossed
national boundaries; however, the speed at
which an infectious agent can now dissemi-
nate around the world was exemplified by
the SARS coronovirus in 2003. This previous-
ly unknown virus emerged in the Guangdong
province of China and rapidly disseminated
around the world via the global airline trans-
portation network. Canada imported cases of
SARS through airports in Vancouver and To-
ronto, leading to 44 deaths, industry losses in
billions of dollars, and expenditures exceed-
ing one billion dollars to control the outbreak
in Ontario. This landmark event highlighted
Canada'’s vulnerability to global infectious

disease threats.

This report examines in unprecedented detail,
the complex and evolving fabric of the global
airline transportation network from the per-
spective of Canadian public health security.
Using real data on the complete architecture
of the global airline transportation network
and the more than two billion passengers
traveling through it each year, this report
meticulously evaluates Canada'’s vulnerability
to global infectious disease threats. Strategies
to mitigate the risks of importation and their
consequences are proposed at three frontiers

moving from domestic to international:

1. Major domestic points of entry used by air fravel-
ers arriving in Canada

2. Maijor international transit points used by air frav-
elers coming to Canada

3. leading g|o%o| sources of infernational air travel-
ers coming to Canada

1. Reinforcing Lines of Defence at Major
Domestic Points of Entry

Three cities — Toronto, Vancouver, and Mon-

treal — receive more than eighty percent of all
infernational air traffic flowing into Canada
from the developing world. Thus, if global
infectious disease threats are to breach
Canada’s borders by air, it is highly probable
they will do so through one or more of these
locations. By all metrics, Toronto is the most
vulnerable domestic point of entry in Canada
- ranking alongside the world's most centrally
located cities within the global airline trans-
portation network and receiving the interna-
tional air traffic volumes of Vancouver and

Montreal combined.

Although it is a smaller, less populated city
than Montreal, there are several reasons why
Vancouver appears to be the second most
vulnerable point in Canada. First, by most
metrics it is more centrally located within the
global airline transportation network. Sec-
ond, it receives a greater volume of interna-
tional travelers from around the world than
Montreal. And third, Vancouver is Canada’s
most strongly connected point to East Asia.
East Asia is of special concern because it is
where SARS originated, where human cases
of highly pathogenic (H5N1) avian influenza
are occurring in their greatest numbers, and
where many experts fear pandemic influenza
and other emerging infectious diseases may
originate. Should future threats arise in East
Asia, Vancouver would likely be Canada’s
most vulnerable domestic point. This predic-
tion is consistent with observations during
SARS, as Vancouver received more imported
cases of this disease than any other city in
Canada. While Montreal is a major metropo-
lis, it is more sequestered in the global airline

transportation network than either Toronto
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or Vancouver, with a substantial majority of
its international traffic originating in Europe,
North Africa, and the Middle East. These ori-
gins are felt to be of lower risk for the impor-

tation of emerging infectious diseases.

Taking into consideration the global con-
nectivity of Canada'’s largest cities and the
presumed international sources of future
infectious disease threats, it would be pru-
dent for Canada to strengthen its emergency
preparedness and response capabilities in
Toronto, Vancouver and Montreal, in this or-
der of priority. At a minimum, Canada should
consider designating its international airports
at Toronto and Vancouver under the terms of
the revised International Health Regulations,
and strongly consider designating Montreal’s
international airport as well. While Calgary’s
status in the global airline transportation
network is evolving, its current level of global
connectivity via commercial air travel remains
somewhat limited. Periodic reevaluations of
Calgary and other Canadian cities will be
needed to determine how their status evolves

over time.

2. Reinforcing Lines of Defence at Major
International Transit Points used by
Travelers Coming to Canada

Of all international travelers arriving in Can-
ada from the developing world, sixty percent
use more than one flight to reach their final
destination. Commercial airports outside of
Canada where these flight connections occur
represent a potential “upstream” frontier for
intervention. Of note, half of all flight connec-
tions made by passengers traveling to Cana-

da from developing areas of the world occur

in the airports of just nine cities worldwide.
These cities listed by order of frequency are:
i) London, UK, ii) Hong Kong, iii) Tokyo, iv)
Frankfurt, v) Paris, vi) Miami, vii) Amsterdam,
viii) New York City, and ix) Chicago. In
total, these nine cities account for 1.4 million
flight connections directing passengers into
Canada every year. Given the potential for
travelers infected with dangerous pathogens
to become ill during flights or flight layovers,
it may be prudent to collaborate with these
airports and their respective governments, in
an effort to educate and/or screen travelers,
particularly during the midst of epidemics of

international significance.

3. Reinforcing Lines of Defence at Lead-
ing Global Sources of International
Travelers to Canada

In order for global infectious disease threats
to enter Canada’s borders by air, a series

of three connected steps must occur. First,

an infectious agent of public health and/

or economic significance must arise some-
where in the world; second, the infectious
agent must gain access fo the global airline
transportation network; and third, air traf-

fic flows departing the source location must
direct the agent info a commercial airport
inside Canada’s borders. Consequently, the
risk of importing global infectious disease
threats into Canada is a composite of the
probabilities for each step. Considering these
factors, four developing and nine industrial-
ized countries have been identified as impor-

tant potential locations from which infectious



disease threats may enter Canada’s borders.
Collectively, these thirteen countries generate
eighty percent of all international traffic enter-

ing Canada from around the world.

Developing Economies

Ching, including Hong Kong, generates the
third largest volume of international passen-
ger traffic entering Canada after the United
States and the United Kingdom. Of all inter-
national passengers entering Canada today,
approximately one in twenty-ive initiates
their trip from within China’s borders. Of
these passengers, ninety percent depart from
just three cities — Hong Kong, Beijing, and
Shanghai. China is of particular interest from
the perspective of infectious disease threats
because of the country’s historic association
with diseases such as SARS and communi-
cable agents of avian origin due to the high
co-density of humans and birds. Furthermore,
as a nation comprising extremes of poverty
and wealth, conditions in certain areas of the
country may foster the emergence of infec-
tious diseases while others provide a platform
for international dissemination via air travel.
In the case of SARS, a synergy of conditions
contributed to the international dissemination
of this disease — with its initial emergence
and propagation in Guangdong province
coupled with the flows of air traffic generated
by the fifth largest international airport in the
world in neighbouring Hong Kong. Similar
conditions and circumstances could contribute
to the international dissemination of pan-
demic influenza of avian origin (e.g. H5N1)
or other infectious disease threats that may
emerge from within China’s borders.

Mexico generates the second largest volume
of international passenger traffic entering
Canada from any developing country after
China. A substantial majority of this traffic
flows into Canada from resort cities like Can-
cun and Puerto Vallarta between January and
April, largely representing Canadians return-
ing home from winter and spring vacations.
Throughout the year however, Mexico City
continues to be a steady source of air traffic
into Canada, producing almost 190,000 pas-
sengers annually. After Hong Kong, Mexico
City is the largest urban source of air traffic
into Canada from a developing country. Pov-
erty, high population density, limited health-
care resources, coupled with a high volume
of international inbound traffic to Canada
provide conditions that could make Mexico
City an important future source location.

India is a major developing country with high
population density and focal areas of ac-
celerated industrialization. The conditions of
poverty and expanding wealth within India
bear a striking resemblance to those found in
mainland China. Today, approximately one
in fifty international travelers entering Cano-
da’s borders originates their trip from within
India. Of these passengers, eighty percent
depart from three cities — Delhi, Mumbai, and
Amritsar. As India continues to industrialize
and its relationship with Canada evolves, its
significance as a potential source country

for emerging infectious diseases may rise in
tandem.

The Philippines generates the fifth largest
volume of international passenger traffic
entering Canada from the developing world
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after China, Mexico, India, and Cuba. While
Cuba produces a slightly higher volume of
international traffic entering Canada than
the Philippines, a substantial proportion of
Cuba'’s traffic represents Canadian travelers
returning home from winter and spring vaca-
tions between January and April. The Philip-
pines is felt to be of greater significance to
Canada, as conditions in the country may be
more conducive to the emergence of new or
dangerous infectious diseases and because
the Philippines is tightly interconnected with
other East Asian countries where human
cases of highly pathogenic (H5N1) avian
influenza are being reported in substantial
numbers.

Industrialized Economies

The United States (U.S.) generates by far

the largest volume of international air traffic
entering Canada of any country in the world.
Today, approximately one in every two inter-
national passengers entering Canada does
so from the U.S. While the U.S. may be an
unlikely source for the emergence of new or
dangerous infectious disease threats, it alone
generates over 13% of the world’s interna-
tional traffic volume and in turn represents a
high risk destination in and of itself. Given
the extensive population mixing between

the two countries via commercial air travel
and land border crossings, the U.S. should
receive special consideration as an important
potential location from which infectious dis-
ease threats may enter Canada. With 51%
of Canada’s international air traffic coming
from the U.S. and 13% of the U.S." interna-
tional air traffic coming from Canada; there
are compelling reasons for both countries to

cooperate on preparing for and responding

to future global infectious disease threats.

The European Union (E.U.) generates almost
onefifth of all international traffic entering
Canada. Like the United States, the E.U. may
be an unlikely source for the emergence of
new or dangerous infectious disease threats,
but it generates over 19% of the world's inter-
national traffic volume and consequently rep-
resents a high risk destination in and of itself.
Of E.U. member states, more than 75% of all
traffic entering Canada originates from the
following five countries by order of volume:

i) United Kingdom, ii) France, iii) Germany,
iv) ltaly and v) the Netherlands. As with the
United States, there are compelling reasons
for Canada to consider collaboration with the
E.U. on addressing common risks of global

infectious disease threats.

Japan, South Korea, and Taiwan represent
three highly industrialized economies in East
Asia that could become primary sources of
emerging infectious diseases to Canada,

but may be more important as secondary
sources after importing diseases from other
less developed countries in Asia. Collectively,
these three industrialized economies generate
3.8% of Canada'’s total volume of inbound

international air traffic.

The spread of human infectious diseases

is as old as human migration itself. How-
ever, since the advent of commercial air
travel and the subsequent transformation in
global population mobility, the line separat-
ing domestic from international threats has
become increasingly blurred. While reinforc-
ing domestic lines of defence is an essential

component of a national biodefence strategy,
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Canada should consider a more diversified
portfolio of options involving collaboration
with specific airports, cities, and countries
around the world. If Canada wishes to play a
more active role in delaying or even prevent-
ing the domestic entry of infectious disease
threats altogether, greater emphasis on in-
ternational source control will be required.
This report provides the data and evidence
needed to help direct Canadian prepared-
ness and response efforts to specific domes-
tic and international locations that are most
likely to serve Canada’s national self-interests,
while concurrently benefiting other countries
and strengthening the fabric of global public
health security.
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The birth of commercial air travel in the
mid-20th century triggered a fundamental
transformation in the global mobility of hu-
mankind. Since then, the world has become
increasingly interconnected by the global
airline transportation network. Today, this
worldwide system of commercial airports
across nearly 3500 cities carries more than
two billion passengers through 35,000 com-
mercial aviation arteries each year. While
global interconnectedness confers tremendous
benefits to humankind, it concurrently fosters
interdependence and vulnerability. From

the perspective of public health security, the
global airline transportation network has be-
come an important conduit for the worldwide

spread of infectious diseases'”.

Canadian vulnerabilities to global infectious
disease threats were fully exposed during the
worldwide outbreak of severe acute respirato-
ry syndrome (SARS), when a novel coronavi-
rus emerging in China’s Guangdong province
found its way to the fifth largest international
airport in the world in neighbouring Hong
Kong*®. Shortly thereafter, this communicable
and highly virulent disease unsuspectingly
penetrated Canada’s borders through inter-
national airports in Toronto and Vancouver®.
With a local outbreak ensuing in Toronto”?,
the health and economic repercussions of
this event were unprecedented in Canadian
history. Hundreds became infected with SARS
leading to 44 deaths; tens of thousands
required quarantine; industry losses were in-
curred in billions of dollars; and expenditures
exceeding one billion dollars were required
to control the outbreak’. Often referred to as
a “pandemic dress rehearsal”, SARS was an

abrupt reminder that Canada remains vul-

nerable to global infectious disease threats,
whether originating from naturally occurring
phenomena, accidental laboratory breaches,

or intentional release.

More recently, the global community has
directed its attention to highly pathogenic
(H5NT1) avian influenza and its potential role
in triggering the next influenza pandemic'®.
Even in the best case scenario, the global
health and economic repercussions of an
influenza pandemic would dramatically
overshadow those felt during SARS''. Despite
the expanding role of commercial air travel

in the spread of emerging infectious diseases,
a limited amount of research has been con-
ducted to help countries better prepare for
the realities of infectious disease threats in an
increasingly globalized world'?. For example,
national or international pandemic influenza
plans do not specifically account for global
patterns of commercial air traffic and their
implications for preparedness and response
strategies'>'*. Given that characteristics of the
global airline transportation network appear
to be correlated with the spatial dissemination

patterns of infectious diseases'>'

, @ rigorous
assessment of how Canada’s cities are inter-
connected with others around the world is

warranted.

Notwithstanding the need for more applied
research to meet the public health and se-
curity needs of nations and the international
community at large'?, research on global
population mobility has been stunted by
limited access to quality data on the global
airline transportation network and worldwide

commercial air traffic patterns. As part of

The BIO.DIASPORA Project®®, our multidisci-
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plinary scientific team fulfilled this need by
developing a data warehouse for the sole
purpose of conducting methodological and
applied research on commercial air travel
and emerging infectious disease threats. This
report embodies rigorous analysis of these
data from multiple scientific perspectives —
medicine, infectious diseases, public health,
health policy, biostatistics, geographic sci-
ences, network analysis, computer sciences,

and mathematical modeling.

The primary objectives of this report are to
shed light on: i) how Canada and its major
regions and municipalities are connected
with the international community via the
global airline transportation network, and
how this interconnectedness has evolved with
time; ii) how Canada’s global connectivity
translates into domestic vulnerability to im-
ported infectious disease threats; and iii) how
Canada can best mitigate the risks and/or
consequences of imported infectious disease
threats through targeted preventive measures.
Consistent with the philosophy of the revised
International Health Regulations?' to shift
emphasis away from passive border control
measures to a more proactive approach of
containing infectious disease threats at their
source, this report considers Canadian pre-
vention strategies at three frontiers. These
include: i) major domestic points of entry
used by travelers arriving in Canada; ii)
major international transit points used by air
travelers coming to Canada; and iii) leading
global sources of international air travelers
coming to Canada. By focusing on each of
the above frontiers Canada can strategically

reinforce its domestic surveillance, control

and response systems; strengthen public
health security in commercial air travel;
and develop global partnerships to address
common threats — all key objectives of the
revised International Health Regulations?' 22,
Consequently, Canada can directly serve its
own national self-interests while concurrently
benefiting other countries and strengthening

the fabric of global public health security.

Prior to the advent of commercial air travel,
local infectious disease epidemics lacked the
ability to rapidly transform into global ones.
Today, with more than two billion passengers
flowing through the world’s commercial avio-
tion arteries every year, rapidly developing
global outbreaks that were once considered
impossible are now plausible and even
probable. As Canada prepares itself for the
inevitable infectious disease threats of tomor-
row, it will benefit from a more sophisticated
understanding of its continually evolving rela-
tionship with the world's cities via the global

airline transportation network?.
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- Conceptual Framework

At the onset of this project, a conceptual
framework was developed to consider how
the global airline transportation network
may act as a conduit for the importation of
dangerous infectious diseases into Canada.
The framework contemplates a series of three
interconnected frontiers, where Canadian
efforts may be directed to minimize the likeli-

hood of importation (see Exhibit 1).

The first frontier considers the emergence of
infectious disease threats from an interna-
tional source. Threats may arise secondary
to i) naturally occurring phenomena such

as those driving the recurrence of influenza
pandemics, ii) breaches at laboratories
harbouring dangerous pathogens, and/or

i) the intentional release of infectious agents
as acts of bioterrorism. The probability of
achieving source control at this frontier is a
composite of factors including, but not limited
to i) characteristics of the infectious agent
causing the threat and the setting in which it
arises, ii) promptness with which the source
location recognizes, identifies, and character-
izes the threat, and iii) rapidity, intensity, and
effectiveness with which the source location

responds to the threat.

The second frontier considers the transloca-
tion of infectious agents via the global airline
transportation network. In this report, only
infectious agents that can be carried by pas-
sengers endogenously as latent infection or
active disease or exogenously on articles of
clothing or fomites are considered. While
most endogenously transported agents cause
human disease and consequently have impli-
cations to public health, exogenously trans-
ported agents may be the source of plant or

animal infections that carry only economic

consequences (e.g. hoof and mouth dis-
ease virus and the cattle industry). Infectious
agents may be transported directly from
source to destination via non-stop flights or
indirectly via connecting airports. Opportuni-
ties to detect and respond to threats exist at
airports where passengers embark, connect

(if applicable), and/or disembark.

The third frontier considers the entry of infec-
tious agents via commercial airports into their
final domestic destination within Canada.
The probability of preventing threats from
entering the general population is dependent
upon the point of entry’s ability to i) quickly
recognize, identify, and characterize the
threat, and ii) rapidly and effectively respond
to it. Should an infectious agent pass through
the point of entry undetected, then its final do-
mestic destination could potentially become a

secondary source for disease exportation.

In public health terms, preparedness and
response efforts directed at the international
frontier are considered akin to primary pre-
vention strategies since they aim to prevent
the entry of infectious threats into Canada
altogether. Efforts directed at the transporta-
tion network frontier are considered akin to
secondary prevention strategies since they
aim to detect and control threats en route

to Canada - before they interact with the
general population. Finally, efforts directed
at the domestic frontier are considered akin
to tertiary prevention strategies since they
aim to minimize the health and/or economic
consequences of infectious disease threats
once they have already breached Canada’s

borders.
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Exhibit 1:

Conceptual Framework

International Spread of Infectious Diseases via
the Global Airline Transportation Network

Emergence of Infectious Threats
Naturally Occurring Events

Laboratory Breaches
Intentional Release-Bioterrorism

International Airline Transportation Network Domestic

Source

Importation

Prevent Emergence of OR Detect-Control Threats Detect-Control Threats
Detect-Control Threats at Source En Route to Destination within Destination

¢
Available Strategies for Intervention
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Data Contents

Data used to conduct the scientific research to
produce this report are organized into two catego-
ries:

A. Commercial Air Travel: Includes information
about the global airline transportation network
and its role as a conduit for the international
spread of infectious diseases. Data are global in
scope but have been analyzed with emphasis on
determining how Canada and its major regions
and cities are interconnected with the international
community. The primary sources of commercial air
traffic data used in this report include:

The Official Airline Guide (OAG)

Airports Council International (ACI)

Infernational Civil Aviation Organization (ICAO)
Infernational Air Transport Association (IATA|

Worldwide OAG data from 2008 were used to
study the architecture of the global airline trans-
portation network, shedding light on how cities
and countries around the world are intercon-
nected. These data were also used to determine
the types of flights entering cities (i.e. domestic
or international or both) as well as the degrees
of separation between cities, measured in flight
connections needed to travel between a given
city-pair. All measures of centrality (i.e. degree,

betweeness, closeness) were also calculated using
2008 worldwide OAG data.

ACI data were analyzed across a period of nine-
ty-six consecutive months between January 2000
and December 2007. This analysis facilitated the
careful study of seasonal patterns and evolving
long term trends in domestic and international
passenger traffic across Canada’s major munici-
palities. Due to the intrinsic nature of ACI data,
all passenger flows are measured in arrivals plus
departures.

ICAO data were analyzed across twenty-
eight consecutive quarters between

the beginning of 2000 and the end of
2006. This analysis was conducted to
compare and contrast the flows of inter-
national passenger arrivals between the
northern and southern hemispheres and
different regions of the world. Further-
more, ICAO data were used to analyze
the proportion of international traffic ar-
riving into Canada’s major municipalities
from U.S. and non-U.S. points of origin

over time.

Worldwide IATA data from 2007 were
used to study passenger flows between
city-pairs around the world. It bears
noting that these flow data represent the
true flight origins and destinations of
passengers, as they take into account the
specific routes and connection points (if
applicable) used by travelers. IATA data
were used for a number of purposes

including:

i) Producing heatmaps that depict the flight
origins of infernational passengers traveling
info Canada

i) Ascertaining the actual roufes used by pas-
sengers fraveling between cities around the
world

iii) Conducting mathematical simulations of
the worldwide spread of influenza

B. Global Conditions: The importation of
infectious disease threats into Canada
are a composite of three conditional
probabilities: i) the probability of disease
emergence at a given source location,

i) the probability that the source loca-
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tion detects and controls the threat before

it accesses the global airline transportation
network, and iii) the probability that interna-
tional air traffic leaving the source location
directs the threat into Canada’s borders. Ten
variables have been selected as surrogate
markers for the emergence of infectious
disease threats (with emphasis on pandemic
influenza) and the ability of countries to
detect and control infectious disease threats
at their source. These data are presented to
complement the commercial air traffic data in
this report and to help readers better assess
the overall risk of global infectious disease

threats to Canada.

Variable 1: Global Human Population Density
(in km? grids)

Data on global human population density
were obtained from the Socioeconomic Data
and Applications Centre (SEDAC) at Co-
lumbia University for the year 2005. Den-
sity values are presented worldwide in one
square kilometre grids. This level of resolution
addresses an important limitation of density
data presented at the national level, which
averages population values over densely and
scarcely inhabited land areas.

Variable 2: Global Poultry Population Density
(in km? grids)

Data on poultry populations worldwide were
obtained from the Food and Agriculture
Organization (FAO) of the United Nations for
the year 2007. Concerns about avian influ-
enza and its potential role in the emergence
of a new pandemic strain of human influenza
led to the inclusion of this variable. Poultry
density is also presented worldwide in one

square kilometre grids.

Variable 3: Global Human-Poultry Population
Co-Density (in km? grids)

This co-density index was calculated as the
product of human and poultry densities for
each square kilometre grid worldwide. Areas
with the highest co-density were considered
optimal grounds for the interaction of avian
and human influenza viruses and consequent-

ly for the emergence of pandemic influenza.

Variable 4: Highly Pathogenic (HSNT1) Avian
Influenza in Humans

Data on cases of highly pathogenic (H5N1)
avian influenza in humans were obtained
from the World Health Organization (WHO).
Countries with the highest numbers of human
cases were considered high risk areas for the
emergence of pandemic influenza. The cumu-
lative number of human cases between Janu-
ary 1st, 2003 and December 31st, 2008 are

presented in a choropleth map.

Variable 5: Cities with Operation Laborato-
ries Reported to Hold WHO Risk Group 4
Microorganisms

Data on the coordinates of laboratories
reported to hold highly dangerous infectious
pathogens were obtained from open sources.
Although these laboratories tend to be highly
secured, there are precedents of accidental
breaches which could trigger international
outbreaks. The locations of the world’s known
laboratories holding WHO Risk Group 4
microorganisms are presented as points on a
world map.

Variable 6: National Economic Status
Data on Gross National Income per capita
were obtained from the World Bank as
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an index of poverty, with data reported

by countries between the years 2000 and
2006. Countries with extensive poverty were
those potentially facing conditions that could
contribute to the emergence of dangerous
infectious diseases (e.g. extensive crowding,

inadequate sanitation infrastructure etc.)

Variable 7: National Health Expenditures per
Capita

Data on national health expenditures per
capita were obtained from the World Bank
for the year 2005. Countries with limited
healthcare resources were considered those
potentially facing difficulties rapidly detect-
ing and characterizing emerging infectious

disease threats.

Variable 8: National Physician Density

Data on the number of physicians per capita
were obtained from the World Bank and the
World Health Organization. Given the wide
time frame in which data were reported,
national values are presented in a choropleth
map with three colour ramps. Each ramp
represents a specific time period with the
greatest degree of confidence in the most cur-
rent data (i.e. blue ramp; 2005-2008) and
the weakest degree of confidence in the most
outdated data (i.e. green ramp; 1990-2000).
Countries with few physicians per capita
were considered likely to face challenges de-
tecting and responding to emerging infectious

disease threats.

Variable 9: National Nurse Density

Data on the number of nurses per capita
were obtained from the World Bank for
the years 2000-2004. Countries with few

nurses per capita were considered likely to

face challenges detecting and responding to

emerging infectious disease threats.

Variable 10: National Hospital Bed Density
Data on the number of hospital beds per
capita were obtained from the World Bank
and the World Health Organization. Given
the wide time frame in which data were
reported, national values are presented in a
choropleth map with two colour ramps. Each
ramp represents a specific time period with
the greatest degree of confidence in the most
current data (i.e. blue ramp; 2005-2007) and
the weakest degree of confidence in the most
outdated data (i.e. green ramp; 2000-2004).
Countries with few hospital beds per capita
were considered likely to face challenges
responding to emerging infectious disease

threats requiring hospitalization.

Data Quality

The commercial air traffic data used to pro-
duce this report were obtained from major
infernational organizations, each of which
has procedures in place to ensure data qual-
ity. However, our scientific team developed

a set of secondary procedures to ensure that
all commercial air traffic data were rigorously
assessed before any analysis was initiated.
The steps involved in this data quality check
are described below:

First, all three-letter |ATA airport codes from
each of the four commercial air traffic data-
sets (i.e. OAG, ACI, ICAO, IATA) were
matched and compared to verify that each
code represented a unique commercial air-
port. Subsequently, a city masterfile was cre-
ated that aggregated airport data for cities

with more than one commercial airport.
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For all variables with continuous values, a
series of descriptive statistical analyses were
performed to identify missing data elements
and to detect the presence of outliers. Subse-
quently, the flows of air traffic in cities were
plotted across time to facilitate a visual as-
sessment of patterns and consequently iden-
tify unexpected deviations. Finally, autore-
gressive time series models were developed
to generate bestfits with observed city-level
flows of air traffic. Residuals from these
models were then plotted, with explanations
sought for large discrepancies (i.e. where
observed values exceeded two standard de-
viations from expected values). Where unex-
plained discrepancies existed, queries were

made back to the original source.
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Data Analysis

Geographic Units

Cities represent the primary unit of analysis
in this report. In most instances airport level
and city level analyses are synonymous, with
the exception of cities with multiple commer-
cial airports. For such cities, data from each
commercial airport were aggregated into a
single unit, representing their collective char-

acteristics.

For global sub-group analysis, the world was
divided into ten distinct regions as indicated
below and shown in Exhibit 2. The list of
countries included in each world region was
adapted from definitions used by the United

Nations. The regions include:

i) Northern America
ii) Mexico, Central America and Caribbean Islands

iii) South America

iv) Western, Northern, and Southern Europe

v) North Africa and Western Asia

vi) Sub-Saharan Africa

vii) Eastern Europe and Central Asia

viii) East Asia

ix) Southern Asia

X) Australia, New Zealand, and Pacific Islands

Certain sub-group analyses were performed
that distinguished developing from industrial-
ized regions of the world. The developing
world was defined by excluding i) Northern
America, ii) Western, Northern, and South-
ern Europe, and iii) Australia, New Zealand
and Pacific Islands from the ten regions listed
above. Furthermore, a number of analyses
considered the global airline transportation
network from the perspective of a borderless
European Union (E.U.). At the time of this
analysis, the E.U. comprised twenty-seven
member states including: Austria, Belgium,
Bulgaria, Cyprus, Czech Republic, Denmark,

Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, ltaly, Latvia, Lithuania,
Luxembourg, Malta, the Netherlands, Po-
land, Portugal, Romania, Slovakia, Slovenia,

Spain, Sweden, and the United Kingdom.

For Canadian sub-group analysis, Canada
was divided into seven distinct regions as
indicated below and shown in Exhibit 3. Ad-
ditionally, six major Canadian municipalities
were selected for sub-group analysis as they
represent the locations of the country’s quar-

antine stations: The seven regions include:

i) Ontario (including Toronto and Ottawal
ii) British Columbia (including Vancouver)
iii) Quebec (including Montreal)

iv) Alberta (including Calgary)

v) Aflantic Canada (including Halifax|
vi) Saskatchewan and Manitoba
vii) Northern Canada

With ten world regions, seven Canadian re-
gions, and six Canadian municipalities, 130
potential sub-group analyses are possible.

In this report, the intersection of global and
Canadian regions is examined as deemed

necessary.

Statistical Analysis

Descriptive statistics were used to analyze
passenger flow volumes, identify the routes
and transit points used most frequently by
passengers en route fo Canada from around
the world, and examine trends in passenger
traffic over time. All statistical analyses were

conducted using SAS version 9.1.

Network Analysis
The architecture of the global airline transpor-

tation network was analyzed using network
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analysis. All analyses were performed using
2008 data from the Official Airline Guide
(OAG). In 2008, there were a total of 3,445
cities with commercial airports in operation
worldwide. All network analyses were per-

formed using this number of cities.

Examining the airline transportation network
from a global perspective, a connectivity
matrix was produced to visually depict the
world’s commercial aviation arteries. The
connectivity matrix comprises two axes,
along each of which 3,445 cities (with at
least one operational commercial airport) are
represented. Each of the 35,122 dots on the
matrix represents the existence of an artery
directly connecting a city-pair (i.e. arteries
represent non-stop flight routes connecting
city-pairs). For definition purposes, non-stop
flights are considered those where the aircraft
does not land anywhere between the depar-
ture city and the destination city. By compari-
son, direct flights are considered those where
the aircraft does land somewhere en route to
the final destination city. At this location, new
or onboard passengers may or may not be
permitted to embark or disembark the aircraft
respectively. Throughout this report, cities are
considered “directly” connected only if there

is a non-stop flight between them.

Cities within Canada were evaluated to iden-
tify the types of flights that they are capable
of receiving. For Canadian cities, the cat-
egories included those receiving: i) domestic
flights only, ii) U.S. international flights (in
addition to domestic flights), and iii) non-U.S.
international flights (in addition to U.S. inter-
national flights and domestic flights). The use
of the word “international” in airport names

was not considered as some airports do not

currently accept international flights but have
in the past and have kept the term “inter-
national” in their name. Conversely, other
airports do not use the term “international”

but clearly receive international flights.

Analyses measuring degrees of separa-

tion between world regions and Canadian
regions and/or municipalities are also in-
cluded. In network theory, directly connected
nodes generally have greater potential for
flow relative to nodes that are not directly
connected. With increasing steps between
nodes, the potential for flow diminishes. In
the context of infectious disease threats, this
implies that cities connected through non-stop
flights are most vulnerable to the exchange of
infectious diseases between them, with risks

of spread decreasing with increasing steps.

Network analysis was also used to generate
three established measures of centrality — in-
degree, betweeness, and closeness. In the
case of this report, in-degree centrality com-
municates vulnerability to infectious disease
threats since it identifies the number of non-
stop pathways into a city from elsewhere in
the airline transportation network. Converse-
ly, out-degree centrality communicates the
potential risk that a city will export an infec-
tious disease threat. For the purposes of this

analysis, only in-degree centrality is reported.

To assist with interpretation, total or “global”
in-degree centrality values for Canadian cities
are divided into three categories: i) domestic,
ii) U.S., and iii) non-U.S. international. The
values for each category represent the num-
ber of non-stop connections into a given city
from domestic, U.S., and non-U.S. interna-

tional points of origin. This analytic approach
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enables readers to evaluate both the number
and type of inbound pathways into Canadian
cities.

International in-degree values for many Euro-
pean cities are somewhat artificially inflated,
given that flights between different countries
of the European Union (E.U.) are defined as
international, even though the E.U. is, for all
practical purposes, a borderless entity. For
specific analyses of international in-degree
centrality, the E.U. has been defined as
borderless, providing a more reasonable as-
sessment of the significance of European and

non-European cities worldwide.

Betweeness centrality is a measure of how
frequently a city lies along the shortest path
between other city-pairs throughout the
global airline transportation network. Cit-

ies with high betweeness have the potential
to be important locations where diseases
pass through since travelers generally pre-
fer to take the shortest route to their final
destination. Heightening infectious disease
surveillance in the airports of cities with high
betweeness may be a strategy to consider

if intercepting the movements of infectious
agents within the global airline transportation
network is under consideration. In networks,
nodes with high betweeness tend to be very
important with respect to their ability to facili-
tate or restrict flows. In this analysis, betwee-
ness values for all cities were normalized
between zero (lowest betweeness) and one
(highest betweeness).

It bears noting that cities’ betweeness central-
ity is a “structural” metric that reflects their
potential as a conduit for passengers to travel

through while en route to their final destina-

tion. Under real-world circumstances, passen-
gers for a variety of reasons may not actually
use the shortest paths available. In a separate
set of analyses, cities with the highest betwee-
ness centrality values worldwide and cities
that are passed through most often as transit

points worldwide are compared.

Closeness centrality is a measure of how
accessible a given city is to all other cities in
the global airline transportation network. For
this analysis, closeness has been calculated
taking into account the travel time for each
passenger seat to move between every city-
pair worldwide. To calculate the travel time
for passenger seats, closeness values were
weighted by aircraft size (i.e. the number of
passenger seats for each type of aircraft) and
the traveling speed of those aircraft measured
as median flight times between city-pairs. In
the context of infectious disease threats, cities
with high closeness centrality are at greater
potential risk of importing infectious disease
threats than cities with lower closeness cen-
trality values. As with betweeness, closeness
values were normalized between zero (lowest
closeness) and one (highest closeness). All
network analyses were performed using Pajek

version 1.23.
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Mathematical analysis

i. Overview

A mathematical framework was employed to
infegrate the science of infectious diseases
with network analysis and transportation ge-
ography. Through this convergence of scien-
tific disciplines, the spread of diseases within
and between the world’s cities is examined.
Simulations are used to determine if and how
diseases are likely to penetrate Canada’s
borders through commercial air travel.

Given present day concerns about highly
pathogenic (H5N1) avian influenza and its
potential role in triggering the next influenza
pandemic, simulations throughout this report
have been developed based upon the biolog-
ical characteristics of the (seasonal) influenza
virus. All simulations have been conducted
using 2007 worldwide passenger traffic
data. These data reflect the actual movements
of passengers throughout the global airline
transportation network, by accounting for
connecting flights and the actual flight paths
used by passengers. The infectious “seed”
used to initiate each simulation entails the in-
troduction of two infectious and ten exposed
individuals at each hypothetical disease
epicentre. For each simulation it is assumed
that there are no effective measures in place
to prohibit infectious persons from traveling

via commercial aircraft.

Two types of simulations are performed. First,
outbound simulations are those in which a
single city is selected as a hypothetical dis-
ease epicentre and the outward spread of
disease is subsequently observed. Inbound
simulations are those in which 596 global cit-
ies outside of i) Canada, ii) the United States,
and iii) Western, Northern, and Southern

Europe (i.e. cities with the highest internation-

al air traffic volumes) are selected as hypo-
thetical disease epicentres and the outward
spread of disease is subsequently observed
from each city. An analysis is then performed
to determine which epicentres most frequently
result in the exportation of disease into Can-
ada. While outbound simulations evaluate
threats based on specific “what if” scenarios,
inbound simulations identify which cities in
the world would pose the greatest risk to
Canada if they were the source of an infec-
tious disease threat. To illustrate how impor-
tation risks to Canada vary across seasons,
inbound simulations are conducted for each
quarter of the year.

ii. Dynamical Systems

Dynamical systems are distinguished as
either deterministic or stochastic. Determinis-
tic systems are ones which exhibit identical
behaviour when analyzed repeatedly using
the same initial set of conditions and param-
eter values. Conversely, stochastic systems
involve randomness and consequently exhibit
variable behaviour when analyzed using the
same set of initial conditions and parameter
values. As such, deterministic systems pro-
vide insights into average behaviour, while
stochastic systems consider the distribution of
possible realizations stemming from a single
event. Given the intrinsic randomness with
which infectious diseases spread from person
to person and city to city, stochastic simula-
tions have been used throughout this report.
To evaluate the effects of stochasticity, 5000
simulations were performed for all outbound
analyses. For inbound analyses, 2000 simu-
lations were performed for each of the 596
hypothetical disease epicentres considered.
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iii. Spread of Infectious Diseas-
es between Cities

A metapopulation framework was used to
simulate the spread of infectious diseases
between cities around the world. Conceptu-
ally, metapopulations represent a network of
populations that are interconnected with one
another. The theoretical framework for this
inferconnectivity is rooted in graph theory,
where each network node (i.e. population) is
part of a multi-digraph (i.e. a directed graph
in which the arcs joining nodes are oriented
in a specific direction). An important limita-
tion of the kind of metapopulation framework
used in this report is that it assumes homoge-
neous mixing of individuals and consequently
infectious diseases within cities.

iv. Spread of Infectious Diseas-
es within Cities

An SEIR model was developed to simulate the
person-to-person spread of infectious diseases
within the world’s cities. SEIR models con-
sider individuals in one of four epidemiologic
classes: i) Susceptible, ii) Exposed, iii) Infec-
tious, and iv) Removed. Susceptible individu-
als may become exposed and infected during
contact with an infectious person. Thereafter,
infected individuals remain asymptomatic
during the infectious agent’s incubation pe-
riod (i.e. the time between exposure and the
development of illness). Subsequently, indi-
viduals may become infectious. After remain-
ing infectious for a period of time, individuals
may then either recover with immunity or die
and thus are removed from the infectious
class.

To simplify the SEIR model, a number of as-
sumptions are made:

1. The total population of a given city
is assumed to be effectively equivalent to
the number of susceptible individuals in the
population. This is because the model focus-
es on newly emerging infectious diseases
for which it is assumed that individuals lack
intrinsic immunity.

2. The number of removed individuals
is negligible over the short (i.e. twenty-one
day) time horizon used for simulations.
These two assumptions mathematically sim-
plify the model to focus on two epidemio-
logical classes — exposed and infectious.
The (stochastic) El model used in this report
is a continuous-time, discrete-space Markov
chain. A general overview of the model is
described below.

1. The system at time 1, is in the state
X(to). This state indicates the number of
exposed and infectious individuals at time t,
for every city throughout the global airline
transportation network.

2. Based on the state X[to), the time

at which the system makes a transition is
determined. This time is a random quantity
determined by a random variable with an
exponential distribution.

3. When a transition occurs, the nature
of the transition is determined. Potential
transition possibilities include the following:
(a)  In a city with infectious individuals,
an uninfected individual may become ex-
posed leading to the development of a new
(latent) infection.

(b)  In a city with exposed individuals,
an exposed individual may become infec-
tious.

(c)  In a city with infectious individuals,
an infectious individual is removed from the
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infectious population due to recovery with im-

munity or death.

(d)  An exposed individual in city a travels
to city b.

(e)  An infectious individual in city a trav-
els to city b.

The relative probabilities of these outcomes
are determined using information about the
biological characteristics of the infectious
agent of interest (i.e. seasonal influenza in
this report) and worldwide passenger traf-
fic flows via the global airline transportation
network.

4.  The process repeats itself from step 1.
All mathematical analyses were conducted
using MATLAB version 7.7. Detailed infor-
mation about the mathematical models used
in this analysis is presented in the Technical

Appendix.
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Cartography

All maps were carefully designed with respect
to colour and drawing elements for optimal
viewing on flat-screen liquid crystal display
(LCD) or cathode-ray tube (CRT) monitors.
Maps are well suited for colour printing but
are not designed for black and white printing
or photocopying. To provide readers with the
fullest geographic detail possible while main-
taining sound cartographic design, a number
of maps have been hyperlinked to a GIS serv-
er. Maps available for viewing via the server
utilize scale based rendering, which provide
readers with added layers of geographic
detail as they are needed. Readers may also
freely interact with the maps and their data
elements via the GIS server. All cartographic
work in this report was conducted using

Environmental Systems Research Institute, Inc.
(ESRI) ArcGIS 9.3 software.

Several different types of maps are presented
throughout this report, each of which var-

ies in its depictive purpose. These maps are
described below to assist with cartographic
interpretation.

Maps presented in this report generally fall
info one of four varieties:

i) Network Architecture
ii) Passenger Flows
iii) Disease Emergence & Control Indicators

iv) Simulations

Network Architecture maps are designed

to illustrate structural features of the global
airline transportation network. Examples of
architecture maps include those demonstrat-
ing Canadian and U.S. cities by the origin of
flights received and the number of flight con-
nections required to enter a particular region

in Canada from around the world.
Passenger Flow maps are predominantly
presented as heatmaps (i.e. they use
colour differences to depict variance in
flow volumes). These maps are designed

to describe spatially discrete quantitative
differences through space in a narrative
visualization that treats them as continu-
ous, wave-like spatial fluctuations. It should
be stressed that these maps are not strictly
speaking, spatially precise. Rather, they are
abstract visualizations designed to direct
the eyes of readers to cities in the world
where passengers are initiating trips to
Canada in their greatest numbers. The pres-
ence of a “hotspot” illustrating high passen-
ger volume at a particular city may extend
some distance beyond the city’s borders
and potentially coalesce with other “hot-
spots” from neighbouring cities. Readers
should also be aware that colours depict-
ing passenger volumes are shown on land
masses only. Consequently, small islands or
cities directly adjacent to major bodies of
water may have smaller “hot-spots” than cit-
ies surrounded by larger areas of land.

When interpreting heat-maps, readers
should initially inspect the Volume of Pas-
senger Arrivals bar to assess the maximum
flow of passengers represented by the

A "

map's “hottest” areas. Each heat-map is
unique in this regard, depicting relative
flows of passengers. Consequently, different
heat-maps should not be compared directly
to one another, but rather interpreted inde-

pendently.

Disease Emergence & Control Indicator
maps have been produced to describe
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area-level factors such as the magnitude of
human cases of avian influenza, a country’s
overall economic status, or the quantity of
health and human resources available. Most
are produced as choropleth maps, using solid
colour differences to depict differences in
values at a national level. Others however,
such as those depicting human or poultry
populations, use varying colour saturations
throughout pixels of spatially-gridded data
to visualize differences in density in square

kilometre units.

Simulation maps use graduated symbols to
illustrate the probability of infectious disease
importation to a given city. Two types of simu-
lation maps are shown — i) outbound simula-
tions use orange graduated symbols, while

ii) inbound simulations use red graduated
symbols. A description of each type of simula-
tions is provided in the Mathematical Analysis
section of the Scientific Methods.
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GLOBAL PERSPECTIVES

The global airline transportation network

has a complex architecture, but one that is
amenable to rigorous study. Today, there

are more than 3,400 cities worldwide with
commercial airports in operation carrying
2.1 billion passengers annually. During these
trips, more than eight hundred million people
fly across national boundaries and conse-
quently present opportunities for the interna-
tional spread of infectious diseases. Herein,
architectural features and passenger flow
dynamics of the global airline transportation
network are presented.

Exhibit 4 presents a visual depiction of the
global airline transportation network’s ar-
chitecture in 2008. The image illustrates the
inferconnected nature of cities worldwide in a
matrix. Along each axis (i.e. origin and des-
tination) are the 3,445 cities worldwide with
at least one operational commercial airport.
For simplicity, each axis is shown with the
ten world regions described previously, with
Northern America separated into Canada
and the United States. Each dot on the matrix
represents the existence of an artery directly
connecting a city-pair (i.e. arteries represent
non-stop flight routes connecting city-pairs).
This figure allows readers to broadly view
the intensity of interconnectedness within or
between world regions.

It is readily visible and perhaps not surprising
to see that there is much greater intraregional
connectivity than interregional connectivity

in the world. For example, Canadian cities
are most tightly interconnected with others in
Canada, followed by cities in i) the United
States, ii) Mexico, Central America and the
Caribbean, and iii) Western, Northern, and
Southern Europe. On the opposite end of the

spectrum, Canadian cities have no non-stop
connections with cities in i) Australia, New

Zealand and the Pacific Islands, and ii) Sub-
Saharan Africa.

Measures of network centrality are important
indicators of where nodes are positioned
within a network and consequently speak to
their significance as recipients or facilitators
of flows through the network. In the case of
the global airline transportation network, the
centrality of cities describes their vulnerability
to the importation and/or translocation of
infectious diseases. Three metrics of centrality
(i.e. in-degree, betweeness, and closeness)
and their global rankings are presented for
cities with at least one commercial airport
worldwide.

Exhibit 5 illustrates international in-degree
centrality values and global rankings for the
most central cities worldwide in addition to
six major cities within Canada. This measure
of centrality quantifies the number of non-stop
pathways into a given city from international
points of origin. Cities with higher values
have a greater number of international path-
ways through which passengers and conse-
quently infectious diseases may arrive.

This Exhibit demonstrates that there are 362
non-stop pathways into the city of London,
England from around the world, making it the
most central location worldwide (using inter-

national in-degree as a measure of centrality).

Among Canadian cities, Toronto is the most
central with 133 non-stop pathways entering
it from international points of origin, placing
it 17th among all cities worldwide.
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I Exhibit 4

ORIGIN

Mexico, Central America & Caribbean

Australia, New Zealand & Pacific

East Asia
South Asia

Eastern Europe & Central Asia

Western, Northern, Southern Europe

Middle East & North Africa
Sub-Saharan Africa

Global

Connectivity
Matrix

Data Source: Official Airline Guide (OAG), 2008

Canada Canada

DESTINATION

United States of America United States of America

Mexico, Central America & Caribbean
South America

Australia, New Zealand & Pacific

South America

East Asia
South Asia

Eastern Europe & Central Asia

Western, Northern, Southern Europe

Middle East & North Africa
Sub-Saharan Africa

Each dot represents the presence of a
non-stop flight between world regions.

I Exhibit 5

International In-Degree Centrality

[ Top 10 international cities ]

London, UK

Frankfurt

Paris
Amsterdam

Munich

Milan

Brussels

Vienna

Dusseldorf

Rome

[ Canadian cities ]

Toronto

Montreal

Vancouver

Calgary
Halifax

Ottawa

Note -

Worldwide Rankings in 2008

(17)
(55)
(94)
(162)
(215)
(255)
0 50 100 150 200 250 300 350 400

International in-degree centrality values include flights from the United States and other non-U.S. international
points of origin. Numbers in parentheses represent worldwide rankings.

Data Source: Official Airline Guide (OAG), 2008
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Of note, the top ten most central cities world-
wide (when using international in-degree
centrality) are all European, in part because
flights between countries of the European
Union (E.U.) are defined as international.
Given that the E.U. is effectively borderless,

a separate analysis is presented in Exhibit 6,
where flights between E.U. member states are
considered domestic. This analysis provides a
more realistic representation of international
travel within Europe and provides a more
reasonable comparison between European
and non-European cities around the world.

In this analysis, several non-European cities
rise in significance, including Toronto which
becomes the 8th most central location world-
wide just behind Dubai and New York City

and just ahead of Seoul and Istanbul.

Another important metric of network central-
ity is betweeness. In the case of the global
airline transportation network, betweeness is
a measure of how frequently a city falls along
the shortest path between other cities through-
out the network. This is an important metric
because it highlights the potential for cities to
act as conduits for the international spread

of infectious diseases, since cities with high
betweeness tend to be important transit points
for passengers (and consequently infectious
diseases) en route to their final destination.
As such, these cities may be important fron-
tiers to intercept and disrupt the international
spread of infectious diseases through height-
ened surveillance, enhanced diagnostics for
dangerous pathogens, concentrated health

and human resources, or other interventions.

Exhibit 7 illustrates betweeness centrality val-
uves and global rankings for the most central

cities worldwide in addition to six major cities

within Canada. Values have been normal-
ized between zero (lowest betweeness) and
one (highest betweeness) to aid interpreta-
tion. Applying this metric, Frankfurt is the
most central location in the global airline
transportation network, followed closely

by London, England. Of note, Anchorage,
Alaska has the third highest betweeness value
worldwide because it falls along the shortest
path between many cities in North America
and Asia. Other cities with high betweeness
include Paris, New York City, Moscow, Tokyo,
Los Angeles, Atlanta, and Sydney, Australia.
Among Canadian cities, Toronto ranks 12th
worldwide followed by Vancouver (18th) and
Montreal (24th).

Centrality metrics in this report are based
upon the architecture of the global airline
transportation network, and consequently
represent the potential for flow through the
network. While it is implied that cities with
high betweeness are important transit points
for international passengers (i.e. places
where flight connections are made), this may
not actually be the case. Exhibit 8 identifies
the cities worldwide that are most frequently
used as transit points by passengers making
international trips. When interpreted collec-
tively, these exhibits demonstrate consistency
between the potential for and the actual flows
of passengers through the global airline trans-
portation network. An apparent discrepancy
is seen with Anchorage, Alaska which has

a very high betweeness value and is likely

a very important transit point for passengers
passing between North America and Asia,
but does not generate the exceptionally high
volumes of transit passengers seen with other
major global cities. Of the leading cities with
the highest betweeness values worldwide,
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I Exhibit &

International In-Degree Centrality

Worldwide Rankings in 2008 (Borderless European Union)

[ Top 10 international cities ]
London, UK
Frankfurt
Paris
Zurich
Moscow
Dubai
New York
Toronto
Seoul
Istanbul

[ Canadian cities ]

Montreal (€1))
Vancouver (55)
Calgary (100)
Halifax (149)
Ottawa (181)
(') 2l5 5'0 7I5 ](')O 1 l25 ]éO 1}5 2(')0

International in-degree centrality values include flights from the United States and other non-U.S. international
points of origin. Numbers in parentheses represent worldwide rankings.

In this analysis, flights within the European Union are considered domestic movements.

Data Source: Official Airline Guide (OAG), 2008

Exhibit /:

Global Betweeness Centrality

Worldwide Rankings in 2008

[ Top 10 international cities ]
Frankfurt
London,UK
Anchorage
Paris
New York
Moscow
Tokyo
Los Angeles
Atlanta
Sydney, Australia

[ Canadian cities ]

Toronto (12)
Vancouver (18)
Montreal (24)
Otiawa (85)
Calgary (90)
Halifax (116)
0 02 04 06 08 ]

Values have been standardized to Frankfurt, the city with the highest betweeness score worldwide.
Numbers in parentheses represent worldwide rankings.

Data Source: Official Airline Guide (OAG), 2008
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I Exhibit 8:

Maijor Global Transit Centres

Top 20 Cities Used to Make International Flight Connections Worldwide

Frankfurt
London, UK
Paris
Amsterdam
Madrid
New York
Atlanta
Chicago
Dubai
Hong Kong
Munich
Singapore
Miami
Houston
Bangkok
Milan

Los Angeles
Tokyo
Zurich
Dallas/Fort Worth

Passenger transits in millions
Data Source: International Air Transport Association (IATA), 2007

I Exhibit 9:

Global Closeness Centrality

Worldwide Rankings in 2008

[ Top 10 international cities ]
Frankfurt
London, UK
Paris
New York
Amsterdam
Atlanta
Los Angeles
Chicago
Toronto
Tokyo
[ Canadian cities |
Vancouver (27)
Montreal (60)
Calgary (83)
Ottawa (113)
Halifax (149)

0 0.2 0.4 0.6 0.8 1

Values are weighted to account for aircraft passenger capacity and flight times and have been standardized
to Frankfurt, the city with the highest closeness score worldwide. Numbers in parentheses represent worldwide
rankings.

Data Source: Official Airline Guide (OAG), 2008




seven are among the top twenty cities used
by passengers as transit points. Incidentally,
no Canadian cities are among the twenty
most frequently used transit points for interna-

tional passengers.

The third centrality metric used in this report
is closeness. Closeness represents the aver-
age length of shortest paths between a given
city and all others throughout the global
airline transportation network. As such, it is

a measure of how accessible a city is from
others worldwide. Herein, closeness has
been calculated accounting for the travel time
of each passenger seat entering a given city
from all others worldwide. Thus, it accounts
for aircraft passenger capacity and the aver-
age traveling speed of aircraft. Closeness
values have also been normalized between
zero (lowest closeness) and one (highest
closeness). Exhibit 9 demonstrates that many
of the world’s major global cities with high
in-degree and high betweeness centrality also
have high closeness centrality. Among Cano-
dian cities, Toronto has the highest closeness

value, ranking 9th worldwide.

Exhibit 10 demonstrates the quarterly volume
of international passenger arrivals from 2000
through 2006 by hemisphere. From this
figure, it is apparent that international traffic
volumes in the northern hemisphere are in

the order of ten to twenty times greater than
those of the southern hemisphere. Further-
more, passenger flow values in the northern
hemisphere vary by roughly twenty-million
passengers during the course of a given year,
compared with about 1 to 1.5 million passen-
gers in the southern hemisphere. This Exhibit
also demonstrates a recurring pattern of flow,

with traffic in the northern hemisphere reach-

ing its lowest point during the 1st quarter and
gradually rising to its peak in the 3rd quarter.
A slightly different pattern is observed in the
southern hemisphere with traffic at its lowest
point in the 2nd quarter, which then gradually
rises fo its peak in the 4th quarter. These dif-
ferences in peaks and nadirs are presumably
related to hemispheric differences in climate,
which subsequently influence the timings of
vacations and travel.

In addition to the recurring pattern of flow
during normal circumstances, this Exhibit
sheds light on the effects of major interna-
tional events on worldwide travel patterns.
The terrorist attacks in the United States on
September 11th, 2001 had a massive impact
on worldwide air traffic patterns, evident by
the precipitous drop in traffic during the 4th
quarter of 2001. Although the recurring pat-
tern of rises and falls in traffic recovered the
following quarter, overall levels of internation-
al traffic worldwide did not return to their pre
9-11 baseline until three years later in 2004.
Another important contributor to the delayed
return in air traffic volume was the worldwide
outbreak of SARS in 2003. While the out-
break began during the latter part of the 1st
quarter, it reached its peak in the 2nd quarter
causing traffic flows to markedly drop at that
time. This decline in traffic was most notable
in East Asia (Exhibit 11) where SARS originat-
ed and where a number of cities experienced
local outbreaks.

Looking at traffic flows among the world’s
major cities, Exhibit 12 presents international
passenger volumes (i.e. as arrivals plus de-
partures), the global rankings of cities by in-
ternational volume, and the percent growth in
international traffic volume since 2000. This



THE BIO.DIASPORA PROJECT

I Exhibit 10:

International Passenger Arrivals

Historic Trends by Hemisphere
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I Exhibit 11:

International Passenger Arrivals
Historic Trends by World Region
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Exhibit 12:

International Passenger Traffic

[ Top 10 international cities ]

By Global Cities and Percent Growth Since 2000

London, UK | +23%
Paris +34%
Frankfurt | +26%
Amsterdam | +22%
Hong Kong | +44%
Tokyo +45%
Singapore | +31%
New York City | +19%
Dubai | +202%
Seoul | +81%
[ Canadian cifies | ]
Toronto ] +7%
Vancowver | +10%
Montreal +27%
Calgary 1= a7
Oftawa || +19%
Halifox | +33%
0 2'0 AIO él0 8'0 ](')0 ]éO ]AltO

International Passenger Arrivals Plus Departures in Millions

Data Source: Airports Council International (ACI)

figure demonstrates that London, England re-
ceives the highest volume of international air
traffic worldwide, followed by Paris, Frank-
furt, Amsterdam and Hong Kong. By flows of
international passengers, Toronto ranks 24th
in the world with 17.7 million passengers, fol-
lowed by Vancouver (54th in the world with
8.5 million passengers) and Montreal (64th
in the world with 7.3 million passengers).

Looking to rapidly evolving cities, Dubai ex-
perienced the most dramatic growth in inter-
national traffic volume of any city worldwide
between the years 2000 and 2007 (201%),
followed by Moscow (151%), Seoul (81%)
and Madrid (80%). If these cities continue
along their current trajectories, their signifi-
cance in the global airline transportation net-
work and consequently their role as potential

importers, exporters, and/or conduits for the
spread of emerging infectious diseases will
likely rise.
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NATIONAL PERSPECTIVES

From only twenty-five commercial airports
carrying international passengers to/from the
United States and abroad, Canada generates
3.2% of the world’s volume of international
traffic. The United States, with which Canada
shares a long contiguous land border, gener-
ates roughly four times Canada'’s internation-
al volume at 13.2% of the world’s total. To-
gether, both countries account for one-sixth of
the entire world’s international traffic volume
making the pair particularly vulnerable to the
importation of global infectious diseases.

Herein, Canada’s connectivity footprint within
the global airline transportation network is

described.

Exhibit 13 provides a high level overview of
the architecture of the airline transportation
network within Canada. Specifically, the geo-
graphic locations of all cities with commercial
airports nationwide are shown and colour
coded to illustrate the type flights each city

is capable of receiving. For example, cities
shown in blue receive domestic flights only
and consequently cannot be domestic points
of entry for internationally imported infec-
tious diseases. Cities shown in red however,
have commercial airports that receive flights
from the United States (in addition to Cana-
dian cities) but not other international points
of origin. Such cities could act as domestic
points of entry for internationally imported
infectious diseases, but only if the disease
were entering Canada via air travel from the
United States. Cities shown in green have the
greatest potential to act as entry points for
infectious disease threats since they receive
flights from domestic, U.S., and non-U.S.

international sources.

Given the long contiguous land border
shared by the United States and Canada
and consequently the potential for infectious
diseases to pass between the two countries
by land, a number of analyses focusing on
the U.S. are shown. For example, Exhibit 14,
provides a high level overview of the archi-
tecture of the airline transportation network in
the United States. The Exhibit is very similar
to its Canadian counterpart with the excep-
tion that red dots here represent cities that
receive flights from Canada, but not other
international points of origin. Consistent with
the finding that the United States generates
roughly four times the Canadian volume of in-
ternational traffic, this Exhibit reveals that the
United States has roughly four times as many
cities as Canada that are capable of receiv-
ing international flights.

Exhibit 15 illustrates an important metric of
Canada’s global connectivity. All cities with
international airports worldwide are shown
in “degrees of separation” from Canada. In
this analysis, “separation” is measured by
the minimum number of flight connections
required to arrive in any Canadian city. In
network theory, directly connected nodes

in a network tend to have the highest flows
between them. With increasing degrees of
separation (i.e. increasing number of steps),
network flows tend to decrease. Applying this
principle, the country appears most vulnera-
ble to infectious disease threats originating in
cities shown in red (i.e. from which it has non-
stop flights arriving), followed by cities in tan
(i.e. from which at least one flight connection
is required to arrive in Canada), and finally
cities in green and blue (i.e. from which at
least two and three flight connections
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Canadian Cities by Origin of Flights Received
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I Exhibit 15: Web Map

Canada
Global inbound connectivity in 2008
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I Exhibit 16:

International Passenger Arrivals into Canada
From U.S. and non-U.S. Points of Origin
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respectively are required to arrive in Cana-

da).

This above principle of “network distance”
corresponds with analyzed passenger flow
data. For example, 75.4% of Canada’s inter-
national traffic volume enters the country from
cities with which Canada has a non-stop link,
while 24.4% originates from cities that are
one stop away. Thus, 99.8% of Canada’s in-
ternational passenger arrival flows originate
from cities that the country is either directly
connected to, or that are reachable with one

flight connection.

Exhibit 16 demonstrates the proportion of in-
ternational traffic originating from the United
States and other non-U.S. points of origin
between 2000 and 2006. On average, sixty
percent of Canada’s international passenger
flows originate from the United States with the

remainder coming from the rest of the world.

Exhibit 17 demonstrates that in 2007 more
than half of Canada’s international passen-
gers arrived from the United States (51.0%),
followed by the United Kingdom (6.6%), Chi-
na (4.3%), Mexico (3.6%), France (3.4%),
and Germany (2.4%). From within Chinag,
Hong Kong generates a higher volume of
infernational passenger arrivals into Canada
(2.2%) than the rest of mainland China com-
bined (2.1%). If the European Union is ana-
lyzed as a single entity, it produces 19.3%
of Canada'’s total volume of international
passenger arrivals. Of note, over fourifths
of Canada'’s total inbound volume of inter-
national traffic originates from just thirteen
countries.

Exhibit 18 geographically illustrates which

countries of the world generate the greatest
volume of international passengers arriving

into Canada.

Of the thirteen leading national sources of
international traffic into Canada, two have
highly irregular flow patterns during the
course of the year. Mexico, which produces
the 4th largest volume of international pas-
sengers into Canada, generates most of

its traffic from Cancun, Puerto Vallarta and
Mexico City. Among these three cities, traffic
info Canada from Cancun and Puerto Val-
larta surges between the months of January
and April and then declines substantially for
the remainder of the year. Traffic into Canada
from Mexico City demonstrates significantly
less variance. Likewise, traffic into Canada
from Cuba follows a similar first quarter pat-
tern. This suggests that first quarter traffic from
these two countries is largely generated by
Canadians returning from winter or spring

vacations.

Exhibit 19 is a heatmap that spatially de-
picts a continuum of where passengers most
frequently originate from worldwide when
traveling into Canada. As indicated in the
methods section of this report, hot-spots in

the map reflect the true origins of passengers
since travel routes, including all flight connec-
tions, are accounted for. When reading the
heat-maps in this report, readers should first
examine the Volume of Passenger Arrivals bar
to assess the magnitude of passenger flows
represented by the “hottest” spots on the
map. Every heat-map is unique in this regard,
and reflects the relative flows of passengers.
Consequently, different heat-maps should not
be compared directly with one another, but

rather interpreted independently.
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I Exhibit 17:

Leading International Sources of Passenger Traffic into Canada

Ranking | Country Annual Volume of Percentage Cumulative
Passengers of Canadian Percentage of
Annual Volume | Canadian An-
nual Volume
1 United States of America 9,320,119 51.0% 51.0%
2 United Kingdom 1,203,272 6.6% 57.6%
3 China (including Hong Kong) 786,569 4.3% 61.9%
4 Mexico 655,219 3.6% 65.5%
5 France 622,657 3.4% 68.9%
6 Germany 429,057 2.4% 71.3%
7 Japan 345,536 1.9% 73.2%
8 India 331,678 1.8% 75.0%
9 ltaly 289,723 1.6% 76.6%
10 South Korea 219,331 1.2% 77 .8%
11 Netherlands 183,682 1.0% 78.8%
12 Cuba 177,145 1.0% 79.8%
13 Philippines 155,461 0.9% 80.7%

Data Source: International Air Transport Association (IATA), 2007
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Exhibit 20 quantifies the volume of interna-
tional passenger traffic entering Canada from
the world’s top twenty-five cities excluding
those in i) the United States and ii) Western,
Southern, and Northern Europe, and iii) Aus-

tralia, New Zealand, and Pacific Islands.

Exhibit 21 offers a point of entry perspective
to passenger flows by displaying interna-
tional traffic volumes entering Canadian and
U.S. cities. Bars in this three dimensional
map represent the total volumes of interna-
tional traffic entering Canada and the U.S.
from around the world, after excluding pas-
senger movements between the two countries.
New York City has by far the greatest volume
of international passenger arrivals among
Canadian and U.S. cities with 13.3 million
passengers in 2007, followed by Los Angeles
(6.5 million passengers), Miami (5.3 million
passengers), Toronto (3.5 million passen-
gers), San Francisco (3.5 million passengers),
and Chicago (2.8 million passengers). Van-
couver and Montreal have significantly lower
volumes, but still rank relatively high (Vancou-
ver with 1.8 million passengers; ranked 10th

and Montreal with 1.7 million passengers;

ranked 13th).
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I Exhibit 18: Web Map
Volume of International Passenger Arrivals into

Canada by Source Country in 2007

Volume of passenger arrivals

1 150 2,500 40,000 600,000 9,320,119

I o Dota

Dota Seurce: Intemnational Air Transport Association (|ATA), 2007

I Exhibit 19: Web Map
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I Exhibit 20:

CANADA: Volume of International Passenger Arrivals
from Leading Global Points of Origin*

City Country Annual Volume | % Annual | Cumulative %
of Passengers | Volume* | Annual Volume*

Hong Kong Hong Kong (sar) China 395500 7.7% 7.7%
Tokyo Japan 221880 4.3% 12.0%
Seoul Korea, Republic of 209708 4.1% 16.1%
Mexico City Mexico 187649 3.7% 19.8%
Cancun Mexico 177119 3.5% 23.2%
Beijing China 176364 3.4% 26.7%
Delhi India 162878 3.2% 29.9%
Manila Philippines 145608 2.8% 32.7%
Shanghai China 139956 2.7% 35.4%
Taipei Chinese Taipei 106540 2.1% 37.5%
Puerto Vallarta Mexico 105615 2.1% 39.6%
Tel Aviv Israel 94922 1.9% 41.4%
Montego Bay Jamaica 92322 1.8% 43.2%
Osaka Japan 70770 1.4% 44.6%
Nassau Bahamas 61622 1.2% 45.8%
Mumbai India 60830 1.2% 47 .0%
Dubai United Arab Emirates 59886 1.2% 48.2%
Sao Paulo Brazil 58102 1.1% 49.3%
Punta Cana Dominican Republic 57809 1.1% 50.4%
Kingston Jamaica 56027 1.1% 51.5%
Port of Spain Trinidad and Tobago 55775 1.1% 52.6%
San Juan Puerto Rico 55143 1.1% 53.7%
Barbados Barbados 54801 1.1% 54.8%
Bangkok Thailand 53621 1.0% 55.8%
Varadero Cuba 52462 1.0% 56.8%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

5] Data Source: International Air Transport Association (IATA), 2007
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REGIONAL PERSPECTIVES

The overwhelming majority of international
traffic entering Canada passes through a lim-
ited number of urban centres. Of all interna-
tional passengers to Canada from developing
areas of the world, more than eighty percent
arrive in just three Canadian cities. More
than one-third (36.6%) of such passengers
arrive in Toronto, onefifth (20.0%) in Vancou-

ver, and one-sixth (16.1%) in Montreal.

A series of regional and municipal analyses
are presented to identify important national
differences in global connectivity. Sub-group
analyses have been performed for seven
regions and six major cities across Canada
as previously described. These data are
presented fo facilitate discussions between
federal, provincialterritorial, and municipal

stakeholders.

Exhibit 22 demonstrates the global in-degree
centrality of six major cities across Canada,
representing the total number of non-stop
routes into these cities from any point of
origin worldwide. To provide further detail,
in-degree centrality values are separated into
domestic, U.S., and non-U.S. international
routes. Toronto has the highest overall in-
degree centrality, followed by Montreal, and

then Vancouver.

Exhibit 23 presents information on precisely
where non-stop routes into Canada’s major
cities originate from. For example, Vancouver
does not have the country’s highest overall
international in-degree centrality, but it does
have the greatest number of non-stop links
with i) East Asia, and ii) Australia, New
Zealand and the Pacific. This Exhibit allows

readers to evaluate the nature of connectivity

between the ten regions of the world and six

major Canadian cities shown.

Exhibit 24 provides a temporal perspective to
the seasonal patterns of international traffic
(i.e. arrivals plus departures) among six of
Canada’s major cities. Traffic disruption after
the 9-11-2001 terrorist attacks and during the
2003 worldwide outbreak of SARS is most
apparent in the cities of Toronto and Vancou-

Ver.

Ontario

Exhibit 25 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from Ontario. In this analysis,
“degrees of separation” are measured by
the minimum number of flight connections
required to land in any city across Ontario.
In network theory, directly connected nodes
within a network tend to have the highest
flows between them. With increasing degrees
of separation (i.e. increasing number of
steps) between nodes, network flows tend to
decrease. In the case of Ontario, the prov-
ince is most vulnerable to infectious disease
threats originating in cities shown in red (i.e.
from which it has non-stop flights arriving),
followed by cities in tan (i.e. from which at
least one flight connection is required to enter
Ontario), and finally cities in green and blue
(i.e. from which at least two and three flight
connections respectively are required to enter
Ontario).

Exhibit 26 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently origi-
nate when traveling to Ontario. It is important
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I Exhibit 21

International Passenger Arrivals to Canada and the
United States in 2007

Excluding traffic between Canada and the United States g
= - — = Montreal
v %}. R - o .

New York
13,288 444

1,696,985

Cttawa
264,862

Boston
2,140,946

£ %

IRy . v Halifax
1 156,841
. Washington
Vancouver 2223720
1,813,050
Values shown San Francisco
represent numbers 3,472,052
Miami
of people 5,279,146
Honolulu
1720215 (o0 Angeles
3 4,513,855 2,249,485
-

Houston
1,543,176

Dot Scurce: International Air Tronsport Assaciotion (IWTA), 2007,

I Exhibit 22:

Global In-Degree Centrality

Canadian Rankings by Number & Type of Connections in 2008

Toronto [
Montreal | N
Vancouver | NS
53 Calgary | NN
Ottawa | 1B

Halifax _

0 50 100 150 200

» Domestic ® United States ® Non-U.S. International

Data Source: Official Airline Guide (OAG), 2008
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I Exhibit 23:

International In-Degree Centrality of Canadian Cities by

World Region

Northern America

Western, Northern & Southern 34 22 9 7 4

Europe

Mexico, Central America & 31 19 5 9 8 2
Caribbean

East Asia 5 0 8 0 0 0
North Africa & Western Asia 3 4 0 0 0 0
Eastern Europe & Central Asia 5 1 0 0 0 0
South America 5 0 0 0 0 0
Southern Asia 3 0 0 0 0 0
Australia, New Zealand & 0 0 2 0 0 0

Pacific Islands
Sub-Saharan Africa 0 0 0 0 0 0
Total 133 67 48 30 22 18

Data Source: Official Airline Guide, 2008

I Exhibit 24:

International Passenger Arrivals & Departures

Historic Trends Among Canadian Cities

VAN N ATV AN YL
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Monthly passenger arrivals & departures in millions
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o B R = CMM’ : = =
2000 2001 2002 2003 2004 2005 2006 2007
— Toronto — Vancouver — Montreal — Calgary —— Ottawa —— Halifax

Note: Montreal's Mirabel International Airport ceased to support passenger operations in November 2004. Patterns observed
thereafter reflect traffic at Montreal’s Pierre Elliot Trudeau International Airport.

Data Source: Airports Council International (ACI)
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I Exhibit 25: Web Map

Ontario
Global inbound connectivity in 2008

— g o el

Minimum flight connections required to enter Ontario
° o ® o

0 1 2 >3

Data Source: Official Airline Guide [DAG), 2008,

I Exhibit 26: Web Map

Ontario
Global areas of high inbound passenger flow in 2007

55

Volume of passenger arrivals
Zero {maximum 480,159) High

Data Source: Internationol Air Transport Asscciation {18TA], 2007,
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to note that hot-spots shown in this map reflect
the true origins of international passengers in
that all flight connections (if applicable) for
each passenger trip have been accounted
for. Since this type of map was designed as a
visual aid, it should not be used to delineate
the precise geographic boundaries of hot-
spots. When interpreting this type of heat-
map, readers should first examine the Volume
of Passenger Arrivals bar to determine the
maximum number of passengers represented
by the map’s hot-spots. Furthermore, different
heat-maps should not be compared with one
another, but rather interpreted independently.
Complementing this heat-map is Exhibit 27,
which shows the number of international
passengers entering Ontario from the top ten
points of origin worldwide, excluding cities in
i) the United States, and ii) Western, Northern
and Southern Europe, and iii) Australia, New
Zealand, and Pacific Islands.

Toronto

Exhibit 28 illustrates the flow of international
and domestic passengers entering Toronto
since the year 2000. Recurring seasonal pat-
terns are observed with notable disruptions
after the terrorist attacks of 9-11-2001 in the
United States and during the 2003 world-
wide outbreak of SARS. Complementing this
figure is Exhibit 29 which quantifies the pro-
portion of international traffic entering Toron-
to from the United States and other non-U.S.
points of origin over time. From this figure, it
is apparent that approximately sixty percent
of Toronto's international traffic originates in
the United States. Exhibit 30 spatially depicts
areas of the world where passengers most
frequently originate when traveling to Toronto
as a heatmap. Exhibit 31 shows the number

of international passengers entering Toronto
from the top ten points of origin worldwide,
excluding cities in i) the United States, and
i) Western, Northern and Southern Europe,
and iii) Australia, New Zealand, and Pacific
Islands.

Exhibit 32 provides information on the
preferred routes used by international pas-
sengers arriving in Toronto when departing
from different regions of the world. This
information has been presented to identify all
available frontiers for disease control. In the
case of travelers arriving into Toronto through
non-stop flights, public health control mea-
sures are limited to the origin of the infectious
disease threat and/or the domestic point

of entry within Canada. For those travel-

ing indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In these Exhibits, the top five
international and/or domestic cities used by
passengers as fransit points en route to To-

ronto are shown.

Ottawa

Exhibit 33 illustrates the flow of international
and domestic passengers entering Ottawa
since the year 2000. Recurring seasonal
patterns are observed with notable disrup-
tions after the terrorist attacks of 9-11-2001
in the United States and to a lesser degree
the 2003 worldwide outbreak of SARS.
Complementing this figure is Exhibit 34 which
quantifies the proportion of international traf-
fic entering Ottawa from the United States
and other non-U.S. points of origin over time.
From this figure, it is apparent that
approximately eighty percent of Ottawa’s
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I Exhibit 27:

Ontario - Volume of International Passenger Arrivals from
Leading Global Points of Origin*

City Annual Volume | % Annual | Cumulative %
of Passengers | Volume* [ Annual Volume*

Hong Kong Hong Kong (sar) China 149757 6.5% 6.5%
Mexico City Mexico 76135 3.3% 9.8%
Beijing China 75302 3.3% 13.1%
Tokyo Japan 71455 3.1% 16.2%
Delhi India 70573 3.1% 19.3%
Montego Bay Jamaica 68743 3.0% 22.3%
Cancun Mexico 68205 3.0% 25.2%
Tel Aviv Israel 63822 2.8% 28.0%
Seoul Korea, Republic of 62275 2.7% 30.7%
Manila Philippines 57408 2.5% 33.2%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007

I Exhibit 28:

Toronto’s Lester B. Pearson International Airport
Historic Trends by Type of Traffic
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Data Source: Airports Council International (ACI)
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I Exhibit 29:

International Passenger Arrivals into Toronto
From U.S. and non-U.S. Points of Origin
100%

N (T
i

60% -

40% -

Proportion of passenger arrivals

20% -

0%

2000 2001 2002 2003 2004 2005 2006
US. M Non-US.

Data Source: International Civil Aviation Organization (ICAQ)

I Exhibit 30: Web Map
Toronto
Global areas of high inbound passenger flow in 2007
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Volume of passenger arrivals
Zero [maximum 421,626) High

Data Source: International Air Transpart Associafion [IATA), 2007,
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I Exhibit 31:

Toronto - Volume of International Passenger Arrivals from

Leading Global Points of Origin*

City Country Annual Volume
of Passengers

Hong Kong Hong Kong (sar) China 144072
Mexico City Mexico 70078
Delhi India 67554
Beijing China 66377
Tokyo Japan 65560
Montego Bay Jamaica 65081

Tel Aviv Israel 61606
Seoul Korea, Republic of 58249
Cancun Mexico 55849
Manila Philippines 54975

% Annual
Volume*
6.8%
3.3%
3.2%
3.1%
3.1%
3.1%
2.9%
2.7%
2.6%
2.6%

Cumulative %
6.8%
10.1%
13.2%
16.4%
19.4%
22.5%
25.4%
28.1%
30.8%
33.3%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
g p

New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007



THE BIO.DIASPORA PROJECT

I Exhibit 32:

Proportion of trafflc ente |g'mg Toronto by direct and indirect routes

Leading

United States of America

1. Chicago 3. Charlotte 5. Philadelphia
2. Denver 4. Detroit

Indirect
782,354
(25%)
Direct
2,341,415
(75%)
Mexico, Central America &
Caribbean Islands
1. Miami 3. Houston 5. Charlotte
2. Mexico City 4. Atlanfa .
Indirect
173,332
(24%)
Direct
535,240
(76%)
Southern Asia
1. london 4. Frankfurt
) 2. Paris 5. Abu Dhabi
Indirect 3. Amsterdam
186,574
(66%)
Direct
97,087
(34%)
Eastern Europe & Central Asia
1. Warsaw 3. Amsterdam 5. Prague
2. Frankfurt 4. Vienna
Indirect
83,844
(55%)
Direct
68,165
(45%)
Sub-Saharan Africa
1. Amsterdam 4. Johannesburg
2. london 5. Paris
Indirect 3. Washington
60,480
(100%)

ive cities as transnt points

Western, Northern & Southern Europe

1. london 3. Amsterdam 5. Milan _
2. Frankfurt 4. Paris Indirect
442,806
(33%)
Direct
910,165
(67%)
J
South America
1. Miami 4. New York
2. Sao Paulo 5. Bogata
Indirect 3. Port of Spain
75,672
(51%)
Direct
72,017
(49%)
East Asia
1. Vancouver 3. Tokyo 5. Defroit
2. Hong Kong 4. Chicago .
Indirect
314,890
(54%)
Direct
263,706
(46%)
North Africa & Western Asia
1. london 3. Frankfurt 5. Milan
2. Amsterdam 4. Paris .
Indirect
132,288
(67%)
Direct
63,926
(33%)
Australia, New Zealand &
Pacific Islands
. 1. los Angeles 3. Sydney 5. Auckland
Indirect 2. Vancouver 4. San Francisco
49,530
(99%)
Direct
2
(1%)

Passenger arrivals are categorized here as direct [no flight connections used) or indirect (at least one flight connection
used). The five cities most frequently used as fransit points along indirect routes are shown for each world region. Values
in each pie graph represent the number of infernational passengers arriving into Toronto by world region in 2007.

Data Source: Infernational Air Transport Association (IATA), 2007
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I Exhibit 33:

Ottawa’s Macdonald-Cartier International Airport
Historic Trends by Type of Traffic
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Data Source: Airports Council International (ACI)

I Exhibit 34:

International Passenger Arrivals into Ottawa
From U.S. and non-U.S. Points of Origin
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I Exhibit 35: Web Map

Ottawa
Global areas of high inbound passenger flow in 2007

Volume of passenger arrivals
Zero (maximum 51,996) High

Data Source: International Air Transpart Association [LATA|, 2007,

I Exhibit 36:

Ottawa - Volume of International Passenger Arrivals from
Leading Global Points of Origin*

City Country Annual Volume | % Annual | Cumulative %
of Passengers | Volume* [ Annual Volume*

Cancun Mexico 8363 5.6% 5.6%
Beijing China 8037 5.4% 11.1%
Tokyo Japan 5184 3.5% 14.6%
Hong Kong Hong Kong (sar) China 5093 3.4% 18.0%
Mexico City Mexico 4889 3.3% 21.3%
Shanghai China 4671 3.2% 24.5%
Beirut Lebanon 3831 2.6% 27.1%
Dubai United Arab Emirates 3716 2.5% 29.6%
San Juan Puerto Rico 3440 2.3% 31.9%
Seoul Korea, Republic of 3280 2.2% 34.1%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007


http://maps.biodiaspora.com/?exhibit=35
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international traffic originates in the United
States. Exhibit 35 spatially depicts areas of
the world where passengers most frequently
originate when traveling to Ottawa as a heat-
map. Exhibit 36 shows the number of interna-
tional passengers entering Ottawa from the
top ten points of origin worldwide, excluding
cities in i) the United States, and ii) Western,
Northern and Southern Europe, and iii) Aus-
tralia, New Zealand, and Pacific Islands.

Exhibit 37 provides information on the
preferred routes used by international pas-
sengers arriving in Ottawa when depart-

ing from different regions of the world. This
information has been presented to identify all
available frontiers for disease control. In the
case of travelers arriving into Ottawa through
non-stop flights, public health control mea-
sures are limited to the origin of the infectious
disease threat and/or the domestic point

of entry within Canada. For those travel-

ing indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In these Exhibits, the top five
international and/or domestic cities used by
passengers as fransit points en route to Ot-
tawa are shown.

British Columbia

Exhibit 38 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from British Columbia. In this
analysis, “degrees of separation” are mea-
sured by the minimum number of flight con-
nections required to land in any city across
British Columbia. In network theory, directly

connected nodes within a network tend to

have the highest flows between them. With
increasing degrees of separation (i.e. increas-
ing number of steps) between nodes, network
flows tend to decrease. In the case of British
Columbia, the province is most vulnerable to
infectious disease threats originating in cities
shown in red (i.e. from which it has non-stop
flights arriving), followed by cities in tan (i.e.
from which at least one flight connection is re-
quired to enter British Columbia), and finally
cities in green and blue (i.e. from which at
least two and three flight connections respec-
tively are required to enter British Columbia).

Exhibit 39 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently
originate when traveling to British Columbia.
It is important to note that hot-spots shown

in this map reflect the true origins of interna-
tional passengers in that all flight connections
(if applicable) for each passenger trip have
been accounted for. Since this type of map
was designed as a visual aid, it should not
be used to delineate the precise geographic
boundaries of hot-spots. When interpreting
this type of heat-map, readers should first
examine the Volume of Passenger Arrivals bar
to determine the maximum number of pas-
sengers represented by the map's hot-spots.
Furthermore, different heatmaps should not
be compared with one another, but rather
interpreted independently. Complementing
this heat-map is Exhibit 40, which shows the
number of international passengers entering
British Columbia from the top ten points of
origin worldwide, excluding cities in i) the
United States, and ii) Western, Northern and
Southern Europe, and iii) Australia, New Zea-
land, and Pacific Islands.
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I Exhibit 37:

Proportion of traffic entering Ottawa by direct and indirect routes
Leading five cities as transit points

United States of America

1. Chicago 3. Philadelphia 5. Washington
Indirect 2. Toronto 4. Detroit
315,436
(66%)

Direct
160,508
(34%)

Mexico, Central America &

ndirect Caribbean Islands
40,217 1. Toronto 3. Chicago 5. New York
(70%) 2. Aflanta 4. Philadelphia

Direct
17,371
(30%)

Southern Asia

1. Toronto 4. Frankfurt
Indirect 2. london 5. Paris
8,297 3. Montreal
(100%)

Eastern Europe & Central Asia

. 1. Toronto 3. Montreal 5. Munich
Indirect 2. Frankfurt 4. london
5,341
(100%)

Sub-Saharan Africa
. 1. london 4. Washington
|5nd5|§%c'r 2. Montreal 5. Addis Ababa
(]’OO%) 3. Paris

arriving into Toronfo by world region in 2007.

Western, Northern &
Southern Europe

Indirect 1. Monfreal 3. london 5. Paris
73,998 2. Toronto 4. Frankfurt
(66%)

Direct
38,460
(34%)

South America

Indirect 1. Toronto 4. Miami
13,780 2. Atlanta 5. Chicago
(100%) 3. New York

i
East Asia

) 1. Vancouver 4. Tokyo
glglé%czf 2. Toronto 5. Hong Kong
0160%) 3. Chicago

North Africa and Western Asia

. 1. london 3. Toronfo 5. Paris
I]n;:te?cé' 2. Montreal 4. Frankfurt
(100%)

Australia, New Zealand &
Pacific Islands

Iéncjtlge]d 1. los Angeles 3. Toronto 5. Sydney
(]'00%) 2. Vancouver 4. Chicago

Passenger arrivals are categorized here as direct (no flight connections used) or indirect (at least one
flight connection used). The five cities most frequently used as transit points along indirect routes are
shown for each world region.Values in each pie graph represent the number of international passengers

Data Source: International Air Transport Association (IATA), 2007
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| Exhibit 38: Web Map

British Columbia
Global inbound connectivity in 2008

Minimum flight connections required to enter British Columbia
L 2 @ @ L]

0 1 2 >3

Date Source: Official Airline Guide [OAG), 2008,

| Exhibit 39: Web Map

British Columbia
Global areas of high inbound passenger flow in 2007
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Volume of passenger arrivals
Lero {maximum 310,925) High

Data Source: International Air Transport Association {IATA|, 2007,
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I Exhibit 40:

British Columbia — Volume of International Passenger Ar-
rivals from Leading Global Points of Origin*

City Country Annual Volume | % Annual
of Passengers | Volume*

Hong Kong Hong Kong (sar) China 189986 15.3%
Seoul Korea, Republic of 115103 9.3%
Tokyo Japan 92503 7.5%
Taipei Chinese Taipei 75840 6.1%
Delhi India 60945 4.9%
Beijing China 57988 4.7%
Shanghai China 57658 4.7%
Manila Philippines 48258 3.9%
Mexico City Mexico 46784 3.8%
Puerto Vallarta Mexico 35378 2.9%

Cumulative %
Annual Volume*

15.3%
24.6%
32.1%
38.2%
43.1%
47 .8%
52.5%
56.4%
60.1%
63.0%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
g P

New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007

I Exhibit 41

Vancouver International Airport
Historic Trends by Type of Traffic
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Vancouver

Exhibit 41 illustrates the flow of international
and domestic passengers entering Vancou-
ver since the year 2000. Recurring seasonal
patterns are observed with notable disrup-
tions after the terrorist attacks of 9-11-2001
in the United States and during the 2003
worldwide outbreak of SARS. Complement-
ing this figure is Exhibit 42 which quantifies
the proportion of international traffic entering
Vancouver from the United States and other
non-U.S. points of origin over time. From

this figure, it is apparent that slightly more
than half of Vancouver’s international traffic
originates in the United States. Exhibit 43
spatially depicts areas of the world where
passengers most frequently originate when
traveling to Vancouver as a heat-map. Exhibit
44 shows the number of international pas-
sengers entering Vancouver from the top ten
points of origin worldwide, excluding cities in
i) the United States, and ii) Western, North-
ern and Southern Europe, and iii) Australia,
New Zealand, and Pacific Islands.

Exhibit 45 provides information on the
preferred routes used by international pas-
sengers arriving in Vancouver when depart-
ing from different regions of the world. This
information has been presented to identify
all available frontiers for disease control. In
the case of travelers arriving into Vancouver
through non-stop flights, public health con-
trol measures are limited to the origin of the
infectious disease threat and/or the domestic
point of entry within Canada. For those trav-
eling indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In this Exhibit, the top five

international and/or domestic cities used by
passengers as transit points en route to Van-

couver are shown.

Quebec

Exhibit 46 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from Quebec. In this analysis,
“degrees of separation” are measured by

the minimum number of flight connections
required to land in any city across Quebec.
In network theory, directly connected nodes
within a network tend to have the highest
flows between them. With increasing degrees
of separation (i.e. increasing number of
steps) between nodes, network flows tend to
decrease. In the case of Quebec, the prov-
ince is most vulnerable to infectious disease
threats originating in cities shown in red (i.e.
from which it has non-stop flights arriving),
followed by cities in tan (i.e. from which at
least one flight connection is required to enter
Quebec), and findlly cities in green and blue
(i.e. from which at least two and three flight
connections respectively are required to enter
Quebec).

Exhibit 47 complements the findings of previ-
ous Exhibit by illustrating areas of the world
where passengers most frequently originate
when traveling to Quebec. It is important to
note that hot-spots shown in this map reflect
the true origins of international passengers in
that all flight connections (if applicable) for
each passenger trip have been accounted
for.

Since this type of map was designed as a
visual aid, it should not be used to delineate
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I Exhibit 42:

International Passenger Arrivals into Vancouver
From U.S. and non-U.S. Points of Origin
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Data Source: International Civil Aviation Organization (ICAO)

I Exhibit 43: Web Map

Vancouver
Global areas of high inbound passenger flow in 2007
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Data Source: International Air Transport Association [IATA], 2007,
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I Exhibit 44:

Vancouver - Volume of International Passenger Arrivals
from Leading Global Points of Origin*

City Country Annual Volume | % Annual | Cumulative %
of Passengers | Volume* [ Annual Volume*

Hong Kong Hong Kong (sar) China 187341 15.8% 15.8%
Seoul Korea, Republic of 110286 9.3% 25.1%
Tokyo Japan 86632 7.3% 32.5%
Taipei Chinese Taipei 75039 6.3% 38.8%
Delhi India 60491 5.1% 43.9%
Shanghai China 56692 4.8% 48.7%
Beijing China 56240 4.8% 53.4%
Manila Philippines 47280 4.0% 57.4%
Mexico City Mexico 45799 3.9% 61.3%
Puerto Vallarta Mexico 29317 2.5% 63.8%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007
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I Exhibit 45:

Proportion of traffic entering Vancouver by direct and indirect routes
Leading five cities as transit points

United States of America

1. Seatle 3. San Fransisco 5. Dallas
Indirect 2. Chicago 4. Denver
723,007
(39%)

Direct
1,117,787
(61%)

Mexico, Central America &
Caribbean Islands

Indirect
]n3]”:e7c]5 1. los Angeles 3. Dallas/Fort Worth 5. Phoenix
(68%) 2. Houston 4. Toronto

Direct
62,495
(32%)
Southern Asia
. 1. Taipei 4. Shanghai
g‘g’;& 2. Hong Kong 5. Singapore

(160%) 3. london

Eastern Europe & Central Asia

. 1. Frankfurt 3. london 5. Munich
Izng,lsrfscgt 2. Amsterdam 4. Toronto
(100%)

Sub-Saharan Africa

. 1. london 4. Johannesburg
Indirect 2. Amsterdam 5. Dubai
16,665 3. Frankfurt
(100%)

Western, Northern &
Southern Europe

Indirect 1.london 3. Amsterdam 5. Monfreal

252,763 2. Frankfurt 4. Toronto

(47%)
Direct
283,604
(53%)

\_/

South America

Indirect 1. Toronto 4. Sao Paulo
48,586 2. Dallas/Fort Worth 5. Los Angeles
(100%) 3. Houston

East Asia
Direct Indirect 1. Tokyo 4. Beijing
Irec ndirec H K Sh h i
556,739 230,253 i
71%) (29%) '

North Africa and Western Asia

1. london 3. Amsterdam 5. Hong Kong

Indirect F n Toront
28,172 2. Frankfurt 4. Toronfo

(100%)

Australia, New Zealand &
Pacific Islands

|7r1f|§e9c(t) 1. los Angeles 3. Sydney 5. Nadi
(77'%) 2. San Francisco 4. Auckland

70

Passenger arrivals are categorized here as direct (no flight connections used) or indirect (at least one
flight connection used). The five cities most frequently used as fransit points along indirect routes are

shown for each world region.Values in each pie graph represent the number of international passengers
arriving into Toronto by world region in 2007.

Data Source: International Air Transport Association (IATA), 2007




| Exhibit 46: Web Map

Quebec
Global inbound connectivity in 2008
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Data Source; Official Alrline Guide |OAG), 2008,

| Exhibit 47 Web Map
Quebec

Global areas of high inbound passenger flow in 2007

Volume of passenger arrivals
Zero (maximum 284,551) High

Dato Source: Ink ional Air Transpart Association [IATA}, 2007.
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I Exhibit 48:

Quebec - Volume of International Passenger Arrivals from
Leading Global Points of Origin*

City Country Annual Volume
of Passengers*

Mexico City

Casablanca
Cancun
Beirut

Hong Kong
Tokyo

Tunis
Algiers
Varadero
Tel Aviv

% Annual

Volume*
Mexico 49291 5.7%
Morocco 45308 5.3%
Mexico 30061 3.5%
Lebanon 23110 2.7%
Hong Kong (sar) China 21999 2.6%
Japan 21533 2.5%
Tunisia 20328 2.4%
Algeria 19646 2.3%
Cuba 19125 2.2%
Israel 18606 2.2%

Cumulative %
Annual Volume*
5.7%
11.0%
14.5%
17.2%
19.8%
22.3%
24.7%

27 .0%
29.2%

31.4%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International

I Exhibit 49:

Air Transport Association (IATA), 2007
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the precise geographic boundaries of hot-
spots. When interpreting this type of heat-
map, readers should first examine the Volume
of Passenger Arrivals bar to determine the
maximum number of passengers represented
by the map’s hot-spots. Furthermore, different
heat-maps should not be compared with one
another, but rather interpreted independently.
Complementing this heat map is Exhibit 48,
which shows the number of international
passengers entering Quebec from the top ten
points of origin worldwide, excluding cities in
i) the United States, and ii) Western, Northern
and Southern Europe, and iii) Australia, New

Zealand, and Pacific Islands.

Montreal

Exhibit 49 illustrates the flow of international
and domestic passengers entering Montreal
since the year 2000. Recurring seasonal pat-
terns are observed with notable disruptions
after the terrorist attacks of 9-11-2001 in the
United States and during the 2003 world-
wide outbreak of SARS. Of note, the pattern
of flow in Montreal changed significantly in
late 2004 when Mirabel International Air-
port ceased passenger operations, leaving
Trudeau as the sole international airport in
the city. Complementing this figure is Exhibit
50 which quantifies the proportion of inter-
national traffic entering Montreal from the
United States and other non-U.S. points of ori-
gin over time. From this figure, it is apparent
that just over half of Montreal’s international
traffic originates in the United States. Exhibit
51 spatially depicts areas of the world where
passengers most frequently originate when
traveling to Montreal as a heatmap. Exhibit
52 shows the number of international pas-
sengers entering Montreal from the top ten

points of origin worldwide, excluding cities in
i) the United States, and ii) Western, Northern
and Southern Europe, and iii) Australia, New

Zealand, and Pacific Islands.

Exhibit 53 provides information on the
preferred routes used by international pas-
sengers arriving in Montreal when depart-
ing from different regions of the world. This
information has been presented to identify
all available frontiers for disease control. In
the case of travelers arriving into Montreal
through non-stop flights, public health con-
trol measures are limited to the origin of the
infectious disease threat and/or the domestic
point of entry within Canada. For those travel-
ing indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In this Exhibit, the top five
international and/or domestic cities used by
passengers as transit points en route to Mon-

treal are shown.

Alberta

Exhibit 54 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from Alberta. In this analysis,
“degrees of separation” are measured by
the minimum number of flight connections
required to land in any city across Alberta.
In network theory, directly connected nodes
within a network tend to have the highest
flows between them. With increasing de-
grees of separation (i.e. increasing number
of steps) between nodes, network flows tend
to decrease. In the case of Alberta, the prov-
ince is most vulnerable to infectious disease
threats originating in cities shown in red (i.e.
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I Exhibit 50:

International Passenger Arrivals into Montreal
From U.S. and non-U.S. Points of Origins

100%
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Data Source: Infernational Civil Aviation Organization (ICAO)

I Exhibit 51: Web Map

Montreal
Global areas of high inbound passenger flow in 2007
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| Exhibit 52

Montreal - Volume of International Passenger Arrivals
from Leading Global Points of Origin*

of Passengers
Mexico City Mexico 47185
Casablanca Morocco 45274
Cancun Mexico 28940
Beirut Lebanon 23084
Hong Kong Hong Kong (sar) China 20688
Tunis Tunisia 19727
Algiers Algeria 19608
Tokyo Japan 19590
Varadero Cuba 19093
Tel Aviv Israel 18394

% Annual
Volume*
5.7%
5.5%
3.5%
2.8%
2.5%
2.4%
2.4%
2.4%
2.3%
2.2%

Cumulative %
5.7%
11.2%
14.7%
17.4%
19.9%
22.3%
24.7%
27.1%
29.4%
31.6%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,

New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007
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I Exhibit 53:

Proportion of traffic entering Montreal by direct and indirect routes
Leading five cities as transit points

United States of America

1. Chicago 3. Philadelphia 5. New York
Indirect 2. Toronto 4. Detroit
511,553
(41%)

Mexico, Central America &

. Caribbean Islands
Indirect
135,951 1. Miami 3. Atlanta 5. New York
(44%) 2. Toronfo 4. Mexico City
Direct
176,275
(56%)
Southern Asia
Indirect 1. Paris 4. Frankfurt
2. london 5. Toronfo
(2170'(7)02? 3. Amsterdam

Eastern Europe & Central Asia

1. Paris 3. Prague 5. Frankfurt

Indirect 2. Amsterdam 4. Munich

46,396
(83%)

Direct
9,764
(17%)
Sub-Saharan Africa

ndirect 1. Paris 4. london

ndirec 2. Amsterdam 5. Zurich

35,598

060%) 3. Casablanca

Western, Northern &
Southern Europe

Indirect 1. Paris 3. Amsterdam 5. Frankfurt

341,421 2. london 4. Zurich

(40%)
Direct
512,864
(60%)

South America

Indirect 1. Toronto 4. Atlanta
71,201 2. Miami 5. Sao Paulo
(98%) 3. New York

Direct
1,275
(2%)
East Asia
Direct 1. Vancouver 4. Tokyo
irec| 2. Toronfo 5. New York

128,866 3. Chicago

(99%)
Direct
750
(1%)

North Africa and Western Asia

. 1. Paris 3. london 5. Frankfurt
I'Ingzltr,%céo 2. Casablanca 4. Amsterdam
(69%)

\ &

Direct
60,553
(31%)

Australia, New Zealand &
Pacific Islands

[Ingl{;cé 1. los Angeles 3. Sydney 5. Auckland
(160%) 2. Vancouver 4. Chicago

Passenger arrivals are categorized here as direct (no flight connections used) or indirect (at least one
flight connection used). The five cities most frequently used as transit points along indirect routes are
shown for each world region.Values in each pie graph represent the number of international passengers

arriving info Toronto by world region in 2007

Data Source: International Air Transport Association (IATA), 2007
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| Exhibit 54 Web Map

Alberta
Global inbound connectivity in 2008
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| Exhibit 55: Web Map

Alberta
Global areas of high inbound passenger flow in 2007

Volume of passenger arrivals
Lero (maximum 197,408) High
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from which it has non-stop flights arriving),
followed by cities in tan (i.e. from which at
least one flight connection is required to enter
Alberta), and finally cities in green and blue
(i.e. from which at least two and three flight

connections respectively are required to enter
Alberta).

Exhibit 55 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently origi-
nate when traveling to Alberta. It is important
to note that hot-spots shown in this map reflect
the true origins of international passengers in
that all flight connections (if applicable) for
each passenger trip have been accounted
for. Since this type of map was designed as a
visual aid, it should not be used to delineate
the precise geographic boundaries of hot-
spots. When interpreting this type of heat-
map, readers should first examine the Volume
of Passenger Arrivals bar to determine the
maximum number of passengers represented
by the map’s hot-spots. Furthermore, different
heat-maps should not be compared with one
another, but rather interpreted independently.
Complementing this heat map is Exhibit 56,
which shows the number of international
passengers entering Alberta from the top ten
points of origin worldwide, excluding cities in
i) the United States, and ii) Western, Northern
and Southern Europe, and iii) Australia, New
Zealand, and Pacific Islands.

Calgary

Exhibit 57 illustrates the flow of international
and domestic passengers entering Calgary
since the year 2001. Recurring seasonal pat-
terns are observed with slight disruptions after
the terrorist attacks of 9-11-2001 in the Unit-

ed States and during the 2003 worldwide
outbreak of SARS. Complementing this figure
is Exhibit 58 which quantifies the proportion
of international traffic entering Calgary from
the United States and other non-U.S. points of
origin over time. From this figure, it is appar-
ent that nearly eighty percent of Calgary’s
infernational traffic originates in the United
States. Exhibit 59 spatially depicts areas of
the world where passengers most frequently
originate when traveling to Calgary as a
heat-map. Exhibit 60 shows the number of
international passengers entering Calgary
from the top ten points of origin worldwide,
excluding cities in i) the United States, and

i) Western, Northern and Southern Europe,
and iii) Australia, New Zealand, and Pacific
Islands.

Exhibit 61 provides information on the
preferred routes used by international pas-
sengers arriving in Calgary when depart-
ing from different regions of the world. This
information has been presented to identify
all available frontiers for disease control. In
the case of travelers arriving into Calgary
through non-stop flights, public health con-
trol measures are limited to the origin of the
infectious disease threat and/or the domestic

point of entry within Canada. For those travel-

ing indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In this Exhibit, the top five
international and/or domestic cities used by
passengers as transit points en route to Cal-
gary are shown.

/8
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| Exhibit 56

Alberta - Volume of International Passenger Arrivals from
Leading Global Points of Origin*

City Country Annual Volume
of Passengers

Cancun

Puerto Vallarta
Hong Kong
Tokyo

Manila

Seoul

Delhi

Beijing
Mexico City
Osaka

Mexico 35011
Mexico 33852
Hong Kong (sar) China 28609
Japan 27461
Philippines 20955
Korea, Republic of 18734
India 17410
China 17162
Mexico 11232
Japan 10230

% Annual | Cumulative %
Volume* | Annual Volume*

6.7% 6.7%
6.5% 13.2%
5.4% 18.6%
5.3% 23.9%
4.0% 27 .9%
3.6% 31.5%
3.3% 34.8%
3.3% 38.1%
2.2% 40.2%
2.0% 42.2%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007

| Exhibit 57:

Monthly Passenger Arrivals & Departures in Millions
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I Exhibit 58:

International Passenger Arrivals into Calgary
From U.S. and non-U.S. Points of Origin
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Data Source: International Civil Aviation Organization (ICAO)

I Exhibit 59: Web Map
Calgary
Global areas of high inbound passenger flow in 2007
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Dova Source: International Air Tronsport Associafion [IATA|, 2007
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| Exhibit 60:

Calgary - Volume of International Passenger Arrivals

from Leading Global Points of Origin*

City Country Annual Volume
of Passengers

Puerto Vallarta Mexico 23183
Tokyo Japan 22903
Cancun Mexico 21901
Hong Kong Hong Kong (sar) China 17445
Seoul Korea, Republic of 14352
Manila Philippines 11973
Delhi India 11506
Beijing China 10859
Osaka Japan 9017
Mexico City Mexico 8243

% Annual
Volume*
6.5%
6.4%
6.1%
4.9%
4.0%
3.3%
3.2%
3.0%
2.5%
2.3%

Cumulative %
Annual Volume*
6.5%
12.9%
19.0%
23.9%
27.9%
31.2%
34.5%
37.5%
40.0%

42 .3%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
g P

New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007
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I Exhibit61:

Proportion of traffic entering Calgary by direct and indirect routes
Leading five cities as transit points

United States of America

1. Denver 3. Toronfo 5. Houston
Indirect 2. Minneapolis/ 4. Seatile
458,216 St. Paul

(49%)

Direct
480,956
(51%)

Mexico, Central America &
Caribbean Islands

Indirect
9né,|<5%63 1. Housfon 3. Phoenix 5. Denver
(66%) 2. Toronto 4. Dallas/Fort Worth

Direct
49,823
(34%)

Southern Asia

1. london 4. Toronfo
Indirect 2. Frankfurt 5. Doha
23,271 3. Dubai

(100%)

Eastern Europe & Central Asia

. 1. Frankfurt 3. Toronfo 5. Vienna
l'lng,lzrte;‘; 2. london 4. Munich
(100%)

Sub-Saharan Africa
. 1. london 4. Johannesburg
Indirect 2. Frankfurt 5. Toronto
3. Dubai

(100%)

Western, Northern &
Southern Europe

Indirect 1. london 3. Toronto 5. Minneapolis/

119,331 2. Frankfurt 4. Montreal ~ St. Paul

(42%)
Direct
166,215
(58%)

South America

Indirect 1. Houston 4. Miami

24,977 2. Toronfo 5. Sao Paulo

(100%) 3. Dallas/Fort Worth

East Asia

1. Vancouver 4. San Francisco

Indirect 2. Hong Kong 5. Seatile

113,204 3. Tokyo

(94%)
Direct
7,189
(6%)

North Africa and Western Asia
. 1. london 3. Toronto 5. Montreal
|2n]d'562‘g 2. Frankfurt 4. Milan
(100%)
Australia, New Zealand &

e Pacific Islands

]'19'5?0 1. Los Angeles 3. San Francisco 5. Auckland

(100%) 2. Vancouver 4. Sydney

Passenger arrivals are categorized here as direct (no flight connections used) or indirect (at least one
flight connection used). The five cities most frequently used as transit points along indirect routes are
shown for each world region.Values in each pie graph represent the number of international passengers

arriving into Toronto by world region in 2007

Data Source: International Air Transport Association (IATA), 2007
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Atlantic Canada: Nova

Scotia, New Brunswick,
Prince Edward Island &

Newfoundland & Labrador

Exhibit 62 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from Atlantic Canada. In this
analysis, “degrees of separation” are mea-
sured by the minimum number of flight con-
nections required to land in any city across
Atlantic Canada. In network theory, directly
connected nodes within a network tend to
have the highest flows between them. With

increasing degrees of separation (i.e. increas-

ing number of steps) between nodes, network
flows tend to decrease. In the case of Atlantic
Canada, the region is most vulnerable to
infectious disease threats originating in cities
shown in red (i.e. from which it has non-stop
flights arriving), followed by cities in tan (i.e.

from which at least one flight connection is re-

quired to enter Atlantic Canadal), and finally
cities in green and blue (i.e. from which at

least two and three flight connections respec-
tively are required to enter Atlantic Canada).

Exhibit 63 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently
originate when traveling to Atlantic Canada.
It is important to note that hot-spots shown

in this map reflect the true origins of interna-
tional passengers in that all flight connections
(if applicable) for each passenger trip have
been accounted for. Since this type of map
was designed as a visual aid, it should not
be used to delineate the precise geographic
boundaries of hot-spots. When interpreting

this type of heat-map, readers should first
examine the Volume of Passenger Arrivals bar
to determine the maximum number of pas-
sengers represented by the map's hot-spots.
Furthermore, different heat-maps should not
be compared with one another, but rather
interpreted independently. Complementing
this heat map is Exhibit 64, which shows the
number of international passengers entering
Atlantic Canada from the top ten points of
origin worldwide, excluding cities in i) the
United States, and ii) Western, Northern and
Southern Europe, and iii) Australia, New Zea-
land, and Pacific Islands.

Halifax

Exhibit 65 illustrates the flow of international
and domestic passengers entering Halifax
since the year 2002. Recurring seasonal pat-
terns are observed without noticeable disrup-
tion during the 2003 worldwide outbreak of
SARS. Complementing this figure is Exhibit
66 which quantifies the proportion of interna-
tional traffic entering Halifax from the United
States and other non-U.S. points of origin
over time. From this figure, it is apparent that
more than sixty percent of Halifax's interna-
tional traffic originates in the United States.
Exhibit 67 spatially depicts areas of the world
where passengers most frequently originate
when traveling to Halifax as a heatmap.
Exhibit 68 shows the number of international
passengers entering Halifax from the top ten
points of origin worldwide, excluding cities in
i) the United States, and ii) Western, Northern
and Southern Europe, and iii) Australia, New
Zealand, and Pacific Islands.

Exhibit 69 provides information on the
preferred routes used by international pas-
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| Exhibit 62: Web Map

Atlantic Canada
Global inbound connectivity in 2008

Minimum flight connections required to enter Atlantic Canada
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Data Source; Official Airine Guids [DAG], 2008

I Exhibit 63: Web Map

Atlantic Canada
Global areas of high inbound passenger flow in 2007
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I Exhib

it 64

Atlantic Canada - Volume of International Passenger Ar-
rivals from Leading Global Points of Origin*

City Country Annual Volume | % Annual
of Passengers | Volume*

Cancun

Puerto Plata

Nassau
Tokyo
Seoul
Varadero
Beijing
San Juan

Dubai

Punta Cana

Mexico 6357
Dominican Republic 4325
Bahamas 3543
Japan 3543
Korea, Republic of 3474
Cuba 3452
China 3144
Puerto Rico 3044
United Arab Emirates 2892
Dominican Republic 2728

7.0%
4.8%
3.9%
3.9%
3.8%
3.8%
3.5%
3.4%
3.2%
3.0%

Cumulative %
Annual Volume*
7.0%

11.8%
15.7%
19.6%
23.5%
27.3%
30.7%
34.1%
37.3%
40.3%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007

| Exhib

it ©65:

Monthly Passenger Arrivals & Departures in Millions

Halifax Stanfield International Airport

Historic Trends by Type of Traffic
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I Exhibit 66:

International Passenger Arrivals into Halifax
From U.S. and non-U.S. Points of Origins
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* Data quality issues in 2002 and 2003 precluded analysis.

Data Source: International Civil Aviation Organization (ICAO)

I Exhibit 67: Web Map
Halifax
Global areas of high inbound passenger flow in 2007
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I Exhibit 68:

Halifax - Volume of International Passenger Arrivals from

Leading Global Points of Origin*

City Country Annual Volume
of Passengers

Cancun Mexico 4367
Puerto Plata Dominican Republic 3509
Varadero Cuba 3236
Cayo Coco Cuba 2426
Punta Cana Dominican Republic 2409
San Juan Puerto Rico 2007
Nassau Bahamas 1843
Tokyo Japan 1823
Seoul Korea, Republic of 1789
Dubai United Arab Emirates 1716

% Annual
Volume*
7.2%
5.8%
5.4%
4.0%
4.0%
3.3%
3.1%
3.0%
3.0%
2.8%

Cumulative %
Annual Volume*
7.2%

13.1%
18.4%
22.5%
26.5%
29.8%
32.8%
35.9%
38.8%
41.7%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,

New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007
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I Exhibit 69:

Proportion of traffic entering Halifax by direct and indirect routes
Leading five cities as transit points

United States of America

1. New York 3. Bosfon 5. Chicago
Indirect 2. Toronto 4. Washington

Direct

Mexico, Central America &
Caribbean Islands

Indirect
16,754 1. Toronto 3. Boston 5. Montreal
(49%) 2. New York 4. Miami
Direct
17,283
(51%)
)]
Southern Asia
1. london 4. Montreal
Indirect 2. Toronto 5. Dubai
2,038 3. Frankfurt
(100%)

Eastern Europe & Central Asia

. 1. Toronto 3. Montreal 5. Munich
Indirect 2. Frankfurt 4. london
1,758
(100%)

Sub-Saharan Africa
: 1. london 4. Johannesburg
Indirect 2. Montreal 5. Toronfo
(11168;) 3. Frankfurt

Western, Northern &
Southern Europe

Indirect 1. london 3. Toronto 5. Frankfurt

42,719 2. Monfreal 4. Reykjavik

(49%)
Direct
43,595
(51%)

South America

Indirect 1. Toronto 4. Sao Paulo
3,092 2. New York 5. Boston
(100%) 3. Miami

East Asia
ndirect 1. Toronto 4. New York
nairec 2. Vancouver 5. Detroit
(]]%ggg 3. Tokyo

North Africa and Western Asia

1. london 3. Frankfurt 5. New York

Indirect 2. Montreal 4. Toronto

7,264
(100%)

Australia, New Zealand &
Pacific Islands

l{]%%d 1. Toronto 3. Vancouver 5. New York
(100%) 2. los Angeles 4. Sydney

Passenger arrivals are categorized here as direct (no flight connections used) or indirect (at least one
flight connection used). The five cities most frequently used as transit points along indirect routes are
shown for each world region.Values in each pie graph represent the number of international passengers

arriving info Toronto by world region in 2007

Data Source: Infernational Air Transport Association (IATA), 2007
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sengers arriving in Halifax when departing
from different regions of the world. This
information has been presented to identify all
available frontiers for disease control. In the
case of travelers arriving into Halifax through
non-stop flights, public health control mea-
sures are limited to the origin of the infectious
disease threat and/or the domestic point

of entry within Canada. For those travel-

ing indirectly (i.e. requiring multiple flights),
major transit points where flight connections
are made represent another potential frontier
for intervention. In this Exhibit, the top five
international and/or domestic cities used by
passengers as transit points en route to Hali-
fax are shown.

Saskatchewan and
Manitoba

Exhibit 70 illustrates an important metric of
global connectivity. All cities with internation-
al airports worldwide are shown in “degrees
of separation” from the provinces of Sas-
katchewan and Manitoba. In this analysis,
“degrees of separation” are measured by the
minimum number of flight connections re-
quired to land in any city in Saskatchewan or
Manitoba. In network theory, directly connect-
ed nodes within a network tend to have the
highest flows between them. With increasing
degrees of separation (i.e. increasing number
of steps) between nodes, network flows tend
to decrease. In the case of Saskatchewan
and Manitoba, the provinces are most vulner-
able to infectious disease threats originating
in cities shown in red (i.e. from which they
have non-stop flights arriving), followed by
cities in tan (i.e. from which at least one flight
connection is required to enter Saskatchewan

or Manitoba), and finally cities in green and

blue (i.e. from which at least two and three
flight connections respectively are required to
enter Saskatchewan or Manitobal).

Exhibit 71 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently orig-
inate when traveling to the provinces of Sas-
katchewan and Manitoba. It is important to
note that hot-spots shown in this map reflect
the true origins of international passengers in
that all flight connections (if applicable) for
each passenger trip have been accounted
for. Since this type of map was designed as a
visual aid, it should not be used to delineate
the precise geographic boundaries of hot-
spots. When interpreting this type of heat-
map, readers should first examine the Volume
of Passenger Arrivals bar to determine the
maximum number of passengers represented
by the map’s hot-spots. Furthermore, different
heat-maps should not be compared with one
another, but rather interpreted independently.
Complementing this heat map is Exhibit 72,
which shows the number of international
passengers entering Saskatchewan and
Manitoba from the top ten points of origin
worldwide, excluding cities in i) the United
States, and ii) Western, Northern and South-
ern Europe, and iii) Australia, New Zealand,
and Pacific Islands.

Northern Canada: Yukon

Territory, Northwest
Territories, and Nunavut

Exhibit 73 illustrates an important metric
of global connectivity. All cities with in-
ternational airports worldwide are shown
in “degrees of separation” from Northern

Canada. In this analysis, “degrees of separa-
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| Exhibit 70: Web Map

Saskatchewan and Manitoba
Global inbound connectivity in 2008
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Data Sovrce: Official Airline Guide [DAG), 2008,

I Exhibit 71 Web Map

Saskatchewan and Manitoba
Global areas of high inbound passenger flow in 2007
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I Exhibit 72:

Saskatchewan and Manitoba - Volume of International
Passenger Arrivals from Leading Global Points of Origin*

City Country Annual Volume | % Annual | Cumulative %
of Passengers | Volume* | Annual Volume*

Manila Philippines 10518 9.4% 9.4%
Cancun Mexico 9877 8.9% 18.3%
Puerto Vallarta Mexico 6477 5.8% 24.1%
Beijing China 5196 4.7% 28.8%
Hong Kong Hong Kong (sar) China 3896 3.5% 32.3%
Seoul Korea, Republic of 3631 3.3% 35.5%
Delhi India 3443 3.1% 38.6%
Montego Bay Jamaica 2857 2.6% 41.2%
Punta Cana Dominican Republic 2673 2.4% 43.6%
Tokyo Japan 2650 2.4% 45.9%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007

I Exhibit 73: Web Map

Northern Canada
Global inbound connectivity in 2008
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tion” are measured by the minimum number
of flight connections required to land in any
city in Northern Canada. In network theory,
directly connected nodes within a network
tend to have the highest flows between them.
With increasing degrees of separation (i.e.
increasing number of steps) between nodes,
network flows tend to decrease. In the case of
Northern Canada, the region is most vulner-
able to infectious disease threats originating
in cities shown in red (i.e. from which it has
non-stop flights arriving), followed by cities in
tan (i.e. from which at least one flight connec-
tion is required to enter Northern Canadal),
and finally cities in green and blue (i.e. from
which at least two and three flight connec-
tions respectively are required to enter North-

ern Canadal).

Exhibit 74 complements the findings of the
previous Exhibit by illustrating areas of the
world where passengers most frequently origi-
nate when traveling to Northern Canada. It
is important to note that hot-spots shown in
this map reflect the true origins of interna-
tional passengers in that all flight connections
(if applicable) for each passenger trip have
been accounted for. Since this type of map
was designed as a visual aid, it should not
be used to delineate the precise geographic
boundaries of hot-spots. When interpreting
this type of heat-map, readers should first ex-
amine the Volume of Passenger Arrivals bar
to determine the maximum number of pas-
sengers represented by the map's hot-spots.
Furthermore, different heat-maps should not
be compared with one another, but rather
interpreted independently. Complementing
this heat map is Exhibit 75, which shows the
number of international passengers entering

Northern Canada from the top ten points of

origin worldwide, excluding cities in i) the
United States, and ii) Western, Northern and
Southern Europe, and iii) Australia, New Zea-

land, and Pacific Islands.

Q2



| Exhibit 74: Web Map

Northern Canada
Global areas of high inbound passenger flow in 2007
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Dato Source: International Air Tronspart Association (IATA], 2007.

I Exhibit 75:

Northern Canada - Volume of International Passenger
Arrivals from Leading Global Points of Origin*

City Country Annual Volume | % Annual | Cumulative %
of Passengers | Volume* | Annual Volume*

Tokyo Japan 2735 54.4% 54.4%
Osaka Japan 1063 21.1% 75.6%
Nagoya Japan 300 6.0% 81.5%
Fukuoka Japan 133 2.6% 84.2%
Prague Czech Republic 97 1.9% 86.1%
Johannesburg South Africa 69 1.4% 87.5%
9?3 larnaca Cyprus 51 1.0% 88.5%
Beijing China 48 1.0% 89.4%
Manila Philippines 48 1.0% 90.4%
Sapporo Japan 46 0.9% 91.3%

*Excluding Cities in the United States; Western, Southern and Northern Europe; Australia,
New Zealand and the Pacific Islands

Data Source: International Air Transport Association (IATA), 2007
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Disease Emergence & Control Indicators

Areas of the world generating high volumes
of international air traffic into Canada do not
necessarily pose the greatest risk of exporting
infectious diseases. The risk of an infectious
disease threat spreading into Canada from
another part of the world is a composite of
the following conditional probabilities:
ij  that an infectious disease threat will emerge at
the source location
i) that the source location will be capable of con-
faining the threat,
i) that people fraveling out of the source location

will arrive in Canada.

While conditions i) and ii) cannot be pre-
cisely measured, a series of ten indicator

variables have been selected as surrogate
markers.

1. Human population density — This indica-
tor is presented as a gridded map quantify-
ing the size of human populations for each
square kilometre grid worldwide. This vari-
able was selected since the focus of this
report is on communicable infectious diseases
of humans. Data are presented in Exhibit 76
as a gridded map of the world.

2. Poultry population density — This indicator
is also presented as gridded map quantify-
ing the size of poultry populations for each
square kilometre grid worldwide. This vari-
able was selected since this report focuses at-
tention on highly pathogenic avian influenza
and its risk of triggering the next influenza
pandemic. Data are presented in Exhibit 77
as a gridded map of the world.

3. Human and poultry population co-density
— This indicator variable is a composite of

the above two variables, taking into consider-
ation areas of the world where humans and
poultry coexist to their greatest extent. This
variable was also selected since it reflects the
potential for avian influenza to trigger the
next influenza pandemic. Data are presented
in Exhibit 78 as a gridded map of the world.

4. Highly pathogenic avian influenza in
humans — This country-level indicator is based
on reported data of H5N1 avian influenza
cases in humans worldwide between January
1st, 2003 and December 31st, 2008. This
map illustrates that a significant number of
human cases have been reported in Indone-
sia, Vietnam, China, and Egypt among other
countries. Data are presented in Exhibit 79 as
a choropleth map of the world.

5. Cities with operational laboratories report-
ed to hold WHO risk group 4 microorgan-
isms — This world map displays the locations
of known laboratories reported to hold highly
dangerous infectious pathogens. Although
these laboratories tend to be very secure,
there are precedents of accidental breaches,
which could trigger international outbreaks.
Data are illustrated in Exhibit 80 in a world

map.

6. National economic status — This country-

level indicator provides information about

Gross National Income (GNI) per capita. Q4
Poverty may contribute to environmental con-
ditions (e.g. crowding, inadequate sanitation

efc.) that foster the emergence of dangerous
infectious diseases. Data are presented in

Exhibit 81 as a choropleth map of the world.

7. National health expenditures — This
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Global Human Population Density
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Data Source: Saciceconomic Data and Applications Centre [SEDAC], 2005,

| Exhibit 77 Web Map
Global Poultry Population Density
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http://maps.biodiaspora.com/?exhibit=76
http://maps.biodiaspora.com/?exhibit=77
http://maps.biodiaspora.com/?exhibit=76
http://maps.biodiaspora.com/?exhibit=77

THE BIO.DIASPORA PROJECT

| Exhibit 78: Web Map
Global Human-Poultry Population Co-Density
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| Exhibit 79: Web Map
Highly Pathogenic Avian
Influenza in Humans
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I Exhibit 80: Web Map

Cities with Operational Laboratories Reported to Hold
WHO Risk Group 4 Microorganisms

Labs currently under construction: The United States (6 labs), Germany (1 lab), Switzerland (1 lab), Netherlands (1 lab).

O Locations of known laboratories in operation.

I Exhibit 81: Web Map

National Economic Status
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Gross National Income (GNI) per capita in current international dollars*
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Data Source: Woarld Bank, 2000-2005. * Calleulated using Purchasing Power Parity [PPF) methad
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country-level indicator provides information
about health resources used per capita. Pre-
sumably countries with fewer resources will
experience greater difficulty detecting, con-
firming, and characterizing the presence of
an infectious disease threat. Furthermore, this
indicator presumably speaks to the resources
available to contain an infectious disease
threat once it has been identified. Data are
presented in Exhibit 82 as a choropleth map
of the world.

8. National physician density — This country-
level indicator provides information about
human resources available for healthcare.
Specifically, this indicator quantifies the num-
ber of physicians available per 1000 people
in the general population. Since data have
been reported at different times by different
countries, three colour ramps are shown.
Countries in green are based on older data
estimates (reported between 1990 and
2000), followed by those in red (reported
between 2001 and 2004), and finally those
in blue (reported between 2005 and 2008).
Presumably, countries with fewer physicians
per capita will experience greater difficulty
detecting and managing serious infectious
disease threats. Data are presented in Exhibit

83 as a choropleth map of the world.

9. National nurse density — This country-level

indicator provides information about human

resources available for healthcare. Specifical-

ly, this indicator quantifies the number of nurs-

es available per 1000 people in the general
population. Presumably, countries with fewer
nurses per capita will have greater difficulty
detecting and managing serious infectious
disease threats. Data are presented in Exhibit

84 as a choropleth map of the world.

10. National hospital bed density — This
country-level indicator provides information
about national healthcare resources avail-
able for conditions requiring hospitaliza-
tion. Specifically, this indicator quantifies

the number of hospital beds available per
1000 people in the general population.
Since data have been reported at different
times by different countries, two colour ramps
are shown. Countries in green are based on
older data estimates (reported between 2000
and 2004) while those in blue are based on
more recent data (reported between 2005
and 2007). Presumably, countries with fewer
hospital beds per capita will have greater
difficulty managing serious infectious disease
threats requiring hospitalization. Data are
presented in Exhibit 85 as a choropleth map
of the world.

Q8
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National Health Expenditures
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| Exhibit 83: Web Map
National Physician Density
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| Exhibit 84: Web Map
National Nurse Density
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I Exhibit 85: Web Map
No’nonal Hospital Bed Density
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Global Simulations

The results of seven global simulation scenar-
ios are shown below. These simulations are
of the outbound variety, indicating that they
are initiated with the “planting” of an infec-
tious “seed” at a selected city. Subsequently,
the spatial patterns of dissemination via the
global airline transportation network are ob-
served over a 21-day period. Each scenario
is simulated 5000 times. For each simulation,
it is assumed that there are no effective mea-
sures in place to prevent infected travelers
from boarding commercial aircraft. Model
parameters are based upon the viral char-
acteristics of the (seasonal) influenza virus.
Additional details about outbound simulations
are found in the Mathematical Modeling sec-
tion of the Scientific Methods.

Four of the cities selected as hypothetical epi-
centres for outbound simulations were chosen
based on the global epidemiology of highly
pathogenic avian influenza. For example,
Jakarta, Hanoi, Hong Kong, and Cairo were
selected given that the greatest numbers of
H5N1 avian influenza cases in humans have
been reported in Indonesia, Vietnam, China,
and Egypt. The cities of Johannesburg, Mum-
bai and Sao Paulo were selected to consider
disease emergence from other geographic
regions of the world including Sub-Saharan
Africa, South Asia, and South America. For
each map, graduated symbols are shown to
represent the proportion of simulations result-
ing in disease importation.

Exhibit 86 illustrates the global dissemination
pathways of influenza from Jakarta, Indone-
sia. Given Canada'’s relative lack of connec-
tivity with Indonesia, the overall probability
of importation into Canadian cities during the

simulation’s 21-day period is low, but com-
parable between Toronto and Vancouver. No
other Canadian cities had simulated importa-

tions.

Exhibit 87 illustrates the global dissemination
pathways of influenza from Hanoi, Vietnam.
The probability of importation into Canadian
cities is unevenly distributed, with Toronto
experiencing a nearly two-fold greater risk
than Vancouver, a seven-fold greater risk than
Montreal, and a fifteen-fold greater risk than
Calgary. In this analysis, Toronto and Vancou-
ver have the highest simulated risk of importa-
tion among any city in the Americas.

Exhibit 88 illustrates the global dissemination
pathways of influenza from Hong Kong, Chi-
na. Among the seven simulations scenarios
performed, the probability of importation into
Canadian cities is greatest when influenza
originates in Hong Kong. Moreover, the prob-
ability of importation into Canada is unevenly
distributed, with Vancouver experiencing a
two-fold greater risk than Toronto, a six-fold
greater risk than Calgary, and an eighteen-
fold greater risk than Ottawa. Disease impor-
tations were observed but were very infre-
quent in other cities such as Victoria, B.C.,
Montreal, and Edmonton. Incidentally, the
simulated worldwide distribution of influenza
shown here bears a striking resemblance to
the actual worldwide distribution of SARS,
which disseminated out of Hong Kong in
2003. Furthermore, the increased probability
of importation into Vancouver relative to To-
ronto is consistent with empirical observations
during SARS, as Vancouver received a great-
er number of imported cases than Toronto.
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| Exhibit 86 Web Map

Simulated International Spread of Influenza
Originating in Jakarta
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| Exhibit 88: Web Map

Simulated International Spread of Influenza
Originating in Hong Kong
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| Exhibit 89: Web Map

Simulated International Spread of Influenza
Originating in Cairo

103

Proportion of simulations = o @ Q @

resulting in importation (%)

<0.1 05 1 5 10

Air Traffic Dot Seurce: Intemakional Air Transport Associalion (|ATA) 2007


http://maps.biodiaspora.com/?exhibit=88
http://maps.biodiaspora.com/?exhibit=89
http://maps.biodiaspora.com/?exhibit=88
http://maps.biodiaspora.com/?exhibit=89

THE BIO.DIASPORA PROJECT

Exhibit 89 illustrates the global dissemination
pathways of influenza from Cairo, Egypt. The
probability of importation into Canadian cit-
ies is largely distributed between Toronto and
Montreal, with Toronto experiencing a 1.5-
fold greater risk. In this analysis, New York
City, Toronto and Montreal have the highest
simulated risk of importation of any city in the

Americas.

Exhibit 90 illustrates the global dissemination
pathways of influenza from Johannesburg,
South Africa. The overall probability of impor-
tation into Canada during the 21-day simula-
tion period is low, with Toronto having the
highest risk among Canadian cities. Overall,
Toronto carries twice the risk of importation of
Montreal, and three times the risk of Vancou-
ver and Edmonton. Compared to U.S. cities,
Toronto has onefifth the risk of importation

of New York City, nearly one-half the risk of
Washington, D.C., and comparable risks to
Atlanta and San Francisco.

Exhibit 91 illustrates the global dissemination
pathways of influenza from Mumbai, India.
The probability of importation into the Ameri-
cas is highest for New York City, followed by
Toronto, which has one-third of New York's
risk. Chicago and Los Angeles each have
approximately onefifth the risk of New York
City. Outside of Toronto, importation events
were infrequently observed in Canada (Mon-
treal and Vancouver had one-third and one-
sixth the importation risk of Toronto respec-

tively).

Exhibit 92 illustrates the global dissemination
pathways of influenza from Sao Paulo, Bra-
zil. Given the geographic origin of disease,
there is extensive simulated dissemination

throughout the Americas. In the United States,

the risk of importation is greatest for cities like
New York City, Miami, and Orlando, while in
Canada the highest risk falls to Toronto.

The results of an additional four simulated
scenarios are shown below. These simulations
are of the inbound variety, indicating that
they are initiated with the “planting” of an
influenza “seed” in 596 of the world’s major
cities. The spatial dissemination patterns from
each city are then observed over a 21-day
period. Each scenario is simulated 2000
times. This process is then repeated for each
quarter of the year to account for possible
seasonal variation. For each simulation, it is
assumed that there are no effective measures
in place to prevent infected travelers from
boarding commercial aircraft. Model param-
eters are based upon the viral characteristics
of the (seasonal) influenza virus. The prob-
ability of importation from each “seed city”
is then calculated for each quarter to identify
which cities in the world possess the greatest

potential to export infectious diseases into

Canada.

Exhibit 93 displays the simulated spread
of influenza into Canada from maijor cities

around the world during the first quarter.

Exhibit 94 displays the simulated spread
of influenza into Canada from maijor cities

around the world during the second quarter.

Exhibit 95 displays the simulated spread
of influenza into Canada from maijor cities

around the world during the third quarter.

Exhibit 96 displays the simulated spread
of influenza into Canada from maijor cities

around the world during the fourth quarter.
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| Exhibit 91 Web Map

Simulated International Spread of Influenza
Originating in Mumbai
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I Exhibit 92: Web Map

Simulated International Spread of Influenza
Originating in Sdo Paulo
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| Exhibit 94 Web Map

Simulated International Spread of Influenza
From Major Cities Worldwide into Canada during 2™ Quarter
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| Exhibit 95: Web Map

Simulated International Spread of Influenza
From Major Cities Worldwide into Canada during 3 Quarter
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I Exhibit 96: Web Map

Simulated International Spread of Influenza
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The global airline transportation network is

a dynamic, continuously evolving system of
commercial airports and aviation arteries that
binds the international community together.
While humankind has benefited tremendously
from living in an interconnected world, it

has become increasingly vulnerable to the
infernational spread of infectious diseases via
commercial air travel®. Although complex,
the global airline transportation network has
a definable architecture” and laws that gov-
ern how passengers and commercial aircraft
travel through it. Consequently, this transpor-
tation system is amenable to study from a

global health and security perspective.

The BIO.DIASPORA Project was initiated
post-SARS with a goal of improving our un-
derstanding of the global airline transporta-
tion network and its evolving role as a con-
duit for the spread of infectious diseases™. It
has sought to fulfill this objective through the
creation of a data warehouse on the world’s
commercial air traffic patterns and rigorous
analysis of these data through the intersec-
tion of multiple scientific disciplines including
medicine, infectious diseases, public health,
health policy, biostatistics, geographic sci-
ences, network analysis, computer sciences,
and mathematical modeling. Through ap-
plied research, this report: i) characterizes, in
unprecedented detail how Canada and the
international community are interconnected
by the global airline transportation network,
ii) considers how Canada’s interconnected-
ness translates into specific vulnerabilities

to global infectious disease threats, and iii)
identifies strategic measures available to
Canada to mitigate its future risks associated

with the importation of dangerous infectious

diseases.

For global infectious disease threats to
breach Canada’s borders by air travel, three
connected steps must occur. First, an infec-
tious agent must arise internationally; second,
the infectious agent must gain access to the
global airline transportation network; and
third, air traffic departing the source location
must transport the agent, directly or indirectly,
info a commercial airport within Canada’s
borders. While factors contributing to the
emergence of new or dangerous infectious
diseases and measures of a country’s abil-

ity to detect and control infectious diseases
are imprecise, this report provides data on
ten crude surrogate markets of disease emer-
gence and control. lts strength however lies
in its ability to illustrate how human infectious
diseases are capable of spreading through
the global airline transportation network and

into Canada’s borders.

There are three major lines of defence where
Canada may direct its efforts in preparing for
or responding to imported infectious diseases
via air travel. The first line of defence lies at
the domestic frontier in Canada’s major cities
and their associated international airports.
The second line of defence lies further up-
stream in the airline transportation network,
at international airports where travelers
frequently make flight connections en route to
Canada. The third line of defence lies furthest
upstream in the international frontier, in cities
and countries around the world where infec-
tious diseases may emerge and propagate
before finding their way into Canada via air
travel. While traditional efforts to address

global infectious disease threats have focused



predominantly on domestic strategies®, a
more diversified approach aimed at multiple
frontiers is likely to be more effective at miti-
gating Canada'’s future risks.

On the domestic frontier, most Canadian
cities are not centrally (i.e. vulnerably) lo-
cated within the global airline transportation
network. One notable exception is Toronto,
which using a number of different metrics,
ranks between the 8th and 12th most cen-
trally located cities worldwide. Looking at
passenger flows, Toronto receives the high-
est international traffic volume of any city in
Canada - totaling that of both Vancouver
and Montreal combined. Within the United
States and Canada, Toronto receives the 4th
highest volume of international passenger
traffic after New York City, Los Angeles, and
Miami. Among all cities worldwide, Toronto
ranks 24th in international air traffic volumes.
These data indicate that among Canadian cit-
ies, Toronto is a particularly vulnerable entry
point for global infectious disease threats.

Applying most metrics, Vancouver follows as
Canada’s second most centrally located city
in the global airline transportation network,
and receives the second highest volume of
international passenger arrivals. It bears not-
ing that Vancouver is Canada’s most strongly
connected city with East Asia, where SARS
originated and where many fear the next
influenza pandemic will originate. Montreal,
as Canada’s third most centrally located

city within the airline transportation network
has international passenger arrival volumes
approaching that of Vancouver. However,

a greater proportion of Montreal’s air traf-
fic originates from Europe, North Africa and

the Middle East — areas of the world that are
presumably less likely to foster the emergence
and propagation of new or dangerous infec-
tious diseases. In addition to being the final
destinations of travelers, Canadian cities

also operate as important transit points for
passengers connecting to other domestic or
international locations. Vancouver is the most
frequently used transit point in Canada (con-
necting more than 380,000 international pas-
sengers per year) followed closely by Toronto
(connecting more than 350,000 international
passengers per year) and more distantly by
Montreal (connecting 45,000 international
passengers per year).

The results of mathematical simulations pre-
dicting how influenza is most likely to pene-
trate Canada’s borders are consistent with the
outcomes of statistical analyses and network
analyses performed in this report. Among the
seven different simulated scenarios, Toronto
reliably bears the greatest risk of importa-
tion, unless the disease threat originates in
Hong Kong, in which case Vancouver bears
the highest risk. These simulated findings are
consistent with empirical observations during
SARS, as Vancouver received the greatest
number of imported cases of SARS of any
city in Canada®. Applying different scientific
methodologies, the analyses in this report ar-
rive at the same conclusions — Toronto overall
is Canada’s most vulnerable domestic point
of entry for global infectious disease threats,
followed by Vancouver, and then Montreal.
Domestic efforts to prepare for future infec-
tious disease threats should consider how
Canada’s major cities are connected with the
global community.
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As more than sixty percent of passengers
traveling to Canada from developing regions
of the world use multiple flights to reach their
destination, there is a window of opportunity
— albeit narrow — to detect and respond to
the needs of infected travelers at connecting
airports around the world. An important limi-
tation of this approach is that the incubation
periods of most infectious agents well exceed
the travel times of most international travel-
ers. Consequently, a substantial proportion of
travelers harbouring an infectious agent will
display no signs or symptoms of illness dur-
ing the course of their trip through the airline
transportation network. Even if travelers are
or become symptomatic while traveling, most
are unlikely to openly disclose their illness,
particularly during emergency settings when
such declarations could significantly disrupt
their travel plans. While detecting febrile
travelers using non-contact infrared ther-
mography is an objective screening method
that has been and continues to be used in
selected airports around the world, the over-
all effectiveness of this technology remains
unproven®. Even if persons are identified as
having an elevated surface temperature with
infrared thermography, the lack of widely
available diagnostic technologies that can
then quickly and accurately rule out or con-
firm the presence of an infectious agent sub-
stantially restricts the efficiency of screening
passengers during the course of their travels.
Nonetheless, it is not essential that interven-
tions directed at this frontier be valued solely
on the basis of their ability to detect pas-
sengers displaying clinical signs of illness.
Targeted public health messages for example,
could be directed at travelers in the hope of

educating and influencing the behaviours of

persons who subsequently become ill. As half
of all flight connections made by passengers
traveling to Canada from developing areas
of the world pass through the airports of just
nine cities worldwide, Canada may wish to
consider directing some of its preparedness
and response efforts to these major transit
points. The nine cities include, in order of
use as international transit points: i) London,
UK, ii) Hong Kong, iii) Tokyo, iv) Frankfurt,
v) Paris, vi) Miami, vii) Amsterdam, viii) New
York City, and ix) Chicago.

On the international frontier, areas of the
world from which global infectious diseases
are most likely to enter Canada include
those: i) where conditions foster the emer-
gence of dangerous diseases” or attract
such diseases through travel; ii) which have
limited capabilities to rapidly detect and ef-
fectively control infectious disease outbreaks
should they arise; iii) and which have com-
mercial airports generating high volumes

of international air traffic directed toward
Canada. This report finds that satisfying the
above three criteria is most likely to occur in
countries undergoing economic transition,
particularly those experiencing accelerated
industrialization. Such countries are most
likely to have areas that are still developing —
with conditions that may foster the emergence
of new diseases and have limited resources
to detect and control these diseases — adja-
cent to rapidly industrializing areas that are
increasingly well connected with the global
community via commercial air travel. Conse-
quently, the conditions required for generat-
ing, propagating and subsequently exporting
infectious disease threats may all exist within

a single country.



Highly industrialized countries may also be
very important locations from which infec-
tious disease threats enter Canada, as these
countries tend to have well-developed airline
transportation systems that place them at
heightened risk of disease importation, and
potentially, secondary international exporta-
tion. Conversely, developing countries with
extensive poverty may have conditions that
lend themselves to the emergence and local
propagation of infectious diseases?, but typi-
cally lack the volume of international air traf-
fic required to rapidly export such diseases to
other parts of the world. Thus, infectious dis-
ease epidemics in developing countries may
either extinguish themselves before spreading
internationally via commercial air travel or
gradually amplify themselves and increase in
their geographic territory until they fall within
the catchment area of sufficiently large inter-

national airports.

This report identifies thirteen countries around
the world - four developing and nine industri-
alized — as important potential locations from
which infectious diseases may enter Canada.
The four developing countries are locations
where infectious disease threats possess
significant potential to enter Canada directly
through air travel, while the nine industrial-
ized countries are of greater significance as
potential secondary sites for disease expor-
tation. Collectively, the thirteen countries
described below generate eighty percent of
all international passenger traffic entering

Canada from around the world.

While this report has been framed entirely
from the perspective of Canada’s self-in-

terests, it is important to recognize that the

architecture of the global airline transporta-
tion network is approximately symmetric,
with roughly equal volumes of inbound and
outbound international air traffic between
city-pairs. Consequently, Canada itself could
potentially become an important exporter

of emerging infectious diseases as occurred
during the worldwide outbreak of SARS?.
From a contemporary global perspective, the
thirteen countries identified in this report are
“very close” to Canada with significant poten-
tial for the exchange of infectious diseases.
Canada may wish to consider initiating or
continuing dialogue with the governments of
these countries about the shared risks of glob-
al infectious disease threats and the potential
for shared responsibilities to mitigate these
risks. This approach would be consistent with
the core principles of the revised Interna-
tional Health Regulations, which aim to direct
countries’ efforts away from predominantly
focusing on passive border control measures,
to more active measures aimed at enhanc-
ing infectious disease surveillance, detection,
and control capabilities around the world?'.
As such, the findings of this report may help
Canada protect its own national self-interests
through domestic interventions and coopera-

tion with other selected countries worldwide.
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Four Developing Economies

China generates the third highest volume of
international passenger traffic entering Can-
ada after the United States and the United
Kingdom, and the highest volume of any
developing country worldwide. Of all inter-
national passengers entering Canada today,
4.3% initiate their trip inside China’s borders
(including Hong Kong). Of the more than
780,000 passengers entering Canada from
China every year, 90% originate from three
cities — Hong Kong, Beijing, and Shanghai.

China is considered an important potential
location from which global infectious disease
threats may enter Canada for a number of
reasons. Foremost, China’s highly acceler-
ated pace of industrialization has created a
country of economic extremes. In parts of the
country, extensive poverty, high population
density, close proximity between humans and
animals, a relative deficiency of healthcare
resources, and other factors create conditions
that may foster the emergence and domestic
spread of infectious diseases. At the same
time, rapid industrialization has led to shifts
in domestic population density from rural to
urban areas, such as Hong Kong, Beijing
and Shanghai. Today these cities are major
global economic engines that are highly de-
veloped and continually expanding conduits
for international air travel. As such, condi-
tions exist for diseases to emerge, spread do-
mestically, and consequently be exported to
other parts of the world. A synergy of factors
likely contributed to the worldwide spread of
SARS, which originated in Guangdong prov-
ince before spreading to neighbouring Hong
Kong*® — home to the fifth largest interna-
tional airport in the world. As the world looks
to the future threat of pandemic influenza',
China remains a leading source of human
cases of highly pathogenic (H5N1) avian

influenza?®. Of China’s metropolises, Hong
Kong is most tightly connected to Canada,
with nearly 400,000 passengers traveling

to Canada each year. To provide a sense of
scale, the international volume of traffic enter-
ing Canada from Hong Kong alone exceeds
the volume of traffic entering Canada from all

other cities in Mainland China.

Mexico generates more than 650,000 pas-
senger arrivals info Canada each year - the
second highest volume of air traffic from a
developing country after China. Of note,

a significant majority of air traffic flowing

info Canada from Mexico originates from

the resort cities of Cancun and Puerto Val-
larta during the months of January to April,
representing in large part, Canadian travel-
ers returning home from winter and spring
vacations. However, Mexico City has a very
different pattern of traffic, producing a steady
stream of passengers into Canada throughout
the year with a surge occurring between the
months of June and August. Annually, Mexico
City generates nearly 190,000 passenger
arrivals into Canada. Poverty, high popula-
tion density, limited healthcare resources, and
high inbound flows of international passen-
gers make Mexico, and particularly Mexico
City, a potentially important location from

which infectious disease threats may enter

Canada.

India is the world’s second most populated
country after China. With high population
density, widespread poverty, and focal ar-
eas of accelerated industrialization, India’s
conditions bear a striking resemblance to
those in China. Today, India generates the
eighth highest volume of international pas-
senger traffic entering Canada, and the third
highest volume from any developing country

after China and Mexico. Of all international



passengers entering Canada today, 1.8%,

or 330,000 persons initiate their trip from
inside India’s borders. Eighty percent of those
passengers originate from just three cities —
Delhi, Mumbai, and Amritsar. Although India
has experienced serious infectious disease
outbreaks in the recent past (e.g. plague), it
has not contributed to the international dis-
semination of such threats®®. Nonetheless, if
India’s economy continues to grow at its cur-
rent pace, its cities will likely become more
connected with Canada’s over time, thereby
increasing potential for the international trans-

fer of emerging infectious diseases.

The Philippines is the fifth largest source of
international air traffic into Canada from a
developing country, after China, Mexico,
India, and Cuba, and the largest source
country for skilled workers in Canada today.
Although Cuba generates a slightly higher
annual volume of international air traffic en-
tering Canada than the Philippines, a signifi-
cant proportion of Cuba's traffic is generated
by Canadian travelers returning home from
winter and spring vacations. In this report,
the Philippines was deemed a more important
potential location for emerging infectious dis-
ease threats for the reasons described above;
because conditions in the Philippines may be
more likely to contribute to the emergence
and domestic spread of infectious diseases;
and because the Philippines is tightly inter-
connected with other countries across East
Asia — where many experts believe the next
influenza pandemic and/or other emerging

disease threats will originate.

Nine Industrialized Econo-
mies
By a substantial margin, the United States

(U.S.) generates the highest volume of inter-
national air traffic entering Canada of any

country in the world. While the U.S. may be
an unlikely source for the emergence of new
infectious disease threats, it alone generates
over 13% of the world's international air
traffic volume and consequently represents a
high risk destination for imported infectious
diseases itself. Given the extensive popula-
tion mixing between Canada and the U.S.
via the two countries’ long contiguous land
border and through the high volume of com-
mercial air travel, the U.S. warrants special
consideration as an important location from
which infectious diseases may enter Canada.
With 51% of Canada’s commercial air traffic
coming from the U.S. and 13% of the U.S.’
air traffic coming from Canada, there are
compelling reasons for both countries to col-
laborate on preparing for and responding to

global infectious disease threats®'.

The European Union (E.U.) generates almost
onefifth of all international traffic entering
Canada. Like the United States, the E.U. may
be an unlikely source for the emergence of
new infectious disease threats, but it alone
generates over 19% of the world’s interna-
tional traffic volume and consequently rep-
resents a high risk destination for globally
imported infectious diseases. Of E.U. member
states, more than 75% of all air traffic into
Canada originates from the following five
countries in order of volume: i) United King-
dom, ii) France, iii) Germany, iv) ltaly and v)
the Netherlands. Thus, the E.U. is an impor-
tant location from which infectious disease
threats could enter Canada. Collaboration
with the E.U. on shared risks of infectious
disease threats would be prudent and could
be directed at individual member states that
generate a high volume of air traffic into
Canada, or more broadly with the E.U. as a

collective.
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Japan, South Korea, and Taiwan are among
East Asia’s most highly industrialized econo-
mies, collectively generating 3.8% of all
international traffic entering Canada. To-
gether, this trio is the fourth largest source of
international traffic entering Canada after
the United States, the United Kingdom, and
China. Although these countries could be-
come primary sources of important emerg-
ing infectious disease threats to Canada, of
greater concern is their potential to act as
secondary exporters of disease after impor-
tation from other less developed countries.
Given that East Asia may be where the next
influenza pandemic emerges and where other
important emerging infectious disease threats
arise, industrialized economies like Japan,
South Korea, and Taiwan appear particularly
vulnerable to disease importation. This sup-
position is consistent with observations during
the worldwide outbreak of SARS, when the
disease spread quickly and extensively within
East Asia?®.

The thirteen countries identified as important
potential locations from which infectious
disease threats may enter Canada reflect
near-present global conditions. All analyses
utilized the most current data available at
the time of creating this report. Of particular
significance, data on the architecture of the
airline transportation network and the flows
of passengers through it were derived pre-
dominantly from 2008 and 2007 data re-
spectively. It bears noting however, the world
is continuously changing — countries industri-
alize, they become more or less connected
through air travel, they experience military
conflicts, environmental disasters, and sub-
sequent infectious disease outbreaks — each
of which may significantly alter the degree
of risk to Canada. Consequently, periodic

reevaluations of the risk of global infectious

disease threats to Canada via commercial air

travel are warranted.

Global infectious disease threats are an in-
evitable part of Canada’s future. While some
threats may be containable at their source,
others will spread and penetrate Canada'’s
borders regardless of all international efforts
made to prevent their importation. Conse-
quently, reinforcing domestic lines of defence
in high risk Canadian cities and their interna-
tional airports is an essential part of an over-
all national biodefence strategy. However, in
today’s globalized world, the line separating
domestic from international infectious disease
threats has become increasingly blurred. To
address this evolving global reality, Canada
will need to increase its efforts to detect and
control infectious diseases outside of its na-
tional borders, as a way to protect its own
vital self interests®?. Given the narrow window
of opportunity to detect infectious diseases in
international air travelers coupled with current
technological limitations in detecting fever via
non-contact infrared thermography?, Canada
may wish to concentrate its efforts in the air-
line transportation network at selected inter-
national airports that operate as major transit
points for passengers traveling to Canada. To
disrupt, delay, or prevent the entry of global
infectious diseases into Canada altogether, in-
creased collaboration with other members of
the international community will be required.
The findings of this report are intended to
guide Canada’s preparedness and response
efforts to specific vulnerable domestic points
of entry, international airports used as major
transit points for passengers traveling to Can-
ada, and to international cities and countries
with which it is tightly connected as a way to
protect its own national self-interests and con-
currently strengthen the fabric of global public
health security.
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TECHNICAL APPENDIX

A. The Markov chain model in each city

Formulating the continuous-time, discrete-state Markov chain is performed from a
tfime to transition perspective.

. First, we define the state by X (r) = (E(¢),1(1)).

J—

2. Given the state X(t) at time t, we compute /' = €E(0) + (S + 7)1 (D).

3. The quantity fis the parameter of an exponentially distributed random
variable T giving the amount of time the process spends in state X(t] before
making a transition into another state.

4. A number? is determined at random from T, giving the time of the next
transition £+ 7.

5. Once the time of the transition is known, the nature of the transition is
considered. Thus we determine Pr(X (i +7) = (e',i")| X () = (e,i)), that is, the
probability that the new state at time 7+ 7 s
X(t+7)=(E@t+7)=¢,1(t+7) =) given that the state is
X(0)=(E(t)=e,1(t) =) at time 1, where &i-€’»i" are non-negative integers.

Given the conceptual SEIR model used:
o The probability that (¢'.") = (e +1,0), that is, there is a new infection, is 5/ f-

o The probability that (¢'.i") = (e =1i+1),that is, an exposed individual
becomes infectious, is€e/ /-

o The probability that (€'.7") = (e, 1), that is, an infectious individual is
removed from the infectious class due to recovery with immunity or death,
is7i/ f.

e Note that these three probabilities add up to 1.

6. Once in this new state, the process repeats from step 1, using the new
time?+7 and the new state X(/+7) as the given state.

B. The metapopulation model

To consider the interaction of cities through the global airline transportation
network we use a metapopulation framework. For this, two steps are performed:

1. Each city is uniquely identified using three letter city codes from the
International Air Transport Association (IATA).

2. The nature of interactions between cities is precisely defined using
worldwide, true origin and destination, flight passenger data from the year

2007. We introduce the notation ™, to describe a metric of passenger flows
from city a to city b for individuals in state S=E or I. Note that we allow for the
possibility that the metric of passenger flows between cities depends upon the
epidemiologic status of individuals (i.e. infectious individuals may be less likely
to travel than others). This allows us to model, for example, the potential impact
of exit screening of infectious individuals at commercial airports or the effects
of pathogen virulence on the ability of passengers to travel. In this analysis, it is
assumed that there are no effective measures in place to prohibit travelers from
boarding commercial aircraft and consequently infectious individuals are
assumed to travel with equal probability to all others.
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C. The Markov chain model for a global network of cities

The Markov chain model follows the single city template, but now, the
transportation of individuals from one city to another is added.

1. We now define the state by X (1) = (£,(1),1,(2),.... Ey (), 1 (1)) ,
2. At time t, we follow the single city template, with the following modifications:

e The exponential distribution determining the time to the next transition has

parameter /i = ;(8“E“(I)+('Ba +7)L(0)+ Z(m(iEa(f)meibla(f))

a,b=1
a#b

3. There are more potential outcomes. Given a state at time t of the form
X(@) = (El(t) =e, () =ip,....Ey(t)=ey, 1y (1)= iN)’fhe probqbility
PT(X(t +7) | X(t)) that state X (¢ + 7) takes the form X (1 +7) = (el i ey sy ')
after the transition that occurs at time 7+ 7 is given by the following.
e The probability that

'

(61',i1',...,€a',ia ”""eN"iN'): (el’il"":ea +17ia""’eN7iN)? ’thf iS, ’rhere is a
new infection in city a, is Bala/ f:-

e The probability that
(el',il',...,ea',ia',,...,eN',iN'): (e,0ys....e, —Li, +1,....ey,1y), that is, an
exposed individual becomes infectious in city a, is€.€./ /-

e The probability that
(e]',il',...,ea',ia',,...,eN',iN')z (e,0y,..ne,,1, —L....ey,iy),that is, an
infectious individual is removed from the infectious class due to recovery
with immunity or death in city a, is?al/ /:-

e The probability that

[ |

(e]',il',...,ea )i, ,,...,eb',ib',...,eN',iN'):(el,il,...,ea —Li,,...,e, +1,i,,...,ey,iy),
that is, an exposed individual from city a travels to city b, is"w €./ /-

e The probability that
(e,',il',...,ea',i ',,...,eb',ib',...,eN',iN'):(el,il,...,ea —Li,,...,e, +1,i,,....,ey,iy),
that is, an infectious individual from city a travels to city b, isawia/ f:-

12
e Note that these probabilities add up to 1. 0
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