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Summary

As communities in Northern Ontario experience various economic, social and demographic shifts, busy airports like
the Thunder Bay International Airport (TBIA) must also experience shifts in air fraffic pafterns. Or do they?2 To answer this
question, this study examines three factors that are thought to have had an impact on air fravel in and out of the TBIA
over the past two decades: gold prices, population demographics and post-secondary enrolment.

Taking a quantitative approach, this commentary identifies a number of key findings that reveal notable relationships
between these three indicators and total Thunder Bay air traffic.

Gold Prices

High infernational gold prices and a growing Northern Ontario gold mining sector fend to increase total Thunder
Bay air traffic. The results indicate that total Thunder Bay air fraffic has a significant correlation with gold prices
and employment in the Northern Ontario mining sector, and a less significant but still positive correlation with
mining activity.

Demographics

While Thunder Bay’s demographic shift o larger middle age and old age populations has resulted in an increase
in total air traffic, the share of the population ages 20 to 29 does not correlate with the total number of passengers
flying in and out of Thunder Bay's airport. People in the age 40-69 demographic have generally developed
careers, therefore increased work travel opportunities and more disposable income are a few reasons why people
in this age range would be positively correlated with air fraffic.

Post-Secondary Enrolment

Students enrolled at Lakehead University who come from other parts of Ontario tend to positively relate with
Thunder Bay's total air fraffic. One possible explanation is that students who are not from Thunder Bay often fly in
and out of the community more frequently to visit family. There does not seem to be any relationship between
Confederation College students and air traffic.



Infroduction and Definitions

The purpose of this commentary is to study indicators which have been thought fo have some degree of influence

on Thunder Bay air traffic. In this paper, air traffic is defined as the total arriving and departing passengers at the
Thunder Bay International Airport (TBIA). The majority of this commentary will be an analysis of three variables and their
relationships with air traffic: international gold prices, Thunder Bay population and age demographic, and Thunder Bay
postsecondary enrolment. The analysis will take a quantitative approach to reveal some of the important statistical
relationships between these three variables and fotal Thunder Bay air traffic. This commentary will then summarize the
findings of the analysis and present four key results.

Before beginning the analysis, it is important to define two key terms:
1. Natural Logarithm: The natural logarithm of value x, In (x), is the logarithm having base “e”, where,
©=2.718281828...
Example: In(500) = 6.21 and e*?'= 500
For this commentary, the author converted natural numbers to natural log values because coefficients on the natural
log scale are directly interpretable as approximate proportional differences. Using natural log values scales down very

large numbers and makes the visual relationships between variables clearer when graphed.

2. Elasticity of Demand: Refers to how changes in a range of variables, such as prices and consumer income, impact
the demand for a particular commodity.
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Analysis

According to historical data from 1994 to 2016, the movements in Thunder Bay air traffic and in the international price
of gold are notably similar. This indicates that there may be some degree of correlation' between gold prices and

air traffic. As well, air traffic appears to be growing at a faster rate than gold prices. Finally, it appears that there is a
negative correlation between annual trends in the Thunder Bay population and in total air fraffic. This could be the

result of more people deciding to migrate away from the Thunder Bay metropolitan area.

FIGURE 1: INTERNATIONAL GOLD PRICES VERSUS AIR TRAFFIC
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FIGURE 2: TOTAL THUNDER BAY POPULATION VERSUS AIR TRAFFIC
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IMATED COEFFICIENTS

Regression~1

b/se

total_pop -4.361%**
(0.97)

gold_price 0.174***
(0.03)

inflation -0.298
(1.63)

gdp 0.708
(0.74)

constant 63.892***
(11.52)

R-sar 0.944
dfres 15
BIC -61.7

*p<0.05, ** p<0.01, *** p<0.001

Sources: The author’s calculations are based on data from Statistics Canada; Thunder Bay International Airports Authority Inc.;
ICE Benchmark Administration Limited (IBA); the Organization for Economic Co-operation and Development; and the World Bank

Both gold prices and population variables are highly significant at the 0.1 per cent level, and the overdall fit of the
model is quite good at 94 per cent. What is interesting is the fact that, as the Thunder Bay area population increases,
the overall air traffic at the TBIA decreases. The regression coefficients can be understood as individual elasticities.

For example, this model suggests that a 1 per cent change in total population will lead to a negative 4.361 per cent
change in air traffic. Similarly, a 1 per cent change in gold prices will lead to a positive 0.114 per cent change in air
fraffic. Therefore, international gold prices do have some explanatory power for the movements in air fraffic. This
relationship could be partially due to the fact that as international gold prices rise, activity in the Northern Ontario gold
industry increases and generates more employment opportunities.

2QOrdinary Least Squares (OLS) is a statistical method used fo estimate the unknown parameters in a linear regression model.
3Statistical significance at the 1 per cent level means that there is a 1 per cent probability of rejecting the null hypothesis when it is true.
The null hypothesis is that the OLS estimated coefficient is equal to zero.
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Gold Industry

A common narrative is that as gold prices increase, mining activity fends to increase and therefore gold firms will hire
new employees to expand their operations.

FIGURE 3: GOLD MINING EMPLOYMENT VERSUS GOLD PRICES
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Although there does appear to be a positive relationship between international gold prices and total gold mining
employment in Northern Ontario since 2005, this does not mean that there is a positive relationship between gold prices
and mining activity (Figure 4). In fact, there does not appear to be any clear relationship between the two from 2005
to 2016. A simple correlation analysis between mining activity and international gold prices produced a statistically
insignificant correlation coefficient of 0.1491.

FIGURE 4: INTERNATIONAL GOLD PRICES VERSUS GOLD MINE ACTIVITY
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As demonstrated by figure 4, as gold prices tend fo increase for the period of 2005 to 2012, gold mining activity remains
relatively stable. However, from 2012 to 2016, as gold prices drop, we see a significant increase in mining activity,
indicating that the two variables are negatively correlated (2012 to 2016).

Since 2005, however, this tends not fo be the case. On the contrary, as gold prices tend to increase, gold mining
activity remains relatively stable (2005 to 2012). As gold prices drop, we see a significant increase in mining activity
(2012 to 2016). This is important in the context of Thunder Bay air traffic because it suggests that gold prices are an
overall better predictor of air fraffic than Northern Ontario mining activity. Table 2 tests for correlations between air
fraffic, gold prices, employment in the gold mining industry, and mining activity. Mining activity is measured as the
yearly total amount of gold ore processed daily at 24 gold mines in Northern Ontario since 2005. The results indicate
that total Thunder Bay air traffic has a significant correlation with gold prices and employment in the Northern Ontario
mining sector, and a less significant but still positive correlation with mining activity. Additionally, there is a significant
and positive correlation between gold mining employment and gold mining activity.* It is not unreasonable to believe
that the mines will hire additional employees if they seek to expand on their mining operations. However, for future
studies, these relationships ought to be further explored as they relate to Thunder Bay air traffic.

TABLE 2: PAIRWISE CORRELATION MATRIX, TOTAL AIR TRAFFIC AND GOLD VARIABLES

airtra~c goldpr~e employ~t activity

airtraffic 1.0000

goldprice | 0.8701* 1.0000
employment | 0.8908* 0.6336 1.0000
activity | 0.5840 0.7847* 1.0000

Sources: Author’s calculations based on Thunder Bay International Airports Authority Inc. data; ICE Benchmark Administration Limited
gold price data; and the Ontario Prospectors Association’s Ontario Mining & Exploration Directory data

4 Starred correlation coefficients indicate a significance level of 1 per cent. Correlation coefficients which are reported, but not
starred, are significant at the 5 per cent level.
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Population Demographics and Air Travel

As shown in the analysis of the regression model, total population tends to be negatively correlated with air traffic

in Thunder Bay. However, it has been suggested that there is a strong correlation between Thunder Bay's aging
population and total air traffic. Therefore, the following analysis decomposes the total population of Thunder Bay info
three demographic groups: young age, middle age, and old age. The young age category consists of ages 0 to 39, the
middle age category consists of ages 40 to 69, and the old age category consists of ages 70 and older. It is important to
note that due to high levels of multicollinearity® between age subgroup variables and small sample sizes, conducting a
second regression analysis that includes the age subgroups as independent variables would not be appropriate.$

FIGURE 5: TOTAL YOUNG AGE POPULATION VERSUS AIR TRAFFIC, THUNDER BAY
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Based on the figure above, there is a strong negative correlation between the total Thunder Bay population ages 0

to 39 and total Thunder Bay air traffic. A simple regression analysis between these two variables reveals an air traffic
demand elasticity of -1.39, indicating that for every 1 per cent increase in the ages 0 to 39 population, there is a
corresponding decrease in Thunder Bay air fraffic by 1.39 per cent. Additionally, a simple correlation test between the
two variables revealed a statistically significant correlation coefficient of -0.9378 at the 1 per cent level. There may be
intuitive explanations for this result. For example, people in this demographic may be starting families or careers and
therefore do not have the necessary disposable income for flights. This demographic also includes very young children
and youth (ages 0 to 18) who usually do not, or cannot, fly by themselves.

“...it appears that there is a negative correlation between the
Thunder Bay population and total air traffic for each year.
This could be due to the fact that more people are deciding to
migrate away from the Thunder Bay metropolitan area.”

> Multicollinearity is the phenomenon in which one independent variable in a multiple regression model can be linearly predicted from
the other independent variables with a substantial degree of accuracy.

¢ A pairwise correlation matrix testing at the 1 per cent level was used to test for multicollinearity between the young, middle, and old
age variables. The matrix returned highly significant correlations between all three variables.
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FIGURE é: TOTAL MIDDLE AGE POPULATION VERSUS AIR TRAFFIC, THUNDER BAY
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For the Thunder Bay population ages 40 to 69, there appears to be a positive relationship with total Thunder Bay air
fraffic since 1996. Specifically, a simple regression analysis between the total population ages 40 to 69 and total air
fraffic produces an air traffic demand elasticity of 2.27. This indicates that for every 1 per cent increase in the ages 40

to 69 population, there is a corresponding increase in total air traffic by 2.27 per cent. Additionally, a simple correlation
test between the two variables revealed a statistically significant correlation coefficient of 0.8687 at the 1 per cent level.
People in this demographic have generally developed careers. Therefore, increased work travel opportunities and
more disposable income are a few reasons why people in this age range would be positively correlated with air traffic.

FIGURE 7: TOTAL OLD AGE POPULATION VERSUS AIR TRAFFIC, THUNDER BAY
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Finally, for Thunder Bay's total old age population, there tends to be a positive correlation with Thunder Bay air traffic.
Testing a simple linear regression analysis between the ages 70 and older demographic and the total air fraffic yields

an air fraffic demand elasticity of 1.43. This suggests that a 1 per cent increase in the ages 70 and older demographic
results in an increase in total Thunder Bay air traffic by 1.43 percent. Additionally, a simple correlation test between the
two variables revealed a statistically significant correlation coefficient of 0.9430 at the 1 per cent level. One possible
explanation as to why this demographic is strongly correlated with air tfraffic is that grandparents may attract family visits
from those who live outside of Thunder Bay. Alternately, this demographic may have high levels of disposable income
to travel and see family, or to go on vacation.

In addition to the above analysis, the next step was to decompose the young, middle, and old age categories into
10 age subcategories. For example, the first category, “age_1" includes the total Thunder Bay population ages 0 to 9,
while the tenth category, “age_10" includes the total Thunder Bay population ages 90 and older.

TABLE 3: THUNDER BAY AGE SUBGROUPS AND AIR TRAFFIC REGRESSION ESTIMATES

Age Group  OLS Estimated Coefficient  R-Squared

Otc 9 -0.93574%95 0.8405
1010 19 -1.214682 0.9283
20 to 29 0.1025493 0.001
30 to 39 -(.8458882 0.8315
40 to 49 -1.18399 0.7333
50 to 59 0.9429955 0.808
&0 to 49 0.8476346 0.2038
/0to 79 4.133848 0.7247
80 to 89 0.6493861 0.7715
9?0 and above 0.3920304 0.93%95

Table 3 presents individual OLS coefficients for the individual regressions of total Thunder Bay air fraffic on age
subgroups. For the most part, the ages 0 to 49 demographic negatively correlates with total air traffic. Meanwhile,
the ages 50 and older demographic positively correlates with air traffic. There is one outlier, however, which is age
subcategory three: the ages 20 to 29 population, or “age_3." Specifically, the OLS estimated coefficient is positive
while the R-squared value is essentially zero. The small but positive OLS estimated coefficient means that the ages 20
to 29 population has a positive, but very small, effect on air traffic. Furthermore, the small R-squared value suggests
that the estimated model, which includes the ages 20 to 29 population, accounts for nearly 0 per cent of the
variance in the observed air fraffic data. A pairwise correlation matrix was used fo fest for mulficollinearity between
all 10 subcategories; "age_3" was the only variable which did not correlate with other age subcategories. A simple
correlation analysis was also conducted on each age subgroup and air traffic, and revealed highly significant
correlation coefficients except for age group three.” The sign of each correlation coefficient followed the sign of each
regression coefficient.
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FIGURE 8: POPULATION AGES 20 TO 29 VERSUS AIR TRAFFIC, THUNDER BAY
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Sources: Thunder Bay International Airports Authority Inc. and Statistics Canada.

The graph indicates that from 1996 to 2002, Thunder Bay's ages 20 to 29 population decreased steadily, followed by

a steady increase from 2008 to 2012. The population then declined in 2013 before stabilizing in subsequent years. This
pattern is quite different from the other age subcategories in Thunder Bay. During the same period, each subcategory
below the age of 50 experienced a consistent frend downward. Meanwhile, the age 50 and older subcategories
experienced a consistent frend upward. One possible explanation for this discrepancy is that the subcategories have
some correlation with college or university enrolment rates. For example, students in the 20 to 29 subcategory may fly
back and forth from their respective postsecondary institutions if they live outside of Thunder Bay.
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Postsecondary Enrolment
FIGURE 9: TOTAL ENROLMENT AT LAKEHEAD UNIVERSITY VERSUS AIR TRAFFIC
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FIGURE 10: ONTARIO ENROLMENT AT LAKEHEAD UNIVERSITY VERSUS AIR TRAFFIC?
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FIGURE 11: OUTSIDE OF ONTARIO ENROLMENT AT LAKEHEAD UNIVERSITY VERSUS AIR TRAFFIC
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The number of students from Northwestern Ontario enrolled at Lakehead University surpassed the number of students
enrolled from other parts of Ontario between 1999 and 2011. Since 2012, however, the number of students from
Northwestern Ontario has dropped while the number of students from other parts of the province has grown with total
air traffic. These trends could be important in two ways. First, it is not unreasonable to believe that students from other
parts of Ontario fly in to Thunder Bay to attend Lakehead University and then occasionally fly home. Second, it may
be that students from Northwestern Ontario are deciding to fly away to attend other universities. Also, it is important

to note that there was no significant correlation between Thunder Bay air fraffic and the share of student enrolment
at Lakehead University from outside of Ontario. One possible explanation is that students from outside of Ontario will
choose to live in Thunder Bay while attending university there. As a result, these students would choose not to fy home
as frequently as students who live in other parts of Ontario.

TABLE 4: PAIRWISE CORRELATION MATRIX, TOTAL AIR TRAFFIC AND LAKEHEAD UNIVERSITY ENROLMENT

NWO Other_~t Outsid~t airtra~c
NWO 1.0000
Otfher_Ont | 0.5122 1.0000
Outside_Ont | 0.5207 1.0000
airtraffic | 0.4824 0.7893* 1.0000

Sources: Author’s calculations based on Thunder Bay International Airports Authority Inc. data and Lakehead University's Institutional
Statistics Books data
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FIGURE 12: TOTAL ENROLMENT AT CONFEDERATION COLLEGE VERSUS AIR TRAFFIC
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One similar feature of Lakehead University and Confederation College pertains to their points of lowest enrolment fotals.
For Lakehead University, this occurred during 2001-2002, when total enrolment was 6,140. At the same time, however,
total Thunder Bay air traffic peaked. A similar phenomenon occurred at Confederation College during 2007-2008, when
fotal enrolment was at its lowest (2,769), but total Thunder Bay air traffic peaked. Overall, fotal enrolment for students
attending Lakehead University correlates more closely with total Thunder Bay air traffic trends than total enrolment at
Confederation College. For the latter institution, the pattern in total enroiment numbers tends to align very closely with
the "age_3" (20 to 29) age subcategory.

FIGURE 13: TOTAL ENROLMENT AT CONFEDERATION COLLEGE VERSUS THUNDER BAY POPULATION AGED 20 TO 29
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Conclusion

There are several important takeaways from this air traffic analysis. First, the analysis tends to support the idea that there
is a high degree of positive correlation between gold prices and total Thunder Bay air fraffic. Specifically, the regression
model-identified demand elasticity of 0.114, indicating that a 1 per cent increase in gold prices results in a 0.114 per
cent increase in air traffic. This coefficient was statistically significant at the 0.1 per cent level. A correlation coefficient
of 0.871 was estimated for the statistical relationship between total airport traffic and gold prices. This estimated
coefficient was significant at the 1 per cent level. Similarly, significant statistical correlations were identified for the
relationships between gold mining employment and air traffic and between gold mining employment and gold mining
activity. It is important fo note that this analysis also suggests that there is no direct correlation between gold prices and
gold mining activity.

The overall population in Thunder Bay also appears to be significantly correlated with Thunder Bay air fraffic. Specifically,
the regression model revealed a demand elasticity of about 4 per cent, indicating that a 1 per cent increase in Thunder
Bay population results in a 4 per cent decrease in Thunder Bay air traffic. The estimated coefficient was statistically
significant af the 0.1 per cent level. However, when breaking down the population into young, middle, and old age
subcategories, it was revealed that the middle and old age population demographics were positively correlated with
air traffic while the young population demographic was negatively correlated with air traffic.

Finally, a simple regression analysis looking at the relationship between 10 age subcategories and air traffic suggested
that people ages 0 to 49 negatively correspond with air traffic, while those ages 50 and older positively correspond
with air tfraffic. Age subgroups two, five, and eight yielded the largest demand elasticities (i.e., 10 to 19, 40 to 49, and 70
to 79, respectively). Age subcategories nine and 10 yielded the smallest demand elasticities (i.e., 80 o 89, and 90 and
older, respectively). Therefore, although the aging demographic of Thunder Bay is positively correlated with air traffic,
the overall effect on air traffic is smallest when compared to younger age demographics.

A pairwise correlation matrix analysis of the 10 age subcategories revealed that age group three, “age_3,"” was

an outlier. Specifically, the “age_3" variable was the only variable that did not correlate with any of the other age
subcategories and tfended fo follow its own unique historical frend. Additionally, the regression analysis of air traffic on
"age_3" yielded a small and positive OLS estimated coefficient, and an R-squared value close to zero. The small but
positive OLS estimated coefficient means that the ages 20 to 29 demographic has a positive, but very small, effect on
air traffic. Furthermore, the small R-squared value suggests that the estimated model which includes the ages 20 to

29 demographic accounts for nearly 0 per cent of the variance in the observed air fraffic data. Comparing the fotal
population for age subcategory three to total enrolment rates for Confederation College since 1996 revealed a close
correlation. In terms of air traffic, there is no significant correlation between Confederation College enrolment rates and
total Thunder Bay air traffic. Finally, a comparison between enrolment rates for Lakehead University and total Thunder
Bay air traffic suggests a significant level of correlation. When broken down into enrolment totals from Northwestern
Ontario and from the rest of Ontario, there seems to be a higher degree of correlation between enrolment totals from
the rest of Ontario and total Thunder Bay air traffic. This seems to make sense if students outside of Northwestern Ontario
must fly info Thunder Bay to attend school.
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Key Results

1. High international gold prices and a growing Northern Ontario gold mining sector tend to increase total
Thunder Bay air traffic.

2. Growthin Thunder Bay’s middle aged population appears to increase fight demand at TBIA.

3. Students enrolled at Lakehead University who come from other parts of Ontario tend to positively correlate
with total Thunder Bay air traffic. One possible explanation is that students who are not from Thunder Bay often
fly in and out of the community more frequently to visit family.

4. The share of the population ages 20 to 29 does not correlate with total Thunder Bay air traffic. This could be
due to the fact that a certain percentage of people ages 20 to 29 in Thunder Bay attend Confederation
College, and therefore do not fly in and out of Thunder Bay to visit family.
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About Northern Policy

Institute

Northern Policy Instifute
is Northern Ontario’s
independent think tank.
We perform research,
collect and disseminate
evidence, and identify
policy opportunities fo
support the growth of
sustainable Northern
Communities. Our
operations are located
in Thunder Bay, Sudbury
and Sault Ste. Marie.
We seek to enhance
Northern Ontario’s
capacity to take the
lead position on socio-
economic policy that
impacts Northern
Ontario, Ontario, and
Canada as a whole.
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