Predicting Canadian Population Growth Through Machine Learning
Aaron Creor
Computer Science
Department of Natural Sciences

The University of Texas at Austin

November 2024



1. Introduction

The purpose of this paper is to predict, with a high degree of confidence, Canadian
population trends leading up to the year 2100. Significant literature exists on the topics of
world population growth, and to a lesser extent Canadian population growth. 2100 was
chosen as a date as it’s common among other papers in the field, and is after the predicted
world population peak in 2064 (Vollset et al., 2020). Canada’s population growth is almost
solely the result of immigration, being responsible for 97.6% of its growth in 2023 (Statistics
Canada, 2024). With the world’s predicted population decline being the result of decreasing
fertility rates, a contrast will be made between Canada’s immigration dependent growth, and
the world’s fertility driven decline (Aitken, 2022).

Predicting Canadian population growth involves many data points beyond a simple
trend line produced from yearly population values. Producing an estimate based solely on
quarterly population values, from Q1 1998 to Q1 2024 provides the result seen in Figure 1
(Statistics Canada, 2024). This is too simplistic and doesn’t take into account trends in areas
such as immigration, mortality, and fertility rates, which are critical when predicting
population growth (Miladinov, 2021).

Figure 1
Canada Population Trend (1991 Q1 - 2100 Q1)
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Therefore this research is focused on predicting Canadian population growth based on
a wide set of factors, with a high degree of confidence, beyond a simple trend line. We will
compare individual provinces and territories to see where growth is concentrated, and analyze
past anomalies in Canadian population trends. Different models will be compared to help
determine what is most appropriate in predicting Canadian population growth.

2. Background

Modeling future population growth is something that has engaged scientists,
statisticians, and governments for generations. A major organization pushing for these
projections early on, at least globally, has been the United Nations, with their research done
on long term population projections (McNicoll, 1992). Who provided predictions for the
years 2050, 2100, and 2150, which are regularly revised. One of the earliest serious attempts
at world population prediction, which inspired future study in the field, can be attributed to
William Petty, who explored population growth in terms of “doubling time” (Petty & Morley,
1888).

Adjacent to these world population growth predictions were early models of national
population growth. One example of this is Thomas Robert Malthus who predicted English
population growth using geometric progression in the early 19th century (Malthus, 1826).
Later examples include US census projections which use the Cohort-Component method of
predicting population growth in the United States, as shown in (1) (Hollmann, 2022). Specific
interest should be taken in this model as it takes into account the key factors of population
change, fertility, mortality, and migration (Smith et al., 2013). Canada also uses the same
system for its population predictions (George, 2001).

P(t +n) = P(t) + B(t) — D(t) + I(t) — E(¢) (1)

Where P is population at time t over period n
B and D are the number of births and deaths between t and n
I and E are the number of immigrants and emigrants between t and n

Looking at Canada specifically, the largest source of population data and predictions
is Statistics Canada, an agency formed in 1971 with the aim of producing statistics and
reports to better understand Canadian demographics, economy, resources, and culture
(Government of Canada, 2024). Stats Canada currently has predictions for Canada population
growth up to 2073, and provincial/territorial predictions up to 2048. There are multiple
predictions based on different growth scenarios, such as slow aging, fast aging, high growth,
low growth, and various levels of medium growth (Government of Canada, 2024).



3. Data & Sources

The data for this paper is sourced from Statistics Canada, who have current and
historical population data at a national, provincial and municipal scale. For the purpose of this
paper data from between Q1 1998 to Q1 2024 is used (Statistics Canada, 2024). Immigration
data is available from 1971 to 2024, however only the data from 1998 to 2024 is used
(Statistics Canada, 2024). Mortality data is available from Q1 2020 to Q1 2022, all of this
data is used (Statistics Canada, 2023). Number of births monthly from 1991 to 2023 is
available, all data including and after 1998 is used (Statistics Canada, 2024). We use
emigration data which exists on the same Statistics Canada dataset as the immigration data,
available between 1971 to 2024, but limited to 1998 to 2024 (Statistics Canada, 2024).
Finally Canadian GDP growth between the years 1998 and 2023 is included, with data
available as far back as 1981 (Statistics Canada, 2024). This is included as population growth
could be correlated with GDP growth using an econometric model of population growth
(Tung, 1984).

The dataset includes the following files:

- population history canada.csv

- immigration_history canada.csv

- mortality history canada.csv

- birth_history canada.csv

- emigration_history canada.csv

- gdp history canada current prices.csv

The combination of these datasets provides enough information to attempt modeling
Canadian population growth using several systems, including the Cohort-Component method,
microsimulation models, and econometric models.



3.1 Data Exploration

Before predictions are made we want to gain a general understanding of the data
we’re working with so we can best utilize it. Thus we will start with some exploration of our
given data. Consider Figure 2, which shows Canadian population growth since 1998.

Figure 2

Population Trends in Canada (in Millions)
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Now consider Figure 3 which shows the total number of immigrants coming into
Canada each year. Notice the dramatic increase in the years following 2020.

Figure 3

Immigration to Canada by Year (1998 - 2024)
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Next, Figure 4 shows historical emigration data for Canada post 1998. When
comparing with the previous graph we can see that many more people are coming to Canada
than leaving.

Figure 4
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Figure 5 demonstrates the history of Canadian birth rates since 1998. We can see that
the number of births is relatively equal despite an upwards trend in population. Canada
matches the trend in other developed nations in having a low fertility rate (Brauner-Otto,
2016). Canada currently receives more immigrants than newborn babies (Serebrin, 2024).

Figure 5
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Figure 6, however, shows Canadian mortality rates since 1998. A clear increase can
be seen during the Covid-19 Pandemic.

Figure 6
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Finally we look at Figure 7 which shows Canadian GDP growth since 1998. Again
the Covid-19 Pandemic is clearly visible on this graph. Data provided is in 2024 USD.

Figure 7
Canada GDP Growth (1998 - 2024)
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Now we can take an opportunity to find some relationships between this data. Figure
8 shows a moderate positive relationship between immigration and population growth in
Canada. As the number of immigrants to Canada has increased, so has its rate of population
growth. The correlation coefficient between these when using a regression model is 0.554.

Figure 8

Relationship Between Immigration and Population Growth (Canada, 1998-2024)
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Figure 9 and 10 demonstrate the relationship between GDP growth and population
growth, along with GDP growth and immigration. Showing the close relationship between
the three (Previl, 2024). The correlation coefficient between GDP and population growth is
0.685, while the coefficient between GDP and immigration is 0.786, when using a regression
model.



Figure 9
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3.2 Takeaways

After considering the dataset for this paper, some clear trends and relationships in the
data become clear. For example, GDP growth and immigration is closely related in Canada,
which is backed up by existing research (Akbari & Haider, 2017). Additionally, and by
extension, Canadian population growth and GDP are also related (Hosen, 2019). We see that
immigration to Canada is a much more significant factor than emigration, with the rate being
approximately ten times higher (Beaujot & Rappak, 1989). Finally, consider Figure 11, where
we see that Canadian fertility is nearly negative, with mortality rates increasing and fertility
rates decreasing. In recent years Canadian fertility has hit a record low (Aziz, 2024).

Figure 11
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4. Methods

Random Forests Regression

The first model we will use to predict future Canadian population growth is the
Random Forests method. The Random Forests method has been used in other research to
model population data (Stevens et al., 2015). It is effective in instances where we are dealing
with complex and diverse datasets, with a variety of features. Here we will expand on the
features in our data set, and our results with the Random Forests method. See Table 1 for
features and their importance scores.

Table 1

Feature Importance Scores for Random Forests Regression

Feature Importance
Emigrants 0.322129
Deaths 0.228941
Net Fertility 0.180067
Net Migration 0.117017
Immigrants 0.103784
Births 0.048063

Using the Random Forests Regression we predict Canada will have a population of
66.25M in the year 2100. This is based on data from Q1 1998 through Q1 2024. In addition
to using raw birth/death and immigration/emigration values we combine these into net
fertility and net migration. The target variable is population growth, or the yearly change in
population between years which is used to visualize or data. Figure 12 demonstrates the
visualized results. When training the model we split our data into two parts, the training set
and test set, which were used to train and test the model. Model performance was measured
using the mean squared error (MSE) which shows how close our predictions were to the
actual data points. The equation for MSE can be seen in (2).

1 2
MSE = 13 (0 - 9) ®)
i=1

Where n is the number of data points
Where Y, is the actual value of the i-th data point

Where 37i is the predicted value of the i-th data point and

(yi - yi)z is the squared difference between the actual and predicted values of each point



Figure 12

Canada Population Growth Prediction (1998-2100)
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Our previous model, the Random Forests Regression was a linear regression model,
which gives us a constant rate of growth; it’s fitted to a straight line through our historical
data. The Autoregressive Integrated Moving Average (ARIMA) model however, is able to
better process trends and seasonality, giving us potentially a more accurate result, shown in
Figure 13.

.
Figure 13
Canada Population Growth Prediction (1998-2100)
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The results of our ARIMA model give us an estimated 2100 population of 94.43M, in
comparison to the 66.25M of the Random Forests Regression. The ARIMA equation is
somewhat more complex than the MSE used in Random Forests, as seen in (3). Though
official predictions for the year 2100 don’t exist, the estimate of 94.43M is closer to 100M,
which is a goal of some Canadian political organizations, and within reason when
extrapolating existing Stats Canada predictions (Blatchford, 2016). Official estimates in a
medium high growth scenario put Canada’s population at 87.23M in the year 2073 (Statistics
Canada, 2024).

yt =ct (I)lyt—l + CI)Zyt—Z +

+ cl)pyt_p + 91€t—1 + Bzet_z + 3)

Eiq +e,
Where ytis the target’s value at time t
Where c is the constant or intercept (not applicable in our model)
Where ¢ represents the coefficients of autoregressive terms
Where 0 represents the coefficients of moving average terms
Where €, is the residual error at time t

Vector Autoregression

The final model we will look at is the Vector Autoregression (VAR), for which we
will use to create an econometric prediction of Canadian population growth using historical
GDP growth. VAR models several variables as a linear function, in our case population
growth and GDP, as seen in (4). Additionally we also include the mortality and migration
data used in previous models. The results of the Vector Autoregression model can be seen in
Figure 14

Y = ¢11yt—1 + ¢12xt—1 + Ey,t
X = (I)Zlyt—l + ¢22xt—1 + €t (4)

Where Y, is population growth at time t

Where X, is GDP growth at time t



Figure 14

Canada Population Prediction (Historical and Forecasted)
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We see with the results of this new model that we get even closer to the population
prediction of 100M in 2100. It’s interesting to note that we see a higher population target
when we factor in GDP growth, as it has been established that there is a relationship between
the two variables (Lianos et al., 2023). When compared to ARIMA the VAR model does a
much better job capturing the relationship between the many variables that have been
included in this prediction. Though complexity, and therefore performance is much worse
(Mahajan et al., 2023).



5. Results

Comparing the results between the three used models we find that ARIMA and VAR
were very similar, with a prediction around 95M. The Random Forests model however had a
much more conservative prediction of 66.25M. Other studies show that Random Forests can
outperform ARIMA in predictive ability, however in our case, Random Forests was the
outlier between ARIMA and VAR (Kane et al., 2014). Other studies show that VAR provides
very accurate forecasts (Sener et al., 2010). Current Canadian government policy is to trend
population towards 100M in 2100, so based on this metric, the recent increase in immigration
targets, we can say that for our purposes, VAR and ARIMA provided the more accurate
results (Woolf, 2023). Despite not including GDP data with our ARIMA model, and
including it with our VAR model they still had very similar results for the 2100 Canadian
population prediction. Predictions can be seen in Table 1.

Table 1. Model Population Predictions

Model Year 2100
Random

Forests 62.25M
ARIMA 94.43M
VAR 95.70M

With our results we were also able to further confirm the relationship between several
variables in the data exploration section of this paper. With GDP, immigration, and
population all being closely related. This is something further proven through outside
research (Borjas, 2019). However it has also been shown that this relationship can be broken,
or significantly lessened through outside events that are impossible to predict within our
models (Kisswani & Khan, 2022). The relationship between immigration and population
growth is obvious and static however, where immigration offsets losses from mortality and
emigration. We’ve shown in our research that growth via immigration in Canada is very
significant. Something which backs the statistic that growth via immigration accounts for
nearly 100% of Canada’s current growth due to decreasing fertility rates and increasing
mortality with the aging population.

Including GDP in our predictions was of particular interest due to its existence outside
the Cohort system. The Cohort system is able to measure and track population growth
through simple math of key variables, so the inclusion of GDP in this measure gives an
opportunity to predict population growth outside of obvious variables (Kitov, 2006). While
the inclusion of GDP didn’t significantly alter the results between the ARIMA model and the
VAR model a small difference was found. Additionally the inclusion of this additional
variable increased the accuracy of our predictions.



6. Conclusion

In conclusion we have produced results from three different models in an attempt to
predict Canadian population growth using historical data, such as mortality, fertility, and
migration. Our results were bimodal, with Random Forests providing a result of 62.25M,
while ARIMA and VAR gave us results around 95M. In the results section we explored why
the results produced by ARIMA and VAR can be considered more accurate, given the trends
in Canadian policy on population growth (Corcoran, 2016). Despite Random Forests
traditionally being a very strong predictor with demographics data (GU et al., 2015).

In the background we discussed the tradition of population predictions, and how there
is a long history of this (Vanella et al., 2020). We looked into examples of international
predictions, national predictions, and the history of Canadian population predictions.
Discussed was also the importance of various factors that influence population change in a
country, such as mortality, fertility, and migration. This is commonly expressed with the
Cohort-Component method. Our findings backed up our initial discussion of increasing
immigration rates and declining fertility that despite birth rates nearly declining below
mortality, growth is still very strong, with the Canadian population likely to double by 2100
(Li, 2016).

The source for all of our raw data used to train our models has been Statistics Canada,
who provide a wide variety of data on Canadian demographics. It would be possible to
expand on our models, and include gender data, regional data, or even occupational data.
However to limit the scope and complexity of the project only raw population numbers were
considered. It would also be possible to use the same models to predict immigration growth,
emigration changes, or changes in fertility. Though as discussed elsewhere in the project,
fertility in Canada and most developed nations is trending downward (Sobotka et al., 2011).

In our initial data exploration in this project we were able to gain some key takeaways
in showing the relationship between key variables. Such as immigration and population, GDP
and population, and GDP and immigration. Having an understanding of these relationships
before beginning work on our models allowed for more confident predictions and choice in
which variables to choose for our models. Despite the link shown between GDP and
population, it was only used with the VAR model due to a wish to not have all models be
econometric, despite being a strong predictor (Cappelen et al., 2015). In the future to build on
this study more additional variables could be considered in predicting population growth.
Such as global conflict which could drive refugees to the country, or the political party in
government at a particular time, which may influence immigration targets (Tasker, 2024).
Finally one could expand on the study through accounting for historical anomalies in
population data, such as the recent spike in immigration post Covid-19.
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