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Cities such as Detroit, MI in the post-industrial Rust Belt region of the United States, have been experiencing a decline in both population and economy since the 1970's. These “shrinking cities” are characterized by aging infrastructure and increasing vacant areas, potentially resulting in more green space. While in growing cities research has demonstrated an “urban heat island” effect resulting from increased temperatures with increased urbanization, little is known about how this may be different if a city shrinks due to urban decline. We hypothesize that the changes associated with shrinking cities will have a measurable impact on their local climatology that is different than in areas experiencing increased urbanization. Here we present our analysis of historical temperature and precipitation records (1900–2020) from weather stations positioned in multiple shrinking cities from within the Rust Belt region of the United States and in growing cities within and outside of this region. Our results suggest that while temperatures are increasing overall, these increases are lower in shrinking cities than those cities that are continuing to experience urban growth. Our analysis also suggests there are differences in precipitation trends between shrinking and growing cities. We also highlight recent climate data in Detroit, MI in the context of these longer-term changes in climatology to support urban planning and management decisions that may influence or be influenced by these trends.
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1. Introduction

Changes on the land surface are increasingly recognized as important yet poorly quantified components of global climate change. Human activity has been a major contributor to these land surface changes. The interplay between the land surface and the atmosphere is a key indicator for assessing human impact on the environment (Ward et al., 2013). In urban areas, the modification of the land surface by human actions, e.g., through the construction of buildings, addition of impervious surfaces and changes in vegetation, is especially evident and has been shown to impact climatology from local to regional scales (Best, 2005; Collier, 2006; Grimmond, 2010; Ward et al., 2013; Yang et al., 2016).

The global population has more than tripled since 1950—from 2.5 to 7.7 billion. From a land use and land cover change perspective, this rapid population growth is important because it supports a resultant shift to an urbanization: in 1950, a third of the world's population lived in urban areas; by 2000 this grew to nearly 50% and is expected to continue to rise (Collier, 2006; Bherwani et al., 2020; Jandaghian and Berardi, 2020). Now home to more than half of the global population, urban areas carry the exceptional burden of showcasing the powerful synergies between climate and human activity (Steffen et al., 2018; Hu and Li, 2020). Significant changes in local and regional climate are a consequence of major modifications of surface energy, water and carbon budgets associated with urbanization (Yang et al., 2015, 2016). Still despite their growing spatial extent, their impact on the land surface and its ecohydrological processes, and their strong feedback with the atmosphere, urban areas remain one of the most relatively understudied land cover types (Collins et al., 2000; Pickett et al., 2001; Oleson et al., 2008; Zhang et al., 2012).

Perhaps one of the most studied phenomena associated with urbanization has been the urban heat island (UHI) in which the surface temperatures within urban areas tend to be higher than in the areas that surround it (Oke, 1973; Zhou et al., 2004; Zhao et al., 2014; Manoli et al., 2019). Still, the causes of the UHI remain difficult to identify and isolate (Manoli et al., 2019). However, it is generally attributed to a reduction in evaporative cooling with other factors including a heat release associated with human activity (Akbari et al., 2001) and an increased storage of energy associated with a reduction in albedo (Taha, 1997; Sailor and Lu, 2004; Collier, 2006; Zhao et al., 2014).

While urbanization has received the majority of attention in global change research, urban shrinkage is emerging as a new challenge (Haase, 2013; Herrmann et al., 2016) with the potential to have important consequences for water, energy, and carbon cycling moving forward. Urban shrinkage is the phenomenon of substantial and long-term declines in population and economic activity that hundreds of cities have been experiencing worldwide (Beauregard, 2009; Haase, 2013; Herrmann et al., 2016)—about one in six globally (Blanco et al., 2009). In the United States (US), large and medium-sized cities that were vibrant industrial centers in the twentieth century, such as Youngstown, Ohio, Buffalo, New York, and Detroit, Michigan, continue to experience population decline (Beauregard, 2009; Herrmann et al., 2016). However, the “shrinking city” phenomenon is not confined to the US—many European and Asian cities have also been impacted (Beauregard, 2009; Haase et al., 2014).

Urban shrinkage has had major impacts on land use and land cover—leaving behind a landscape peppered with vacant lots and brownfields, the extent of which can be quite substantial (Schilling and Logan, 2008; Haase et al., 2014; Kim, 2016). Due to their abundant areal extent and the pressure on cities to recover from this blight, these mostly abandoned and derelict areas are actively being reimagined with potential to contribute to the collective urban “green space” and the services it provides (Haase et al., 2014; Kim, 2016; Meerow and Newell, 2017). Particularly relevant is that greening a city's vacant lots has been shown to be a cost-effective strategy for supplying much needed public services related to climate such as stormwater management, carbon sequestration and storage, and UHI mitigation (Mitchell et al., 2008; McPhearson et al., 2013; Kim, 2016; Kelleher et al., 2020).

Given the emphasis on increasing the green space and its functioning, the influence of shrinking cities in land surface—atmosphere interactions may be different from for cities that are expanding due to urbanization. In particular, we hypothesize that while both shrinking and growing cities are likely to exhibit an increase in temperature over time, the temperature increase in shrinking cities will be smaller relative to growing cities as their populations begin to decline. We attribute this to the additional green space leading to more evaporative cooling and the reduction in number of people using energy. We also hypothesize that both shrinking and growing cities will exhibit an increase in precipitation over time, but that the increase in precipitation in shrinking cities be smaller relative to growing cities as their populations begin to decline. We attribute this to a decrease in industry and a consequent decrease in particulate matter (Burian and Shepherd, 2005).



2. Materials and methods


2.1. Study sites

Our sites are located within the Rust Belt region of the northeastern United States that has been experiencing industrial decline since the 1950–1960's (Figure 1) and generally experiences long warm summer days and long cold winter nights. This enables the comparison of multiple shrinking cities within a similar climatic region. For this research study, we define a shrinking city as a city that has experienced a net negative population change since 1960 and a growing city as a city that has experienced a net positive population change since 1960. The shrinking cities we use in this study include Buffalo, New York, Chicago, Illinois, Cleveland, Ohio, Detroit, Michigan, and Milwaukee, Wisconsin (Table 1). We contrast these shrinking cities with Toronto, Ontario, Canada, a growing city (Figure 1).


[image: Figure 1]
FIGURE 1
 Geographic locations of the shrinking cities (open circles) and the growing (open diamond) city within the Rust Belt region, including their long-term population trends. Land cover maps were acquired from the Multi-Resolution Land Characteristics (MRLC) National Land Cover Database (NLCD) 2019 (https://www.mrlc.gov/) for the United States and the Canada Center for Remote Sensing (CCRS) 2015 Land Cover of Canada (https://open.canada.ca/).



TABLE 1 Geographic and demographic descriptions of the study sites.
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2.2. Data collection

Data for all shrinking cities were retrieved using the NOAA Online Weather Data (NOWData) tool (https://www.weather.gov/wrh/Climate?wfo=bou/). For each city, monthly summaries of average maximum and minimum temperatures and total precipitation were collected for a 120-year period, from January 1900 through December 2019. Toronto was not available through NOWData. Instead, data were retrieved through the National Centers for Environmental Information (NCEI; https://www.ncei.noaa.gov/), a subset of NOWData. Maximum and minimum temperature as well as total precipitation were collected for every day between January 1900 and December 2019 from three locations, Agincourt (January 1st, 1900 to May 31st, 1959), Richmond Hill (June 1st, 1959 to December 31st, 2006), and North York (January 1st, 2007 to December 31st 2019).

Population for the US cities was collected using the decennial census between 1900 and 2020 (https://www.census.gov/). Population for Toronto was accessed through Statistics Canada (https://www.statcan.gc.ca/en/start).



2.3. Data analysis

To calculate mean temperature for each month in shrinking cities, we averaged the minimum and maximum temperatures for each city within that month. We calculated yearly average by averaging all of these months within the year. The dataset average is the average of the yearly averages between 1900 and 1999. To calculate the difference from average for each year, we subtracted yearly averages by the dataset average. We processed precipitation in a similar way except the data were summed rather than averaged. All data processing was conducted in MATLAB® using a custom-made script. To put these data in the context of individual years, we show these data alongside data from 2019, a year with a statistically similar temperature and precipitation to the 20-year average (2000–2019) from the non-parametric Wilcoxon ranksum test.

In order to better visualize monthly climate trends of the selected cities, we generated colorwheels of monthly mean temperature and precipitation. We grouped monthly means with decadal means and then compared these with the monthly means between 1900 and 1999.

For this research study, we define seasons as follows: Winter (December, January, and February); Spring (March, April, and May); Summer (June, July, August); Fall (September, October, and November).

Population for each city was calculated by subtracting the census data for the decade by the previous decade and dividing by the previous decade to find the percentage change for each city per decade.




3. Results


3.1. Recent Detroit climate trends
 
3.1.1. Temperature

Temperature trends in Detroit follow what is typical in the region, experiencing its lowest temperatures in Winter with a steady increase in Spring, reaching a peak in mid-Summer before decreasing again in the Fall (Figure 2). Compared to the previous 20-year mean maximum temperature, monthly maximum temperature in Detroit was cooler in both Winter (−0.4–5.6°C) and Spring (6.1–20.3°C) and warmer in both Summer (25.3–30.4°C) and Fall (5.8–25.0°C) within the standard deviation (SD) range (1.1–3.1°C; Figure 2A). The monthly maximum temperature in 2019 has a slightly larger range (−0.4–30.4°C) than the previous 20-year mean maximum temperature (0.2–28.9°C). Differences from the 20-year means ranged from −3.8 to 2.8°C throughout the year, with the biggest differences occurring in November (−3.8°C) and December (2.8°C).


[image: Figure 2]
FIGURE 2
 Comparison of the monthly (A) maximum and (B) minimum temperatures in 2019 (red bars) to the 20-year (2000–2019) mean (blue bars) for Detroit.


Similar to the maximum temperature, monthly minimum temperature in Detroit in 2019 was cooler in both Winter (−8.6-−2.1°C) and Spring (−3.4–9.5°C) and warmer in both Summer (14.8–19.3°C) and Fall (−1.6–15.7°C) than the previous 20-year mean minimum temperature within the SD range (1.0–3.1°C) (Figure 2B). The monthly minimum temperature in 2019 also has a slightly larger range (−8.6–19.3°C) than the previous 20-year mean maximum temperature (−7.3–18.1°C). Differences from the 20-year means ranged from −2.7 to 2.2°C throughout the year, with the biggest differences occurring in November (−2.7°C) and September (2.2°C).



3.1.2. Precipitation

Precipitation trends in Detroit follow what is typical in the region, with slightly more precipitation in Spring and Summer (20-year mean ± SD = 504 ± 96 mm; 2019 = 522 mm) than Winter and Fall (20-year = 393 ± 89 mm; 2019 = 404 mm; Figure 3). Detroit's 20-year mean monthly precipitation ranged between a low of 52 mm (January) and a high of 104 mm (May) with SD ranging 20–54 mm. In 2019, monthly precipitation ranged between 42 mm (November) and 148 mm (April). Annual precipitation (926 mm) was slightly higher than the previous 20-year mean annual precipitation (897 ± 133 mm) in part due to unusually high precipitation in April (148 mm) and October (112 mm; Figure 3).


[image: Figure 3]
FIGURE 3
 Comparison of the monthly precipitation in 2019 (red bars) with the 2000–2019 mean (blue bars) for Detroit.


The average 20-year cumulative precipitation (897 ± 37 mm) suggests that precipitation in 2019 (926 mm) was near-average compared to the other years, but slightly drier than average early in the year and slightly wetter than average later in the year (Figure 4). Specifically, cumulative precipitation in 2019 was less than most years and slightly below the 20-year mean until April when it was near-average then and slightly greater than the 20-year mean after a period of high precipitation in late April and early May (4/25–5/3; Figure 4). Of the 20 years, total annual precipitation in 2019 ranked seventh.


[image: Figure 4]
FIGURE 4
 Cumulative precipitation for the 20-year period (2000–2019; black lines) with the 2019 precipitation (thick blue line) for Detroit. The 20-year mean is presented with a thick black line.





3.2. Monthly climate trends in shrinking and growing cities
 
3.2.1. Temperature

For the last 120 years (1900–2019), monthly mean temperature has gradually increased by decade in three representative shrinking cities (Buffalo, Chicago, and Detroit) and one representative growing city (Toronto) from the Rust Belt region (Figure 5). These cities experienced significant temperature increases from the first half (growing population from all cities; 1900–1959) to the second half (diverging population change; 1960–2019) of the study period from the Wilcoxon ranksum test (p-value < 0.001 from all cities). The cities exhibit similar decadal trends until the 1970's, at which point they begin to deviate from each other. Starting in 1990, warming of all four of these cities is accelerated for all months, with Toronto experiencing a relatively more dramatic warming. Warm and cool months vary by decade. For example, in the 1990's, February and December were relatively warm and September and October were relatively cool. By contrast, in the 2000's, April was relatively warm and July and October were relatively cool. In the 2010's, May and December were relatively warm and November was relatively cool.


[image: Figure 5]
FIGURE 5
 Colorwheels of the 10-year mean monthly temperature difference from the 120-year (1900–2019) mean for Buffalo, Chicago, Detroit, and Toronto.


For the last two decades of the study period, the three shrinking cities exhibited an increase in monthly temperature (−3.9–23.0°C) from the 120-year mean (−4.4–22.3°C) in most months. The monthly temperature increases ranged from 0.5 to 1.1°C. The highest temperature increases were observed in April (1.1°C), May (1.1°C), September (1.1°C), and December (1.1°C). The number of freezing days, i.e., daily temperature below 0°C, decreased from 81.7 days in the last 120 years to 74.5 days in the last 20 years. The frost-free period also extended from day of year (DOY) 89 to 319 (230 days) to DOY 85 to 324 (239 days). Accordingly, the number of growing days for corn, i.e., daily temperature above 0°C, increased from 181 to 189 days.

For the last two decades of the study period, the growing city of Toronto exhibited an increase in monthly temperature (−5.2–21.9°C) from the 1900–1999 mean (−6.5–20.8°C) in all months. The monthly temperature increases ranged from 0.9 to 1.8°C. Unlike the shrinking cities, the highest temperature increases were observed in Winter and early Spring: February (1.8°C), December (1.8°C), and March (1.6°C). These increases were also notably higher than for the shrinking cities. The number of freezing days decreased from 98.4 days in the last 120 years to 85.6 days in the last 20 years. The frost-free period also extended from DOY 97 to 311 (215 days) to DOY 92 to 321 (228 days). Accordingly, the number of growing days for corn, i.e., daily temperature above 0°C, increased from 158 to 171 days.

For the last two decades of the study period, the growing city of Toronto was comparatively hotter than the three shrinking cities in most months (p-value < 0.001). Mean monthly temperature in 1900–1999 was 1.5–2.9°C lower in Toronto (−6.5–20.8°C) than the mean of the shrinking cities (−5.2–21.9°C). In the last 20 years (2000–2019) of the 120-year period, however, mean monthly temperature in Toronto increased by 0.9–1.8°C, which was higher than the mean increase from the shrinking cities (0.5–1.1°C). This pattern is more distinct in the 2010's (by 0.0–1.4°C) than the 2000's (by −0.2–0.8°C; Figure 5).



3.2.2. Precipitation

Overall, the three shrinking cities (Buffalo, Chicago, and Detroit) and one growing city (Toronto) all experienced increases in precipitation for most months (Figure 6). These cities exhibit significant precipitation increases from the first half (1900–1959) to the second half (1960–2019) of the study period from the Wilcoxon ranksum test (p-value < 0.001 from all cities). Monthly precipitation data highlight that the 1900 to 1930's were exceptionally dry (annual total temperature ranging 681–852 mm) and that the 1980–2010's were exceptionally wet (873–1,037 mm). Wet and dry months were not consistent across decades nor across cities.


[image: Figure 6]
FIGURE 6
 Colorwheels of the 10-year mean monthly precipitation from the 120-year (1900–2019) mean for Buffalo, Chicago, Detroit, and Toronto.


Despite fluctuation over decades, annual precipitation in the three shrinking cities increased in average from 851 mm over the last 120 years to 981 mm over the last 20 years. Monthly precipitation differences range 0–26 mm. The greatest increases and the least increases were observed from late spring and early summer, and late winter and early spring, respectively (Figure 6). Specifically, over the last 20 years (2000–2019) shrinking cities exhibited the largest increase in precipitation from the 120-year means in May (26 mm) and October (24 mm).

Increase in annual precipitation in the growing city of Toronto from over the last 120 years (806 ± 161 mm) to the last 20 years (896 ± 127 mm) is slightly lower than the shrinking cities (120-year mean: 779–939 mm, last 20-year mean: 897–1,045 mm). Monthly precipitation differences ranged from −9 to 33 mm. In the last 20 years, an increase in monthly precipitation is observed for all months except for in January and March. The largest increase was observed in Spring and early Summer, with June yielding the highest increase (28 mm greater than the 120-year mean of 70 mm; Figure 6).

We did not observe any major difference between growing and shrinking cities in terms of precipitation. Mean annual total precipitation in the last 120 years was 62 mm lower in the growing city of Toronto (789 mm) than the mean of the three shrinking cities (851 mm; p-value < 0.001). In last 20 years, mean annual total precipitation in Toronto increased by 107 mm, which is less than the shrinking cities (130 mm).




3.3. Long-term trends in shrinking and growing cities
 
3.3.1. Temperature

Long-term records of annual mean temperature highlighted progressive warming in the regional cities (Figure 7). The annual temperature trend can generally be characterized as relatively cool in 1900–1920's, relatively warm in 1930–1950's, relatively cool in 1960–1980's, and relatively warm in 1990–2010's. This decadal oscillation was overlaid on an increasing linear trend for both shrinking (slope = 0.009°C yr−1, r2 = 0.12) and growing (slope = 0.013°C yr−1, r2 = 0.21) cities. This trend was amplified in the last 20 years. In that period, Toronto was warmer in all years (ranging 7.5–10.4°C) than the 120-year mean annual temperature (7.4°C; Figure 7B). Mean annual temperatures of the first and last two decades were 8.9 and 10.1°C for shrinking cities and 6.9 and 8.7°C for a growing city, increases of 1.2 and 1.8°C, respectively.


[image: Figure 7]
FIGURE 7
 Long-term trends of annual mean temperature difference from the 120-year (1900–2019) mean for (A) the shrinking cities and (B) the growing city.




3.3.2. Precipitation

Similar to temperature, precipitation shows an increasing trend for both shrinking (slope = 2.2 mm yr−1, r2 = 0.35) and growing (slope = 2.4 mm yr−1, r2 = 0.24) cities (Figure 8). Compared to the 120-year means, this trend can be lumped into a dry period in the 1900–1960's and a wet period in the 1970–2010's. Mean annual precipitation of the first and last two decades of the study period was 807 and 981 mm for shrinking cities and 713 and 896 mm for a growing city, increases of 174 and 183 mm, respectively.


[image: Figure 8]
FIGURE 8
 Long-term trends of annual total precipitation difference from the 120-year (1900–2019) mean for (A) the shrinking cities and (B) the growing city.






4. Discussion


4.1. Climate trend comparisons between shrinking and growing Rust Belt cities

Over the 120-year study period, both shrinking and growing cities with the Rust Belt region experienced a persistent increase in temperature. This is consistent with other studies that have compared highly urbanized areas to less populated surrounding or nearby areas (Bohm, 1998; Emmanuel and Kruger, 2012; Martin et al., 2012; Ajaaj et al., 2018; Wang et al., 2022). However, our research also highlights that growing cities may be experiencing elevated temperature increases relative to shrinking cities (Figure 5). This is also consistent with other studies that highlight a significant influence of urbanization on air temperature (Mishra et al., 2015; Ajaaj et al., 2018). In these studies, reduced temperature increases in less populated relative to more populated areas have been in part attributed to smaller fractions of impervious surfaces (Martin et al., 2012; Ajaaj et al., 2018) or increased area of green space or vegetation (Hu and Jia, 2010; Jaganmohan et al., 2016; Anguluri and Narayanan, 2017; Padon et al., 2020).

Unlike the increasing temperature trends for cities, across the globe both increasing and decreasing trends in precipitation have been observed (Mishra et al., 2015; Ajaaj et al., 2018). Our analysis suggests however, that precipitation has increased in cities within the Rust Belt region over the past 120 years (Figures 6, 8). Other statistical analyses of historical time series data have also demonstrated an increase in precipitation in the upper Midwestern region of the United States (Lai and Dzombak, 2019). Past research has also identified a link between increased precipitation and urbanizing coastal cities in the southern United States (Shepherd and Burian, 2003); notably, all of the Rust Belt sites we analyzed in this study were located along coasts of major water bodies (Figure 1).



4.2. Implications for climate modeling

How quickly and to what extent climate will be altered for cities and their surrounding areas remains of critical importance for decision makers. This is especially true for Great Lakes Region, where much of the Rust Belt cities are located, due to its role in harboring a major fraction of the world's freshwater resources (Soonthornrangsan and Lowry, 2021). Climate change projections with enough detail at the local and regional scales are needed to identify vulnerabilities in these areas so that appropriate adaptation and mitigation strategies can be implemented (Byun and Hamlet, 2018; Byun et al., 2019).

In their predications of climate change, general circulation models (GCMs) rely on the representation of land surface types, such as urbanized areas, in the Land-Surface Models (LSMs) within them. In many of these modeling efforts, urban areas are lumped, meaning they are represented with the same parameterizations. This means that cities are often parameterized with the UHI effect in mind (McCarthy et al., 2012; Hamdi et al., 2020). Our research suggests that while this may be appropriate for growing cities, shrinking cities may need to be represented using a different approach. Other research groups have worked on more detailed representations of cities within LSMs. For instance, the Weather Research and Forecasting (WRF) Model is an integrated land–atmosphere framework developed by the National Center for Atmospheric Research (NCAR) designed as a numerical weather prediction model. The WRF Model has been adapted for use in a variety of successful urban applications around the world (Chen et al., 2011; Vahmani and Hogue, 2014; Yang et al., 2015; Salamanca et al., 2018; Yang and Bou-Zeid, 2018). Still, the relative success of these models is limited by an accurate representation of the area being modeled based on local knowledge (Glotfelty et al., 2021). Regardless of the modeling strategy, our research points to the critical importance of differentiating between growing and shrinking cities and how they are represented when making climate change predictions associated with urban areas.



4.3. Implications for urban planning and management

Our study highlights that shrinking cities are experiencing relatively less warming than growing cities (Figures 5, 7). We suspect this is largely due to the change in land use that unintentionally resulted in an apparent increase in green space (Emmanuel, 1997) and the associated cooling effects (Emmanuel and Kruger, 2012; Jaganmohan et al., 2016; Davtalab et al., 2020). For this reason, careful consideration should be taken when looking into the redevelopment of vacant lots and brownfields so that the ecosystem services related to local climate changes such as urban heat mitigation and carbon sequestration could be maximized (Emmanuel and Kruger, 2012; Koch et al., 2018). Structure of green space has been shown to be important in the potential cooling power of urban vegetation (Davtalab et al., 2020). For instance, cooling effects were found to be greater in urban forests than in parks (Jaganmohan et al., 2016) and suggesting that the characteristics of any green spaces that vacant lots or brownfields might be converted to are paramount to maximizing their cooling effects. Importantly, the cooling effects associated with the redevelopment of brownfields may level environmental injustices (Koch et al., 2018) often associated with other greening projects in cities. We believe that our study underscores the unique potential of shrinking cities for maximizing ecosystem services associated with local climatology.
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Weather station Latitude (°N) Longitude (°E) Area (km?) Population Population Period of records
(1950) (2020) (MM/YY)
Buffalo Buffalo 428833 —78.8833 136 580,132 278,349 1/1900-12/2019
Chicago Aurora 417806 —88.3092 607 3,620,962 2,746,388 1/1900-12/2019
Cleveland | Cleveland Weather Bureau City 415000 —81.6667 214 914,808 372,624 1/1900-4/1938
Cleveland Hopkins International Airport 414131 —81.8600 5/1938-12/2019
Detroit Wayne 422667 ~83.3500 370 1,849,568 639,111 1/1900-5/1956
Detroit Metro Airport 422314 —83.3308 6/1956-12/2019
Milwaukee | Milwaukee 43.0333 —87.9000 251 637,392 577,022 1/1900-3/1954
Milwaukee Mitchell International Airport 42,9550 —87.9044 4/1954-12/2019
Toronto Toronto Agincourt 437830 ~79.2670 630 1,176,622 2,794,356 1/1900-5/1959
Richmond Hill 43.8830 ~79.4500 6/1959-12/2006
Toronto North York 43.7830 ~79.4670 1/2007-12/2019

The cities are grouped as shrinking (Buffalo, Chicago, Cleveland, Detroit, and Milwaukee) and growing (Toronto) cities in our analysis. For some cities, hydroclimate data from multiple weather stations were used to acquire continuous observation records. The population

data were retrieved through the US Census Bureau (https://wiw.census.gov) and Statistics Canada (https://wiwiw statcan.ge.ca/en/start).
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