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Abstract: A thermal metric developed using the day-to-day temperature variability framework that was
previously applied to the east coast of China has been adapted for Canadian climate station data. The same
metric, based on the variability of the minimum temperature of the day, was able to distinguish between
coastal and inland stations, especially when the winter months of December, January and February, were
removed from the analysis. While the threshold of the metric that distinguished between the two groups was
different than that developed for the east coast of China, it was nonetheless unambiguous. The range of
latitudes in the Canadian setting was sufficiently narrow that a latitude correction, as was performed for the
China climate stations, was not required. A comparison with a more traditional measure of continentality
suggests that the thermal variability measure performs better at identifying the coastal/continental nature
of the climate station data. This work also suggests that a more nuanced treatment of winter months should
be considered for all such measures in colder climates.
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1. Introduction

Recently, a new metric was developed to identify the effects of water bodies on local
climate along China’s East Coast [1]. This metric is now applied to a series of Canadian climate
stations. Historically, the marine influence has been evaluated by continentality metrics [2].
These metrics are physically based on the dampening effect of water bodies on temperature
through advective effects of land/sea contrast and the radiative effects arising from the presence
of cloud and fog. A commonly used metric is the difference between the mean monthly
temperature of the warmest month and the coldest month of the year using climate normal data
[3], and normalized by latitude to account for seasonal variations of insolation [2,4]. Stations
further from major water bodies exhibited greater annual ranges in these monthly temperatures
[5]. Gough and Shi (2021) successfully used a day-to-day (DTD) temperature variability
framework to assess the marine effect on climate data, by correctly identifying coastal and in-
land climate stations.

Canada is the world’s second largest country by area and extends from 42° Nto 82° N

(Figure 1). Over 40% of this land is permafrost landscape. The population, and thus most climate
stations, exists close to the southern boundary, generally south of 60 ° N. This area has a
midlatitude climate characterized by four distinct seasons, winter, spring, summer and autumn.
These seasons are modified regionally by topography and the presence of large water bodies,
the Atlantic Ocean in the east, the Pacific Ocean to the west, the largely ice-covered Arctic sea
(including Hudson Bay) in the north. Central Canada is impacted by the presence of the
Laurentian Great Lakes.
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Figure 1. Location of climate stations. The station numbering matches that in Table 1.

Table 1. List of climate stations. “A” represents “airport”. YK—Yukon, BC—British Columbia,
AB—Alberta, NWT—Northwest Territories, SK—Saskatchewan, MB—Manitoba, ON—Ontario, QC—Quebec,
NB—New Brunswick, NS—Nova Scotia, PEI—Prince Edward Island, and NL— Newfoundland and Labrador.

Station Latitude (° N) Longitude (° W) Elevation (m) Years
1 Whitehorse A, YK 60.71 135.08 706.2 1998-2007
2 Prince Rupert A, BC 54.29 130.44 35.4 1991-2000
3 Terrace A, BC 54.47 128.58 217.3 1994-2003
4 Port Hardy A, BC 50.68 127.37 21.6 1991-2000
5 Comox A, BC 49.72 124.9 25.6 1991-2000
6 Nanaimo A, BC 49.05 123.87 28 1991-2000
7 Victoria A, BC 48.65 123.43 19.5 1991-2000
8 Vancouver Int’l A, BC 49.2 123.18 4.3 1991-2000
9 Prince George A, BC 53.89 122.68 691.3 1991-2000
10 Abbotsford A, BC 49.03 122.36 59.1 1991-2000
11 Kamloops A, BC 50.7 120.44 345.3 1994-2003
12 Kelowna A, BC 49.96 119.38 429.5 1991-2000
13 Yellowknife A, NWT 62.46 114.44 205.7 1991-2000
14 Calgary A, AB 51.12 114.02 1084.1 1991-2000
15 Calmar, AB 53.29 113.87 720 1991-2000
16 Edmonton City Centre 53.58 113.52 670.6 1994-2003
17 Lethbridge A, AB 49.63 112.80 928.7 1991-2000
18 Saskatoon A, SK 52.17 106.72 504.1 1991-2000
19 Brandon A, MB 49.91 99.95 409.4 1991-2000
20 Thunder Bay A, ON 48.37 89.32 199.0 1991-2000
21 Pelee Island, ON 41.75 82.68 175.3 1961-1970
22 Moosonee A, ON 51.29 80.61 9.1 1996-2005
Table 1. Cont.
Station Latitude (° N) Longitude (* W) Elevation (m) Years

23 Millgrove, ON 43.32 79.97 255.1 1991-2000
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Toronto Pearson, ON 43.68 79.63 173.4 1994-2003
Toronto Island A, ON 43.63 79.40 76.5 1991-2000
Janetville, ON 44.22 78.63 296.9 1991-2000
Oka, QC 45.5 74.07 91.4 1991-2000
Mirabel A, QC 45.67 74.03 82.6 1991-2000
Montreal McGill, QC 45.5 73.58 56.9 1982-1991
Frederiction, NB 45.87 66.51 20.7 1991-2000
Bathurst A, NB 47.63 65.65 58.8 1993-2003
Miscou Island, NB 48.01 64.49 4.0 1995-2004
Cap des Rosiers, QC 48.85 64.20 15.0 1991-2000
North Cape, PEI 47.06 64.00 7.6 2003-2012
Halifax Citadel, NS 44.65 63.58 70.1 1991-2000
Shearwater A, NS 44.63 63.50 44.0 1991-2000
Halifax Stanfield A, NS 44.83 63.50 145.5 1991-2000
East Point, PEI 46.46 61.99 7.7 1995-2004
lles-de-la-Madeleine A 47.42 61.78 10.7 1991-2000
Sable Island, NS 43.93 60.01 5.0 1991-2000
Argentia A, NL 47.3 54.00 15.5 1976-1985

St John’s A, NL 47.62 52.74 140.5 1991-2000

In this work, the DTDTmin [1] metric is applied to a series of a Canadian climate stations to
test the transferability of this coastal climate metric to this geographic location.

2. Materials and Methods

Daily minimum and maximum temperature data from forty-two Canada climate stations
were used in this work, taken from the national climate data archive maintained by Environment
and Climate Change Canada (https://climate.weather.gc.ca/historical_data
(accessed on 10 January 2022)). The stations were chosen for their proximity to the Pacific
Ocean, Atlantic Ocean and the Great Lakes, as well as areas that were not proximal to large
water bodies. These stations are listed in Table 1 and displayed in Figure 1. Ten years of data
were used, mainly for the period 1991-2000, although some variations based on data availability
and quality.

Ref. [6] introduced the difference in the monthly mean of the absolute difference between a
day’s mean temperature with the previous day’s mean temperature (DTD) as a way to assess
thermal variability. An additional metric (ADTD) was subsequently introduced, the difference
between the DTD derived from the maximum temperature (DTDTmax) and the minimum
temperature (DTDTmin) of the day. This measure has been shown to be a good metric to detect
the urbanization of a landscape [7-10]. For urban landscapes, insolation is mainly partitioned into
sensible heat, subsurface heat, and to a lesser extent, latent heat (evaporation of surface water).
This leads to a substantial increase in temperature (sensible heat) for a given radiative input. Rural,
as well as coastal locations, with the same radiative input, partitions considerably more energy
into latent heat because of the greater availability of surface water and the production of fog [11]
and clouds [12]. This in turn dampens the day to day variability as detected by [1] for coastal
locations in East China. They examined annual day-to-day temperature variability for sixteen urban
areas along China’s eastern coast, comparing these cities to those inland from the coast. The
minimum temperature variability was found to be the clearest indicator of coastalization,
particularly when the effects of latitude were accounted for. In addition, this metric was found to
be superior and more nuanced than traditional measures of continentality/coastalization. This
measure was subsequently used to detect the influence of the Adriatic Sea on local climate data
by [13] and for the South China coast of Guangdong [14].

DTDTmin was identified as the clearest indicator of coastal versus inland sites along China’s
east coast [1], as recently confirmed by [14] for China’s south coast. Gough and Shi [1] found a
threshold between 1.75 and 1.80 for latitude-normalized DTDTmin to delineate between coastal
and inland locations. This metric is calculated for each station and binned by proximity to large
water bodies (Pacific Ocean, Atlantic Ocean, Great Lakes). The differences in the coastal and inland
station data are statistically assessed using Student’s t-test. The impact of the cold climate of
Canada on the DTDTmin metric is explored by removing the months of December, January and
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February. The two traditional measures of continentality based on warmest and coldest month of
the year [2—4] are calculated and contrasted to the DTDTmin metric. The coherency of the various
metrics is assessed using a signal to noise ratio (mean/standard deviation).

The research questions explored include whether the results of the China East Coast
analysis are reproducible in a Canadian context? Is there a unique threshold for coastalization?
Does the colder climate of Canada impact the results and need to be accounted for? How does
the DTDTmin metric perform in identifying coastal stations compared to more traditional
measures of continentality?

3. Results
3.1. DTDTmin

The DTDTmin metric is calculated for each of the 42 stations (Table 1; Figure 1). The stations
in close proximity to the Pacific Ocean, Atlantic Ocean, and Great Lakes are highlighted in Figure
1. While clearly distinct populations (p < 0.001), the two populations were not unambiguously
distinct, with some overlap in the DTDTmin range of 2.5-3.0. In addition, the Atlantic coast climate
stations (green in Figure 1) were higher in value than the Pacific Ocean stations (red in Figure 1) in
a statistically significant fashion (p < 0.01). The Atlantic Ocean climate stations, although located
at lower latitudes, were colder due to the differential effects of the Atlantic and Pacific Oceans,
especially in winter. Thus, the DTDTmin was adjusted by removing the winter months of
December, January, and February, months in which temperatures dropped below 0 °C and local
ice formed at the shores of the Atlantic Ocean. The calculation for comparison purposes was
performed for all climate stations and is reported in Table 2 and displayed in Figure 2. Comparing
the Pacific and Atlantic coastal stations after this adjustment which differentially impacted the
Atlantic stations (red and green, respectively, in Figure 3), the two populations are no longer
distinct (p > 0.3). In addition, the difference between the coastal stations becomes unambiguously
distinct, with a threshold of the adjusted DTDTmin of approximately 2.3 (the highest value of a
coastal station is 2.24 and that of the lowest inland station is 2.39). In addition to the Pacific and
Atlantic Ocean coastal stations, two other stations were identified as coastal, Toronto Island A and
Pelee Island, stations located in the Great Lakes in central Canada (identified as orange in Figures
2-4). The Great Lakes are the largest freshwater bodies in the world [15]. The impact, however,
was not present in stations near but not at the shores or on islands of the Great Lakes (Toronto
Pearson A, Thunder Bay A). The geographic distribution of the coastal stations is shown in Figure
4,

Table 2. Coastalization/continentality measures for all stations. DTDTmin (adjusted) removes the winter
months of December, January, and February. Cont is continentality calculated by the difference between
warmest and coldest months of the year using climate normals (thirty-year averages). Cont A is Cont
normalized by latitude.

Station DTDTmin (°C) DTDTmin A (°C) Warm Cold Cont ContA
1 Whitehorse A, YK 3,51 3.08 143 -15.2 29.50 33.83
2 Prince Rupert A, BC 2.17 2.09 13.8 -3.0 11.40 14.04
3 Terrace A, BC 1.63 1.62 16.5 -3.0 19.50 23.97
4 Port Hardy A, BC 1.92 1.90 14.4 4.2 10.20 13.19
5 Comox A, BC 1.89 1.84 18.0 35 14.50 19.01

Table 2. Cont.

Station DTDTmin (°C) DTDTmin A (°C) Warm Cold Cont ContA
6 Nanaimo A, BC 2.24 2.23 18.2 31 15.10 20.00
7 Victoria A, BC 1.84 1.80 16.9 4.6 12.30 16.39
8 Vancouver Int'l A, BC 1.80 1.71 18.0 3.6 14.40 19.03
9 Prince George A, BC 3.15 2.88 15.8 -7.9 23.70 29.35
10 Abbotsford A, BC 1.96 1.94 18.2 2.9 15.30 20.27
11 Kamloops A, BC 2.51 251 215 -2.8 24.30 31.41
12 Kelowna A, BC 2.67 2.67 19.5 -2.6 22.10 28.33
13 Yellowknife A, NWT 3.16 2.74 17.0 -25.6 42.60 48.06
14 Calgary A, AB 3.19 2.87 16.6 -7.1 23.60 30.33



15 Calmar, AB 3.34 2.98 16.6 -11.2 27.80 34.69
16 Edmonton City Centre 2.61 2.39 17.7 -10.4 28.10 34.93
17 Lethbridge A, AB 3.58 3.20 18.2 -6.0 24.20 31.78
18 Saskatoon A, SK 3.51 2.98 18.5 -15.5 34.00 43.06
19 Brandon A, MB 3.64 3.12 18.5 -16.6 35.10 45.90
20 Thunder Bay A, ON 3.77 3.35 17.6 -14.4 32.00 42.83
21 Pelee Island, ON 2.06 1.89 22.3 -4.5 26.80 40.26
22 Moosonee A, ON 3.90 3.60 15.8 -20.0 35.80 45.90
23 Millgrove, ON 3.67 3.30 20.8 -5.5 26.30 38.35
24 Toronto Pearson A, ON 2.71 2.43 21.5 =55 27.00 39.11
25 Toronto Island A, ON 2.28 1.94 223 -3.7 26.00 37.70
26 Janetville, ON 4.20 3.80 20.1 -7.7 27.80 39.88
27 Oka, QC 4.09 3.55 20.3 -10.9 31.20 43.76
28 Mirabel A, QC 3.32 2.80 19.8 -11.5 31.30 43.77
29 Montreal McGill, QC 2.97 2.60 21.2 -9.7 30.90 43.34
30 Frederiction, NB 3.29 2.85 19.3 -9.4 28.70 40.00
31 Bathurst A, NB 3.87 3.41 19.1 -10.8 29.90 40.49
32 Miscou Island, NB 2.48 2.18 21.0 -5.0 26.0 34.99
33 Cap des Rosiers, QC 2.40 2.00 16.2 -9.8 26.0 34.54
34 North Cape, PEI 2.02 1.76 N/A N/A
35 Halifax Citadel, NS 2.70 2.24 18.9 -4.4 233 33.17
36 Shearwater A, NS 2.40 1.95 18.5 -4.6 23.1 32.89
37 Halifax Stanfield A, NS 2.49 2.13 18.8 -5.9 24.7 35.05
38 East Point, PEI 2.09 1.73 19.5 -7.5 27.0 37.26
39 lles-de-la-Madeleine A 2.16 1.88 17.8 -8.2 26.0 35.32
40 Sable Island, NS 1.97 1.69 17.8 -0.3 18.1 26.10
41 Argentia A, NL 1.89 1.57 16.0 -3.0 19.0 25.86
42 St John’s A, NL 2.38 2.12 16.1 -4.9 21.0 28.44
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Figure 2. DTDTmin as a function of station longitude ( ° W). Green indicates stations along the
Atlantic coast, orange indicates coastal stations in the Great Lakes and red indicates coastal stations along
the Pacific Coast. Blue dots refer to locations that are not identified as coastal locations.



DTDTmin (Adjusted) vs. Longitude
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Figure 3. DTDTmin (adjusted by removing winter months) as a function of station longitude ( © W). Green
indicates stations along the Atlantic coast, orange indicates coastal stations in the Great Lakes and red
indicates coastal stations along the Pacific Coast. Blue dots refer to locations that are not identified as coastal
locations.
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Figure 4. Map of station locations. Green indicates stations along the Atlantic coast, orange indicates
coastal stations in the Great Lakes and red indicates coastal stations along the Pacific Coast. Blue dots refer
to locations that are not identified as coastal locations.

3.2. Continentality

The traditional measure of continentality [3] is reported in Table 2, along with the latitude-
normalized continentality [2,4]. These measures are compared to DTDTmin in Figure 5 and Table
3. In Figure 4, DTDTmin is plotted against the adjusted continentality.



The coastal stations are in red and inland stations in blue. As noted above, the difference between
coastal and inland using DTDTmin is distinct with a threshold of approximately 2.3. However, while
the continentality does capture some of this distinction with inland stations values higher than
that of coastal stations, the distinction is not as clear. Over half of the combined total of coastal
and inland stations exist in the range of 30-40. Thus, continentality identifies the strongly coastal
and strongly continental, it is not clear for those between. This is further illustrated by looking at
the results in Table 3. In Table 3, the data are binned in coastal and inland stations for the four
metrics, DTDTmin, DTDTmin A, Cont, and Cont A. The means and standard deviations are reported,
as well as the ratio of the two, the signal to noise ratio. The larger this value, the clearer the metric.
For the coastal stations, both DTDTmin and DTDTmin A have signal to noise ratios that are double
to triple that of the Cont and Cont A, indicating, as Figure 4 suggests, that DTDTmin A performs as
the clearest metric of coastalization. For the inland stations, this signal to noise ratio is higher for
DTDTmin and DTDmin A compared to Cont and Cont A but the difference is much smaller.

Continentality vs DTD Tmin
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Figure 5. Continentality plotted against DTDTmin (winter corrected). Points in red indicate coastal stations
and points in blue represent inland stations.

Table 3. Coastalization and continentality measures for coastal and inland locations. DTDTmin A refers to
winter corrected DTDTmin values. Cont A is normalized for latitude.

DTDTmin DTDTmin A Cont Cont A

Coastal Mean 2.13 1.91 19.99 27.38
;ZT:j;: 0.27 0.20 5.73 8.66

Signal toNoise ; 49 9.69 3.49 3.16

Inland Mean 3.36 3.01 29.33 38.53
Iiz:;c?;i 0.48 0.39 4.90 6.03

SignaltoNoise ¢ o 7.62 5.99 6.39

3.3. Winter Correction

We return to the winter correction that essentially equalized the DTDTmin metric for the
stations from the Pacific coast and the Atlantic coast. As noted above, removing data for the
climatological winter months, December, January and February, suggests that the nature of winter
affects this metric. The correction was applied to the Pacific coast stations but the impact was



considerably less. In Figure 6, plots the correction versus the temperature of coldest month of the
year, a proxy for winter taken from Table 2. In this Figure, the Pacific coast stations are in red,
Great Lakes coastal stations in orange and Atlantic coastal stations in green. The relationship with
the coldest month of the year is a strong one, accounting for over 50% of the variability (R2= 0.51),
indicating that DTDTmin behaves differently under colder conditions, particularly conditions
below 0 * C. We speculate that formation of coast ice mitigates the availability of oceanic moisture
and the presence of snow cover modifies the local energy balance in colder regions. All Atlantic
coast stations were in the colder, below 0 °C, regime. This also leads to the speculation the
transition to this winter regime may also impact the use of the traditional continentality, that
winter cooling may bias such measures, perhaps skewing the metric to indicate a climate more
continental than actually experienced in other seasons.

ADTDTmin vs. Coldest Month
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Figure 6. ADTDTmin (difference between annual and winter corrected DTDTmin) as a function of coldest
month of the year (from climate normals).

4. Discussion

In this work, the coastalization metric introduced by [1] was applied to Canadian climate
stations. The annually averaged day to day temperature variability of the minimum temperature
proved to be a more effective identifier of coastal proximity than more traditional measures of
continentality. Three coastal areas, the Atlantic Ocean, the Pacific Ocean, and the Great Lakes,
were examined. A marine signal was clearly detected for all three areas compared to climate
stations in land of these large water bodies. The behaviour for the Pacific coast was distinct from
the other two regions. This is likely the result of a colder climate in the Great Lakes and Atlantic
regions. By removing the winter months, December, January, and February, the metric calculation
for the Atlantic Ocean and Great Lakes, the metric became consistent with Pacific Ocean values.
The removal of these months from the Pacific Ocean climate stations yielded only a minor change
in the metric. The “winter” effect was not identified in the analysis of climate stations along the
China east coast [1] and southern coast [14] and seems to be related not to a seasonal drop in
temperature, per se, but rather crossing the 0 * C threshold and the changes in climate as a result
(e.g., ice formation). This warrants further investigation. Due to the narrower range of latitudes
for the Canadian climate compared to [1], a latitudinal correction to DTDTmin was not found
necessary.

5. Conclusions

A thermal metric previously applied to the east coast of China by [1,14] has been adapted for
Canadian climate station data. Three coastal areas, the Atlantic Ocean, the Pacific Ocean, and the



Great Lakes, were examined. It was necessary to apply a “winter” correction to account for a
substantially altered climate when the temperature drops below 0 °C. This enabled consistency
among the three marine regions examined. The DTDTmin metric was found to more clearly
identify marine climates compared to more traditional measures of continentality.
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