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ABSTRACT 

Building stock simulation has evolved from attempting to reproduce yearly energy use to realistically 
representing the dynamic behaviour of the stock and its impact on peak electricity demand. As all 
building performance analyses, simulating the performance of a stock requires using weather data files, 
and “typical meteorological years” (TMY, or their variants TRY for typical reference year) are often used 
to obtain a synthetic data file representing an “average” year.  

The different methods used to obtain representative data files (EN ISO 15927-4:2005, TMY2 and TMY3 
data files in the USA, or CWEC files in Canada) have been developed with individual weather stations 
in mind. Representative months are individually selected for each weather station in order to represent 
a typical month (Morris, 2016; Pernigotto et al., 2014; Wilcox and Marion, 2008). Using these typical 
weather files to simulate the performance of a building stock across a large region (e.g. country, state 
or province) would not allow to investigate the overall dynamic behaviour of the stock, such as its impact 
on the peak electricity demand, because the selected months would not necessarily be consistent 
across the different weather stations.  

This paper presents a methodology inspired by Huang (2020) to obtain population-weighted typical 
weather files which results in selecting the same reference months for a large set of weather stations, 
therefore allowing to model an entire building stock across a large geographical area with consistent 
weather patterns. The methodology is applied to Canada using the CWEEDS dataset provided by 
Environment Canada (ECC Canada, 2020). 

INTRODUCTION 

Worldwide efforts to fight global warming have resulted in a focus on energy efficiency standards, 
particularly in the building sector (UNFCCC, 2015). Since one of the main drivers of energy demand is 
the weather, meteorological data has been standardized over the years to represent the typical weather 
of a particular location so that energy efficiency measures for different buildings could be classified and 
categorized based on common grounds (Pernigotto et al., 2014). The most common adopted standard 
is the “typical year”, which is generated for a certain weather station, selecting typical months over a 
span of 15-30 years. Those typical years are typically referred to as “typical meteorological years” (TMY) 
in North America, and “test reference years” (TRY) in Europe. In Canada, the typical meteorological 
years published by Environment Canada follow the methodology developed in the USA with some 
variations on weighting factors that will be discussed below, and are referred to as “Canadian Weather 
for Energy Calculation” (CWEC) (Environment Canada, 2020).  

When modelling buildings across a large region, every building is simulated using the closest weather 
station data. This ensures, using the province of Québec as an example, that buildings located in the 
city of Québec will be simulated with a typical weather file that better represents that location than, say, 
Montréal, the largest city in the province, which is more than 200 km away as the crow flies, and has 
about 500 heating degree days less than the city of Québec. However, with the “typical year” 
methodology, there is no guarantee that the typical months that are selected for the two stations 
(Québec city and Montréal in our example) are the same. So, the “typical year” simulations for the two 
cities can be considered together on an annual scale, but not on a monthly (or hourly) scale. For 
instance, the typical month of February for Montréal selected in the  CWEC typical year is February 
2011 (for the McTavish station), whereas for Québec City, the month of February 2002 appears in the 
CWEC typical year (using the international airport station). Their respective air external temperatures 
are shown in Figure 1. 



 

As Figure 1 shows, using months of different years in the same simulation results in different hourly 
profiles and peak heating periods. In 2002, February 12 and 14 are very cold (according to Québec 
standards for February), while those days in are relatively mild in 2011 for Montréal. 

For building stock simulations at the scale of the province, or at the scale of an electric utility (which in 
this case is the same), using different typical weather files for each station would result in an 
underestimated peak demand for the building stock, as cold periods would happen at different times for 
different locations. In reality, most areas within a province, state, or similar region typically experience 
relatively synchronized demand peaks, as weather patterns typically cover large areas. This is illustrated 
in Figure 2, which shows the air temperature of the same weather stations (Québec and Montréal) for 
February 2009 – it will be shown later that 2009 is the most “typical” month at the provincial scale. 
Comparing Figure 1 and Figure 2, it is clear that the combined heating demand peak of the two cities 
would be better modelled by using the same month for both locations. 

Therefore, a grid operator or any other stakeholder that wants to estimate demand peaks over a wide 
area would need a different method to handle weather data. To meet this need, Huang (2020) developed 
a “state-wide” typical year for California, which selects for each month the year that best matches the 
entirety of the weather stations, weighting each of them depending on how much population they 
represent. The work presented in this paper aims at demonstrating the applicability of this method to the 
province of Québec, Canada. 

“Typical year” weather data 

The “typical year” approach has been introduced by the U.S. National Climatic Data Center in 1976 
(National Climatic Data Center, 1976) when they excluded years with extreme mean dry bulb mean 
temperatures until only one remained, calling it the “Test Reference Year” (TRY). Over the years the 
selection method changed, but the acronym TRY has been kept mostly in European regulations (Lund, 
1996) with the standard being developed in Italy (Festa and Ratto, 1993), Denmark (Lund, 1995), Spain 
(Bilbao et al., 2004) and in the UK (Eames et al., 2016). The most known TRY standard is the EN ISO 
15927-4:2005 (ISO, 2005), to which improvements have been suggested by Pernigotto et al. (2014).  

Figure 1 Air temperature registered at Montreal McTavish and Québec City International Airport 
stations for their respective “typical” February according to the CWEC weather file 

Figure 2 Air temperature registered at Montreal McTavish and Québec City International Airport 
stations for February 2009, the month selected by the “state-wide” approach 



In North America a similar year selection method to TRY has been developed with the name of “Typical 
Meteorological Year” (TMY) (Hall et al., 1978), later evolved in TMY2 to improve the solar models 
(Marion and Urban, 1995, p. 2) and in TMY3 to better manage the datasets (Wilcox and Marion, 2008). 
Both TRY and TMY are based on the so-called “Finkelstein-Schafer (FS) statistic” (Finkelstein and 
Schafer, 1971). This statistical method is used to select, for each month of the year, the most “typical 
month” over a certain range of years, typically between 15 and 30 years. The method consists in 
calculating the absolute difference between the cumulative distribution function (CDF) of a certain 
climate parameter in a certain day of the month and the CDF for the same parameter in the long-term 
period. This difference is often called “FS statistic” or “FS value”. The CDF of a certain parameter’s value 
“x” represents how many values are present in the dataset that are lower than “x”. The absolute 
differences of CDFs with the long-term are all summed up for each parameter of each month of each 
year. Some parameters will be weighted more than others, such as the dry bulb temperature over the 
wind speed. The month that will have the lowest weighted cumulative “FS value” will be the first 
candidate to be the most “representative month” for the location. Further examples to better understand 
this process can also be found in Huang (2020) (Section 9) and Pernigotto et al. (2014). 
The difference between TRY and TMY consists in which climate input variables are considered and the 
weight of each of them. For instance, TMY considers more input variables and do not only include mean 
daily dry and wet bulb temperatures but also their maximum and minimum. 
After 5 candidate months are selected for each calendar month, some so-called, “persistence criteria” 
can be applied to exclude the months that have long or numerous runs of consecutive days with either 
extreme temperatures or with extreme solar radiation (“extreme” being quantified by exceeding or being 
inferior to given percentiles in the long-term CDF). Many different persistence criteria exist and they are 
well described and compared in Pernigotto et al. (2014). The persistence criteria applied in this work will 
try to replicate the same procedures described in the Canadian CWEC files’ user manual (Morris, 2016). 

The “state-wide” approach 

As already introduced, Huang (2020) proposed a methodology to select a “typical year” not only for one 
single weather station but for a whole state, region or province. The principle is the same of the “typical 
year”: rating every month of every year of every weather station with an “FS cumulative value” and 
select, for each calendar month, the year with the lowest sum of “FS values” over all the weather 
stations. Since the final purpose is to have a realistic energy estimation, each weather station is 
weighted by the population it represents so that most populated areas, which have the largest impact 
on the energy use and peak demand, can play a major role in the weather selection. 
In simpler words, the year selected for each calendar month will be the one that best matches the entirety 
of the weather stations, having a good “Finkelstein-Schafer (FS) statistic” for most populated weather 
stations. Further examples and tables will be shown to better understand this approach. 
However, in the proposed methodology, it is unclear how the population was allocated for each weather 
station. In this work a method to do it has been developed. 

METHODOLOGY 

In Canada weather data has been stored, categorized and treated for over 30 years in the Canadian 
Weather Energy and Engineering Datasets (CWEEDS), publicly retrievable at (ECC Canada, 2020). 
The current dataset features 564 Canadian locations with hourly data starting from 1998 and it features, 
for all locations, satellite-based solar radiation (Morris, 2016). A meteorological reanalysis time series is 
used to fill data gaps longer than 3 hours while all the rest is filled with interpolation. Therefore, all the 
data filling and cleaning processes reported by Huang (2020) for California, are not required here to 
produce a “province-wide” typical year for Québec. 
Since the statistical methods and the principles behind the “state-wide” approach are the same as for 
“typical years”, first TMY weather files will be reproduced for each of  the weather stations that will be 
considered, and then a “province-wide” selection will be performed. Since the TMY approach has been 
already used to produce the CWEC typical year weather files (provided together with the CWEEDS), 
the statistical calculations for the “FS cumulative values” can be validated. In this way, also the province-
wide selection will be relying on validated and reliable calculations. 

TMY “Typical year” selection 

The approach followed to calculate the “Finkelstein-Schafer (FS) statistic” for each month of each year 
is the same explained in the TMY3 report (Wilcox and Marion, 2008), in Pernigotto et al. (2014) and in 
Huang (2020). In order to replicate the CWEC weather files (Morris, 2016), the final cumulative FS 
values are estimated with the same weights for the same climate variables. Same as for the persistence 
criterions that are taken from the CWEEDS and CWEC files’ user manual (Morris, 2016).  



To handle all the data and calculations the programming language Python 3 is used through a Jupyter 
notebook (Kluyver et al., 2016), with the Pandas library (The Pandas development team, 2022) playing 
the major role as it can handle large dataframes with ease. The Pvlib library (Holmgren et al., 2018) is 
initially used to load the weather files in the epw format through the function pvlib.iotools.read_epw 
(Pvlib, 2022). Note that the CWEEDS weather files are provided in the WY3 format, to convert them to 
epw a MATLAB script from Siu and Liao (Siu and Liao, 2020) is used. 

“Provincial-wide” typical year selection 

To elaborate a “provincial-wide” typical year all the FS cumulative weighted values of each month of 
each year of each weather station are required. For each calendar month, the year having the lowest 
total FS statistics can be selected, but this value, in this case, is also weighted on each weather station 
depending on the population it represents. 
The calculation steps in the “provincial-wide” selection are quite simple as the python script can just 
read the results collected in all other local weather stations’ “typical year” scripts. This is achieved using 
Microsoft Excel to collect the results and read them in Python all together. The most complex part is to 
understand which weather stations to select and how the population weights are calculated. 
The population data can be obtained from the Canadian census data for each census subdivision in the 
province. Census subdivision (CSD) is the general term for municipalities (as determined by 
provincial/territorial legislation) or areas treated as municipal equivalents for statistical purposes (e.g., 
Indian reserves, Indian settlements and unorganized territories). Municipal status is defined by laws in 
effect in each province and territory in Canada. In the 2021 dataset, there are 5161 CSD for Canada, 
and 1282 for Québec (StatsCan, 2022). 
The population for Québec is 8.5 million, and the population density ranges from 0 to over 6000 
people/km² for the census subdivisions – these are not equal in size nor in population, the largest by 
population being the city of Montréal with more than 1.76 million people and a density of 4830 
people/km² and covering almost 365 km², and the largest in size being Rivière-Koksoak, with a reported 
population of zero. Figure 3 shows the census subdivisions in Québec with their population density. 

CWEEDS stations in Québec (or “near” Québec) 

Canadian Weather Energy and Engineering Data Sets (CWEEDS files) are provided by Environment 
Canada for 564 locations in Canada, of which 81 in Québec (ECC Canada, 2020). However, in some 
cases the closest weather station for a location with a significant population density in Québec will be 
located in another province – this is for example the case for Gatineau, for which the closest CWEEDS 
weather station is the Ottawa International Airport. For this reason, a set of 134 CWEEDS stations were 
considered in this study. They are shown in Figure 4. Most stations include data for 20 years (1998–
2017), but some of them only include partial data. The broader objective of this study is to develop a 
“province-wide” typical weather data file, and the candidate years for typical months would have to be 
restricted to the smallest common range amongst all stations, which would be 2002–2007 for the full 
data set. To avoid that problem, only stations with the full date range are considered in the following (94 
stations). 

Figure 3 Census subdivisions in Québec with their population density 



 

Voronoi polygons were created in QGIS (QGIS.org, 2022) to represent a “catching area” of each weather 
station. The Voronoi polygons associated with a given set of reference points in a plane (called “seeds”, 
in our case the points representing the weather stations) correspond to the regions consisting of all 
points in the plane which are closer to the given reference “seed” (the basic concept can be found in the 
relative Wikipedia page (“Voronoi diagram,” 2022)). The polygons are shown in Figure 5.  
Each polygon represents the region where all points are closer to a given weather station (the red dot 
inside each polygon). It is apparent that some regions in Québec are covered by the Voronoi polygons 
of weather stations in other provinces (e.g. Ontario for the South-West part of Québec). The extreme 
North is not covered by weather stations with complete date range, since most Nordic stations rely on 
satellite-derived solar radiation data available after 2005. 

 

To obtain weighting factors for the CWEEDS weather stations, each Voronoi polygon was associated 
with the Québec population covered by its area. To obtain an estimate of that population, the population 
density obtained from the census subdivisions was first rasterized over a 100 m mesh, and the total 
population was then calculated for each Voronoi polygon. This results in 65 weather stations associated 
with non-zero population (from 18 people for Île aux Perroquets to 1.385 million people for Montréal-
McTavish). 29 of the 94 stations originally considered “near Québec” are associated with zero population 
(i.e., no population is found in their Voronoi polygon); they are removed from the list. 

Figure 4 134 CWEEDS stations were selected “near” the province of Québec to represent the 
potential closest station to every census subdivision. Green dots represent the 94 stations with the full 
20 years of data (1998-2017), red dots represent stations with partial data (which have been excluded, 

as discussed in the text) 

 

Figure 5 Voronoi polygons around the weather stations in the Québec province, Canada 



The result can be seen in Figure 6. Each CWEED station is colored with the total population covered by 
the polygon (stations with zero population are not shown). Most stations located outside the province of 
Québec are associated with low population counts, except for Ottawa International airport (the yellow 
dot in the lower part of the map). 

 

Ranking of Québec CWEEDs station by population 

The first 20 “most populated” weather stations are listed in Table 1, sorted by population. The first 6 
stations are located within (or close to) the greater metropolitan area of Montréal (Census Metropolitan 
Area). They represent slightly over 50 % of the population and are located within 60 km of each other. 
Adding 6 stations (Québec city region, Gatineau, Trois-Rivières, Sherbrooke, and Saint-Jean-Sur-
Richelieu) allows to reach almost 80 % of the population. These 20 weather stations will be considered 
for the “provincial-wide” selection, accounting for the 90 % of the population. Each population 
percentage will be used as the weighting factor. 

Table 1 CWEEDS stations with their associated population percentage 

No Station name Prov. Climate ID Lat/° Lon/° % Pop. % Cumul.  

1 MCTAVISH QC 7024745 45.5 -73.58 15.5 15.5 
2 MONTREAL INTL A QC 7025251 45.47 -73.74 9.9 25.4 
3 MONTREAL-ST-HUBERT QC 7027329 45.52 -73.42 8.5 33.9 
4 L'ASSOMPTION QC 7014160 45.81 -73.43 7.5 41.3 
5 MONTREAL MIRABEL INTL A QC 7034900 45.68 -74.03 6.0 47.4 
6 STE-ANNE-DE-BELLEVUE 1 QC 702FHL8 45.43 -73.93 5.7 53.0 
7 NICOLET QC 7025442 46.23 -72.66 5.5 58.6 
8 QUEBEC INTL A QC 7016293 46.8 -71.38 5.0 63.6 
9 STE-FOY (U. LAVAL) QC 701Q004 46.78 -71.29 5.0 68.6 

10 OTTAWA INTL A ON 6106001 45.32 -75.67 4.6 73.2 
11 LENNOXVILLE QC 7024280 45.37 -71.82 4.0 77.2 
12 L'ACADIE QC 702LED4 45.29 -73.35 2.4 79.6 
13 BEAUCEVILLE QC 7028754 46.21 -70.78 2.1 81.7 
14 FRELIGHSBURG QC 7022579 45.03 -72.85 1.8 83.6 
15 JONQUIERE QC 7063370 48.43 -71.14 1.5 85.1 
16 ST-JOVITE QC 703GDKB 46.08 -74.56 1.3 86.4 
17 DESCHAMBAULT QC 7011983 46.69 -71.97 1.2 87.6 
18 ROBERVAL A QC 7066686 48.52 -72.27 0.83 88.4 
19 VAL-D'OR QC 7098603 48.06 -77.79 0.81 89.2 
20 MANIWAKI AIRPORT QC 7034482 46.27 -75.99 0.78 90.0 

Figure 6 CWEEDS stations “near Québec” with their Voronoi polygons 



 

RESULTS 

First the typical year selection will be discussed and compared to the CWEC weather files in order to 
have a validation of the calculations performed, and then the provincial-wide year selection will be 
shown. 

TMY typical years results and validation 

After applying the persistence methods, every typical month of the 20 “most populated” weather stations, 
was selected. Generally, for all the calendar months of all the 20 weather stations, the CWEC years are 
always in the top five-month candidates, with few exceptions that can be explained with the exclusion 
by the author of the months that required a high amount of data filling to produce the CWEEDS weather 
files. It has been remarked also a mismatch between the persistence criteria applied in this work and 
the ones applied for the generation of CWEC weather files. However, this result was expected since the 
final report for the generation of the CWEC weather files (Morris, 2016) was not clear on the exact 
procedures that were followed for the persistence methods to exclude some of the candidate months. 
However, the goal of this step was just to develop and process the Finkelstein-Schafer (FS) statistic 
which, according to the results obtained, can be considered validated. 

“Province-wide” typical year generation 

Once all the cumulative FS weighted values are imported from any single python script of the 20 “most 
populated” weather stations, it is possible to weight them by population and sum them up to be able to 
understand which months can better represent the whole province of Québec. 
A summary of FS values for January is shown in Figure 7 with a color scheme using dark green for the 
best statistical fit and gradual colors towards red for worse fits. The numbers shown do not yet account 
for the population weighting factors. 

The year that is selected to be the most representative for the Québec province, 2012, is highlighted 
with a darker black border. It can be noticed that the 2012 column features many really good statistical 
fits with most of the stations, especially the 9 most populated ones (almost 70 % of population). 
Results for all calendar months are shown in Figure 8 with their own FS value summations after applying 
the population weighting factors. 

In the case of January, the month was also the 1st ranked for the most populated McTavish station, but 
it is not the case for most of the other calendar month, therefore the selection is not that predictable at 
a first guess. However, it is also true that most populated areas will largely influence the selection, with 
the result that the typical year will most likely be “more typical” for the Montréal, Québec city, Sherbrooke 
and Gatineau areas rather than other locations in Québec. 

Figure 7 “Province-wide” selection for January.  
Reported values still have to account for population factors. 

Figure 8 “Provincial-wide” year selection for each calendar month 



20 weather stations were used here, representing the 90 % of the population, but the calculations were 
also repeated with the 15 “most populated” stations (85.1 % of population) and with 10 stations (73.2 % 
of the population) to see how many stations are recommended to be used. 
Using 10 stations the years selected were the same except for February for which 2006 was preferred 
with a very narrow margin of less than 0.02 points over 2009. With 15 stations, 2009 was instead 
selected for February (same as with 20 stations), with a margin of less than 0.01 points: 11th, 12th,13th 
and 14th stations were in fact better represented by 2009 and changed the selection. With 20 stations 
the trend was confirmed in favor for 2009 with 16th, 17th, 18th and 19th stations having a better match 
with 2009 rather than 2006. 
It is true that most populated areas have a major impact, but it can also be remarked that sometimes 
also less represented stations can make the difference in certain cases. However, processing all the 
possible weather stations could require a considerable amount of work, since all the locations would 
require TMY calculations. It is therefore recommended to account at least for the 85 % of the total 
population or to consider all weather stations that represent at least 1.5 % of the population. 
It is possible to remark that, even if for some stations there is not the best possible statistical fit, the 
years selected have a fairly good “typical” representation of most of the weather stations considered. 
The final result is consequently deemed to be suitable for energy simulation purposes and for peak 
demand estimations over the whole province. 

CONCLUSION 

Typical  weather years known as “typical meteorological years” (TMY) or “test reference years” (TRY) 
are widely used for building energy modelling, as they offer a convenient solution to simulate one year 
that is representative of the climate over a longer period, typically 15 to 30 years. In Canada, 
Environment Canada has been publishing “Canadian weather for energy calculation” data files which 
follow the US methodology for TMY with some variations. These typical years are obtained separately 
for each weather station, and the methodology often selects different typical months for different 
stations. Simulations of buildings across a large region with different typical weather files can be 
analyzed together at a yearly (or perhaps monthly) scale, but not on an hourly scale or below, therefore 
preventing such results from being used to assess a utility-scale peak demand for example. To answer 
this need coming from electric grid and energy stakeholders, Huang (2020) proposed a “state-wide” 
typical year selection for California in which typical months are chosen, as for TMY, with the Finkelstein-
Schafer (FS) statistic, but to best represent the entirety of the weather stations, weighting them by 
population. In this work, this methodology is applied to the province of Québec, Canada. First, the TMY 
typical year selection has been developed in Python and it has been validated through a comparison 
with the files coming from the Canadian Weather year for Energy Calculation (CWEC) (ECC Canada, 
2020). Then, the “province-wide” approach has been applied to the province of Québec, Canada, using 
the results of the FS statistic of the TMY scripts and allocating the census population to each weather 
station thanks to Voronoi polygons. Results show that it is possible to select typical months for all 
significant weather stations together without losing the representativity for any particular one. Even if 
“most populated” weather stations had a major impact due to the weighting factors, applying the same 
method with the 10, 15, and 20 most populated weather stations, showed that in some cases even less 
populated weather stations can change the decision of the typical month. For this reason, it is 
recommended to use at least the 85 % of the total population or to consider all weather stations with at 
least 1.5 % of the province’s inhabitants. Further work could refine this “provincial-wide” method, 
analyzing the impact of different weighting factors on the final selection. It would also be useful to obtain 
a clarification from Environment Canada on the exact persistence criteria used in developing the 
published CWEC data files. Finally, it is recommended to apply the same methodology to all Canadian 
provinces to provide to the building simulation community an alternative to “per-station” typical files. 

SUPPLEMENTARY MATERIAL 

The “province-wide” typical year for the province of Québec, Canada, will be provided in GitHub at this 
address https://github.com/GiulioTonellato/Canadian-weather-files. Future projects also involve the 
publication of the python scripts to produce TMY weather files for single weather stations based on the 
CWEC methodology. 
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