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Summary
Weather data are a primary boundary condition in building energy simulation and can materially affect annual loads and peak demand. This study evaluates weather-product selection, direct-solar sensitivity, and weather-year construction across four Canadian climates (Halifax, Regina, Toronto, and Vancouver) and three archetypes: a detached house, a multi-unit residential building (MURB), and a medium office. Using a Grasshopper–Honeybee/EnergyPlus parametric workflow, the analyses compare historical products (CWEEDS, PSM4, ERA5), a controlled ±10 % Direct Normal Irradiance (DNI) sensitivity with Diffuse Horizontal Irradiance (DHI) held constant, and typical (TMY) and extreme (XMY) meteorological year methods against the 2005–2022 historical record. Heating is generally less sensitive than cooling to weather-product selection: most residential heating differences are within about 5 % of CWEEDS, whereas cooling differences reach reductions of about 65–70 % with ERA5 and increases exceeding 100 % with PSM4 in some MURB cases. Under the controlled DNI test, cooling changes reach about ±7 % for the detached house and ±13–14 % for the MURB, while remaining below 1 % for the office. Relative to the historical maximum peak, conventional TMY peak cooling is approximately 11–45 % lower for the residential archetypes and 20–30 % lower for the office. XMY methods reduce this gap in several cases but do not reproduce historical maxima uniformly, supporting the use of multi-year and extreme-weather references for cooling assessment, system sizing, and resilience.
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1. Introduction
Weather data constitute one of the most important inputs in building energy modelling (BEM). Outdoor temperature, solar radiation, humidity, and wind conditions directly influence building heating and cooling demand as well as the performance of renewable energy technologies such as photovoltaic systems. In Canada, where climates range from temperate coastal to severe cold regions, simulation outputs are particularly sensitive to how weather datasets are selected, constructed, and applied. Weather data choice is therefore not merely a technical input, but a fundamental modelling decision that can significantly affect conclusions regarding energy performance, system sizing, and resilience.
Building simulations commonly rely on Typical Meteorological Year (TMY) datasets derived from long-term historical observations, such as the Canadian Weather Year for Energy Calculation (CWEC), which condense multi-decadal records into a representative synthetic year using statistical techniques such as the Finkelstein–Schafer method (Hall et al., 1978; Finkelstein and Schafer, 1971). While well suited for annual benchmarking and code compliance, TMY datasets intentionally exclude extreme events and smooth interannual variability (Herrera et al., 2017), which can result in underestimation of peak heating or cooling loads, misrepresentation of solar gains, and inaccurate sizing of HVAC and renewable systems (Kočí et al., 2019; Yuan et al., 2022).
These limitations are particularly consequential in Canadian contexts. Robert and Kummert (2012) showed that a Canadian net-zero energy home designed on historical typical weather misses its net-zero target for most future years when re-simulated with climate-change-morphed weather, concluding that climate-sensitive buildings should be designed using multi-year, climate-aware weather rather than repeated typical years. Comparing typical against actual weather years for Winnipeg, Moradi et al. (2023) found that typical years systematically underpredict heating and overpredict cooling relative to the ten-year median, with the cooling bias reaching as much as 75 % for a detached house. Moradi et al. additionallyreported that CWEC captured long-term trends better than TMYx formulations, demonstrating that both the choice of typical-year dataset and its variable weighting materially affect outcomes.
Building typology strongly mediates this sensitivity. Berardi and Jafarpur (2020) reported that projected heating demand in Toronto falls by roughly 18–33 % under future climate scenarios while cooling rises, with larger, internally dominated buildings (e.g. large offices) proving less climate-sensitive than envelope-driven typologies, and with the downscaling method itself influencing the predicted change. Regarding the adequacy of typical years, Hosseini et al. (2021) found CWEC agreed with long-term data within about 5 % annually for Montreal and Vancouver offices, yet underestimated heating peaks in 60–80 % of Montreal cases, with the largest deviations for solar-sensitive designs (higher SHGC and thermal mass). Data-driven TMY construction (Bigtashi et al., 2024) can improve monthly fidelity but does not resolve the omission of extremes.
Beyond temperature, solar irradiance representation, specifically GHI and DNI, plays a central role in both thermal performance and photovoltaic yield, and differences in solar weighting within weather-file generation can alter cooling load and renewable generation estimates (Pernigotto et al., 2020; Huld et al., 2018). To capture variability and extremes, recent work has expanded toward Extreme Meteorological Years (XMY), reanalysis data (e.g. ERA5), high-resolution solar datasets (e.g. the National Solar Radiation Database Physical Solar Model v4, PSM4), and bias-corrected climate projections (Nik, 2016; Gaur and Lacasse, 2022). Resilience-focused studies further stress that worst-case demand and lowest-generation sequences, not annual averages, govern performance during outages and compound events, so single representative years are structurally limited for resilience assessment (Yan et al., 2025; Perera et al., 2020; Siu et al., 2023).
Despite these advances, there remains limited systematic assessment of how different weather datasets and generation methods influence building energy performance across multiple archetypes and climates within a single, consistent modelling framework (Crawley and Lawrie, 2015). In particular, the relative influence of solar irradiance representation, the robustness of TMY datasets, and the role of extreme weather in shaping both annual loads and peak demands are not yet fully resolved.
The objective of this study is to investigate how different weather datasets, solar irradiance assumptions, and weather-file generation methods influence building energy simulation outcomes across several Canadian climates. The analysis is structured around three components: (1) a comparison of historical weather datasets (CWEEDS, PSM4, and ERA5), (2) a sensitivity analysis to variations in solar irradiance (DNI), and (3) a comparison of typical and extreme weather-file generation methods (TMY and XMY), evaluated consistently across three building archetypes.
2. Methodology
2.1. Building archetypes
Building energy simulations were performed using a parametric workflow in which building geometry and simulation settings were defined in the Grasshopper–Honeybee environment and the energy calculations were carried out by the EnergyPlus engine for three representative building archetypes: a detached house, a multi-unit residential building (MURB) consisting of 16 units arranged over four storeys, and a medium office building (Fig. 1). These archetypes were selected to span a range of building scales, envelope-to-internal-gain ratios, and operational profiles: the detached house represents a low-internal-gain, envelope-driven residential typology; the MURB represents a compact multi-family form with a higher surface-to-volume complexity; and the medium office represents a commercial typology dominated by internal gains from lighting, equipment, and occupancy. This spread allows the influence of weather data to be examined across buildings with contrasting sensitivities to solar and temperature inputs.
Each archetype was modelled with representative Canadian construction and occupancy assumptions and simulated for four cities spanning distinct ASHRAE climate zones: Halifax (Zone 6A), Toronto (Zone 5A), Regina (Zone 7), and Vancouver (Zone 4C). These locations were chosen to represent the range of Canadian conditions relevant to the study, from the cold, dry continental climate of Regina to the milder marine climate of Vancouver. Envelope properties, internal gains, schedules, and system assumptions were held constant across locations for each archetype, so that all differences in simulated performance could be attributed to the weather inputs rather than to changes in building design or operation.
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Fig. 1: Modelled building archetypes: a) detached house; b) multi-unit residential building (MURB); c) medium office building.
Key operational parameters are summarized in Table 1, while the location-specific envelope characteristics for the detached house and medium office are given in Tables 2 and 3. Internal gains were kept constant within each archetype, and the envelope assumptions for each city were held fixed across all weather comparisons.
Table 1: Summary of operational parameters for the three building archetypes.
	Parameter
	Detached House
	MURB
	Medium Office

	Infiltration (m³/s·m²)
	0.001024
	0.001024
	0.000302

	Heating setpoint (°C)
	22
	21.7
	21

	Cooling setpoint (°C)
	24.4
	24.4
	24

	Occupancy (ppl/m²)
	0.028
	0.028
	0.057

	Lighting (W/m²)
	14.4
	14.4
	11.84

	Equipment (W/m²)
	6.7
	6.7
	10.33


Table 2: Detached house envelope characteristics (ASHRAE 2004-based); U in W/m²K, R in (h·ft²·°F/Btu).
	Location
	Zone
	Wall U (R)
	Roof U (R)
	Ground U (R)
	Window U (SHGC)

	Halifax
	6A
	0.463 (11.33)
	0.148 (37.56)
	2.11 (1.76)
	0.895 (0.41)

	Regina
	7
	0.463 (11.33)
	0.148 (37.56)
	2.11 (1.76)
	0.895 (0.48)

	Toronto
	5A
	0.463 (11.33)
	0.186 (29.56)
	2.11 (1.76)
	0.9 (0.41)

	Vancouver
	4C
	0.463 (11.33)
	0.186 (29.56)
	2.11 (1.76)
	0.9 (0.41)


Table 3: Medium office envelope characteristics; U in W/m²K, R in (h·ft²·°F/Btu).
	Location
	Zone
	Wall U (R)
	Roof U (R)
	Ground U (R)
	Window U (SHGC)

	Halifax
	6A
	0.428 (12.33)
	0.329 (16.33)
	2.11 (1.76)
	0.9 (0.41)

	Regina
	7
	0.329 (16.33)
	0.329 (16.33)
	2.11 (1.76)
	0.895 (0.48)

	Toronto
	5A
	0.428 (12.33)
	0.329 (16.33)
	2.11 (1.76)
	0.9 (0.41)

	Vancouver
	4C
	0.613 (8.33)
	0.329 (16.33)
	2.11 (1.76)
	0.9 (0.41)


Envelope constructions for the MURB follow location-specific assumptions consistent with residential construction practices.
2.2. Weather data
Three categories of weather data were used:
Historical datasets: CWEEDS, PSM4, and ERA5, representing measured or reconstructed multi-year conditions. The Canadian Weather Energy and Engineering Datasets (CWEEDS) provide long-term hourly records of temperature, humidity, wind, and solar radiation for Canadian stations and serve here as the reference historical source (Environment and Climate Change Canada and NRCan, 2020). The Physical Solar Model version 4 (PSM4) is a high-resolution, satellite-derived, gridded solar radiation dataset with hourly and half-hourly irradiance records extending back to 1998 (Sengupta et al., 2018). ERA5 is the fifth-generation atmospheric reanalysis produced by ECMWF, which assimilates observations into a physically consistent global model (Hersbach et al., 2020). Annual heating and cooling loads, peak demands, and solar quantities were evaluated for each year from 2005 to 2022.
Typical Meteorological Year (TMY): CWEC, ISO 15927, TMY3, and the TMY-NO method, providing statistically representative years. These methods differ mainly in how candidate months are selected and how climatic variables are weighted: CWEC is the standard Canadian formulation, ISO 15927 follows the international standard weighting, TMY3 uses the U.S. Sandia weighting scheme, and TMY-NO is a proposed seasonal weighting method for northern locations (Thiis et al., 2025). Because each approach weights temperature and solar radiation differently, the resulting representative years can diverge, particularly for solar-driven quantities (Hall et al., 1978; Herrera et al., 2017).
Extreme weather datasets (XMY): Two extreme-weather constructions were proposed and evaluated in this study: TMY+ and seasonal XMY. TMY+ augments a typical year with additional extreme weeks, while seasonal XMY selects the most extreme months of the historical record to represent severe seasonal conditions and retain peak-load and resilience-relevant sequences that conventional typical years smooth out (Nik, 2016; Pernigotto et al., 2020).
2.3. Simulation approach
Simulations were conducted using a parametric workflow based on the Grasshopper–Honeybee interface coupled with EnergyPlus, allowing each archetype-location model to be run across the alternative weather files while holding geometry, envelope, internal gains, schedules, and system assumptions fixed. For the historical comparison, annual heating and cooling loads, annual peak heating and cooling demands, incident solar radiation, and solar gains were calculated for each year from 2005 to 2022 and then summarized over the historical period. For the historical-reference comparisons, “Historical Avg” denotes the mean of the annual simulation results from 2005 to 2022; for peak demand, it is the mean of the annual peak values. “Historical Max” denotes the maximum annual value over the same period; for peak demand, it is the largest annual peak.
To ensure comparability, all weather files were standardized to 8760 hours, with 29 February removed where present. The three analyses were then applied consistently to each archetype and location. First, CWEEDS, PSM4, and ERA5 were compared directly. Because the complete weather product changes in this comparison, temperature, humidity, wind, and solar-radiation variables may all contribute to differences in simulated performance; this analysis therefore does not isolate a single meteorological variable. Second, a controlled direct-solar sensitivity analysis was performed using CWEC TMY files, with DNI perturbed by ±10 % and DHI held constant. Third, typical (CWEC, ISO 15927, TMY3, and TMY-NO) and extreme (TMY+ and seasonal XMY) weather-file generation methods were compared with the long-term historical references to assess their representation of average and extreme performance.
The reported outputs, evaluated consistently for each analysis, comprise the solar quantities (incident radiation and solar gains) and the resulting space-conditioning metrics. Across all analyses, results were reported in terms of annual heating and cooling loads, peak heating and cooling demands, and solar gains, allowing the influence of weather data to be traced consistently from the radiation inputs through to the resulting space-conditioning demands.
3. Results and Discussion
This section presents the historical weather-product comparison (Section 3.1), the controlled DNI sensitivity analysis (Section 3.2), and the comparison of typical and extreme weather-file generation methods (Section 3.3). Annual heating and cooling loads, peak demands, and solar gains are examined across the three archetypes and four climates. Results are reported relative to the CWEEDS historical baseline unless otherwise stated.
3.1. Historical weather-product comparison
The historical products yield smaller differences in heating than in cooling. For the detached house and MURB, most annual heating loads remain within approximately 5 % of the CWEEDS baseline, with larger cases including an ~11 % reduction with PSM4 in Regina and ERA5 deviations of about 10–14 % in Halifax and Vancouver. The office shows a wider spread, with PSM4 generally lower and ERA5 higher than CWEEDS, reaching about +30 % in Vancouver. Thus, heating is comparatively less sensitive than cooling, although weather-product selection still produces material differences in some cases (Fig. 2).
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Fig. 2: Annual heating loads by location for historical weather products — detached house, MURB, and medium office.
Cooling loads show substantially greater variability. ERA5 consistently produces the lowest cooling loads and PSM4 the highest. For the detached house, PSM4 differs from CWEEDS by approximately 30–43 % in some locations, while ERA5 is up to about 65 % lower in Vancouver. The spread is larger in the MURB, where PSM4 deviations exceed 100 % and ERA5 reductions reach about 70 % as compared to CWEEDS. These differences are shown in Fig. 3. The office has larger absolute cooling loads but smaller relative variation (PSM4 up to ~20 % higher; ERA5 up to ~25 % lower). Because the historical products differ in temperature, humidity, wind, and solar variables, these differences cannot be attributed to solar radiation alone. However, the direction of the cooling differences is consistent with PSM4’s higher direct irradiance and ERA5’s lower surface solar radiation. The residential archetypes show larger percentage changes because their cooling loads are smaller and more solar-sensitive, whereas the office is buffered by substantial internal gains from lighting, equipment, and occupancy (Berardi and Jafarpur, 2020).
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Fig. 3: Annual cooling loads by location for historical weather products — detached house, MURB, and medium office.
Solar gains follow the irradiance differences between products. PSM4 generally remains within ±10 % of CWEEDS for direct irradiance, whereas ERA5 is substantially lower, with differences reaching about 55 % in Vancouver. ERA5 solar gains are correspondingly lower, by up to about 70 % in some cases (Fig. 4). Together with the controlled DNI analysis, these results support solar-radiation representation as an important contributor to cooling variability while recognizing the concurrent effects of the other meteorological variables.
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Fig. 4: Internal solar gains by location for historical weather products - detached house, MURB, and medium office.
Figures 5–7 compare peak heating and cooling demand across the historical products for all three archetypes. Peak heating follows the annual-heating pattern, with most residential differences within about 5–8 % of CWEEDS. Peak cooling varies more strongly: PSM4 often produces the highest peaks, while ERA5 tends to reduce them, particularly in Vancouver. For the office, dataset rankings are less significant, reflecting stronger interaction among weather inputs, internal gains, and operating schedules.
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Fig. 5: Peak heating and cooling demand for the detached house under historical weather products.
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Fig. 6: Peak heating and cooling demand for the MURB under historical weather products.
[image: ]
Fig. 7: Peak heating and cooling demand for the medium office under historical weather products.
3.2. DNI sensitivity
The controlled DNI sensitivity analysis shows that annual heating is only weakly affected by moderate changes in direct solar irradiance. A ±10 % change in DNI changes annual heating loads by only about 1–2 % across the archetypes (Fig. 8). Heating remains governed primarily by outdoor temperature, transmission, and infiltration losses, with solar gains providing a secondary offset. DHI was held constant and was not independently tested
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Fig. 8: Annual heating loads under DNI sensitivity (±10 %) — three archetypes.
Cooling loads exhibit greater sensitivity to solar radiation variations, with the magnitude depending on building type. For the detached house, deviations remain within approximately ±7 % (largest in Vancouver); in the MURB the range increases to ±13–14 % in Vancouver; the office building shows very limited sensitivity (typically below 1 %), reflecting the dominant role of internal gains (Fig. 9). A ±10 % change in DNI produces approximately a ±7 % change in total incident radiation, while diffuse radiation remains unchanged.
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Fig. 9: Annual cooling loads under DNI sensitivity (±10 %) — three archetypes.

Peak heating is largely unaffected by DNI variation, with changes below approximately 1 %, while peak cooling shows a somewhat greater but still modest response, generally within about 2–4 % (Fig. 10).
Figure 10 shows that relative to historical averages, TMY peak heating of the detached houses differs by up to approximately 9–13 % in some locations, while TMY peak cooling differences are approximately 2–12 %. The same qualitative pattern is observed for the MURB and office.
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Fig. 10: Peak heating and cooling demand under DNI sensitivity (±10 %) — detached house.
3.3. Weather-file generation methods
The comparison of weather-file generation approaches shows that TMY methods produce relatively consistent annual heating loads across all cities, generally within approximately 2 % of historical averages for residential buildings and about 5 % for the office. Seasonal XMY introduces larger deviations, increasing heating loads by up to 20 % in colder climates (Fig. 11). This consistency is expected: TMY methods are constructed to reproduce long-term average monthly conditions, so for a temperature-driven quantity such as annual heating they converge closely to the historical mean regardless of the specific weighting scheme used (Herrera et al., 2017; Hosseini et al., 2021). The seasonal XMY, by contrast, deliberately selects the most extreme months of the record; in cold climates this concentrates colder-than-average periods into the file, raising the seasonal heating-degree total and hence the annual heating load. The larger relative deviation for heating in colder climates is therefore a direct consequence of the extreme-month selection rather than of any change in the building model (Nik, 2016). The seasonal XMY dataset represents a “worst-case scenario” heating load.
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Fig. 11: Annual heating loads under TMY and XMY generation methods with historical average and maximum annual references — three archetypes.
Whereas Section 3.1 quantified how cooling loads differ between historical data sources, this comparison isolates the effect of the file-construction method itself. Cooling loads show substantially greater sensitivity to weather-file construction. For the detached house, seasonal XMY increases cooling loads by approximately 50–85 % relative to historical averages, while TMY+ produces more moderate increases. These effects are amplified in the MURB, where seasonal XMY results are at least double the historical averages in several locations. The office building shows smaller relative changes (seasonal XMY ~18–40 %, TMY+ generally below 10 %). These two XMY file constructions are made to better capture extreme cooling scenarios that may occur over the long-term operation of a building.  TMY+ generally produces an intermediate response between conventional TMY and seasonal XMY, particularly for cooling, because limited extreme periods are introduced into an otherwise typical year rather than constructing the year entirely from seasonal extremes. Relative to Historical Max, seasonal XMY approaches or exceeds the maximum historical annual cooling load in several cases, particularly for the residential archetypes, while TMY+ generally remains intermediate between conventional TMY and seasonal XMY.
In contrast, across all archetypes, TMY methods remain within approximately 5 % of historical average values (Fig. 12), however, they cannot capture the effects of extreme weather events. Across TMY files, the much stronger response of the residential archetypes reflects the same mechanism identified in the heating load section: their cooling loads are small and solar-driven, so concentrating extreme warm and high-irradiance periods in the XMY file produces a large proportional increase, whereas the internally dominated office is buffered by its high baseline gains (Pernigotto et al., 2020).
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Fig. 12: Annual cooling loads under TMY and XMY generation methods with historical average and maximum annual references — three archetypes.
Peak demand provides the clearest distinction between typical and extreme weather-year constructions (Fig. 13). Conventional TMY methods generally remain close to Historical Average but can fall substantially below Historical Max, particularly for cooling. Extreme-year methods reduce this gap, although not uniformly. 
For detached-house peak heating, TMY+ is within about 0–7% of Historical Max and is essentially coincident with it in Halifax, Toronto and Vancouver; seasonal XMY is within about 0–4% in Halifax, Regina and Toronto but remains about 21% below the maximum in Vancouver. For office peak heating, TMY+ performs particularly well, remaining within about 1% of Historical Max across all four climates. For cooling, the improvement is more variable: TMY+ remains approximately 0–20% below Historical Max for the detached house and 13–28% below for the office, whereas seasonal XMY ranges from slightly exceeding Historical Max in some cases to remaining about 11–23% below it. These results show that extreme-year methods generally shift peak predictions from typical historical conditions toward the observed upper bound, but their effectiveness remains climate- and archetype-dependent (Hosseini et al., 2021; Siu et al., 2023).


Fig. 13: Peak heating and cooling demand under TMY and XMY generation methods compared with historical average and maximum peak references (2005–2022) — detached house, MURB, and medium office.
Across the synthetic weather files, solar gains vary less than cooling loads. Conventional TMY methods remain close to Historical Avg, while seasonal XMY generally produces the highest synthetic-year gains and shifts results toward the upper historical envelope. However, seasonal XMY generally remains below Historical Max, showing that the extreme-year construction does not uniformly reproduce the largest historical annual solar-gain value (Fig. 14).
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Fig. 14: Internal solar gains under TMY and XMY generation methods with historical average and maximum annual references -- three archetypes.
4. Conclusions
This study evaluated the influence of weather dataset selection, solar irradiance assumptions, and weather-file generation methods on building energy simulation outcomes in four Canadian climates across three representative archetypes - a detached house, a MURB, and a medium office. The study shows that weather-product selection affects both heating and cooling predictions, but the effect is substantially greater for cooling. For the detached house and MURB, most annual heating differences are within about ±5 % of CWEEDS, with isolated deviations of approximately 10–14 %; the office reaches about +30 % in Vancouver. Cooling is much more sensitive: ERA5 reductions reach about 65 % for the Vancouver detached house and about 70 % in the MURB, while PSM4 increases exceed 100 % in some MURB cases. Because each historical product replaces the complete meteorological record, these differences cannot be attributed to solar radiation alone; however, their correspondence with solar-radiation contrasts, together with the controlled DNI analysis, identifies solar representation as an important contributor to cooling variability.
The controlled sensitivity analysis confirms a clear response to DNI. A ±10 % DNI perturbation changes annual cooling by up to about ±7 % in the detached house and ±13–14 % in the MURB, while the office remains below about 1 %; annual heating changes are only about 1–2 %. The magnitude of the response is therefore strongly archetype-dependent, with the MURB showing the greatest amplification and the internally dominated office the least.
Typical meteorological years remain close to historical averages for annual loads, but they do not reproduce the full range of extremes. Relative to Historical Max, conventional TMY peak cooling is approximately 11–45 % lower for the residential archetypes and 20–30 % lower for the office. XMY methods reduce this gap in many cases, but no single formulation reproduces all historical maxima across climates and archetypes. TMY is therefore suitable for average annual benchmarking, whereas peak-load sizing and resilience assessment should combine extreme-weather files with multi-year historical maxima rather than rely on a typical year alone.
The study holds the location-specific building assumptions fixed across weather comparisons to isolate weather effects. Window-to-wall ratio, glazing type, solar heat gain coefficient, shading, thermal mass, façade orientation, airtightness, and broader envelope-performance variations were not tested. Future work should examine these variables across additional climates and future weather scenarios, including morphed and bias-corrected projections, and extend the framework to photovoltaic and storage modelling.
 Recommendations for weather data selection
The appropriate weather dataset depends on the performance question being asked; matching the weather representation to the objective is more important than defaulting to a single source.
For annual energy benchmarking and code compliance, a well-constructed TMY dataset (e.g., CWEC) remains appropriate because annual loads stay close to long-term historical averages across the tested TMY methods.
For cooling-load estimation and solar-sensitive design, the quality and consistency of Direct Normal Irradiance (DNI) and Diffuse Horizontal Irradiance (DHI) should be checked. This study quantifies DNI sensitivity; across the four locations, PSM4 generally produces higher direct irradiance and ERA5 lower solar values than CWEEDS.
For peak-load and equipment sizing, TMY datasets should not be used alone. Extreme meteorological years or actual multi-year records should be used alongside the historical maximum peak to evaluate whether a weather-year construction adequately represents short-duration extremes.
For resilience and passive-survivability assessment, weather inputs should represent prolonged low-irradiance and high-demand periods; extreme or continuous multi-year sequences are more appropriate than a single representative year.
Because weather sensitivity is typology-dependent, envelope-driven residential buildings, especially the MURB in this study, require particularly careful treatment of solar and extreme inputs, whereas the internally dominated office is comparatively less sensitive.
More broadly, reporting results against more than one weather representation makes weather-input uncertainty explicit. For cooling, peak-load, or resilience studies, combining a typical year with an extreme or multi-year historical reference provides a broader and more decision-relevant range of performance than a single deterministic weather file.
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Peak demand (W)




Peak cooling - TMY/XMY (Detached)

Historical Avg	Halifax	Regina	Toronto	Vancouver	3987.5663781600001	4789.5437709999997	5052.4180673999999	3201.77986268	Historical Max	Halifax	Regina	Toronto	Vancouver	4723.8889419999996	6369.0637370000004	5951.5163110000003	4284.3109619999996	TMY_CWEC	Halifax	Regina	Toronto	Vancouver	3773.5218930000001	5157.0286480000004	4748.4804610000001	2832.1540180000002	TMY_ISO	Halifax	Regina	Toronto	Vancouver	4192.605517	5143.6045809999996	4307.0072550000004	2825.736296	TMY_NO	Halifax	Regina	Toronto	Vancouver	4033.7478540000002	4350.5510249999998	4302.8852710000001	2832.196269	TMY3	Halifax	Regina	Toronto	Vancouver	4026.8576410000001	4343.3256730000003	4303.1529849999997	2832.266588	XMY_TMY+	Halifax	Regina	Toronto	Vancouver	4752.011133	5092.1921739999998	5617.7291459999997	4065.1628489999998	XMY_Seasonal	Halifax	Regina	Toronto	Vancouver	4651.3789809999998	6486.4205970000003	5204.1391670000003	3321.2903879999999	
Peak demand (W)




Peak heating  - TMY/XMY (MURB)

Historical Avg	Halifax	Regina	Toronto	Vancouver	18785.135965679998	26806.711017080004	19645.978781000002	13302.185438040002	Historical Max	Halifax	Regina	Toronto	Vancouver	21928.115118000002	29935.468358999999	22312.177813999999	16599.280389	TMY_CWEC	Halifax	Regina	Toronto	Vancouver	17317.785617000001	27385.407196	20244.386845000001	11721.141195	TMY_ISO	Halifax	Regina	Toronto	Vancouver	16703.821980000001	27395.432959999998	20252.562763999998	10940.410827	TMY_NO	Halifax	Regina	Toronto	Vancouver	18874.704680999999	27380.568673000002	18349.745094000002	11969.248046999999	TMY3	Halifax	Regina	Toronto	Vancouver	18419.071467999998	27385.542356000002	18441.576314999998	11719.112478999999	XMY_TMY+	Halifax	Regina	Toronto	Vancouver	21986.019542000002	27766.286861	22153.878634000001	16613.773699000001	XMY_Seasonal	Halifax	Regina	Toronto	Vancouver	21931.736056000002	28766.983332	22130.647491	13263.425950999999	
Peak demand (W)




Peak cooling - TMY/XMY (MURB)

Historical Avg	Halifax	Regina	Toronto	Vancouver	2241.9770922400003	2757.3797851200002	3046.3581392400001	1611.0781417600001	Historical Max	Halifax	Regina	Toronto	Vancouver	3057.3275189999999	4115.9494109999996	3773.2795759999999	2469.0819529999999	TMY_CWEC	Halifax	Regina	Toronto	Vancouver	2058.0086329999999	2991.437285	2842.3537700000002	1414.963872	TMY_ISO	Halifax	Regina	Toronto	Vancouver	2259.9238350000001	2971.9612670000001	2421.9097590000001	1370.87482	TMY_NO	Halifax	Regina	Toronto	Vancouver	2414.2567469999999	2408.8553029999998	2410.3833549999999	1425.6822549999999	TMY3	Halifax	Regina	Toronto	Vancouver	2395.249264	2404.7064919999998	2405.11265	1415.389903	XMY_TMY+	Halifax	Regina	Toronto	Vancouver	2794.2906210000001	2878.7938829999998	4009.8826450000001	2252.8251770000002	XMY_Seasonal	Halifax	Regina	Toronto	Vancouver	2668.5762030000001	4078.4571890000002	3114.5884150000002	1703.2896470000001	
Peak demand (W)




Peak heating - TMY/XMY (Medium Office)

Historical Avg	Halifax	Regina	Toronto	Vancouver	29433.669352920009	29565.948576479997	29929.496010679999	29453.295426040004	Historical Max	Halifax	Regina	Toronto	Vancouver	30239.894383999999	30807.258600000001	30618.255654000001	31293.75762	TMY_CWEC	Halifax	Regina	Toronto	Vancouver	28430.199969000001	30445.677778000001	29784.702004999999	29556.246405999998	TMY_ISO	Halifax	Regina	Toronto	Vancouver	29364.156492999999	30728.473435	29056.540223	29451.532069000001	TMY_NO	Halifax	Regina	Toronto	Vancouver	29207.584255999998	29667.851804999998	28999.267283000001	29554.831214000002	TMY3	Halifax	Regina	Toronto	Vancouver	29259.552215	29667.854254999998	28914.474910000001	29575.709486	XMY_TMY+	Halifax	Regina	Toronto	Vancouver	30086.000208000001	30472.100858000002	30288.005875999999	31029.811428000001	XMY_Seasonal	Halifax	Regina	Toronto	Vancouver	29525.116228999999	30909.818922999999	30835.043363000001	28410.753175000002	
Peak demand (W)




Peak cooling - TMY/XMY (Medium Office)

Historical Avg	Halifax	Regina	Toronto	Vancouver	20015.739042159996	21392.208699400006	21912.285904879995	19255.070048760001	Historical Max	Halifax	Regina	Toronto	Vancouver	24175.759729000001	26891.691683000001	28879.773805000001	23867.086392000001	TMY_CWEC	Halifax	Regina	Toronto	Vancouver	18921.010257000002	21233.526335999999	20264.865323000002	18462.029662000001	TMY_ISO	Halifax	Regina	Toronto	Vancouver	19084.368876	21184.649965000001	20633.279149999998	18560.721922000001	TMY_NO	Halifax	Regina	Toronto	Vancouver	19078.491957999999	21443.608273999998	20657.234670999998	18408.38365	TMY3	Halifax	Regina	Toronto	Vancouver	19073.592266	21447.676304000001	20668.280186	18461.610269000001	XMY_TMY+	Halifax	Regina	Toronto	Vancouver	20253.754218999999	23540.226363000002	20797.144366	18928.516027999998	XMY_Seasonal	Halifax	Regina	Toronto	Vancouver	21515.772938999999	23121.740419000002	24326.011098999999	24140.140479000002	
Peak demand (W)
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