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Abstract. Hygrothermal simulations are commonly used to evaluate the moisture damage risk of 
building envelopes over the long-term. For such assessment to be accurate, a proper selection of 
representative climate data is required. A common method is the selection of a moisture reference year 
from a set of available long-term climate data. For instance, the IRC-led research consortium MEWS 
(Moisture Management of Exterior Wall Systems) developped the Moisture Index (MI) approach, which 
consists of a wetting and a drying function. Therefore, the reference year selection would be based on 
the MI ranking. ASHRAE 160 is adopting a procedure named “the severity index” for the selection of 
moisture reference year.  Combining climate loads and durability criteria, this method allows to select 
more “severe” weather years, thus providing a more representative ranking of the weather data. The 
objective of this paper is two-fold. First, to compare the selection of the moisture reference year based 
on two different approaches for both historical and future climate loads. Second, the effect of chosen 
representative years is evaluated and compared to long-term simulation periods (of 31-years) based on 
the durability of building assemblies. The methodology includes hygrothermal simulations of two 
different types of wall assemblies located in three different Canadian cities under a changing climate. 
In general, higher mold index values were obtained by the long-term simulation and MRYs using Isev. 
Comparing the results of different models under future climates, the three methods were in good 
agreement, except for a brick wall facing WDR in Ottawa and Vancouver. This might be due to the Isev 
correlations were developed based on a north-facing stucco wall. In addition, for a north-facing wall, 
an extremely low mold index was predicted for Vancouver, compared to WDR direction. Thus, 
considering a north-facing wall as a criterion for performance evaluation might misrepresent the reality 
in some locations. Hence, both WDR and North orientations should be considered. A further study will 
be carried out to investigate the performance evaluation of Isev method for different types of wall 
systems and orientations. 
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1 Introduction 
With the increased concern of climate change, severe rainfall events are more likely to happen. 
Therefore, water penetration in wall assemblies, resulting from the coupled action of rain and 
wind, may cause moisture to accumulate in building envelopes which can lead to degradation 
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of building materials; thereby, reducing their performance and service life. Heat, air and 
moisture (HAM) simulation tools are typically used to determine the risk to deterioration of 
buildings’ elements. However, these tools neccessite the selection of representative climate 
data, as well as a good understanding of the moisture conditions, in order to provide an accurate 
assessessement (Delgado et al., 2012).  Therefore, a moisture reference year is usually selected 
from existing long-term climate data to represent a climate that allows a correct evaluation of 
the moisture stress on the building envelope (Zhou et al., 2016). 

Different methods were introduced in the past and have been used to define moisture 
reference years (Hagentoft and Harderup, 1993; Harderup, 1994; Geving, 1997; Kalamees and 
Vinha, 2004; and Zhou et al., 2016). The IRC-led research consortium MEWS (Moisture 
Management of Exterior Wall Systems) developped the Moisture Index (MI) approach, which 
includes wetting and drying indices (Cornick et al., 2003). The wetting index (WI) can be 
represented by the mean annual total horizontal rainfall or the annual wind-driven rain load. 
The drying index (DI) is based on the yearly evaporation potential – meaning the total hourly 
difference between the saturation vapor ratio and actual vapor ratio of the ambient air. Besides, 
ASHRAE (2010) has further developed MRY selection measures, combining climate loads and 
durability criteria to select more “severe” weather years, thus providing a more representative 
ranking of the weather data. This new approach – the Severity Index (Isev), consists of a simple 
equation that would be used to calculate the predicted damage function value for each year. 
Salonvaara et al. (2010) have demonstrated that Isev is the most reliable and the most accurate 
among all available methods in selecting the most severe years in terms of hygrothermal 
performance for climates in North America.  

The objectives of this paper is to compare the selection of the moisture reference year based 
on the moisture index (MI) and the severity index (Isev) methods for both historical and future 
climate loads. The effect of representative years on the durability assessment of building 
assemblies is evaluated under different moisture loads including rain leakage. A comparison is 
thus made between the effect of selected representative years and the long-term simulations on 
the durability of building assemblies. 

2 Methods 

2.1 Weather Data 
Weather data were provided by the National Research Council of Canada (NRC). A continuous 
time-series1 of hourly climate data was prepared for a baseline time-period spanning from 1986-
2016 and a 31-year long future time-period selected for when projected global warming of 
3.5°C is expected to be reached in the future (Gaur et al., 2019). According to projections from 
Environment and Climate Change Canada (2018), future projected data of a 3.5oC increase, 
will be reached between 2062-2092. Each data set includes 15 realizations; however, only the 
median realization based on MI was used.  

 
1 The full dataset can be accessed from: 10.17605/OSF.IO/UPFXJ. 
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2.1.1 Selection of Reference Years 
The selection of reference years was made with the intention to test wall assemblies under more 
representative design weather years in the selected timelines. Moisture Index (MI) and severity 
index (Isev) have been chosen as the indices for selecting the reference years. Both methods 
were used to select one (1) year as the reference year.  

Following the previous work performed at NRC (Cornick et al., 2003), MI for every hour 
(MIh) was calculated as a function of hourly wetness (WIh) and dryness (DIh) indices. WIh is 
calculated as normalized accumulated hourly rainfall. Dryness index (DIh) was calculated as a 
function of the difference between saturation vapor pressure and vapour pressure of the ambient 
air (∆vp). The saturation vapor pressure, pvs, was calculated using Equation (1), retrieved from 
the ASHRAE Handbook of Fundamentals (ASHRAE, 2009). 

 ln(𝑝!") = '

𝐶#
𝑇
+ 𝐶$ + 𝐶%𝑇 + 𝐶&𝑇$ + 𝐶'𝑇% + 𝐶(𝑇& + 𝐶) ln(𝑇) 					𝑓𝑜𝑟	𝑇 < 0

𝐶*
𝑇 + 𝐶+ + 𝐶#,𝑇 + 𝐶##𝑇$ + 𝐶#$𝑇% + 𝐶#% ln(𝑇) 													𝑓𝑜𝑟	𝑇 ≥ 0

 (1) 

Where, C1 = -5.6745359 E+03; C2 = 6.392524 E+00; C3 = -9.6778430 E-03; C4 = 6.2215701 
E-07; C5 = -5.6745359 E+03; C6 = -9.4840240 E-13; C7 = 4.163501 E+00; C8 = -5.8002206 
E+03; C9 = 1.3914993 E+00; C10 = -4.8640239 E-02; C11 = 4.1764768 E-05; C12 = -1.4452093 
E-08; C13 = 6.5459673 E+00; and T denotes the ambient temperature (K). 

The magnitude of ∆pv is calculated using Equation (2): 
 ∆𝑝- = 𝑝-" − 𝑝- (2) 

Wetting and drying indices are normalized following Equation (3): 
 𝐼./01234567 = (𝐼 − 𝐼14.)/(𝐼128 − 𝐼14.) (3) 

Normalized values of ∆pv were used as DIh magnitudes. Wetting and drying were assumed 
to be of equal importance and thus they were given equal weight in the determination of the 
moisture index (MIh).  

 𝑀𝐼9 = 7(1 − 𝐷𝐼9,./01)$ +𝑊𝐼9,./01$ (4) 

Based on ASHRAE (2010), the severity index (Isev) for each year is calculated according to 
Equation (5): 

 𝐼"6- = 108307 − 241. 𝐸- − 1391. 𝐼;3 − 312326. 𝜙 + 183308. 𝑟!7 + 15.2. 𝑝-
+ 27.3. 𝑇$ + 261079. 𝜙$ − 0.00972. 𝑝-$ 

(5) 

Where, Ev is the solar radiation (W/m2) incident on the wall; Icl is the cloud index (0-8); ϕ is 
the relative humidity; rwd is the wind-driven rain (kg/m2.h) on the wall; pv is vapor pressure 
(Pa), and T is the ambient temperature (°C). As specified by the method, Isev was calculated 
for the orientation receiving the least solar radiation (North). All the weather parameters were 
calculated in terms of annual average values for each year; using the number of hours during 
that year. 
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Once both annual average MI and Isev values were available, the years comprising the 
chosen time-period were ranked in ascending order, and the year corresponding to the 97th 
percentile, (ranked second out of the 31 years) in each time-period was chosen as the MRY. 
Figure 1 shows the annual average values of MI and Isev at each location, for a wall facing 
North.  

 

 

Table 1 summarizes the selected MRYs based on different locations under historical and 
future time-periods.  

Table 1. Summary of selected moisture reference year and their MI and Isev values. 

City Data MRY (MI)  MRY (Isev)  
Ottawa Historical 2010 (0.937) 2009 (12856.4) 
Ottawa Future 2085 (0.918) 2069 (18720.0) 
Vancouver Historical 2012 (0.943) 2002 (7132.8) 
Vancouver Future 2075 (0.921) 2092 (9766.5) 
Calgary Historical 2005 (0.928) 1995 (7874.8) 
Calgary Future 2089 (0.903) 2092 (11198.8) 

2.2 Wall Assemblies  
Two (2) wood frame wall assemblies, typical of Canadian residential building practice, were 
selected for this study. They differ only in their cladding type: stucco (19 mm) and brick (90 
mm). A drainage cavity of  25mm and 10mm was designed for the brick and the stucco wall, 
respectively. Figure 2 shows the configuration of the wall assemblies.  

 
Figure 2. Wall assemblies’ configuration for brick (a) and stucco (b). 

 

 

Figure 1. Comparison of annual moisture index MI (a) and Isev (b) in Ottawa (Ott), Vancouver (Vanc) and 
Calgary (Cal) for a North-facing wall based on historical data. 
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2.3 Wall Orientation 
This study was carried out for two wall orientations for each location: the orientation with the 
least annual solar radiation – meaning on a North-facing wall (N), and the orientation with the 
highest amount of annual wind-driven rain, calculated according to ASHRAE 
(ANSI/ASHRAE, 2016). The critical orientation (WDR) is presented in Table 2 for each city. 

Table 2. Characteristis and wall orientation for selected Canadian cities. 

City Lat. Long. Climate 
zone 

Time 
zone 

Critical orientation 
(WDR) 

Ottawa 45.25° 75.42° 6 -5 202.5° (SSW) 
Vancouver 49.28° 123.12° 5 -8 157.5° (SSE) 
Calgary 51.05° 114.07° 7A -7 337.5° (NNW) 

2.4 Boundary Conditions 

2.4.1 Indoor Boundary Conditions 
The indoor temperature and relative humidity conditions were selected as constants and set to 
21oC and 50%, respectively. For the indoor vapour diffusion and the heat conduction, the 
transfer coefficients were assumed as 1.52*10-8 s/m and 8 W/m2K, respectively. 

2.4.2 Outdoor Boundary Conditions 
Outdoor boundary conditions include heat conduction, vapor diffusion, wind driven rain, short 
wave radiation and long wave radiation. To compute the longwave radiation, the boundary layer 
method was selected in Delphin. The required longwave emission coefficient of the building 
surface was set to 0.9, whereas the convective heat transfer coefficient was calculated based on 
Equation (6): 
 ℎ;6 = 4 + 4. 𝑣 (6) 

Where, v is the wind speed. The reflection coefficient of the surrounding ground (albedo) 
was 0.2 and the absorptance coefficient of the cladding surface was equal to 0.6 for brick and 
0.3 for stucco.  

2.4.3 Wind-Driven Rain 
WDR was calculated using the ASHRAE method (ANSI/ASHRAE, 2016) for a 3.5 storey 
building located in the suburban area. Assuming a medium exposure factor, the rain exposure 
factor (FE) and the rain deposition factor (FD) were set to 1.0 and 0.5, respectively.  

2.5 Initial Conditions 
The wall was first condionned with suitable climate and simulations were performed for a 
period of 7 successive years using the average year (based on MI ranking). Once a steady 
cyclical pattern was observed at the exterior side of OSB, the average temperature and relative 
humidity for each material were exported and used as initial conditions. 
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2.6 Performance Attributes for Assessing Wall Performance 
One important performance attribute for wood-based building elements is the resistance to 
mould growth. Under favourable conditions of temperature and relative humidity, mould fungi 
can grow on building component surfaces and this is often regarded as problematic in respect 
to indoor air quality (Wang et al., 2018). OSB is susceptible to mould growth if subjected to 
these favourable conditions. The outward layer of the OSB sheathing (~ 0.1 mm) was selected 
as the critical location for this study. The mould growth index was calculated using Viitanen’s 
model implemented in DELPHIN (Viitanen et al., 2000).  

Several trials were made to select the air change per hour (ACH) value in drainage cavities, 
in a way that the mold index stabilizes around a value of 3 during the long-term simulation. 
Different values of ACH were set based on the cladding type and the location (Table 3). 

Table 3. ACH values selected according to different cladding and locations for North and WDR orientations. 

Ottawa Vancouver Calgary 
Brick Stucco Brick Stucco Brick Stucco 

6 10 12 40 3 5 

2.7 Simulations 
Manual discretization was adopted; for the sheathing membrane and the vapour barrier, an 
equidistant mesh of 3 elements was assumed. Other materials were divided into three sections 
– with first and last sections of equal thicknesses. A fine and variable mesh was used for the 
latter, while an equidistant mesh was opted for the middle section.  

A moisture source of 1% of the WDR was assumed and applied on the exterior wythe of the 
sheathing membrane – on the first layer of the membrane (ANSI/ASHRAE, 2016). 

Each selected MRY was repeated 5 times; however, evaluation was made only for the 5th 
year. These results were compared to those of a long-term simulation of 31 consecutive years.  

3 Results and Discussion 
Figure 3 shows the predicted risk to mold growth on the outer layer of OSB for different types 
of walls under different climate loads, which were selected based on different reference year 
methods, i.e., MI and Isev. Results are compared to that of a long-term simulation (31-Y) in 
three Canadian cities. The 31-Y results were selected for the year having the second highest 
mold index value. In general, the differences amongst the mold indices vary with the cladding 
type, the location (climate) and the wall orientation. Comparing the impact of MRY selection 
method, in most of the cases, the mold index is found higher based on Isev selection – meaning 
that MRYs selected according to Isev predicted a higher damage risk than years selected based 
on MI. Moreover, results of the 31-Y seem more in accordance with Isev.  

For a brick wall (Figure 3a), mold index values are found higher for Isev and 31-Y, and in 
some events, especially in Ottawa, results for Isev seem to overestimate the risk. This may be 
due to the difference between the MRYs selected by Isev and the years corresponding to the 2nd 
highest mold index value for the 31-Y. It seems that the climate selected based on Isev is more 
favorable for mold growth. However, for stucco (Figure 3b), results are found to be more 
consistent; with 31-Y estimating highest mold index values. Moreover, the difference between 
the methods had a greater impact on the wall performance. For instance, both 31-Y and Isev 
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estimated a considerable risk to mold growth compared to results given by MI. For a wall facing 
North in Ottawa, a maximum mold index value of 4.5 and 5 was attained for historical and 
future climate, respectively for 31-Y. Using the Isev method, values of 4 and 4.8 were reached. 
However, using MI, maximum values of 1 and 2.8 were attained for different climates. Likewise 
in Calgary, the difference in mold prediction risk varried considerably between the methods.  

 
Figure 3. Summary of maximum mold index predicted through a long-term study (31-Y) and using MRYs given 

by Isev and MI for historical (H) and future (F) climatic loads, for walls facing North (N) and WDR. 

It can be also observed that in Vancouver, when the wall is facing North, all three methods 
predicted no risk of mould growth. This can be explained due to a low amount of WDR 
impiging on a North facing wall in that city. It is also important to note the effect of the selection 
method on the assessment of the climate change impact on the hygrothermal response of walls. 
Mold index values increased under future climate loads in most of the cases, to the exception 
of a brick wall facing towards the WDR in Ottawa and Vancouver using Isev. Results showed 
a slight decrease in mold index for Ottawa but a considerable decrease for Vancouver (Figure 
3a). The severity index calculated was based on the correlations developed for a North-facing 
orientation. Discrepancy may exist when the same year is used to evaluate walls oriented 
towards the prevailing WDR direction for cities with WDR direction distinctly different from 
the North and for absorptive cladding that is more sensitive to WDR. Further investigation is 
required on the aspect of wall orientation. The impact of climate change is more consistent for 
the stucco wall (Figure 3b), where the difference of mold index is increased by up to 2 indices 
(for the case of a north oriented wall in Ottawa and Calgary). 

4 Conclusions 
In this study, the effect of selecting MRYs on the expected long-term moisture performance 
and durability is investigated from results derived from hygrothermal simulations of typical 
wood-frame wall assemblies in three Canadian cities. The durability performance was assessed 
based on the potential to mold growth on the OSB sheathing incorporated in stucco and brick 
veneer clad wall assemblies. Results showed that the use of different climate load indices (i.e. 
MI or Isev) can lead to different conclusions on the moisture performance of these types of 
wood-frame walls. In general, higher mold index values were obtained from the long-term 
simulation and MRYs using Isev for both walls in all three locations. Comparing the results of 
different models under future climates, the three methods were in good agreement, except for 
a brick wall facing WDR in Ottawa and Vancouver. This might be due to the fact that the Isev 
correlations were developed based on a North-facing stucco wall (ASHRAE, 2010). In addition, 
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for a north-facing wall, an extremely low mold index was predicted for Vancouver, compared 
to the value of the mould index as was attained from simulations when the prevailing WDR 
direction was used as input to the climate loads. Thus, considering a North-facing wall as a 
criterion for performance evaluation might misrepresent the actual moisture behavior in some 
locations. Hence, for each location, both WDR and North orientations should be considered. A 
further study will be carried out to investigate the performance evaluation of Isev method for 
different types of wall systems and orientations. 
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