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Abstract 
Building engineers are faced with a difficult problem: how to design habitable spaces that conform to planning constraints, building regulations and low levels of energy use, whilst at the same time making them comfortable for us to live in. Thermal comfort assessments are an essential part of the design process in building construction, which in the UK involves using summer weather reference data called design summer years (DSYs) in building simulation models. Recent work has reformulated the DSYs based on probable return periods of overheating events to better describe their relative severity. However these events are still based on external temperatures alone and may not translate to the full risk to occupants. The work presented here considers how warmth metrics used to choose probabilistic design summer years can be extended to include weather variables such as solar radiation and relative humidity. It is found that the relative ranking of the warmest years and thus the selected overheating year depends on the metric used. The choice of which, has consequences for the assessment of overheating due to the underlying weather patterns within the selected year and could impact on building design.
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1. Background
Overheating in buildings is a growing issue as the climate changes and warmer weather is predicted. Meanwhile construction methods and materials are being designed to increase thermal performance which has the potential to exacerbate the risk of overheating in extreme weather in badly designed buildings. Engineers can assess the robustness of a building’s design with the use of building simulation. The thermal assessment typically considers the maximum amount in which the internal environment can exceed a certain threshold. Such thresholds can take the form of the number of hours over which a parameter rises above a certain threshold such as a temperature (BB101 2006) or predicted mean vote (ANSI/ASHRAE 2013) alternatively they may be given in terms of an absolute limit (CIBSE 2013). However, to assess for such events or the probability of such events occurring requires appropriate weather data.
It has been shown that average weather files which take the form of TRYs (Eames et al. 2015) or TMYs (Wilcox & Marion 2008) are appropriate for the determination of the average energy use of a building. However, since these files represent average weather, they would be expected to produce very few overheating events if any. Very few countries have weather files for use with building simulation which represent more extreme weather events. For many locations, the only data available are the tables of external design conditions provided by the American Society of Heating, Refrigerating and Air Conditioning engineers (ASHRAE) (ASHRAE 2009). These tables consist of a limited set of information including degree days, dry bulb and dew point temperature corresponding to the 99.6 and 99% annual cumulative frequency and return periods values for the maximum extreme dry bulb temperature. Whilst these tables are suitable for use in simple or steady state calculations, they have limited use in many building performance simulation tools where annual weather files are required. 
There have been a number of methods proposed for the creation of annual reference weather consisting of near extreme events. Frank (Frank 2005) created ‘a warm reference year’ composed of the months with the highest mean dry bulb temperature from a multi-year observation weather series of 20 years. Recently a new methodology for deriving extreme weather has been developed for both average and extreme weather conditions in Germany (BBR n.d.). Here the 90th percentile of the hourly dry bulb temperature and the number of days where the 95th percentile of the regional maximum temperature is exceeded (with weightings of 70% and 30% respectively). In the UK Design Summer Years were originally developed in 2002 (Anon 2002) and updated in 2006 (Levermore & Parkinson 2006) for determining the summer overheating of buildings in naturally ventilated buildings. The year selected was determined by the third warmest year based on the mean April to September dry bulb temperature. However, overheating in buildings is defined by the experience of thermal discomfort by its occupants, such that the internal environment is not comfortable. Using a statistic such as mean temperature over such a long period of time has the potential to give weighting to years which are just a little bit warm and contain no such period which could cause discomfort. To take better account of more extreme events, a different metric is required. Given that people spend an average of >80% of their time indoors(Basu & Samet 2002), the consequent internal environment in buildings during extreme weather conditions should form part of the overheating criteria in determining specific design weather data.
More recently probabilistic design summer years have been proposed for London (Anon 2014). The relative severity of a given year was determined by summing the weighted exceedance of the dry bulb temperature at a given hour over the comfort temperature at the same hour. This method not only determined the reference year but also designated it with a return period thus, providing an estimate of the severity or the likelihood of the event occurring. This method has been expanded (Eames 2016) to produce probabilistic files for the rest of the UK.
In each of these cases the key climatic variable used to determine the reference year is the dry bulb temperature, ignoring several other weather variables that affect the thermal impact on the human body(Moran et al. 1998). It is unknown if such metrics incorporating just temperature alone adequately describe the complete overheating risk or which metrics could be used if they were extended to incorporate more key weather variables such as solar ration, humidity and wind. Nor if weather files which have been determined using a single metric, are representatively warm in another metric. In this work return periods will be determined for warm weather events based on seven metrics for external conditions. Both near extreme and extreme weather years will be presented with a return period of 1 in 7 years and 1 in 21 years respectively for the 14 typical CIBSE locations (Eames et al. 2015). Return periods will then be determined for the internal environment for London using a simple building to demonstrate the effect of the building/internal environment on the determination of overheating. Overheating from building simulation is usually compared against a benchmark for compliance with building regulations; the possible impact on these benchmarks will then be discussed.

2. Method 
[bookmark: _GoBack]The purpose of this work is to investigate the effect of the choice of overheating metric on the determination of design extreme weather years for use in overheating analysis within building simulation. Furthermore this work will investigate the effect of using either the external weather or the internal environment to determine such weather years and to see if there is any correlation between using external weather, the internal environment, or various overheating metrics. To achieve this, a number of different metrics will be determined to classify warm weather events during an observed weather series. Statistical analysis will then be used to define return periods for each observed year in terms of each overheating metric. The same observed weather series will also be used within building simulation to establish return periods for overheating events using the internal environment and the same overheating metrics. Finally the effect of the selection of extreme weather years on determining the level of overheating within a building will be investigated. For both the extreme weather years determined from weather observations and the internal environment (for London), building simulation will be used for a building with a range of glazed percentages to show the effect of the building on the amount of overheating. 

2.1. Classification of hot events
Extreme weather already causes difficulties for the built environment, and with the possibility that these conditions could become the norm, engineers need to respond by incorporating this type of weather into their building performance simulations. The impacts of heat waves on health are treated very seriously by Public Health England and other bodies around the world, and annual heat wave response plans are published each year [10]. In the UK, probabilistic weather data for building simulation has been widely used since the publication of the Prometheus weather sets (Eames et al. 2010). These weather sets incorporated the effects of climate change and the probabilistic nature reflected the proportion of simulation runs which were either cooler or warmer than a given file. Redevelopment of the DSY into a probabilistic form gives building modellers the option of selecting a reference year of weather data based on the likely return period of whichever level of hot conditions they wish to test. For instance the original DSY in the UK is found by taking the ‘third hottest’ year for each geographic region from recorded data over a 21-year period(Levermore & Parkinson 2006). A probabilistic ‘third hottest’ DSY would therefore have a return period of 1 in 7 years. A benefit of this DSY reformulation is that it can be extended to test for more extreme weather, by selecting a reference year with a longer return period. Likewise the analysis can easily be extended to other metrics of performance. 
Common metrics used in assessing over heating within buildings consider the number of hours over a given threshold e.g. 28C. These simple temperature thresholds are easy to implement and relate to potential discomfort within buildings(Anon 2015). The first two overheating metrics considered here are the number of hours where the air temperature is firstly greater than 25C (HRS>25) and secondly greater than 28C (HRS>28).  
Although simple, such a static metric does not take into account the ability of a person to adapt  to changes in their environment(Nicol & Humphreys 2002): If a change occurs such as to cause discomfort, people react in ways which tend to restore the comfort. From a climatic point of view this means that the comfort temperature is not static. It has been shown that the adaptive comfort temperature is related to the recent outdoor temperature via running mean temperature which is calculated by
	 ,
	(1)


where
	,
	 (2)


Trm is the daily running mean temperature, Trm-1 is the running mean temperature of the proceeding day and Tmean-1 is the average temperature of the proceeding day. However, there is a limit to which a given person can respond. For normal persons this limit is defined as 3K above the comfort temperature at any given time. The third metric is given by the number of hours where the temperature is greater than the comfort temperature plus 3K (ACH). 
The ACH metric better reflects the true response of people to warm events and greater departures from the average conditions but, like the static metrics does not account fully for severity. It would make no difference in each case if the threshold were exceeded by 0.1˚C or by 10˚C. However it is likely that the latter would cause greater discomfort. A simple extension to the simple thresholds which can account for severity is a measure of the number of hours over which the temperature exceeds the base threshold and by how much as used to calculate the number of cooling degree hours. The number of cooling degree hours is typically used to give an indication of the amount of cooling energy required in a given year from external conditions where the base line is dependent on the building. However, deviations far from the base temperature are counted equally. It is more likely that bigger deviations will have a bigger impact on human health and should ideally be reflective in the metric of overheating. The redevelopment of probabilistic DSYs for London within TM49 categorises hot weather events in terms of the number of hours over which the internal operative temperature exceeds the adaptive comfort temperature. A simple weighting function, given by a simple quadratic expression, is then implemented for each hour of exceedance such that greater influence is given to the more extreme exceedances.  The total exceedance over a year is then given by
	 ,
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and Top is the operative temperature. The fourth metric is the number of weighted cooling degree hours (WCDH1).
The factors which cause people heat stress in the internal environment are sustained high temperatures, and the combined effect of several weather variables which could include the effects of the solar radiation, air flow and humidity. The Predicted Mean Vote (PMV) is one such index commonly used globally for assessing overheating (ANSI/ASHRAE 2013). The PMV is an index that predicts the mean value of the votes of a large group of people on a seven-point scale ranging from hot (+3) to cold (-3) based on the heat balance of the human body (BS EN ISO 7730 1995). A well-functioning building should minimise the number of hours where the PMV lies outside the range of -0.5 to 0.5. The fifth metric considers the number of hours where the PMV is greater than 0.5 (PMVH). 
Studies have shown that the UTCI is potentially more suitable than air temperature for measuring the impact of weather on health(Błażejczyk et al. 2010; Urban & Kyselý 2014). The UTCI, similar to PMV, is based on the human physiological response to environmental variables and the heat stress that a human body feels (table 1), which is a complex combination of air temperature, humidity and solar radiation(Moran et al. 1998). The UTCI is described by the equation 

	 ,
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where Ta is the air temperature, Tr is the mean radiant temperature, V is the air velocity and pa is the vapour pressure (Bröde et al. 2012). The sixth overheating metric considers the number of hours where the UTCI is greater than 25C (similar to metric one). It is likely that the reference year chosen depends on the metric used. For example if more weighting is given to solar radiation then sunnier years will be ranked as the most extreme. So as a simple extension to the metric four, the operative temperature in equation 4 will be replaced by the UTCI and the seventh metric considers the weighted cooling degree hours based on the UTCI (WCDH2).

2.2 Return periods 
The return period of an event refers to the frequency of the event with an associated exceedance value. This means a hot year which has a return period of 10 years, is predicted to occur every 10 years, or a given year will have a 1-in-10 chance of being equal to or hotter than it. The Generalised Extreme Value (GEV) distribution(Coles 2011) is frequently applied to climatological data to model the most extreme value within a period such as the extremes of rainfall(Katz et al. 2002) or to evaluate the effects of climate change(Nikulin et al. 2011) and assign return periods. 
Assuming the observed threshold events are independent and uniformly distributed the probability density function of a set of events (x, such as ACH) is given by,
	,
	(7)


where µ is the location parameter,  is the scale parameter and k is the shape parameter. The events are typically fitted to the distribution using a maximum likelihood estimator method.  The T-year return values XT are then estimated from,
	.
	(8)


The return periods for the seven metrics are calculated for all 14 CIBSE locations for external weather data(Anon 2015). The return periods for the seven metrics will then be calculated for inside a reference building model for London as London has very little data missing across the entire observation data set. Using the fitted distribution two weather years will be determined; the near extreme weather year with a return period of 1 in 7 years and the extreme weather year with a return period of 1 in 21 years which is three times less likely than the near extreme year. The chosen year will have the return period closest to the desired value. All statistics (extreme value distributions) are determined from this base period of 1984 – 2013 for all locations but all years from the given location (as available) from 1960 onwards will be used to determine the extreme and near extreme weather years.

2.3 The building model 
A simplified single storey building model was considered (see figure 1) consisting of a single zone with only the south face glazed and was simulated in EnergyPlus. The building has a square plan with an area of 91.2m2 and a volume of 255m3. The building operates in free running mode between June and August and is heated to 21C the rest of the year. The window is opened when the building is occupied and the internal temperature is greater than 25C with an effective openable area of 20% of the total glazed area providing ventilation by wind and stack effect only. The electrical gains are varied following the distribution as suggested by the Energy Savings Trust (Owen & Foreman 2012). 

[image: C:\Users\Matt\Dropbox\Current Work\Windosr_conference\simple_building_model.jpg]
Figure 1: The building model consisting of a single room with glazing only on the south facade.

A realistic electrical load profile is derived from a real dwelling as monitored in the Micro CHP Acceleration project of the carbon trust (Anon 2011). Occupancy was also included in the model and was derived from the electricity profile. The same profiles are used for every simulation with a total of 7116 either partly or fully occupied hours. The infiltration rate is, as specified, the uncontrolled leakiness of the building with a constant rate of 0.2ach-1. Additional ventilation of 1.7ach-1 is provided during occupied hours. The building model is constructed to comply with building regulations with U values for all windows and walls equal to 0.2Wm-2K-1. The U value of the external floor is 0.19 Wm-2K-1Wm-2K-1. The window has a U value of 1.39Wm-2K-1 and g-value of 0.586. When testing the effect of the built environment on overheating using the extreme weather years, the glazed percentage will be varied between 0 and 90%. Many aspects of the building construction and how it is used can affect the amount of overheating experienced within the building. As part of this work is to compare simple temperature metrics with metrics which depend on the radiant temperature, the amount of solar gain would be critical for this comparison and therefore for simplicity is the building parameter which is changed. Modelling uncertainties and assumptions such as discharge coefficients, static pressure distribution and static infiltration have not been considered and are out of the scope of this work. The overheating metrics are determined using standard methods. For example, where applicable, occupants are only subjected to the mean radiant temperature rather than direct radiation and only occupied hours are counted. The building is set up so that it will overheat to some extent however this work is not to investigate the effect of overheating or how to minimise it in a specific building but what is the effect of the building or metric for determining extreme weather years for use in overheating assessments. 

3. Results
The results of the return period analysis for the seven metrics using the external observations are shown in table 1 and table 2 for all locations for near extreme and extreme weather years respectively (the years closest to a 1-in-7 and 1-in-21 year). Across all metrics there are 16 possible near extreme years (table 1) and 9 possible extreme years (table 2). Of these years 1975, 1989, 2003 and 2013 are the most frequent for the near extreme years and 1976, 1995, 2006 are the most frequent extreme years. There is very little consistency across the different metrics and across the locations such that a year which is determined to be extreme in one metric is not necessarily extreme in another. For some metrics such as hours over 28C there is often too little data at each location to robustly fit the extreme value distribution. Furthermore, for 9 of the 14 locations, years which are near extreme for certain metrics are determined to be extreme for other metrics. For example, 2006 is a near extreme weather year for Edinburgh for PMVH but extreme for WCDH1 and UTCIH greater than 25C.  
Repeating this analysis for the internal environment, the near extreme and extreme return periods for the seven overheating metrics inside the building model for London are shown in Table 3. Here the building’s south façade is 43% glazed. In this case there are four weather years which exactly match the results of tables 1 and 2. However most years except 1989, 2003, 2005 and 2011 appear in both sets showing good overall agreement between the external and the internal environment. It is clear however that the choice of hot year depends on the overheating metric which is used.
Changing the building configuration (the glazed percentage is used here) has a very similar effect to changing the metric used to define overheating. In this case the order of the hottest years does not change by much, by the return period associated with the years does change. Increasing the glazed percentage for this building model has the effect of increasing the solar gain into the space and increasing the potential for natural ventilation. An example of the building performance of two building configurations (the south façade is 33% and 66% glazed) is displayed in figure 2 for a design week in July for during 1976, namely, the external temperature and direct solar radiation, the internal temperature (including comfort temperature), and the overheating metrics of WCDH, PMV and UTCI. Increasing the glazed percentage for a warm weather event has the effect of increasing the level of overheating for all metrics. Even in this case where the hottest day is coincident with a more overcast day, the amount of overheating is recorded higher in the building with the greater amount of glazing. In all cases the buildings are not found to excessively overheat. For example less than 2.5% of all hours are greater than 28C and less than 4% of all hours are greater than the comfort temperature plus 3K. For the original DSY (1989) only up to 1.04% of all hours are greater than 28C and 2.85% of all hours are greater than the comfort temperature plus 3K. 
Given that extreme weather years can be determined from a number of sources, next the effect of determining the years from the internal or external environment will be determined. The effect of the building model configuration on the selected weather years from table 1 and table 2 is displayed in Figure 3 for London. The glazed percentage of the south façade is varied between 0 and 90% with all other building parameters held constant. The selected weather year again depends on the metric. For five of the seven metrics (HRS>25C, HRS>28C, ACH, WCDH1 and WCDH2) the extreme year produces more overheating within the metric than the near extreme year for all building configurations. However, the difference between the years is not consistent and can vary depending on the glazed percentage. Only for the WCDH2 metric is the difference linearly dependent on the glazed percentage (R2 > 0.99). For UTCIH, the near extreme year (2013), as determined externally, produces more overheating than the extreme year (1989) for all building configurations. For PMVH the near extreme year (1989) produces more overheating than the near extreme year (2003) for glazed percentages greater than 75%.
Repeating this analysis using the extreme years determined from the internal environment as shown in table 3, the effect of the building configuration on the selected weather years is shown in figure 4. In this case nearly all building configurations give more overheating using the extreme weather year than the near extreme years. The only exception is ACH for glazed percentages less than 10%. Similar to the weather years determined from the external weather data, the differences between the metrics for the near extreme and extreme weather years are not consistent. Again, only for the WCDH2 metric is the difference linearly dependent on the glazed percentage (R2 > 0.99).

Table 1. Selected near extreme weather years for all locations using all metrics and external weather.
	Location
	HRS > 25
	HRS > 28
	ACH
	WCDH1
	PMVH
	UTCIH >25
	WCDH2

	Belfast
	-
	-
	1989
	2013
	1997
	1997
	2003

	Birmingham
	2005
	-
	1976
	1990
	1995
	1975
	1975

	Cardiff
	2013
	-
	2006
	1970
	1995
	1983
	1990

	Edinburgh
	-
	-
	1999
	1975
	2006
	2013
	1976

	Glasgow
	-
	-
	1975
	1983
	1997
	1983
	1984

	Leeds
	1997
	-
	-
	2003
	2006
	2003
	1990

	London
	2013
	1983
	2011
	2013
	1989
	2013
	2013

	Manchester
	1984
	-
	2003
	2003
	-
	1975
	2003

	Newcastle
	-
	-
	1975
	1995
	-
	1997
	2013

	Norwich
	1999
	1990
	-
	1989
	-
	1989
	2003

	Nottingham
	1990
	-
	1976
	1989
	-
	1970
	1989

	Plymouth
	-
	-
	-
	2013
	-
	1989
	1983

	Southampton
	1999
	-
	1995/ 2001
	1990
	1989
	2003
	1990

	Swindon
	1975
	-
	1989
	2003
	2006
	1975
	1975



Table 2. Selected extreme weather years for all locations using all metrics and external weather. Values highlighted in bold indicate the year was the most extreme for the metric.
	Location
	HRS > 25
	HRS > 28
	ACH
	WCDH
	PMVH
	UTCIH >25
	WCDH2

	Belfast
	-
	-
	1995
	1995
	2000
	1976
	1995

	Birmingham
	2006
	-
	1989
	2006
	2003
	2003
	2006

	Cardiff
	1983
	-
	1989
	1975
	2006
	1976
	1975

	Edinburgh
	-
	-
	1995
	2006
	1995
	2006
	1995

	Glasgow
	-
	-
	1984
	1995
	1976
	1976
	1995

	Leeds
	1995
	-
	-
	1995
	2003
	1995
	2006

	London
	2006
	1995
	1976
	2006
	2003
	1989
	1995

	Manchester
	1983
	-
	1995
	1976
	-
	1976
	1976

	Newcastle
	-
	-
	1976
	1976
	-
	1995
	1975

	Norwich
	1975
	1976
	-
	2006
	-
	2006
	1995

	Nottingham
	2006
	-
	1989
	2006
	-
	1975
	2006

	Plymouth
	-
	-
	-
	1989
	-
	2003
	1995

	Southampton
	1989
	-
	1976
	1995
	1995
	1976/1995
	1995

	Swindon
	1995
	
	1976
	2006
	2003
	1976
	1976



Table 3. Selected near extreme weather years for London using all metrics and the reference building with the south face 43% glazed.
	
	HRS > 25
	HRS > 28
	ACH
	WCDH1
	PMVH
	UTCIH >25
	WCDH2

	Near extreme
	2013
	1983
	1983
	2013
	2013
	2003
	2005

	Extreme
	2006
	1976
	2006
	1995
	2006
	2006
	1976
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Figure 2. External weather (temperature and direct solar radiation) and building performance data of internal temperature and the overheating metrics of WCDH, PMV and UTCI for a week in July 1976 for a building in London with the south face glazed to 33% and 66%. 
[image: C:\Users\Matt\Dropbox\Current Work\Windsor_conference\building_graph_external_simple.jpg]
Figure 3. The effect of building configuration on the seven overheating metrics. The weather years are selected from external weather data as determined in table 1 and table 2.


[image: C:\Users\Matt\Dropbox\Current Work\Windsor_conference\building_graph_internal_simple.jpg]
Figure 4. The effect of building configuration on the seven overheating metrics. The years are selected from the internal environmental as determined in table 3.

4. Discussion
The shortcomings of the original DSY have been known for some time (Jentsch et al. 2013) and prompted a redevelopment of the reference year construction method which resulted in the development of probabilistic DSYs (PDSYs) for London (Anon 2014) and this method was expanded for the rest of the UK(Eames 2016). Although the original DSY methodology was found to not guarantee any overheating events, the issues only appeared with certain building designs, hence why it probably took so long for the issues to be formalised. With the new PDSY methodologies, years were selected on the basis that they did contain warm events which might cause a degree of overheating within a building. This work has further researched into the determination of probabilistic weather model overheating within the built environment. In this case seven different metrics were used to model overheating and the weather years have been determined from both the external and the internal environment allowing results to be directly compared. 
Results from tables 1, 2 and 3 show that, the selected weather year depends on the overheating metric used and whether the external or internal environment is used. The most frequent extreme weather years include 1976; a year which is typified by a prolonged period of sustained warmth, 1995; a year which typically contained two periods of intense warmth between late June and August and 2006; which typically contains a long warm spell in July as well as a having warm periods earlier in the year. Although these are considered to contain some of the warmest periods in recent times, 2003 appears much less frequently and in fact is more common as a near extreme weather year. Yet interestingly, 2003 was the year of the extreme heat wave that caused around 50,000 deaths across Europe(D’Ippoliti et al. 2010). If such years are used testing overheating within buildings, engineers would be testing their building designs against warm conditions that are known to cause human heat stress and serious health risks. 
The issue of which year to choose is compounded by the changes to weather patterns across the country. So some of these hot years are actually less extreme in some locations hence other years feature within both tables 1 and 2 for different locations. It should be of no surprise that the definition of the extreme weather year is dependent on the metric as different metrics are using different coincidences of warm events. In some cases such as the number of hours where the temperature goes above a threshold, the metric is not concerned by how much the threshold is exceeded or by when. In other cases where there are rapid increases in the temperature above the running mean temperature a weighting can ensure that deviations which are far from the running mean temperature count more. In this example warm weather itself would not necessarily count as overheating but years which have events where weather changes suddenly (gets warmer) over a short period of time will be determined as the most extreme. Finally, overheating metrics are considered which include the coincidence of temperature and other variables such as solar radiation. Here weather years which have the greatest coincidence of these weather variables are determined to be the most extreme, although, they are still likely to be dominated by instances of the warmest temperatures.
Figures 3 and 4 demonstrate some of the difficulty of selecting a single weather year for assessing overheating. In each case the two extreme years were selected from table 1 and 2 or 3 and the building configuration was altered to investigate the effect on overheating. The difference between amounts of overheating given from the extreme and near extreme weather years is not consistent across all building configurations. For externally derived weather years, the least robust metric was found to be PMVH where the near extreme year actually provided more overheating than the extreme year. However looking deeper into the results it is found that there is no combination of weather years which consistently find the extreme year which predicts more overheating, for all metrics, for all building configurations. For this work the building model was chosen such that it would overheat for many of the building configurations and therefore not entirely realistic. This was necessary to create a large enough data set for each metric and location to be able to determine the return periods although there were still locations where the return periods could not be determined. However, the overheating was not found to be excessive and most buildings would pass many of the standard overheating tests (CIBSE 2013).
These results suggest that there are potential issues with using probabilistic weather years for the derivation of overheating, especially if a designer is using what is determined as a more extreme year and for their building model it is found to produce less overheating. This is likely to be the case where real observations and contiguous years are chosen for determining the overheating risk where different weather patterns can affect different buildings. There are three possible solutions. The first solution considers a series of the warmest years as based on a number of metrics. A building designer should then model their building using all years to ensure the building is robust to all weather scenarios. In this solution the set of weather years from TM49 or the new DSYs from CIBSE would be appropriate. However separate benchmarks may be required for the more extreme years, but, this solution is most similar to current practice and only requires a couple of extra simulations. The second option would require parameterising the building model (and overheating metric) such that the correct year is used for the required overheating metric. It is clear though that such parameterisation would be non-trivial and any optimisation methods used to minimise the overheating could mean a new building parameterisation and the need for a different weather file. The third solution would replace real weather data with synthetic weather. Here weather files would be produced such that bespoke weather patterns, based on real weather events, are stitched together to replicate warm spells with different characteristics. By using synthetic weather, more overheating events could be considered within the same simulation reducing the simulation overhead. The weather events would represent examples of weather known to commonly cause issues for the internal environment and could be generated to exactly replicate the 1-in-x event which may not be available in the observation set ensuring consistency across the UK. 

5. Conclusion
In this work metrics for determining extreme weather years have been investigated for both external weather data and the effect of this data inside a simple building model. It is found that the extreme years depend not only on the overheating metric used but also whether they are determined from external or internal data. Although there is little consistency across locations and across metrics, for a given location, characteristically hot years tend to rank highly regardless of the metrics. A building designer would require consistent design weather data to assess the risk of overheating independent of metric and location. This leaves a couple of pragmatic options for determining design weather years; either the use of some of the warmest years which consistently produce overheating to some degree with appropriate benchmarks or synthetic weather years which contain weather events known to cause issues for the built environment. 
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