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SUMMARY  
 
In this paper, a methodology suggested by IEA EBC Annex 80 was used to generate future weather 
files and detect heatwaves in future and historical periods for Copenhagen. The result shows that 
the method got a relatively conservative prediction of temperatures in the long-term future. The 
duration of heatwave results detected by the new definitions are similar to the results of Danish 
Meteorological Institute (DMI) warmth heatwave definition. For the future period, two kinds of 
heat wave results were generated which based on historical and future period temperature data 
respectively. The results suggestion that the change of the adaptability of people and buildings to 
heat stress with the rise of the overall temperature should be considered when detecting heat wave 
events (HWEs). Furthermore, taking average temperature into account contributes greatly to 
obtaining the complete and independent HWEs. 
 
INTRODUCTION 
 
With the influence of industrialization, economic development, population growth and other 
factors, climate change is becoming one of the biggest challenges faced by the society [1]. At 
present, the weather data used in simulations are generally in form of typical meteorological years 
(TMY) [2]. These data are not frequently updated but are generated as typical year data from the 
past twenty or thirty years and serve a longer time. In fact, Kjellstrom et al. [3] pointed out that the 
rate of global warming is likely to make these weather data obsolete earlier. It has become a trend 
to use future typical weather year data to simulate building energy consumption and thermal 
environment to better predict or evaluate building performance [4] [5]. 

 
Furthermore, due to climate change, extreme temperatures for long periods have enormous adverse 
social, economic and environmental effects, such as the well-known European heatwave of 2003 
[6]. For the thermal environment and energy consumption of buildings, HWEs will undoubtedly 
have a considerable impact. Santamouris [7] and Grignon-Massé et al. [8] found that the existence 
of HWEs will increase the cooling load and energy consumption of active cooling. However, the 
impact is not easy to detect by TMY. In order to assess the resilience cooling performance of 
buildings under future extreme weather conditions, heat waves should be considered when 



 
 

 
 

preparing future weather data. For now, there is no universal definition of a heatwave and relevant 
methods for detecting heat waves are still under discussion.  

 
This paper adopts a new method which is suggested by Annex 80, its main objective is to support 
a rapid transition to an environment where resilient low energy and low carbon cooling systems 
are the mainstream and preferred solutions for cooling and overheating issues in buildings [9] [10]. 
We generated three typical years of weather data for Copenhagen including one historical period 
and two future periods, and then compared the results with observations and TMYs from 
Meteonorm software. HWEs were detected by using a new definition which used at least three 
consecutive days average daily temperature in reference historical period to detected. To consider 
the thermal adaptation, we also proposed another definition which used the different thresholds to 
detect HWEs for different periods. HWEs detected by the above two definitions were compared 
with those detected by Danish definitions. 
 
METHODS  
 
In order to assess the resilience cooling performance of buildings under future extreme weather 
conditions, the future weather data need to be generated to TMY files in Energy Plus Weather 
(EPW) format and the heat wave event also should be considered when preparing future weather 
data. This paper adopts a method based on the methodology proposed by Anaïs Machard et al [11] 
for assembling future weather files including HWEs, which can generate the future weather data 
with a highly resolution and the HWEs for any city.  
 
Typical Meteorological Years (TMY) 
There is no consistent method to produce a typical year. The main difference comes from the 
number of variables and their weight factors [2]. In this section, the methodology of the standard 
NF EN ISO 15927-4 was used to generate the TMY data [11] [12]. Four parameters were used to 
select the most typical months among the years: The dry-bulb temperature, the relative humidity, 
the global horizontal radiation of equivalent first order, and the wind speed of second order. The 
three periods called as follows:  the historical period (2001-2020), the mid-term future period 
(2041-2060) and the long-term future period (2081-2100). 

 
Detection and characterization of future heatwave event (HWE)                                                                                                                                                
In Denmark, a national heatwave is defined as a period of at least 3 consecutive days of which 
maximum temperature across more than fifty percent of the country exceeds 28oC. The DMI further 
defines a “warmth wave” when the same criteria are met for a 25oC temperature limit. In this paper, 
a new method proposed by G. Ouzeau et al. [13] was used to detect heatwave events. Unlike most 
of the previous definitions, which use absolute thresholds, three redefined thresholds as percentiles 
of daily mean temperature distribution over the historical period are defined to make the method 
accessible to any dataset as shown in Figure 1. Spic represents the 99.5% threshold of the 
temperature distribution during the historical period and it is used to detect a heatwave. Sdeb 
represents the 97.5% threshold of the temperature distribution during the historical period and it 
defines the heatwave duration. Sint represents the 95.0% threshold of the temperature distribution 
during the historical period and it determines the end of the heatwave if the temperature drops 
below. The temperature dataset in the historical period was used to define the three thresholds.  



 
 

 
 

 
Figure 1. Thresholds of the new heatwave detection.[13] 

 
For the new HWE definition, the temperature thresholds were not considered to vary over time. It 
means that no thermal adaptation is envisaged, but the fact is that the thresholds may increase since 
the increase in temperatures will be offset by the adaptation of the population to heat [14]. To 
consider the impact of the adaptation of heat, Casanueva [15] and Armstrong et al. [16] have been 
inspired by the work of Heat-Health Warning Systems. The reference values for thresholds are 
determined from epidemiological studies which link heat to mortality data, i.e., by modelling the 
temperature-mortality relationship, which found the percentile of thresholds are constant in 
different periods. It means that the improvement of people’s thermal adaptability with the global 
warming also need to be considered when detecting the HWEs. In this work, we proposed a revised 
definition which detected HWEs by thresholds from the same percentile but not based on the same 
period. For example, the three temperature thresholds for the 2090s (2081-2100) with thermal 
adaptation HWEs were calculated by the 99.5%, 97.5%, 95% of the daily mean bias-adjusted 
COREX temperatures in 2090s, not 2010s.  
 
RESULTS AND DISCUSSION 
 
Typical weather year data  
In this section, dry-bulb temperatures bias-adjusted from the RCM_MPI (regional climate model) 
and the ones generated by Meteonorm software were compared. The distribution of the hourly 
temperature data over three periods in TMY files is shown in Figure 2. For the historical and mid-
term future periods, the temperatures between the two climates model are very close. For the long-
term future period, the temperatures from RCM_MPI are close to the Meteomorn until 15oC, but 
for higher temperatures, the difference increase and the Meteomorn temperatures are finally higher 
about 4oC. It can be seen that the temperatures from Meteonorm are higher than that from the 
RCM_MPI for most of the time in all three periods. At the end of the distribution for all models, 
the temperatures are very close.  



 
 

 
 

 
Figure 2. Comparison of temperature predictions in three periods (a), (b) historical period 
(2010s), (c), (d) mid-future period (2050s), (e), (f) long-term period (2090s) op: all data points, 
Bottom: over the 0.95 to 1 centile.  
 
HWEs detection without/with consideration of thermal adaptation 
The three thresholds of the heatwaves without consideration of thermal adaptation for Copenhagen 
were obtained to define heatwaves as shown in Table 1 from the data of the historical period 
(2010s). The duration of HWEs in the 2050s and 2090s are on average 1.8 and 2.7 times that in 
2010s respectively, and the maximum daily mean temperature of HWEs in 2050s and 2090s are 
increased by 1.2oC and 2.5oC than that in 2010s respectively. It can be seen that the heatwave 
events (HWEs) will be more frequent and severe in the long-term future period than the historical 
period no matter from which one characterization and the heatwave in mid-term future period is of 
similar maximum daily mean temperature but longer and more severe than the historical period 
(Figure 3).  
 
The thresholds for HWEs with adaptation in the 2050s and 2090s were 1.2oC and 2.3oC warmer 
than that of without adaptation, respectively (Table 1). During the same periods, the average 
temperature in summer (June to August) was 1.0oC and 2.0oC higher than that of the 2010s. It can 
be seen (Figure 3) that the size and the number of the bubbles for periods of the 2050s and 2090s 
will decrease a lot compares to the HWEs without adaptation, because of the higher temperature 
thresholds. In contrast to the HWEs without adaptation, the number of HWEs with adaptation in 
the future will be fewer and fewer, from 10 times per year in the 2010s to 5 times per year in the 
2090s (Table 2). The maximum daily mean temperature in the 2090s was 3.5oC warmer than that 
of the 2010s, while the average air temperature rose by 2.3oC during the same periods. It suggests 
that overall temperature increases will be more pronounced in the future than extreme temperature 
and thermal adaptation is important to be considered when defining future HWE.  



 
 

 
 

 
Figure 3. HWEs detected in Copenhagen without/with considering thermal adaptation  
 
Table 1 Thresholds; Duration; Maximum daily mean temperature. Without/with 
thermal adaptation. Periods 2001-2020; 2041-2060; 2081-2100. 

Criteria Thresholds (oC) 
without with 

2010s 2050s 2090s 2010s 2050s 2090s 

Thresholds (oC) 

Spic (99.5) 22.4 22.4 23.6 24.7 

Sdeb (99) 20.0 20.0 21.2 22.2 

Sint (95) 18.7 18.7 19.9 21.0 

Duration (Days) 
Maximum 8.4 12.5 17.6 8.4 10.4 15.0 

Average 20.0 37.0 53.0 20.0 16.0 38.0 

Maximum daily Mean 
Temperature (oC) 

Maximum 23.4 24.1 24.2 23.4 25.1 27.2 

Average 25.1 26.3 28.6 25.1 26.3 28.6 

 
Compared with HWEs results defined by the Danish definitions 
Regardless of whether thermal adaptation was considered or not, the above methods were based 
on daily mean temperature to obtained temperature thresholds of HWEs. It can be seen in Table 2 
that the number of HWEs detected by the new definition without adaptation was slightly more than 
that of the DMI hot definition, and the DMI warm definition got the largest number of HWEs which 
was 4-10 times more than that of with adaptation depends on the different period. 

 
Figure 4. Maximum daily temperature during the most severe heatwave period. 



 
 

 
 

 

 
Figure 5. Longest HWE for four definitions: new definition with/without 
thermal adaptation, DMI warm/hot ((a) 2010s, (b) 2050s, (c) 2090s) 

The duration and the maximum temperature of the HWEs are the most significant factors of 
building overheating and thermal comfort in extreme climate condition. The Longest HWE for the 
four definitions were compared for each period as shown in Figure 5. It is apparent that the duration 
of heatwaves will increase in the future, regardless of which definition was used to detect HWE, 
except for the DMI_hot definition, whose duration of HWEs was about 15 days for all periods. For 
the new HWE definition without adaptation, the duration of the longest HWE was from about 20 
days in the 2010s to about 50 days in the 2090s. For the longest HWE detected by the without 
adaptation definition in the 2050s, at least 1/3 of the time when the daily maximum temperatures 
were below the DMI_warm threshold (25oC). The duration of the longest HWE of new definition 
with adaptation was between that of DMI_warm and DMI_hot, which was from about 20 days in 
the 2010s to about 37 days in the 2090s.   
 
In general, the definition of DMI_hot has higher temperature thresholds than other definitions      
recorded over month-long HWE in the 2090s. But it was contradictory that the DMI_hot detected 
more HWEs than the new definition with adaptation (Table 2). Figure 4 plotted the daily maximum 
temperature in 2090 summer when the longest HWE was detected during the long-term period 
(2081-2100). It was found that three HWEs were detected by DMI_hot definition which was 15 
days, 8days and 5days respectively, within the 37 days which was detected by the new definition 
with adaptation. The main reason is that the mean temperature will increase a lot due to climate 
change.  
 



 
 

 
 

CONCLUSIONS 
 
The TMY data of temperature from Meteonorm is always higher than the temperatures generated 
by the new method for the same distribution in the future periods because not only temperature but 
also other three parameters were used to select the typical month for the new method. It is necessary 
to notice that in the long-term future, the temperature in Copenhagen will increase by 2oC-4oC, 
which poses challenges to the cooling load and performance of buildings in the future.  
 
Without considering the thermal adaptation, the HWEs in Copenhagen will be more frequent and 
severe in the long-term future period than in the historical period. Considering the thermal 
adaptability to increased temperatures in the future, the duration of future heatwaves will still 
significantly increase, but the frequency will not increase or even decrease. The maximum daily 
mean temperature is increased by 3.5oC from the 2010s to 2090s, and at least 2.3oC of the increase 
is due to an increase in the average temperature. It suggests that the overall temperature increases 
will be more pronounced in the future than the extreme temperatures.  
 
The temperature thresholds of the above definitions were based on daily mean temperature while 
the HWEs definitions of DMI were based on daily maximum temperature. In conclusion, HWEs 
detected by the temperature thresholds calculated by the daily mean temperature is more 
independent and complete than those detected by the temperature thresholds calculated by the daily 
maximum temperature. It can be more conducive to the study of the impact of the heatwave on the 
indoor thermal environment and cooling load of buildings during and after the heatwave. Based on 
the current level of adaptation to heat, heat waves in Copenhagen will be more frequent and longer 
in the future. However, it may not become more frequent if the adaptation to temperature changes 
is considered even though it will still become longer. 
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