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Executive summary 

In the current context of significant climate change there is an increased need to consider 

future weather data in the building design phase. Ideally this data must be available in two 

forms: simplified weather indicators and detailed hourly weather files. Both forms are crucial 

inputs for the early and late stages of modern building design processes. This report presents 

a review of available weather files and discusses methodologies for simplified weather 

indicators, weather datasets, and production of future weather files for Africa and EU. 

Weather files can provide a comprehensive characterization of the local climate by including 

meteorological and solar radiation data elements (such as, dry-bulb outdoor air temperature, 

relative humidity, global horizontal irradiation, and wind speed and its direction). Building 

thermal simulation is a widely used support tool for the design of building energy systems and 

building energy labelling/certification. This tool requires, at least, one year weather data with 

one hour time resolution that describes the climate of the building location. Weather data can 

be found in different formats, and all contain several climate data elements that are essential 

to perform a reliable building thermal simulation. This report lists the usual weather data 

elements and typical resolution used in each format of weather files. 

Weather file providers usually have large databases with data that is directly collected from 

weather stations or interpolated data from satellite-derived data, climate reanalysis models and 

weather stations. The latter databases have a larger uncertainty since its data is derived from 

spatial interpolation models. From the nine weather databases identified, four were based on 

weather stations data only, and four were free services. Climate One Building is the only free 

service that has current weather datasets for all the locations in Africa and Europe considered 

in this project. 

The freely available databases of weather files do not include weather files of future climate. 

Currently, the simplest form of production of future weather files is the CCWorldWeatherGen 

tool, which relies on the morphing methodology. As an input, this tool needs a weather file of 

current climate and expected climate change outputted by a climate model (climate change 

factors). These climate change factors need to be referenced to an historical base climate 

(time period) similar to the one that was used to produce the historical weather file, otherwise 

climate change projections will not be correct. The climate change factors used in the 

CCWorldWeatherGen tool are based on the climate change projections of the 

Intergovernmental Panel on Climate Change (IPCC) for three different periods: 2020, 2050 

and 2080, considering a baseline climate between 1961-1990. 

Weather indicators can be useful to predict the impact of climate change in building design, 

especially in passive buildings where the natural ventilation and the building envelope plays 

the main role. This report reviews the definitions of heating and cooling degree-days as 

weather indicators (that are usually used for estimation of building energy needs and weather 

classification), discusses the diversity of base temperature definitions used in the degree-days 

calculations, and presents the bioclimatic indicators that assess the natural ventilation (NV) 

cooling potential and the availability of weather indicators data.  

In the building energy analysis area, degree-days (DD) are a metric used for estimating the 

energy consumption of a given building that is required for heating (heating degree-days, HDD) 

or cooling (cooling degree-days, CDD). The degree-days are defined as the cumulated 

difference between a base temperature and the outdoor air temperature. To assess the heating 

required, the difference between the base temperature and the outdoor air temperature is 
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calculated and, if the value is positive, then that number represents the HDD. To assess the 

cooling needs, is the reverse process, as in this case it is calculated the difference between 

the outdoor air temperature and the base temperature, and if the resulting value is positive, it 

is considered as CDD. There are several methods to calculate the HDD and CDD, such as the 

mean daily degree-day, the mean daily outdoor air temperature, and the residual cooling 

degree-days. We have also reviewed the different proposed base temperatures present in 

literature. In most cases, the base temperature is dependent on the degree-days method used 

(i.e., the base temperature used to calculate HDD differs from the one used to calculate the 

CDD). Even for the same DD method, several base temperatures were already proposed (with 

huge differences between them), indicating that there is no consensus in the scientific 

community for a universal base temperature for each method. This finding implies that HDD or 

CDD values should not be directly compared, and attention must be given to ensure that 

comparisons are only made with equal base temperatures. 

The combination of higher air temperatures and continuously increasing building occupant 

comfort expectations and standards will lead to higher cooling energy demand in both 

commercial and residential buildings. To contain this increase, building designers are 

encouraged to use passive design strategies and low energy cooling systems such as natural 

ventilation (NV), night cooling (NC), shading and exposed thermal mass. These strategies 

have in common their use of the outdoor climate as a source of free or low energy cooling. To 

assess the cooling capacity of different strategies in buildings, passive cooling indicators were 

proposed, such as the climate cooling potential (CCP), the natural ventilation hour (NV hour), 

the climate potential for natural ventilation (CPNV), and the suitability of air temperature for 

natural ventilation (SNV). The CCP indicator consists of the average accumulated hourly 

indoor and outdoor temperature differences for the night period when this difference is above 

3ºC. This indicator is based on the concept of degree-days and considers that the base 

temperature corresponds to the comfort building temperature and has a sinusoidal oscillation 

during the year. Although the comparison of the CCP for the current and future climates allows 

for the assessment of the impact of climate change on the passive cooling systems, the CCP 

have known drawbacks, such as: the neglecting of the wind effect on the NV (assuming that 

NV only occurs through stack effect); not considering that NV can occur during the day or used 

as a night cooling system; and not accounting for the humidity as comfort criterion (especially 

relevant for hot and humid climates). The concept of natural ventilation hour can be defined as 

the number of hours in a typical year when the outdoor weather condition is suitable to use 

passive cooling strategies. The NV hour assesses only if the outdoor weather is suitable for 

natural ventilation using an upper and a lower threshold for the dry-bulb temperature and the 

expected indoor air velocity. Some limitations of the NV hour indicator are related to the 

humidity control criteria that do not prevent the possibility of providing saturated air, or to the 

neglecting of the vertical gradient that exists in the speed of atmospheric wind, or to the fact 

that it does not distinguish the suitability of passive cooling strategies for day and night period. 

The climatic potential for NV (CPNV) follows a similar approach to the NV hour, where is 

established when the climate has favourable conditions for natural ventilation, but the 

difference between them relies on the definition of comfort. The CPNV does not account for 

how wind velocity affects the indoor air velocity during NV time and considers that NV can 

occur if the outdoor air temperature and the humidity ratio are between the thresholds set. The 

CPNV indicator accounts for both daytime NV (during occupied hours) and night cooling 

(unoccupied hours), allowing different lower thresholds for each NV strategy. It also accounts 

for the indoor humidity ratio with values ranging from 30% to 70%, which ensures that the 

indoor environment is in humidity comfort range. The suitability of air temperature for NV 
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indicator defines that when the outdoor temperature is between 10ºC and 26ºC, NV can be 

used to increase both the indoor air quality and thermal conditions. This large temperature 

interval is then divided into two small intervals: between 10ºC and 16ºC is considered that 

outdoor air is suitable to improve indoor air quality through fresh air supply; while between 

16ºC and 26ºC is considered that ventilated cooling can be performed to remove heat gains 

and improve or maintain thermal comfort. This indicator has a simplified approach compared 

with the previous indicators but has the advantage of easy application. Nevertheless, it does 

not account for the possibility of night cooling strategies, or the relevance of humidity control 

for some climates, and it does not account for the effect of wind during the NV period. 

The currently available weather indicators were produced using different methods, weather 

sources, assumptions, and spatial resolution levels. Whenever possible weather indicators 

should be calculated using the best available current and morphed future TMY files.  
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Abbreviations 

Term Name 

CCP Climate cooling potential 

CDD Cooling degree-days 

CPNV Climatic Potential for Natural Ventilation 

DD Degree-day 

ECMWF European Centre for Medium-Range Weather Forecasts 

GDD Growing degree-days 

GHG Greenhouse gas 

HDD Heating degree-days 

IPCC Intergovernmental Panel on Climate Change 

IWEC International Weather Year for Energy Calculations 

NC Night cooling 

NV Natural ventilation 

RCP Representative Concentration Pathways 

TMY Typical Meteorological Year 

UKMO UK Meteorological Office 

CCP Climate cooling potential 

CDD Cooling degree-days 

CPNV Climatic Potential for Natural Ventilation 

DD Degree-day 

ECMWF European Centre for Medium-Range Weather Forecasts 

GDD Growing degree-days 

GHG Greenhouse gas 
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1. Introduction 

In the current context of significant climate change there is an increased need to consider 

future weather data in the building design phase. Ideally this data must be available in two 

forms: simplified weather indicators and detailed hourly weather files. Both forms are crucial 

inputs for the early and late stages modern building design processes. This report presents a 

review of available weather files and simplified weather indicators for current and future 

weather in Africa and EU. 

In the context of the ABC 21 project this report reviews and discusses methodologies for 

weather indicators, weather datasets, and production of future weather files that are useful for 

deliverables 3.5 and 3.6 of Task 3.2, and for Task 3.5. D3.5 will present the available methods 

and tools for the generation of future weather files, and the D3.6 will discuss the effect of future 

weather on the performance of one or more case studies. In Task 3.5 this report will assist the 

definition of technical guidelines and tools for future-proof passive design in warm climates. 
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2. Review of available weather file sources for Africa and 

EU 

2.1. Weather data elements 

Building thermal simulation is a widely used support tool for the design of building energy 

systems and building energy labelling/certification. This tool requires, at least, one year 

weather data with one hour time resolution that describes the climate of the building location. 

Weather data can be found in different formats(1) that all contain several climate data elements 

that are essential to perform a building thermal simulation. Table 2.1 lists the usual weather 

data elements and typical resolution used in these files. The resolution can vary according to 

the quality of available data or the accuracy of the building thermal simulation that will be 

performed.  

Table 2.1 – Data elements usually present in weather files for building thermal simulation [1,2] 

Element Symbol Unit Resolution Comment 

Date - YYYY/MM/DD - Date of data record 

Time - HH:MM - Time of data record (local standard time) 

Dry-bulb 
Temperature 

𝑇db Degree Celsius 0.1 ºC - 

Dew-point 
Temperature 

𝑇dp Degree Celsius 0.1 ºC - 

Relative Humidity 𝜙 Percentage 1% - 

Atmospheric 
Pressure 

𝑝 Pascal 0.1 Pa - 

Global Horizontal 
Irradiance 

𝐺ℎ 
Watt-hour per 
square meter 

1 Wh/m2 
Total amount of direct and diffuse solar radiation 

received on a horizontal surface 

Direct Normal 
Irradiance 

𝐺𝐷,⊥ 
Watt-hour per 
square meter 1 Wh/m2 

Amount of solar radiation received in a collimated 

beam on a surface normal to the sun 

Diffuse Horizontal 
Irradiance 

𝐺ℎ,df 
Watt-hour per 
square meter 1 Wh/m2 

Amount of solar radiation received from the sky 

(excluding the solar disk) on a horizontal surface 

Wind Direction 𝜃w Degree 1 º Degrees from north ]0º , 360º] 

Wind Speed 𝑢w Meter per second 0.1 m/s - 

 

Table 2.2 presents the most common climate variables used in building thermal simulation that 

can be calculated from weather files that include the variables shown in Table 2.1. Data from 

weather files can be used to calculate heating degree-days (HDD), cooling degree-days 

(CDD), and natural ventilation potential, for example.  

Table 2.2 – Example of data elements that can be calculated from weather files [2,3]. 

Elements Symbol Unit Function of Comment 

Humidity Ratio 𝑊 kgvapor/kgair 𝑇db , 𝜙 , 𝑝 - 

                                                
(1) Some examples of data types: .epw – EnergyPlus Weather; TM2 – Typical Meteorological Year 2; .fmt – DOE-2 
formatted file; .wea – Ecotect WEA file. 
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Elements Symbol Unit Function of Comment 

Saturated Water 
Vapour Pressure 

𝑝ws Pa 𝑇db - 

Water Vapour 
Pressure 

𝑝w Pa 𝜙 , 𝑝ws - 

Air Density 𝜌air kg/m3 𝑇db , 𝜙 , 𝑝 - 

Wet-bulb 
temperature 

𝑇wb ºC 𝑇db ,𝑊 - 

Air Enthalpy ℎ kJ/kgair 𝑇db ,𝑊 - 

Solar Altitude 𝛼 º 𝐺ℎ , 𝐺ℎ,df , 𝐺D,⊥ - 

 

In some cases the weather files can provide a more comprehensive characterization of the 

local climate by including additional data elements such as sky cover, visibility, aerosol optical 

depth or liquid precipitation depth [1,2]. Typically, data elements used to assess the outdoor 

air quality are not included in the weather datasets produced according to weather files 

standards [1]. 

2.2. Sources of current weather files 

The most commonly available weather datasets are produced using the Typical Meteorological 

Year method [4]. TMY files are assembled by compiling the individual months which best 

correspond to the long-term monthly means of different climate variables [5]. The first version 

of TMY methodology was introduced by I. J. Hall et al. [4] and consists on the selection of 

twelve typical months from 30 years of hourly data to assemble one year of representative 

weather data for a given location. The twelve typical months are selected by statistical analysis 

of 9 different variables using different weighting factors used to rank the 30 months that are 

available for each month (see Table 2.3). Although discrepancies in the transition between 

months can occur in TMY files, several studies show that typical building operation is 

adequately simulated by a single TMY file [5,6,7,8]. 

In 1994, the TMY weighting factors were adjusted (TMY2 [9]). In 1997, the initiative called 

International Weather Year for Energy Calculations (IWEC) created climate files using the TMY 

methodology with updated weighting factors [10]. The last update of this dataset occurred in 

2008, using 15 years of data to assemble TMY files [1].  

Table 2.3 - Weather Variables and Weighting factors in different TMY methods [11]. 

Weather Variable TMY [4] TMY2 [9] IWEC [10] 

Maximum dry bulb temperature  1/24 1/20 5/100 

Minimum dry bulb temperature 1/24 1/20 5/100 

Mean dry bulb temperature 2/24 2/20 30/100 

Maximum dew point temperature 1/24 1/20 2.5/100 

Minimum dew point temperature 1/24 1/20 2.5/100 

Mean dew point temperature 2/24 2/20 5/100 

Maximum wind speed 2/24 1/20 5/100 

Mean wind speed 2/24 1/20 5/100 

Total horizontal solar radiation 12/24 5/20 40/100 

Direct normal solar radiation - 5/20 - 
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Table 2.4 presents a shortlist of providers for weather data. The first four databases provide 

only collected data from weather stations while the remain databases use interpolation models 

based on satellite-derived data, climate reanalysis models and weather station data. Using 

data from spatial interpolation models increases uncertainty, especially when subjective 

considerations are used to adjust the observed data to any location [12]. Therefore, this 

uncertainty is extended to the TMY files, compromising their accuracy. The Climate One 

Building has the most accurate and recent weather data in comparison to the remaining freely 

available database. 

Table 2.4 – Shortlist of weather databases. 

Database Type 
Available for 

Comment 
Europe Africa 

EnergyPus 
WeatherData 

free 
188 
locations 

153 
locations 

Most TMY files produced with a date before the year 
2001. [LINK] 

Climate One 
Building 

free 
3454 
locations 

896 
locations 

TMY files available for the whole period of record and the 
most recent 15 years (2004-2018). [LINK] 

Meteonorm paid 
1640 
locations 

600 
locations 

Historical hourly data available from 2010 to present in 
TMY format. Includes three IPCC scenarios and allows 
projections to the year 2100. [LINK] 

White Box 
Technologies 

paid 
+3400 
locations 

+800 
locations 

Weather data available from 2001 to the present. TMY 
files are not available for all the European or African 
locations. [LINK] 

     

Weather 
Source 

paid 
any 
location 

any 
location 

Weather data available from the year 2000 to the 
present. Data available in TMY format. [LINK] 

PVGIS free 
any 
location 

any 
location 

TMY produced using the ECMWF ERA-interim 
reanalysis and solar satellite data with a resolution of 
~80km. Data available for three periods: 2005-2014, 
2006-2015 and 2007-2016. [LINK] 

Solcast paid 
any 
location 

any 
location 

Satellite-derived data from 2007 to present with a 
resolution of 1-2km available on TMY format. [LINK] 

SOLARGIS paid 
any 
location 

any 
location 

Satellite-derived data from 2000 to present with a 
resolution of 0.25-35km available on TMY format. [LINK] 

SIREN paid 
any 
location 

any 
location 

Program to produce synthetic weather data for a specific 
year from 1979 to present based on data from NASA 
MERRA-2. [LINK] 

 

Current weather datasets for the locations used in ABC 21 can be found in the repository of 

Climate One Building [13] (Table 2.5). The TMY files were created using the ISO 15927-4:2005 

[14] with two different baseline periods: the first considering the whole period of record, and a 

second considering the most recent and complete 15 years.  As a result, climate change 

effects, which were present during these years, are considered in these TMY files. The 

repository provides for each location a TMY in the .epw format along with an ESP-r weather 

format, a DAYsim weather format, ASHRAE Design Conditions, hourly precipitation (if 

available) and expanded EnergyPlus weather statistics [13]. 

Table 2.5 – Current Typical Meteorological Year for partner's locations [13]. 

City Weather Station Location Period of Record Download Link 

Milan (Italy) Milan-Linate Airport 2004-2018 Milano-Linate  

Rabat (Morocco) Rabat-Sale Airport 2004-2018 Rabat-Sale  

Midelt (Morocco) Midelt (urban area) 2004-2018 Draa-Tafilalet-Midelt  

Wien (Austria) Wien (urban area) 2004-2018 Wien Innere 

https://energyplus.net/weather
http://climate.onebuilding.org/
https://meteonorm.com/en/
http://weather.whiteboxtechnologies.com/
https://weathersource.com/products/onpoint-weather/
https://re.jrc.ec.europa.eu/pvg_tools/en/#TMY
https://solcast.com/global-tmy-data/
https://solargis.com/products/evaluate/tech-specs
https://www.sen.asn.au/modelling_overview
http://climate.onebuilding.org/WMO_Region_6_Europe/ITA_Italy/LM_Lombardy/ITA_LM_Milano-Linate.AP.160800_TMYx.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/RK_Rabat-Sale-Kenitra/MAR_RK_Rabat-Sale.AP.601350_TMYx.2004-2018.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/DT_Draa-Tafilalet/MAR_DT_Midelt.601950_TMYx.2004-2018.zip
http://climate.onebuilding.org/WMO_Region_6_Europe/AUT_Austria/WI_Vienna/AUT_WI_Wien-Innere.Stadt.110340_TMYx.2004-2018.zip
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City Weather Station Location Period of Record Download Link 

Lisbon (Portugal) Lisbon (urban area) 2002-2019 Lisbon Inst. Geofísico 

Nairobi (Kenya) Nairobi-Kenyatta Airport 2004-2018 Nairobi-Kenyatta 

Dakar (Senegal) Dakar-Senghor Airport 2004-2018 Dakar-Senghor 

Saint-Denis (La 
Reunion, France) 

Roland Garros Airport 2004-2017 La Reunion-Saint Marie 

Lomé (Togo) Lome-Tokoin-Eyadema Airport 2004-2018 Lome-Tokoin-Eyadema  

 

2.3. Sources of future weather files 

The last decade was the warmest decade on record for the globe [15], a side effect of climate 

change and having carbon-based economy [16]. In spite of these increasingly felt effects, the 

freely available databases of weather files do not include weather files of future climate.  

Currently the simplest form of production of future weather files is the CCWorldWeatherGen 

tool, that relies on the morphing methodology [5]. As inputs, this tool needs a weather file of 

current climate (from one of the databases listed in Table 2.4) and expected climate change 

outputted by a climate model (climate change factors). These climate change factors need to 

be referenced to an historical base climate (time period) similar to the one that was used to 

produce the historical weather file [17], otherwise climate change projections will not be correct 

[18].  

The climate change factors used in the CCWorldWeatherGen tool are based on the climate 

change projections of IPCC fourth assessment report [19] for three different periods: 2020, 

2050 and 2080, considering a baseline climate between 1961-1990. More recently, a new set 

of climate projections were simulated from 1850 to 2100 and, in some cases, until 2300 [20]. 

Four different climate scenarios (named Representative Concentration Pathways, RCPs) were 

simulated based on socio-economic, technological, energy, land use and cover, emissions of 

GHG and air pollutant assumptions [20]. For each RCPs scenario a radiative forcing, or 

increase from background radiation, is defined for the year 2100 (8.5 W/m2, 6 W/m2, 4.5 W/m2 

and 2.6 W/m2) relative to pre-industrial levels. Considering the difficulties to mitigate and 

reduce the impacts of GHG emission, RCP 8.5 is often used in long-term climate change 

impact studies [21,22]. 

In Europe, the CORDEX project provides the highest resolution climate model simulations that 

are used to produce climate change factors. These are available at 11º (~12.5km) spatial 

resolution and there are more than 20 models available for three RCPs scenarios (RCP2.6, 

RCP4.5 and RCP8.5) [23]. For Africa, the CORDEX highest resolution of climate models 

available is 22º (~12.5km) and there are only 9 models for RCP2.6 and RCP8.5.  J. Dias Bravo 

et al. [5] showed that using a proper morphing methodology, and considering the correct 

baseline climate for the climate delta changes, morphed future weather files allows similar 

performances compared to more accurate methods that rely on future TMY files produced 

using several years of future weather data. 

The alternative to the tools previously referred, are paid software tools: WeatherShift and 

Meteonorm, which use the morphing method and have same a resolution limitations as 

CORDEX.   

http://climate.onebuilding.org/WMO_Region_6_Europe/PRT_Portugal/LB_Lisboa/PRT_LB_Lisboa-Geof.085350_TMYx.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/KEN_Kenya/NB_Nairobi/KEN_NB_Nairobi-Kenyatta.Intl.AP.637400_TMYx.2004-2018.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/SEN_Senegal/SEN_DK_Dakar-Senghor.Intl.AP.616410_TMYx.2004-2018.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/REU_Reunion/REU_DE_Sainte-Mairie-Garros.AP.619800_TMYx.2004-2018.zip
http://climate.onebuilding.org/WMO_Region_1_Africa/TGO_Togo/TGO_KA_Lome-Tokoin-Eyadema.Intl.AP.653870_TMYx.2004-2018.zip
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3. Review of available weather indicators for Africa and EU 

Weather indicators can be useful to predict the impact of climate change in building design, 

especially in passive buildings where the natural ventilation and the building envelope plays 

the main role. 

The review of the availability of weather indicators is divided into three sections. The first 

section explores the definitions of heating and cooling degree-days that are usually used for 

estimation of building energy needs and weather classification. In addition, this section also 

discusses the diversity of base temperature definitions used in degree-days calculations. The 

second section presents bioclimatic indicators that assess the natural ventilation (NV) cooling 

potential. The third section presents and discusses the availability of data for weather 

indicators. 

3.1. Degree-days  

The degree-days concept was originally introduced for the assessment of weather and crop 

growing conditions [25], more specifically in the prediction of plant and pest growing stages 

and the date that a crop reaches maturity [24]. In this case, the degree-days are defined as 

growing degree-days (GDD) and only account for the cumulated heat below a base 

temperature value that varies among species and the growth stage being considered [24]. 

In the building energy analysis area degree-days correspond to the cumulated temperature 

difference, below (for HDD) or above (for CDD), to a given a base temperature and the outdoor 

air temperature [25].  This is defined as the temperature at which an active climate control system 

(for heating or cooling) does not need to run to maintain indoor comfort conditions (more details 

about the base temperature in section 3.1.4.). 

The concept of degree-days is not unique to building energy analysis. Using databases of 

degree-days requires special attention because GDD and HDD or CDD have specific 

calculation methods and assumptions [25]. Also, some definitions of HDD and CDD are only 

used in weather classification [57,58,64]. 

Mean daily degree-day 

The most rigorous and accurate method for calculation of degree-days is to sum, on an hourly 

basis, the temperature differences, that are then divided by 24 (Eq. (3.1) and (3.2)). Only the 

positive difference values are summed, and for the case of negative differences, the value is 

set to zero for that hour [25]. The mean daily degree-days can be calculated for the desired 

period (𝑁): a month, the heating or the cooling season, a year, etc. The HDD and CDD are 

given by the equations (3.1)  and (3.2), respectively, where 𝑇out,𝑗 is the outdoor temperature in 

hour 𝑗 and 𝑇b is the base temperature. The subscript ℎ and 𝑐 denotes for heating and cooling 

season, respectively.  

HDD = ∑(
1

24
∑[𝑇b,ℎ − 𝑇out,𝑗]

+
24

𝑗=1

)

𝑑

𝑁

𝑑=1

 (3.1) 

CDD = ∑(
1

24
∑[𝑇out,𝑗 − 𝑇b,𝑐]

+
24

𝑗=1

)

𝑑

𝑁

𝑑=1

 (3.2) 

The main limitation of this method is the requirement for hourly temperature profiles, which are 

not readily available for most locations. Also, calculating degree-days with a high resolution, 1 
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minute, for example, is possible, but there is no gain in the accuracy of the final value [25]. 

Still, using hourly temperature to calculate degree-days does not mean necessarily that the 

estimation of hourly building energy needs can be produced accurately [25].  

Mean daily temperature 

According to the ASHRAE handbook [3], the degree-days can be calculated using the mean 

daily temperature, defined as the arithmetic mean of maximum and minimum temperatures of 

a given day as shown in Eq. (3.3). Therefore, HDD and CDD are calculated according to 

equations (3.4) and (3.5). 

�̅�out,𝑑 = (𝑇max,𝑑 + 𝑇min,𝑑)/2 (3.3) 

HDD = ∑(𝑇b,ℎ − �̅�out,𝑑)𝑑
+

𝑁

𝑑=1

 (3.4) 

CDD = ∑(�̅�out,𝑗 − 𝑇b,𝑐)𝑑
+

𝑁

𝑑=1

 (3.5) 

This definition makes the calculation of degree-days simpler allowing for a significant reduction 

of data, requiring only the daily maximum and minimum temperature. However, the ASHRAE 

definition has a limitation when it sets to zero the degree-day value also when the maximum 

and minimum daily temperature exceeds, below or above, the base temperature threshold, but 

the mean daily temperature does not [47]. This may occur, for example, in the cases in which 

the maximum daily temperature is above the base temperature, but the daily mean 

temperature is equal or lower to the base temperature the CDD is set to zero, while a heat flow 

through the building envelope can occur during a certain period of the day. 

Using the UK Meteorological Office equations (UKMO) it is possible to calculate the degree-

days without neglecting the variation of diurnal temperature [25], overcoming the limitation of 

ASHRAE method. Assuming a quasi-sinusoidal pattern in the temperature the HDD and the 

CDD are given by the equations (3.6) and (3.7), respectively, where ∆𝑇max,𝑑 = 𝑇max,𝑑 − 𝑇b , 

∆𝑇min,𝑑 = 𝑇b − 𝑇min,𝑑 and �̅�out,𝑑 is given by equation (3.3). 

HDD𝑑 =

{
 
 

 
 𝑇b,ℎ − �̅�out,𝑑  𝑇max,𝑑 ≤ 𝑇b,ℎ
0.5 ∙ ∆𝑇min,𝑑 − 0.25∆𝑇max,𝑑 𝑇min,𝑑 < 𝑇b,ℎ  ∧ ∆𝑇max,𝑑 < ∆𝑇min,𝑑

0.25 ∙ ∆𝑇min,𝑑
0

𝑇max,𝑑 > 𝑇b,ℎ  ∧  ∆𝑇max,𝑑 > ∆𝑇min,𝑑
𝑇min,𝑑 ≥ 𝑇b,ℎ

 (3.6) 

CDD𝑑 =

{
 
 

 
 �̅�out,𝑑 − 𝑇b,𝑐 𝑇min,𝑑 ≥ 𝑇b,𝑐
0.5 ∙ ∆𝑇max,𝑑 − 0.25∆𝑇min,𝑑 𝑇max,𝑑 > 𝑇b,𝑐  ∧ ∆𝑇max,𝑑 > ∆𝑇min,𝑑

0.25 ∙ ∆𝑇max,𝑑
0

𝑇min,𝑑 < 𝑇b,𝑐  ∧  ∆𝑇max,𝑑 < ∆𝑇min,𝑑
𝑇max,𝑑 ≤ 𝑇b,𝑐

 (3.7) 

Nevertheless, comparing the ASHRAE method and the UKMO equations with the mean daily 

degree-day method the deviation is less than 3% [47]. The ASHRAE method has a lower 

deviation for the calculation of CDD (-0.8%) and the UKMO equations a lower deviation for the 

calculation of HDD (-0.5%) [47]. According to the results of [47], probably a good approach for 

the degree-days calculation, when only the daily maximum and minimum temperature are 

available, is combining the definition of the HDD of UKMO with ASHRAE method for CDD. 
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Residual Cooling degree-days 

The previous methods for the calculation of the degree-days, more specifically for CDD, do not 

account for the possible effect of natural ventilation (NV). To overcome this limitation, G. 

Chiesa and M. Grosso [26,27] introduced the concept of “residual” CDD considering the NV 

due wind-driven (CDDres-WD) and the NV night cooling due buoyancy-driven (CDDres-NC)
(2). The 

CDDres-WD accounts for the cooling skin effect due to the increase of indoor air velocity caused 

by the airflow driven by wind (Eq. (3.8)).   

CDDres-WD = ∑(
1

24
∑[(𝑇out,𝑗 − ∆𝑇v,air) − 𝑇b,𝑐]

+
24

𝑗=1

)

𝑑

𝑁

𝑑=1

 (3.8) 

The impact of the air velocity on the reduction of temperature on the skin perceived by the 

occupants (∆𝑇v,air) is given by equation (3.9) and the indoor air velocity (vair) by equation (3.10). 

This approach corrects the wind velocity with a reduction factor (frw), that corresponds to the 

discharge coefficient of a conventional window (𝑐𝑑 = 0.6) [27], where for wind velocities higher 

than 1.5 m/s the vwind equals 1 m/s considering the comfort upper limit for indoor air velocity 

[27]. Also, the effect of vair for values lower than 0.25 m/s are not perceived by the occupants 

being neglected. 

∆𝑇v,air = {
2.139vair + 0.4816 0.25 < vair ≤ 1.5
0 vair ≤ 0.25

 (3.9) 

vair = {
vwind × frw vwind ≤ 1.5
1 × frw vwind > 1.5

 (3.10) 

The CDDres-NC considers the building can be cooled during the night period with buoyancy-

driven ventilation when the outdoor temperatures are lower than the base temperature (Eq. 

(3.11)) [27].  The building thermal mass exposed cooled along the night, absorbs the heat 

generated by the solar and internal gains, allowing a start “fresh” in the morning, and 

maintaining the indoor temperature in the comfort band for a longer period without the help of 

active cooling systems. 

CDDres-NC = ∑
1

24
[∑(𝑇out,𝑗 − 𝑇b,𝑐)

24

𝑗=1

+ [∑(𝑇out,𝑗 − 𝑇b,𝑐)

24

𝑗=1

]

−

× 0.7]

𝑑

+
𝑁

𝑑=1

 (3.11) 

This approach is applicable in offices buildings where are unoccupied, usually, during night-

time and have a significant internal gains load. In a domestic scenario, the night cooling 

probably should be limited to lower threshold temperature value to avoid considering 

overcooling moments. 

Base temperature 

The base temperature is a central variable to have a comprehensive understanding and use 

of degree-days. This is defined as the outdoor temperature at which the indoor temperature is 

in a comfort band without the use of any active system for heating or cooling [25,28]. The base 

temperature can be defined as [25]: 

𝑇b = 𝑇setpoint −
𝐺i + 𝐺solar
𝑈global

 (3.12) 

                                                
(2) The original concept of residual CDD presented by G. Chiesa and M. Grosso [26,27] is expressed in degree-hour. All 

the equations related with this concept were adapted to a degree-day basis.  
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where the 𝑇setpoint is temperature threshold (upper or lower limit of the comfort band) [ºC], 𝐺i 

and 𝐺solar are, respectively, the internal heat and solar rate gains [W], and the 𝑈global the heat 

transfer coefficient of the building envelope [W/K]. The equation above represents the outdoor 

balance-point temperature approach. This approach is only feasible when all the variables of 

the building heat transfer process are known or available.  

Another way to define a base temperature, in a balance-point perspective, is using the energy 

signature method or the performance line method [25]. The energy signature method consists 

in a plot of the building energy consumption against the mean daily outdoor temperature, and 

the base temperature is given by the interception of the weather-independent and weather-

dependent energy consumption [25,29,36,39,41]. The second method corresponds to the 

best-fit straight lines through data of monthly energy consumption against the average monthly 

HHD or CDD, where the base temperature is obtained when a best-fit second-order polynomial 

of HDD or CDD versus energy consumption best approaches to linearity [25,30,36].  

Defining a base temperature for more than one building and location is always a complex 

problem. This temperature is highly dependent on the building’s thermal characteristics (heat 

transfers coefficient, thermal inertia, infiltration rate, occupancy, etc.) and the local weather. 

For example, the work of M. Bhatnagar et al. [36] shows the dependence of the base 

temperature on the building type (hotel or office) and local weather. Due to the difficulty of 

defining a base temperature for each case, some authors consider that this temperature 

corresponds to an indoor comfort temperature [44-52]. Unfortunately, the value for “base 

comfort temperature” does not have a full agreement between the various authors (Table 3.1).   

One innovative way for the definition of the base temperature is introduced by G. Chiesa et al. 

[26], for the determination of CDD in Italy, that suggests this can be defined according to the 

adaptative comfort models (EN 15251:2007 [49] or ASHRAE Standard 55-2013 [50]). 

However, assuming a setpoint temperature value for the base temperature can lead to 

incorrect value DD. This assumption for HDD can result in an overestimation of energy use for 

heating if the heat gains, more specifically the solar gains, are not accounted properly. Also, if 

assumed that the total internal heat gains and solar gains have their maximum value and are 

constant can lead to underestimation of the heating needs [30,31]. For the case of CDD, 

besides the issues of accuracy of accounting the internal heat gains effect identified for the 

HDD, usually, the cooling needs estimated do not account the latent part leading to an 

underestimation [29], especially for wet climates [32]. 

Nevertheless, some authors [57-64] do not present a clear justification or criterion for the 

chosen value for the base temperature, that can be sometimes an arbitrary process. Also, the 

base temperature can be defined for weather monitoring [57-64], with application in the 

agricultural research area for the assessment of crop growing conditions [25,54].  
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Table 3.1 – Examples of base temperatures used for the calculation of HDD and CDD, and the criterion of definition. 

Base Temp. (ºC) 
Location Defined as 

Weather 
Classification 

Building 
Energy needs 
calculation 

Comment Reference 
HDD CDD 

18 18 Global balance not stated yes  M. Sivak [33] 

10-20 20-27.5 Greece balance no yes  K. Papakostas et al. [34] 

14 - Greece balance no yes  
A. Matzarakis and C. 
Balafoutis [35] 

13.8-21.4 (a) 
10.4-18.7 (b) 

6.8-28.6 (a) 
8.7-28.1 (b) 

India balance no yes 
Depends on the local weather and type of building 
(a) hotel, (b) office. Calculated using the energy 
signature method and the performance line method. 

M. Bhatnagar et al. [36] 

18 25 Portugal balance yes yes 
Base temperatures defined in the Portuguese 
Energy Performance Building Regulation. 

DGEG [37] 

18-21 
23.0-25.5(c) 
25.5-27.8(d) 

Saudi Arabia balance not stated yes 
(c) range of 𝑇base for buildings without insulation 
(d) range of 𝑇base for well-insulated buildings  

S.A.M. Said [38] 

14.7-19.4 14.7-19.4 South Korea balance not stated yes 
Varies with the mean outdoor air temperature. 
Defined using the energy signature method. 

K. Lee [39] 

18, 20 18, 24 Turkey balance yes yes  I. Yildiz and B. Sosaoglu [40] 

16.7 - United Kingdom balance no yes 
Mean base temperature. Depends on the type of 
building. Calculated using the energy signature 
method. 

Q. Meng and M. Mourshed 
[41] 

20 26 Italy balance yes yes Definition according to ISO 15927-6 G. Chiesa and M. Grosso [42] 

- 10 Switzerland balance not stated yes 
Only days with a daily mean outside temperature 
higher than a threshold temperature (18.3, 20 or 
22 ºC) are counted. 

M. Christenson et al. [43] 

20 - Switzerland comfort not stated yes 
Only days with a daily mean outside temperature 
less than a threshold temperature (8, 10 or 12 ºC) 
are counted. 

M. Christenson et al. [43] 

18.3 26.7 Europe comfort no yes  M. de Rosa et al. [44] 

18 22 Europe comfort no yes  G.S Eskeland et al. [45] 

20-23.5 21.5-27.5 Iran comfort no yes 
Depends on the local weather. Defined using 
Olgyay's diagram. 

Gh.R. Roshan et al. [46] 

18, 20, 22 22, 24, 26 Italy comfort yes yes  M. de Rosa et al. [47] 
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Base Temp. (ºC) 
Location Defined as 

Weather 
Classification 

Building 
Energy needs 
calculation 

Comment Reference 
HDD CDD 

20 - Italy comfort no yes 
Lower value of indoor temperature for the heating 
season 

A. D’Amico et al. [48] 

- 0.31�̅�out + 20.3 Italy comfort no yes 
The outdoor mean prevalent temperature (�̅�out) is 
calculated according to EN 15251:2008 [49]. 

G. Chiesa and M. Grosso [26] 

- 0.33�̅�out + 20.8 Italy comfort no yes 
The outdoor mean prevalent temperature (�̅�out) is 
calculated according to ASHRAE 55-2013 [50]. 

G. Chiesa and M. Grosso [26] 

18 18 Spain comfort no yes  X. Labandeira et al. [51] 

14-22 18-28 Turkey comfort not stated yes The range of  𝑇base varies with 2 ºC increment O. Büyükalaca et al. [52] 

18 24 China not stated not stated not stated 
The base temperature defined probably as comfort 
temperature 

F. Jiang et al. [53] 

18 21 Europe not stated not stated yes 
Only days with a daily mean outside temperature 
less than 15 ºC for HDD or greater than 24 ºC for 
CDD are counted. 

Joint Research Centre [54] 

17 22 Italy (Florence) not stated not stated not stated  M. Petralli et al. [55] 

18, 20 18, 24 Saudi Arabia not stated not stated not stated  S. Rehman et al. [56] 

18 18 Belgium not stated yes not stated  D. Ramon et al. [57] 

18 18 China not stated yes no  Y. Shi et al. [58] 

15.5 22 Europe not stated yes yes  J. Spinoni et al. [59,60] 

10, 18.3 
10, 18.3,  
23.3, 26.7 

Global not stated yes yes 
For energy estimating methods will be more 

reasonable to consider a 𝑇base > 10.  
ASHRAE Standard 169-2020 
[61] 

- 18 Global not stated yes yes 

The CDD are correct using the Heat Index defined 
by Lans P. Rothfusz [62,63] to account the effect of 
humidity and the perceived temperature by the 
occupants. 

IEA [62] 

18 18 South Africa - yes no 
Dual base temperature method used for the weather 
classification. This method is not recommended for 
estimating building energy needs. 

D. Conradie et al. [64] 
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A possible definition of a base comfort temperature for HDD can be set as 18.6 ºC and for 

CDD set as 26 ºC. The value of 18.6 ºC corresponds to the minimum mean temperature value 

acceptable for buildings without active heating and cooling systems set by EN 15251:2007 

Standard [49] and ASHRAE Standard 55-2013 [50], while the value of 26 ºC is the maximum 

outdoor air temperature suitable to provide ventilative cooling [65]. This definition for the base 

temperature is a suggestion for a static comfort temperature approach in an attempt to have a 

uniform definition of DD with reasonable assumptions. Nevertheless, the problems and 

limitations, identified previously, for assuming a setpoint temperature value for the base 

temperature remain. 

3.2. Passive cooling indicators 

The combination of higher air temperatures and continuously increasing building occupant 

comfort expectations and standards will lead to higher cooling energy demand in both 

commercial and residential buildings. To contain this increase, building designers are 

encouraged to use passive design strategies and low energy cooling systems such as natural 

ventilation (NV), night cooling (NC), shading and exposed thermal mass. These strategies use 

the outdoor climate as a source of free or low energy cooling. However, they are highly 

dependent on weather and, also, on the pollution of the outdoor environment (noise, fine 

particles, and heat) [66]. Therefore, for the designers, it is a difficult task to assess, at a general 

level, if the outdoor environment fulfils the requirements of air quality to promote the natural 

ventilation because it varies with time and the existing air quality data have low spatial density 

and is hardly available [67]. Neglecting the air quality, the suitability of outdoor air to promote 

natural ventilation relies exclusively on occupant’s comfort criterion [67-71].  

The methodologies for the assessment of passive cooling potential do not focus on a specific 

technology or uses simplifies building models. These methodologies are a theoretical analysis 

where the main goal is to give information to designers of the cooling climatic potential that is 

achievable in a given climate. Specifically, these methodologies assess the climate capacity 

to supply fresh air to the occupants without discomfort or the capacity for ventilative cooling 

along the unoccupied periods. The added value of these type of indicators is also the capability 

to evaluate the impact of climate change on the suitability of a given climate for passive cooling 

strategies. Nevertheless, the actual effectiveness of a natural ventilation system in a building 

will depend on the surroundings, the envelope characteristics, the internal and solar heat gains, 

the control strategy, and the occupant’s behaviour, being necessary to check the expected 

performance with accurate models.  

Climate cooling potential 

The climate cooling potential (CCP) indicator has two possible, and distinct definitions. The 

concept of CCP was introduced by N. Artmann et al. [68] (Eq. (3.13)) and consists of the 

average accumulated hourly indoor and outdoor temperature differences for the night period 

when this difference is above 3 ºC (∆𝑇crit). 

CCP =
1

𝑁
∑(∑ [𝑚𝑗 ∙ (𝑇i,𝑗 − 𝑇out,𝑗)] {

𝑚𝑗 = 1h 𝑇i,𝑗 − 𝑇out,𝑗 ≥ ∆𝑇crit
𝑚𝑗 = 0 𝑇i,𝑗 − 𝑇out,𝑗 < ∆𝑇crit

𝑡𝑓

𝑗=𝑡𝑖

)

𝑑

𝑁

𝑑=1

 (3.13) 

It is assumed that the night period starts at 19h (𝑡𝑖) and ends at 7h (𝑡𝑓). This definition is based 

on the concept of degree-days and considers that the base temperature corresponds to the 

comfort building temperature (𝑇i,𝑗) and oscillates harmonically (Eq. (3.14)).  
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𝑇i,𝑗 = 24.5 + 2.5 cos (2𝜋
𝑗 − 𝑡i
24

) (3.14) 

The CCP in degree-hour can be used to predict the cooling capacity but not the energy savings 

of using NV. To overcome that limitation H. Campaniço et al. [69,70] proposed a new definition 

for the CCP that express the hourly difference between the amount of removed thermal energy 

from a building due to a natural ventilation system and the amount of thermal energy that is 

being removed or flowing into the same building at a reference flow rate (air renovation): 

CCP = ∑(∑ [𝑐𝑠 ∙ 𝜌 ∙ (�̇�𝑗 ∙ (𝑇i − 𝑇NV,𝑗) − �̇�ref ∙ (𝑇i − 𝑇out,𝑗))] {
�̇�𝑗 = �̇�NV 𝑇NV,𝑗 < 𝑇i

�̇�𝑗 = �̇�ref 𝑇NV,𝑗 ≥ 𝑇i

𝑡𝑓

𝑗=𝑡𝑖

)

𝑑

𝑁

𝑑=1

 (3.15) 

𝑇NV = {
𝑇out sensible cooling

𝑇out + 𝜂(𝑇wb − 𝑇out) evaporative cooling
 (3.16) 

The CCP, in Eq. (3.16), is expressed in kWh/m3 where 𝑐𝑠 is the specific heat capacity of air 

(kWh/K⋅kg), 𝜌 is the air density (kg/m3), �̇� is the air flow rate in air changes per hour (ACH), 

and  𝑇NV is ventilation temperature (ºC) given by Eq. (3.16) according to the type of cooling 

strategy (sensible or evaporative). Evaporative cooling temperature can be estimated 

considering an efficiency (𝜂) of 50% relatively to wet bulb temperature (𝑇wb) [70]. The building 

indoor temperature (𝑇i) is defined also as comfort temperature setpoint due the fact of CCP do 

not depend on buildings characteristics. The value assumed is 26 ºC. Unlike the first definition, 

CCP is calculated only for the working period, between 7h and 19h, being the NV system 

unavailable during the night period. The authors assume a fixed airflow rate of 1.5 ACH as a 

reference and explore two scenarios where the NV air flow rate has a fixed value of 1.5 and 

6 ACH [70].  

Although the comparison of the CCP for the current and future climates, for both definitions, 

allows the assessment of the impact of climate change on the passive cooling systems, the 

CCP have commons limitations. The first consists of neglecting the wind effect and assuming 

NV occurs only through stack effect. The second is not considering that the NV can occur 

during the day [68] or used as a night cooling system [70]. The third is not account for the 

humidity as comfort criterion, that can have high relevance in hot and humid climates or indoor 

environments with very low humidity [67]. The fourth, and last, is both definitions are not truly 

independent from building characteristics as assuming that the comfort temperature varies 

harmonically [68] or the necessity to define previously an airflow rate for the NV system that 

depends on the buildings characteristics and the weather conditions [69]. 

Natural Ventilation hour 

The concept of Natural Ventilation hour, according to Y. Chen et al. [71], is defined as the 

number of hours in a typical year when the outdoor weather condition is suitable to use passive 

cooling strategies and is given by the Eq. (3.17). The NV hour assesses only if the outdoor 

weather is favourable for natural ventilation using an upper and a lower threshold for the dry-

bulb temperature and the expected indoor air velocity.  

𝜏NV = ∑𝑡NV,𝑗 {
𝑡NV,𝑗 = 1 𝑇out,𝑗  ∈  ]12.8 , 𝑇in max,𝑗[  ∩ 𝑇dp(𝑇out,𝑗 , 𝜙out,𝑗) < 17 ∩ 𝑢in max,𝑗  ∈  [0 , 0.8]

𝑡NV,𝑗 = 0 𝑇out,𝑗  ∉  ]12.8 , 𝑇in max,𝑗 [ ∪ 𝑇dp(𝑇out,𝑗 , 𝜙out,𝑗) ≥ 17 ∪ 𝑢in max,𝑗  ∉  [0 , 0.8]

𝑡year

𝑗=1

 (3.17) 

The upper-temperature threshold (𝑇in max) is defined according to the ASHRAE adaptive comfort 

model [50] and given by the eq. (3.18) where �̅�out is the monthly mean prevalent temperature 

(eq. (3.19)). The lower temperature threshold is fixed and has a value of 12.8 ºC. This 
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corresponds to the minimum supply air temperature for NV systems to avoid an unpleasant 

draft to occupants [Fehler! Textmarke nicht definiert.,50]. Y. Chen et al. [71] also includes 

an upper threshold for dew-point temperature (𝑇dp) of 17 ºC as humidity control.  

𝑇in max,𝑗 = 0.31�̅�out,𝑗 + 21.3 (3.18) 

�̅�out,𝑗 =
1

720
∑ 𝑇out,𝑛

𝑗−720

𝑛=𝑗−24

 (3.19) 

The indoor air velocity threshold is set to 0.8 m/s following the ASHRAE Standard 55 

recommendations [50,71]. The maximum allowable indoor air velocity, 𝑢in max, is calculated 

according to Phaff et al. [72] that developed an empirical equation which considers the 

combined effect of outdoor wind velocity (𝑢out), temperature, and turbulence on NV: 

𝑢in max,𝑗 = √C1𝑢out,𝑗
2 + C2𝐻∆𝑇max,𝑗 + C3 (3.20) 

where C1 is the wind speed coefficient, C2is the buoyancy coefficient, and C3 is the turbulence 

coefficient. Their values are, respectively, 0.001, 0.0035 m⋅s-2⋅K-1 and 0.01 m2⋅s-2 [72]. The 𝐻 

is the vertical height of the opening, in m. Y. Chen et al. [71] do not mention the 𝐻 value 

considered and probably may have used a height of 1 m as referred on the reference cases of 

Phaff et al. [72]. The ∆𝑇max is the maximum temperature difference, eq. (3.21), that corresponds 

to the difference between the upper-temperature threshold and the outdoor temperature. 

∆𝑇max,𝑗 = 𝑇in max,𝑗 − 𝑇out,𝑗 (3.21) 

The NV hour concept relies exclusively on assessing the meteorological data not being 

explored an effective cooling potential or considering building-scale details [71]. Although NV 

hour can provide valuable information to evaluate the weather suitability for natural ventilation, 

this definition has some limitations. The first consists of using a humidity control criterion that 

establish an upper dew-point temperature that does not prevent the possibility of providing 

saturated air. The second relies on neglecting the vertical variation of wind speed that is 

justified with the lack of weather files not having data as surface roughness length, atmospheric 

stability, and upper air weather data for example [71]. The third is NV hour do not distinguish 

the suitability of passive cooling strategies for day and night period. 

Climatic Potential for Natural Ventilation 

The Climatic Potential for Natural Ventilation (CPNV) conceptually follows a similar approach 

to the NV hour, where is established when the climate has favourable conditions for natural 

ventilation. The difference between them relies on the definition of comfort. The CPNV does 

not account for how wind velocity affects the indoor air velocity during NV time. This considers 

that NV can occur if the outdoor air temperature and the humidity ratio are between the 

thresholds [67]. The CPNV is expressed as the ratio of the hours when NV could be performed 

and the total number of hours in a year (eq. (3.22)), where is assumed that indoor operative 

temperature is equal to the dry-bulb temperature, internal or solar heat gains are moderated, 

and the internal generation of humidity is low or negligible. 

CPNV =
1

𝑡year
∑𝑡NV,𝑗 {

𝑡NV,𝑗 = 1 𝑇out,𝑗  ∈ [ 𝑇in min,𝑗 , 𝑇in max,𝑗]  ∩ 𝑊out,𝑗  ∈  [𝑊in min,𝑗 ,𝑊in max,𝑗]

𝑡NV,𝑗 = 0 𝑇out,𝑗  ∉  [ 𝑇in min,𝑗 , 𝑇in max,𝑗] ∪𝑊out,𝑗  ∉  [𝑊in min,𝑗  ,𝑊in max,𝑗]

𝑡year

𝑗=1

 (3.22) 
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F. Causone [67] defines the upper and lower temperature according to the ASHRAE adaptive 

comfort model [50], where the prevalent mean temperature is given by eq. (3.19). The 

temperature comfort tolerance (∆𝑇comf) depends on the satisfied occupant’s percentage 

considered, 80% or 90% (∆𝑇comf = 3.5 or ∆𝑇comf = 2.5, respectively [50]). However, for cases 

where NV is used for cooling purposes is suggested to shift down the lower temperature limit 

(𝑇in min)  to 10-12 ºC [67,73]. Lower values are not recommended to prevent thermal discomfort 

for the occupants, but for unoccupied period lower temperatures may be used for night cooling 

if CPNV considers only buildings with high levels of heat gains [67]. 

𝑇in max,𝑗 = 0.31�̅�out,𝑗 + 17.8 + ∆𝑇comf (3.23) 

𝑇in min,𝑗 = 0.31�̅�out,𝑗 + 17.8 − ∆𝑇comf (3.24) 

According to F. Causone [67], the natural ventilation is only possible when outdoor humidity 

ratio mixed with the indoor humidity ratio have a final condition with a relative humidity value 

between 30% and 70%. The definition of a comfort band for humidity intents to prevent 

occupant’s skin dryness, eye irritation and mucus membrane irritation, in very low humidity 

environments, and thermal discomfort caused by very high humidity environments [67]. The 

humidity ratio thresholds are calculated as a function of the indoor temperature and the relative 

humidity comfort range [67]: 

𝑊in max,𝑗 = 0.621945 ∙
𝑝ws,𝑗 ∙ 0.7

𝑝 − (𝑝ws,𝑗 ∙ 0.7)
 , 𝑝ws = {

𝑓(𝑇in max,𝑗) low rate of moisture gen.

𝑓(𝑇in min,𝑗) high rate of moisture gen
 (3.25) 

𝑊in min,𝑗 = 0.621945 ∙
𝑝ws,𝑗 ∙ 0.3

𝑝 − (𝑝ws,𝑗 ∙ 0.3)
 , 𝑝ws = 𝑓(𝑇in min,𝑗) (3.26) 

where 𝑝 is the atmospheric pressure, and 𝑝ws is the partial pressure of vapour under saturation 

conditions. The 𝑝ws is a function of the air temperature and can be found in ASHRAE 

Fundamentals Handbook [3].  

F. Causone [67] suggest that based on the methodology of CPNV is possible to produce a 

heat map (Figure 3.1) for a certain climate where it represents the periods when NV can occur 

and cannot due to it being too hot, too cold, too dry, too humid or any combination of these 

conditions. The heat maps will allow a comprehensive analysis of NV potential when different 

NV strategies are applied in different moments of a day.  

 

 

Figure 3.1 - Heat map representing the time of year when natural ventilation is pursuable in London. 
The week number is on the x-axis; the hours of the day are on the y-axis [67]. 
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Suitability of air temperature for natural ventilation 

J. Bravo Dias et al. [74] assessed the suitability of the outdoor environment promote natural 

ventilation defining four different intervals of dry-bulb temperature. When the outdoor 

temperature is between 10 ºC and 26 ºC NV can occur to increase the indoor air quality and 

thermal conditions. This interval is subdivided into two to account for different NV strategies. 

Between 10ºC and 16ºC is considered that outdoor air is suitable to improve indoor air quality 

through fresh air supply. While between 16 ºC and 26 ºC is considered that ventilative cooling 

can be performed to remove heat gains and improve or maintain thermal comfort. Below 10 ºC, 

outdoor air temperatures are too cold to provide fresh air, and above 26 ºC is considered too 

warm to use ventilative cooling strategy [74]. The suitability of air temperature for natural 

ventilation (𝑆NV) is expressed as a total number of suitable hours for NV in the typical year 

considering that NV can only perform during the working period (9h-18h) [74]. 

𝑆NV = {

𝑇out ≤ 10 Too cold

10 < 𝑇out ≤ 16 Suitable for NV/fresh air supply

16 < 𝑇out ≤ 26
𝑇out > 26

Suitable for NV based ventilative cooling

Too warm for NV

 (3.27) 

This indicator has a simplified approach compared with the previous indicators, has the 

advantage of easy application. Nevertheless, do not account for the possibility of night cooling 

strategies or the relevance of humidity control for some climates, as already mentioned. Also, 

do not account for the effect of wind during the NV period.  
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3.3. Sources of indicators 

In Table 3.2 is presented the databases available for weather indicators. Databases with 

limited or no information about the methodology or climate source were excluded. Degree-

days is common to all databases, but different methods, base temperature and spatial 

resolution levels are adopted. 

Table 3.2 – Examples of weather indicators databases. 

Source Type 
Available for 

Comment 
Europe Africa 

ASHRAE 
Standard  
169-2020 

paid yes yes 
Provides degree-days and design conditions. The indicators 
are based in local weather stations, but different record 
periods are considered.  

Eurostat free yes no 
HDD and CDD at annual basis calculated according to [54]. 
Data available since 1979 to the present. The highest level of 
resolution corresponds to small regions (NUTS 3 level).  

CMCC-
KAPSARC 

free yes yes 

Provides the average DD and heat index for the period 1969-
2013 for country level [75]. DD are calculated using the daily 
mean method from satellite-derived data and three base 
temperatures (15.6, 18.3 and 21.1ºC).  

BizEE free/paid yes yes 

Provides degree-days for a base temperature defined by the 
user. The DD are calculated using the hourly basis method or 
the mean daily method according to resolution data available. 
The free version only allows the access to the last 36 months 
of current record [LINK]  

 

Currently, there is no database for passive cooling indicators that covers all the ABC 21 cities 

with an acceptable spatial resolution. The future DD or NV cooling potential are only available 

for some locations in map format and produced from satellite-derived data [60,70,74]. 

Producing weather indicators for all ABC21 locations should use the weather data source 

recommended above (for current and future), and follow the same methodology and 

assumptions to guarantee uniformity. 

The definition of innovative weather indicators can also be explored using the psychrometric 

chart developed by A. Marsh [76]. This tool imports a weather file to perform an analysis based 

on comfort adaptative models as ASHRAE Standard 55 and EN-15251, or an analysis using 

bioclimatic charts (Givoni Milne and Olgyay). 

 

 

  

https://www.degreedays.net/
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4. Conclusion 

Availability of Weather Files  

Hourly data weather files for Africa and Europe can be found in several free and paid 

databases. Among the freely available databases, Climate One Building has the most accurate 

and recent weather data. Currently there are no databases for future weather files that 

incorporate the most recent predictions of upcoming climate change. 

Future weather files can be produced using the morphing methodology, in the 

CCWorldWeatherGen tool or in a custom methodology that can use the predictions of future 

climate produced by several international research consortiums. 

 

Availability of Weather Indicators 

The methodology used to calculate cooling and heating degree-days can vary according to the 

resolution of the outdoor temperature data. For the cases when only the daily maximum and 

minimum temperature are available is recommendable combining the definition of the HDD of 

UKMO with ASHRAE method for CDD. Nevertheless, when hourly weather data is available, the 

most rigorous, accurate and firstly recommended form to calculate degree-days is the mean 

daily degree-day method. The concept of residual CDD is an innovative approach to account 

easily the expected impact of the NV system when used as passive cooling strategies. This 

definition could be useful to predict the energy savings when NV is performed. 

Defining a base temperature value for more than one building and the location is a complex 

problem, as shown in Table 3.1. It is recommended to adopt the “comfort” base temperature 

approach where static and adaptative comfort temperature should be used. For a static comfort 

temperature, it is suggested, that the base temperature has a value of 18.6 ºC for HDD and 

26 ºC for CDD. The DD based on this approach allows a comparison between the different 

climates of each location, where is possible to identify the intensity of the heat and cold 

seasons. However, the weather classification, according to ASHRAE [61], the base 

temperature is set to 10 ºC. The adaptative comfort temperature approach should be based 

on the adaptative comfort models proposed by EN 15251:2007 Standard [49] or ASHRAE 

Standard 55-2013 [50]. The DD based on adaptative models can be useful for bioclimatic 

buildings analysis due to represent the accumulated difference of temperature when the 

adaptative and passive strategies are ineffective.  

The definition of DD is not restricted to a full year. DD can be only calculated for the heating 

season(3) or the cooling season(4). Therefore, the definition of technical guidelines for future-

proof passive design should indicate the period to be considered for calculation of DD that are 

applied to estimation methodologies for building energy needs. 

Assessing the suitability of the climate conditions for natural ventilation can be done in different 

ways. However, all the discussed passive cooling indicators present limitations. These can be 

overcome by combining the definition of CPNV and an upper limit of indoor air velocity during 

                                                
(3) October through March in the Northern Hemisphere and April through September in the Southern 
Hemisphere [61]. 
(4) April through September in the Northern Hemisphere and October through March in the Southern 
Hemisphere [61]. 
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NV time as defined for the NV hour indicator. Also, the CPNV should allow a comprehensive 

analysis of NV potential when different NV strategies are applied in different moments of a day. 

The currently available weather indicators were produced using different methods, weather 

sources, assumptions, and spatial resolution levels. Whenever possible weather indicators 

should be calculated using the best available current and morphed future TMY files. 

 

  



 Availability of weather files & indicators for today and future weather  

 

Page|27 ABC21 is funded by the 
EU's H2020 programme  

5. References 

[1] S. Wilcox, W. Marion. Users Manual for TMY3 Data Sets (Revised). United States: N. p., 

2008. Web. doi:10.2172/928611. 

[2] EnergyPlus Development Team. 2020. Auxiliary Programs. EnergyPlus Version 9.4. 

[3] ASHRAE. ASHRAE handbook: fundamentals. American Society of Heating, Refrigerating 

and Air-Conditioning Engineers. Atlanta, GA (USA); 2009. 

[4] Hall, I. J., Prairie, R. R., Anderson, H. E., Boes, E. C., Generation of a typical meteorological 

year, In: Proceedings of the 1978 annual meeting of the American Section of the International 

Solar Energy Society, 1978, 669-71. 

[5] João Bravo Dias, Guilherme Carrilho da Graça, Pedro M.M. Soares, Comparison of 

methodologies for generation of future weather data for building thermal energy simulation, 

Energy and Buildings, Volume 206, 2020, 109556, ISSN 0378-7788, 

https://doi.org/10.1016/j.enbuild.2019.109556. 

[6] P. Narowski , M. Janicki , D. Heim , Comparison of Untypical Meteorological Years (UMY) 

and their influence on building energy performance simulations, in: Proceedings of the 

Conference “Building Simulation–BS2013”, Le Bourget–du-Lac, 2013, August, pp. 1414–1421. 

[7] D.B. Crawley , L.K. Lawrie ,Rethinking the TMY: is the ‘typical’meteorological year best for 

building performance simulation? in: Proceedings of the Confer- ence: Building Simulation, 

2015, December . 

[8] Georgiou, G., Efterkhari, M., Eames, P., & Mourshed, M. (2013). A Study of the Effects of 

Weighting Indices for the Development of TMY Used for Building Simulation. Proceedings of 

BS, 922-929. 

[9] Marion, W., & Urban, K. (1995). User`s manual for TMY2s: Derived from the 1961-1990  

National Solar Radiation Data Base. doi:10.2172/87130 

[10] ASHRAE, International weather for energy calculations (IWEC weather files) user's 

manual, Version 1.1, 2012. 

[11] Apple L.S. Chan, T.T. Chow, Square K.F. Fong, John Z. Lin, Generation of a typical 

meteorological year for Hong Kong, Energy Conversion and Management, Volume 47, Issue 

1, 2006, Pages 87-96, ISSN 0196-8904, https://doi.org/10.1016/j.enconman.2005.02.010 

[12] H. Dobesch, P. Dumolard, and I. Dyras, “Charpter 6. The Developments in Spatialization 

of Meteorological and Climatological Elements,” in Spatial interpolation for climate data: the 

use of GIS in climatology and meteorology, Newport Beach, CA: ISTE Ltd, 2007. 

[13] Climate One Building (2019). Climate One Building: Repository of free climate data for 

building performance simulation. http://climate.onebuilding.org/ [accessed 22/02/2021]. 

[14] International Organization for Standardization. ISO 15927-4:2005, Hygrothermal 

performance of buildings — Calculation and presentation of climatic data — Part 4: Hourly 

data for assessing the annual energy use for heating and cooling, 2005. 

 

 

http://climate.onebuilding.org/


 Availability of weather files & indicators for today and future weather  

 

Page|28 ABC21 is funded by the 
EU's H2020 programme  

 
[15] NOAA National Centers for Environmental Information, State of the Climate: Global 

Climate Report for Annual 2020, published online January 2021, retrieved on February 24, 

2021 from https://www.ncdc.noaa.gov/sotc/global/202013. 

[16] IPCC, 2019: Climate Change and Land: an IPCC special report on climate change, 

desertification, land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo Buendia, V. 

Masson-Delmotte, H.-O. Pörtner, D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, 

M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, 

E. Huntley, K. Kissick, M. Belkacemi, J. Malley, (eds.)]. In press. 

[17] S. Belcher, J. Hacker, D. Powell, Constructing design weather data for future climates, 

Build. Serv. Eng. Res. Technol. 26 (1) (2005) 49–61, doi: 10.1191/ 0143624405bt112oa 

[18] Core Writing Team IPCC, Climate change 2014: synthesis report, in: R.K. Pachauri, L.A. 

Meyer (Eds.), Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change, IPCC, 2014, p. 151. Core Writing Team 

ISBN:978-92-9169-143-2  

[19] IPCC, Contribution of working group I to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change, Contribution of working group I to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, 996, Cambridge 

Press, 2007. 

[20] D.P. Van Vuuren, J. Edmonds, M. Kainuma, K. Riahi, A. Thomson, K. Hibbard, . . . S.K. 

Rose, The representative concentration pathways: an overview, Climatic Change 109 (1–2) 

(2011) 5–31, doi: 10.1007/s10584- 011- 0148- z 

[21] François Roberge, Laxmi Sushama, Urban heat island in current and future climates for 

the island of Montreal, Sustainable Cities and Society, Volume 40, 2018, Pages 501-512, ISSN 

2210-6707, https://doi.org/10.1016/j.scs.2018.04.033 

[22] Lucelia Taranto Rodrigues, Mark Gillott, David Tetlow, Summer overheating potential in a 

low-energy steel frame house in future climate scenarios, Sustainable Cities and Society, 

Volume 7, 2013, Pages 1-15, ISSN 2210-6707, https://doi.org/10.1016/j.scs.2012.03.004 

[23] CORDEX-SAT (2020). Summary of Regional Climate Change Simulations Available for 

the CORDEX Domains. cordex.org/Summary-CORDEX [accessed 22/02/2021)] 

[24] Aavudai Anandhi, Growing degree days – Ecosystem indicator for changing diurnal 

temperatures and their impact on corn growth stages in Kansas, Ecological Indicators, Volume 

61, Part 2, 2016, Pages 149-158, ISSN 1470-160X, DOI: 10.1016/j.ecolind.2015.08.023  

[25] TM41 Degree Days: Theory and Application, ISBN 9781903287767, Charted Institution of 

Building Services Engineers, London, 2006. 

[26] G. Chiesa, M. Grosso, Geo-climatic applicability of natural ventilative cooling in the 

Mediterranean area, Energy and Buildings, Volume 107, 2015, Pages 376-391, ISSN 0378-

7788, https://doi.org/10.1016/j.enbuild.2015.08.043 

[27] G. Chiesa, M. Grosso, Cooling potential of natural ventilation in representative climates of 

central and southern Europe, International Journal of Ventilation, 16:2, 2017, 84-98, DOI: 

10.1080/14733315.2016.1214394 

 

https://cordex.org/wp-content/uploads/2020/12/Summary_CORDEX_simulations_Nov_2020.pdf
https://doi.org/10.1016/j.ecolind.2015.08.023


 Availability of weather files & indicators for today and future weather  

 

Page|29 ABC21 is funded by the 
EU's H2020 programme  

 
[28] Lloyd, Wisconsin Frank, Michael Utzinger, H. James Wasley, 1997. “Building Balance 

Point. 

[29] G. Krese, M. Prek, and V. Butala, Analysis of Building Electric Energy Consumption Data 

Using an Improved Cooling Degree Day Method. Strojniški vestnik - Journal of Mechanical 

Engineering, 58(2), 2012, 107-114 doi:http://dx.doi.org/10.5545/sv-jme.2011.160 

[30] L.D. Danny Harvey, Using modified multiple heating-degree-day (HDD) and cooling-

degree-day (CDD) indices to estimate building heating and cooling loads, Energy and 

Buildings, Volume 229, 2020, 110475, ISSN 0378-7788, 

https://doi.org/10.1016/j.enbuild.2020.110475 

[31] Z. Verbai, Á. Lakatos, F. Kalmár, Prediction of energy demand for heating of residential 

buildings using variable degree day, Energy, Volume 76, 2014, Pages 780-787, ISSN 0360-

5442, https://doi.org/10.1016/j.energy.2014.08.075 

[32] Lisa Guan, Preparation of future weather data to study the impact of climate change on 

buildings, Building and Environment, Volume 44, Issue 4, 2009, Pages 793-800, ISSN 0360-

1323, https://doi.org/10.1016/j.buildenv.2008.05.021 

[33] M. Sivak, Potential energy demand for cooling in the 50 largest metropolitan areas of the 

world: Implications for developing countries, Energy Policy, Volume 37, Issue 4, 2009, Pages 

1382-1384, ISSN 0301-4215, https://doi.org/10.1016/j.enpol.2008.11.031 

[34] K. Papakostas, N. Kyriakis, Heating and cooling degree-hours for Athens and 

Thessaloniki, Greece, Renewable Energy, Volume 30, Issue 12, 2005, Pages 1873-1880, 

ISSN 0960-1481, https://doi.org/10.1016/j.renene.2004.12.002 

[35] A. Matzarakis,  C. Balafoutis, Heating degree-days over Greece as an index of energy 

consumption. Int. J. Climatol., 24: 1817-1828, 2004. https://doi.org/10.1002/joc.1107 

[36] M. Bhatnagar et al., Determining base temperature for heating and cooling degree-days 

for India, Journal of Building Engineering, Volume 18, 2018, Pages 270-280, ISSN 2352-7102, 

https://doi.org/10.1016/j.jobe.2018.03.020 

[37] Direção-Geral da Energia e Geologia. Despacho n.º 15793-F/2013 de 3 de dezembro de 

2013. Diário da República Portuguesa, 2.ª série, n.º 234 de 3 de dezembro de 2013. 

[38] S.A.M. Said, Degree-day base temperature for residential building energy prediction in 

Saudi Arabia, ASHRAE Transactions, 98 (1),1992, pp. 346-353. 

[39] Kyoungmi Lee, Hee-Jeong Baek, and ChunHo Cho, The Estimation of Base Temperature 

for Heating and Cooling Degree-Days for South Korea, Journal of Applied Meteorology and 

Climatology, Volume 53, Issue 2, 2014, Pages 30-309, https://doi.org/10.1175/JAMC-D-13-

0220.1  

[40] I. Yildiz, B. Sosaoglu,  Spatial distributions of heating, cooling, and industrial degree-days 

in Turkey. Theor. Appl. Climatol. 90, 249–26, 2007, https://doi.org/10.1007/s00704-006-0281-

1  

[41] Q. Meng, M. Mourshed, Degree-day based non-domestic building energy analytics and 

modelling should use building and type specific base temperatures, Energy and Buildings, 

Volume 155, 2017, Pages 260-268, ISSN 0378-7788, 

https://doi.org/10.1016/j.enbuild.2017.09.034 

 

https://doi.org/10.1175/JAMC-D-13-0220.1
https://doi.org/10.1175/JAMC-D-13-0220.1
https://doi.org/10.1007/s00704-006-0281-1
https://doi.org/10.1007/s00704-006-0281-1


 Availability of weather files & indicators for today and future weather  

 

Page|30 ABC21 is funded by the 
EU's H2020 programme  

 
[42] G. Chiesa, M. Grosso, The Influence of Different Hourly Typical Meteorological Years on 

Dynamic Simulation of Buildings, Energy Procedia, Volume 78, 2015, Pages 2560-2565, ISSN 

1876-6102, https://doi.org/10.1016/j.egypro.2015.11.280  

[43] M. Christenson, H. Manz, D. Gyalistras, Climate warming impact on degree-days and 

building energy demand in Switzerland, Energy Conversion and Management, Vol. 47, Issue 

6, 2006, Pages 671-686, ISSN 0196-8904, https://doi.org/10.1016/j.enconman.2005.06.009  

[44] M. De Rosa, et al., Heating and cooling building energy demand evaluation; a simplified 

model and a modified degree days approach, Applied Energy, Volume 128, 2014, Pages 217-

229, ISSN 0306-2619, https://doi.org/10.1016/j.apenergy.2014.04.067  

[45] G.S Eskeland, T.K. Mideksa, Electricity demand in a changing climate. Mitig Adapt Strateg 

Glob Change 15, 877–897, 2010. https://doi.org/10.1007/s11027-010-9246-x 

[46] Gh.R. Roshan et al., Determining new threshold temperatures for cooling and heating 

degree day index of different climatic zones of Iran, Renewable Energy, Volume 101, 2017, 

Pages 156-167, ISSN 0960-1481, https://doi.org/10.1016/j.renene.2016.08.053 

[47] M. de Rosa, et al. Historical trends and current state of heating and cooling degree days 

in Italy. Energy Conversion and Management, Volume 90, 2015, Pages 323-335, ISSN 0196-

8904, https://doi.org/10.1016/j.enconman.2014.11.022 

[48] A. D'Amico, G. Ciulla, D. Panno, S. Ferrari, Building energy demand assessment through 

heating degree days: The importance of a climatic dataset, Applied Energy, Volume 242, 2019, 

Pages 1285-1306, ISSN 0306-2619, https://doi.org/10.1016/j.apenergy.2019.03.167 

[49] EN 15251 (2008). Criteria for the Indoor Environment including thermal, indoor air quality, 

light and noise. European Standard. 

[50] ANSI/ASHRAE (2013). Standard 55: 2013, Thermal Environmental Conditions for Human 

Occupancy. ASHRAE, Atlanta. 

[51] X. Labandeira, J.M. Labeaga, X. López-Otero, Estimation of elasticity price of electricity 

with incomplete information, Energy Economics, Volume 34, Issue 3, 2012, Pages 627-633, 

ISSN 0140-9883, https://doi.org/10.1016/j.eneco.2011.03.008 

[52] O. Büyükalaca, H. Bulut, T. Yılmaz, Analysis of variable-base heating and cooling degree-

days for Turkey, Applied Energy, Volume 69, Issue 4, 2001, Pages 269-283, ISSN 0306-2619, 

https://doi.org/10.1016/S0306-2619(01)00017-4  

[53] F. Jiang et al. Observed trends of heating and cooling degree-days in Xinjiang Province, 

China. Theor Appl Climatol 97, 349–360, 2009. https://doi.org/10.1007/s00704-008-0078-5 

[54] Joint Research Center, Monthly Cooling and Heating degrees Indexes, 2019 

https://agri4cast.jrc.ec.europa.eu/DataPortal/Resource_Files/PDF_Documents/10.pdf  

(accessed January 28, 2021). 

[55] M. Petralli, L. Massetti, S. Orlandini, Five years of thermal intra-urban monitoring in 

Florence (Italy) and application of climatological indices. Theor Appl Climatol 104, 349–356, 

2011. https://doi.org/10.1007/s00704-010-0349-9 

[56] S. Rehman, L.M. Al-Hadhrami, S. Khan, Annual and seasonal trends of cooling, heating, 

and industrial degree-days in coastal regions of Saudi Arabia. Theor Appl Climatol 104, 479–

488, 2011. https://doi.org/10.1007/s00704-010-0359-7 

 

https://doi.org/10.1016/j.egypro.2015.11.280
https://doi.org/10.1016/j.enconman.2005.06.009
https://doi.org/10.1016/j.apenergy.2014.04.067
https://doi.org/10.1016/j.enconman.2014.11.022
https://doi.org/10.1016/S0306-2619(01)00017-4
https://agri4cast.jrc.ec.europa.eu/DataPortal/Resource_Files/PDF_Documents/10.pdf


 Availability of weather files & indicators for today and future weather  

 

Page|31 ABC21 is funded by the 
EU's H2020 programme  

 
[57] D. Ramon, et al., Future heating and cooling degree days for Belgium under a high-end 

climate change scenario, Energy and Buildings, Volume 216, 2020, 109935, ISSN 0378-7788, 

https://doi.org/10.1016/j.enbuild.2020.109935 

[58] Y. Shi, et al.,Changes of heating and cooling degree days over China in response to global 

warming of 1.5 °C, 2 °C, 3 °C and 4°C, Advances in Climate Change Research, Volume 9, 

Issue 3, 2018, Pages 192-200, ISSN 1674-9278, https://doi.org/10.1016/j.accre.2018.06.003 

[59] J. Spinoni, J. Vogt, P. Barbosa, European degree-day climatologies and trends for the 

period 1951–2011, Int. J. Climatol. 35 (2015) 25–36. 

[60] Jonathan Spinoni, et al., Changes of Heating and Cooling Degree-Days in Europe from 

1981 to 2100, International Journal of Climatology, vol. 38, 2017, doi:10.1002/joc.5362. 

[61] ANSI/ASHRAE, 2020. ANSI/ASHRAE standard 169-2020. Climatic Data for Building 

Design Standards 8400, 104. 

[62] International Energy Agency, The future of cooling. opportunities for energy-efficient air 

conditioning, OECD (2018), https://doi.org/10.1787/9789264301993-en 

[63] Lans P. Rothfusz, The Heat Index Equation. Technical Attachment SR 90-23, National 

Weather Service (1990), https://wonder.cdc.gov/wonder/help/Climate/ta_htindx.PDF  

[64] D. Conradie, T. van Reenen, S. Bole, Degree-day building energy reference map for South 

Africa, Building Research & Information, 46 (2018), pp. 191-206, 

https://doi.org/10.1080/09613218.2016.1252619 

[65] International Organization for Standardization, ISO 7730:2005 – Ergonomics of the 

Thermal Environment – Analytical Determination and Interpretation of Thermal Comfort Using 

Calculation of the PMV and PPD Indices and Local Thermal Comfort Criteria, 2005. 

[66] Guilherme Carrilho da Graça, Paul Linden, Ten questions about natural ventilation of non-

domestic buildings, Building and Environment, Volume 107, 2016, Pages 263-273, ISSN 0360-

1323, https://doi.org/10.1016/j.buildenv.2016.08.007 

[67] Francesco Causone, Climatic potential for natural ventilation, Architectural Science 

Review, 59:3, 2016,212-228, https://doi.org/10.1080/00038628.2015.1043722 

[68] N. Artmann, H. Manz, P. Heiselberg, Climatic potential for passive cooling of buildings by 

night-time ventilation in Europe, Applied Energy, Volume 84, Issue 2, 2007, Pages 187-201, 

ISSN 0306-2619, https://doi.org/10.1016/j.apenergy.2006.05.004 

[69] H. Campaniço, et al. , Climatic cooling potential and building cooling demand savings: 

High resolution spatiotemporal analysis of direct ventilation and evaporative cooling for the 

Iberian Peninsula, Renewable Energy, Volume 85, 2016, Pages 766-776, ISSN 0960-1481, 

https://doi.org/10.1016/j.renene.2015.07.038  

[70] Hugo Campaniço, et al., Impact of climate change on building cooling potential of direct 

ventilation and evaporative cooling: A high resolution view for the Iberian Peninsula, Energy 

and Buildings, Volume 192, 2019, Pages 31-44, ISSN 0378-7788, 

https://doi.org/10.1016/j.enbuild.2019.03.017 

[71] Yujiao Chen, Zheming Tong, Ali Malkawi, Investigating natural ventilation potentials 

across the globe: Regional and climatic variations, Building and Environment, Volume 122, 

2017, Pages 386-396, ISSN 0360-1323, https://doi.org/10.1016/j.buildenv.2017.06.026 

 

https://doi.org/10.1787/9789264301993-en
https://wonder.cdc.gov/wonder/help/Climate/ta_htindx.PDF
https://doi.org/10.1016/j.renene.2015.07.038


 Availability of weather files & indicators for today and future weather  

 

Page|32 ABC21 is funded by the 
EU's H2020 programme  

 
[72] J. Phaff, W. de Gids, J. Ton, D. van der Ree, L. Schijndel, The Ventilation of Buildings: 

Investigation of the Consequences of Opening One Window on the Internal Climate of a Room, 

Report C 448, TNO Institute for Environmental Hygiene and Health Technology (IMG-TNO), 

Delft, The Netherlands, 1980. 

[73] Bourgeois, D., A. Potvin, and F. Haghighat. 2000. “Hybrid Ventilation of Canadian Non-

domestic Buildings: A Procedure for Assessing IAQ, Comfort and Energy Conservation.” 

Proceedings of Room Vent 2000, Reading. 

[74] João Bravo Dias, Pedro M.M. Soares, Guilherme Carrilho da Graça, The shape of days 

to come: Effects of climate change on low energy buildings, Building and Environment, Volume 

181, 2020, 107125, ISSN 0360-1323, https://doi.org/10.1016/j.buildenv.2020.107125 

[75] Tarek Atallah, Silvio Gualdi, Alessandro Lanza, A global degree days database for energy-

related applications, Discussion Paper, King Abdullah Petroleum Studies and Research 

Center, 2015. 

[76] A. Marsh (2018). Psychrometric Chart [online]. Available at: 

http://andrewmarsh.com/software/psychro-chart-web/ (Accessed: 21 January 2021) 

https://doi.org/10.1016/j.buildenv.2020.107125
http://andrewmarsh.com/software/psychro-chart-web/

