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Abstract 

Due to regional climate change exacerbated by the Urban Heat Island (UHI) effect, the population of dense urban 

areas is vulnerable to heat stress. Accurate urban climate models are essential for quantifying UHI mitigation 

strategies and supporting climate adaptation efforts. These models require input data on urban form, materials, 

and function. However, existing frameworks, such as Local Climate Zones (LCZ) and Geoclimate, only provide 

urban morphological parameters and lack detailed information on building materials and Heating, Ventilation, 

and Air Conditioning (HVAC) systems. 

 

To address these limitations, architects, engineers, urban climatologists and researchers in many countries have 

been contacted via a survey platform to provide information on building materials and HVAC systems. The survey 

has been translated into 11 languages to enable global coverage. This approach captures significant architectural 

and construction trends by collecting key data on building envelope characteristics (e.g., walls, roofs, windows, 

and insulation) and HVAC systems and envelope characteristics (e.g., walls, roofs, windows, and insulation). 

 

The survey yielded 521 responses from 141 countries, demonstrating substantial global coverage. A multi-step 

imputation strategy was applied to create a comprehensive global database, and residential building typologies 

are defined for each country. Global homogeneous typologies are defined for non-residential buildings. The 

resulting datasets are freely available and can easily be combined with LCZ maps. These datasets provide a 

valuable resource for urban climate modeling and facilitate more accurate climate assessments on a global scale. 

Future work may enhance data granularity further, for instance, by providing typologies at the subnational level. 
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1 Introduction 

In 2025, over half of the world's population will reside in urban areas, with projections reaching 70% by 2050 

(United Nations, 2023). Understanding the interplay between cities and their environment is therefore crucial for 

climate resilience and adaptation. One of the most pressing challenges is the urban overheating (Martilli et al 

2020, Nazarian et al 2022), which is more and more important due to climate change. Overheating in cities occur 

during day but also at night, due to the Urban Heat Island island (UHI) effect, wherein urban areas typically 

experience higher temperatures than their rural surroundings (Oke et al., 2017), posing significant threats to human 

thermal comfort and health. 

 

Buildings, as key constituents of the urban landscape, influence the urban microclimate through heat release from 

heating, ventilation, and air-conditioning (HVAC) systems (Bueno et al., 2012; de Munck et al., 2012; Li et al., 

2024), and due to their intrinsic design features and material compositions that impact heat storage capacity and 

exchange with the surrounding environment (Synnefa et al., 2008; Mirrahimi et al., 2012; Alghamdi et al., 2022). 

Indeed, the urban environment, and especially buildings, can absorb and retain significant amounts of heat during 

daytime, that is released during nighttime. Heat stored in buildings could also extend thermal discomfort after a 

heatwave (Van Oldenborgh et al., 2022). Therefore, accurate characterization of buildings is crucial for advanced 

urban climate models, enabling reliable predictions of UHI intensity and facilitating the development of effective 

mitigation strategies. 

 

Sensitivity analyses have highlighted the impact of various building parameters on urban climate model outputs. 

Oleson et al. (2008) demonstrated that urban materials thermal parameters, such as thermal conductivity and heat 

capacity, can have a similar influence on sensible and storage heat flux than urban morphology parameters. Tornay 

et al. (2017) performed a sensitivity study focusing on French building archetypes and identified three highly 

influential characteristics crucial for accurate urban energy balance simulations: roof material albedo, the presence 

and thickness of insulation materials in walls and roofs, and the location of the insulation (interior or exterior). 

Schoetter et al. (2023) found that overlooking pitched roofs can significantly influence the simulated solar 

radiation budget, particularly at low solar elevation angles. These findings underscore the importance that input 

data of urban climate models precisely represent the morphological, thermal, and radiative properties of buildings 

to enhance model accuracy. 

 

Thanks to recent research progress, data onPresently, data regarding urban forms isare available in most countries. 

There exist multiple satellite-based global urban land cover datasets at hectometric or decametric resolution 

providing information on the presence of urban areas (Chakraborty et al., 2024). More detailed information on 

urban form like maps of plan area building density or building height required by urban climate models can be 

derived using two different approaches (Lean et al., 2024). The first approach is to use data on individual buildings 

(polygons, heights) from sources like OpenStreetMap or LIDAR data. The GlobalBuildingAtlas (Zhu et al., 2025) 

provides such building data on a global scale. Based on these data on individual buildings, maps of building 

height, density, and other geomorphological parameters can be computed (Bocher et al., 2021). Kamath et al. 

(2024) used this approach to derive maps on urban form at 1 km resolution for 1200 cities in the world. The second 

approach is to use satellite images to classify land cover in several urban classes likeLand cover maps theof Local 
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Climate Zones (LCZ; Stewart and Oke, 2012) or Urban Atlas (EEA, 2026), and to use tables of attribution to link 

the urban form parameters with the urban land cover classes. The global LCZ map of Demuzere et al. (2022) is 

an example and it can provide information on building form, such as low-rise, mid-rise, high-rise and large low-

rise buildings around the world. (e.g. Demuzere et al., 2022). Additionally, detailed maps capturing building 

height, density, and other geomorphological parameters can be computed from building inventories (Bocher et 

al., 2021) or remote sensing instruments.  

In contrast to urban form, However, there is a paucity of information regarding other building features required 

for refined urban climate modeling and a critical gap persists in the availability of national-level data on building 

construction materials, wall and roof albedo, window types, and HVAC systems. Existing databases, such as the 

Global Data Set of Urban and Building Properties developed by Jackson et al. (2010), hereafter referred to as 

GDUBP, describe building typologies considering 33 zones globally but lack country-level detail and 

comprehensive coverage of required parameters. The 1 km global U-Surf dataset of urban surface properties 

(Cheng et al., 2025) contains an update of the Jackson et al. (2010) GDUBP dataset. Roof radiative parameters 

have been derived from satellite data, which improves their effective spatial resolution compared to Jackson et al. 

(2010)GDUBP. However, given that the satellite images do not provide reliable information on the wall radiative 

parameters and the thermal parameters of roofs and walls, U-Surf still relies on the look-up tables for the 33 

regions from Jackson et al. (2010)GDUBP. The Danube database (Tornay et al., 2017) offers more detailed 

information regarding spatial variability, but is limited to the French building stock. Other databases do not 

explicitly cater to urban climate models despite their potential utility in describing building typology at national 

level. Such are the Tabula Web Tool (IEE, 2012), which provides residential building typologies for 21 European 

countries aiming to estimate building energy consumption, and the World Housing Encyclopedia (World Housing 

Encyclopedia, n.d.),  which describes specific residential buildings across 46 countries in the seismically active 

areas of the world.  

Despite the available data on urban form and generic building types, crucial information regarding construction 

materials, wall and roof albedo, window types and HVAC systems remains scarce at national levels at a global 

scale. To bridge this gap, there is an urgent need for a comprehensive, global building typology database with 

country-level information that is accessible to the community in an open-source Geographical Information System 

(GIS) format. Such data should be integrable with other data describing urban morphological parameters, such as 

LCZ, to enable more accurate simulation of UHI effects, building energy consumption, and human thermal 

comfort. 

 

To address this critical gap, this article introduces an open-source GIS database providing global building and 

material data for urban climate models, developed through a collaborative approach. It outlines the development 

process, starting with the overall methodologydefinition of objectives and complementarity with LCZ (Sect. 2), 

the database design frameworkkey variables (Sect. 3), survey distribution and response overview (Sect. 4), and 

strategies for ensuring data quality and completeness (Sect. 5). Section. 6 presents the resulting building 

typologies, by country for residential and globally for non-residential buildings. A, followed by a discussion is 

made in Sect.. Section 67. Sect. 8 concludes with perspectives for future developments, and Sect. 7 provides 

access to the compiled data. 
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 2 Overall MethodologyObjectives 

The goal of this paper is to complement the description of the urban fabric for climate studies by providing 

architectural information at country-scale for various types of buildings. Land cover information dedicated to 

urban areas already exist, such as LCZ maps (e.g. Demuzere et al., 2019, 2022) and urban Atlas (EEA, 

2026provided by Copernicus). ItThese land cover classes provides insight on the morphological structure of the 

neighborhoods (Stewart and Oke 2012), typically density and building form. These LCZ classifications can be 

applied to represent the diversity of the urban forms throughout the world. 

 

Urban Canopy Models, in addition to urban form information (translated as building density and height, 

impervious surfaces fraction, wall surfaces or sky-view-factor, etc.), require separate input data on materials for 

roofs and walls (such as albedo, heat capacity, thermal conductivity, window share, etc…) and HVAC systems 

(to compute anthropogenic fluxes with a building energy Module) (Masson et al 2020, Lipson et al 2024). 

However, Stewart and Oke (2012) only provide ranges for broad ranges for 3 parameters for the materiality and 

use: surface admittance and albedo, and anthropogenic fluxes.   

 

An issue with building materials, architectural practices, practices and HVAC systems is that they are much more 

variable from one place to another across the globe, as already shown by Jackson et al (2010). Two objectives are 

then followed here: 

- To provide the needed information for urban canopy models of all complexity level (see Lipson et al 

2024) on buildings materials and structure (roofs, walls, windows) and HVAC systems, for various types 

of buildings 

- To take into account the spatial variability across the globe, aiming to reach the country scale.  

 

In order to reach these, the methodology is first to identify and organize the necessary data (sSection. 3). AThen, 

a dedicated survey is used to gather information from specialists across the world using a dedicated survey (see 

Sect.ion . 3 and  4). Then, the information is treated in order to provide data for each type of building (low-rise, 

mid-rise, high-rise and large low rise) and use (residential or not) and each country to describe all the needed 

parameters. One should note that these data are not spatially localised within each country. 

 

To create the spatial maps of the architectural and system parameters, it is necessary to cross the information of 

our new database with the urban form maps (e.g. from LCZ, Urban Atlas, or other) (Fig. 1). This database would 

then open promising perspectives for the urban climate research community, as it represents a global architectural 

typology dataset developed at the national scale specifically for urban climate studies.  

 



 

4 

 

Figure 1: Flowchart of the strategy to cross spatial information of existing urban form maps (e.g. LCZ, left) with the 

developed architectural & construction materials database (middle in gray) to produce maps of architectural 

characteristics and their corresponding maps of physical parameters (using look-up tables, right in gray). The 

examples of roof and wall materials are presented for Lyon, France. 

  

3 Database Design FrameworkVariable definition  

 

This study assumes that architecture and construction materials depend on building form, use, geographical 

location, and construction period. Each plausible combination of these variables defines a unique building type 

with specific materials and architectural features. Tornay et al. (2017) employed this approach to define building 

types for France. Here, this approach is adapted to a global context such as to capture the diversity of factors 

influencing building practices across different countries. 

 

The data framework survey was designed to characterise building typologies and gather data relevant to urban 

climate applications. The information is then grouped in wo main types of information were collected: typological 

data, used to distinguish buildings, and descriptive data, which provides the characteristics of major building 

elements (Fig. 2). 
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Figure 2: Categories of building data collected through the survey. 

 

 

In the descriptive data, the survey collected information on the characteristics of major building components that 

significantly influence the urban climate, which are: external walls, roofs, windows, HVAC systems, solar shading 

elements, and air infiltration levels. For example, once a typical post-1950s urban single-family house in France 

linked to a middle-income level is defined, one needs to respondents provide detailed information on its materials 

and architectural characteristics. To ensure comprehensive and consistent data across all categories, a series of 

multiple-choice questions was used to capture the key features of these elements.  

 

To gather essential background information, the survey included an additional respondent data section. This 

section collected the respondent's field of experience (specialist or non-specialist in architecture/civil 

engineering), serving as a proxy for response reliability. It also gathered email contacts for potential follow-up 

clarifications. An open-ended comment section at the survey's conclusion captured unaddressed details, offering 

insights for data verification. 

Sect.ion 32.1 details the typological variables, their categories, the reasoning behind their selection and their 

adaptation to a global context. Sect.ion 32.2 outlines the criteria for selecting building descriptive data, 

emphasizing their relevance to a typological approach and their impact on urban climate model results.  



 

6 

3.1 Building typological data 

The building typology categories must capture key dimensions influencing building typologies across diverse 

international contexts. Their associated categories, therefore, must be broad enough to accommodate this global 

variation. The specific adaptations and reasoning behind the category choices are detailed below. 

Geographical location  

The aim of this study is to obtain building data for every country in the world. Where national data are unavailable, 

information from neighboring countries may be used as a proxy, taking into account cultural and geographical 

similarities. 

 

Building use 

 

To optimise data collection, this study focuses on the most frequent building uses in urban and peri-urban areas, 

which are most relevant for urban climate applications. These are residential (Res), commercial (Com), office 

(Off), and industrial (Ind). 

Building form 

The building form is categorised according to the established Local Climate Zones (LCZs) to facilitate the 

combination of the results from this study with LCZ maps (e.g. Demuzere et al., 2019, 2022). The following 

building forms are considered in this study depending on the number of storeys and the surface of the building.  

● Low-rise (LR) - 3 stories or less. 

● Mid-rise (MR) - from 4 to 9 stories. 

● High-rise (HR) - more than 9 stories. 

● Large low-rise (LLR) - 3 stories or less and large building footprint area. 

The choice of these four broad building forms allow to make the link with the Local Climate Zones (LCZ) and 

the Urban Atlas by enabling the development of a cross-reference table (Tab.le 1).  

 

Table 1: Correspondence between the building typologies and land cover classifications (LCZ and Urban 

Atlas). 

Building 

typology 

Associated LCZ classes Associated Urban Atlas classes (Europe) Associated CLMU  

(Oleson et al., 2010) 

Low-rise 

residential 

 

LCZ3: Dense low-rise 

LCZ6: Open low-rise 

LCZ9: Sparse low-rise 

1.1.2.3 Discontinuous Low Density Urban 

Fabric 

1.1.2.4 Discontinuous Very Low Density 

Urban Fabric 

Low Density 

Medium Density 

Mid-rise 

residential 

 

LCZ2: Dense mid-rise 

LCZ5: Open mid-rise 

1.1.1 Continuous Urban Fabric 

1.1.2.1 Discontinuous Dense Urban Fabric 

1.1.2.2 Discontinuous Medium Density 

High Density 
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Urban Fabric 

High-rise 

residential 

LCZ1: Dense high-rise 

LCZ4: Open high-rise 

No land cover class  is predominantly 

occupied by HR buildings in European 

cities 

Tall Building District 

Large low-rise 

non-residential 

LCZ8: Large low rise 1.2.1 Industrial, Commercial, Public, 

Military and Private Units 

 

 

Not covered in  

the present data 

LCZ7: Informal 

settlements 

LCZ10: Heavy industry 

1.2.3 Port Areas 

1.2.4 Airports 

 

 

 

Some land cover classes are not included in the database. For instance, Informal Settlements (LCZ7) are omitted. 

Accurately capturing these would require a more detailed classification of lower social strata, and global 

simplification is challenging due to the wide variation of materials used in informal settlements within and 

between countries. Heavy industry (LCZ10 or Urban Atlas Port classes) are not described, because the variability 

of the buildings presented in these classes is largely variable and dependent on the activity. However, these land 

cover classes do not cover in general a large surface at the scale of an agglomeration or city. 

 

Building construction period  

The relevance and specificities of construction periods as a variable for characterising building architecture and 

construction materials vary considerably across different countries. Each nation possesses unique construction 

traditions, historical trajectories, and regulatory frameworks that shape its building stock. For example, in France, 

rapid reconstruction was required after the World Wars (Abram, 2021), while the 1973 oil crisis spurred the 

development of the first building thermal regulations (Boesch, 2020). Other historical events, such as the Soviet 

era's impact on construction practices and material selection in former USSR countries (Van Assche, 2011; 

Saravan, 2024), must be considered. Similarly, in formerly colonized nations, construction practices can vary 

considerably across pre-colonial, colonial, and post-colonial periods (Lambert, 2017; James-Chakraborty, 2021). 

These and countless other regionally specific influences highlight the complex challenge of establishing 

construction periods that accurately reflect the diverse evolution of building practices worldwide. 

Despite these variations, a broad international shift toward the Modern architecture movement, characterised by 

the widespread adoption of steel, concrete, and glass, emerged duringin the early 20th century in Europe and North 

America, characterised by the widespread adoption of steel, concrete, and glass (Lucchi, 2023) and proliferated 

globally (Lucchi, 2023). To account for the global impact of World War II and the rapid urbanisation of recent 

decades, the 20th century is divided into two periods. Buildings constructed before the 20th century are 

categorised to include vernacular architecture and local practices, which utilized regionally distinct materials and 

techniques. Finally, the 21st century is distinguished to capture contemporary concerns in architecture, such as 

sustainability and the revival of traditional practices. To encompass diverse historical and architectural contexts, 

the following broader construction period categories are selected: 
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● Before the 20th century. 

● First half of the 20th century. 

● Second half of the 20th century. 

● 21st century. 

These categories enable the inclusion of diverse architectural traditions while minimising the need for highly 

specialised local expertise from respondents. Although they are less specific to any single national context, they 

provide a pragmatic framework for comparative architectural analysis across different regions. 

To account for potential changes in building envelope insulation levels, an insulation thickness variable has been 

introduced in the descriptive data for each decade starting from 1970, when increased attention started to be given 

to building thermal efficiency. This strategy simplified the building construction period classification, making it 

easier for non-experts to respond to the survey, while allowing experts to provide more detailed input on insulation 

levels.  

Household income level 

Socio-economic factors could have a marked influence on building construction practices especially in countries 

with a low average income level. A study addressing multiple factors associated with housing material inequality 

in low and middle-income countries, revealed that factors such as wealth quintile (poorest, poorer, middle, richer 

and richest), and building environment (rural or urban) have an important influence on housing characteristics in 

most low and middle-income countries (Morakinyo, Fagbamigbe, Adebowale, 2022). Other studies reinforce 

significant differences in building characteristics according to household income level  (Daly, 2021; Wells and 

Harris, 2007; Gooding, 2016). Therefore, household income level was incorporated as a variable in the survey for 

residential buildings. The three following categories, low, medium, and high income, specific to the country of 

the building under consideration, are distinguished.  

Building environment 

The building environment can significantly influence construction practices, impacting materials and building 

design. Strong differences in building characteristics for urban or rural environments have been found by Sun et 

al. (2023) and Wang et al. (2024). Rural areas, characterised by lower population densities, may use traditional, 

locally sourced materials and building construction practices can more strongly correlate with socioeconomic 

factors. Urban, high-density areas typically employ standardised, large-scale construction and adhere to modern 

building regulations. To account for these differences, the following building environment categories are included 

in the survey: rural, urban or both. 

 

Building occurrence frequency 

Data on building frequency within a given location was collected to indicate the prevalence of specific building 

typologies. This helps to evaluate the representativeness and generalizability of those building typologies, 

reducing the risk of overgeneralization from atypical or uncommon buildings, which may be disproportionately 
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recalled due to their distinctive nature. The variable is categorised into three groups: very common, somewhat 

common, uncommon. 

3.2 Building descriptive data  

Buildings exchange sensible heat with the environment through radiation, conduction, and convection. They also 

store sensible heat in their thermal mass. Anthropogenic heat, for example due to temperature control systems, 

electrical appliances, or cooking, is released inside buildings. Equation 1 shows the sensible heat balance of a 

single zone building (Senave, 2019; Fig. 3).  

 

 
Figure 3: Heat fluxes in single zone building heat balance. 

 

𝐶 ×
𝜕𝑇

𝜕𝑡
= 𝜙𝑡𝑐 + 𝜙𝑖𝑛𝑡 + 𝜙𝑠𝑜𝑙 + 𝜙𝑣 + 𝜙𝑖𝑛𝑓 + 𝜙𝑐 

   (1) 

Where: 

− T is the average interior temperature of the zone (K); 

− C is the effective heat capacity of the zone thermal mass (J/K); 

− 𝜙tc is the sensible heat flux from temperature control systems (W); 

− 𝜙int is the internal heat gain (W); 

− 𝜙sol is the solar heat gain (W); 

− 𝜙v is the sensible heat flux due to ventilation (W); 

− 𝜙inf is the sensible heat flux due to infiltration through the building envelope (W); 

− 𝜙c is the heat transfer due to conduction through the building envelope (W). 

Tab.le 2 shows how the parameters in Eq. 1 are related to the building materials and temperature control systems 

and how they have been translated into non-technical survey questions for the survey (presented in sSection. 4). 

For example, wall and roof colour have been used as a proxy for the physical parameters albedo and emissivity. 
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Once identified, continuous variables, such as the wall and roof colour, insulation thickness, glazing ratio, and 

perceived air infiltration, are categorised into discrete ranges. This categorisation addresses the trade-off between 

data granularity and respondent accessibility. Although finer-grained data would have provided more detailed 

insights, it could have increased respondent burden and hindered data collection among non-specialists. Therefore, 

broader categories were chosen to optimise data collection. Another restriction of our database is that vegetated 

roofs and facades are not considered, because such green buildings are not representative buildings at city scale, 

and even more at country scale. 

Table 2 - Conversion between physical parameters relevant to the building sensible heat balance and the 

building descriptive variables in the survey. 

Heat 

balance 

parameter 

Building typology related ?  

If yes, which physical parameters are researched and what 

is their link with the UHI? 

Adaptation to non-technical language 

style and associated survey questions  

C The volumetric heat capacity of the building envelope 

depends on the roof and wall materials and their thickness. 

The storage of heat in the building materials during the 

daytime and its subsequent release during the nighttime is a 

crucial process for the UHI. 

-  Wall materials and thickness 

-  Roof materials and thickness 

-  Insulation materials and placement if 

any 

𝜙tc The heat release from heating and air conditioning systems 

can be the dominant part of the anthropogenic heat flux. 

Depending on the season and city type, the anthropogenic heat 

flux can be an important contribution to the UHI. 

- Presence of heating or cooling systems 

𝜙int The internal heat gains are primarily driven by occupant 

behavior (e.g., appliance use, lighting). They are not directly 

related to the construction practices, but rather to building use. 

Therefore, these parameters are excluded from the survey. 

Not included 

𝜙sol The window solar gains can influence the heat storage in the 

building materials, and the anthropogenic heat release due to 

heating and air conditioning. 

- Share of windows on the facade 

- Presence and type of shading 

𝜙v The ventilation flow rates can influence the anthropogenic 

heat release due to heating and air conditioning. 

- Possibility of opening windows  

- Presence of mechanical ventilation 
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𝜙inf The air infiltration rate that is governed by the building’s air 

tightness can influence the anthropogenic heat release due to 

heating and air conditioning. 

- Perception of air drafts with closed 

windows and door 

𝜙c The conductive heat flux through the building envelope 

depends on the solar reflectivity and terrestrial radiation 

emissivity of the wall and roof cover materials and the thermal 

resistance of the building envelope. 

- Insulation presence 

- Wall insulation thickness range 

- Roof insulation thickness range 

- Wall insulation evolution over time 

- Roof insulation evolution over time 

- Color tone of wall surfaces 

- Wall main material 

- Roof cover material 

- Window glazing type 

4 Survey 

4.1 Survey distribution 

 

A dedicated survey was designed to gather the information on building archetypes and corresponding descriptive 

data (described in sSect.ion 3 3 and Fig.figure 2) for many countries in the world.  

 

To maximise global reach and data quality, Zoho Forms was selected as the survey platform due to its global 

accessibility, multilingual support, ability to include photographs and to implement branching logic. These are 

crucial for ensuring broader comprehension among a diverse public. Branching logic streamlined the user 

experience by presenting only relevant questions and answer categories, optimising data collection efficiency and 

avoiding irrelevant inquiries. While questions related to the main building typology were mandatory for clear 

identification, the other questions were made optional. This strategy was intended to prevent respondent 

discouragement due to questions for which they do not know the answer, leading to higher completion rates, even 

with some incomplete data for certain questions. 

 

The survey was translated from English into ten languages (Arabic, Chinese, French, German, Indonesian, 

Japanese, Portuguese, Russian, Spanish, and Swahili), with native speaker verification for each. These languages 

were strategically chosen for maximum global accessibility, considering the number of speakers and the number 

of countries in which they are official languages. Photographs were also included to enhance comprehension, 

particularly for non-native speakers. The English version of the survey is detailed in Tab.le A1, Appendix A. 

The survey dissemination relied on multiple complementary channels to ensure broad international coverage while 

engaging qualified respondents. The following actions were implemented to promote participation: 
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● Distribution via the Météo-France mailing list:  the survey was shared through the mailing list of 

Météo-France, targeting a local network of researchers and employees. 

● Distribution to participants of the International Meeting on Statistical Climatology (IMSC): the 

survey was shared with international attendees of the IMSC, held at Météo-France.  

● Distribution via the International Association for Urban Climate (IAUC) mailing list: the survey 

was disseminated through the mailing list of the IAUC. This initiative aimed to reach a global community 

of researchers and professionals engaged in urban climate studies.  

● International network outreach: the survey was disseminated through the first author's international 

academic and professional networks, using a direct and personalized outreach. This approach expanded 

geographic coverage and integrated valuable local knowledge from nationals in diverse countries. While 

accessible to a wide audience, this strategy primarily targeted individuals with postgraduate education. 

● Targeted LinkedIn outreach for underrepresented regions (2024-11-15): this strategy complemented 

the outreach by identifying countries with no responses and directly contacting architects and civil 

engineers from leading universities in those regions. This approach engaged qualified professionals in 

underrepresented areas, improving both the global coverage and quality of the survey data. 

The largest share of responses resulted from international network outreach (38%), which facilitated 

geographically diverse participation and incorporated local knowledge from nationals across multiple countries. 

Targeted outreach via LinkedIn (28%) further addressed geographic gaps by identifying countries with no initial 

responses and directly contacting architects and civil engineers affiliated with leading universities, thereby 

improving representation in underrepresented regions. Dissemination through the mailing lists of the IAUC 

(22%), Météo-France (4.2%), and participants of the IMSC (1.9%) primarily reached researchers and 

professionals specialized in climate-related fields. Overall, the survey predominantly attracted respondents with 

higher education and technical expertise, supporting informed assessments of architecture, engineering, and 

climate-sensitive building characteristics, yet its design and accessibility also enabled non-experts to provide 

meaningful contributions. 

 

4.2 Overview of the responses        

The survey was conducted from August 6, 2024, to May 24, 2025. During this period, the survey page received 

2,933 visits, resulting in 521 responses from 141 countries. Of these, 272 responses came from participants with 

backgrounds in architecture, civil engineering, or climatology, representing 100 countries.  Fig.ure 4 shows some 

pictures of described building typologies in different countries and Fig. 5 shows the percentage of described 

buildings per continent.  



 

13 

 

 

Figure 4: Example of described buildings in different countries: a) LR in the Republic of the Congo (photo by Rolains 

Elenga), b) LR in Australia (photo by Henrique Rossi), c) HR in China (photo by Sun Rui Ze), d) LR in Belgium 

(photo by Sara Top), e) LR in Kenya (photo by Valéry Masson), f) LR in Canada (photo by Nubia Rezende), g) HR in 

Tajikistan (photo by Osim Jon), h) MR in Argentina (photo by Natalia Vergara), i) LR in Luxembourg (photo by 

Robert Schoetter), j) LR in Finland (photo by Minttu Havu), k) LR in Brazil (photo by Ana Luíza Araujo). 

 

 

 

Figure 5: Percentage of survey responses per continent. 

 

 

 

The distribution of survey responses across building use and form was uneven, with some combinations well 

represented and others lacking sufficient data. Tab.le 3 shows the total number of responses per building use and 

form. From the total number of responses, 80% concern buildings of residential use, and 20% all other building 

uses combined: commercial, industrial and offices.  
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 Table 3 - Number of survey responses per building use and form.   

Building  

use \ form 
Low-rise Mid-rise High-rise Large low-rise Total 

Commercial 0 17 12 26 55 

Industrial 0 0 0 14 14 

Offices 0 19 11 4 34 

Residential 236 128 54 0 418 

Total 236 164 77 44 521 

 

Figs.ures 6 and 7 illustrate respectively the number of survey responses for residential and for combined non-

residential buildings. The collected data yielded substantial global coverage for residential building typologies, 

particularly for LR forms. However, even by combining all non-residential building uses, sufficient global 

coverage was not achieved. These findings prompted the provision of country-level data for residential buildings, 

while offering global typologies for non-residential typologies. 

 

 
Figure 6: Number of survey responses for residential buildings per country. 

 

Figure 7: Number of responses for non-residential buildings per country. 
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Tab. 4 demonstrates the substantial expansion of the geographical evidence base achieved by the present survey 

compared with Jackson et al (2010). While Jackson et al. (2010) provides particularly detailed coverage for North 

America, its representation is more limited across several other continents. This analysis considers the standard 

continent definition, where Central America is part of North America. The present survey broadens this coverage 

substantially, with data available for 115 territories for low-rise (LR) buildings and 76 for mid-rise (MR) 

buildings, distributed across all continents. The expansion is especially pronounced in Africa and Asia, where the 

survey provides LR data for 38 and 28 territories, respectively, compared with 5 and 7 territories represented in 

Jackson et al., and also contributes substantially to MR coverage. Additional values are provided for South 

America and Oceania, further improving the geographical balance of the database. For high-rise (HR) buildings, 

coverage remains more limited, with survey data available for 28 territories, reflecting the greater scarcity of 

detailed information for this building form.  

 Table 4 - Number of territories per continent with survey data by building form, and number of territories with 

data in Jackson et al. (2010).  

Continent Territories with one or more survey response, by building form Territories in 

Jackson et al. 

(2010) 
LR MR HR 

Africa 38 13 4 5 

Asia 28 23 13 7 

Europe 19 26 5 5 

South America 11 7 5 3 

North America 10 6 1 11 

Oceania 9 1 0 2 

Total 115 76 28 33 

 

 

5 Data quality and completion 

This section outlines the process of transforming survey data into a uniform database, aiming for a consistent level 

of information across the countries. It begins with analyzing survey response agreement and correcting descriptive 

variables where necessary (Sect. 45.1). Then, a unique description is selected for each building typology with 

multiple responses (Sect. 45.2), followed by a comparison of this unique description with external databases (Sect. 

54.3). Finally, gaps in country-level information are addressed using additional data sources and assumptions 

(Sect. 54.4). These methodological steps, specifically applied to residential buildings, are elaborated upon in the 

subsequent sections. 
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5.1 Agreement and correction of responses        

In cases where multiple responses were submitted for the same building typology, the consistency of descriptive 

variables across respondents was assessed. Specifically, survey responses corresponding to the same set of 

typological variables were examined to determine whether they produced similar outcomes. Cohen's Kappa (for 

two responses) and Fleiss' Kappa (for more than two) are used to assess the reliability of agreement among survey 

responses. Both measures quantify the extent to which whether the degree of agreement between survey responses 

is in exceseds over that which what would be expected by chance (, according to the Eq. 2, (Landis & Koch, 

1977):. 

 

𝑘 =  
𝑃𝑜 −  𝑃𝑒

1 −  𝑃𝑒
 

 (2) 

 

Where Po represents the observed agreement and Pe represents the expected agreement if random judgment. 

Tab.le 4 presents the results of these measures of agreement, where N is the number of typologies analysed with 

more than one response and non-null values for the analysed variable. 

 

Table 4 -  Cohen’s and Fleiss’ kappa measures of agreement among responses. 

 

 

 

 

 

 

All 

agreement levels exceed what would be expected by chance, with most variables showing moderate agreement 

according to Landis and Koch (1977). Fleiss’ Kappa for window share is lower, likely due to a higher probability 

of chance agreement stemming from the concentration of responses in the “Many windows” category (survey 

variable categories are presented in Appendix A), which accounts for 69% of responses for this variable. The strict 

requirement for exact matches, despite the ordinal nature of the variable, also contributes to this score. These 

findings suggest that responses are not random, supporting the reliability of the survey while also reflecting natural 

variation in architectural practices across similar typologies. 

Variable 

Cohen’s kappa Fleiss kappa 

N k N k 

Wall material 51 0.46 28 0.44 

Roof material 53 0.62 27 0.47 

Window share 51 0.51 25 0.22 
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A thorough plausibility check of the survey responses led to the removal of unreliable entries and the correction 

of others. These checks addressed inconsistencies such as the use of modern materials in pre-industrial buildings, 

HVAC systems or insulation not aligned with climate zones (based on the Köppen-Geiger classification), and 

mismatches between roof materials and slopes. Window and glazing data were revised based on open-ended 

responses and visual verification when necessary. Additionally, general comments submitted by respondents 

informed targeted corrections to variables. Details on the plausibility checks and on the calculation of agreement 

levels are available in the intermediate data files of the data repository (de Carvalho Araujo et al., 2025). 

5.2 Choice of a representative typology per building form and use 

In order to integrate the collected data into a GIS database, it is essential to ensure consistency in the quantity and 

regularity of the data across different countries. In some countries, multiple responses were obtained for a given 

building typology. For instance, in France, 25 responses were recorded for LR and MR buildings, whereas in other 

countries, only a single survey response was available for LR buildings. To maintain a uniform level of 

information across countries, a single representative set of descriptive variables was selected for each building 

typology . 

 

To select one description for a building typology for a specific country, form, and use, selection criteria prioritised 

the majority categories of each variable and the level of representativeness of each individual survey response. 

When no clear majority existed, representativeness was evaluated through a combination of variables, favouring 

buildings described as very common over those described in the survey as uncommon. Additional criteria guided 

the decision process for the least representative categories, in descending order of influence: subnational data 

scale, high social level, rural buildings and period of construction predating the 20th century. If these criteria were 

still equivalent, the respondent's professional background in architecture or civil engineering was considered, as 

33% of participants reported such expertise, assumed to indicate higher data quality. Finally, if equivalence 

persisted, responses with fewer empty columns were favoured, and in cases of complete parity, the earliest 

submitted response was chosen. 

 

In some instances, the available descriptions did not fully reflect the broader building stock. For example, 

responses might describe only modern buildings with thermal performance superior to the national average or an 

atypical building. In such cases, a review of the literature was conducted to adjust specific variable values and 

improve alignment with the typical characteristics of the building stock, and a flag was specified for these cases 

as manual corrections (Sect. 5.4).. 

5.3 Comparison with external databases 

Data from the Tabula and World Housing Encyclopedia external data sources at the country level are used to 

compare the residential building typologies provided by the survey. The Tabula database describes different 

building typologies for twenty-one European countries and is dedicated to improving the estimation of energy 

consumption in the European building stock (IEE, 2012).  In each country, the building typologies are classified 

according to period of construction and form. The period classes can vary according to the construction 

specificities in each country.  
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The Earthquake Engineering Research Institute (EERI) World Housing Encyclopedia (WHE) served as another 

external data source. Developed as part of the United States Geological Survey Prompt Assessment of Global 

Earthquakes for Response (USGS PAGER) project (2007-2011), WHE is an initiative designed to enhance the 

understanding and classification of global construction types (Greene & D’Ayala, 2010). It describes residential 

buildings across 46 countries in the seismically active areas of the world. In the context of the present work it is 

used to derive wall and roof cover materials based on the report’s descriptions and window share based on the 

report’s pictures. However this database does not provide parameters on building thermal properties, such as the 

envelope insulation characteristics.  

 

The analysis focused on three variables available in all datasets: exterior wall material, roof cover material, and 

window share. For each building typology, the value of these variables was compared between the survey and the 

external database. This required compiling relevant information from representative Tabula and WHE reports into 

a comparative table, which was then evaluated against the survey data.   

WHE reports often provide comprehensive information on materials but may lack clear specifications regarding 

representativeness. Furthermore, the database's emphasis on earthquake-vulnerable buildings may not align with 

a country's most representative building typologies. To address this, selection criteria consistent with those used 

for the survey responses were applied. Reports explicitly indicated as common to the entire country or those not 

designated as at subnational scale or in rural areas were prioritised. In cases where multiple rural or subnational 

reports presented consistent values (e.g., in accompanying charts), all such reports were retained. Any reports not 

meeting these criteria were excluded. Following this selection, materials specified for walls and roofs were 

examined. If multiple options were presented, all were included in the comparison. In instances where only 

"masonry" was specified for walls without further detail, "brick" was assumed as the material. Window share was 

deduced from the provided report photographs. 

For Tabula, no filtering of reports was required, as their typologies are already considered representative. Given 

Tabula's objective of estimating energy consumption, it provides information on insulation (e.g., U-value, 

insulation thickness) and heating systems. While material information is often indicated, it is not consistently 

present. For walls, if the material was not explicitly stated, attempts were made to identify exposed brick from 

accompanying photographs. If information remained unavailable or indiscernible from images, that variable was 

then excluded from the comparison. For roofs, since the database mainly provides structural rather than covering 

materials, images were used to identify roof coverings based on color, form, and texture. For flat roofs, "gravel" 

and "concrete" were assumed as potential materials. For sloped roofs, color and texture guided identification: red 

roofs were associated with tiles, while darker roofs, depending on texture, were categorised as asphalt, slate, or 

metal. If identification was not possible through this examination, the roof cover material variable was excluded 

from the analysis. 

The results of the comparisons with both external databases are presented in Tab.le 5. All the compared variables 

showed an agreement of at least 50% with most of them ranging above 70%. The degree of agreement is 

satisfactory, especially given the differing purposes of the external databases and the present database. However, 

these results should be interpreted with caution, as the external databases were not developed for the purpose of 
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urban climate modelling. The WHE database focuses mainly on seismic risk whereas Tabula focuses on residential 

building energy consumption. Therefore, a mismatch between our database and these external databases can be 

expected. other objectives and likely contain non-exhaustive building lists focused on typologies relevant to their 

original contexts. Despite these limitations, the methodology intended to maximize the use of the available 

information. 

Table 5 - Agreement levels between external databases and the survey data. 

Building 

form 

External 

database 

Exterior wall material 

agreement 

Roof cover material 

agreement 

Window share 

agreement 

LR 

Tabula 73 % 75 % 67 % 

WHE 67 % 50 % 71 % 

MR 

Tabula 67 % 73 % 100 % 

WHE 77 % 85 % 92 % 

 

To assess data coverage, the availability of Tabula and WHE data alongside the survey data is presented in the 

Appendix B for LR (Tab. B1) and MR (Tab. B2) buildings for WHE and Tab. B5 for Tabula. Locations where 

both the external database and the survey data were available were used in the above comparison. For locations 

where external database data were available but survey data were missing, the external data were used to fill the 

gaps. The following section outlines the methodology used to complete the missing data. 

5.4 Filling missing data 

To avoid overgeneralization based on too-sparse survey responses, some variables are not included in the database. 

For example, variables describing insulation details, such as the position of the insulation and the evolution of 

wall and roof insulation thickness over time, exhibit response rates below 10%. 

Other variables are excluded because it is assumed that the survey questions may have been misunderstood or that 

the responses are not consistent. For example, survey responses related to air infiltration are difficult to analyse, 

as they likely reflect respondents’ perceptions rather than objective measurements. Another example concerns the 

reported presence of mechanical ventilation systems, defined here as central systems designed to regulate air 

exchange with the external environment, did not follow expected patterns and may have been misinterpreted by 

respondents. In several countries where air tightness is not a regulatory priority, the formulation of the question 

and the respondents’ prior knowledge may have led to confusion between mechanical ventilation systems and 

simpler devices such as individual fans. As a result, responses related to air tightness and mechanical ventilation 

were excluded from the analysis. 

Formatted: English (United Kingdom)



 

20 

All descriptive variables, excluding those previously mentioned, are retained in the final data, with missing data 

completed as described in this section. Different actions were taken to complete the data based on their nature and 

the availability of information. Preserving the original survey data was a priority; however, modifications were 

made when the original data appeared clearly implausible. 

Variables are classified by nature—structural, fenestration lighting, or thermal—to tailor missing data completion 

strategies to relevant data sources. Structural variables include the main wall material, its exterior color (which 

may be inherent to the material if no paint is applied), the roof slope and cover material. FenestrationLighting 

variables comprise the window share and the types of solar shading used. Thermal variables encompass the 

presence of insulation, the thickness of wall and roof insulation, the temperature control system and the window 

glazing type.  

The Tabula and WHE data sources provide country-level information and are used to fill in  missing values. 

Tabula often provides information on all variable categories, either through building descriptions or 

accompanying images. For insulation characteristics derived from Tabula, buildings constructed in the 1990s are 

used as the reference. WHE data is primarily used to obtain structural variables from report descriptions and 

fenestration lighting variables from report images, as thermal variables are generally not covered in WHE reports. 

For variables with low variability in survey responses, a default-value imputation method was applied. This was 

particularly the case for HR buildings, which exhibited less diversity in structural variables across the survey 

responses. Consequently, a default combination, concrete walls in light tones and a flat concrete roof, was defined 

for all HR buildings. For fenestrationlighting variables, both HR and MR buildings are assumed by default to have 

"many windows," as this was by far the most frequently selected category in the survey responses. 

In general, thermal variables are linked to a building's location and a country's thermal regulations. For this reason, 

if information for a thermal variable was available for one building form (e.g., LR) within a country but missing 

for another (e.g., MR or HR), the available data was imputed to the missing forms. 

A key step in defining the thermal variables was completing the “presence of insulation” variable, which guided 

the assignment of other variables. In this endeavor, the World Map of Köppen-Geiger Climate zones (Peel, 

Finlayson, and Mcmahon, 2007) is used as a reference for climate zones. The 'BWk', 'Dfa', 'Dfb', 'Dfc', 'Dfd', 'Dsa', 

'Dsb', 'Dsc', 'Dsd', 'Dwa', 'Dwb', 'Dwc', 'Dwd', 'EF', and 'ET' zones are assumed to represent cold climates, whereas 

the  'Af', 'Am', 'As', and 'Aw' are assumed to represent hot climates. It was then assumed that buildings without 

any data in cold climate countries are insulated, while those in hot climate countries are not. Following the 

delineation of insulation zones, buildings in insulated areas are assumed to have heating systems and double-

glazed windows, whereas those in non-insulated zones are presumed to have single-glazed windows and no 

heating system. 

Regarding insulation characteristics, two additional variables, representing the evolution of insulation thickness 

over time (insulation period) for walls and roofs, are not included in the final dataset but were used to complete 

missing data. For records lacking wall or roof insulation thickness, values were imputed based on available data 

for insulation periods, with priority given to insulation levels from the 1990s, followed by the 2000s, and then the 
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1970s–1980s. This approach is grounded in survey observations showing that general wall insulation thickness 

and its temporal evolution correspond most closely to values from the 1990s, making these values a reasonable 

approximation for overall wall insulation levels. 

A last step of missing data completion was to attribute values from another country in the same region. This 

involves two main aspects: defining the region limits and choosing an appropriate neighboring country with 

available data. Initially, the regions considered are based on the Jackson et al. (2010) GDUBP database regions, 

which were defined to describe similar building typologies and practices. In case no data is available within the 

region, other neighboring countries are considered, this could be especially important for large countries that are 

the only country in a Jackson et al. (2010) GDUBP database region.  

A data provenance flag is provided defined to highlight the sources used to complete the database information: 

● S: Survey - The data was obtained from the corrected and aggregated survey responses. 

● V: Inferred from another variable -  Data completed using other related variables from the same survey 

response. This strategy was applied to temperature control systems and insulation thickness. 

● T: Tabula - Data sourced from the Tabula database. This imputation strategy was applied uniformly 

across all variables. 

● W: WHE - Data sourced from the World Housing Encyclopedia. This imputation strategy was applied 

to structural and fenestrationlighting variables, as no thermal variables were provided. 

● D: Default - The data has been completed using default values. This strategy was applied to window 

share in MR buildings  (when no other imputation method was successful the most frequent value was 

attributed) and to structural and fenestration variablesfenestrationlighting variables in HR buildings (see 

Appendix E). 

● F: Urban Form - The data has been derived from buildings with other forms (LR, MR, HR) within the 

same country where survey data was available. This strategy has been applied to complete missing 

thermal variables across all building forms and window share only in HR buildings. 

● C: Climate - The data has been completed using assumptions based on the climate zone. This strategy 

has been applied specifically for the variable presence of insulation. 

● I: Insulated - Thermal variables have been completed with default values according to the building’s 

final insulation status.  

● R: Region - Missing data was filled using values from a neighboring country within the same region 

(Jackson et al. (2010)GDUBP or climatic). This approach was applied to most variables. 

● M: Manual corrections - In cases where gaps remained after all previous treatments, or when a value 

required adjustment, manual corrections were applied punctually. 

The specific treatment given to each group of variables is documented in the Detailed methodology for completing 

data, included in the intermediate data of the data repository (de Carvalho Araujo et al., 2025). Details on the 

share of each variable per percentage of countries and population are presented in Appendix E. Fig.ure 8 illustrates 

the diverse data sources and methodologies used to complete information on temperature control systems, with 

each color representing a different strategy for handling missing data.  
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Figure 8 - Flag of data sources for temperature control systems in low-rise residential buildings. 

In some countries across all continents, survey data (S) is available. Much of Africa, India, Southeast Asia, and 

parts of South America rely on inferred values estimated from the presence of other related variables (V). 

Specifically for the temperature control system, it was noted that no respondent selected the 'None' category. 

However, many answered preceding questions on air tightness and mechanical ventilation, indicating they were 

engaged with the survey but likely did not consider the temperature system relevant, as it is uncommon in their 

region. In these cases, the temperature system was assumed to be 'None' despite the missing response.  

In some countries across Europe, Asia, and Africa, temperature control system data is derived through form-based 

extrapolations (F), using information from similar building types within the same country. Some European 

countries benefit from localised data sourced from the Tabula building database (T). In areas like Central Asia 

and scattered regions elsewhere, default values are assigned based on insulation presence (I). Small regions apply 

regional estimates (R) by borrowing data from neighboring countries with similar climates, this extrapolation may 

be less reliable given the potential differences between countries even within similar climate zones. Finally, only 

a few countries required manual corrections (M). This reflects  disparities in data source, which can influence the 

reliability of the provided information. The maps of data source flags for all variables are available in the data 

repository (de Carvalho Araujo et al., 2025).  

 

6 Building typologies 

Following the completion of all variables for residential building typologies, a geographical analysis has been 

conducted to study their spatial distribution across the globe. These analyses for all residential building forms, 

variables are provided in the Appendix C (Figs. C1 to C3) and in the data repository (de Carvalho Araujo et al., 

2025), where the corresponding tabular and GIS data can also be found. Selected geographical maps of residential 

buildings variables are presented in Sect. 56.1 and Sect. 56.2. Sect.ion 56.3 shows the global typologies for non-

residential buildings. The proposed relationships between selected certain variable categories and physical 

parameters are presented in Appendix D (Tabs. D1 to D5). 
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6.1 Structural variables in residential buildings 

Figs.ures 9 to 12 display the global distribution of principal wall and roof materials for LR and MR buildings. The 

results for HR buildings are not displayed since their construction materials are considered homogeneous.  

Fig.ure 9 illustrates the global distribution of exterior wall materials in LR buildings. Fired brick and concrete are 

the most common materials, accounting for 52% and 32% of all countries, respectively. Fired brick is widely 

distributed worldwide, while concrete is notably prevalent in North Africa, parts of Sub-Saharan Africa, Central 

Asia, and various European countries. Wood predominates in forested, colder regions, accounting for 8% of 

countries. Earth construction is concentrated in arid or traditionally built environments, representing 7% of 

countries. Conversely, metal and stone are rarely identified as the primary wall material in any country. 

The prevalence of concrete in African low-rise buildings should be interpreted in the context of the database’s 

focus on urban typologies. While traditional and vernacular construction often relies on earth, stone, and other 

locally available materials, rapid urbanization has increased the use of concrete in African urban centres. The 

results therefore primarily reflect contemporary urban building typologies rather than the full diversity of rural 

and traditional construction 

Fig.ure 10 shows the geographical distribution of roof cover materials. It appears to be significantly influenced 

by local climate, material availability, traditional construction practices, and Gross Domestic Product (GDP). 

Metal, concrete, and clay tiles emerge as the most widespread roof cover materials globally, accounting for 31%, 

27%, and 23% of countries, respectively. 

A high prevalence of concrete is particularly noticeable in North Africa and the Middle East. Asbestos, in both its 

natural and colored forms, remains a common building material in several countries, primarily in Southeast Asia, 

Central America, and isolated areas of West Africa, collectively representing 13% of all countries. Asphalt 

shingles are predominantly found in colder climate countries, constituting 4% of the total. Thatched roofs, 

accounting for 2% of countries, are prevalent in regions with traditional building practices or where rural 

typologies are considered dominant, specifically in certain African nations. Earth and slate were not frequently 

identified as the majority roof cover material in surveyed countries. 
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Figure 9 - Wall material in low-rise residential buildings. 

 

 

Figure 10 - Roof cover material in low-rise residential buildings. 

 

Fig.ure 11 indicates that MR buildings exhibit less variability in wall materials than LR buildings, primarily 

utilising concrete (71%) and fired brick (28%). This is likely because MR buildings require stronger, more uniform 

materials to support greater loads and meet stricter codes. Fig.ure 12 shows a similar pattern for roof materials, 

with MR buildings presenting less variability than LR buildings. Concrete is the predominant roof cover material 

for MR buildings globally, accounting for 78% of countries. It is distantly followed by metal at 9% and clay tiles 

at 8%. 

 

Colored asbestos is primarily observed in African countries, a pattern potentially influenced by the regional data 

completion methodology and the lower abundance of MR building data compared to LR buildings in those 

regions. Additionally, it appears sporadically in other areas, with all forms of asbestos combined representing only 

4% of countries. Other roof cover materials are present in negligible amounts on a global scale for MR buildings. 
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Figure 11 - Wall material in mid-rise residential buildings. 
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Figure 12 - Roof cover material in mid-rise residential buildings. 

 

A specific verification in Tunisia, using data from Mhedhbi (2019), confirmed the findings of this research; both 

LR and MR buildings in Tunisia are predominantly constructed with fired brick for their walls. Regarding exterior 

wall color, Mhedhbi (2019) reports that both LR and MR buildings are white, whereas in the present data, LR 

buildings are also white, but MR buildings are described as having light tones. 

6.2 Thermal and fenestrationlighting variables in residential buildings 

Figs.ures 13 to 16 display the global distribution of selected thermal and fenestration lighting variables in LR 

buildings.  

 

Fig.ure 13 illustrates the global distribution of temperature control systems in LR residential buildings, along with 

the presence of insulation, revealing clear climate-driven patterns. As expected, heating systems dominate in 

colder regions, while air conditioningcooling systems are prevalent in warmer tropical and subtropical areas, 

patterns that partly reflect the assumptions made in the data completion strategies. 

Temperate climate zones are frequently characterised by the presence of both heating and air cooling conditioning, 

reflecting seasonal temperature variability. Similarly, some partially tropical countries with mountainous regions 

exhibit heating or mixed systems due to local cooler climates. Regions without any formal temperature control 

systems are found in parts of Africa, Asia, and Central and South America, likely reflecting either mild climates 

or limited technological access. It is important to recognise that the presence or absence of temperature control 

systems goes beyond building typology, reflecting a complex interplay of climate conditions, cultural norms, and 

economic factors. While this figure offers a useful general overview, significant variation may also occur within 

a single country, particularly where altitude or regional climates diverge from national averages. 
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Figure 13 - Temperature control systems and insulation presence in low-rise residential buildings. 

 

Fig.ure 14 shows the global distribution of window glazing types in LR residential buildings. Double glazing 

dominates colder regions, while single glazing is more common in moderate and warm climates. In hot, arid parts 

of central Africa, areas without glazing appear, likely for ventilation purposes. The observed alignment between 

insulated buildings and double-glazed windows is partly influenced by the data completion methodology: where 

glazing data was missing, double glazing was assigned to insulated countries and single glazing to non-insulated 

ones, based on typical patterns from surveyed regions. While this approach supports existing climate-based 

patterns, it also means that part of the observed distribution reflects the imputation strategy itself. 

 

Figure 14 - Window glazing type and insulation presence in low-rise residential buildings. 

 

Fig.ure 15 shows window share in LR buildings globally, with "many windows" dominating Global North 

countries, while "few windows" is common across much of Africa and parts of Asia. "Bay/large windows" appear 

in specific regions like parts of India and the Middle East. It is generally observed that building design patterns, 

particularly concerning the amount of glazing, are influenced by a combination of economic development, climate 
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considerations, and prevailing architectural traditions. For instance, there's a tendency for more extensive glazing 

to be favored in wealthier, temperate regions, often to maximize natural light. Conversely, in hotter climates or 

developing areas, fewer windows may be preferred, likely due to concerns for thermal comfort and cost-

effectiveness.  

 

Figure 15 - Window share in low-rise residential buildings. 

 

Fig.ure 16 illustrates the types of shading device utilized across the globe, reflecting strategies to manage solar 

radiation for thermal comfort and daylighting. While some nuanced regional variations exist, a general tendency 

can be observed, with exterior shading appearing somewhat more prevalent in hotter climates, and interior shading 

showing a higher presence in cooler, higher latitude regions. This distribution aligns with the inherent thermal 

performance of each shading type. Exterior shading devices intercept solar radiation before it reaches the glazing 

surface, preventing it from entering the building. In contrast, interior shading allows solar radiation to penetrate 

the glass and convert into heat inside the space before it can be blocked, making it less efficient for thermal control. 

Therefore, the greater efficiency of exterior devices makes their use in global areas where controlling solar heat 

gains is crucial a logical architectural response. 

 

Figure 16 - Shading devices in low-rise residential buildings. 
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6.3 Structural variables in non-residential buildings 

For non-residential buildings, global typologies are defined by grouping responses according to building use and 

form combinations. Structural variables are then assigned based on the most frequently reported values within 

each group. This approach resulted in one to three representative typologies per combination. To ensure global 

applicability, thermal and fenestrationlighting variables are excluded, as they are climate-dependent and thus 

considered country-specific. The resulting non-residential building typologies are presented in Tab.le 6. 

Table 6 - Wall and roof characteristics of global typologies. 

Form Use Wall material Wall color Roof slope Roof material 

HR Commercial Concrete White tones Flat Concrete 

HR Commercial Glass N/A Flat Concrete 

LLR Commercial Concrete Light tones Flat Concrete 

LLR Commercial Fired Brick Light tones Flat Concrete 

LLR Commercial Metal Medium tones Flat Metal 

MR Commercial Concrete Medium tones Flat Concrete 

MR Commercial Glass N/A Flat Concrete 

LLR Industrial Concrete Medium tones Flat Concrete 

LLR Industrial Metal Dark tones Moderately sloped Metal 

HR Offices Concrete Medium tones Flat Concrete 

HR Offices Glass N/A Flat Concrete 

LLR Offices Concrete Light tones Flat Concrete 

MR Offices Concrete Light tones Flat Concrete 

MR Offices Fired Brick Light tones Flat Concrete 

MR Offices Glass N/A Flat Concrete 

HR Residential Concrete Light tones Flat Concrete 

 

76.4 Discussion 

This study led to the development of a global architectural database at the country scale, specifically tailored to 

urban climate contexts. While this represents a significant advancement, the methodological framework inevitably 

involves certain compromises and limitations must be acknowledged. One key constraint lies in the simplified 
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typological approach adopted, which, while necessary for global-scale analysis, does not fully capture the diversity 

and variability of national building stocks. This may limit the applicability of the findings, particularly in regions 

with highly heterogeneous architectural characteristics. 

 

Another important limitation concerns the granularity of the data. Initially, the objective was to provide more 

detailed typological information by considering the main typological variables (form, use, and geographical 

location) and the auxiliary all typological variables (construction period, income level, occurrence frequency, and 

degree of urbanisation). However, due to the uneven availability of  not sufficient information on the auxiliary 

typological variables was available from the survey. results across these variables,Therefore, only the main 

typological variables (country, use and form) were prioritised over the auxiliary ones (Fig. 1). 

 

Distinguishing between urban and rural LR building forms would be important, as settlement type significantly 

influences construction materials and practices. Ideally, both would be included, but due to the lack of 

comprehensive data covering both contexts, providing separate datasets was not feasible. When both urban and 

rural survey responses existed, urban typologies were generally prioritised, reflecting the study’s focus on urban 

climate modeling and phenomena like the UHI effect. However, in countries where rural buildings constitute a 

large share of LR structures, rural typologies were considered more representative. This was the case forof  some 

African nations. As a result, the final dataset does not explicitly differentiate urban and rural contexts, representing 

a practical compromise within the study’s objectives and constraints. 

 

Still within the set of main typological variables retained for defining building types, the level of available 

information varied considerably. A substantial amount of data was available for LR buildings, and to a lesser 

extent for MR buildings, allowing for geographically robust results for these categories. In contrast, data on HR 

and non-residential buildings were more limited. Due to the scarcity of survey responses for these typologies, a 

simplified approach was necessary, leading to the adoption of less detailed global categories (Ttab.le 6), even if 

it was possible to derive country-specific information for thermal and fenestrationlighting  variables for HR 

residential buildings. No information has been gathered for informal settlements, which would be linked to LCZ7. 

This could be a focus of future studies since such settlements frequently concentrate the most vulnerable 

population. 

 

 

Despite these limitations, a relatively high level of information was available for LR and MR buildings, which 

enabled good global coverage for these categories. The amount of available survey data was also sufficient to 

analyse major trends within the reported variable categories, allowing for cross-analysis with other factors such 

as climate, region, and the interactions between typological characteristics. This supported a satisfactory approach 

to filling missing data, relying on logical assumptions based on the nature and behavior of the variables. For the 

remaining data gaps, a regional extrapolation approach was applied, an assumption with higher uncertainty, but 

still reasonable, based on the hypothesis that neighboring countries are more likely to share similar construction 

practices. Together, these strategies make the country-level geographical granularity particularly robust for LR 

and MR typologies, offering a solid foundation for large-scale applications. 



 

31 

 

In terms of application, this database represents a significant advancement for urban climate modeling at multiple 

scales, from city to continental and global scale. This data expands the analytical capabilities of urban research 

teams worldwide. It enables comparisons of UHI across cities and countries and supports simulations in contexts 

where researchers have limited data. At the regional and global scales, it facilitates simulations that account for 

the distinct architectural characteristics of each country. For instance, it complements the European (Demuzere et 

al., 2019) and global (Demuzere et al., 2022) LCZ maps that provide information on urban form and function with 

information on construction materials and HVAC systems. This can enhance the realism of urban climate model 

simulations. Beyond its application in urban climate modeling, this resource can also contribute to assessments of 

building energy consumption, offering valuable insights to inform building-scale climate mitigation and 

adaptation strategies in the face of climate change. 

86 Conclusion and outlook 

This study presents a first step towards a global architectural database at the country level tailored for urban 

climate modeling. This database should addresses a crucial data gap in the materials description needed by urban 

canopy models and should further help in the understanding, the quantification and the mitigation possibilities of  

UHI. By leveraging a collaborative expert based  survey rooted in a typological framework, the project collected 

detailed information on building form, use, materials, HVACthermal systems, and shading.  

 

The survey yielded 521 responses across 141 countries, with strong coverage of residential buildings which 

compose the majority of the building stock. Due to limited data for non-residential typologies, global typologies 

are defined based on predominant wall materials and other shared characteristics, while omitting climate-sensitive 

variables to maintain broader applicability. 

 

To ensure data reliability, several verification steps were undertaken: statistical assessments of response 

agreement (Cohen’s and Fleiss’ Kappa), plausibility checks across variables, and literature reviews where survey 

responses appeared unrepresentative. A methodology was implemented to select one representative building per 

typology, prioritising descriptions marked as “common” and balancing socio-economic, temporal, and spatial 

representativeness. Cross-checks with external sources such as Tabula and the World Housing Encyclopedia 

showed good alignment for key variables, increasing the confidence of the database. 

 

To ensure a full world coverage and to provide the widest possible uses of the database, a multi-step imputation 

strategy has  then been applied to fill gaps, using a hierarchy of sources and assumptions based on variable type 

and climatic logic. Each value is flagged for transparency. The final residential dataset reveals clear global patterns 

shaped by climate, resource availability, and socio-economic factors. 

 

This database is known to present some approximations linked to an insufficient amount of data for some countries 

or typologies. As a consequence, it required the use of simplified typologies, and reduced details for non-

residential and HR buildings. But despite these limitations, it  represents a major step towards a complete 

harmonized materials database at the country level. 
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Future work should aim to improve data granularity. At first, the database should be completely filled at the 

country level by additional expert answers. Refining sub-national typologies to enhance reliability at the city level 

would be a second great aim, especially for countries where the urban form and construction are diverse. 

Nevertheless, such detailed disaggregation may not be feasible on a global scale due to the complexity of the task.  

 

To further develop this database an important future direction is to make it evolvable through time. A contribution 

link is provided in the data repository (de Carvalho Araujo et al., 2025), allowing users and readers to suggest 

additions or corrections. If significant new data becomes available, future updates could enhance the global 

database. 

 

A key outlook for this work is its application in comparative studies and practical urban climate modeling 

worldwide. This database can already be used in applied research, enabling direct testing of how finer building 

detail influences simulation outcomes. By incorporating this enhanced dataset into modeling exercises, 

researchers can better assess the impact of architectural variations on urban climate dynamics, providing valuable 

insights into the role of building form and materials in shaping local thermal environments. In the meantime, the 

use and the spreading in the community of this database could benefit to its development by collecting the 

improvements from the modelers. A positive feedback loop is expected to improve the database and make it more 

robust. 

This database was developed through an innovative methodological process, including the selection of targeted 

variables, collection of specialist knowledge, survey data verification, filtering of representative typologies, multi-

step imputation, and transparent flagging of data sources. Despite some limitations, this approach aimed to 

produce the most precise, reliable and usable database as possible, to fulfill the needs of the urban climate research 

community. 

Overall, this work represents a step toward closing the global data gap in urban climate modeling. It delivers an 

open-source GIS database of representative building typologies worldwide. By providing detailed, globally 

distributed information on building characteristics, theis UCAD databaseUCAD  strengthens the capacity to 

estimate and forecast UHI intensity, energy consumption, and thermal comfort. It offers researchers and 

policymakers a practical, scalable resource to support the design of more resilient and sustainable cities in the 

context of climate change and urbanisation. Nevertheless, there is still additional work necessary to make the 

database more complete and robust and this work opens the way to get these improvements.  
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Appendix 

A Survey content 

 

Table A1 - Survey questions and options. 

Element 

type 

Content 

Introduction 

title 

Join our Global Effort: Describe Building Types for a Sustainable Future! 

Introduction 

description 

We are building a global database to understand how buildings affect our climate. Your 

knowledge of local building types will greatly improve urban weather and climate models. 

Why Participate? Climate Impact: Understand how different buildings affect our environment 

and urban heat. Weather Forecast: Contribute to more accurate weather forecasts in cities. 

Your Task: Help us by describing various building types from your country. Each submission 

should focus on one specific building type. You can describe as many building types as you 

want. Together let's build a more sustainable future! 

Page name Building type 

Page 

description 

Think of a type of building that is frequent in your country: homes, shops, offices , industries. 

Buildings of a same type often share a similar design and materials. Let's describe this type of 

building by answering some questions!  

(When several options are possible for a question, focus on the most common feature.) 

Question Country (Required) 

Choices [List of countries] 

Question What is the main use of the building you are going to describe? 

Choices Residential; Commercial; Offices; Industrial 

Question 

hint 

In case of mixed use consider the main one. For example a residential building with a 

commercial ground floor is considered as residential. 

Question What is the shape of this building? (Required) 

Choices Individual houses or low-rise building (1 to 3 storeys); Mid-rise building (4 to 9 storeys); 

High-rise building (more than 9 storeys); Large low-rise building (1 to 3 storeys) 

Question During which time periods would this type of building typically be constructed? (Select all 

that apply if this type of building was built in several of these periods.) (Required) 

Choices Before the 20th century; First half of the 20th century; Second half of the 20th century; 21st 

century; All periods 

Question Is this type of building characteristic of urban or rural areas? 

Choices Both; Urban; Rural 

Question Is this type of building associated with a certain social level? 

Choices No; Low income; Medium income; High income 



 

34 

Question Where can you find this type of building in your country? (Required) 

Choices In the whole country; In some specific regions 

Question Where is it commonly found? (Many options can be selected) 

Choices [List of the regions] 

Question How common is this type of building? 

Choices Very Common; Somewhat common; Uncommon; I don't know 

Page name Exterior walls and roof 

Section 

header 

In the following questions please describe the exterior walls of this building type. 

Question What is the main wall material? 

Choices Fired Brick; Concrete; Stone; Wood; Earth (e.g. Adobe Cob Daub); Metal (e.g. corrugated 

metal metal panels); Glass (in case of glass buildings) 

Question What is the predominant color tone of the exterior wall surfaces? 

Choices White tones (e.g. pure white off-white); Light tones (e.g. beige cream light yellow); Medium 

tones (e.g. green red blue other bright colors); Dark tones (e.g. dark brown black dark gray) 

Question Does this building type have thermal insulation? 

Choices Yes; No; I don't know 

Question Where is usually placed the insulation on the wall? 

Choices Inside; Outside; Uniformly distributed throughout the wall; I don't know 

Question Estimate the thickness of the wall insulation: 

Choices < 5 cm (< 2 in); 5 - 15 cm (2 - 6 in); 16 - 25 cm (6 - 10 in); > 25 cm (> 10 in); It depends on 

the date it was insulated; I don't know 

Section 

header 

In the following questions please describe the roof of this building type. 

Question Is the roof usually flat or sloped? 
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Choices Flat; Moderately sloped; Steeply sloped (> 45°) 

Question What is usually the roof cover? 

Choices Asphalt shingle; Asbestos cement roofing - coloured; Asbestos cement roofing - natural color; 

Clay tiles; Concrete; Gravel; Green roofing; Metal (zinc aluminium steel etc); Slate / 

flagstone; Thatched roof; Wood 

Question Estimate the thickness of the roof insulation: 

Choices < 5 cm (< 2 in); 5 - 15 cm (2 - 6 in); 16 - 25 cm (6 - 10 in); > 25 cm (> 10 in); It depends on 

the date it was insulated; I don't know 

Page name Window, ventilation, temperature control and shading 

Section 

header 

For the following questions focus on the most common building features. 

Question How much of the exterior wall is covered by windows? 

Choices No windows; Few windows; Many windows; Bay windows / Large windows; Glass building 

Question What type of glazing is found in this type of building? 

Choices No glazing (windows without a glass panel); Single glazing; Double glazing; Triple glazing; 

Other (Please specify) 

Question 

hint 

Glazing refers to the number of glass panels in a window. 

Question In this type of building can some windows be opened? 

Choices Yes; No 

Question Assuming all windows and doors are closed can you feel air drafts coming from outside (air 

infiltration)? 

Choices Not noticeable; Slightly; Strongly; I don't know 

Question Does this type of building usually have a mechanical ventilation system? 

Choices Yes; No; I don't know 

Question Does the building have a heating or a cooling system? 

Choices Heating; Cooling; Both; None 
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Question Which types of solar shading are commonly used for this type of building? 

Choices Overhangs: roof overhang balcony overhang arcades etc; Fixed exterior window shading: 

window overhangs louvers fins egg-crate shading etc.; Operable exterior window shading: 

shutters rolling shades retractable awnings etc.; Interior window shading: curtains blinds etc.; 

None of the above; I don't know 

Page name Leave your mark 

Question Would you mind sharing your email? 

Choices [Open field element] 

Question Would you like to share a picture of this building type? 

Choices [upload element] 

Question Have you ever been involved in the field of Architecture or Civil Engineering through study 

or work? 

Choices Yes; No 

Matrix 

question 

Match the wall insulation thickness with the following periods for this type of 

building:(Please select maximum one choice for each period) 

Matrix rows Before 70's; 70's and 80's; 90's; 2000's; 2010's; 2020's 

Matrix 

columns 

I don't know; No insulation; < 5 cm (< 2 in); 5 - 15 cm (2 - 6 in); 16 - 25 cm (6 - 10 in); > 25 

cm (> 10 in) 

Matrix 

question 

Match the roof insulation thickness with the following periods for this type of 

building:(Please select maximum one choice for each period) 

Matrix rows Before 70's; 70's and 80's; 90's; 2000's; 2010's; 2020's 

Matrix 

columns 

I don't know; No insulation; < 5 cm (< 2 in); 5 - 15 cm (2 - 6 in); 16 - 25 cm (6 - 10 in); > 25 

cm (> 10 in) 

Question If any, to which architectural style does this building type correspond? 

Choices [Open field element] 

Question Do you have any further comments? 

Choices [Open field element] 
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Final 

message 

Your responses are incredibly valuable as describing the different types of buildings helps us 

better understand the urban climate worldwide. Thank you again for submitting this form. We 

would greatly appreciate it if you could take the time to answer the survey for another type of 

building in your country. 

 

B Coverage of external databases 

Figs.ures B1 and B2 illustrate the geographic coverage of survey data alongside that from the external databases 

(Tabula and WHE). Where both data sources were available (countries highlighted in green and marked with 

circles), a comparative analysis was conducted. Conversely, in regions where only external database data was 

present (countries shown in grey and with circles), this information was utilized to complete missing survey data. 

 

Figure B1: Presence of data in external databases and in the survey for LR buildings. 

 

Figure B2: Presence of data in external databases and in the survey for MR buildings. 

 

The following tables present a comparative analysis of building characteristics, specifically focusing on the 

agreement regarding wall and roof materials and window share in different global contexts.  Tabs.les B1 and B2, 
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derived from the WHE project, categorise low-rise and mid-rise buildings, respectively, based on whether the 

reported characteristics for these elements align with survey data. It should be noted that in some WHE cases, the 

absence of clear photographic evidence impeded the precise definition of window share levels. For the WHE data, 

every report used is precisely cited for each country. Tabs.les B3 and B4 show the reports used to complete the 

missing data with WHE. Tab.le B5, based on the TABULA project, applies this comparison to various European 

countries for both low-rise and mid-rise structures. This table additionally indicates instances of data "completion" 

where information for one of the building forms was not directly available in the survey data, and also highlights 

cases where wall and roof materials were not explicitly described in the TABULA descriptions. All TABULA 

data was sourced directly from its website. 

 

 Table B1: WHE - Agreement between our database and WHE external database for countries covered by WHE 

coveredcompared cases with agreement for wall and roof materials and window share for low-rise buildings. 

 Agreement for Low-Rise buildings 

Analysed report number (#) 

and references 
Country 

Wall 

material 

Roof 

material 

Window  

share 

Algeria no yes yes #103 (Farsi & Lazzali, 2003). 

Argentina yes no no 

#1 (Rodriguez et al., 2002a),  

#2 (Rodriguez et al., 2002c),  

#70 (Rodriguez et al., 2002b),  

#89 (Rodriguez et al., 2003),  

#152 (Graciela & Tornello, 2008). 

Bangladesh yes no yes 
#91 (Ansary, 2003),  

#143 (Das et al., 2007). 

Canada yes no yes # 82 (Ventura & Kharrazi, 2002). 

Chile yes yes no #5 (Moroni et al., 2002c). 

Guatemala no no no 

#161 (Velasquez Jofre et al., 2011),  

#144 (Lang et al., 2007), 

#136 (French, 2007a). 

India yes yes no 

#18 (Brzev et al., 2002),  

#20 (Khan & Moin, 2002),  

#21 (Sinha & Brzev, 2002),  

#22 (Kumar, 2002a),  
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#23 (Kumar, 2002b),  

#72 (Choudhary et al., 2002),  

#80 (Sinha & Ambati, 2002),  

#116 (Kumar & Pundit, 2005),  

#146 (Hicyilmaz et al., 2008),  

#147 (Khan, 2008),  

#154 (Kaushik, 2009),  

#170 (Rahul et al., 2013),  

#171 (Sood et al., 2012),  

#172 (Sood et al., 2013). 

Indonesia no yes yes #24 (Wijanto, 2002). 

Iran yes no yes 

#27 (Hashemi et al., 2002) 

#104 (Mehrain & Naeim, 2004),  

#114 (Ahari & Azarbakht, 2005),  

#118 (Bekloo, 2007). 

Italy no no yes 

#28 (D'Ayala & Speranza, 2002),  

#29 (D'Ayala et al., 2002),  

#31 (Goretti et al., 2002). 

Jamaica yes no no data #207 (Webber & Abrahamczyk, 2020). 

Malaysia yes yes no #44 (Adnan et al., 2002). 

Nepal yes yes yes 

#47 (Parajuli et al., 2002a),  

#74 (Parajuli et al., 2002b),  

#145 (Bilas Marhatta et al., 2007). 

Pakistan yes yes yes 

#112 (Ali, 2006),  

#116 (Kumar & Pundit, 2005),  

#138 (Ali & Muhammad, 2007),  

#146 (Hicyilmaz et al., 2008),  

#166 (Lodi et al., 2012),  

#173 (Lodi et al., 2013),  

#174 (Parajuli et al., 2012). 

Peru no yes yes 

#51 (Loaiza & Blondet, 2002b),  

#52 (Loaiza et al., 2002), 

#107(Charleson, 2009) 
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Russia yes no yes 
#56 (Klyachko et al., 2002a), #57(Klyachko et 

al., 2002b), #53(Klyachko et al., 2002d). 

Switzerland no no yes #108 (Bostenaru, 2004). 

United States yes yes yes #65 (Arnold, 2002). 
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 Table B2: Agreement between our database and WHE external database for countries covered by WHE WHE - 

compared cases with agreement for wall and roof materials and window share for mid-rise buildings.  

 

 Agreement for Mid-Rise buildings 

Analysed report number (#) 

and references 

country 
Wall 

material 

Roof 

material 

Window 

share 

Algeria yes yes yes 
#75 (Farsi et al., 2002),  

#103 (Farsi & Lazzali, 2003). 

Armenia no no no 

#202 (Martin, s. d.a),  

#203 (Martin, s. d.b), 

#204 (Martin, s. d.c). 

China no yes yes #9 (Zhou et al., 2002). 

Colombia yes yes no data 

#11 (Mejia, 2002b),  

#12 (Mejia, 2002a), 

#175 (Hackmayer, et al., 2013). 

Cyprus no yes yes #13 (Levtchitch, 2002). 

Greece yes yes yes #15 (Tassios & Syrmakezis, 2002). 

India yes yes yes 
#19 (Jaiswal et al., 2002),  

#150 (Rautela et al., 2008). 

Iran yes yes yes 

#25 (Alimoradi, 2002),  

#26 (Hashemi & Ashtiany, 2002),  

#27 (Hashemi et al., 2002). 

Italy yes yes yes 

#30 (Leggeri et al., 2002),  

#113 (Sassu & Cei, 2005),  

#120 (Vetturini et al., 2007b),  

#121 (Vetturini et al., 2007a). 

Russia yes yes yes 

#53 (Klyachko et al., 2002d),  

#54 (Klyachko et al., 2002c),  

#55 (Klyachko et al., 2002e). 

Switzerland yes yes yes 
#108 (Bostenaru, 2004),  

#119 (Lang & Bachmann, 2007). 

Syria yes yes yes 
#59 (Awad et al., 2002b),  

#60 (Awad et al., 2002a). 

Turkey yes no yes 
#64 (Gulkan et al., 2002),  

#101 (Yakut & Gulkan, 2003). 
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 Table B3: Data from WHE database that are used in case of lack of survey data (data provenance flag set to 

W)WHE - completed cases for low-rise buildings with detailed used reports. 

 

    

    

    

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Country Analysed report number (#) and references 

Belize #164 (Redmond and DesRoches, 2012) 

Cuba #183 (Morejón Blanco et al., 2016a) 

El Salvador #14 (Lopez M. et al., 2002) 

Greece #17 (Koumousis, 2002) 

Honduras #134 (French, 2007b) 

Japan #86 (Maki and Tanaka, 2002) 

Kyrgyzstan #36 (Begaliev and Uranova, 2002) 

Malawi #45 (Sassu and Ngoma, 2002) 

Malawi #45 (Sassu and Ngoma, 2002a) 

#46 (Sassu and Ngoma, 2002a) 

Nicaragua #148 (Lang et al., 2008) 

Palestine #49 (Al Dabbeek and Al-Jawhari, 2002b) 

Romania #84 (Bostenaru and Sandu, 2002a) 

#85 (Bostenaru and Sandu, 2002b) 

Serbia #69 (Muravljov and Dimitrijevic, 2002) 

Slovenia #88 (Lutman and Tomazevic, 2002a) 

Trinidad and Tobago #156 (Clarke and Ramnath, 2009) 
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Table B4: Data from WHE database that are used in case of lack of survey data (data provenance flag set to 

W)WHE - completed cases for mid-rise buildings with detailed used reports.  

 

 

      

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Country Analysed report number (#) and references 

Albania #208 (Charleson, 2020) 

Chile #7 (Moroni et al., 2002b) 

#8 (Moroni et al., 2002a) 

Cuba #186 (Morejón Blanco et al., 2016b) 

Kazakhstan #32 (Itskov et al., 2002) 

Kyrgyzstan #39 (Uranova and Begaliev, 2002) 

Nepal #145 (Marhatta et al., 2007) 

Pakistan #167 (Lodi et al., 2013) 

Palestine #48 (Al Dabbeek and Al-Jawhari, 2002a) 

Peru #50 (Loaiza F. and Blondet, 2002a) 

Romania #71 (Bostenaru and Sandu, 2002c) 

#96 (Bostenaru, 2003) 

Serbia #68 (Dimitrijevic, 2002) 

Slovenia #73 (Lutman and Tomazevic, 2002b) 

USA #111 (Faison et al., 2004) 
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Table B5: Agreement (yes/no) between our database and Tabula external database for countries covered by 

Tabula - and data from Tabula database that are used in case of lack of survey data (completion; data 

provenance flag set to T)compared and completed cases with agreement for wall and roof materials and 

window share for low-rise and mid-rise buildings. 

Country 

Agreement 

MR LR 

Wall 

material 

Roof 

material 

Window 

share 

Wall 

material 

Roof 

material 

Window 

share 

Austria yes yes yes completion completion completion 

Belgium yes no yes yes no yes 

Bulgaria yes no yes completion completion completion 

Cyprus no yes yes no yes yes 

Czech Republic yes yes yes yes yes no 

France no data yes yes no data yes yes 

Germany yes yes yes yes yes yes 

Greece yes yes yes completion completion completion 

Hungary no yes yes yes yes no 

Italy yes yes yes no no yes 

Netherlands no data no yes yes yes no 

Norway no no yes yes yes no 

Poland yes yes yes yes no yes 

Spain no data yes yes no yes yes 

Sweden no data no data yes completion completion completion 

United 

Kingdom 
no yes yes yes yes yes 
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C Maps of all descriptive variables  

The three next fFig.ures (C1, C2, to C3) present all the parameters of the database for the Low-Rise, Mid-Rise 

and High-Rise buildings, respectively. 
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Figure C1: Descriptive variables for low-rise buildings. 
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Figure C2: Descriptive variables for mid-rise buildings. 
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Figure C3: Descriptive variables for high-rise buildings. 
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D Look-up tables for physical parameters 

This section provides an association between the database categories for each variable and their corresponding 

physical parameters, which are to be applied in urban climate modeling. These associations are provided for the 

following variables: wall materials (Tab.le D1), roof cover material (Tab.le D2), wall color (Tab.le D3), window 

glazing type (Tab.le D4), and window share (Tab.le D5). Other descriptive variables do not require conversion. 

 

Table D1: Associated physical parameters for wall materials. References: Gb92: Geotti-Bianchini and 

Lohrengel (1992); Ki03: Kikegawa et al. (2003); Ol08: Oleson et al. (2008); Gr11: Grimmond et al. (2011); 

HR11: Haldi and Robinson (2011); Ro11: Roetzel et al. (2011); Pi14: Pigeon et al. (2014); Gi19: Giuffrida et 

al. (2019). Typical values for thickness have been taken from the Danube dataset (Dan). 

 

    

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Wall material 
Volumetric heat 

capacity [J.m-3.K-1] 

Thermal conductivity 

[W.m−1.K−1] 

Thickness 

[m] 

Concrete 

1.0 x 106 Ol08; 1.525 x 106 

Gr11; 2.11 x 106 Ol08; 2.592 

x 106 HR11 

0.67Ol08; 0.87Gr11; 

1.39Ki03; 1.51Ol08; 1.8HR11 
0.2-0.4Dan 

Earth 
8.7 x 105 Gi19 - 3.9 x 106 

Gi19 
0.60.19-1.35Gi19 0.7Dan 

Fired Brick 
1.26 x 106 Gr11; 1.71 x 106 

Ro11 
0.415Ro11; 0.71Gr11 0.4Dan 

Glass 1.9 x 106 Gr11 1.01-1.03Gb921.0 
0.02-

0.03Dan 

Metal 8.73 x 106 Gr11 72Gr11 
0.01-

0.02Dan 

Stone 
1.54 x 106 Ol08; 2.2 x 106 

Pi14 
0.88Ol08; 1.7Pi14 0.4-0.8Dan 

Wood 
1.12 x 106 HR11; 1.05 x 

106 Gr11; 1.58 x 106 Gr11 
0.14HR11; Gr11; 0.23Gr11 0.5Dan 
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Table D2: Associated physical parameters for roof cover materials. Sources: Ki03: Kikegawa et al. (2003); 

Ol08: Oleson et al. (2008); Gr11: Grimmond et al. (2011); Ko14: Kotthaus et al. (2014); Pi14: Pigeon et al. 

(2014); Gi19: Giuffrida et al. (2019); La20: Labus et al. (2020); Si22: Simpson (2022); Ar: 

https://www.archingreen.com/en/materials/straw/, last accessed on August 21 2026. Typical values for thickness 

have been taken from the Danube dataset (Dan). In the case no reference is provided, the value is a best guess.  

 

 

  

Roof cover material 

Volumetric heat 

capacity [J.m-

3.K-1] 

Thermal 

conductivity 

[W.m−1.K−1] 

Thickness [m] Albedo 
Emissi

vity 

Asbestos colored 1.8 x 106 Gr11 0.55Gr11 0.008Gr11 
0.10 - 

0.40 

0.9-

0.95 

Asbestos natural color 1.8 x 106 Gr11 0.55Gr11 0.008Gr11 
0.20 - 

0.40 

0.9-

0.95 

Asphalt shingle 1.76 x 106 Ol08 0.2Ol08 0.0185Ol08 0.07Ko14 0.93Ko14 

Clay tiles 1.6 x 106 Pi14 1.0Pi14 0.02Dan 
0.12-

0.31Ko14 

0.92-

0.95Ko14 

Concrete 
1.53 x 106 Gr11; 

2.11 x 10 6 Ol08 

1.1Gr11; 1.39Ki03; 

1.51Ol08 
0.2Dan 

0.21-

0.42Ko14 

0.92-

0.95Ko14 

Earth 
8.7 x 105 Gi19 - 3.9 

x 106 Gi19 
0.19-1.35Gi19 0.05-0.2 

0.20 - 

0.25 

0.9-

0.95 

Gravel 
1.76 x 106 Ol08; 1.8 

x 106 Pi14 
1.4Ol08; 2.0Pi14 0.05-0.10Dan 0.4Pi14 0.9Pi14 

Metal 
2.73 x 106 Pi14; 

8.73 x 106 Gr11 
72Gr11; 110Pi14 0.008-0.2Dan 

0.05-

0.45Ko14 

0.16-

0.97Ko14 

Slate / flagstone 
8.1 x 105 La20-3.0 

x 107 La20 
1.43-3.92La20 0.02Dan 

0.09-

0.14Ko14 

0.9-

0.93Ko14 

Thatched roof 
2.2 x 105-3.42 x 

105Ar 
0.04 - 0.1Si22 0.3 

0.20 - 

0.40 

0.9-

0.95 
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Table D2: Associated physical parameters for roof cover materials. 
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Table D3: Associated albedos for exterior wall color. For emissivity, values between 0.9-0.95 can be assumed, 

except for metal for which emissivity might range between 0.16 and 0.97 (Kotthaus et al., 2014). 

. 

 

 

 

 

 

 

 

 

 

 

Table D4: Associated physical 

parameters for window glazing types. Sources: Pi14: Pigeon et al. (2014); Ba23: Bartko and Durica (2023). 

 

  

Wall color Albedo 

White tones 0.5 

Light tones 0.3 

Medium tones 0.2 

Dark tones 0.15 
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Table D5: Associated window facade percentage for window share. 

            

 

 

 

 

 

 

 

 

 

  

Window glazing type 
Thermal transmittance 

[W.m−2.K−1] 

No glazing *adapt the model with high ventilation rates 

Single glazing 4.95Pi14; 4.8 - 5.8 

Double glazing 1.95Pi14; 2.4Pi14; 1.1 - 3.0 

Triple glazing 0.52 - 0.80.96Ba23 

Window share Percentage of windows in the facade [%] 

No windows 0 

Few windows 10 

Many windows 20 

Bay/large windows 40 

Glass building 90 
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E Percentage of country and population per data source  

The following figures show, for each variable in the building typology (rows), the proportion of data points 

attributed to each data source (columns): as a percentage of the number of countries in the sample (Fig. E1, E3 

and E5, respectively for LR, MR and HR), and as a percentage of total sampled population (Fig. E2, E4, E6, 

respectively for LR, MR and HR). The population-weighted analysis was based on the total population indicator 

for 2025 (World Bank, 2026). A total of 215 countries and territories were included in the analysis. Thirty-five 

territories were excluded because no 2025 population value was available for them in the World Bank database. 

The excluded entities consisted predominantly of small overseas dependencies and other territories rather than 

countries. Cell values are percentages; color intensity follows the same 0–100% scale across figures to allow direct 

visual comparison.  

Data sources are: Survey (filtered and aggregated survey responses), Region (imputed from a neighboring country 

within the same region), Insulated (imputed from the building's final insulation status), Tabula (imputed from the 

Tabula database), WHE (imputed from the World Housing Encyclopedia), Inferred from another variable 

(imputed from a related survey variable), Urban Form (imputed from other building forms, such as mid- or high-

rise, within the same country), Climate (imputed from climate-zone assumptions), Manual corrections 

(individually adjusted post-imputation), and Default (completed using default values). Blank cells indicate that 

the data source was not applicable to that variable. 

 

 

Figure E1: Data provenance flag of LR building typology variables, weighted by share of countries.  
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Figure E2: Data provenance flag of LR building typology variables, weighted by share of  population.  
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Figure E3: Data provenance flag of MR building typology variables, weighted by share of countries.  

 

Figure E4: Data provenance flag of MR building typology variables, weighted by share of  population.  
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Figure E5: Data provenance flag of HR building typology variables, weighted by share of countries.  

 

Figure E6: Data provenance flag of HR building typology variables, weighted by share of  population.  

Comparison of Figs. E1 and E2 shows that countries with survey data tend to be among the most populous in the 

sample; consequently, survey-based data account for close to 90% of the total population represented in the 

analysis, despite covering approximately half of the countries. 

Compared with LR buildings, data availability is lower for MR buildings (Figs. E3 and E4). Nevertheless, survey 

data still cover countries which account for the majority of the global population. 

Data availability is more limited for HR buildings. Some building-envelope variables were therefore assigned 

default values (a concrete envelope, a flat roof, and a light-colored wall exterior) because the available survey 

responses showed a strong convergence toward these characteristics. For variables that are not assigned default 

values across all countries, survey data still account for approximately half of the available information for HR 

buildings when weighted by population. 

Variables related to building systems and envelope insulation were also imputed based on climate conditions, 

insulation presence and, on information available for other urban forms (LR and MR). 

 

Data availability 

The original survey results and the final maps and datasets of building typologies can be downloaded at 

https://doi.org/10.5281/zenodo.16096963 (de Carvalho Araujo et al., 2025). 
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