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A B S T R A C T

The urban heat island, especially in low-income countries, increases the consequences of heatwaves. Urban micro-climate studies could help to
manage heatwave crises and improve urban planning. However, they require accurate urban data, and such are often not available in African
countries. This paper presents a crowdsourcing methodology using a very popular social media in this region, Facebook, to gather architectural
information on buildings in the Greater Tunis agglomeration. Following WUDAPT protocol, the questions encompassed number of floors, window
pattern, color, wall fabric, air-conditioning (AC) and building's use. More than 100 answers were gathered. An expert validation shows an accuracy
of more than 85% on all parameters. The geo-localized sampled buildings were associated to Local Climate Zones. These are shown to be pertinent in
Tunis. In this hot and dry climate, recent houses with many windows are found to be more equipped with AC than those using traditional con-
struction methods with just a few windows. Mid-rise buildings follow modern construction paradigm, with many or even plate glass windows, and
therefore use AC. Finally, this application of crowdsourcing to urban climate science through a social media questionnaire allows to propose
architectural parameters for urban climate models in this region of North Africa.

1. Introduction

In the current context of climate change, cities play a major and complex role by amplifying this phenomenon at different scales.
On the one hand, they contribute to global warming, through greenhouse gas emissions from human activities (road traffic, domestic
heating and cooling, industries, etc.); on the other hand, this global warming is amplified in the heart of the cities by the specific
micro-climates that reign there, a well-known phenomenon called ‘urban heat island’. This makes adaptation to climate change a new
challenge for all cities in the world, regardless of their location and size. Many efforts are being made in northern cities to integrate
climate issues into urban planning and development, such as the development of cartographic analysis tools. Among the efforts
provided by the researcher community, the WUDAPT project aims to collect at international scale urban data needed for urban
climate simulation, the results of which will support climate change adaptation policies.

Different methods are being used to collect architectural information for micro-climatic modelling purposes depending on the
availability of morphological urban data. There is mainly the expertise produced by architects such as that of Tornay et al. (2017)
when such data is available, but also the crowdsourcing approach, that can be especially efficient for regions with scare urban data.

In the urban climate scientific field, the use of crowdsourced meteorological observations, especially from personal miniature
meteorological stations has been explored (e.g. Chapman et al., 2017 in London, De Vos et al., 2017 in Amsterdam, Napoly et al.,
2018 in Paris and Berlin). Fenner et al. (2017) studied the variability of urban air temperature in Berlin at different scales using such
crowdsourced meteorological stations. However, crowdsourcing methods are still rarely developed in the objective to describe the
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city structure in relation with urban climate issues. The few existing research actions aiming to provide urban morphological
parameters are usually grounded on crowdsourced data that was gathered for other aims. Open Street Map (OSM), which gathers
millions of contributors around the world, provides open-source road and building maps. This offers a lot of opportunities to derive
urban parameters at the scale pertinent for urban climate models. Olbricht (2015) and Boeing (2017) used OSM to define refined land
cover maps. Concerning morphological parameters, Biljecki et al. (2017) developed a statistical method to be able to estimate
building heights in OSM, because this information, crucial for urban climate as for many urban scientific fields, is often missing.
Several methodologies are also developing on the analysis of Google street view images to derive estimated morphological in-
formation, and especially the Sky View Factor (the fraction of sky seen from the ground) (Liang et al., 2017; Middel et al., 2018,
2019). Thanks to the tags available in OSM to describe the functions of the buildings, methodologies have been developed to estimate
building's uses (Fonte et al., 2018; Kunze and Hecht, 2015). About building materials, Han and Golparvar-Fard (2017) propose a tool
to annotate buildings pictures used in Building Information Modelling (BIM) to describe the type of material used. They suppose that
the use of their tool could help to enlarge their Construction Material Library. However, only 3 building projects were explored to
validate the method, and no practical case to gather information at city scale was done. Furthermore, this require to have access to
BIM information.

So, very few methodologies exist to gather architectural and material information by crowdsourcing techniques. So, a sampling
methodology was proposed within the framework of the WUDAPT project (See et al., 2015). WUDAPT is an initiative of researchers
in urban climate to provide mapping of cities for high-resolution urbanized atmospheric models. Several levels of details are proposed
in this framework. Level 0, WUDAPT-L0 (Ching et al., 2018), aims at describing the neighborhoods of the city using the Local Climate
Zones (LCZ) land cover classification. For each LCZ urban parameters have to be set for modelling, as proposed by Stewart and Oke
(2012). Then parameters can be computed at finer spatial scale in order to describe the real heterogeneity of the city structure (Ching
et al., 2019). WUDAPT Level 1 methodology refines the definition of the LCZ parameters using local information. This may then
provide variability between each LCZ, so variability at neighborhood scale. WUDAPT level 2 refers to mapping of parameters in-
dependently of LCZ, typically from building data (actual or 3D modelled, Ching et al., 2019) or possibly other sources (e.g. from
remote-sensing evaluation, or other types of road surfaces). Such level 1 or level 2 fine description of the urban fabric will then have
to be translated into pertinent model parameters, and will allow to evaluate urban climate impacts.

For this paper we will focus on the Greater Tunis case that belongs to the crowdsourcing approach. The aim is to collect ar-
chitectural parameters such as building height, window description, building color and so on, that would be typical of neighborhoods
in Greater Tunis Agglomeration (that refers to WUDAPT-level1 terminology, hereafter WUDAPT-L1). For this, we adopt a new
method for collecting data based on a questionnaire diffused on social networks.

2. Study area

Greater Tunis is the capital region of Tunisia. It is located along the coast of the Mediterranean Sea. It covers a surface area of
about 256,000 Ha and its population is about 2.6 million inhabitants. This region presents a complex environment consisting of
basins, plains, lakes, lagoons and in particular a gulf that stretches about 200 km long.

This region is characterized by the lack of data describing urban areas. When it exists, it is scattered among different adminis-
trations and present difficult access even for research purposes.

In order to characterize the Tunis agglomeration site, a classification in LCZ was conducted according to the WUDAPT metho-
dology (Bechtel et al., 2015). In total 226 training areas were collected using Google Earth. The spatial extent was set according to the
overlap between different tiles of the Sentinel 2a data. The classification was conducted in SAGA-GIS (Conrad et al., 2015) using a
Random Forest classifier and a majority post-filtering with a radius of 2. As features data from Sentinel 2, 6 scenes (level 1C) were
selected (see Appendix A). All scenes were acquired between July 2017 and April 2018. All features were resampled to a common
100m grid. The final features set is presented in Table A1.

On the LCZ map of Greater Tunis (Fig. 2), it can be seen that the urban structure is dominated by compact morphologies in the city
center of Tunis. In the west of the city informal urbanization (compact low-rise zones) are in the areas adjacent to natural and
agricultural spaces. We also notice the existence of two Lagoons (locally called Sebkha) one in the Northeast near to the Medi-
terranean Sea (lagoon of Ariana) and the other one more south west of the city (lagoon of Sijoumi). Another urban center is located in
the southwest corner of Ariana Lagoon, this is Ariana downtown. The lake of Tunis is located between these two lagoons. On the
north of the lake we notice the preponderance of LCZ 5 (open midrise). This area corresponds to a relatively new zone built as part of
the project of urban development on the banks of the lake of Tunis.

3. Methodology: a social media questionnaire

A social media questionnaire was produced to collect WUDAPT-L1 architectural data. We focused on the following architectural
parameters: height of building, roof types, building materials and windows description. This work contributes to the methods pro-
posed to collect WUDAPT-L1 (Ching et al., 2019) architectural data in any city all over the world and more particularly in cities
where there is a real lack of data such as southern cities.

To test and validate our crowdsourcing method, we chose to deploy it first on Tunis. Indeed, the fact that this city has partially the
Google Street View tool, since March 2017, should allow us to test the questionnaire and then assess the relevance of the approach by
comparing the results obtained through the investigation with those resulting from the use of Google Street View.

This method is part of the crowdsourcing approach of WUDAPT (See et al., 2015) with some modifications to adapt it to the
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targeted population. Indeed, the WUDAPT mobile application is intended for experts (architectural communities, students in urban
planning or in architecture, etc.), while our questionnaire is aimed to a wider audience. For this, we changed the language to French
and the order of the questions: the location first, followed by the question on the number of floors. We have removed the question on
the roof description because in Tunis, the majority of roofs are rooftop terraces as shown in Fig. 1.

We removed also the question related to the age of the building as we estimate that is complicated to answer for no expert
contributors.

Most importantly we created a Google Form questionnaire, accessible on all devices with no installation necessary and shared it
via Facebook in groups with motivated participants such as those of associations working on environmental issues. Our choice is
based on the fact that social networks are very popular media in Tunisia. Since 2008, the use of Facebook has grown strongly in
Tunisian society to circumvent the censorship that dominated the traditional media before the revolution of 2011 (Lecomte, 2011).
According to the Medianet labs report (Medianet, 2016), Facebook remains the most used social-digital media in Tunisia with
6,100,000 users in 2016, so 55% of the population. We started from the assumption that the interest manifested for political life
through social networks - and especially Facebook - could extend to environmental issues.

The questions and, when pertinent, the available answers of the questionnaire are the following (Table 1):
The French version of the questionnaire is presented in Appendix B.
For this questionnaire we have not established a sampling strategy, contrary to what is done in the method proposed in WUDAPT

aimed to an expert public (See et al., 2015). For our methodology, we leave the free choice to the contributor to choose the building
to inform about.

4. Results

The questionnaire was launched in January 2018 for a period of 5months. We collected 110 responses concentrated mainly in
Tunis and its northwest. We had fewer responses in the south and northeast of the metropolitan area (Fig. 2).

Fig. 1. Examples of roof Terrace in Mutuelleville neighborhood in Tunis (Google Earth Image).

Table 1
Questionnaire (translated in English).

1.Location (address)
2.How many floors does the building have?
3.What's the building use?

Residential/offices/industrial/commercial/mixed/other
4.Is there an air conditioning system?
5.Describe the building materials

Concrete&cement/brick/stone/metal/wood/raw earth (several answers available)
6.Describe the windows

Plate glass windows/many windows/a few windows/no window
7.Are the walls light or dark?
8.Take a photograph of the building
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4.1. Validation of questionnaire's answers using Google Street View

To validate the questionnaire answers, we compared the results obtained through the investigation with those resulting from the
use of Google Street View. As we mentioned earlier, Google Street View does not cover the entire territory of Greater Tunis, con-
sequently we have 24 buildings located in these uncovered areas. So, we could not use them in the validation method. Therefore, up
to 86 buildings, depending on the question, were available for cross-checking between the answers to the questionnaire from
crowdsourcing and by the authors using Google Street View (Table 2). The few ‘I do not know’ answers were excluded from this
comparison.

Number of floors are correct for 72 buildings (85%). An error of only 1 floor is encountered for 10 buildings (12%), seven of which
are estimated to have one more floor by the authors. The question could have been understood ambiguously by the people, that could
have counted only the upper floors and not included the ground floor. Complex shape of buildings could also potentially lead to
various estimation of number of floors.

Building's use is a priori trickier to apprehend, even if it seems that the quality of the answers is comparable (81%). In the 86
compared buildings, identical answers were given for 51 residential buildings, 5 office buildings, 11 mixed buildings, 1 industrial one
and 3 ‘other’. 15 answers were considered similar with the authors estimation when there was a combination of ‘mixed/residential’
(10 of them), ‘mixed/office’ (2 occurences) or ‘other/office’ (3 occurences). The latter often occurred for administration or school
buildings, that we consider may indeed behave as offices from the micro-climatological point of view. The distinction between a
‘mixed’ building’ use and a single use is also strongly subject to interpretation. One mixed building was also classified as ‘other’ by the
contributor.

Wall color was very simple to identify (96% of accuracy), but this is linked to a strong bias in Tunis, where the vast majority of
buildings are white painted (Fig. 4). From the 79 buildings where answers where identical, only 4 were dark, 75 being light-colored.

Windows coverage on building facades is in general difficult to evaluate; this is why it was decided within WUDAPT to ask for a
broad description of windows (no window, a few, many, plate windows, glass building). Using such a description will need further a
guess of building fraction from architectural expertise. The answers to the questionnaires showed that this approach was efficient,
because it leads to high accuracy of 86%. The 10 similar answers are all between ‘a few windows’/‘many windows’ different eva-
luations for each given building. This may be due to different interpretation again, or to window coverage somehow in the middle of

Fig. 2. Local Climate Zone map of Tunis with questionnaire's responses.

Table 2
Validation of questionnaire's answers: Number of identical, similar or different questionnaire answers between the
crowdsourced responses and the authors for each parameter. See text for definition of ‘similar’ and ‘different’.

Identical Similar Different

Number of floors 72 10 3
Building's use 70 15 1
Air-conditionning 69 16
Wall color 79 3
Windows 72 10 1
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each class.
The accuracy concerning the system of air conditioning is 81% (47 buildings with air-conditioning, 22 without, on this sample).

This is slightly lower than for most of the other parameters. This can be explained by the fact that air conditioning systems are not
always visible by Google Street View imagery. Of the 16 different answers, 12 are indeed due to an estimation of presence of air-
conditioning by the contributor (who may know or even inhabit the building), and absence of it by the author (relying on Google
Street View). This may be seen as a potential strongly positive contribution of crowdsourcing, by its local knowledge.

The results of validation show the relevance of this method of collecting data. Accuracy of identical answers varies at least
between 81% and 86% for most of the different parameters (and 96% for wall color). When counting both identical and similar
values, the accuracy goes up to 96% and 99% for number of floors, window coverage and building's uses. For air-conditioning,
crowdsourcing is even probably more exact than the expert remote estimation. From this overall evaluation of the answers of the
questionnaire, we consider the method, adapted from WUDAPT for Facebook diffusion, good for gathering architectural information
for urban climate studies.

4.2. Urban structure analysis from the crowdsourced data

Looking at the results we got from the social media questionnaire, we have noticed that there are some homogeneous parameters
such as buildings colors: the vast majority of buildings have light colors mostly white, we got only 6 buildings having dark colors. All
crowdsourced answers also indicated the houses and buildings were built with concrete, brick and cement. For air-conditioner
system, referring to the questionnaire, 71% of the answers indicate that buildings are air-conditioned, this even for some buildings in
poor neighborhoods such as Ettadhamen.

When focusing on building height we can conclude that for low rise LCZ the two-storey buildings are preponderant, and more
than 90% have no more than 3 floors (so approximately 10m in height). Concerning LCZ 2 and LCZ 5 it is rather buildings of 4 or 6
floors (Fig. 3), and more than 85% have 4 floors or more. These results seem to indicate that the LCZ classification in low and mid-rise
buildings is pertinent for the agglomeration of Tunis. There are few individual buildings that would have a height corresponding to
another LCZ in each LCZ.

For window coverage fractions on facades, mid-rise buildings follow European ways of construction, with many windows (Fig. 4).
Concerning houses and low buildings, one can consider that roughly half of low buildings have few windows and half have many
regular windows. From Fig. 4, ‘few windows’ corresponds roughly to a coverage fraction of 0,1, and ‘many windows’ cover typically a
fraction of 0,25 (a quarter) of each wall. There are 65 Residential houses (buildings less than or equal to 3 floors) documented by the
questionnaire. One can suppose that houses with ‘a few windows’ correspond to traditional houses, and those with many regular are
more recent. The answers cover almost evenly the traditional houses (30) and more recent ones (35).

There exist several reasons explaining why traditional houses have few, or even no window, on the road side. This type of houses
is mainly located in informal neighborhoods of Tunis. For example, the popular neighborhoods of Saida Manoubia and Mellasine
were built progressively on the shores of the Sijoumi lagoon during the 1940s. Their inhabitants are of rural origin so they reproduced
the typical rural houses with a courtyard in the center (Fig. 5) which distributes all the rooms. So, all windows open on the courtyard
and no or few windows are present on the outer walls (Santelli and Tournet, 1987).

Windows can be small in order to protect the house form thievery, as such houses often are in neighborhoods with a dangerous
reputation (personal communication with local architects). Small windows also allow to protect themselves from external view. It can
also be linked to vernacular architecture, helping to keep the heat outside the houses (El-Shorbagy, 2010). Finally, it should be noted
that many of these houses are built without having to use (and pay) an architect. It is intuitively tentative to assign these traditionally

Fig. 3. Analysis of Number of floors of sampled buildings depending on LCZ.
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built houses to popular neighborhoods. However, from the building address from the questionnaires, only 19 such houses were in
such areas, while the other are located in richer neighborhoods. It is not possible to assign traditional low buildings and houses to a
given LCZ (e.g. LCZ 3, dense low-rise, corresponding to more popular neighborhoods, Fig. 6) and the more recent ones with a large
number of windows to another LCZ (e.g. LCZ 6, open low-rise). Both types of houses are intertwined in the various neighborhoods of
the city. We still noticed that for low rise LCZ (LCZ 3 and LCZ 6) the use of buildings is usually residential and such buildings often
have few windows (Fig. 7).

This indeed corresponds to parts of Tunis that have old houses as well as traditional architecture houses. For LCZ 2 buildings there
are many regularly spaced windows, we can find this type of buildings in the city centers and neighborhoods built during the 90s.
Concerning LCZ 5, other than regularly spaced windows they are also characterized by buildings with plate glass windows usually
found in rich neighborhoods built recently which include offices, residential and mixed usage.

In the 65 Residential houses sampled in the questionnaire, 37 are air-conditioned (57%), while 28 are not. When crossing with the
air-conditioning equipment with the window coverage, one can see a tendency for the 30 houses with few windows, to have slightly
less air conditioning (40%), than for the 35 houses with many regular windows (74% having air-conditioning). The number of
answers is low from a statistical point of view. Still, these results, as well as the common architectural sense (traditional methods of

Fig. 4. Example of windows description.
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construction are more adapted for this hot and dry climate) allows us to propose a first guess on the proportion of air-conditioned
houses in Greater Tunis.

Almost all other buildings (other heights and/or use) have air-conditioning (40 on 45). Therefore, a good approximation is to
suppose they are systematically equipped with air-conditioning systems.

Fig. 5. Courtyards in Mellasine neighborhoods (in yellow, Google Earth Image). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)

Fig. 6. Examples of dense popular neighborhoods of Tunis (Google Earth Image).

Fig. 7. Analysis of windows pattern by LCZ.
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Building materials information was not discriminative enough in the questionnaire, almost all answers being ‘concrete/cement’
and ‘brick’. This may be because the construction practice in Tunisia is that the walls are constructed of brick, the coatings are made
of cement and the roofs in solid slab (reinforced concrete) or hollow slab (subfloor structure and reinforced concrete) (Comete
engineering, 2011). So, we assume, from architectural expertise, that all low-rise buildings are primarily made of brick.

From the questionnaires results, we are now able to propose some values for the buildings' archetypes encountered in Greater
Tunis (Table 3). These parameters can then be used to initialize urban climate models for the Greater Tunis, and, most probably, for
whole Tunisia.

5. Conclusion

While they are of primarily importance for the description of the city and many urban studies, including urban climate, archi-
tectural parameters are difficult to gather and collect. We adapted a questionnaire, first aimed for mobile applications in the frame of
the WUDAPT initiative, and deployed it using the Facebook social network. The choice of this social media was governed by the
specificities of the studied site, in North Africa, where it is widely used.

Through the results of our questionnaire we managed to characterize LCZ architectural parameters for the case of Greater Tunis.
The quality of the results has been evaluated through comparison with evaluations by the authors using Google street view (a rarity in
the North Africa and Arabic countries), and showed very good accuracy. This gives us a part of the needed accurate urban data for
urban climate simulations. A proposition to determine the actual value of several architectural and uses parameters for each of the
LCZ present in Tunis has been done using the data locally collected by crowdsourcing.

This media questionnaire, with no need for installation, makes it possible to reach a wide audience in order to collect WUDAPT
level 1 architectural data. Beyond this methodological objective, the proposed approach could strengthen the involvement of civil
society in southern cities in the production of expertise on the city and raise citizens' awareness on the adaptation to climate change.
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Appendix A. Satellite information for the creation of Tunis LCZ map

Here is the reference to the satellite images used to produce the LCZ map of Greater Tunis that is used in this paper for the analysis
of the crowdsourced questionnaire.

Table A1
Satellite images used for LCZ map creation.

Satellite Scene ID Date Bands

Sentinel 2 S2B_OPER_MSI_L1C_TL_SGS__20170708T153020_A001764_T32SNF 08-07-2017 2–8, 8A, 11–12
S2B_OPER_MSI_L1C_TL_SGS__20170708T153020_A001764_T32SPF
S2B_OPER_MSI_L1C_TL_MPS__20171105T122430_A003480_T32SNF 05-11-2017
S2B_OPER_MSI_L1C_TL_MPS__20171105T122430_A003480_T32SPF
S2B_OPER_MSI_L1C_TL_SGS__20180424T140025_A005911_T32SNF 24-04-2018
S2B_OPER_MSI_L1C_TL_SGS__20180424T140025_A005911_T32SNF_SPF

Table 3
Proposition of architectural information for Greater Tunis buildings' archetypes.

Archetype Building's use Time period Wall color Window coverage Proportion of AC Material Present in

House Residential Traditional White 0,1 0,4 Brick LCZ 3, 6
House Residential Modern White 0,25 0.7 Brick LCZ 3, 6
House Office All White 0,15 1 Brick LCZ 3, 6
House Mixed/other All White 0,15 1 Brick LCZ 3, 6
Mid-rise Residential All White 0,25 1 Brick LCZ 2, 5
Mid-rise Office All White 0,25 1 Brick LCZ 2, 5
High-Rise Office All White 0,5 1 Brick LCZ 5
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Appendix B. Facebook questionnaire (in French)

Fig. B1 presents the introduction to the questionnaire. Page 1 is a presentation of the issue. Page 2 is an overview of all the
questions. Fig. B2 are the details of each question on the Google doc form distributed by Facebook, with the available answers to
select.

Fig. B1. Overview of the questionnaire.
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Fig. B2. Detail of the questions and available answers. top left: Address & number of floors; top right: building's use and AC; bottom left: buildings
materials, windows description and wall color; bottom right: picture of the building.
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