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Alarming context

• Due to climate change, heatwaves have become 
more frequent and more intense
• In France, 10 times more heatwave days expected by 

2100, and up to 120 hot nights (>20°C) per year along 
the Mediterranean coast

• In addition, the urban heat island increases urban 
overheating
• Higher temperatures in urban areas especially at night 

and during heatwaves
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Evolution of the number of heatwave days

compared to the reference period 1976–2005
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Alarming context

• Overheating risk exacerbated in urban dwellings (temperate climates)
• Deterioration of occupant comfort and well-being

• Higher energy consumption due to air conditioning

• Passive strategies can be effective solutions to prevent overheating
without relying on AC
• External solar shadings (e.g., adjustable blinds, awnings)

• Passive cooling through natural ventilation (window operation)

• Critical Factor for Success
• Occupant behavior plays a major role in the effectiveness of these strategies.
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Objective

• To assess the impact of occupant-depending passive 
strategies:
• solar shading

• natural ventilation (window operation)

• use of fan

• … on thermal comfort in urban dwellings

• … under climate changes
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Method

• Generating meteorological files of future climates with heatwaves
• Develop weather files projecting future climate scenarios, incorporating heatwaves in an urban 

context

• Field measurement campaigns in urban dwellings during summer
• Assess thermal comfort using physical measurements and occupant questionnaires

• Investigate heat adaptation strategies through semi-structured interviews

• Modelling and simulation of occupant behaviour in BES
• Develop an occupant behaviour model based on experimental findings

• Couple the occupant model with Building Energy Simulation (BES)

• Perform dynamic simulations to evaluate thermal comfort under future climate conditions
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Generation of meteorological files for future climates
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M. Hostein, M. Musy, B. Moujalled, M. El Mankibi, Generating meteorological files of future 

climates with heatwaves in urban context to evaluate building overheating: An energy-efficient 

dwelling case study, Building and Environment 263 (2024) 111874.
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Field measurement campaign: objectives

• Collect data in occupied dwellings
→ Context: Residential + summer + French + urban

• Compare existing thermal comfort indicators with occupant feedback
→ Selection of an indicator for the multi-agent model

• Understand occupant behavior
→ Definition of the adaptive strategy for the multi-agent model
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Field measurement campaigns: method

• Experimental protocol
Monitoring of 8 dwellings located in the urban area of Lyon 

during 1 to 2 weeks of the summer 2023
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Dwelling

#

Area 

(m²)

Nb of 

rooms

Nb. of 

occ.
Level Devices

Orienta-

tion

Monitoring 

period

1 63 T3 1 2nd /5 1 fan W & S 5-jul to 13-jul

2 65 T2 2 5th /6 1 fan & 1 AC S & N 13-jul to 20-jul

3 71 T3 2 3rd /5 1 fan S & N 20-jul to 27-jul

4 56 T3 3 4th /5 2 fans S & W 27-jul to 3-aug

5 65 T3 2 8th /8 1 fan S, W & N 3-aug to 20-aug

6 68 T3 2 5th /6 2 fans & 2 AC S-E & N-E 22-aug to 30-aug

7 92 T4 4 4th /7 4 ceiling fans S & N 30-aug to 12-sep

8 76 T3 3 6th /7 - S & N 12-sep to 20-sep
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Field measurement campaign: occupant behaviour

Site photos of the monitored dwellings 
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Field measurement campaign: thermal comfort indicators

10

9

10



Field measurement campaign: occupant behaviour

• Method
• Semi-structured interviews with residents in their dwellings, beginning with a mental mapping 

of their dwelling, followed by open-ended questions (duration 23 to 58 minutes)
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Topic Open-ended questions

Comfort
How do you feel in your apartment in summer? Do you find it bearable?

Do you find your dwelling comfortable in summer?

Adaptative 

actions

What measures are you taking at home to adapt to the heat?

What do you do in your apartment in summer to ensure thermal comfort?

Constraints

Do you feel restricted in your adaptative actions, and if so, by what?

What constraints prevent you from adapting to heat?

Do you sometimes give priority to your thermal comfort over other needs?

Windows / solar 

protections

Why do you open your windows? Why do you close windows?

Why do you open shutters/blinds? Why do you close the shutters/blinds?

Field measurement campaign: occupant behaviour

• Results: adaptative actions implemented by each household
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Adaptative actions
Dwelling #

1 2 3 4 5 6 7 8

Night-time cooling X X X X X X X

Open windows according to outside T (awake) X X X X X X X X

Closing solar protections X X X X X X X X

Limiting the use of heating appliances X X X X X X X

Air conditioning X X

Fan X X X X X X X

Adjust clothing X X X X X X

Shower or water spray X X X X X X X

Leaving home X X X X X X X

Confinement in the home X X X X X X

Building 
operation 

actions

Personal 
actions
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Field measurement campaign: 
occupant behaviour

• Results: constraints perceived by all households 
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Constraints
Dwelling #

1 2 3 4 5 6 7 8

Weather conditions x x x x / v x x / v x / v x

Outside noise x x o x x x x

Outside pollution or odours x o x o x

Mosquitoes or other insects x v x x v x

Light x v v x x v

Vis-à-vis x x x x

Feeling of insecurity o x

Equipment noise x x x v x x / v x / v x

Other occupants x x x x x x x

Tenant status x x

Personal preferences or values x x x x x x x x

external 
environmental 

constraints

Dwelling 
constraints

Personal 
restrictions

x: permanent constraint; x/v: permanent constraint resolved; o: occasional constraint

Occupant Behaviour model: MOBAPY

• Occupant behaviour model to heat in 
urban dwelling
• DNAS framework :

• Drivers: physical stimulus (indoor & outdoor 
thermal environments), contextual factors

• Needs: thermal comfort (PET) & constraints

• Actions: inaction, reaction, anticipation

• Systems: dwelling (window, solar shading, 
AC) & personal (fan, clothing)

• MOBAPY (Modelling Occupant Behaviour 
using an Agent-based Approach with 
Python)

• Object-oriented programming 

• AgentPy (Python library)
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Physical stimuli
Indoor Ta, Tr, RH

Outdoor Ta, solar rad

Contextual factors
Presence schedule

Dwelling characteristics

Outdoor environment… 

Constraints
Noise, pollution, 

safety, intimacy, 

mosquito…

PET?

SYSTEMSDRIVERS NEEDS ACTIONS

Thermal comfort

MOBAPY

BES tool
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Simulation: integration of MOBAPY in BES
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- Outdoor air temperature
- Outdoor relative humidity
- Solar radiation
- Wind speed and direction
- Atmospheric pressure

For each occupant:
- Air velocity
- Clothing

For each zone:
- Air temperature
- Mean radiant temperature
- Relative humidity

Dwelling thermo-aeraulic 

model

Weather file

Thermal comfort 

model

Adaptive behavior 

model

Occupant model MOBAPY

Simulation: Case study
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Leakages

Exhaust air 

Window 

& Air inlets

Door undercut
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Simulation: Case study
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Evolution of the indoor air temperature in the living room with representation of 
adaptation actions for a dwelling without any constraint over a week

(IPSL/RCA4 2070-2099 from June 25 to July 2)

Simulation: Case study
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Summer comfort indicator for a non-air-conditioned dwelling under various 
behavioural assumptions for different future climate scenarios

Climate scenario

No 
constraint

No fan Noise Noise
& no fan
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Simulation: Case study
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Summer comfort indicator for a non-air-conditioned dwelling under various 
behavioural assumptions for different future climate scenarios

Climate scenario
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No fan Noise Noise
& no fan
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Climate change impact: 
For the case of no constraint, 
overheating is negligible for the 
historic period but rises 
significantly for the future periods 
depending on RCP severity.

Simulation: Case study
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Summer comfort indicator for a non-air-conditioned dwelling under various 
behavioural assumptions for different future climate scenarios

Climate scenario

No 
constraint

No fan Noise Noise
& no fan
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Percentage of time where PET>28°C
Behavioural influence:
Even for the historic period, 
combined constraints cause 21% 
uncomfortable time on average, 
peaking at 68% in the worst-case 
climate scenario.
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Conclusions

• Development of a methodology for creating weather files for future climates
• Processing of EuroCordex project results (.epw format)

• Identification, characterisation, and integration of heatwaves

• Incorporation of the Urban Heat Island (UHI) effect

• Design and execution of in situ measurement campaigns
• Physical measurements (hygrothermal conditions & occupant actions)

• Surveys and semi-structured interviews on perception and adaptive behaviour

• Occupant behaviour modelling of adaptive actions to heat
• Multi-agent model for occupant profiles with adaptive actions (5 key behaviours)

• Demonstration of the critical role of occupant behaviour in summer comfort 
assessment
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Perspectives

• Comparative Field Studies
• Replicate measurement campaigns in diverse housing typologies

• Model Development Pathways
• MOBAPY enhancements:

• Integration with multiple BPS (Building Performance Simulation) tools

• Advanced thermal comfort modelling

• Granular need representation

• Expanded Applications
• New occupant profiles (age, culture, climate zones)

• Additional adaptive behaviours

• Cross-domain validation studies
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Thank you…

bassam.moujalled@cerema.fr

Field measurement campaigns: method

• Experimental protocol
• Monitoring of 8 dwellings located in the 

urban area of Lyon during 1 to 2 weeks 
during the summer 2023

24

Dwelling

#

Area 

(m²)

Nb of 

rooms

Nb. of 

occ.
Level Devices

Orienta-

tion

Monitoring 

period

1 63 T3 1 2nd /5 1 fan W & S 5-jul to 13-jul

2 65 T2 2 5th /6 1 fan & 1 AC S & N 13-jul to 20-jul

3 71 T3 2 3rd /5 1 fan S & N 20-jul to 27-jul

4 56 T3 3 4th /5 2 fans S & W 27-jul to 3-aug

5 65 T3 2 8th /8 1 fan S, W & N 3-aug to 20-aug

6 68 T3 2 5th /6 2 fans & 2 AC S-E & N-E 22-aug to 30-aug

7 92 T4 4 4th /7 4 ceiling fans S & N 30-aug to 12-sep

8 76 T3 3 6th /7 - S & N 12-sep to 20-sep
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Field measurement campaigns: method

• Experimental protocol
• Monitoring of 8 dwellings located in the 

urban area of Lyon during 1 to 2 weeks 
during the summer 2023

• Physical measurements of environmental 
parameters:

• Indoor and outdoor air T and RH

• Indoor globe T

• Indoor CO2 concentration

• Air velocity

• Window opening status

• Electrical consumption of fans
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Indoor 
environment 

monitoring (Ta, Tg, 
RH, CO2)

Air velocity 
measurements

Fan use monitoring

Window openings 
monitoring

Field measurement campaigns: method

• Experimental protocol
• Monitoring of 8 dwellings located in the 

urban area of Lyon during 1 to 2 weeks 
during the summer 2023

• Physical measurements of environmental 
parameters

• Online questionnaire assessing: 

• Perceived thermal comfort

• Occupant activities and clothing

• Adjustments to environmental controls 
(e.g., windows, fans)
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Field measurement campaigns: results

• A total of 178 responses collected in the 8 monitored dwellings
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Field measurement campaigns: results
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Visualization of questionnaire responses alongside the adaptive comfort 
limits defined in EN 16798-1 standard
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Field measurement campaigns: results
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Predicted vs. actual 
thermal sensation votes

Number of 

correct 

predictions

(N = 171) 
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Legend

Frequency distribution of thermal sensation 

category mismatches (observed vs. predicted)
Cumulative 

thermal 

sensation vote 

mismatches

Heat 
balance 
models

Adaptive 
heat balance 

models

Field measurement campaign: occupant behaviour

• How do urban residents adapt to heat in summer/heatwaves in their homes?
• Key Drivers

• Factors shaping occupant behavior (OB)

• Heat adaptation strategies

• Heat adaptation constraints

• OB model development: a data-driven behavioral framework
• Define conduct rules of heat adaptation derived from empirical data

• Simulation pathway: integration of OB with building energy simulation (BES) tools
• Agent-based modelling approach

• Enables dynamic occupant-environment interactions in buildings
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Field measurement campaign: occupant behaviour

• Results: Window Usage Patterns observed in each room of the eight dwellings
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SEJ = living room

CH1 = main bedroom

CH2 = 2nd bedroom

CUI = Kitchen

BUR = Office

Opening frequency of the 

monitored windows as a 

function of time of day

MOBAPY

• Conceptual framework of 
the multi-agent model 
based on DANS approach 
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