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mateMAD Concept

Spanish research coordinated project based on the 
hypothesis that optimized materials, like chromogenic smart 
materials for urban surfaces can provide efficient solutions to 
the Urban heat Island (UHI) effect.

Multidisciplinary approach for the systematic analysis of 
representative case studies of vulnerable areas of the city 
of Madrid. The goal is to generate:

• knowledge about the impact of urban materials on the 
habitability and sustainability of cities

• a reliable proposal to improve the quality of the outdoor 
environment, the energy demand and the well-being of the 
inhabitants through the substitution of outdoor surface materials

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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Activities performed under three subprojects:

- Subproject 1 (SP1). Characterization of 

urban materials.

- Subproject 2 (SP2). Monitoring of 

environmental parameters.

- Subproject 3 (SP3), named 

URBAN therCOM. Modelling outdoor

thermal comfort and energy demand in urban areas. 

IETcc-CSIC

ETSAM-UPM

CIEMAT

URBAN therCOM

mateMAD Concept
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MEASURE, CALIBRATION 
AND SIMULATION 
STRATEGY 

The first step assess the  of vulnerability within the city, on those aspects related to 
Climate Change, discomfort 

The second details thermo-optical (TO) characterization of a wide range of surface 
urban materials: in-situ, laboratory

The third step monitors at four levels: neighbourhood, case study areas, outdoor 
tests, and citizens

The fourth provides a modelling strategy to evaluate mutual relations amongst 
relevant urban factors building energy performance and outdoor thermal comfort

The final step prepares a complete and justified proposal for the substitution of 
surface materials in the case studies based on the results obtained from previous 
steps. And assess the environmental impact of the materials along their life cycle 

LCA

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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SELECTION OF 
NEIGHBORHOODS

27 vulnerable neighborhoods 
affected simultaneously by 

problems of energy poverty and 
high intensity of the urban heat 

island

Severity of urban 
vulnerability

Energy poverty 
index

UHI intensity 
day+night

From: IETcc-CSIC. Paper presented to PLEA2022

HUZ (Homogeneous Urban 
Zones) METHODOLOGY 

• Objective: facilitate the 
energy analysis of residential 
buildings. 

From: Helena López Moreno (UiE3, CIEMAT)
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MODELLING OF 
SELECTED URBAN AREAS

An ad-hoc developed BPS tool which enables 
to appropriately simulate the simulation of indoor 
and outdoor thermal field through an integrated 
approach, Grasshopper (GH) based digital workflow 
by means of add-ons Droagonfly, HoneyBee and 
LadyBug.

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023
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MODELLING OF 
SELECTED URBAN AREAS

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

The timestep-by-timestep simulation 
approach allows the variation of the thermo-
optical properties of the TC material within the 
simulation runtime itself, which in turn implies 
precisely considering the thermal inertia of 
the building and its effects on the energy 
demands for heating and cooling
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Conclusions &

Future Work

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

The preliminary results are used to test the simulation strategy of TC materials and are 
presented in the perspective of extending the developed BPS to be applied to the 
evaluation of this problem generally and to be more seamlessly integrated into the design 
process. 

Future work and further investigation is needed to test and validate the strategy and the 
general digital workflow with real cases studies of Madrid through the information that 
will be acquired throughout the duration of the mateMad project.



A comprehensive strategy for modelling urban material for thermally 
liviable cities. URBAN therCOM Project

Emanuela Giancola

Webinar. Microclimatic Change and Envelopes – 27-28th April 2023

Grants PID2020-114873RA-C33 
funded by
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Envelope , Microclimate, Energy 

Emanuele Naboni, PhD, Associate Professor

- UNIPR, Architecture
- Institute of Architectural Technology, The Royal Danish Academy
- UNSW
- UC Berkeley
- SOS School of Sustainability of MCA, Milan 



Environmental Sustainability Module - SOS School of Sustainability - with Mario Cucinella
Since 2021 

Associate Professor of Sustainable Design. Institute of Architectural Technology 
The Royal Danish Academy. Since 2010 (half time  since 2022)

Associate Professor of Climate Change and Regenerative Architecture. UNIPR
Since 2021 

Adjunct Professor, University of New South Wales
March 2023 to October

Visiting Professor, Architectural and science researcher at CBE UC Berkeley, College Of Environmental Design
Since 2023

Present Positions 



Visiting Professor, Norwegian University of Science and Technology, Department of Civil and Environmental Engineering. Faculty of Engineering
2022

Invited Professor at ETH. Future Cities Lab Singapore
2019

Researcher at EPFL
2016,  2017
 
Invited Professor at Architectural Association
2013 

Visiting Professor at The University of Nottingham
2015

Adjunkt at UC Berkeley, CED, College Of Environmental Design
2012
 
Post Doc Rsearcher at LBNL
2006 - 10 + 2011

Sustainable Design Tools Development Consultant for Autodesk
2010 – 2012

Sustainable Design Specialist at SOM (Skidmore Owings and Merrill, Llp)
2006 – 2010

Sustainable Design Specialist William McDonough and Loisos + Ubbelohde
2005
 
Phd Building Science, Politecnico di Milano + University of California 
Awarded 2005

Past Position 

https://www.ntnu.edu/ibm
https://www.ntnu.edu/iv


2023 active projects 



Efforts to halt catastrophic climate change are being held back by 
"inertia" in the built environment sector

Engineers, Architects and urban planners should really look at 
rethinking the way they work…

…they need to develop a new vocabulary and more climate change 
specific solutions

IPCC 6th Assessment Report 

https://www.dezeen.com/tag/climate-change/


Scales to “rethink” Envelopes of Climate Change.
Key Words

Regional Climate Change

Microclimate 

Building Form

Facade design

Energy Flows 

Indoor 
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Climate Change
CBE tool climate panel (with Turrini and prof. Schiavon) 



Climate Change
CBE tool climate panel (with Turrini and prof. Schiavon) 



Climate Change
CBE tool climate panel (with Turrini and prof. Schiavon) 



Gotemburg Climate Adaptation Plan.
With Antonello di Nunzio, Graziano Marchesini, Thomas Amlov 

2020



2050: today’s inerta have exponential degenration effects with cliamte change 



Air Pollution 
Parametric Modelling 



Indoor buildings temperature



Milan Expo 
with B22



Lavazza 
with Manens



Park Hotel
with SOM



Facade as an Outdoor and Indoor Climate Giver
Copenhagen (with Angel Perez)



Facade as an Outdoor and Indoor Climate Giver. Systematic Studies 
Thermal Emittance (0.1 - 0.9) Solar Reflectance (0.1 - 0.9) 
with F. Fiorito





Alaska: Carbon Positive Sustainable Protein Production
with AEE Royal Danish Academy and David Garcia



Living Layers
with AEE Royal Danish Academy and David Garcia





Degeneration / 
Problem Statement

Regeneration / Architectural 
Design Proposal

Mitigation Adaptation

What is the correct formulation of a climate change strategy? 



download the open access book:
go to ResearchGate
go to Emanuele Naboni

Let’s be in touch!

instagram:
emanuele_naboni_climate

or email: 
emanuele.naboni@gmail.com



Session 1:

Modelling Linking Outdoor and Indoor 
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Decoding Urban Nature
__

Inside the Outside
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26.04.2023Ambiguous Spaces
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Connecting micro-microclimates 
and energy performance

Victoria Patricia Lopez-Cabeza, PhD. Universidad de Sevilla 
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From: 19-09-2021
To: 9-12-2022

Direct applications of “Aura 
Strategy” from Solar 
Decathlon US Team on the 
restoration of Andalusian 
obsolete neighborhoods.



INTRODUCTION

• Courtyards can be key elements in passive conditioning of buildings in 
hot climates.

• Monitoring results show a significant reduction of the outdoor 
temperature in courtyards.

• The effect of the microclimate of courtyards is not usually considered in 
building design.

Factors that impact the performance of the courtyard



COURTYARD PERFORMANCE

C. Rivera-Gómez, E. Diz-Mellado, C. Galán-Marín, V. López-Cabeza, Tempering potential-based evaluation of the courtyard microclimate as a combined function of aspect ratio and 
outdoor temperature, Sustainable Cities and Society. 51 (2019) 101740. https://doi.org/10.1016/j.scs.2019.101740.



COURTYARD COMFORT

E. Diz-Mellado, M. Nikolopoulou, V.P. López-Cabeza, C. Rivera-Gómez, C. Galán-Marín, Cross-evaluation of thermal comfort in semi-outdoor spaces according to geometry in 
Southern Spain, Urban Climate. 49 (2023) 101491. https://doi.org/10.1016/J.UCLIM.2023.101491.



INTRODUCTION

Thermodynamic effects in courtyards. CFD simulation. a) Stratification. b) Convection. c) Flow 
patterns from the effect of wind. Adapted from Rojas, Galán-Marín and Fernández-Nieto, 2012. 

Thermal Delta (TD)
Toutdoor – Tcourtyard = TD (°C) 

What is considered by most 
energy simulation tools.

ENERGY SIMULATION TOOLS: 
NO THERMAL DELTA

ºC

-

+



PREVIOUS STUDIES

J. Lizana, V.P. Lopez-Cabeza, R. Renaldi, E. Diz-mellado, C. Rivera-Gomez, C. Galan-Marin, Integrating courtyard microclimate in building performance simulation to mitigate extreme 
urban heat impacts, Sustainable Cities and Society. (2021) 103590. https://doi.org/10.1016/j.scs.2021.103590.



PREVIOUS STUDIES

J. Lizana, V.P. Lopez-Cabeza, R. Renaldi, E. Diz-mellado, C. Rivera-Gomez, C. Galan-Marin, Integrating courtyard microclimate in building performance simulation to mitigate extreme 
urban heat impacts, Sustainable Cities and Society. (2021) 103590. https://doi.org/10.1016/j.scs.2021.103590.



PREVIOUS STUDIES

F.J. Sánchez de la Flor, Á. Ruiz-Pardo, E. Diz-Mellado, C. Rivera-Gómez, C. Galán-Marín, Assessing the impact of courtyards in cooling energy demand in buildings, Journal of Cleaner 
Production. 320 (2021) 128742. https://doi.org/10.1016/j.jclepro.2021.128742.

Space Case study 
(kWh/m2)

Reference case 
(kWh/m2)

Absolute difference 
(kWh/m2)

Percentage 
difference

Third floor 1 23.67 25.74 2.07 9%

Fourth floor 1 18.38 20.17 1.79 10%

Fifth floor 1 27.62 29.27 1.65 6%

Third floor 2 15.47 15.96 0.49 3%

Fourth floor 2 16.09 16.65 0.56 4%

Fifth floor 2 17.20 17.75 0.55 3%



ENERGY-SAVINGS POTENTIAL OF COURTYARDS

E. Diz-Mellado, V.P. López-Cabeza, J. Roa-Fernández, C. Rivera-Gómez, C. Galán-Marín, Energy-saving and thermal comfort potential of vernacular urban block porosity shading, 
Sustainable Cities and Society. 89 (2023) 104325. https://doi.org/10.1016/j.scs.2022.104325.

GIS model of energy demand difference between courtyards with 
shade and unshaded.

GIS model of courtyard dimensions in the city center of Cordoba.



CFD STUDIES

V.P. López-Cabeza, C. Galán-Marín, C. Rivera-Gómez, J. Roa-Fernández, Courtyard microclimate ENVI-met outputs deviation from the experimental data, Building and Environment. 
144 (2018) 129–141. https://doi.org/10.1016/j.buildenv.2018.08.013.



HYBRID WORKFLOWS

V.P. López-Cabeza, E. Diz-Mellado, C. Rivera-Gómez, C. Galán-Marín, H.W. Samuelson, Thermal comfort modelling and empirical validation of predicted air temperature in hot-
summer Mediterranean courtyards, Journal of Building Performance Simulation. 15 (2022) 39–61. https://doi.org/10.1080/19401493.2021.2001571.



HYBRID WORKFLOWS

V.P. López-Cabeza, E. Diz-Mellado, C. Rivera-Gómez, C. Galán-Marín, H.W. Samuelson, Thermal comfort modelling and empirical validation of predicted air temperature in hot-
summer Mediterranean courtyards, Journal of Building Performance Simulation. 15 (2022) 39–61. https://doi.org/10.1080/19401493.2021.2001571.



SHADING DEVICE

V.P. López-Cabeza, E. Diz-Mellado, C.A. Rivera-Gómez, C. Galán-Marín, Shade and Thermal Comfort in Courtyards: Experimental Versus Simulation Results, Buildings. 12 (2022) 1961. 
https://doi.org/10.3390/BUILDINGS12111961.

Monitored Outdoor and Courtyard Dry Bulb Temperature on the selected days. 



SHADING DEVICE

V.P. López-Cabeza, E. Diz-Mellado, C.A. Rivera-Gómez, C. Galán-Marín, Shade and Thermal Comfort in Courtyards: Experimental Versus Simulation Results, Buildings. 12 (2022) 1961. 
https://doi.org/10.3390/BUILDINGS12111961.

UTCI values at 1.5 m height in the courtyard at different hours from the Ladybug Simulation Workflow. 



THERMAL INERTIA AND VENTILATION

V.P. López-Cabeza, C. Rivera-Gómez, J. Roa-Fernández, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards
under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.

Simulation model in Rhinoceros for the Case Study. 

Cross section through the courtyard. 

On site view of the Case Study.



THERMAL INERTIA AND VENTILATION

V.P. López-Cabeza, C. Rivera-Gómez, J. Roa-Fernández, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards
under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.

Closed courtyard simulation results at 1.5 m above the ground. 
Detail sections of the three types of 

courtyard wall analyzed. 

a) Air temperature b) Mean Radiant Temperature c) UTCI

C
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THERMAL INERTIA AND VENTILATION

V.P. López-Cabeza, C. Rivera-Gómez, J. Roa-Fernández, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards
under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.

Wind flow pattern in a cross-section of the courtyard in the wind 
direction at 16.00 hours. 

Open courtyard simulation results at 1.5 m above the ground. 

a) Air temperature b) UTCI

a) Closed courtyard

a) Ventilated courtyard



HULC: Spanish energy certification tool provided by government

• BES → Based on DOE2

• Additional Capacities (CA)

Objective: Link HULC with courtyard simulation workflow

COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL



COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL



COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL



COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL



COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL



COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL

Room Exterior Walls Windows Total load

P0_R3 30% 43% 4%

P0_R4 29% 30% 18%

P1_R3 38% 9% 24%

P1_R4 10% 1% 18%



CONCLUSIONS

• Microclimates generated in the outdoor spaces of buildings influence the energy demand and
thermal comfort of users.

• The simulation of the microclimate of these spaces is not possible using the traditional energy
simulation tools for buildings.

• Hybrid workflows connecting different kind of simulations are a suitable approach.

• It is still essential to enable better accessibility to the professional sector to promote a better
climate change adaptation of the built environment

• The connection of a CFD-BES hybrid simulation workflow and an existing BES tool required for
regulations compliance is proposed and tested.

• The effect of the microclimate in a courtyard is quantified.



THANK YOU!

Dr. Victoria Patricia López-Cabeza

vlopez7@us.es

mailto:vlopez7@us.es


neither “Simple” nor “Complex”…

Urban microclimate
integrated
Building energy modeling



Agenda….

To understand -

1. Why is integrated simulation required?

2. What are the methods available for integration? (In-brief)

3. How are integration approaches neither simple nor complex?



Context…

World

Cities, 
78%

Buildings operation
30%

Annual Energy Consumption stake 

Fossil fuel-based energy 
generation

GHG
emissions

Today,

City population
nearly

56%
World population

By 2050,

City population
nearly

70%
World population

for

??

Global
Warming



BEM - benefits & limitations…

Renewable Energy 
Generation

Indoor Visual 
Comfort

Indoor Thermal 
Comfort

Building Energy 
ConservationGeometry

Envelope

Appliances & Equipment's

Automation & Controls

Informed Decision-
making

Building 
Energy

Modelling
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Urban design

Landscape design

Parameters

Microclimate



Urban microclimate impact….

Previous studies have shown that 15% - 89% of energy for heating is 
neglected if the urban context and climate are not considered, 131% - 200% 
for space cooling, and several degrees for indoor air temperature for non-air-
conditioned spaces in summer. 

“
”- Lauzet N. et al., How building energy models consider the local climate in an urban context – A review. 

Renewable and Sustainable Energy Reviews 2019;116



Classification of approaches..

Representative data Surface-specific data



Representative data..

Monitored

Simulated

Point-in-location
or

Averaged

Weather
file

Building 
energy 

simulation

• Which point(s) data 
represent the microclimate?

• Can the representative data 
in the weather file help BEM 
tools account for varying 
heat flux around the 
building?



Heat transfer in urban context..

ConvectionDischarge Radiation

1. Wind speed changes with 
height 1

2. Wind speed and direction
varies with building form 
and urban context 2

1. Contextual shade and 
shadows are not uniform

2. Surrounding hot or cold surfaces
can induce or absorb heat 
flux in building surface 3,4

1. Convective heat transfer is a 
function of wind speed, air 
temperature & temperature 
of the building surface 5

1 Gui C, Yan D, Hong T, Xiao C, Guo S, Tao Y. Vertical meteorological patterns and their impact on the energy demand of tall buildings. Energy Build 2021;232:110624
2 Brozovsky J, Radivojevic J, Simonsen A. Assessing the impact of urban microclimate on building energy demand by coupling CFD and building performance simulation. Journal of Building Engineering 2022;55:104681. 
3 Colucci C, Mauri L, Grignaffini S, Romagna M, Cedola L, Kanna R. Influence of the façades convective heat transfer coefficients on the thermal energy demand for an urban street canyon building. Energy Procedia 2017;126:10–7
4 Hadavi M, Pasdarshahri H. Investigating effects of urban configuration and density on urban climate and building systems energy consumption. Journal of Building Engineering 2021;44:102710
5 Liu J, Heidarinejad M, Nikkho SK, Mattise NW, Srebric J. Quantifying impacts of urban microclimate on a building energy consumption-a case study. Sustainability (Switzerland) 2019;11



Default & custom BEM..

**EnergyPlus Engineering Reference (2022), U. S. Department of Energy, DOE

Local outdoor air temperature

External Longwave radiation

Local outdoor wind speed



Surface-specific data..

Building energy model

Urban climate model

Climate variables

Coefficients

Coupling | Chaining

• No current approach
accounted for all heat transfer 
modes.

• There are only one-way 
coupling approaches devised.

• The physical process 
adopted by UCMs to assess 
heat flux from buildings is 
not equal to the estimate by the 
BEM.

• CFD-based UCMs are 
computationally expensive.

• Co-simulation requires
programming skill

Simple or complex?



We at…



Thank you



Discussion



Coffee break

We will return at 12.40



Session 2:

Microclimate, Form and Surfaces



Urban Microclimate: 
Ongoing projects 

Carmen Galán-Marín. Professor at E.T.S. Arquitectura. Universidad de Sevilla. cgalan@us.es



PRESENTATION

• Sevilla

SATH Sustainabilty in Architecture:  Technology and Heritage

http://grupo.us.es/tep206/

http://grupo.us.es/tep206/


• Sevilla

https://fundacionmatrix.es/riesgo-de-la-poblacion-por-aumento-de-las-olas-de-calor-en-espana/

RISK OF THE POPULATION 
DUE TO THE INCREASE IN 
HEAT WAVES IN SPAIN

https://fundacionmatrix.es/riesgo-de-la-poblacion-por-aumento-de-las-olas-de-calor-en-espana/


REACTS 
TED2021-129347B-C21 
2022 - 2024

Benchmarking urban morphology by 
Reviewing Adaptive Comfort and 
Thermal Stress 

Proyect TED2021-129347B-C21  financed 
by MCIN/ AEI /10.13039/501100011033/ 
and by European Union NextGeneration
EU / PRTR Plan de Recuperación, 
Transformación y Resiliencia de España

UTHECA 



REACTS 
TED2021-129347B-C21 
2022 - 2024
-

UTHECA (COORDINATED PROJECT) 
Machine Learning-based forecasting
model for integrated assessment of
thermal resilience using Urban Thermal
Comfort Algorithms.

Proyect TED2021-129347B-C21/22  
financed by MCIN/ AEI 
/10.13039/501100011033/ and by
European Union NextGeneration EU / 
PRTR Plan de Recuperación, 
Transformación y Resiliencia de España

UTHECA 



Currently there is no integrated and harmonized outdoor thermal comfort
index
Drawbacks:

1. The most frequent indices (UTCI and PET) do not consider the subjective perception of
comfort.

2. UTCI and PET do not adequately describe the subjective perception of thermal comfort.

3. As a complex system, there is no global tool for assessing thermal comfort.

4. It is not possible to optimize thermal resilience conditions due to undefined or inaccurate
ranges of thermal comfort.

5. It is not possible to discriminate the thermal comfort range for the population segments
more sensitive to thermal stress.

6. Cross-analyses cannot be performed to determine specific comfort conditions according to
the attributes of one, or more, population segments.

7. Urban interventions to improve climate resilience follow partial, incomplete and / or wrong
guidelines

UTHECA 



Microclimatic
components

Personal
components

Urban 
components

Integrated
Outdoor
Thermal
Comfort

Algorithm

UTHECA 

GIS-based integrated
visualization tool



Motivation of the Project

This project aims to improve urban thermal resilience in a Climate Change
context by developing ML-based models to accurately predict the subjective
perception of comfort and its interactions with the climatic and built
environments in order to generate better intervention strategies oriented to
adaptation and improvement of outdoor public spaces. In addition, the
inclusion of Subproject 2 will allow the use of topological data analysis for the
attribute data input and management, enabling optimization of model
evaluation algorithms.

UTHECA 



MAUHAUS 
PID2021-124539OB-I00. 
2022 - 2025

Multiscale Assessment of Urban 
Heat-Island Applied to Urban 
Suburbs (MAUHAUS)

Proyect PID2021-124539OB-I00 
financed by MCIN/ AEI 
/10.13039/501100011033/ and by
FEDER A way of making Europe

MAUHAUS 



Aim of the Project

To contribute to the climate adaptation challenges of our cities from a
multi-scale, comprehensive and innovative approach, promoting urban
public policies that are capable of identifying risk areas and incorporating
proposals that guarantee their resilience to the effects of climate change,
contrasting their technical and social viability.

MAUHAUS 



Proposal  Holistic, hybrid and multiscale perspective that contemplates the 
dimension of the problem from a quantitative approach (different 
urban scales and their microclimatic patterns) and qualitative 
ones (climate vulnerability, thermal comfort, social habits, 
functionality and habitability).

 Identify public spaces with a high viability of climate adequacy 
within cities, spaces of opportunity or potential Urban Cool Islands, 
which can serve as climatic and social laboratories have to
incorporate new evaluation mechanisms that facilitate the 
identification of strategies.

 Systematize the instrumental nature of the results of the study 
that must materialize in tools to help decision-making in the field 
of public administration.

MAUHAUS 



Objetives

1. CITY

2. MICROCLIMATE

3. CITIZENS

4. MANAGEMENT

 Value the importance of urban porosity through its analysis and climate 
contextualization in order to determine a priority zoning and obtain case studies 
(through GIS and study of seasonal climatic severity for outdoor urban spaces)

 Evaluate UHI of the selected cities by determining the possibilities of mitigation of 
excess urban heat at local scale (micro and meso scales) considering the 
characteristics of the macro scale (remote sensing systems, aerial thermography, 
conventional, intra-urban and in situ meteorological stations or field work will be 
used; to validate simulation results). 

 Identify the impact of the climate of public space on the citizens, defining the 
concept of climate vulnerability (social, functional and thermal comfort studies: 
census data, urban information and questionnaires on the perception of thermal 
comfort).

 Develop decision-support tools that facilitate the choice of effective and viable 
action proposals at the urban scale that mitigate the risk of overheating.  Guides 
will be generated for the identification of priority areas, optimization of existing 
infrastructures, hierarchization of areas to intervene and selection of specific 
strategies. Tools based totally or partially on machine learning are mainly proposed.

MAUHAUS 



Metodology

MAUHAUS 



Dry bulb temperature of the city of Seville during one year. Extracted from Ladybug Tools.

MAUHAUS 



Summer 07/2022 
Heat wave

MAUHAUS 



Identification 

(satellite images) of 
locations in the urban 
context with higher 
levels of urban 
overheating potential 
risk (UOPR)

MAUHAUS 



Aerial Thermography

Global characterization of the 
UOPR corresponding to the 
groups of dwellings selected as 
study models. 

MAUHAUS 



URBATERM  
US.22-07
2022-2024

Climate Resilience and Perception of 
Comfort: Potential Overheating Risk 
Urban Zoning in Andalusian cities.

Consejería de Fomento, Articulación 
del Territorio y Vivienda.
Junta de Andalucía.

URBATHERM 



Aim of the Project

The project aims to analyze the thermal profile of Andalusian cities
determining both risk areas and the possibilities of mitigating excess urban
heat at the local level.

It is also intended to identify the urban characteristics that determine the
impact of public space on the perception of thermal stress of the citizen,
considering parameters of adaptive comfort and climate vulnerability
through functional studies.

It is also proposed to value the importance of urban morphology through its
analysis and climatic contextualization in order to determine a climatic
categorization and zoning.

URBATHERM 



4URBATHERM 

Identify areas of thermal 
risk due to the 
persistence of excessive 
temperatures and locate 
public spaces with a 
high viability of climatic 
adequacy within cities, 
spaces of opportunity or 
potential Urban Cool 
Islands.

Cátedra Confort 
Climático 
SVQ URBANLAB. 
Ayuntamiento de 
Sevilla / US 
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The example of the Urban Weather Generator (Bueno et al. 2013)

Source: Mao & Nordford (2021); urbanmicroclimate.scripts.mit.edu

https://urbanmicroclimate.scripts.mit.edu/uwg.php


Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

PHYSICAL SYSTEM NUMERICAL MORPHING

Physical phenomena

Output morphed

meteorological data

Input

boundary conditions and 

physical description

Alternative approach to weather files morphing

Credits illustrations: Oke et al. (2017)



Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

f x

EMPIRICAL MORPHING

Inputs and outputs

Output morphed

meteorological data

Input

boundary conditions

Alternative approach to weather files morphing

PHYSICAL SYSTEM NUMERICAL MORPHING

Physical phenomena

Output morphed

meteorological data

Input

boundary conditions and 

physical description

Credits illustrations: Oke et al. (2017)
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Why empirical morphing

1. More and better access to data. Information coming from satellites and land-based networks. 

2. Improved data contextualisation. Metadata, urban climate classification schemes and source area definitions

3. Improved Quality Assessment and Quality Control procedures. WMO, specific procedures for CWS,…

4. More and better modelling tools. Artificial Intelligence
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Designed workflow



Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

Monitoring campaigns

Mobile measurements

UCL traverses

Fixed measurements

UCL network

Source: Núñez-Peiró et al. (2017; 2021a)
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Annual evolution of urban heat: 01 – Embajadores

Average daily intensity Minimum daily intensity Maximum daily intensity

Source: Núñez-Peiró et al. (2022)
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Data morphing: Context of standard data availability (12 months)

Source: Núñez-Peiró et al. (2021b)
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Aproximación: Datos disponibles

RH

Temp

2008 2018

Morphed data for each urban site

201320102009 2011 2012 20152014 2016 2017

Wind

Complementary data from OWS

Solar R.

Cloudiness

Extraction of Typical Meteorological Year
ISO 15927-4:2005
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Case study: city of Madrid, Spain
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Zone aIII Zone dII
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Zone aIII Zone cI

Cooling energy demand
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110

Zone aIII Zone dII

Zone aIII
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81 kWh/m²

Heating energy demand per building

Zone dII

40 

kWh/m²year
Source: Núñez-Peiró et al. (2022)
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Zone aIII Zone cI

Zone aIII

10 

kWh/m²year

28 kWh/m²

20 kWh/m²

40

Cooling energy demand per building

Zone cI

Source: Núñez-Peiró et al. (2022)
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Zone aIII Zone cI
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Source: Núñez-Peiró et al. (2022)



Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

GF

IF

GF

IF

A
B

C

D
E

F

A
B

C

D
E

F
A

B

C

D
E

F

A
B

C

D
E

F

LF_A 28 kWh/m²

Zone aIII

LFLF

LF_A 38 kWh/m²

LF_B 33 kWh/m²

LF_C/D/F 37 kWh/m²

LF_E 32 kWh/m²

LF_C/D/F 27 kWh/m²

LF_B 24 kWh/m²

LF_E 23 kWh/m²

Zone cI

Cooling energy demand per housing unit

Zone aIII Zone cI

LF 34 kWh/m²

LF 25 kWh/m²

GF 21 kWh/m²

IF 28 kWh/m²

GF 16 kWh/m²

IF 20 kWh/m²

40

10 

kWh/m²year

A
B

C

D
E

F

A
B

C

D
E

F

A

Source: Núñez-Peiró et al. (2022)



Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale.

Source: Núñez-Peiró et al. (2021a; 2022)
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Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 – 2023)

Mobile site

Permanent site

Gateway
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Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 – 2023)

Phase 1

Historic centre

Mobile site

Permanent site

Gateway
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Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 – 2023)

Phase 2

Southwest developments

Mobile site

Permanent site

Gateway



Miguel Núñez Peiró (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects

Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 – 2023)

Phase 3

Northeast developments

Mobile site

Permanent site

Gateway
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Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. MATEMAD Project (2021-2024)
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Future prospects and next steps

2.    Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)
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External data repositories, IoT data, etc.
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Future prospects and next steps

2.    Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)
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Future prospects and next steps

2.    Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)

Source: Demuzere et al. (2022)
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Urban albedo computation in high latitude 

locations: An experimental approach

https://research.kent.ac.uk/urbanalbedo/

Aim of the project:

To investigate the impact of urban geometry and 
materials on urban albedo and its impact on: 

• outdoor thermal comfort 
• building overheating risk 



Urban albedo the ratio of the outgoing to the incoming 
shortwave radiation at the upper edge of the urban canopy 
layer (roof level). 

Depends on:
- SURFACES  > solar reflectance of materials
- FORM > Urban geometry



Urban albedo the ratio of the outgoing to the incoming 
shortwave radiation at the upper edge of the urban canopy 
layer (roof level). 

Depends on:
- SURFACES  > solar reflectance of materials
- FORM > Urban geometry

Low urban albedo value is responsible for:

• intensifying the urban heat island 
• Negative impact on outdoor thermal comfort 
• Increasing overheating risk of urban buildings





Methods

A residential area in
London is used as case
study

In situ measurements

Physical model monitoring

Microclimate and building performance simulations



In situ measurements

Incoming and reflected radiation at different heights



Concrete paving
(82% tarmac & 18% paving)

Grass
(82% grass & 18% paving)

Changes on 

facades

Brickwork
(73% bricks, 24% glass and 3% wood)

Curtain wall
(3m2 on each side covering 40-44% of façade) 

Aluminium cladding
(3m2 on each side covering 40-44% of façade)

Changes on 

the horizontal

Snow

Original build

a

b c d

e f g

Canyon H/W = 1/1.6

Physical model monitoring

Incoming and reflected radiation at different heights



Microclimate simulations (ENVImet)



ENVImet performanceENVImet performance

Vs site measurements Vs Scale Model measurements

• Overestimates reflected radiation at the Street level
• Underestimates reflected radiation at the roof level

Microclimate simulations (ENVImet)



Microclimate simulations (ENVImet)



Microclimate simulations (ENVImet)

10m

16m

16m

20m



High reflectance roads increase urban albedo 
and reduce air temperature in wide canyons 

BUT 

Also increase the mean radiant temperature, 
with negative impact on outdoor thermal
comfort

Higher road reflectivity and lower façades 
reflectivity in the bottom part would be the 
best strategy for residential areas in London

Microclimate simulations (ENVImet)



Building overheating risk (EnergyPlus)

> Cool walls have a slight positive effect

> High reflectance on roads has a negative impact on indoor 
operative temperatures, entailing some risk of increasing the 
building cooling loads and heat stress.

ENVImet outputs are used to run EnergyPlus 
simulations to assess the impact of reflective 
scenarios on building indoor thermal conditions



Main Publications

Salvati A, Kolokotroni M, Kotopouleas A, Watkins R, Renganathan G and Nikolopoulou M (2022) ‘Impact of reflective 
materials on urban canyon albedo, outdoor and indoor microclimates’ Building and Environment 207 (available at 
https://doi.org/10.1016/j.buildenv.2021.108459)

Kotopouleas A, Renganathan G, Nikolopoulou M, Watkins R and Yeninarcilar M (2021) ‘Experimental investigation of
the impact of urban fabric on canyon albedo using a 1:10 scaled physical model’ Solar Energy 230 449–461 (available at 
https://doi.org/10.1016/j. solener.2021.09.074) 

Nikolopoulou, Marialena and Kotopouleas, Alkis and Renganathan, G. and Watkins, Richard and Yeninarcilar, 
Muhammed and Kolokotroni, M. and Salvati, Agnese and Vaidhyanathan, Bala and Anshuman, Aashu (2022) Research
Insight 06: Urban albedo: developing a canyon albedo calculator. Technical report. CIBSE

https://doi.org/10.1016/j.buildenv.2021.108459
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Local UHI mitigation through
green roofs in mediterranean

environments

Massimo Palme
Universidad Técnica Federico Santa María



UHI mitigation: which strategy for which
context?

UHI intensity depends on many factors: urban fabrics, geo-morphological conditions, macroclimatic emplacement

Similarly, mitigation strategies can be very different in effectiveness across contexts, and could include at least:

- Green infrastructure at street level
- Nature based solutions (blue, green) incorporated in buildings’ envelopes
- Cool materials for pavements, roofs, sometime façades
- Urban ventilation
- Geothermal cooling
- Urban blue spaces
- Interventions in urban fabrics



UHI mitigation: which strategy at which scale
of intervention?

UHI is a city phenomenon, tipically more intense in the center and quite depending on city size.

However, recent studies put in evidence that local spots (hot and cold) are always present and may be the key
concept to be considered in developing mitigation strategies.

At different scales of analysis and intervention, different methodologies should be use



This presentation:

Green roofs as preferred mitigation strategy

Mediterranean environments: Barcelona and Valparaíso

Two scale of analysis: from the whole city to exposed sectors

Two very different tools: INVEST (case 1: Barcelona) and ENVIMET (case 2: Valparaíso)



Mediterranean climates

Following Köppen-Geiger classification,
Mediterranean climates are part of the
temperated climates and locates
between latitude 30 and 45 in both
hemispheres. This include the Pacific
coast of the American continent, the
Medierraenan Sea basin, and some small
parts of South Africa and Australia.

Urban form is quite different across
Mediterranean cities. In general, North
America, Australia and South Africa
present a more disperse urban structure,
while in Europe and South America a low
or medium urban density is priviledged.



Case 1. Barcelona, Spain

Residential blocks with density more tan 0.05 p/m2Land Use according to Urban Atlas definitions



Strategy to mitigate UHI: green roofs

• Only high-density blocks have been considered
• 15% of roofs’ surface was occupied with green
• Albedo, evapotranspiration and run-off retention properties were

changed



UHI reduction coefficient



Results:

• Local effect: cooling capacity increases of 13% in blocks with green
roof intervention
• Almost no global effect: average UHI intensity for the whole city

remains the same
• If mitigation strategy relates to exposition, cooling capacity increased

in the target points (where UHI intensity and the number of citizens
exposed were high)
• Multy-risk mitigation strategy: runoff is also reduced in a 30% for

target blocks 



Limitations:

• INVEST is a tool that simplify the calculation of cooling capacity by
using albedo and evatranspiration of vegetal surfaces as main
parameters
• No ventilation effect is considered, nor accurate radiation exchange is

accounted
• No 3D assessment of urban temperature is done



Case 2. Valparaíso, Chile



Sector “El Almendral”:
3D Envimet model



Strategy to mitigate UHI: green roofs

• All roofs in the sectors have been considered
• 0-50-100% of roofs’ surface was occupied with green
• Albedo and evapotranspiration properties have been modeled in 

Envi-met
• A set of simulations was conducted for summer and winter solstice at 

different hours



Results summer solstice 20 h 



Advantages and limitations:

• Envi-met is a complete tool to simulate urban climate, however it is
time-consuming and the computational power the is needed to run
the simulations is high
• Air temperature vertical profile is obtained, allowing more informed

decisions on the specific benefit generated by each green roof
intervention
• Air circulation and precise long-wave radiation exchanges are 

considered



Conclusions:

• Green roofs are important to reduce local UHI intensity in 
Mediterranean climates
• Benefits should be accounted at different scales, using different tools

for different pouposes
• INVEST is very usefull to communicate the general improvement that

can be obtained by a diffuse intervention in buildings
• Envi-met is needed to specifically test the influence of green roofs in a

city sector, and should be used to design the interventions



References:

• Palme, M., Carrasco, C. (2022). Urban heat island in Latin American 
cities: a review of trends, impacts, and mitigation strategies. In
“Global Urban Heat Island Mitigation”. Publisher: Elzevier
• Carrasco, C., Palme, M., Valenzuela, J. (2022). Impacto y mitigación de 

las cubiertas vegetales en el clima urbano e isla de calor de la ciudad 
de Valparaíso, Chile. Congreso Internacional Ciudad y Territorio 
Virtual, Bogotá, 31/8-5/9 2022
• Valenzuela, J. (2022). Influencia de la implementación de cubiertas 
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De Luca, F., Dogan, T. and Sepúlveda, A., Reverse Solar Envelope Method. A New Building Form‐finding Method That Can Take Regulatory Frameworks into Account. Aut. Const., 123 (2021) 103518.

Background



Abel Sepúlveda, Francesco De Luca ‐ Solar Envelope Tools https://www.food4rhino.com/en/app/solar‐toolbox



Urban shaderade



Sargent, J.A., Niemasz, J., Reinhart, C.F.: Shaderade: Combining Rhinoceros and Ener‐
gyPlus for the Design of Static Exterior Shading Devices. In: Proceedings of Building 
Simulation 2011, pp. 310‐317. IBPSA, Sydney (2011).

Kaftan, E., Marsh, A.: Integrating the cellular method for shading design with a 
thermal simulation. In: Proceedings of 1st International Conference on Passive 
and Low Energy Cooling for the Built Environment (Palenc 2005), pp. 965‐970. 
Santorini, Greece (2005).
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Assumption

A cell blocking beam solar radiation during hour h would:
• shade the window reducing cooling energy use (if present).
• prevent solar gains increasing heating energy use (if present).
• increase electric lighting use (if present).

A cell absence would have the opposite effect.

CEi,w (‐) = effect of cell i on window w
h = relevant hours used for energy and solar beam simulations for each w
n = all the relevant hours
Sf = shading factor (0‐1) 
bf = beam factor (0‐1)
C, H and L = simulated cooling, heating and electric lighting energy use 
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Future work

Improve usability and constructability of the conceptual building mass 
Larger cells
Trade‐offs between existing premises energy use reduction and new building massing uniformity

Performance analysis of the generated building mass

Outdoor environment
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Introduction
Global warming – Global climate change

Global climate change

Copernicus Climate Change Service Adapted from IPPC, (AR6) 2021

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate

1/11

https://climate.copernicus.eu/temperature-animations
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
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Introduction
Regional climate change – EMME region

Regional climate change – EMME

Zittis et al., 2022

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate

EMME is a climate change hotspot

• Particular geographic location at crossroads of 
different climates

• Diverse meteorological characteristics

• Sensitivity to change in large-scale climatic 
dynamics

• Robust urbanization and population growth

2/11

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021RG000762
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Introduction
Climate change and Built environment

Climate change and Built 
environment

• Human-made environment for activities

• Includes buildings and infrastructures

• Different scales range from buildings to neighborhoods to cities

• Primary receptors (cities in particular) and drivers of climate change

Adapted from Vurro & Carlucci, 2022

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate
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Climate change and Built environment

Adapted from IPPC, (AR6) 2021

Cities are usually warmer than their 
surrounding area because of the presence 
of factors that trap and release heat and 
the lack of natural cooling influences. 

Three factors mainly contribute to the 
amplified warming of urban areas:

• Urban geometry

• Human activities

• Materials used in the city

The urban heat island effect is further 
amplified in cities lacking vegetation and 
water bodies.

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate
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Introduction

Climate change and Built 
environment

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
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Climate change and Built environment

Adapted from Oke et al., 2017
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Climate
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Introduction

Climate change and Built 
environment

https://doi-org.proxy2.library.illinois.edu/10.1017/9781139016476
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Modeling Approaches

Modeling scales and approaches
Urban growth affects the atmospheric processes developing consequently distinct urban climates. 
Urban climates range over different time and horizontal space scales.

Hertwig et al., 2020

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate
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https://link.springer.com/article/10.1007/s00704-020-03294-1
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Knowledge gaps & Research questions
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Methodology

Methodology

Weather Research and Forecasting (WRF) model
Nested simulations:

- d01: Eastern Mediterranean and Middle East 
(EMME) region - 12km horizontal resolution

- d02: Levant region - 4km horizontal resolution

- d03: Greater Nicosia - 1km horizontal resolution

Simulation period: 27.07.2021 - 05.08.2021
Land surface scheme: NoahMP (dynamical 
vegetation option = ON)
Urban parameterization schemes: 
Bulk - BEP - BEP/BEM

Convection permitting option = ON

Variables investigated: T2, T2MAX and T2MIN
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Preliminary results

Preliminary results

Land use index for MODIS_MODIFIED_IGBP_NOAH
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Preliminary results

Preliminary results

LCZ Classification(Koutroumanou Kontosi, K. 2022)

Land use index for MODIS_MODIFIED_IGBP_ NOAH 
implemented with LCZ classification

https://lcz-generator.rub.de/factsheets/8203d449c11ea097b3943aa2cff7cd82a55e2b05/8203d449c11ea097b3943aa2cff7cd82a55e2b05_factsheet.html
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Preliminary results

Preliminary results

Simulated mean air temperature differences 
between BEP and Bulk for simulation period 
27.07.2021 – 05.08.2021

Simulated mean air temperature differences 
between BEP/BEM and Bulk for simulation 
period 27.07.2021 – 05.08.2021
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Preliminary results

Preliminary results

- Comparison of observed and simulated 
temperature extremes during daytime 

- Model output of a grid box nearest 
observing city center station

- Daily average time series

- All the schemes follow the same 
variation

- Overall, Bulk, BEP, and BEP/BEM 
underestimate the temperature
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Conclusions

Conclusions

• The schemes adopted follow the variation of the observed temperatures.

• BEP shows a counter-intuitive behavior with cooler temperatures over the city compared 
to Bulk. Therefore this aspect needs to be investigated in more detail.

• Overall, BEP/BEM is slightly hotter than the other models due to the share of heat 
generated by a/c systems.

• LCZs provide too general built environment features precisely to be used as widely
as possible. But real built environment data are required to represent specific areas’ 
behavior better.

• Therefore collaboration between the community of atmospheric modelers and 
urban/buildings modelers can help overcome fundamental gaps related to the lack of 
data that affect a thorough representation of the effect of climate change in the 
cities.

Cooling the City: Mitigation 
of Heat Extremes through 
Adaptation Strategies for 
Cities in a Semi-arid 
Climate
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© heatisland.lbl.gov© heatisland.lbl.gov

Introduction

Urban microclimate and climate change

• Urban population is expected to increase

• Higher air temperatures in urban areas compared with surrounding areas

• Increased frequency and intensity of heat waves

• Urban population exposed to poor air quality levels 

• Human morbidity and mortality increase due to climatic reasons

3

© nationalgeographic.org
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Introduction

Urban microclimate and climate change

4

© nationalgeographic.org

• Adaptation strategies need to be evaluated and implemented to reduce heat stress in the 

outdoor built environment
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Introduction

Urban microclimate and climate change

5

© nationalgeographic.org

• Adaptation strategies need to be evaluated and implemented to reduce heat stress in the 

outdoor built environment

• It is essential to understand the full complexity of urban microclimate



Introduction

Research objective

• Combine numerical and experimental techniques to investigate the impact of climate 
change on urban microclimate in a real compact heterogeneous urban area

6



Introduction

Research objective

• Combine numerical and experimental techniques to investigate the impact of climate 
change on urban microclimate in a real compact heterogeneous urban area

7

• Cyprus, Nicosia old city center

• Compact heterogeneous area of 0.247 km2

Case study area



Full-scale field 
measurements

Methodology

8

Reduced-scale wind-
tunnel experiments

Computational Fluid Dynamics 
(CFD)

• The methodology includes using full-scale field measurements, reduced-scale wind-
tunnel measurements, and CFD simulations



Part 1

Novelty:
• High resolution dataset for validation of CFD simulations

Research objective:
• Obtain and analyze multi-scale field measurements

Multi-scale field measurements



1. Multi-scale field measurements

© accuweather.com

regional-scale 
(>100 or 200 km)

Radiosoundings

neighb.-scale
(> 1 or 2 km)

Aerial thermography
Mobile met. stations

city-scale
(> 10 or 20 km)

Meteorological 
stations

street-scale
(> 100 or 200 m)

Ground based 
thermography

Thermocouples

10



1. Multi-scale field measurements

Main findings:

• Multi-scale field measurements given insights into 

the complex urban microclimate

11



1. Multi-scale field measurements

Main findings:

• Multi-scale field measurements given insights into 

the complex urban microclimate

• Microclimatic phenomena like katabatic winds and 

sea breeze strongly affect the intensity of the UHI

12



Part 2

Novelty:
• Detailed evaluation of RANS and LES for predicting outdoor ventilation in real urban area
• Introducing a new ventilation indicator for outdoor ventilation (air delay)

Research objective:
• Develop and validate a CFD model for predicting outdoor ventilation

CFD and wind-tunnel analysis for 
outdoor urban ventilation



Part 2

Novelty:
• Detailed evaluation of RANS and LES for predicting outdoor ventilation in real urban area
• Introducing a new ventilation indicator for outdoor ventilation (air delay)

Research objective:
• Develop and validate a CFD model for predicting outdoor ventilation



2. CFD and wind-tunnel analysis of outdoor ventilation

• Atmospheric boundary layer wind tunnel 
• Test section: 3 m x 1.5 m

• Measurements at 1261 points along 38 
vertical lines

• Wind velocity and turbulence intensity
15

Wind-tunnel measurements



• Dimensions based on best practice guidelines1,2

16
1 Franke et al. (2007)  2 Tominaga et al. (2008)  3  Blocken (2015) 

2. CFD and wind-tunnel analysis of outdoor ventilation

1 Franke et al. (2007)  2 Tominaga et al. (2008) 

• Geometry based on the reduced-scale model

• 13.4 million hexahedral cells

CFD simulations
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2. CFD and wind-tunnel analysis of outdoor ventilation

Main findings:

• RANS is less accurate than LES in predicting 
urban ventilation
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2. CFD and wind-tunnel analysis of outdoor ventilation

Main findings:

• RANS is less accurate than LES in predicting 
urban ventilation

• Areas with higher building height variability 
are better ventilated



Part 3

19

Novelty:
• Detailed evaluation of URANS for predicting urban microclimate in real urban area
• Validation with high-resolution field measurements

Research objective:
• Develop and validate a CFD model for predicting urban microclimate

CFD simulation of urban 
microclimate



Part 3

20

Novelty:
• Detailed evaluation of URANS for predicting urban microclimate in real urban area
• Validation with high-resolution field measurements

Research objective:
• Develop and validate a CFD model for predicting urban microclimate
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Main findings:

• URANS can accurately predict air and 
surface temperatures in real complex 
urban environments

3. CFD simulation of urban microclimate
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3. CFD simulation of urban microclimate

Main findings:

• URANS can accurately predict air and 
surface temperatures in real complex 
urban environments
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3. CFD simulation of urban microclimate

Main findings:

• URANS can accurately predict air and 
surface temperatures in real complex 
urban environments

• Possible reasons for deviations 
between CFD and measurements: 
Geometrical and materials 
simplifications on CFD model



Part 4

Novelty:
• Coupling of CFD simulations and numerical climate prediction models

Research objective:
• Investigate the impact of climate change on urban microclimate

Climate change impact on urban 
microclimate



4. Climate change impact on urban microclimate

25

Methodology:



4. Climate change impact on urban microclimate
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Main findings:

• Temperature increase could lead to 
more than 3 times higher heat-related 
mortality



4. Climate change impact on urban microclimate
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16:00  2050

16:00  2010

Main findings:

• Temperature increase could lead to 
more than 3 times higher heat-related 
mortality

• UTCI is expected to increase especially 
in the afternoon hours



4. Climate change impact on urban microclimate
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Main findings:

• Temperature increase could lead to 
more than 3 times higher heat-related 
mortality

• UTCI is expected to increase especially 
in the afternoon hours

• The time period that “very strong heat 
stress” conditions will prevail is 
expected to double, leading to higher 
health risks
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Bridging Climate Change Modelling and Engineering Design 

for Sustainable and Resilient Adaptation Solutions

Vahid M. Nik

Kavan Javanroodi

Lund University

The content and materials in this PowerPoint
presentation are the intellectual property of
the presenters. They are intended solely for the
use of the designated recipient for the purpose
of “Micro-Climate Change and Envelopes:
Understanding, Modelling, and Designing”
webinar on 27th April 2023 and should not be
copied, shared, or used for any other purpose
without explicit written consent from the
presenter. Unauthorized use or distribution of
this material is strictly prohibited.
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How to prevent or slow down climate change? How to face climate change? 

How to decrease future risks?

Climate Change Mitigation Climate Change Adaptation

Climate Resilience
Climate extremes and shocks

Impact Assessment of Climate Change
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R. Knutti and J. Sedláček, ‘Robustness and 
uncertainties in the new CMIP5 climate model 
projections’, Nat. Clim. Change, vol. 3, no. 4, pp. 
369–373, 2013.

Emissions Scenarios Representative Concentration Pathways (RCPs) 

www.carbonbrief.org

Climate.gov



4Vahid M. Nik & Kavan Javanroodi

www.ethlife.ethz.ch

There exist several models and plausible scenarios for future 
climate and none of them is more valid than the other.
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Nik, V.M., Perera, A.T.D., Chen, D., “Towards climate resilient urban energy systems: A review”, National Science Review. doi.org/10.1093/nsr/nwaa134.

Urban Energy 
Systems 

https://doi.org/10.1093/nsr/nwaa134
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Climate Change
Urban/Micro Climate

Retrofitting & 
Designing Buildings

Urban Comfort

Energy Systems 
Renewable Energy Integration

User Behaviour/Comfort

Multiple variables 

Multiple variables 

Multiple variables 

Multiple variables 
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Climate Modelling
Engineering 

Design/Assessment

Climate Change 
Mitigation

Climate Change 
Adaptation

Challenges

Climate uncertainties
Large data sets
Spatial and temporal resolutions
…

NEED
Suitable climate data sets
Suitable methods for assessment and analysis 
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We have developed novel methods/approaches:

- Representative Future Weather Data [1, 2]

- Impact Assessment [1-8]

- Energy System Design and Control [6-8]

- Urban/Micro-Climate Simulation [5, 8]

- Statistical and Uncertainty Analyses [3]

1. Nik, VM, “Making energy simulation easier for future climate - Synthesizing typical and extreme weather data sets
out of regional climate models (RCMs)”, Applied Energy, vol. 177, pp. 204–226, Sep. 2016.

2. Nik, VM, “Application of typical and extreme weather data sets in the hygrothermal simulation of building
components for future climate – A case study for a wooden frame wall”, Energy and Buildings, vol. 154, pp. 30–45,
Nov. 2017.

3. Nik VM. Hygrothermal Simulations of Buildings Concerning Uncertainties of the Future Climate. PhD thesis. Chalmers
University of Technology, 2012.

4. Perera ATD, Nik VM, Wickramasinghe PU, Scartezzini J-L. Redefining energy system flexibility for distributed energy
system design. Appl Energy 2019;253:113572.

5. Javanroodi K, Nik VM, Giometto MG, Scartezzini J-L. Combining computational fluid dynamics and neural networks
to characterize microclimate extremes: Learning the complex interactions between meso-climate and urban
morphology. Sci Total Environ 2022;829:154223.

6. Nik VM, Moazami A. Using collective intelligence to enhance demand flexibility and climate resilience in urban areas.
Appl Energy 2021;281:116106.

7. Perera, A.T.D., Nik, V.M., Chen, D., Scartezzini, J.-L., Hong, T., “Quantifying the impacts of climate change and
extreme climate events on energy systems”, Nature Energy 2020;5:150–9.

8. Perera ATD, Javanroodi K, Mauree D, Nik VM, Florio P, Hong T, et al. Challenges resulting from urban density and
climate change for the EU energy transition. Nat Energy 2023:1–16.
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The interlinks between the climate model and the energy system model are not straightforward.
We developed a workflow to synthesize a pool of scenarios to link the climate model with the energy system model.

Perera, A.T.D., Nik, V.M., Chen, D., Scartezzini, J.-L., Hong, T., “Quantifying the impacts of climate change and extreme climate events on energy systems”, Nature
Energy 2020;5:150–9. doi.org/10.1038/s41560-020-0558-0.

https://doi.org/10.1038/s41560-020-0558-0
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We further developed the workflow to interlink energy models and climate models at the urban/micro-climate level.

Perera ATD, Javanroodi K, Mauree D, Nik VM, Florio P, Hong T, et al. Challenges resulting from urban density and climate change for the 

EU energy transition. Nat Energy 2023:1–16. https://doi.org/10.1038/s41560-023-01232-9

https://doi.org/10.1038/s41560-023-01232-9
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Nik, V.M., Perera, A.T.D., Chen, D., “Towards climate resilient urban energy systems: A review”, National Science Review. doi.org/10.1093/nsr/nwaa134.

Javanroodi, K., Nik, V.M., “Interactions
between extreme climate and urban
morphology: Investigating the
evolution of extreme wind speeds
from mesoscale to microscale”, Urban
Climate, 2020; 31:100544.
doi:10.1016/j.uclim.2019.100544.

We link urban/micro-climate models with mesoscale climate models for building and urban energy system analysis.

https://doi.org/10.1093/nsr/nwaa134
https://doi.org/10.1016/j.uclim.2019.100544
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Perera ATD, Javanroodi K, Mauree D, Nik VM, Florio P, Hong T, et al. Challenges resulting from urban density and climate change 

for the EU energy transition. Nat Energy 2023:1–16. https://doi.org/10.1038/s41560-023-01232-9

How do urban climate (UCM), microclimate (UMM) and Mesoscale climate data (Meso) affect 
climate variable fluctuations and energy demand profiles?

https://doi.org/10.1038/s41560-023-01232-9
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Linking Urban Morphology to climate variations at the microscale using historical data. The 
impacts on cooling, heating demands as well as indoor temperature. 

Todeschi V, Javanroodi K, Castello R, 

Mohajeri N, Mutani G, Scartezzini J-L. 

Impact of the COVID-19 pandemic on the 

energy performance of residential 

neighborhoods and their occupancy 

behavior. Sustain Cities Soc 2022:82. 

https://doi.org/10.1016/j.scs.2022.103896

.

https://doi.org/10.1016/j.scs.2022.103896
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Microclimate data is crucial during extreme climate events (e.g. heatwaves, cold snaps)

Hosseini, M, Javanroodi, K, Nik, V.M, High-resolution impact assessment of climate change 
on building energy performance considering extreme weather events and microclimate –
Investigating variations in indoor thermal comfort and degree-days, Sustain. Cities Soc, 
2021: 78, https://doi.org/10.1016/j.scs.2021.103634

https://doi.org/10.1016/j.scs.2021.103634
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Performance of CFD-NN for unseen Urban Morphology

We introduced CFD-NN to provide Extreme Microclimate for unseen urban morphologies

Javanroodi K, Nik VM, Giometto MG, Scartezzini J-L. Combining 

computational fluid dynamics and neural networks to characterize 

microclimate extremes: Learning the complex interactions between meso-

climate and urban morphology. Sci Total Environ 2022: 829. 

https://doi.org/10.1016/j.scitotenv.2022.154223

https://doi.org/10.1016/j.scitotenv.2022.154223
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Thank you!

vahid.nik@byggtek.lth.se

kavan.javanroodi@byggtek.lth.se



Mesoscale modelling of urban overheating
Alberto Martilli

CIEMAT
Spain



Research questions that motivate my work:

How to quantify the city scale impact of mitigation/adaptation measures, based on
the modification of the city characteristics, on thermal confort and building energy
consumption? How these measures affect air quality?

How to simulate the two-way, city scale interactions between cities, citizens and the 
urban atmosphere?



UCL

Mesoscale models

UBL

Spatial resolution of the order of 1km, domain size of 100 km, simulations from several
days to months.

A parameterization is needed. 

How to model the effects of atmospheric features
induced by urban hetereogenities with such resolution?

The tool



Philosophy of the parametrizations:

real idealized

equivalent

Advantage: every building behaves in the same way and also every street behaves in the same way. By 
computing the fluxes for one building and for one street, the fluxes for the whole grid cell can be easily 
estimated. 



BEP-BEM

BEP (Building Effect Parameterization, Martilli et al. 2002) is the multilayer urban canopy paramterization coupled to a 
Building Energy Model (BEM, Salamanca et al. 2010), embedded in WRF.

City

BEP

BEM
Feedbacks between urban
climate/meteorology and 
building energy consumption



Currently with the model we can represent different measurs like

City

Cool roofs

City

Irrigated green roofs (grass)

City

Cool pavements

City

Roof top solar panels

And estimate thermal comfort parameters like UTCI



What can we do with the mesoscale model with the urban canopy parameterization?

Maps of meteorological variables

2m maximum air temperatures (Celsius) 2m minimum air temperatures (Celsius)

Madrid during a heat wave



What can we do with the mesoscale model with the urban canopy parameterization?

Maps of heat stress
Madrid during a heat wave

Max UTCI

Maps of A.C. energy consumption



Microscale modelMesoscale model

Model of urban vegetation
(Green buildings/Street 
trees)

Roof-top Photovoltaic
panel model

Building energy model

Car heat
emission
model

People behaviour model Indoor-outdoor exchange model Thermal confort model

Future directions of (meso) scale atmospheric modelling of urban overheating



Thank you



Discussion



Thank you!

See you again tomorrow at 10.00 CET
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