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Abstract

The present internship, elaborated in the context of an Erasmus Internship, is part
of the conclusion of the master’s degree in Civil Engineering in Sustainable
Construction, of th=<<hool of Technology of the Polytechnic Institute of Castelo Branco.

Extreme climate events have grown tremendously in the last years, which indicates
that climate change is happening, and its impacts will test the quality of life in the
world. During the last years, the frequency and intensity of the heatwaves increase all
over the EU causing a lot of problems such as the increase of energy use for cooling
with adjacent COz emissions and damages in public health. Also combining the Urban
Heat Island (UHI) effect, it will result in higher temperatures inside buildings,
especially existing ones. Comfort and health problems will occur for weak and
disadvantaged people.

A sustainable and low-cost answer for cities and buildings overheating is using
“passive cooling” technologies, that allows to reduce the temperatures in buildings
envelope - roofs and walls - and the surrounding air, which limits the UHI. The most
promising strategy is the use of Ventilated and Permeable Roofs (VPR). The research
project LIFE HEROTILE developed “HEROTILES” that have an improved cooling ability
compared to another roof technologies.

The aim of the training performed and explained in this report is to assess and
define how much the Ventilated Permeable Roof (VPR) and the HEROTILE Roof (HBR)
impact on the Urban Heat Island (UHI) effect, and it will be developed within the LIFE
SUPERHERO research project. The research project is a partnership between
Universita Politecnica delle Marche (Italy), Centro Ceramico (Italy), acer (Italy),
Comune di Reggio Emilia (Italy), Confindustria Ceramica (Italy), CTMNC (France),
Edilians (France), HYSPALYT (Spain), Industrie Cotto Possagno (Italy) and Terreal

(Italy).

Keywords
Urban Heat Island, Ventilated Permeable Roof, Herotile based Roof, LIFE
SUPERHERO
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Resumo

O presente estagio, elaborado no contexto de um Estagio Erasmus, visa a conclusao
do mestrado de Engenharia Civil em Construgdo Sustentavel, da Escola Superior de
Tecnologia do Instituto Politécnico de Castelo Branco.

Os eventos climaticos extremos tém crescido exponencialmente nos ultimos anos,
o que indica que as alteragdes climaticas estdo a acontecer, e os seus impactos irdo
testar a qualidade de vida no mundo. Durante os ultimos anos, a frequéncia e
intensidade das ondas de calor aumentam em toda a UE causando muitos problemas,
tais como o aumento da utilizagdo de energia para arrefecimento com emissdes de CO2
adjacentes e os danos causados na saude publica. Combinando também o efeito de Ilha
de Calor Urbana (ICU), resultard em temperaturas mais elevadas no interior dos
edificios, especialmente os existentes. O conforto e os problemas de satude irdo ocorrer
para pessoas mais fracas e desfavorecidas.

Uma resposta sustentavel e de baixo custo para as cidades e edificios
sobreaquecidos € a utilizacao de tecnologias de "arrefecimento passivo", que permite
reduzir as temperaturas no interior dos edificios - telhados e paredes - e no ar
circundante, o que limita a ICU. A estratégia mais promissora é a utilizacao de Telhados
Ventilados e Permeaveis (VPR). O projeto de investigacdo LIFE HEROTILE desenvolveu
"HEROTILES" que tém uma capacidade de refrigeracdo melhorada em comparagao
com outras tecnologias de telhados.

O objetivo do estagio realizado e explicado neste relatorio é avaliar e definir o
impacto do Telhado Ventilado Permeavel (VPR) e do Telhado HEROTILE (HBR) no
efeito da Ilha de Calor Urbano (ICU), e sera desenvolvido no ambito do projeto de
investigacao LIFE SUPERHERO. O projeto de investigacdo € uma parceria entre a
Universita Politecnica delle Marche (Italia), Centro Ceramico (Italia), acer (Italia),
Comune di Reggio Emilia (Italia), Confindustria Ceramica (Italia), CTMNC (Franca),
Edilians (Franga), HYSPALYT (Espanha), Industrie Cotto Possagno (Italia) e Terreal
(Italia).

Palavras-Chave
[Tha de Calor Urbano, Telhados Ventilados Permeaveis, Telhados Herotile, LIFE
SUPERHERO
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

1. Introduction

1.1 Scope

This report presents the work developed in the scope of the second year of the
Master in Sustainable Construction, within the context of an Erasmus Internship. The
internship was developed within the LIFE SUPERHERO research project in Universita
Politecnica delle Marche.

The research project LIFE SUPERHERO has as topic the Climate Change Adaptations
and aims to developed solutions to combat Urban Heat Island (UHI) in cities, that is in
urban areas. The solution is the use of “passive cooling” technologies, more specifically
on the use of Ventilated and Permeable Roofs (VPR) (Figure 1).

VENTED and
PERMEABLE
ROOF

Cross section

Above-sheating

Under-tile Ventilation

ventilation

T —

/

Figure 1 - Ventilated and Permeable Roof cross section (Superhero, n.d.).

In a previous project developed at the same university - LIFE HEROTILE - were
designed two new types of tiles (Marseillaise and Portuguese), characterized by a
superior air permeability through the overlapping of the tiles, and by a better energy
efficiency through the passive disposal of solar radiation through under-tile
ventilation. Was also developed a software, that will be addressed further on, -
SENSAPIRO - that stands for Software Energy Savings Pitched Roofs, as a free practical
and simplified software for architects and technicians that, based on experimental
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data, will be able to predict the energy performance of the same building by changing
the roof configuration (Herotile, n.d.).

As we know, extreme climate events have grown tremendously in the last years
(Figure 2), which indicates that climate change is real, and its impacts will test the
quality of life in the world.

|<+— current level
[

Figure 2 - Comparison of atmospheric samples contained in ice cores and more recent measurements, provides
evidence that atmospheric CO; has increased since the Industrial Revolution (NASA, n.d.).

During the last couple of years, the frequency and intensity of heatwaves increase
all over the EU, exacerbating other problems, such as the energy use for cooling with
consequent COz emissions, public health by increasing the air pollution, the ability to
work result in lower productivity and possibly the use of public spaces constraining
social life and durability of infrastructures. These impact challenge economy and
quality of life. The Urban Heat Island (UHI) effect is also aggravating. The combination
of these important events will result in higher temperatures inside buildings, especially
existing ones. Comfort and health problems will occur for weak and disadvantaged
people (Superhero, n.d.).

Areal, sustainable and low-cost answer for cities and buildings overheating is using
“passive cooling” technologies, which allows to reduce the temperatures in buildings
envelope - roofs and walls - and the surrounding air, which limits the Urban Heat
I[sland, rather than increase energy demands from artificial cooling. The most
sustainable and promising strategy is the use of Ventilated and Permeable Roofs (VPR),
specifically HEROTILE roof (HBR) developed in the previous project, shown on Figure
1.

LIFE SUPERHERO encourages innovative building passive cooling concept and has
as a goal the use of the Ventilated and Permeable Roofs (VPR) and HEROTILE-based
Roofs (HBR) in existing and new buildings. The strategy is based on four parallel action
pillars:
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1. Standards and regulations proposal: producing a standardized air permeability
test method, proposing to update building green rating systems and public
procurement including the VPR environmental benefits, proposing to improve
existing CEN standards, to include VPR into building energy calculation;

2. Best practice with municipalities: Developing guidelines on proper roof
renovation strategies to be used as climate solutions;

3. Development of a superhero software tool: A decision support tool for building
consultants and public administrations, to assess life-cycle environmental and
economic benefits of VPR and HBR, to select the best design solutions for their
projects and climate plans;

4. Industrial replicability and transferability: This action sets the basis for a
strong market penetration of VPR and HBR, amplifying the climate impacts
obtained by the project, involving all partners (Superhero, n.d.).

1.2 Main Goals

This report is a result of an internship, and the work developed in this internship
was to assess the possible benefits of the Ventilated Permeable Roofs (VPR) on Urban
Heat Island (UHI) and compare the results with green and cool roofs.

Nevertheless, there is one big problem and is that the actual urban climate software
does not implement the effect of VPR and the previous research on this topic is lacking.
So, is necessary to find a way to implement the VPR in Climate software’s.

The project includes three actions for monitoring project impacts (action D), one
for dissemination (action E1) and another one for management (action F1). For my
internship I will work withing the action D - Environmental impact assessment and
monitoring, more specifically on action D.1.1 - Assessment of the impact of VPR/HBR
on the Urban Heat Island (UHI) effect.

1.3 Organization of the report

The present report is organized in several chapters, one of them is the introduction
of the work developed and the scope of the internship with the highlight of the main
objectives to be achieved.

In the second chapter, it’s highlighted the main problem that gave rise to this
project, the solutions studied to mitigate the problem and the software used to analyze
the main problem, which is the Urban Heat Island Effect.

Chapter three introduces the experimental work, such as the software’s used
during the internship and the case studies.

For the chapter four, the results obtained throughout the internship are analyzed
and discussed, with graphics and tables.
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Chapter 5 makes the general conclusion of the project with emphasis on the
knowledge obtained as a result of the different software’s used and proposes subjects
to be developed in the future.

2. Heat Island Effect and Roof Cooling Strategies

2.1 The Climate Problem: Urban Heat Island (UHI)

Is well known that the urban population is increasing, and the growth is expected
to continue, becoming important to work and understand the complex processes found
at intersection of urbanization, climate and health.

The rising of anthropogenic heat emissions, reduced evaporative cooling, increase
surface roughness, lower surface albedos and narrow urban canyon geometry
associated with cities results in the formation of Urban Heat Island (UHI), mostly at
night, since urban air temperatures are higher relative to the natural surroundings.
This effect is also most noticeable during summer and winter (Figure 3) (Debbage &
Shepherd, 2015).

Late afternoon temperature °C

Rural Suburban Commercial City Urban Park Suburban Rural
Residential Residential Residential Farmland

Figure 3 - Urban Heat Island (FULADLU et al., 2018).

Urban Heat Island (UHI) is an urban area or metropolitan area that is significantly
warmer than its surroundings rural areas due to human activities. Increasingly warm
urban environments pose serious threats to human health, since they intensify near
surface ozone concentrations, reduce air quality, enhance anthropogenic energy
consumption and increase heat related fatalities by magnifying the severity of heat
waves (Debbage & Shepherd, 2015).

The worsening of the UHI effect leads to greater need for summer air conditioning
of buildings, especially in existing buildings with low energy performance, with an
estimated consequent increase in energy consumption of 25% by the end of the 21st
century. The use of air-conditioning systems generates further emission of
anthropogenic heat and greenhouse gases in the urban environment, contributing to

4
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the increase of the UHI effect, as in a vicious circle. The sensitivity analysis allowed to
understand that the anthropogenic heat originating from cooling systems is the
parameter with the greatest influence on UHI (Maracchini et al,, 2021).

The Urban Heat Island does not only increase the ambient temperature, but also
presents important consequences on the modification of the energy consumption in
buildings. The role of the air-conditioning on heat waves is controversial, because in
one hand it protects from heat stress the inhabitants but on the other hand it
contributes to an increase of the street temperature of air source A/C, which discards
condensing heat into the air, is used. Because of this, UHI mitigation resembles to an
important challenge and many authors are developing studies and calculations to
understand the influence of the air-conditioning on air temperature. So far, they
understood that the heat resulting from air-conditioning increases the air temperature
and also the energy consumption of a building (Tremeac et al., 2012).

There are three different types of Urban Heat Island:

¢ Boundary layer UHI: warmer air in urban areas compared with rural areas,
they are in the area above rooftops and trees extending upwards as much as
1,6 km;

e Canopy layer UHI: warmer air in urban areas compared with rural areas,
they are present in the air layer where we live, from ground level to the tops
of trees or buildings;

e Surface layer UHI: higher surface temperatures in urban areas compared
with the rural areas (Note, 2009).

2.2 Roofing Technologies as Urban Climate Mitigation Strategies

In European countries, 36% of the total greenhouse gas emissions are attributed to
buildings, and with the intensification of the phenomenon Urban Heat Island (UHI) the
building sector is in the center of interest regarding the mitigation the role of building
on world energy consumption and minimize their relationship with greenhouse gas
emissions (Besir & Cuce, 2018).

Roofs are the envelope component subject to the highest solar irradiance. The
mitigations strategies are green roofs and cool roofs, that are widely used for
restraining summertime UHI, and Ventilated and Permeable roofs (VPR), on which
there’s a lack of previous research regarding to their benefits on UHI.

In the Table 1, is established the performance of cool and green roofs through
literature review, which becomes a starting point, as a “performance target” to
compare with VPR and HBR roofs.
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Table 1 - Performance of cool and green roofs.

K Ta change (2C)
. oppen
Reference City classi‘f)igation Roof albedo Max Ta - aver
Ta
(W‘;r(‘)%g; al, TC‘;?;‘;;’ Dfb 03t00,7  0,5-0,17 (area)
leghani Los
(T:l 8 Oi%‘)et Angeles, Csb 01t004  05-03 (area)
’ USA
(E";(l)al‘;; al. ‘L}‘t’;’f}f‘ Csa 03t00,83  15-1 (area)
(Farggclliﬁt al, Telgin, Csa 0,3t0 0,6 0,36 (area)
(K;)lthggl;%g et ang;l;r’ Aw 0,3t0 0,8 Negligible
(Wang & Montreal, 05-0,2
Akbari, 2015)  Canada Dib 0.1t 0.7 (diurnal)
(Di Giuseppe Rome, i
etal, 2017) Italy Csa 0,05 to 0,89 1,4
(Salza(‘;zi %c al, RI(z;l;’ Csa 0,35 to 0,66 0,1 - negligible
(A;rfb;%sll% et Tfﬁ:lr;o Cfa 0,3t00,9 0,9 - 0,5 (area)
Ho Chi
Ec(lilgnzho%z) Minh, Aw 0,1t0 0,7 0,1-0,1 (area)
’ Vietnam
(Mazcgell;)t al, C;r‘:;‘i" Aw 0,15t0 0,85 3,0 - 0,46 (area)
(Maleki, 2016) Xf;rr’; Cfb 0,3t0 0,8 0,5 - 0,3 (area)
Tel Aviv
(Lynn & Lynn, and _
2020) Jerusalem, Csa 0,2t0 0,8 0,6-0,9
Israel
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2.2.1 Cool Roofs

Cool roofs, also known as reflective roofs due to their high solar reflectance, which
returns a big part of the incoming solar radiation back to the sky. The absorbed solar
radiation turns into heat and emits back in form of infrared radiation due to high
thermal emittance property of cool roofs. They have performed better reducing cooling
loads within buildings when compared with conventional roofs, causing a decrease in
air conditioning needs, and improved indoor thermal comfort (Junjing Yang et al,,
2018).

Cool roofs use high albedo materials to reduce urban temperatures by increasing
the reflection of incoming solar radiation, as we can see in Figure 4 (Jiachuan Yang &
Bou-Zeid, 2019).

For buildings this is a roofing system that can provide high reflectance and high
thermal emittance. It can be used as a geo-engineering technique to tackle global
warming based on the principle of solar radiation management, provided that the
materials used not only reflect solar energy, but also emit infra-red radiation to cool
the planet.

Reflects

Figure 4 - Cool Roof Energy Reflection (Roofing Tri, n.d.).

These types of roofs offer a long-term saving in building energy costs. They can
reduce building heat gain, as a white reflective roof typically increase only from -122C
to -42C above ambient temperature during the day, create savings during summer on
air conditioning expenses, enhance the life expectancy of both the roof membrane and
the building cooling equipment, improve thermal efficiency of the insulation because
of the temperature increase, reduce the demand for electric power, reduce the
resulting air pollution and greenhouse gas emission and provide energy savings
(Mishra, n.d.).
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2.2.2 Green Roofs

Green roofs are considered one of the most appropriate sustainable solutions to
resolve the UHI related issues, considering that they account in between of 20% and
25% overall urban surface areas.

They are also known as eco-roofs, and they can be defined as roofs coated with
green vegetation and growing medium, as soil, over a waterproof membrane. The use
of green roofs has several benefits, such as reducing greenhouse gas emissions, air
pollution and urban heat island effects in highly populated areas, preventing the acid
rain by escalating pH values, increasing the quality of city water, minimizing the risks
of flooding by retaining the excessive water, providing better ecological habitat for
urban life and wildlife, absorbing local noise pollution within urban areas and
improving the durability of internal membranes. As for the thermal performance and
microclimatic conditions, green roofs play a key role in energy savings, thermal
insulation, shading and evapotranspiration. In the summer season, heat flow through
the roof can be reduce by 80% with green roofs.

As for the design, there are several components, from top to bottom (Figure 5):
vegetation (landscape materials), growing medium (substrate), filter, drainage
material (moister retention), root barrier, water proofing membrane, insulation layer
and structural layer as we can see in Figure 5. There can be some additional
components depending on the climatic conditions, such as irrigations systems, that are
required for hot and arid regions (Besir & Cuce, 2018).

Vegetation
Growth substrate

Filter fabric
Drainage element
Protection layer
Root barrier

Insulation layer

Water proofing membrane
Roof deck

Figure 5 - Schematics of different layers (Besir & Cuce, 2018).

There are three categories of green roofs, extensive, semi-intensive and intensive
(Table 2), with respect to weight, substrate layer, maintenance, cost, plant community
and irrigation.
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Table 2 - Classification of green roofs according to type of usage, construction factors and maintenance
requirements (Besir & Cuce, 2018).

Extensive green roof

Semi-intensive green

roof

Intensive green roof

Maintenance

Low

Periodicaly

High

Irrigation

No

Periodicaly

Regularly

Plant communities

Moss-sedum-herbs
and grasses

Grass-Herbs and
shrubs

Lawn or perennials,
shrubs and trees

Cost Low Middle High
Weight 60-150 kg/m?2 120-200 kg/m? 180-500 kg/m?
Use Ecological protection Designed green roof Parks like garden
layer
System build-up 60-200 mm 120-250 mm 150-400 mm
height underground garages
21000 mm

Considering the energy savings, research reveal that green roofs (without
insulation material) are cooler by 12°2C in comparison with conventional roofs,
according to the measured temperatures in summer period. In winter season, the
temperature difference is about 49C. So, it is clear that buildings with green roofs
consume less energy. As for the benefits of green roofs in terms of thermal performance
enhancement can be illustrated as thermal insulation, evapotranspiration and shading.

In conclusion, there are some characteristics achieved from the research:

e Heatpenetration from the building roof in summer can be mitigated by 80%,
using green roofs;

e Green roofs consume 2,2 - 16,7% less energy than traditional roofs in
summertime;

e The temperature difference between conventional and green roofs in winter

is about 4°2C and in summer 12°C;

e Bareroofalbedo of 0,15, in comparison with 0,30 of green roof, renders 75%
higher heat storage.

Generally, green roofs (Figure 6) are sustainable, energy-efficient and eco-friendly

structures toward low-zero carbon building standards (Besir & Cuce, 2018).
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Figure 6 - Green Roof. (Design, n.d.)

2.2.3 The Ventilated Permeable Roofs and Herotile-based Roofs

The Ventilated Permeable Roofs and HEROTILE-based Roofs (Figure 7) are possible
solutions used to reduce building overheating, as “passive cooling” technologies, that
can reduce roof temperatures. The use of this type of roofs is a more sustainable and
low-cost approach that permits the roof to breathe and disperse the accumulated solar
heat, with high performance that remains stable over time.

In a previous project - LIFE HEROTILE - new types of clay roof tiles were developed
and tested (HEROTILES). They present a shape that allows to reach a higher roof
ventilation/air permeability, obtaining like this an increase of roof cooling
performance compared with other roof technologies.

/ Stack effect

Continous
Covering

./

Stack effect
+ air pressure
drop

Discontinous
Covering
with
HEROTILES

Figure 7 - Schematics of the difference between continuous covering and discontinuous covering with HEROTILES (Di
Giuseppe, 2016).
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The results obtained during this project and also the technological improvement of
VPR obtained with the use of HEROTILE-based roofs encouraged the current project
LIFE SUPERHERO to work with the aim of overcome the existing barriers to the
diffusion of VPR and HBR. This project also aims to demonstrate that VPR and HBR
benefits are related to not only the building comfort/cooling consumption but also to
UHI adaptation, related to the roof tile temperature reduction.

There are a couple of barriers regarding VPR and HBR, because there is a lack of
consolidated legislative framework for building passive cooling technologies and
especially Ventilated Permeable Roofs, and also lack of awareness on the positive
outcome of VPR on UHI, indoor comfort and energy savings. Current EU directives on
buildings performance, their implementation in national energy codes, building green
rating systems and public procurement do not consider properly the benefits of
building energy cooling technologies for summer energy saving. More so, there is no
methodology for the quantification of vented roofs cooling potential in the
international standards, and the EU legislative frameworks are mainly focused on
winter heating saving obtained by a highly insulated building envelope.

Also, there isn’t a complete understanding of the possible benefits of the roof
passive cooling technologies for indoor comfort and energy savings during hot seasons.
Policy makers and public administers are not considering possible benefits in their
climate adaptation and mitigation policies and plans (Di Giuseppe, 2016).

It is important to talk about the impact of VPR on UHI (Figure 8) because of some
results obtained in LIFE HEROTILE project, as reduction of cooling energy then of the
heat release by air-conditioning equipment’s in the urban canyons, and the reduction
of the tiles temperature then of the temperature of the air-conditioning.

T

50% energy for cooling
= 50% energia per raffrescamento [
' L

-40% emissions during the
c -40% emissioni durante la fase di produzione pl‘ﬂdll(.‘.tiDll phase

-30% CO0z emissions due to

. =30% emissionl di CO; dovute al consumo di energy cnnsumpﬁun in the
energia nel 50 anni della fase d'uso
50 years of the use phase
-30% atmospheric
B o e G aose PEPCR) pollution (GWP, ODP, POPC
according to PEFCR weight
factors)
[ "lr‘} -25% temperatura massima sotto-tegola -250% maximum under-roof
temperature

Figure 8 - Impact of VPR on UHI (Di Giuseppe, 2021).
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VPR is a low cost, low maintenance, durable solutions, suitable to be applied in
European city centers, and it requires a cooling energy reduction (Di Giuseppe, 2021).

2.3 The Urban Climate Tool: Urban Weather Generator

In order to analyze the UHI effect, it is important to differentiate between its
mesoscale component, produced by the aggregated effect of the city on the urban
boundary layer, and its canopy-scale component due to the urban canyon effect.
Building energy simulation programs use meteorological databases obtained from
measurements at operational weather stations for annual energy calculations. These
stations are located, normally, in open areas outside the city, without nearby
obstructions.

The Urban Weather Generator (UWG) calculates urban air temperature using the
meteorological information measured at the operational weather stations and
accounts for the reciprocal interactions between building and the urban climate. The
UWG calculates hourly values and the model is composed by four coupled modules: the
Rural Station Model (RSM) - calculates sensible heat fluxes at the weather station -, the
Vertical Diffusion Model (VDM) - calculates vertical profiles of air temperature above
the rural site -, the Urban Boundary-Layer (UBL) model - calculates air temperatures
above the urban canopy layer (above urban canyons) - and finally, the Urban Canopy
and Building Energy Model (UC-BEM) - calculates urban sensible heat fluxes and urban
canyon air temperature and humidity (Figure 9).

. 'y
Solar radiation TN
(Short-wave radiation) &5

R et
Heat influx by | %KJ
|

convection and diﬁusi%

Lang-wave radiation

Heat efflux by
convection and diffusion

|
T |
|
4 @ [ el

Anthropegenic heat emmisions i . Heat conduction into ground

{a) The urban heat balance

Vertical diffusion mode| [ Urban boundary layer mode|

Air temperature at " Air temperature above

different heights the urban canopy layer
[ 1
| ! :

Meteorological information H : Alr temperature at
b ! the street level
I — |

Rural station model | Urban canopy - Building energy model |

(b) The urban weather generator

Figure 9 - Concept of the urban microclimate environment: (a) Heat Balance of urban surface layer; (b) The urban
weather generator (Mao et al., 2017).
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Rural Station Model

The RSM is a rural canopy model that reads hourly values of meteorological fields
measured at the rural site and calculates sensible heat fluxes, that are then provided to
the VDM and UBL model. This model is based on an energy balance at the soil surface.
A transient heat diffusion equation represents the storage and release of the heat from
the ground. Dividing the ground in layers, the RSM solves the equations:

o aT e
tﬂlﬂt'hT:I:f-L:lf: I') + Qg
[Equation 1]

for the first layer,

Y C o
ff?lﬂi'l,:W:f..-'..-wlf.ﬂ Ti) + Cii_1(Ti—1 — T3)

[Equation 2]
for the intermediate layers and
., ar . s
Ap-1\0C Iy |#= Ch f.J.':.Ie.!:z'e',r' Th_1)
[Equation 3]

for the deepest layer.

Radiation heat fluxes are measured at the weather station. Surface sensible heat
fluxes are computed using convective heat transfer coefficients. Latent heat fluxes due
to evapotranspiration of vegetation are calculated as a fraction of the absorbed
shortwave radiation. An appropriate model for accuracy requirements of UWG benefits
from the fact that the ratio between the latent heat flux and the net radiation is almost
constant during daytime. The net radiation is the sum of the net shortwave radiation,
which presents small variations during the day. When there is no light, plants stomata
are usually closed so that transpiration after sunset is virtually negligible. Some studies
show this effect comparing heat fluxes measured in different cities and different
vegetations fractions and also some indicate that the evapotranspiration from
vegetation is mainly dependent on solar radiation, which means that after the difficulty
is determining the fraction of absorbed solar radiation that is converted into latent heat
by plants. The current version of the model assumes 50% conversion.

Vertical Diffusion Model

The VDM reads air temperatures and velocities measured at the weather station, as
well as sensible heat fluxes calculated by the previous model, and calculates vertical
profiles of air temperature above the weather station, that are then provided to the
UBL model. This model solves the following equation_

13
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[Equation 4], 0 is the potential
temperature of air, z is the vertical space component, r is the air density and Ka is a

diffusion coefficient.

The lower boundary condition of this equation is the temperature measured at the
weather station. The upper boundary condition accounts for the fact that at a certain

ao
height, the profile of the potential temperature is uniform and P | Zref = 0.

Urban Boundary-Layer Model

The UBL model calculates air temperatures above the urban canopy layer from the
temperatures at different heights provided by the VDM and the sensible heat fluxes
provided by the RSM and the UC-BEM. It is based on an energy balance for a selected
control volume inside the urban boundary layer delimited by the blending height (zr)
and the boundary-layer height (zi). The energy balance is expressed:

= Hter'ﬁ + / UpefPCp “}nj_r - Hter'f" }dA__.f-

) [Equation 5], Vcv is
the control volume, p is the air density, cvis the air specific heat at constant volume, cp
is the air specific at constant pressure, Burb is the average potential temperature of the

control volume, Hurb is the sensible heat flux at the surface of the control volume, Orer is
a reference potential temperature outside the control volume, uref is a reference air
velocity and Aris the lateral area of heat exchange between the control volume and its
surroundings. In this equation, on the left it represents the thermal inertia of the
control volume and on the right, the second term represents the advection effect. This
model assumes the potential temperature is uniform inside the control volume.

The UBL model distinguishes between night and day urban boundary layers, and
between the advection effect determined by geostrophic wind (forced problem) and
by urban breeze circulation (buoyancy-driven problem). The problem is assumed to be
buoyancy-driven if the circulation velocity is greater than the air velocity measured at
the weather station. The circulation velocity is calculated from:

1/3
Hyp — Hyp\ !
Ucire = Kw (ﬁ: fh—) .

pCp
[Equation 6], kw is a constant, 3 is the
buoyancy coefficient, and Hurb and Hrur are the sensible heat fluxes from the urban and
the rural sites.

Finally, the equation of the energy balance can be expressed as:

14
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'ﬂm'ﬁ - H;-h = C.'.'w_'f + Cfarhﬂﬁg - Cfarhﬂm'h '
[Equation 7], where the
values of Csurf, Cadv and Beq can be calculated according to the next table.

Table 3 - Calculation of the values Csuf, Cagqv and Beq (Bueno et al., 2013; Mao et al., 2017).

C ‘_s'u.i_'f ' C ‘ad v 0 eq
Night
Forced (first) Hipd  wwndlem)zidey — 20,,,,(z;) + 10, (2))
Zipcy 2z,,dxc,
Forced (rest) 0,_1
Buoyancy-driven % P_;wz_ 300 (2i) + 30, (2)
=t ¥ cityty
Day
Forced —{I"r"' O Witvind(zm)dcp 0 rur(Z ref )
--"Pcl" A('.’I_\'Cl" l
Buoyancy-driven ﬂ:ﬁﬁ % 01ir(Zref)
=1 v cityby

Urban Canopy and Building Energy Model

The UC-BEM calculates urban canyon air temperature and humidity from radiation
and precipitation data, air velocity and humidity measured at the weather station, and
from the air temperature above the urban canopy layer calculated by the UBL model.
This model is based on the town energy balance (TEB) scheme, including its building
energy model. It assumes that the air inside the urban canopy layer is well mixed.
Urban canyon air temperatures are obtained by the heat balance method, considering

the heat capacity of the urban canyon air. The urban canyon energy balance accounts
for the heat fluxes from walls, windows and the road, the sensible heat exchange
between the canyon air and the atmosphere, the heat fluxes due to exfiltration, the
waste heat from heating, ventilation and air-conditioning (HVAC) equipment and other
anthropogenic heat sources, and the radiant heat exchange between the canyon air and
the sky. The urban canyon energy balance is given by:

Ith”_
i;)rl: o] I}(‘l' ETIH = A'ﬁ';!.'ﬁ.l: T“' - TEE-IF-' }
L

+ Ar'hr'( Tr' - Tur'h} + Ar'hr'fe’..'.'k_l.'( T'.'R_I.' - Tm'h}

An'."n‘['rn'.'}z': T:"fz - Tm'h]' + i’f.f;_zjrl.-"rmz:.f}ﬂn ': T.'}z - T:a'h]'
+ “f.t.!')(}:l(ruhf' - Tta'h} |"' H‘ﬁ'f!.'.‘!f + H!r'f_a”.": 1
[Equation 8], Turb, Tin and
Tubl are the air temperatures of the urban canyon, the indoor air temperature and the
air temperature of the urban boundary layer above the urban canyon. Tsky is the
effective sky temperature, Vcanis the volume of the urban canyon air, Uwin is the U-factor
of the windows including heat exchange coefficients at both sides, Vindjvent is the
exfiltration airflow rate, Hwaste is the sensible component of waste heat flux release by
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HVAC systems into the urban canyon, Hwafic is representing other anthropogenic
sources of heat and uex is the exchange velocity between the in-canopy and above-
canopy flows. An analogous latent heat balance is solved to calculate the humidity
content of the urban canyon air by computing the latent heat fluxes from the
atmosphere, buildings and road. The UWG assumes that the air humidity above urban
canyons is the same as the one measured at the weather station for each time step.

The exchange velocity is obtained from:

l.'.ll;:.:

1/2°
Uatm 8 '
u, VH,p
[Equation 9], where the u* is the friction
velocity and the uam is the reference air velocity above the urban canopy assumed
equal to the air velocity measured at the weather station.

Ifr’.’.l’ —

In large spaces as urban canyons, the water vapor present in the air participates in
the radiant heat exchange. The air emissivity is calculated as a function of the humidity
content and the size of the space. On the urban canyon energy balance equation the hw
and hr are the heat transfer coefficients of walls and roads, which combine convective
and radiative effects; and hrdsky is the radiant heat transfer coefficient between the
urban canyon air and the sky.

External surface temperature of walls, road and roof are calculated by solving a
similar surface energy balance to the one described for the rural soil. The boundary

conditions of the road are the same as for the rural soil. In walls and roof, the indoor
boundary condition is a heat flux calculated by the building energy model.

The outdoor surface heat flux is composed of shortwave radiation, longwave
radiation, sensible and latent heat components. The solar radiation received by walls
and road is calculated by assuming an average urban canyon orientation. The longwave
radiation in walls, road, urban canyon air and the sky is computed by linearization of
the Stefan-Bolstzmann equation accounting for the transmittance of the urban canyon
air and presuming one bounce of radiative heat fluxes between surfaces. Window
surfaces are assumed to have the same temperature as wall surfaces. Surface sensible
heat fluxes are computed by using CHTC, that are calculated as a function of the air
velocity above the urban canopy layer by using the correlation:

|'Ii',-. =584 _::‘.?H“,-”,-.
[Equation 10]

The air velocity inside the urban canyon is used on this equation for the road. This
is given by the following equation:
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[Equation 11]

Urban sensible heat fluxes are calculated as the sum of the heat exchange between
the canyon air and the atmosphere and the connective heat flux from building roofs,
including the part of waste heat emissions from outdoor HVAC equipment.

For road and roof, the UC-BEM calculates the latent heat flux associated with a thin
layer of water, that remains after the precipitation water is run off. The mass balance
to the film of water is given by the following equation:

I:l'r]"IIIE
dt

—
—lf..;

E,)
[Equation 12], Pg and Eg are the precipitation and evaporation

mass fluxes.

The water evaporation is calculated by:

H.E - mL.R{':J"fu-'{T:ﬂarr ) = qa).

[Equation 13], R is the aerodynamic resistance
obtained from the CHTC, pw is the water density, gsat is the saturation specific humidity
at surface temperature and qa is the specific humidity of the air above the surface. If
the depth of the layer is bigger than zero, the latent flux is calculated as L = Eg. pw.lv,

where lv is the latent heat of vaporization.

The vegetation model of the UC-BEM obeys the shade-convection approach. The
solar radiation that reaches urban canyon is partially blocked by the trees according to
the horizontal vegetation density. The solar radiation that is absorbed by the trees is

splitinto sensible and latent heat fluxes, fluxes that participate in the energy balnce
of the urban canyon. The tree canopy reduces the sky view factor of the urban canyon
and may reduce the net outgoing radiation, the model assumes that the temperature of
urban surfaces is close enough to the one of the tree canopy so the overall effect of trees
on the longwave radiation balance is negligible.

The physical and geometric definition of buildings is as simple as possible,
maintaining the required features of comprehensive building energy model. The model
considers a single thermal zone, where the thermal inertia of building materials
associated with multiple levels is represented by a generic thermal mass. Also it
accounts for heat gains due to transmitted solar radiation, heat conduction through the
enclosure, infiltration, ventilation and internal heat gains, as well as for the dynamical
evolution of indoor air temperature and humidity.

To calculate cooling energy consumption, the model resolves the dehumidification
of air passing through the cooling system, assuming that the air leaves the cooling coil
at 90% relative humidity. It includes the mixture of recirculated air and outdoor air
according to the ventilation air flowrate.
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Waste heat fluxes are calculated as a function of building energy consumption
(Qcons) and building energy demand (Qdem). For a cooling system, the waste heat flux is
provided by (Bueno et al., 2013; Mao et al., 2017):

Qh..‘u‘e' - Q:J".‘.\ T Q.J‘el’?.“
[Equation 14]

2.4 General Considerations

This chapter presented the main problem at the level of population increase and
climate change - UHI - and the type of roofs that help mitigate this problem. Well
studied and with vast literature we have the green roofs and the cool roofs, which we
conclude are not always the best solution when we have to consider the local climate,
aesthetics or meeting local architectural and landscape limits. The reflectance of "cool"
materials and their effectiveness is reduced over time due to aging, atmospheric
deterioration and dust, which means that cleaning and maintenance is needed; this
maintenance and operation is quite high for green roofs also.

Thus enters the study of new roof types - VPR and HBR. Throughout this report the
study of these types of roofs and the simulations performed in different cities will be
demonstrated, using the software Urban Weather Generator, and the results obtained
will be presented. In this chapter, the part concerning the UWG is merely explanatory
and introductory, to give an understanding of how the software works, all this
information having been taken from existing research. As for the work done on the
software during this internship, it will be demonstrated in the next chapter.
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3. Case of Study and Tools

3.1 Introduction

Throughout the internship several informatic software’s were used, like
SENSAPIRO, DesignBuilder and Urban Weather Generator, to help the study of these
new type of tiles and the performance in terms of energy consumption. Simulations
were also made, for different scenarios and different data, in order to obtain a
considerate number of results, to provide better results.

The first point will present the case studies used throughout the internship
followed by the tools in order to provide information about how it works, the input
data and the output analyzed.

3.2 Case Studies
3.2.1 First Case Study

For the first software, SENSAPIRO, in order to understand how the software works,
some simulations were made in the area of Reggio Emilia (Figure 10), which is where
the existing buildings under study are located. The table 4 and 5 show the properties
of the HEROTILE based roofs.
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Figure 10 - Localization of the building in study - Via Giuseppe Maramotti, 23, 42122 Reggio Emilia RE.
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Table 4 - HEROTILE based roof properties.

HeroTile based roof

Thermal transmittance

Tickness [m]

Thermal resistance

[W/m?K] [m2K/W]
0,23 0,209 4,35
Table 5 - HEROTILE based roof properties.
HeroTile based roof
Layer Layer Layer Density Thermal Specifi  Vapor
(indoor-  thicknes conductivit [kg/m3 resistanc cheat resistan
outdoor) s [m] y [W/mK] ] e [J/kgK] ce
[m2K/W]
Vapor- 0,002 - - 0,01 - (factor)
permeabl 150
e felt
XPS 0,15 0,032 35 - 1400  (resistivi
ty) 600
(MNs/g)
Bitumen 0,002 0,17 1200 - 1000 Non
permeab
le
Air cavity 0,04 0,8 1,23 - 1008 (factor)1
Clay tile 0,025 1 2000 - 800 (resistivi

ty) 1000
(MNs/g)

3.2.2 Second Case Study

For the second software, DesignBuilder, the case study simulated was in Ferrara,
where the roof was simulated for the right slope and left slope, and the configuration
of the roof was with standard roof and HBR roof. Figure 11 shows the model for the

building.
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e </

Figure 11 - Building model used for DesignBuilder, from two different perspectives.

3.2.3 Third Case Study

Initially for understanding what needed to be done and to perform different
simulations, the HBR roof stratigraphy was used and the location of the building in
study for the SUPERHERO project. But, to expand the work and get more results that
can be used in the project and can be used for possible literature, it was decided for the
UWG simulations, on a typical stratigraphy for a conventional roof without insulation
(Table 6) and simulate for HBR tile.

Table 6 - Conventional roof stratigraphy.

Layer Layer Layer Density Specific Vol. Capacity
(indoor - thickness conductivity [kg/m?3] heat (J/(m3-K) g
Outdoor) [m] [W/mK] [J/kgK] -4
5  Intonaco 0,01 1 1800 0 &
c
2, Cls Armata 0,15 2,3 2400 1005 2412000 2
§ CAir cavity 0,05 0,8 1,23 1008 1239,84 g
§ Clay tile 0,07 0,84 1900 800 1520000 S

The first goal was to select a couple of European cities to run the simulations, but in
the end the weather files were not updated and only Lisbon and Ancona were chosen
because they were the most recent ones, for the year 2005.

By the Koppen system (Figure 12), Lisbon is a Csa - Hot summer Mediterranean
Climate - and Ancona is a Cfa - Humid Subtropical Climate.
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Figure 12 - Koppen-Geiger Classification map for Europe (2071-2100) (Beck et al., 2018).

Simulations were performed in two different cities - Lisbon and Ancona - and for
five different LCZ’s - LCZ 2,3,4,5 and 6. The highlighted area (Figure 12) was expanded
to mark the cities referred (Figure 13).
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Figure 13 - Location of the cities used as case study (Plantmaps, 2022).
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3.3 Informatic Tools

3.3.1 SENSAPIRO

The sensapiro software (Figure 14) stands for Software Energy Saving Pitched
roofs, and it was developed within the LIFE + HEROTILE European project. It can
estimate in a simplified form, the performance, in terms of energy consumption for
cooling in summer, that some types of roofs and roof covering can provide to buildings.

[t is based on the statistical analysis of prolonged instrumental surveys carried out
on special constructed experimental buildings, also compared with real cases
appropriately monitored. In addition to the performance of standard roofing
membranes made with portuguese tiles, marsigliese tiles, metal sheets and others on
the market, also allows the evaluation of the performance of two particular types of
portuguese and marseille tiles, developed within the HEROTILE project, in order to
increase the performance of air circulation in the undercoat for the purposes of passive
air conditioning of the attic rooms in summer.

SENSAPIRD V1.0

LOCATION PARAMETERS

Software ENergy SAvings Pltched ROofs

TIME PERIOD

ROOF PARAMETERS

from |Janua to
select EPW file | RV I:l . Febru;yry : Roof average height (m)
o March e Roof pitch (deg)
JML?(; Roof orientation (deg)
Latitude  (deg) [ | July
(-90..90) [] ovemide August Roof type Onoese O "
roghese v
: d September September °
'-‘:1'%%"“1‘:3% o) [ | October
(- = ) [ ovenide November November Eave M &3
Timezone l:l ‘ December December semi-open &
(-11..14)
[ ovemide LAYERS Setpoint temperature  (°C)

Urban urban high densi ~

Setting urban medium density

ASV factor

Save configuration

[ lock chart scale

Number of layers EZIA
e

With the contribution of the LIFE financial instrumert of the European Community

Figure 14 - Software Ene4rgy Saving Pitched Roofs - SENSAPIRO.

Software Execution

To start, the main window (Figure 14) allows us to:

1. Select the weather file (*.EPW) from ENERGYPLUS software database;
2. Specify the urban context withing which building whose roof is being
assessed is located;

3. Choose the calculation period;
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4. Define the configuration of the “roofing package” and the materials of the
layers and relative thickness;
5. Define the roof configurations.

1. Select the weather file: To perform the calculation, first it is necessary to specify
the location in which we want to conduct the numerical assessment, which occurs
automatically when we select the EPW file.

If the user does not have any EPW file store in the computer, can directly access
the official EPW file storage website (NREL; DOE; Academic Institutions; Private Firms,
n.d.). The user can search for the weather station of the location of interest and make
the download of the EPW file according to the usual methods available. Is the
meteorological and climatic station is not available in the area of interest, the user can
load the one that is most appropriate and manually modify longitude, latitude and
time-zone, for a more precise estimate of the inclination angle of solar radiation.

2. Urban context: the user must specify the urban location of the building whose
roof is being study.

3. Calculation period: is defined by the start day and month and the end day. For
sensapiro the summer performance is being studied.

4. Definitions of the roof structure: the software allows to define the layers of the
structural package below the roof covering by choosing the products. The
performances concerning the roof covering are statistically defined based on the
experimental measurements carried out during the three years of the LIFE HEROTILE
project, the heat transmission in the structural package is resolved according to the
UNIEN ISO 13786:2018 standard, through the calculation of the attenuation factor, the
phase shift and other quantities. The configuration of the roof structure takes place by
indicating in the main window the number of layers making up the roofing package to
be evaluated, then a new window will open and on this, a number of records will appear
equal to the number of layers that was defined. The insertion of the layers occurs from
the internal to the external side of the roof and it is possible to select from the drop-
down menu the material or product constituting the layer. The program automatically
fills the physical-technical parameters, but we can always change the values. Once the
structure configuration is completed, the “CALCULATE” button will calculate and
display the decrement factor and other quantities, in accordance with the UNI EN ISO
13876:2018.

5. Configuration of the roof package: for the configuration, the user must define a
couple of parameters, such as:

e The reference heigh of the roof relative to the ground [m];
e The roof pitch relative to the horizontal [def];

e The orientation of the roof with the respect to North [deg];
e The type of roof covering;

e The configuration of the eaves;
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6. The setpoint temperature [2C] (Energy & Pitched, 2019).

Example of a simulation
In this simulation, the considerations were:

e Urban setting: urban low density, because is a rural area in Reggio Emilia;

e Time period: summer performance (may-october);

e Number of layers: 3, as we can see on table 2;

e Roof average height: 11,29 m (value that we took from autocad file);

e Roof pitch: 20 deg;

e Roof orientation: 90 deg, because the exposure of a groundwater is to the
East;

e Eave: 50%, semi-open;

e Setpoint temperature: 26°C;

e Type of tiles: Marsigliese HEROTILES.

Then we define the layers of the roof (Figure 15), with the help of the excel file
provided by the professor (Table 4 and 5) and calculate them. The software will
calculate the decrement factor and other parameters.

3 Layers = O X

LAYERS

Thickness Thermal Density Specific
conductivity :

Layer 1 to Layern ] (W/imK) (kg/m3)

layer 1

Figure 15 - Definition of the layers in the SENSAPIRO software.

When the roof configuration is complete, the calculation is started by clicking on
the button “CALCULATE”". This software makes the calculation in hourly values and
daily values, representing the results in a numerical and graphical form (Figure 16 and
17).

25



Sofia Isabel Batista Moreno Carronda

[ Results - m} *
——
10000 120 200
= &)
g 000 '-%-100 100 |
80 =
% 6000 2 g d
g
2 4000 g g
5 & 4w | > -100; -
E £
2 2000 2 2 | -200 .
8
0 0- L -300
0 50 100 150 0 50 100 150

400000
200000 | i t

D LM%
-200000

-400000

Wind Run fm)

Above Sheathing Ventilation
(mfs)
=]
@

Average = 23098.8 Average = 0,34

Figure 16 - Graphic results from the SENSAPIRO software.

H paity Data — O x
Day GH Vw Zirmr Vasv q

didfrmim “C m Whim2 m's Whim2 day

01l/01 ~ 0 ~ J-55186 ~ Q1200 ~ Q0,371 T~

02701 0 =-T5321 1236 0,346 72,4

03701 0 -1250% 153 0,175 39,6

04701 0 -18576 94 0,23 25,3

Q3701 Q —47T62l 1850 0,230 36,14

06701 0 -12851( 1855 0,672 151, 6

07/01 0 18617 2009 0,1 -14,5

08701 0 —-35839 1358 0,221 33

038701 0 —-T4860 461 0,449 111,7

10/01 Q 15927 360 0,876 232,35

11/01 o 200262 361 0,54 253,59

12/01 0 -10700] 1954 0,507 104, 4

13701 0 —-1l00&6EE 1925 0,428 84,6

14701 0 33243 1250 0,106 2,1

15701 Q —T2348 1137 0,332 Ta,3

lg/01 0 —T2557 2890 0,489 124,89

17/01 o —-l4568¢ 1219 0,57 138,.5

18/01 0 -107587 513 0,582 148,.8

15/01 0 -177171 2514 1,161 308,3

20701 o 95872 217 0,752 195,8

21701 0 —173634 18%e 1,233 300

22/01 o —5g208 2521 0,428 £%,2 Export
23701 0 T448 1999 0,229 18,5

24701 0 17659 1954 0,05 -26, 6

25701 0 Ti28 803 0,09 4,4

26/01 v ov@-62774 v 2551 v 0,24 v 20,8 v I:I

Figure 17 - Numerical results from the SENSAPIRO software.

The result is the values of q (Wh/m2day), this is the amount of specific thermal
energy that passes through the roof per m2.
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We ended up not using the results from this software, because there were some
problems. The most relevant limitation was related to the q calculation, some shift was
found in the hourly data but probably it depends on the .EPW files, also when we
calculate and go to the panel with the graphs, the average outdoor temperature is not
the real average but the value at 00:00 am, which means that is the first value for the
day that we simulate.

3.3.2 DesignBuilder

This software is an advanced graphical user interface that was developed to run
EnergyPlus simulations. Typical uses of DesignBuilder are (DesignBuilder, n.d.):

Calculating the impact of various design options on building energy
consumption;

Evaluating facade options for overheating and visual appearance;

Thermal simulation of naturally ventilated buildings;

Reporting savings in electric lighting due to use of natural daylight;
Prediction of natural daylight distribution through Radiance and Daysim
simulations;

Visualization of site layouts and solar shading;

Calculating heating and cooling equipment sizes;

Detailed simulation and design of HVAC and natural ventilation systems
including the impact of supply air distribution on temperature and velocity
distribution within a room using CED;

ASHRAE 90.1 and LEED energy models;

Economic analysis based on constructions costs, utility costs and life cycle
costs (LCC);

UK, Ireland and France Building regulations and certification reports;
Design optimization with multiple objectives, constraints and design
variables;

Life Cycle Analysis (LCA);

Communication aid at design meetings;

An educational tool for teaching building simulation to architectural and
engineering students.
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Software Execution

To start the execution in DesignBuilder (Figure 18) we can create a new file or open
an existing one, and to run the simulation that is needed for the project in question, the
professor provided the DesignBuilder file correspondent to the case study in Ferrara.

i DesignBuilder - be
File Edit Go Tools Help e

]

1 Recent Fies | Component Libraries | Template Libraries |

[Foider Size IKB) Last Modified Extension |~ || Recentand Example Files
122 de Trabatho\INMVPM-ERASMLSA2n temship\D esigrBuiderhodel To open one of the recently opened files, select
C:AUsershsofia\OneDirive 23325 14/05/2021 07.07-33 DesignBuider fles the file in the main screen and click on ‘Open
CAUsers\safia\OneDrive\brea de Tra.. | 2012 2770472021 DB:06:00 DesignBuide fles | e i
i LIFE Ferrara AL CAUsers\soliahOneDiive\irea de Tra.. | 418 26/0472021 03.4456 DeesignBuidet fles i HODSTE
—| DesignBulder Data Open selectedfile
i SIM1 DesignBuider Data 1352 19/04/2021 1313:22 DesignBuider files Delete selected file
=IDesionBuilder templates Clear recentfiles list (files are not deleted)
~1C\ProgramD ata\D esignBuidert Templates If the file you want to open does not appearin
L& Zone Multiplier Example CA\PragramD atatDesignBulder\Templ.. [1113 14/12/202017.17:40 DesignBuider templates the list of recently used files you can also:
2 Green raof example CAProgramDala:DesignBulder\Templ... 1105 14/12/202017:17:40 DeesignBuider templales Creste new file
b Atrium example base CAProgramDatz:DesionBulderT empl... 1160 14/12/202017:17:40 DesignBuider templates Open exsting file
& PCM Example CAProgramDaiz:DesignBuider\Templ... 1272 14/12/202017:17:40 DesignBuider templates PR —
i Model Geometry Example CAProgramDaia:DesignBulder\Templ... 1090 14012/20201717:38 DesignBuider templates | Learring mode provides relevantnformation
i Mech Vent with Preheat CAProgramDala:DesignBulder\Templ... 916 14/12/202017:17:38 DeesignBuider templales and easy access to typical commands. New
U Mixed Mode Example CA\ProgramD.atahDesionBuilder\T empl. 1095 14/12/202017:17:38 DesignBuider tempiates L #g?;;i\nf“fguﬁgaﬂnfﬂg‘r\”% g"'ﬂ;:i n‘}f{;‘rg‘r‘*ﬂf“am
s Parametsic Simulation Example | C:\ProgrambataiDesignBuilder\ Templ.. | 1108 1412/202017:17:38 DesignBuider templates Oplions dialog Froqam
& Underfloor Heating Example | C:\ProgramDaatatDesignBuilder\ Templ.. | 910 14012/20201717:38 DesignBuider templates
i Zone Water To Air Heat Pump... | C\ProgramDatetDesignBuilder\ Templ.. | 1334 14/12/202017:17:38 DeesignBuider templales Otner tools:
i Plenum Example Buillding CAProgramDatz:DesionBulderT empl... | 1054 14/12/202017:17:38 DesignBuider templates Web Tutarials
& Trombe Wall Example CAProgramDaiz:DesignBuider\Templ... 1045 1412/202017:17:38
i CFD Intemal Analysis Example | C:\ProgrambataiDesignBuider\Templ.. | 1032 14012/20201717:38
i Courtyard with VAV Example | C\ProgramDatetDesignBuilder\ Templ.. | 933 14/12/202017:17:38
b Atrium Example with Cale Nat . | C\ProgramD atatDesignBulder\Termpl.. | 941 1412/202017:17:38
CAProgramDaia:DesignBuider\Templ.. 1091 14012/20201717:38
CAProgramDala:DesignBuider\Templ... 1188 14/12/202017:17:38
.| CAProgramDataDesignBuilder\Templ 1287 14/12/202017:17:38
.| CAProgramDataiDesignBuldertTempl... 1318 1412/202017:17:38 DesignBuider templates
i House Example 1 CAProgramDaiaDesignBuider\Templ... 390 14012/20201717:38 DesignBuider templates
i Double Skin Facade Example | C\ProgramDatetDesignBuilder\ Templ.. |1173 14/12/202017:17:38 DeesignBuider templales .

Figure 18 - Main Window of the software DesignBuilder.

In order to proceed with the simulation, it is necessary to estipulate some
parameters. It is essential to know which part of the structure we want to simulate, and
also which time period. For this case, we want to simulate the roof structure and for
the summer season. The software also allows us to choose the time steps for the results
and the results can come in monthly, daily, hourly and sub-hourly values, providing
more or less data. The results obtained from the program can be seen in form of graph,
grid or table, and we can export them in very formats.

Simulations

For this project it was necessary to run some simulations, to analyze the data
regarding the HEROTILE based roof of the case of study in Ferrara. It was analyzed the
summer performance, so the simulations were runed during the month of July and
August. Also, the simulations were made for two different models - baffle model and
no baffle model.

The baffle components consist of an outside baffle surface which is slightly
detached from the main wall or roof forming a cavity which exchanges air with the
outside environment. They are used to model naturally ventilated rainscreens and/or
solar shading of exterior surfaces(DesignBuilder, n.d.).

The first simulation was made to understand how the software works, so it was
made for the month of July, for the two models, obtaining like this data about surface
gain, solar radiation and outside temperature, as we can see in the table and graph
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below - Table 7 and Graphic 1. The data was exported in grid (excel) so it could be
analyzed and transformed into graphics to understand the relation in terms of surface
gain and exterior surface temperature, between the two different models, since the
goal is to understand how we can lower the values of the no baffle model to the ones of
the baffle model.

Table 7 - Heat Flux and ratio of the first simulation for the 1 of July.

Date July 2002 Hour BAFFLE NO BAFFLE RATIO
W/m2 W/m2

01/07/2002 01:00 01:00:00 -9,25041 -6,705400982 0,724876  0,724876
01/07/2002 02:00 02:00:00 -10,4859  -8,242389525 0,786043 0,75546
01/07/2002 03:00 03:00:00 -11,4851 -9,556792144 0,832103 0,781007
01/07/2002 04:00 04:00:00 -12,1043  -10,59116203 0,874995 0,831047
01/07/2002 05:00 05:00:00 -12,1679  -11,21538462 0,921717  0,876272
01/07/2002 06:00 06:00:00 -10,7787  -10,96301146 1,017097  0,937937
01/07/2002 07:00 07:00:00 -4,52979  -6,328641571 1,397117  1,111977
01/07/2002 08:00 08:00:00 3,556956 3,537152209 0,994432  1,136216
01/07/2002 09:00 09:00:00 12,62897 17,40294599 1,378018  1,256522
01/07/2002 10:00 10:00:00 21,00376 31,89574468 1,518573  1,297008
01/07/2002 11:00 11:00:00 26,67283 44,3797054 1,663854  1,520148
01/07/2002 12:00 12:00:00 31,00376 53,29394435 1,718951  1,633793
01/07/2002 13:00 13:00:00 33,07512 58,5710311 1,770848 1,717885
01/07/2002 14:00 14:00:00 31,73797 58,93060556 1,856786  1,782195
01/07/2002 15:00 15:00:00 25,38249 53,04042553 2,089646 1,90576
01/07/2002 16:00 16:00:00 16,04124 38,85613748 2,422265 2,122899
01/07/2002 17:00 17:00:00 12,37512 27,46841244 2,219648  2,243853
01/07/2002 18:00 18:00:00 10,7928 23,10229133 2,140528 2,260814
01/07/2002 19:00 19:00:00 5,206383 16,84762684 3,235956  2,532044
01/07/2002 20:00 20:00:00 0,088543 9,005564648 101,7079  35,69481
01/07/2002 21:00 21:00:00 -3,19002 2,695908347 -0,84511 34,6996
01/07/2002 22:00 22:00:00 -4,61097  -1,001800327 0,217265  33,69337
01/07/2002 23:00 23:00:00 -6,37463  -2,985761047 0,468382  -0,05315

01/07/2002 24:00:00 -7,84484  -4,826513912 0,615247 0,433631
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Graphic 1 - Comparison of the heat flux of the two models for the 1 of July.

For the second simulation, the summer period was extended to July and August, to
try to find a better connection between the models. As the results were in hourly values,
the third and final simulation that was performed, the time step was changed to obtain
data every 15 minutes for the month of July and August, and to simulate the right and
left slope of the roof. For representation of results, only for the first simulation were
presented, as the results were wide.

3.3.3 Urban Weather Generator

As shown in the chapter 2, the UWG is an urban heat island effect modeling
software, that estimates the hourly urban canopy air temperature and humidity using
weather data from a rural weather station. The output is a morphed weather file that
captures urban heat island effect and is compatible with many building performance
simulation programs (Norford & Reinhart, n.d.). It is important to understand how the
heat exchanges work in UGW (Figure 19).

(a (b}

Figure 19 - Heat exchanges in UWG for not ventilated roof (a) and ventilated roof (b) (Di Giuseppe, 2021).
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In UWG, the building envelope can be modelled considering several material layers
with their thermal properties. The external surface is exposed to convection, long wave
radiation and solar radiation. Based also in indoors and outdoors conditions, the
software calculates for each hourly time step: the indoor and outdoor surface
temperatures, the heat flow rate through the elements (roof and wall), the indoor air
temperature, the net absorbed heat flow due to incident solar radiation on the outer
material’s absorptivity (lo=Isol X aso1) and the long wave radiation exchange, which
depends on the outer material’s emissivity, and for the roof is only intended to the sky.
However, in a ventilated roof, the heat exchanges are more complicated, because we
also have: convection and long wave radiation in the air cavity, ventilation heat flow
from the air cavity to the exterior air, through under tile ventilation and air
permeability. As result, a reduced heat flux is entering the building in summer. The
ventilation heat flow from the air cavity to the exterior air contribute to reduce the tile
surface temperature but may release warm air in the environment. In order to model
the VPR thermal behavior in UWG, we need to modify the actual heat balance equations
atthe rooflevel included in the software to get: the same heat flux entering the building,
the same heat release to the external air and the same external temperature (Di
Giuseppe, 2021).

For the simulations, it was necessary some research on Local Climate Zones - LCZ
(Stewart & Oke, 2012). All classes to emerge from logical division of the landscape
universe are called “local climate zones”. The name is proper as the classes are local in
scale, climatic in nature and zonal in representation. It’s formally defined local climate
zones as regions of uniform surface cover, structure, material, and human activity that
span hundreds of meters to several kilometers in horizontal scale. Each LCZ (Table 8,9
and 10) has a characteristic screen height temperature regime that is most apparent
over dry surfaces, on calm, clear nights and in areas of simple relief. These temperature
regimes persist year-round and are associated with the homogeneous environments
or ecosystems of cities and agricultural lands. Each LCZ is individually named and
ordered by one or more distinguishing surface property, which in most cases is the
height of roughness objects or the dominant land cover.
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Table 8 - Definitions for local climate zones (Stewart & Oke, 2012).

|. Compact high-rise

2. Compact midrise

3. Compact low-rise

4. Open high-rise

i

5. Open midrise

”

w

6. Open low-rise

(- -

F 4

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover

mostly paved. Concrete, steel, stone,
and glass construction materials.

Dense mix of midrise buildings {3-9
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tle, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tle, and
concrete construction materials.

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
{39 stories). Abundance of parvious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of low-rise buildings
(1-3 stories). Abundance of pervious
land cover (low plants, scattered trees).
Wood, brick, stone, tile, and concrete
construction materials.
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Table 9 - Values of geometric and surface cover properties for local climate zones (Stewart & Oke, 2012).

Building Impervious Pervious Heightof  Terrain

Local climate zone Sky view  Aspect surface surface surface  roughness roughness
(LCZ) factor* ratio® fraction® fraction® fraction® elements’ class®

LCZ 1 0.2-04 >2 40-60 40-60 <10 >25 8

Compact high-rise

Lcz2 0.3-0.6 0.75-2 40-70 30-50 <20 10-25 6~7

Compact midrise

LCzZ3 0.2-06 0.75-1.5 40-70 20-50 <30 3-10 6

Compact low-rise

LCZ 4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 >25 7-8

Open high-rise

LCZs 0.5-0.8 0.3-0.75 20-40 30-50 20-40 10-25 5-6

Open midrise

LCZ 6 0.6-09 0.3-0.75 20-40 20-50 30-60 3-10 5-6

Open low-rise

* Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere

* Mean height-to-width ratio of street canyons (LCZs 1-7), bullding spacing (LCZs 8~10), and tree spacing (LCZs A-G)

* Ratlo of building plan area to total plan area (%)

“ Ratio of impervious plan area (paved, rock) to total plan area (%)

* Ratio of parvious plan area (bare soil, vegetation, water) to total plan area (%)

' Geometric average of bullding heights (LCZs 1-10) and tree/plant heights (LCZs A~F) (m)

# Davenport et al’s (2000) classification of effective terrain roughness (z,) for city and country landscapes. See Table 5 for class descriptions

Table 10 - Values of thermal, radiative and metabolic properties for local climate zones (Stewart & Oke, 2012).

Local climate zone Surface Anthropogenic
(LCZ) admittance*  Surface albedo® heat output:

LCZ | 1.500-1,800 0.10—-0.20 50-300

Compact high-rise

LCZ 2 1,500-2,200 0.10-0.20 =75

Compact midrise

LCZ 3 1,200-1,800 0.10-0.20 =75

Compact low-rise

LCZ 4 |.400-1,800 0.12-0.25 <50

Open high-rise

LCZ 5 1,400-2,000 0.12-0.25 <15

Open midrise

LCZ & 1,200-1,800 0.12-0.25 <25

Open low-rise

For this work, simulations for two different cities were defined - Lisbon and Ancona
- and for 5 different LCZ’s - LCZ2, 3, 4, 5 and 6 (Table 10).

Table 11 - LCZ data.
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Sky view Aspect Building Impervious Pervious Heigh Terrain

factor ratio  surface surface surface [m] class
fraction fraction fraction
LCz2 0,3-0,6 1,375 55 30-50 20 18 6to7
LCz3 0,2-0,6 1,125 55 20-50 30 6,5 6
Lcz4 0,5-0,7 1 30 30-40 35 25 7to8
LCz5 0,5-0,8 0,525 30 30-50 30 18 5to6
LCzé 0,6-0,9 0,525 30 20-50 45 6,5 5to6

Table 12 - LCZ data.

Horizontal Surface Surface Anthropogenic verthor
Building admittance albedo heat output
density [J/(m2 [W/ m2]
s0.5 K)]
LCz2 0,55 1500 - 0,10 to 0-75 1,05
2200 0,20
LCz3 0,55 1200 - 0,10 to 0-75 0,86
1800 0,20
LCz4 0,3 1400 - 0,12 to 0-50 0,99
1800 0,25
LCZ5 0,3 1400 - 0,12 to 0-25 0,52
2000 0,25
LCZ6 0,3 1200 - 0,12 to 0-25 0,52
1800 0,25

Label - verthor: value for vertical-to-horizontal urban area ratio, is calculated by dividing the urban facade area by
total urban area.

Table 13 - UWG Properties.

charLength  canAspect [-] = bldDensity bldHeight
[m] bldHeight/canWidth [-] [m]
LCz2 1000 1,375 0,55 17,5
LCz3 1000 1,125 0,55 6,5
LCZ4 1000 1 0,3 25
LCZ5 1000 0,525 0,3 17,5
LCz6 1000 0,525 0,3 6,5

Table 14 - UWG Properties.
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roadConf grasscover treecover[-] vegcover[-]= roadcover [-]
(SVF)[-]1 [-] grasscover +
treecover

LCZ2 0,33 0,2 0 0,2 0,25
LCZ3 0,38 0,3 0 0,3 0,15
LCZ4 0,41 0,4 0 0,35 0,35
LCZ5 0,6 0,3 0 0,3 0,4
LCZ6 0,6 0,5 0 0,45 0,25

Label - charlength: Value for the urban characteristic length in meters, is the dimension of a square that encompasses
the whole neighborhood; canAspect: Mean heigh to width ratio of street canyons, building spacing and tree spacing;
bldDensity: Ratio of building plan area to total plan area. The sum of grasscover, treecover and bldDensity must be
less than or equal to 1; bldHeight: Average urban building height in meters; grasscover: Number of fraction of urban
ground covered in grass only; treecover: Number of fraction of urban ground covered in trees; vegcover: Value
between 0 and 1 for fraction of vegetation coverage; roadcover: Value between 0 and 1 for fraction of road coverage.

For the simulations it was necessary to download the Mobaxterm (Figure 20) - an
application that makes it possible to use operating systems simultaneously - to access
the cluster of the university.

B 193.205.130.24 (utente_tesi2) — O *
Terminal Sessions  View Xserver Tools Games Settings Macros  Help
a® - - - ¢
E % % w kB B Y B & & 0 X ©
Session  Servers Tools Games  Sessions View Split MultExec Tunnelng Packages Settings Help ¥ server Exit

Quick connect...

t TOM® i sage ) 3% of 58.93GB
|.n’r|c|me.futente_tesz-'uwg—E-.B 5 HBR/ °| : ’

~  Name 63

Sessions

M.

.github

docs
K] resources
E Its
= resul
! results_old

tests
g uwg * Canonical Livepatch i ailable for installation.
8 .gitignore - Reduce and improve kernel security. Activate at:
= s .releaserc.json - atch
il i\_main_.py X .
a =] di+equirements. txt v b re aggiornati.
£ [, 127 of these update » security update

< > To see these additional updates run: apt list --upg

g Remote monitoring

4:47:38 2021 from 193.205.133.163

[ Follow terminal folder

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https:/fmobaxterm.mobatek.net

Figure 20 - Main Window of Mobaxterm.

In the cluster, the simulations were runed with UWG, using two files - json file
(Figure 21) and weather file (Figure 22). The code (Figure 21) was based on a code
provided from the website Urban Microclimate (Norford & Reinhart, n.d.), and adapted
to the work of the SUPERHERO Project.

First, the notepad++ was downloaded and the plug-ins to write on json files, this is
the file with the code (input parameters) that was necessary to change for every
simulation (Table 11 to 14). Then, in the weather file of booth cities from 2005 the
program Elements was used (Figure 22) to extract some values - dry bulb temperature,
wet bulb temperature, atmospheric pressure, relative humidity, dew point
temperature, global solar, normal solar, diffuse solar and wind speed - from the fifteen

35



Sofia Isabel Batista Moreno Carronda

of June to the thirty first of August, the summer performance, and use these values for

comparison with the results of the simulations.

L‘}{ Ch\Users\sofia\OneDrive\Area de Trabalho\UNIVPM-ERASMUS\2nd Semester - Internship\UWG... —
Editar

Janela 7

Ficheiro Procurar  Visualizagde Codificagde Linguagem Configuragde Ferramentas  Macro

Plugins

sHHES LA Lk oc|mp| @ | EE

B change log £ [ custom_uwg json E3 |

=1

O

b

Executar

X

= aE®|”

148

"yegcoverage™: 0O,
"t_init™: .
"horizontal": false,
"name": "brickwall"™

= I
= "roof": {
"cype": "Element™,
"HEBR": false,
"to_UCHM": O
"albedo™: S
"emissivicy": 0.93,
"layer_thickness lst™:
= "material lst": [{
"cype": "Material"™,
"name": "roof material"”,
"thermalcond™: 2.3,
"volheat": 100
oA
"cype": "Material™,
"mame": "roof materiali”,
"thermalcond™: 0.3,
"volheat": 5

[0.15, 0.05,0.C

=k
Vo

[T S

F
()]
9o

[
)

"cype": "Material”,
"name": "roof material3™,
"thermalcond™:

"volheat™: 1520000

B 1.
"wyegooverage™:
"t_imit™: 2893,
"horizontal™:

LT

true,

[LTp—

length: 13,715 lines: 28! Ln:34 Col:23 Pos: 647 Unix (LF) UTF-8

Figure 21 - Code of the UWG simulations.

5 EPW.epw - Elements

File Edit Tools View Window Help

INS

- [m) e

fla':ts;ew;zegrees] igt‘:;a Longitude [degrees]: 13.52 @ @
Time Zone 1 Elevation [m]: 1035

Tools: | Offset Scale || Normalize | | Mormalize By Month | Variables to Hold Constant: | Ad]

L) ‘Wet Bulb Atmospheric Relative Dew Point Global Solar Normal Solar Diffuse Solar ‘Wind Speed
s Temperature [C] Pressure [kPa] Humidity % Temperature [C] [Whim2] [Whim2] [Whim2] [mis]

2005/01/01 @ 00:00:00 3 578 100.07 97 5.58 0 0 0 0 k=l
2005/01/01 @ 01:00:00 6.1 581 100.07 96 553 0 0 0 0 B
2005/01/01 @ 02:00:00 6.2 576 100.07 94 533 0 0 0 0

2005/01/01 @ 03:00:00 64 573 100.07 91 5.08 0 o 0 0
2005/01/01 @ 04:00:00 64 581 100.07 92 521 0 0 0 0

2005/01/01 @ 05:00:00 63 586 100.07 94 543 0 0 0 0
2005/01/01 @ 06:00:00 62 508 100.07 97 578 0 0 0 0

2005/01/01 @ 07:00:00 64 625 100.07 98 6.13 2 0 2 0

2005/01/01 @ 08:00:00 6.7 6.63 100.07 99 6.58 48.81 16 47 0

2005/01/01 @ 09:00:00 72 .12 100.07 99 7.08 25 52 100 0

2005/01/01 @ 10:00:00 7 6.92 100.07 99 6.88 169.02 90 129 0

2005/01/01 @ 11:00:00 686 645 100.07 98 633 20433 115 160 08
2005/01/01 @ 12:00:00 6 578 100.07 97 558 20974 119 163 16

2005/01/01 @ 13:00:00 59 568 100.07 97 548 18214 99 147 24
2005/01/01 (@ 14:00:00 6 585 100.07 98 573 130.31 63 113 24 v
Columns: Add ‘ | Remove | | Moveleft || Movs Units: (® 81 O IP

Figure 22 - Program Elements, that opens an epw. File (LLC, 2015).
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Before each simulation, that [ will be presented in the next chapter, two files outside
the cluster were defined, and then uploaded on the cluster and runed the simulation.
After each simulation, the results were transferred from the folder results in the cluster
and put all the data in excel files, in order to be analyzed by making tables and graphics
that will be showed and explained in the next chapter.
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4. Results Analysis

In the present chapter, the results obtained through the simulations made on UWG
will be presented and analyzed. Only the simulations made with this software will be
presented because they consist in the main subject of the training, considering that all
the other software’s used provide base knowledge for data and inputs necessary, as
well as, how simulations should be performed.

4.1 Analyses Performed

The first simulation was performed for understanding how the UWG software
works, it was made for the month of August, considering a building with 19,78m with
HBR roof (true) and without HBR roof (false), and releasing 100% of the heat in the
urban canopy layer (to_UCM 1) and releasing it to the urban boundary layer (to_UCM
0).

After understanding how the software works, other simulations were performed in
order to obtain more accurate results. So, a table was organized with the input data,
considering the different LCZ’s, and the parameters used in the code were showed in
sub-chapter 3.3.3 (Table 11, 12, 13 and 14). For the final and most important
simulation, twenty simulations were made for each city, Lisbon and Ancona, as can be
seen in the next schematic (Figure 23). The simulation was made from the 15t of June
until de end of August.

HBR True, To_UCM 0 HER True, To_UCM O
HER True, To_UCM 1 HER True, To_UCM 1
E< EE<
HER False, To_UCM O HER False, To_UCM O
HER False, To_UCM 1 / [ HER False, To_UCM 1
HER True, To_UCM 0 f ) HER True, To_UCM 0
- HBR True, To_UCM 1 7 HBR True, To_UCM 1
| LC7 3 - @- -
/ -~ HEBR False, To_UCM 0 i HER False, To_UCM O
HER False, To_UCM 1 -/ [ HBR Fale, To_UCM 1
HER True, To_UCM O HER True, To_UCM O

HER True, To_UCM 1 HBR True, To_UCM 1

HER False, To_UCM 1 HER False, To_UCM 1

y HER True, To_UCM 0 AN HBR True, To_UCW 0
' . L HER True, To_UCM L Yo . . [ HBR True, To_UCM 1
Tt - HBA False, To_UCM 0 ES<_ HER False, To_UCM 0
HBR False, To_UCM 1 ! ' HER False, To_UCM 1

HBR True, To_UCM 0 HER True, To_UCM 0

[ HBR True, To_UEM 1 { HBR True, To_UCM 1
=D ——{ HBR Falze, To_UCM 0 (LCZ6 S HER False, To_UCM 0

HBR False, To_UCM 1 ' HER False, To_UCM 1

Figure 23 - Schematic of the main simulations performed.
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First the weather file (.epw) was the same for the twenty simulations of each city,
and the only file that was needed to upload for each simulation was the .json file that
contains the code used for performing the simulations. In the code the parameter
correspondent for each LCZ, as can be seen in the next tables (Table 15, 16,17, 18 and
19) was changed for each simulation.

Table 15 - LCZ 2 data input.

UWG parameters LCZ2

vertohor [-] 1,05
bldDensity [-] 0,55
chLength [m] 1000
grasscover [-] 0,2

treecover [-] 0

Table 16 - LCZ 3 data input.

UWG parameters LCZ 3

vertohor [-] 0,86
bldDensity [-] 0,55
chLength [m] 1000
grasscover [-] 0,3

treecover [-] 0

Table 17 - LCZ 4 data input.

UWG parameters LCZ 4

vertohor [-] 0,99
bldDensity [-] 0,3

chLength [m] 1000
grasscover [-] 0,35
treecover [-] 0

Table 18 - LCZ 5 data input.

UWG parameters LCZ 5

vertohor [-] 0,52
bldDensity [-] 0,3
chLength [m] 1000
grasscover [-] 0,3
treecover [-] 0
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Table 19 - LCZ 6 data input.

UWG parameters LCZ 6

vertohor [-] 0,52
bldDensity [-] 0,3

chLength [m] 1000
grasscover [-] 0,45
treecover [-] 0

Still in the code, in the Figure 24 we can see the roof parameter, where for each
simulation the configuration was changed, as explained in the first paragraph.

Ir

"roof": {

"cype™: "Element™,

"HBR": false,

"vo UCHM™: 1,

”a;Eedc”: n

"emissivity": A

"layer thickness lst": [ A P 1.

"material 1st": [{
"cype™: "Material™,
"name": "roof material”™,
”the:ma;cc::”? n
"yolheat™:

e £
"cype™: "Material™,
"name": "roof materiala”™,
"thermalcond™: N
"yolheat™:
e £

"type": "Material"™,
"name": "roof material3”,
"thermalcond™: N
"yolheat™:

Figure 24 - Roof parameter in the code used for simulations.

4.2 Results of Simulations

The results of the simulations contained many data output, so the results were
organized for one week of August (08/08 to 14/08), considering that is the hottest
week, for better understanding the results.

The output results obtained from UWG were canopy layer temperature, urban
boundary layer temperature, roof temperature, wall temperature, UCM_ubl],
UCM_Qhvac, UCM_Qroof, UCM_Qwall, indoor temperature and BEM_Qroof. UCM_Qhvac
is the amount of heat that goes from the building to the canopy layer due to cooling or
the heating of the space inside the building, UCM_Qroof is the amount of heat
transferred from the roof surface to the exterior ambience, UCM_Qubl is the
anthropogenic heat from the canopy layer to the urban boundary layer.
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The magnitude of the UHI effect can be expressed by the Urban Heat Island Intensity
(UHIID), which is defined as the difference in air temperature between an urban area
and the surrounding rural area (Liu et al., 2020). This parameter is the one used for
analyzing the results.

First, calculate the UHII for each day, and it is the difference of the canopy layer
temperature (output) and drybuld (input), then the sum for the hottest week of August
was made. Using the equation 15 the calculation of the weekly value of UHII was
possible to make.

M rif andonly Tyw = Tow

UHT yone =
n [Equation 15]
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Table 20 - Calculation of the UHIl in LCZ2.

LCZ2
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
July 1,0316 1,0150 1,4477 1,4603 1,1020 1,0871 1,4474 1,4605
August 1,0685 1,0487 1,4293 1,4381 1,1291 1,1133 1,4204 1,4310
1Week Aug 1,1004 1,0888 1,4911 1,5097 1,0834 1,0680 1,3859 1,3957
Sum July 767,5474 755,1385 1077,0849 1086,4544 819,8703 808,7730 1076,8629 1086,5969
Sum Augs 794,9296 780,2357 1063,3836 1069,9630 840,0456 828,3107 1056,7718 1064,6330
Sum 1W 184,8684 182,9204 250,5098 253,6214 182,0144 179,4316 232,8306 234,4719
Aug
UHII - LZC2
1,6000
1,4000
1,2000
1,0000
0,8000
0,6000
0,4000 I I
0,2000
0,0000
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
To_UCMO To_UCM1 To_UCMO To_UCM1
Lisbon Ancona

LCZ2
W July ™ August 1Week Aug

Graphic 2 - UHII LCZ2.
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Table 21 - Calculation of the UHII in LCZ3.

LCZ3
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
July 0,9146 0,8978 1,3813 1,3933 0,9530 0,9343 1,3230 1,3333
August 0,9571 0,9427 1,3670 1,3763 0,9597 0,9440 1,2712 1,2807
1Week Aug 1,0003 0,9776 1,4375 1,4462 0,9189 0,9026 1,2493 1,2564
Sum July 680,4462 667,9923 1027,7193 1036,5791 709,0333 695,1540 984,3362 991,9855
Sum Augs 712,0479 701,3538 1017,0349 1023,9912 714,0195 702,3179 945,7619 952,8651
Sum 1W 168,0433 164,2440 241,5022 242,9627 154,3750 151,6376 209,8745 211,0741
Aug
UHII - LZC3
1,6000
1,4000
1,2000
1,0000
0,8000
0,6000
0,4000
0,2000
0,0000
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
To_UCMO To_UCM1 To_UCMO To_UCM1
Lisbon Ancona

LCZ2

W July B August 1Week Aug

Graphic 3 - UHII LCZ3.
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Table 22 - Calculation of the UHII in LCZ4.

LCZ4
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
July 0,8075 0,8007 0,9495 0,9504 0,8955 0,8883 1,0203 1,0224
August 0,8486 0,8425 0,9713 0,9735 0,9075 0,8993 1,0130 1,0145
1Week Aug 0,9001 0,8873 1,0326 1,0350 0,8453 0,8369 0,9540 0,9551
Sum July 600,7832 595,7241 706,4091 707,0935 666,9152 660,9152 759,0850 760,6801
Sum Augs 631,3835 626,8119 722,6353 724,3206 675,1438 669,0981 753,6746 754,7795
Sum 1W 151,2178 149,0721 173,4818 173,8743 142,0099 140,6068 160,2692 160,4490
Aug
UHII - LZC4
1,2000
1,0000
0,8000
0,6000 I I I I
0,4000
0,2000
0,0000
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
To_UCMO To_UCM1 To_UCMO To_UCM1
Lisbon Ancona

LCz2
W July ®August 1Week Aug

Graphic 4 - UHII LCZ4.

44



The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 23 - Calculation of the UHIl in LCZ5.

LCZ5
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
July 0,7687 0,7590 0,9274 0,9268 0,8320 0,8249 0,9655 0,9667
August 0,8139 0,8062 0,9524 0,9524 0,8358 0,8289 0,9482 0,9490
1Week Aug 0,8638 0,8535 1,0141 1,0123 0,7761 0,7700 0,8930 0,8941
Sum July 571,8897 564,6787 689,9594 689,5258 619,0232 613,7361 718,3351 719,2116
Sum Augs 605,4119 599,8270 708,6193 708,5694 621,8582 616,6708 705,4857 706,0441
Sum 1W 145,1173 143,3840 170,3643 170,0650 130,3803 129,3549 150,0194 150,2007
Aug
UHII - LZC5
1,2000
1,0000
0,8000
0,6000
0,4000
0,2000
0,0000
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
To_UCMO To_UCM1 To_UCMO To_UCM1

Lisbon

LCZ2

W July ® August

Graphic 5 - UHII LCZ5.

45

1Week Aug

Ancona



Sofia Isabel Batista Moreno Carronda

Table 24 - Calculation of the UHIl in LCZ6.

LCZ6
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
HBR False HBR True HBR False HBR True HBR False HBR True HBR False HBR True
July 0,7376 0,7268 0,8969 0,8972 0,8089 0,8017 0,9445 0,9453
August 0,7874 0,7793 0,9263 0,9277 0,8171 0,8098 0,9315 0,9316
1Week Aug 0,8345 0,8268 0,9838 0,9864 0,7565 0,7504 0,8767 0,8759
Sum July 548,7562 540,7287 667,2577 667,5008 601,8525 596,4868 702,7405 703,2906
Sum Augs 585,8422 579,8059 689,1673 690,2332 607,9124 602,4953 693,0261 693,0828
Sum 1W 140,1880 138,8941 165,2772 165,7081 127,0922 126,0648 147,2837 147,1451
Aug
UHII - LZC6
1,2000
1,0000
0,8000 I I I I
0,6000
0,4000
0,2000
0,0000

HBR False

To_UCMO

HBR True

Lisbon

HBR False

HBR True

To_UCM1

HBR False

LCZ2

W July M August

Graphic 6
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Graphics 2 to 6 and Tables 20 to 24 show that the values are higher for the
parameter to_UCM1 which means that the heat is releasing 100% in the urban canopy
layer, which was the expected. Also comparing the two cities, Lisbon exhibited the
highest UHII for the “hottest” week of August.

After the calculation of the UHI], the results of the urban canopy layer temperature
were organized for the hottest week in August (08/08 to 14/08) and for the different
LCZ, as showed in the Tables 25 to 29 and Graphics 7 to 16. These results are organized
in hourly values (first column), the four next columns are the values obtained for
Lisbon and the last four for Ancona, as HBR False (0), HBR true (0), HBR False (1) and
HBR True (1), respectively.

Table 25 - Canopy layer temperature result for LCZ2.

LCZ2
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00  18,59433 18,5895 18,74235 18,72457 26,3239 26,32133 26,48443 26,48443
2005/08/08 @ 01:00:00 18,00038 17,9961 18,11451 18,11106 25,9158 2591377 26,04551 26,04551
PO0S/0SJ08I@I0200M08 17,50154 17,5876 17,69255 17,68119 pojodse Poless0d PElioise PENGIEE
2005/08/08 @ 03:00:00 17,10511 17,1014 17,19294 17,18339 25,8592 25,85196 25,91866 25,91866
2005/08/08 @ 04:00:00 16,68313 16,6798 16,75616 [16,74817 259742 25,9675 2598855 25,98855
2005/08/08 @ 05:00:00 16,70741 16,7050 16,75952 16,76267 26,0973 26,09206 26,09642 26,09642
2005/08/08 @ 06:00:00 17,2074 17,2055 17,27265 17,30453 26,2493 26,23055 26,29856 26,29856
2005/08/08 @ 07:00:00  18,46709 18,4662 18,60367 18,70776 26,5607 26,53225 26,73428 26,73428
2005/08/08 @ 08:00:00  20,14941 20,1488 20,37922 20,49676 27,0327 26,99925 27,33434 27,33434
2005/08/08 @ 09:00:00 22,21361 22,2080 22,51773 22,60891 28,4589 28,40029 28,88116 28,88116
2005/08/08 @ 10:00:00  24,15355 24,1467 24,53062 24,62677 28,9616 28,91108 29,46895 29,46895
2005/08/08 @ 11:00:00 25,89849 25,8942 26,30674 26,36702 29,4300 29,32379 30,06877 30,06877
2005/08/08 @ 12:00:00 27,23343 27,2288 27,64419 27,67464 29,6631 29,53773 30,38093 30,38093
2005/08/08 @ 13:00:00 28,15572 28,1512 28,63422 28,68174 [oNided Bojciocl SOESISE SOESISE
2005/08/08 @ 14:00:00 28,45615 28,4510 28,97957 29,00086 29,6508 29,62437 30,37176 30,37176
2005/08/08 @ 15:00:00 28,17202 28,1663 28,68981 28,67526 29,5585 29,54355 30,20541 30,20541
2005/08/08 @ 16:00:00 27,40612 27,3995 27,90586 27,86991 29,4491 29,44355 29,99905 29,99905
2005/08/08 @ 17:00:00  26,06648 26,0592 26,52195 26,45137 29,3435 29,34472 29,78347 29,78347
2005/08/08 @ 18:00:00 24,48934 24,4822 24,89199 24,829838 29,2462 29,25202 29,58 29,58
2005/08/08 @ 19:00:00  23,00064 22,9936 23,35847 23,30357 29,1417 29,4507 29,69538 29,69538
2005/08/08 @ 20:00:00 21,4375 21,4319 21,74914 21,71021 29,1772 29,15127 29,35265 29,35265
2005/08/08 @ 21:00:00 20,34004 20,3366 20,60876 20,58021 28,5379 28,51111 28,6979 28,6979
2005/08/08 @ 22:00:00  19,49245 19,4894 19,71678 19,6947 28,2035 28,18651 28,357 28,357
2005/08/08 @ 23:00:00 18,84631 18,8434 19,03 19,01242 27,9646 27,95082 28,08644 28,08644
2005/08/09 @ 00:00:00 1838626 18,3833 18,53036 18,51587 27,7458 27,73379 27,84315 27,84315
2005/08/09 @ 01:00:00 17,94005 17,9359 18,04667 18,04586 27,5239 27,51386 27,58899 27,58899
2005/08/09 @ 02:00:00 17,53447 17,5307 17,62935 17,61823 27,3519 27,34455 27,4009 27,4009
2005/08/09 @ 03:00:00 17,06154 17,0579 17,14265 17,13301 27,2238 27,21757 27,26249 27,26249
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Table 25 - Canopy layer temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09@04:00:00 1656041 16,5571 1663003 1662187 27,1344 2713111 27,14457 27,14457
00S/08J0SIGI0ST000 16,6026 16,6004 1664582 1664677 Djliods Dios0l BANGES RIAGES

2005/08/09 @ 06:00:00 17,28676 17,2853 17,35455 17,40059 27,3357 27,31825 27,40779 27,40779
2005/08/09 @ 07:00:00 18,74268 18,7026 18,88139 19,00583 27,2417 27,21885 27,41977 27,41977
2005/08/09 @ 08:00:00 20,79799 20,7965 21,01548 21,14651 27,1941 27,17297 27,52262 27,52262
2005/08/09 @ 09:00:00 23,2509 23,2442 23,53446 23,64253 27,8847 27,81675 28,30564 28,30564
2005/08/09 @ 10:00:00  25,74029 25,7329 26,13136 26,2726 27,6328 27,58082 28,1874 28,1874
2005/08/09 @ 11:00:00 27,98797 27,9843 28,51045 28,66221 27,7490 27,70094 28,41084 28,41084
2005/08/09 @ 12:00:00 29,64838 29,6435 30,22375 30,2907 27,9242 27,88328 28,65611 28,65611
2005/08/09 @ 13:00:00 30,6468 30,6408 31,24327 31,27387 28,1476 28,11537 28,9019 28,9019
2005/08/09 @ 14:00:00 31,02338 31,0173 31,59765 31,59312 28,4731 28,45001 29,18188 29,18188
2005/08/09 @ 15:00:00 30,77781 30,7704 31,3504 31,33711 29,0378 29,02371 29,66218 29,66218
2005/08/09 @ 16:00:00 29,61329 29,6067 30,13386 30,08751 29,3852 29,3779 29,89812 29,89812
2005/08/09 @ 17:00:00 28,05361 28,0465 28,55042 28,49574 29,6099 29,61098 30,0553 30,0553
 ECOS/OSIOSIGNEIO000 264081 264000 2687697 2680973 [iioed [ONIOGNS HOIOGSEE FOIOSSEE
2005/08/09 @ 19:00:00 24,10833 24,1020 24,52953 24,47153 29,6810 29,67202 29,89085 29,89085
2005/08/09 @ 20:00:00 22,56941 22,5633 22,94374 22,89876 29,5512 29,52665 29,71571 29,71571
2005/08/09 @ 21:00:00 21,38103 21,3771 21,71633 21,68093 28,8176 28,78837 28,9575 28,9575
2005/08/09 @ 22:00:00 20,27026 20,2665 20,56175 20,53347 28,4386 28,42034 28,58229 28,58229
2005/08/09 @ 23:00:00 19,50584 19,5022 19,75389 19,73039 28,1778 28,16175 28,30094 28,30094
2005/08/10 @ 00:00:00 18,96818 18,9646 19,17378 19,15367 27,9271 27,91299 28,02751 28,02751
2005/08/10 @ 01:00:00 18,37295 18,3697 18,54044 18,52415 27,6630 27,6512 27,73845 27,73845
2005/08/10 @ 02:00:00 17,975 17,9704 18,11541 18,09943 27,4048 27,39475 27,46173 27,46173
2005/08/10 @ 03:00:00 17,46584 17,4616 17,58606 17,57239 27,1345 27,12627 27,16676 27,16676

_2005/08/10@04:00:00 1689901 168960 1700032 1699365 26,9460 269399 2696365 26,96365
200S/OS/A0I@I0510008 1701628 17,0141 17,0976 1710759 [EiSd6s PGISA0GE 26ISASH PEISASTH

2005/08/10 @ 06:00:00 17,55688 17,5310 17,6897 17,76945 27,3355 27,31913 27,39693 27,39693
2005/08/10 @ 07:00:00  18,71479 18,7131 18,94639 19,09863 27,1032 27,07951 27,27124 27,27124
2005/08/10 @ 08:00:00 20,44126 20,4401 20,78279 20,95182 26,9097 26,8864 27,2279 27,2279
2005/08/10 @ 09:00:00 22,68564 22,6763 23,15419 23,3421 27,8005 27,71745 28,2029 28,2029
2005/08/10 @ 10:00:00  24,80734 24,7815 25,40929 25,59795 28,5484 28,50243 29,07926 29,07926
2005/08/10 @ 11:00:00  26,68109 26,6760 27,36996 27,50212 29,8609 29,81667 30,49496 30,49496
2005/08/10 @ 12:00:00  28,09753 28,0912 28,8807 28,99469 31,5329 31,49736 32,27373 32,27373
EOOSIOSOEIE00E 2001307 29,0105 29,87422 2996407 [Niced SONESE BEOIEGE PEIEGE
2005/08/10 @ 14:00:00  29,26667 29,2590 30,10323 30,11578 31,9292 31,91571 32,74883 32,74883
2005/08/10 @ 15:00:00  29,03425 29,0256 29,83832 29,8157 31,1098 31,10353 31,87133 31,87133
2005/08/10 @ 16:00:00  28,15102 28,1419 28,89319 28,83528 30,8172 30,81728 31,45353 31,45353
2005/08/10 @ 17:00:00  26,76549 26,7559 27,43725 27,35734 30,8282 30,83387 31,31357 31,31357
2005/08/10 @ 18:00:00 25,29618 25,2861 25,88535 2579516 31,0292 31,03744 31,3355 31,3355
2005/08/10 @ 19:00:00  23,46167 23,4530 23,96729 23,8851 30,9793 30,98178 31,19837 31,19837
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 25 - Canopy layer temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/10 @ 20:00:00 22,2101 22,2228 22,65808 22,60643 30,4815 30,48219 30,65153 30,65153
2005/08/10 @ 21:00:00  21,13224 21,1345 21,48462 21,4473 29,2676 29,25824 29,46402 29,46402
2005/08/10 @ 22:00:00  20,36985 20,3719 20,66945 20,63884 28,6685 28,6603 28,8424 28,8424
2005/08/10 @ 23:00:00 19,57289 19,5752 19,8536 19,82662 28,2624 28,25363 28,42908 28,42908
2005/08/11 @ 00:00:00 18,88884 18,8866 19,13498 19,10741 27,9322 27,92882 28,05424 28,05424
2005/08/11 @ 01:00:00  18,42143 18,4191 18,62248 18,59967 27,7221 27,71773 27,80984 27,80984
2005/08/11 @ 02:00:00 18,06563 18,0616 18,23398 18,21229 27,5881 27,58137 27,63896 27,63896
2005/08/11 @ 03:00:00 17,6619 17,6581 17,80315 17,78482 27,4319 27,42529 27,47133 27,47133
2005/08/11 @ 04:00:00 17,34298 17,3417 17,44719 17,43473 27,3293 27,32395 27,34694 27,34694
- 2005/08/11 @ 05:00:00 17,29116 17,2893 17,40618 17,42965 27,3109 27,30611 27,33219 27,33219
2005/08/11 @ 06:00:00 17,94544 17,9450 18,1081 18,20436 27,4285 27,39358 27,47887 27,47887
2005/08/11 @ 07:00:00 19,3371 19,3048 19,5611 19,67964 27,5950 27,57194 27,77536 27,77536
2005/08/11 @ 08:00:00 21,37645 21,3756 21,70111 21,87531 28,5137 28,48143 28,79693 28,79693
2005/08/11 @ 09:00:00  24,04406 24,0332 24,48629 24,68903 31,0884 30,96656 31,40429 31,40429
2005/08/11 @ 10:00:00  26,47896 26,4753 27,02289 27,20992 32,1124 32,06129 32,58931 32,58931
2005/08/11 @ 11:00:00  28,55613 28,5171 29,18872 29,31566 32,7507 32,70677 33,35903 33,35903
2005/08/11 @ 12:00:00  30,22801 30,2204 30,87825 30,94965 32,9222 32,89265 33,67338 33,67338
EOOSOSEE000E 3131796 31,3097 32,00046 32,06226 [joicl Bojoodcs FENOOE SNOOE
2005/08/11 @ 14:00:00 31,82759 31,8115 32,55972 32,608 32,9988 32,98911 33,78749 33,78749
2005/08/11 @ 15:00:00  31,45152 31,4432 32,12959 32,09922 32,8885 32,87851 33,57896 33,57896
2005/08/11 @ 16:00:00  30,58214 30,5723 31,24593 31,19472 32,6058 32,60433 33,192 33,192
2005/08/11 @ 17:00:00  29,18821 29,1778 29,79649 29,71426 32,2039 32,20525 32,63762 32,63762
2005/08/11 @ 18:00:00 27,0387 27,0297 27,58699 27,49917 31,9850 31,9868 32,24956 32,24956
2005/08/11 @ 19:00:00  25,20952 25,2008 25,70556 25,6295 31,6172 31,57573 31,78852 31,78852
2005/08/11 @ 20:00:00  23,88078 23,8817 24,29364 24,24839 30,8616 30,78816 30,99744 30,99744
2005/08/11 @ 21:00:00  22,21573 22,2120 22,63427 22,58908 29,4357 29,42829 29,71739 29,71739
2005/08/11 @ 22:00:00  21,25209 21,2537 21,59494 21,56631 28,7527 28,74176 28,97716 28,97716
2005/08/11 @ 23:00:00 20,1672 20,1641 20,49327 20,46269 28,8245 28,81372 28,98307 28,98307
2005/08/12 @ 00:00:00 19,33661 19,3371 19,60779 19,588 29,1109 29,10437 29,19051 29,19051
2005/08/12 @ 01:00:00 18,19819 18,1986 18,46075 18,44419 29,2143 29,20518 29,25844 29,25844
2005/08/12 @ 02:00:00 17,04325 17,0435 17,28857 17,27516 29,1869 29,17965 29,19615 29,19615
2005/08/12 @ 03:00:00 15,73322 15,7332 1598609 1597451 29,0855 29,07947 29,06935 29,06935
2005/08/12 @ 04:00:00  14,21865 14,2185 14,49418 14,4843 29,0016 28,99787 28,96406 28,96406
2005/08/12 @ 05:00:00  13,79004 13,7871 14,02393 14,02824 28,9229 2891563 28,8841 28,8841
2005/08/12 @ 06:00:00  14,48654 14,4859 14,71999 14,78866 29,0057 28,98386 29,03639 29,03639
2005/08/12 @ 07:00:00 16,2139 16,1978 16,48156 16,60758 28,9321 28,90665 29,06185 29,06185
2005/08/12 @ 08:00:00 18,66516 18,6274 18,9907 19,14179 29,1181 29,08835 29,34907 29,34907
2005/08/12 @ 09:00:00 21,79412 21,7818 22,17813 22,35041 30,6614 30,56967 30,92232 30,92232
2005/08/12 @ 10:00:00  24,91793 24,8615 25,38708 25,52845 30,7344 30,69422 31,09986 31,09986
2005/08/12 @ 11:00:00 27,86409 27,8584 28,39535 28,53677 30,6666 30,63095 31,12988 31,12988
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Sofia Isabel Batista Moreno Carronda

Table 25 - Canopy layer temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 12:00:00  30,07341 30,0653 30,73823 30,9049 30,4533 30,42175 30,96411 30,96411
2005/08/12 @ 13:00:00  31,44902 31,4393 32,20225 32,31008 30,3095 30,27916 30,85389 30,85389
2005/08/12 @ 14:00:00  31,94128 31,9317 32,71805 32,74246 30,6119 30,58925 31,13059 31,13059
2005/08/12 @ 15:00:00 31,49672 31,4877 32,21914 32,17347 31,3300 31,31344 31,77765 31,77765
2005/08/12 @ 16:00:00  30,29698 30,2870 30,9997 30,93332 31,7913 31,78133 32,16824 32,16824
2005/08/12 @ 17:00:00  28,49505 28,4842 29,1672 29,07968 31,8098 31,80805 32,11722 32,11722
2005/08/12 @ 18:00:00  25,96019 25,9504 26,58679 26,50029 31,6187 31,68474 31,91033 31,91033
2005/08/12 @ 19:00:00  23,97438 23,9772 24,52543 24,46451 31,2616 31,24108 31,40467 31,40467
2005/08/12 @ 20:00:00 21,7762 21,7772 22,3102 22,2611 30,5276 30,52125 30,6641 30,6641
2005/08/12 @ 21:00:00 20,252 20,2537 20,66332 20,6304 29,4209 29,41164 29,58454 29,58454
2005/08/12 @ 22:00:00  18,99066 18,9927 19,3678 19,34065 28,6373 28,62625 28,83684 28,83684
2005/08/12 @ 23:00:00  17,75838 17,7600 18,11302 18,08962 27,6239 27,61617 27,80673 27,80673
2005/08/13 @ 00:00:00 17,00678 17,0083 17,3157 17,29596 26,6440 26,63784 26,81123 26,81123
2005/08/13 @ 01:00:00  16,69149 16,6928 16,92754 16,91154 25,8478 25,84251 26,0059 26,0059
2005/08/13 @ 02:00:00  16,50533 16,5061 16,68502 16,67131 25,2536 25,24788 25,40996 25,40996
2005/08/13 @ 03:00:00  16,34912 16,3499 16,49005 16,47788 24,8128 24,80942 24,94662 24,94662
2005/08/13 @ 04:00:00 16,30989 16,3090 16,40313 [16,39245 24,3419 24,33892 24,45434 24,45434
2005/08/13 @ 05:00:00 16,37785 16,3752 16,4561 16,46412 23,9361 23,93283 24,06017 24,06017
2005/08/13 @ 06:00:00  16,88765 16,8650 17,01189 17,09292 23,5069 23,49833 23,68899 23,68899
B00S/08/3N@0700:060 1325041 18,2152 18,46164 18,59597 DojdS6l Poj2a358 Doooas DS52s5
2005/08/13 @ 08:00:00 20,0692 20,0246 20,34621 20,53434 23,3917 23,39017 23,78697 23,78697
2005/08/13 @ 09:00:00  22,77687 22,7024 23,20335 23,37241 24,1489 24,14311 24,60465 24,60465
2005/08/13 @ 10:00:00  25,50305 25,4479 26,03301 26,1967 24,3203 24,31794 24,90292 24,90292
2005/08/13 @ 11:00:00 27,71064 27,6591 28,28864 28,459 24,4526 24,44995 25,12503 25,12503
2005/08/13 @ 12:00:00  29,63363 29,5984 30,39593 30,50686 24,5827 24,57945 25,32018 25,32018
2005/08/13 @ 13:00:00  30,82081 30,7930 31,62406 31,70932 24,8689 24,86472 2562874 25,62874
2005/08/13 @ 14:00:00  31,35934 31,3442 32,2493 32,27415 25,1358 25,13049 25,84828 25,4828
2005/08/13 @ 15:00:00  31,16447 31,1552 32,01485 32,00329 25,5596 25,55369 26,21226 26,21226
2005/08/13 @ 16:00:00 30,252 30,2496 31,05881 31,00769 [EloaeN Poboics P2E0ESE PSSR
2005/08/13 @ 17:00:00  29,04611 29,0481 29,73442 29,66614 25,4053 25,41044 2579665 25,79665
2005/08/13 @ 18:00:00 27,47265 27,4781 28,07605 27,99263 25,0545 2506217 2535485 25,35485
2005/08/13 @ 19:00:00  26,06254 26,0678 26,54476 26,46923 24,6634 24,67022 24,90507 24,90507
2005/08/13 @ 20:00:00  24,63898 24,6426 2506454 2500305 24,3233 24,32769 24,49637 24,49637
2005/08/13 @ 21:00:00  23,11439 23,1177 23,49468 23,44616 23,5366 23,51381 23,70948 23,70948
2005/08/13 @ 22:00:00  22,07005 22,2113 22,63415 22,48863 23,0989 23,09772 23,2524 23,2524
2005/08/13 @ 23:00:00  21,35299 21,3483 21,65704 21,6187 22,6111 22,61014 22,74014 22,74014
2005/08/14 @ 00:00:00  20,62573 20,3044 20,86025 20,8136 22,3263 22,3238 22,42273 22,42273
2005/08/14 @ 01:00:00  19,80945 19,7838 20,19868 20,14175 21,9825 21,98022 22,06392 22,06392
2005/08/14 @ 02:00:00  19,40532 19,3973 19,58687 19,55858 21,6244 21,62229 21,68861 21,68861
2005/08/14 @ 03:00:00  19,38286 19,3691 19,525 19,49504 21,0368 21,0356 21,11082 21,11082
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 25 - Canopy layer temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/14 @ 04:00:00 19,21178 19,1999 19,32537 19,29884 20,6286 20,62738 20,71004 20,71004

2005/08/14@05:00:00 1916761 19,1621 1926512 1926683 203221 2032013 2040567 20,40567
 EOOS/OR/AA@E0000 1916895 19,1411 19,3072 1938321 [iOjieNd POM7NGS POSSSE POISSSE

2005/08/14 @ 07:00:00  20,05672 20,0215 20,27426 20,41693 20,4967 20,47715 20,68156 20,68156
2005/08/14 @ 08:00:00 21,84067 21,8003 22,17098 22,34771 21,3875 21,35844 21,66828 21,66828
2005/08/14 @ 09:00:00 24,3651 24,2775 24,78897 24,95833 23,2448 23,16793 23,61014 23,61014
2005/08/14 @ 10:00:00  26,63965 26,5819 27,11241 27,30346 24,2190 24,17478 24,74317 24,74317
EOOSOSE000E 370008 28,7346 29,33387 29,52552 (e N0 $POESE PENSEE
2005/08/14 @ 12:00:00  30,78693 30,7486 31,53606 31,65023 24,6088 24,60111 2544617 25,44617
2005/08/14 @ 13:00:00 31,92959 31,8950 32,6663 32,76853 24,5920 24,58389 25,45389 25,45389
2005/08/14 @ 14:00:00 32,5134 32,4910 33,31753 33,36174 24,6157 24,60429 2544137 25,44137
2005/08/14 @ 15:00:00  32,44177 32,4252 33,1791 33,19066 24,4563 24,44868 2513953 25,13953
2005/08/14 @ 16:00:00 32,38784 32,3755 33,00363 32,98424 24,2696 24,26592 24,79763 24,79763
2005/08/14 @ 17:00:00  32,04884 32,1264 32,59224 32,56889 23,9157 23,91755 24,34591 24,34591
2005/08/14 @ 18:00:00 31,48056 31,4357 31,93109 31,80854 23,6118 23,61482 23,91543 23,91543
2005/08/14 @ 19:00:00 30,8193 30,7768 31,19174 31,06388 23,2589 23,26296 23,51278 23,51278
2005/08/14 @ 20:00:00  30,14456 30,1062 30,45556 30,34419 22,8235 22,8258 23,04318 23,04318
2005/08/14 @ 21:00:00  29,15382 29,1140 29,4276 29,32738 22,1758 22,12103 22,38562 22,38562
2005/08/14 @ 22:00:00  28,48626 28,4604 28,73124 28,64723 21,6980 21,69554 21,89244 21,89244
2005/08/14 @ 23:00:00 27,95105 27,9300 28,1526 28,07886 21,3304 21,32878 21,48833 21,48833
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Canopy Temperature LCZ2 - Lisbon
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Graphic 7 - Canopy layer temperature result for LCZ2 - Lisbon.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Canopy Temperature LCZ2 - Ancona
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Graphic 8 - Canopy layer temperature result for LCZ2 - Ancona.
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Table 26 - Canopy layer temperature result for LCZ3.

UCL Lcz3
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 18,4911 18,4861 18,6718 18,6497 26,2103 26,2083 26,4314 26,3794
2005/08/08 @ 01:00:00 17,9087 17,9047 18,0582 18,0411 25,7962 25,7950 25,9793 25,9339
2005/08J08I@I0200:00 17,4943 17,4905 17,6157 17,6014 [oiodds PS54 25)258 P25)681S
2005/08/08 @ 03:00:00 17,0045 17,0009 17,1094 17,0974 25,7722 25,7663 25,8831 25,8369
2005/08/08 @ 04:00:00 16,5856 16,5824 16,6716 [16,6615 25,8924 25,8871 25,9409 25,9015
2005/08/08 @ 05:00:00 16,6187 16,6164 16,6774 16,6810 26,0311 26,0271 26,0394 26,0200
2005/08/08 @ 06:00:00 17,1621 17,1603 17,2340 17,2732 26,1785 26,1577 26,1920 26,2243
2005/08/08 @ 07:00:00 18,4714 18,4706 18,6278 18,7564 26,5130 26,4837 26,6098 26,6889
2005/08/08 @ 08:00:00 20,2063 20,2057 20,4760 20,6216 27,0111 26,9766 27,1756 27,3154
2005/08/08 @ 09:00:00 22,2693 22,2629 22,6324 22,7454 28,1775 28,1053 28,4280 28,5826
2005/08/08 @ 10:00:00 24,2193 24,2117 24,6730 24,7927 28,8267 28,7790 29,1888 29,3652
2005/08/08 @ 11:00:00 25,9515 25,9467 26,4475 26,5228 29,2918 29,2632 29,7832 29,9649
2005/08/08 @ 12:00:00 27,2657 27,2607 27,7677 27,8062 29,5063 29,4865 30,1088 30,2650
EOOSOROS@IS000E 232014 28,1965 28,7873 28,8466 pojocos pooa0 BORSE BOEEE
2005/08/08 @ 14:00:00 28,4772 28,4716 29,1217 29,1487 29,5564 29,4415 30,2597 30,3240
2005/08/08 @ 15:00:00 28,1641 28,1579 28,8049 28,7877 29,3401 29,3318 30,0251 30,0342
2005/08/08 @ 16:00:00 27,3645 27,3577 27,9854 27,9419 29,2141 29,2092 29,8366 29,8067
2005/08/08 @ 17:00:00 25,9820 25,9743 26,5510 26,4645 29,0935 29,0937 29,6280 29,5699
2005/08/08 @ 18:00:00 24,3890 24,3815 24,8927 24,8165 28,9950 28,9989 29,4292 29,3585
2005/08/08 @ 19:00:00 22,8850 22,8774 23,3333 23,2649 29,1275 29,0906 29,4736 29,3661
2005/08/08 @ 20:00:00 21,3374 21,3314 21,7265 21,6777 28,8384 28,8061 29,1281 29,0334
2005/08/08 @ 21:00:00 20,2786 20,2748 20,6120 20,5755 28,3783 28,3496 28,6329 28,5507
2005/08/08 @ 22:00:00 19,4300 19,4266 19,7086 19,6802 28,0959 28,0764 28,3246 28,2551
2005/08/08 @ 23:00:00 18,7855 18,7807 19,0143 18,9892 27,8533 27,8377 28,0407 27,9792
2005/08/09 @ 00:00:00 18,3287 18,3242 18,5071 18,4867 27,6319 27,6193 27,7873 27,7326
2005/08/09 @ 01:00:00 17,8525 17,8483 17,9991 17,9819 27,4038 27,3934 27,5198 27,4699
2005/08/09 @ 02:00:00 17,4402 17,4363 17,5574 17,5426 27,2342 27,2268 27,3266 27,2826
2005/08/09 @ 03:00:00 16,9606 16,9569 17,0601 17,0474 27,1055 27,0995 27,1821 27,1428
- 2005/08/09 @ 04:00:00 16,4612 16,4578 16,5452 16,5345 27,0154 27,0145 27,0548 27,0206
2005/08/09 @ 05:00:00 16,5190 16,5166 16,5680 16,5686 27,0216 27,0180 27,0474 27,0360
2005/08/09 @ 06:00:00 17,2537 17,2521 17,3293 17,3857 27,2696 27,2495 27,2996 27,3383
2005/08/09 @ 07:00:00 18,6706 18,6300 18,8128 18,9431 27,1891 27,1641 27,2806 27,3699
2005/08/09 @ 08:00:00 20,8685 20,8667 21,1210 21,2827 27,1591 27,1369 27,3599 27,4961
2005/08/09 @ 09:00:00 23,3241 23,3162 23,6597 23,7931 27,5029 27,4595 27,8186 27,9680
2005/08/09 @ 10:00:00 25,8612 25,8527 26,3278 26,5025 27,5243 27,3910 27,9675 28,0355
2005/08/09 @ 11:00:00 28,1377 28,1285 28,7669 28,9545 27,6514 27,5068 28,2092 28,2592
2005/08/09 @ 12:00:00 29,7448 29,7393 30,4478 30,5314 27,7168 27,6761 28,4709 28,4959
2005/08/09 @ 13:00:00 30,7029 30,6962 31,4369 31,4755 27,9223 27,8926 28,6451 28,7286
2005/08/09 @ 14:00:00 31,0502 31,0433 31,7600 31,7551 28,2273 28,2076 28,9973 28,9877
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 26 - Canopy layer temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 30,7824 30,7742 31,4912 31,4755 28,7685 28,7574 29,4325 29,4398
2005/08/09 @ 16:00:00 29,5863 29,5791 30,2340 30,1773 29,1081 29,1025 29,6908 29,6616
2005/08/09 @ 17:00:00 27,9893 27,9816 28,6096 28,5425 29,3448 29,3413 29,8829 29,8229
 ECOS/OSIOSIGNEIO00E 262006 262876 268669 26,7350 [NSH DGNISH PSISOSE PSISOGA
2005/08/09 @ 19:00:00 24,0059 23,9975 24,5321 24,4573 29,3705 29,3564 29,6943 29,6039
2005/08/09 @ 20:00:00 22,4573 22,4496 22,9254 22,8676 29,2026 29,1732 29,4820 29,3891
2005/08/09 @ 21:00:00 21,2872 21,2873 21,6794 21,6451 28,6466 28,6168 28,8837 28,7996
2005/08/09 @ 22:00:00 20,1952 20,1916 20,5576 20,5221 28,3296 28,3096 28,5504 28,4795
2005/08/09 @ 23:00:00 19,4070 19,4032 19,7265 19,6847 28,0679 28,0512 28,2595 28,1969
2005/08/10 @ 00:00:00 18,8571 18,8548 19,0998 19,0783 27,8128 27,7983 27,9743 27,9179
2005/08/10 @ 01:00:00 18,2835 18,2790 18,4906 18,4690 27,5428 27,5306 27,6718 27,6210
2005/08/10 @ 02:00:00 17,8330 17,8310 17,9929 17,9776 27,2803 27,2702 27,3842 27,3387
2005/08/10 @ 03:00:00 17,3291 17,3274 17,4672 17,4539 27,0017 26,9938 27,0742 27,0334

2005/08/10@04:00:00 16,7845 {67812 {69091 168958 26,8142 268097 268647 26,8294
OOS/OS/A0IGI08T000 169073 16,9025 16,9951 17,0051 PGi0%M PEI6SUS RENSAA PEN0E

2005/08/10 @ 06:00:00 17,4339 17,4081 17,5739 17,6591 27,2649 27,2435 27,2850 27,3211
2005/08/10 @ 07:00:00 18,6855 18,6503 18,9434 19,0705 27,0424 27,0162 27,1252 27,2137
2005/08/10 @ 08:00:00 20,5068 20,4696 20,9123 21,0568 26,8645 26,8399 27,0560 27,1923
2005/08/10 @ 09:00:00 22,7333 22,6777 23,2703 23,4079 27,3910 27,3345 27,6977 27,8410
2005/08/10 @ 10:00:00 24,8005 24,7567 25,4392 255792 28,3165 28,2752 28,7339 28,8844
2005/08/10 @ 11:00:00 26,7581 26,7269 27,5747 27,6766 29,6656 29,6254 30,1815 30,3339
2005/08/10 @ 12:00:00 28,1309 28,1052 29,0242 29,1077 31,3532 31,3222 32,0162 32,1300
ROOS/ORO@IS000E = 2c,9345 289642 29,9097 29,9710 [ilGG0E BISSE B2EEES EENES0
2005/08/10 @ 14:00:00 29,2683 29,2583 30,2789 30,2854 31,7162 31,7065 32,5626 32,5801
2005/08/10 @ 15:00:00 28,9938 28,9876 29,9425 29,9206 30,8702 30,8663 31,6955 31,6763
2005/08/10 @ 16:00:00 28,0785 28,0763 28,9547 28,9032 30,5633 30,5642 31,2909 31,2424
2005/08/10 @ 17:00:00 26,6444 26,6450 27,4145 27,3458 30,5734 30,5795 31,1665 31,0983
2005/08/10 @ 18:00:00 25,1102 25,1127 25,7506 25,6772 30,7776 30,7814 31,1898 31,1185
2005/08/10 @ 19:00:00 23,3137 23,3174 23,9100 23,8360 30,7025 30,7005 31,0330 30,9530
2005/08/10 @ 20:00:00 22,0183 22,0201 22,4951 22,4409 30,2031 30,1998 30,4708 30,4011
2005/08/10 @ 21:00:00 20,9980 21,0016 21,3821 21,3431 29,1954 29,1872 29,4893 29,4246
2005/08/10 @ 22:00:00 20,1156 20,0896 20,5126 20,3873 28,6141 28,6058 28,8774 28,8168
2005/08/10 @ 23:00:00 19,3420 19,3403 19,6566 19,6173 28,1877 28,1852 28,4163 28,3754
2005/08/11 @ 00:00:00 18,7591 18,7589 19,0442 19,0123 27,8354 27,8325 27,9991 27,9657
2005/08/11 @ 01:00:00 18,3044 18,3046 18,5375 18,5115 27,6187 27,6150 27,7397 27,7129
2005/08/11 @ 02:00:00 17,9004 17,9004 18,0845 18,0633 27,4665 27,4605 27,5472 27,5212
2005/08/11 @ 03:00:00 17,4921 17,4922 17,6455 17,6276 27,3065 27,3006 27,3726 27,3485

2005/08/11@04:00:00 [17,1493 17,1493 [7,2653 172513 272031 27,1990 27,2420 27,2205
OOS/OS/ANGI0S0000 17,1724 17,1649 17,2047 1773165 (oA RG0S RREA PPN

2005/08/11 @ 06:00:00 17,8996 17,8918 18,0866 18,1972 27,3549 27,3376 27,3927 27,4358
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Sofia Isabel Batista Moreno Carronda

Table 26 - Canopy layer temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 19,2531 19,2207 19,4832 19,6069 27,5424 27,5189 27,6397 27,7293
2005/08/11 @ 08:00:00 21,4630 21,4284 21,8422 22,0114 28,4964 28,4623 28,6476 28,7815
2005/08/11 @ 09:00:00 24,0888 24,0237 24,5917 24,7352 30,6786 30,5996 30,9179 31,0437
2005/08/11 @ 10:00:00 26,4991 26,4569 27,1008 27,2365 31,9370 31,8903 32,3086 32,4481
2005/08/11 @ 11:00:00 28,5161 28,4767 29,1570 29,2838 32,5808 32,5417 33,0879 33,2238
2005/08/11 @ 12:00:00 30,2730 30,2532 31,0709 31,1306 32,7504 32,7257 33,4437 33,5392
EOOS/ORNGNS000E 313111 312037 32,1092 32,1543 [iGRSN GRS [SEEE SN
2005/08/11 @ 14:00:00 31,7450 31,7301 32,5127 32,5483 32,8042 32,7973 33,6479 33,6624
2005/08/11 @ 15:00:00 31,4265 31,4171 32,2564 32,2169 32,6954 32,6934 33,4877 33,4716
2005/08/11 @ 16:00:00 30,4734 30,4718 31,2368 31,1946 32,3741 32,3744 33,0313 33,0018
2005/08/11 @ 17:00:00 29,0254 29,0274 29,7065 29,6400 31,9520 31,9546 32,4650 32,4250
2005/08/11 @ 18:00:00 26,9061 26,9064 27,5748 27,4846 31,6901 31,6837 32,0308 31,9820
2005/08/11 @ 19:00:00 25,0358 25,0383 25,6085 25,5413 31,2658 31,2567 31,5597 31,4999
2005/08/11 @ 20:00:00 23,6706 23,6711 24,1224 24,0740 30,4944 30,4871 30,7910 30,7308
2005/08/11 @ 21:00:00 22,0920 22,0948 22,5444 22,5051 29,1722 29,1678 29,5469 29,4905
2005/08/11 @ 22:00:00 21,1093 21,1119 21,4766 21,4471 28,6866 28,6804 29,0092 28,9547
2005/08/11 @ 23:00:00 20,0547 20,0576 20,4306 20,4033 28,7419 28,7411 28,9589 28,9199
2005/08/12 @ 00:00:00 19,1761 19,0496 19,4707 19,4505 29,0185 29,0159 29,1345 29,1044
2005/08/12 @ 01:00:00 18,0250 18,0247 18,3111 18,2941 29,1155 29,1107 29,1919 29,1634
2005/08/12 @ 02:00:00 16,8577 16,8580 17,1258 17,1120 29,0876 29,0849 29,1226 29,0959
2005/08/12 @ 03:00:00 15,5347 155348 15,8111 157992 28,9832 28,9825 28,9867 28,9615
2005/08/12 @ 04:00:00 14,0066 14,0068 14,3073 14,2973 28,9036 28,9090 28,8762 28,8536
2005/08/12/@ 05:00:00 13,5801 13,5777 13,8352 13,8404 28,8363 28,8297 28,7817 28,7817
2005/08/12 @ 06:00:00 14,3502 14,3360 14,6122 14,6742 28,9485 28,9244 28,9274 28,9745
2005/08/12 @ 07:00:00 16,0927 16,0647 16,3772 16,4937 28,8883 28,8617 28,9355 29,0201
2005/08/12 @ 08:00:00 18,5995 18,5594 18,9305 19,0854 29,0905 29,0600 29,2181 29,3248
2005/08/12 @ 09:00:00 21,8188 21,7596 22,2552 22,3840 30,2474 30,1878 30,4531 30,5470
2005/08/12 @ 10:00:00 24,8674 24,8100 25,3403 25,4832 30,5270 30,4909 30,8128 30,9269
2005/08/12 @ 11:00:00 27,9693 27,9481 28,6006 28,7719 30,4538 30,4226 30,8423 30,9539
2005/08/12 @ 12:00:00 30,0659 30,0271 30,7914 30,9055 30,2199 30,1934 30,6638 30,7765
2005/08/12 @ 13:00:00 31,4105 31,3853 32,2470 32,3210 30,1571 30,0600 30,6599 30,6779
2005/08/12 @ 14:00:00 31,9102 31,8984 32,8435 32,8602 30,3833 30,3640 30,9129 30,9457
2005/08/12 @ 15:00:00 31,4627 31,4530 32,3491 32,2914 31,0953 31,0825 31,5521 31,5820
EGOS/OR/AGNE000 302242 302135 31,0010 310082 [iliEES SHSEN FOSEN SIS
2005/08/12 @ 17:00:00 28,3435 28,3450 29,1153 29,0423 31,5130 31,5130 31,8806 31,8583
2005/08/12 @ 18:00:00 25,8043 25,8061 26,5379 26,4624 31,2351 31,2113 31,5417 31,4737
2005/08/12 @ 19:00:00 23,7587 23,7606 24,3556 24,2914 30,8058 30,7845 31,0611 30,9782
2005/08/12 @ 20:00:00 21,5653 21,5668 22,1413 22,0904 30,1860 30,1762 30,4068 30,3471
2005/08/12 @ 21:00:00 20,0992 20,1023 20,5442 20,5102 29,3145 29,3048 29,5580 29,4947
2005/08/12 @ 22:00:00 18,8197 18,8227 19,2249 19,1968 28,5399 28,5360 28,8214 28,7630
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 26 - Canopy layer temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 17,5760 17,5788 17,9585 17,9346 27,5604 27,5519 27,8351 27,7772
2005/08/13 @ 00:00:00 16,8172 16,8197 17,1524 17,1318 26,5809 26,5742 26,8248 26,7815
2005/08/13 @ 01:00:00 16,4981 16,5003 16,7564 16,7396 25,7840 25,7782 26,0089 25,9751
2005/08/13 @ 02:00:00 16,3594 16,3596 16,5571 16,5412 25,1701 25,1675 25,3873 25,3627
2005/08/13 @ 03:00:00 16,1942 16,1946 16,3510 16,3368 24,6768 24,6736 24,8427 24,8247
2005/08/13@04:00:00 16,0880 16,0880 [161935 161821 24,1942 24,1914 24,3358 24,3198
2005/08/13 @ 05:00:00 16,1695 16,1677 16,2567 16,2660 23,7871 23,7839 23,9312 23,9243
2005/08/13 @ 06:00:00 16,7340 16,7116 16,8657 16,9539 23,3746 23,3666 23,5505 23,5724
EOS/OS/ISI@0H0000 18,1441 181085 183624 185030 [jiSoN DSNDMS PSSR PSIAUSS
2005/08/13 @ 08:00:00 20,0241 19,9773 20,3032 20,4959 23,3754 23,3556 23,7434 23,8289
2005/08/13 @ 09:00:00 22,7174 22,6468 23,1330 23,3062 24,0401 24,0359 24,4952 24,6008
2005/08/13 @ 10:00:00 25,4735 25,4181 26,0027 26,1683 24,3213 24,3159 24,9332 25,0360
2005/08/13 @ 11:00:00 27,6857 27,6341 28,2638 28,4358 24,4658 24,4606 25,2094 25,2917
2005/08/13 @ 12:00:00 29,6057 29,5718 30,3708 30,4834 24,5849 24,5817 25,4293 25,4932
2005/08/13 @ 13:00:00 30,7676 30,7416 31,5809 31,6678 24,8478 24,8439 25,7384 25,7866
2005/08/13 @ 14:00:00 31,2837 31,2706 32,1902 32,2162 25,0873 25,0803 25,9510 25,9702
 ECOS/OS/SSIGNSIO008 310502 310518 319324 319203 (iGN DSNGH DEIOGG MGG
2005/08/13 @ 16:00:00 30,1150 30,1114 30,9508 30,8975 25,3507 25,3467 25,9262 25,8972
2005/08/13 @ 17:00:00 28,8757 28,8750 29,5992 29,5270 25,1532 25,1540 25,6408 25,5881
2005/08/13 @ 18:00:00 27,2764 27,2393 27,9193 27,7844 24,7916 24,7950 25,1900 25,1319
2005/08/13 @ 19:00:00 25,8496 25,2418 26,3696 25,7921 24,4094 24,4076 24,7413 24,6826
2005/08/13 @ 20:00:00 24,4316 24,2375 24,8915 24,7500 24,0540 24,0511 24,2992 24,2546
2005/08/13 @ 21:00:00 22,9926 22,4822 23,4013 22,8630 23,3738 23,3720 23,6008 23,5653
2005/08/13 @ 22:00:00 21,7444 21,7235 22,0592 21,9961 22,9472 22,9459 23,1398 23,1121
2005/08/13 @ 23:00:00 20,5879 20,5734 20,9544 20,8751 22,4515 22,4503 22,6151 22,5908
2005/08/14 @ 00:00:00 20,0195 20,0058 20,2842 20,2370 22,1539 22,1518 22,2782 22,2593
2005/08/14 @ 01:00:00 19,5839 19,5722 19,8063 19,7655 21,8043 21,8024 21,9107 21,8938
2005/08/14 @ 02:00:00 19,1945 19,1847 19,3835 19,3479 21,4398 21,4381 21,5259 21,5107
2005/08/14 @ 03:00:00 19,1255 19,1090 19,2743 19,2358 20,8546 20,8538 20,9510 20,9363
2005/08/14 @ 04:00:00 18,9559 18,9419 19,0741 19,0401 20,4455 20,4447 20,5473 20,5351

2005/08/14@05:00:00 [189%63 189192 [9)0262 19,0240 20,1400 20,1384 20,2349 20,2313
EOOS/OS/AA@I06000 19,0331 19,0033 19,1750 192595 POjoAdM POIOAAS PBOPSS PONSSE

2005/08/14 @ 07:00:00 19,9574 19,9195 20,1781 20,3275 20,3638 20,3441 20,4898 20,5596
2005/08/14 @ 08:00:00 21,8012 21,7578 22,1310 22,3094 21,2858 21,2565 21,4610 21,5781
2005/08/14 @ 09:00:00 24,2610 24,1799 24,6732 24,8475 23,0249 22,9558 23,2705 23,4072
2005/08/14 @ 10:00:00 26,5776 26,5176 27,0539 27,2535 24,0910 24,0465 24,4916 24,6357
 ECOSIOS/RGNTO008 28,7204 286754 202995 204854 [GEGN DNSON PSRN DSEGS
2005/08/14 @ 12:00:00 30,7310 30,6933 31,4858 31,6010 24,5553 24,5351 25,4275 25,4921
2005/08/14 @ 13:00:00 31,8476 31,8149 32,5961 32,7017 24,5083 24,4933 25,4400 25,4768
2005/08/14 @ 14:00:00 32,4100 32,3896 33,2320 33,2790 24,4529 24,4407 25,2991 25,3153
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Sofia Isabel Batista Moreno Carronda

Table 26 - Canopy layer temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1

2005 HBR HBR HBR HBR HBR HBR HBR HBR

False True False True False True False True
2005/08/14 @ 15:00:00 32,3078 32,2925 33,0691 33,0808 24,2636 24,2547 24,9920 24,9838
2005/08/14 @ 16:00:00 32,2124 32,2001 32,8717 32,8459 24,0490 24,0432 24,6424 24,6127
2005/08/14 @ 17:00:00 31,9287 31,9194 32,5081 32,4395 23,6732 23,6719 24,1927 24,1387
2005/08/14 @ 18:00:00 31,1825 31,1307 31,6730 31,5376 23,3550 23,3765 23,7439 23,7126
2005/08/14 @ 19:00:00 30,5013 30,4525 30,9102 30,7690 22,9956 22,9880 23,3338 23,2723
2005/08/14 @ 20:00:00 29,8277 29,7843 30,1706 30,0475 22,5177 22,5102 22,8143 22,7611
2005/08/14 @ 21:00:00 29,0156 28,9757 29,3108 29,2029 21,9549 21,9504 22,2280 22,1847
2005/08/14 @ 22:00:00 28,3964 28,3688 28,6535 28,5623 21,5249 21,5228 21,7708 21,7333
2005/08/14 @ 23:00:00 27,8512 27,8290 28,0626 27,9825 21,1522 21,1505 21,3548 21,3222
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Canopy Temperature LCZ3 - Lisbon
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Graphic 9 - Canopy layer temperature result for LCZ3 - Lisbon.
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Canopy Temperature LCZ3 - Ancona
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Graphic 10 - Canopy layer temperature result for LCZ3 - Ancona.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 27 - Canopy layer temperature result for LCZ4.

UCL LCZ4
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 18,3229 18,32083 18,3692 18,3630 26,1529 26,1508 26,2324 26,2108
2005/08/08 @ 01:00:00 17,7556 17,75402 17,7935 17,7888 25,7372 25,7354 25,8017 25,7832
2005/08J08I@I02I00:00 17,3420 17,34044 17,3726 17,3687 Dojio05 Bojdooe PEISI2E BENASSS
2005/08/08 @ 03:00:00 16,8536 16,85215 16,8802 16,8769 25,6948 25,6914 25,7247 25,7103
2005/08/08 @ 04:00:00 16,4309 [16,42965 [6,4530 16,4503 25,8135 25,8104 25,8258 25,8136
2005/08/08 @ 05:00:00 16,4575 16,45675 16,4727 16,4740 259352 25,9330 25,9369 25,9309
2005/08/08 @ 06:00:00 16,9985 16,99794 17,0180 17,0292 26,0558 26,0542 26,0637 26,0786
2005/08/08 @ 07:00:00 18,2967 18,29682 18,3407 18,3770 26,4249 26,4135 26,4586 26,4873
2005/08/08 @ 08:00:00 20,0689 20,06915 20,1437 20,1842 26,9443 26,9300 27,0007 27,0516
2005/08/08 @ 09:00:00 22,1499 22,14835 22,2493 22,2799 28,1478 28,1274 28,2343 28,2997
2005/08/08 @ 10:00:00 24,1058 24,10393 24,2302 24,2625 28,7741 28,7554 28,8962 28,9581
2005/08/08 @ 11:00:00 25,8828 25,88153 26,0171 26,0366 29,2587 29,1713 29,4264 29,4477
2005/08/08 @ 12:00:00 27,2332 27,23174 27,3678 27,3772 29,4864 29,3783 29,6926 29,7486
EOOS/OSORGIE008 22,1500 2815764 283168 28,3322 (OGS PONEE PO OIS
2005/08/08 @ 14:00:00 28,4209 28,41918 28,5945 28,6008 29,4208 29,4082 29,6690 29,6859
2005/08/08 @ 15:00:00 28,0938 28,0918 28,2655 28,2595 29,2931 29,2865 29,5310 29,5334
2005/08/08 @ 16:00:00 27,2664 27,26403 27,4326 27,4193 29,1627 29,1604 29,3786 29,3676
2005/08/08 @ 17:00:00 25,8683 25,86557 26,0197 25,9945 29,0471 29,0475 29,2316 29,2110
2005/08/08 @ 18:00:00 24,2410 24,2383 24,3745 24,3527 28,9483 28,9504 29,0974 29,0723
2005/08/08 @ 19:00:00 22,7109 22,7083 22,8293 22,8102 29,1108 29,0898 29,2275 29,1813
2005/08/08 @ 20:00:00 21,1693 21,16725 21,2707 21,2574 28,8372 28,8187 28,9337 28,8931
2005/08/08 @ 21:00:00 20,1005 20,09917 20,1870 20,1774 28,3636 28,3462 28,4488 28,4126
2005/08/08 @ 22:00:00 19,2471 19,24597 19,3188 19,3115 28,0439 28,0323 28,1232 28,0932
2005/08/08 @ 23:00:00 18,5983 18,59723 18,6564 18,6506 27,8032 27,7935 27,8679 27,8414
2005/08/09 @ 00:00:00 18,1408 18,13975 18,1856 18,1809 27,5850 27,5764 27,6382 27,6144
2005/08/09 @ 01:00:00 17,6816 17,68004 17,7180 17,7135 27,3580 27,3506 27,3971 27,3757
2005/08/09 @ 02:00:00 17,2715 17,27002 17,3004 17,2966 27,1918 27,1860 27,2225 27,2040
2005/08/09 @ 03:00:00 16,7931 16,79173 16,8178 16,8145 27,0667 27,0616 27,0920 27,0756
2005/08/09 @ 04:00:00 16,2891 [16,28782 16,3104 16,3076 26,9613 26,9578 26,9742 26,9601
[2005/08J09N@I05I00108 16,3510 16,35027 16,3632 16,3637 pojO508 Dejodss P6j9594 [P6JEEAT
2005/08/09 @ 06:00:00 17,0824 17,08212 17,1028 17,1190 27,1774 27,1706 27,1885 27,2025
2005/08/09 @ 07:00:00 18,5326 18,53205 18,5797 18,6425 27,0992 27,0906 27,1313 27,1644
2005/08/09 @ 08:00:00 20,7345 20,73484 20,8046 20,8502 27,0852 27,0773 27,1547 27,2056
2005/08/09 @ 09:00:00 23,2107 23,20916 23,3028 23,3396 27,4829 27,4626 27,5911 27,6429
2005/08/09 @ 10:00:00 25,7369 25,73522 25,8657 25,9139 27,3553 27,3343 27,5097 27,5575
2005/08/09 @ 11:00:00 28,0219 28,02138 28,1955 28,2470 27,4744 27,4546 27,6686 27,7154
2005/08/09 @ 12:00:00 29,7072 29,70596 29,8977 29,9193 27,6519 27,6346 27,8782 27,9186
2005/08/09 @ 13:00:00 30,6909 30,68912 30,8884 30,8975 27,8728 27,8591 28,1192 28,1490
2005/08/09 @ 14:00:00 31,0315 31,02944 31,2213 31,2184 28,1804 28,1706 28,4251 28,4418
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Table 27 - Canopy layer temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 30,7286 30,72617 30,9188 30,9131 28,7302 28,7244 28,9586 28,9615
2005/08/09 @ 16:00:00 29,5211 29,51877 29,6931 29,6763 29,0711 29,0679 29,2718 29,2612
2005/08/09 @ 17:00:00 27,8856 27,88308 28,0505 28,0311 29,3080 29,3086 29,5003 29,4763
POOSIOEIGSIGIE0E 20,1537 2614885 26,3095 26,2843 [l R OEE S
2005/08/09 @ 19:00:00 23,8351 23,83189 23,9741 23,9533 29,3454 29,3388 29,4523 29,4189
2005/08/09 @ 20:00:00 22,2695 22,26662 22,3923 22,3764 29,2075 29,1927 29,2981 29,2609
2005/08/09 @ 21:00:00 21,1026 21,10053 21,2121 21,1996 28,6409 28,6248 28,7178 28,6826
2005/08/09 @ 22:00:00 19,9846 19,98285 20,0793 20,0695 28,2803 28,2699 28,3554 28,3263
2005/08/09 @ 23:00:00 19,2060 19,20429 19,2862 19,2780 28,0194 28,0102 28,0842 28,0582
2005/08/10 @ 00:00:00 18,6564 18,65477 18,7224 18,7155 27,7651 27,7570 27,8193 27,7961
2005/08/10 @ 01:00:00 18,0783 18,07684 18,1311 18,1255 27,4954 27,4885 27,5381 27,5175
2005/08/10 @ 02:00:00 17,6480 17,64584 17,6922 17,6866 27,2343 27,2283 27,2682 27,2499
2005/08/10 @ 03:00:00 17,1409 17,13898 17,1786 17,1737 26,9553 26,9502 26,9783 26,9620
2005/08/10 @ 04:00:00 16,5879 16,5862 16,6199 16,6160 26,7558 26,7517 26,7719 26,7578
2005/08/100@105500:00 16,6018 16,69111 16,7167 16,7205 poj6odd Pojeods P6l6sss 266320
2005/08/10 @ 06:00:00 17,2517 17,25144 17,2970 17,3356 27,1679 27,1612 27,1751 27,1886
2005/08/10 @ 07:00:00 18,4800 18,48025 18,5565 18,6102 26,9464 26,9377 26,9751 27,0081
2005/08/10 @ 08:00:00 20,3163 20,31676 20,4288 20,4877 26,7819 26,7732 26,8478 26,8987
2005/08/10 @ 09:00:00 22,5571 22,55496 22,7124 22,7769 27,3687 27,3458 27,4732 27,5248
2005/08/10 @ 10:00:00 24,7119 24,71067 24,9132 24,9810 28,2792 28,2621 28,4185 28,4712
2005/08/10 @ 11:00:00 26,6284 26,62746 26,8580 26,9022 29,6417 29,6239 29,8164 29,8697
2005/08/10 @ 12:00:00 28,0598 28,05825 28,3210 28,3588 31,3714 31,3561 31,6003 31,6399
BOOS/ORIONGIS0000 20,0622 2396006 29,2486 29,2778 [ilGoes Bioies B B
2005/08/10 @ 14:00:00 29,1751 29,1727 29,4539 29,4563 31,7308 31,7253 32,0357 32,0401
2005/08/10 @ 15:00:00 28,8901 28,88723 29,1578 29,1482 30,8530 30,8509 31,1523 31,1431
2005/08/10 @ 16:00:00 27,9553 27,95205 28,2017 28,1801 30,5321 30,5311 30,7955 30,7713
2005/08/10 @ 17:00:00 26,5120 26,5085 26,7345 26,7057 30,5084 30,5034 30,7076 30,6733
2005/08/10 @ 18:00:00 24,9759 24,97222 25,1709 25,1388 30,7334 30,7367 30,8743 30,8480
2005/08/10 @ 19:00:00 23,1273 23,12415 23,2930 23,2643 30,6601 30,6508 30,7705 30,7315
2005/08/10 @ 20:00:00 21,8644 21,86124 22,0107 21,9874 30,1599 30,1517 30,2458 30,2136
2005/08/10 @ 21:00:00 20,8674 20,86686 20,9960 20,9803 29,1221 29,1171 29,2022 29,1793
2005/08/10 @ 22:00:00 20,0915 19,98747 20,1999 20,0857 28,5180 28,5138 28,5875 28,5690
2005/08/10 @ 23:00:00 19,2688 19,26646 19,3660 19,3526 28,0888 28,0845 28,1554 28,1388
2005/08/11 @ 00:00:00 18,5807 18,5789 18,6596 18,6493 27,7574 27,7530 27,8123 27,7966
2005/08/11 @ 01:00:00 18,1130 18,12491 18,1765 18,1681 27,5457 27,5429 27,5840 27,5733
2005/08/11 @ 02:00:00 17,7402 17,73774 17,7929 17,7848 27,3996 27,3954 27,4233 27,4128
2005/08/11 @ 03:00:00 17,3350 17,33268 17,3788 17,3719 27,2455 27,2414 27,2647 27,2548
2005/08/11 @ 04:00:00 17,0281 17,02578 17,0647 17,0590 27,1315 27,1280 27,1420 27,1333

' 2005/08/11 @ 05:00:00 16,9716 16,97053 17,0076 17,0158 27,1090 27,1067 27,1149 27,1139

2005/08/11 @ 06:00:00 17,6767 17,67648 17,7288 17,7625 27,2488 27,2417 27,2605 27,2753
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 27 - Canopy layer temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 19,1232 19,12221 19,1993 19,2584 27,4431 27,4349 27,4757 27,5089
2005/08/11 @ 08:00:00 21,2873 21,28772 21,3928 21,4536 28,4242 28,4103 28,4755 28,5246
2005/08/11 @ 09:00:00 23,9297 23,92689 24,0752 24,1448 30,7033 30,6673 30,7839 30,8276
2005/08/11 @ 10:00:00 26,4143 26,41372 26,5947 26,6586 31,9353 31,9147 32,0591 32,1076
2005/08/11 @ 11:00:00 28,5520 28,53387 28,7711 28,8169 32,5913 32,5728 32,7633 32,8108
2005/08/11 @ 12:00:00 30,2215 30,21906 30,4368 30,4596 32,7720 32,7590 33,0143 33,0475
EOOSIOSIEE00E 312083 3129606 31,5253 31,5443 [jecod Ea0s S D
2005/08/11 @ 14:00:00 31,7627 31,75967 32,0059 32,0228 32,7398 32,7363 33,0036 33,0077
2005/08/11 @ 15:00:00 31,3600 31,35693 31,5849 31,5727 32,6028 32,5992 32,8447 32,8353
2005/08/11 @ 16:00:00 30,4088 30,40518 30,6303 30,6110 32,3267 32,3225 32,5512 32,5343
2005/08/11 @ 17:00:00 28,9497 28,94579 29,1527 29,1229 31,9079 31,9085 32,0870 32,0707
2005/08/11 @ 18:00:00 26,7609 26,75746 26,9429 26,9118 31,6451 31,6397 31,7573 31,7368
2005/08/11 @ 19:00:00 24,8752 24,87195 25,0397 25,0131 31,2156 31,2102 31,3120 31,2873
2005/08/11 @ 20:00:00 23,5633 23,55978 23,7153 23,6928 30,4402 30,4372 30,5372 30,5145
2005/08/11 @ 21:00:00 21,9319 21,93016 22,0696 22,0534 29,0766 29,0720 29,3180 29,1678
2005/08/11 @ 22:00:00 20,9761 20,97441 21,1017 21,0877 28,5572 28,5534 28,6449 28,6265
2005/08/11 @ 23:00:00 19,8600 19,85853 19,9665 19,9558 28,6313 28,6274 28,6944 28,6779
2005/08/12 @ 00:00:00 19,0311 19,02952 19,1301 19,1205 28,9416 28,9390 28,9774 28,9646
2005/08/12 @ 01:00:00 17,8703 17,86885 17,9651 17,9572 29,0461 29,0421 29,0674 29,0553
2005/08/12 @ 02:00:00 16,7056 16,70523 16,7958 16,7904 29,0199 29,0166 29,0270 29,0157
2005/08/12 @ 03:00:00 15,3715 1537018 15,4640 15,4584 28,9162 28,9133 28,9129 28,9023
2005/08/12 @ 04:00:00 13,8017 13,80057 13,8965 13,8920 28,8262 28,8244 28,8139 28,8045
2005/08/12 @ 05:00:00 13,3858 13,38479 13,4684 13,4703 28,7395 28,7368 28,7200 28,7197
2005/08/12 @ 06:00:00 14,1240 14,12371 14,2009 14,2249 28,8573 28,8497 28,8487 28,8659
2005/08/12 @ 07:00:00 15,9150 1591535 16,0028 16,0532 28,8027 28,7936 28,8176 28,8487
2005/08/12 @ 08:00:00 18,5118 18,49587 18,6220 18,6800 29,0113 28,9991 29,0544 29,0934
2005/08/12 @ 09:00:00 21,6686 21,66535 21,7919 21,8511 30,2509 30,2198 30,3206 30,3485
2005/08/12 @ 10:00:00 24,8453 24,84145 24,9965 25,0693 30,4809 30,4656 30,5765 30,6158
2005/08/12 @ 11:00:00 27,8690 27,86767 28,0423 28,0903 30,4114 30,3976 30,5430 30,5818
2005/08/12 @ 12:00:00 30,0981 30,09621 30,3177 30,3743 30,1802 30,1687 30,3309 30,3693
2005/08/12 @ 13:00:00 31,4622 31,45945 31,7127 31,7483 30,0320 30,0196 30,2061 30,2327
2005/08/12 @ 14:00:00 31,9066 31,90345 32,1654 32,1717 30,3310 30,3219 30,5045 30,5232
2005/08/12 @ 15:00:00 31,4287 31,42556 31,6679 31,6503 31,0573 31,0509 31,2136 31,2237
EOOSIOSRGE00E 30,1469 30,14339 30,3805 30,3561 [icocl OWSoss BUEESY SIEEGE
2005/08/12 @ 17:00:00 28,2554 28,25147 28,4797 28,4483 31,4970 31,4965 31,6209 31,6122
2005/08/12 @ 18:00:00 25,6656 2566202 25,8743 25,8437 31,2859 31,2717 31,3870 31,3568
2005/08/12 @ 19:00:00 23,6362 23,63243 23,8302 23,8007 30,8366 30,8228 30,9201 30,8845
2005/08/12 @ 20:00:00 21,3969 21,39368 21,5771 21,5549 30,1552 30,1500 30,2281 30,2036
2005/08/12 @ 21:00:00 19,9512 19,95161 20,1029 20,0896 29,2630 29,2574 29,3453 29,3198
2005/08/12 @ 22:00:00 18,6684 18,66896 18,8070 18,7962 28,4466 28,4410 28,5346 28,5098
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Sofia Isabel Batista Moreno Carronda

Table 27 - Canopy layer temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 17,4211 17,42157 17,5516 17,5424 27,4439 27,4400 27,5190 27,5017
2005/08/13 @ 00:00:00 16,6670 16,66742 16,7801 16,7724 26,4557 26,4527 26,5213 26,5088
2005/08/13 @ 01:00:00 16,3572 16,35755 16,4422 16,4360 25,6480 25,6455 25,7081 25,6985
2005/08/13 @ 02:00:00 16,1793 16,17945 16,2429 16,2376 25,0080 25,0054 25,0679 25,0593
2005/08/13 @ 03:00:00 16,0859 16,08526 16,1345 16,1292 24,5632 24,5614 24,6188 24,6122
2005/08/13@04:00:00 159892 1598843 [6,0206 {60163 24,0787 24,0771 24,1258 24,1200
2005/08/13 @ 05:00:00 16,0724 16,07153 16,0984 16,1018 23,6712 23,6697 23,7195 23,7173
2005/08/13 @ 06:00:00 16,6237 16,61504 16,6664 16,6974 23,2504 23,2472 23,3108 23,3195
B00S/08/A3I@0700000 13,0544 1803964 18,1275 18,1781 (20666 D2O660 PoI0426 P3)0650
2005/08/13 @ 08:00:00 19,9636 19,94398 20,0565 20,1256 23,1663 23,1661 23,2685 23,3013
2005/08/13 @ 09:00:00 22,6856 22,65457 22,8260 22,8869 23,8190 23,8174 23,9459 23,9747
2005/08/13 @ 10:00:00 25,4802 2545602 25,6593 25,7177 24,0710 24,0705 24,2390 24,2674
2005/08/13 @ 11:00:00 27,7264 27,70322 27,9210 27,9823 24,2122 24,2116 24,4154 24,4375
2005/08/13 @ 12:00:00 29,6988 29,68177 29,9652 30,0051 24,3317 24,3308 24,5611 24,5778
2005/08/13 @ 13:00:00 30,8787 30,86498 31,1670 31,1978 24,5963 24,5951 24,8371 24,8494
2005/08/13 @ 14:00:00 31,3669 31,36205 31,6858 31,6976 24,8291 24,8273 25,0615 25,0655
2005/08/13 @ 15:00:00 31,1249 31,11962 31,4417 31,4332 25,1922 25,1897 25,4101 25,4081
EOOSIOSSGNE00E 30,1402 30,13459 30,4376 30,4073 (el EEESS R S
2005/08/13 @ 17:00:00 28,8825 28,8844 29,1475 29,1186 25,0405 25,0370 25,1964 25,1719
2005/08/13 @ 18:00:00 27,2523 26,86512 27,4839 27,4093 24,6650 24,6616 24,7864 24,7608
2005/08/13 @ 19:00:00 25,8022 25,28385 25,9854 25,8952 24,2607 24,2793 24,3585 24,3577
2005/08/13 @ 20:00:00 24,3577 24,33566 24,5178 24,4827 23,9726 23,9711 24,0484 24,0318
2005/08/13 @ 21:00:00 22,8939 22,88986 23,0354 23,0097 23,2842 23,2823 23,3559 23,3420
2005/08/13 @ 22:00:00 21,6430 21,63236 21,7490 21,7230 22,8535 22,8522 22,9159 22,9051
2005/08/13 @ 23:00:00 20,9162 20,57625 21,0275 20,6792 22,3574 22,3562 22,4099 22,4006
2005/08/14 @ 00:00:00 19,9174 19,90767 20,0082 19,9867 22,0680 22,0662 22,1067 22,0992
2005/08/14 @ 01:00:00 19,4870 19,47934 19,5620 19,5443 21,7211 21,7194 21,7539 21,7473
2005/08/14 @ 02:00:00 19,1033 19,09689 19,1662 19,1511 21,3585 21,3570 21,3847 21,3788
2005/08/14 @ 03:00:00 19,0731 19,06274 19,1212 19,1036 20,7669 20,7659 20,7976 20,7922
2005/08/14 @ 04:00:00 18,9022 18,89321 18,9401 18,9248 20,3502 20,3493 20,3836 20,3791

2005/08/14@05:00:00 18,8681 1886387 189004 188984 200328 20,0318 20,0645 20,0633
 EGOS/OS/AAI@I06T000 18,0036 188917 18,9516 13,9804 (G0 [HEISSSA [SISSE0 [SIASE

2005/08/14 @ 07:00:00 19,8454 19,83039 19,9205 19,9733 20,2422 20,2346 20,2857 20,3105
2005/08/14 @ 08:00:00 21,7345 21,71575 21,8472 21,9115 21,1915 21,1796 21,2516 21,2936
2005/08/14 @ 09:00:00 24,1943 24,15955 24,3343 24,3955 22,9404 22,9117 23,0254 23,0709
2005/08/14 @ 10:00:00 26,5579 26,53312 26,7174 26,7871 24,0287 24,0105 24,1649 24,2163
EOOSIOSEI008 227400 2872581 28,9406 29,0056 [ioE0s PASooe PSSl PIEEEE
2005/08/14 @ 12:00:00 30,8019 30,78361 31,0638 31,1049 24,4025 24,4000 24,6598 24,6864
2005/08/14 @ 13:00:00 31,9274 31,91101 32,1892 32,2265 24,3577 24,3551 24,6335 24,6485
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 27 - Canopy layer temperature result for LCZ4 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 14:00:00

32,4736

32,46325

32,7721

32,7874

24,3471

24,3439

24,6241

24,6312

2005/08/14 @ 15:00:00

32,3438

32,33675

32,6207

32,6234

24,1922

24,1895

24,4518

24,4483

2005/08/14 @ 16:00:00

32,2341

32,22879

32,4633

32,4542

23,9756

23,9746

24,1835

24,1722

2005/08/14 @ 17:00:00

31,9468

31,94359

32,1483

32,1226

23,6040

23,6050

23,7843

23,7643

2005/08/14 @ 18:00:00

31,1753

31,14926

31,3453

31,2869

23,2816

23,2828

23,4126

23,3931

2005/08/14 @ 19:00:00

30,4932

30,46777

30,6340

30,5731

22,9263

22,9332

23,0384

23,0308

2005/08/14 @ 20:00:00

29,8300

29,80707

29,9467

29,8935

22,4693

22,4660

22,5666

22,5463

2005/08/14 @ 21:00:00

28,9965

28,974

29,0970

29,0489

21,8945

21,8918

21,9848

21,9679

2005/08/14 @ 22:00:00

28,3345

28,31967

28,4260

28,3861

21,4575

21,4560

21,5405

21,5261

2005/08/14 @ 23:00:00

27,7902

27,77771

27,8648

27,8298

21,0850

21,0838

21,1525

21,1403
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Sofia Isabel Batista Moreno Carronda

Canopy Temperature LCZ4 - Lisbon
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Graphic 11 - Canopy layer temperature result for LCZ4 - Lisbon.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Canopy Temperature LCZ4 - Ancona
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Graphic 12 - Canopy layer temperature result for LCZ4 - Ancona.
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Sofia Isabel Batista Moreno Carronda

Table 28 - Canopy layer temperature result for LCZ5.

UCL LCZ5
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 18,20152 18,1990 18,2573 18,2495 26,0269 26,0247 26,1065 26,0859
2005/08/08 @ 01:00:00 17,6429 17,6409 17,6882 17,6824 25,6057 25,6020 25,6708 25,6510
2005/08/08@I02M00000 17,2259 17,2241 17,2624 17,2576 pojgoie poigdes Pojdodl 25887
2005/08/08 @ 03:00:00 16,73653 16,7349 16,7682 16,7642 25,5928 25,5898 25,6191 25,6049
2005/08/08 @ 04:00:00 [16,31775 16,3162 16,3438 [16,3404 25,7171 25,7144 25,7234 25,7115
2005/08/08 @ 05:00:00 16,35856 16,3576 16,3759 16,3773 25,8553 25,8534 25,8495 25,8445
2005/08/08 @ 06:00:00 16,96044 16,9597 16,9816 16,9950 26,0175 26,0160 26,0186 26,0382
2005/08/08 @ 07:00:00 18,35953 18,3595 18,4078 18,4514 26,4211 26,4088 26,4497 26,4801
2005/08/08 @ 08:00:00 20,20679 20,2069 20,2912 20,3400 26,9950 26,9815 27,0526 27,1015
2005/08/08 @ 09:00:00 22,29683 22,2949 22,4119 22,4488 28,1176 28,1069 28,2139 28,2783
2005/08/08 @ 10:00:00 24,28651 24,2841 24,4316 24,4703 28,8158 28,7999 28,9561 29,0126
2005/08/08 @ 11:00:00 26,06688 26,0652 26,2247 26,2481 29,2432 29,2224 29,4396 29,4856
2005/08/08 @ 12:00:00 27,40843 27,4067 27,5674 27,5786 29,4464 29,4286 29,6872 29,7242
EOOSOSIORES000E 2237048 28,3689 28,5568 28,5753 [olioss BONE0H PENEIE PSS
2005/08/08 @ 14:00:00 28,61312 28,6112 28,8197 28,8272 29,4479 29,4396 29,7255 29,7373
2005/08/08 @ 15:00:00 28,21075 28,2084 28,4173 28,4100 29,2706 29,2668 29,5348 29,5333
2005/08/08 @ 16:00:00 27,33006 27,3273 27,5309 27,5148 29,1011 29,1008 29,3383 29,3250
2005/08/08 @ 17:00:00 25,87224 25,8692 26,0563 26,0260 28,9564 28,9584 29,1560 29,1339
2005/08/08 @ 18:00:00 24,20657 24,2036 24,3693 24,3430 28,8377 28,8412 28,9957 28,9694
2005/08/08 @ 19:00:00 22,56517 22,5440 22,6998 22,6699 28,9139 28,8959 29,0355 28,9890
2005/08/08 @ 20:00:00 21,08666 21,0830 21,2095 21,1918 28,6318 28,6163 28,7304 28,6901
2005/08/08 @ 21:00:00 19,99126 19,9865 20,0963 20,0808 28,2023 28,1877 28,2882 28,2524
2005/08/08 @ 22:00:00 19,13776 19,1345 19,2242 19,2130 27,9083 27,8991 27,9878 27,9582
2005/08/08 @ 23:00:00 18,49287 18,4902 18,5625 18,5538 27,6548 27,6472 27,7189 27,6925
2005/08/09 @ 00:00:00 18,0415 18,0391 18,0948 18,0878 27,4366 27,4304 27,4881 27,4646
2005/08/09 @ 01:00:00 17,55903 17,5568 17,6027 17,5967 27,1975 27,1932 27,2336 27,2123
2005/08/09 @ 02:00:00 17,1457 17,1437 17,1803 17,1752 27,0464 27,0433 27,0721 27,0537
2005/08/09 @ 03:00:00 16,66497 16,6631 16,6945 16,6901 26,9322 26,9296 26,9516 26,9353
2005/08/09 @ 04:00:00 16,16412 16,1624 16,1894 16,1857 26,8344 26,8386 26,8361 26,8236
2005/08/09 @ 05:00:00 16,24683 16,2457 16,2605 16,2608 26,8454 26,8433 26,8443 26,8410
2005/08/09 @ 06:00:00 17,05268 17,0521 17,0746 17,0938 27,1270 27,1183 27,1307 27,1461
2005/08/09 @ 07:00:00 18,56207 18,5451 18,6082 18,6554 27,0784 27,0692 27,1088 27,1423
2005/08/09 @ 08:00:00 20,89181 20,8914 20,9697 21,0239 27,1217 27,1147 27,1968 27,2452
2005/08/09 @ 09:00:00 23,38201 23,3796 23,4873 23,5310 27,4410 27,4273 27,5638 27,6151
2005/08/09 @ 10:00:00 25,97444 259719 26,1231 26,1806 27,3567 27,3382 27,5367 27,5807
2005/08/09 @ 11:00:00 28,31567 28,3146 28,5178 28,5794 27,4771 27,4599 27,7030 27,7448
2005/08/09 @ 12:00:00 29,98365 29,9819 30,2081 30,2338 27,6582 27,6435 27,9194 27,9540
2005/08/09 @ 13:00:00 30,94995 30,9477 31,1840 31,1947 27,8808 27,8695 28,1614 28,1854
2005/08/09 @ 14:00:00 31,23607 31,2336 31,4628 31,4591 28,1698 28,1620 28,4442 28,4560
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 28 - Canopy layer temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 30,88542 30,8825 31,1137 31,1066 28,6901 28,6856 28,9422 28,9413
2005/08/09 @ 16:00:00 29,60528 29,6026 29,8133 29,7929 28,9919 28,9897 29,2100 29,1970
2005/08/09 @ 17:00:00 27,91767 27,9147 28,1177 28,0942 29,2194 29,2201 29,4013 29,3796
EOOSIOSI0SIGIE00E 2505658 259197 26,1505 26,0894 (oGS POEHS0 PONGEE PONEEE
2005/08/09 @ 19:00:00 23,76846 23,7637 23,9378 23,9106 29,1927 29,1873 29,3061 29,2702
2005/08/09 @ 20:00:00 22,17639 22,1727 22,3263 22,3059 29,0227 29,0093 29,1173 29,0788
2005/08/09 @ 21:00:00 20,91081 20,9066 21,0460 21,0285 28,4743 28,4593 28,5535 28,5171
2005/08/09 @ 22:00:00 19,81576 19,8123 19,9310 19,9174 28,1535 28,1442 28,2303 28,2005
2005/08/09 @ 23:00:00 19,05165 19,0486 19,1485 19,1373 27,8877 27,8798 27,9537 27,9274
2005/08/10 @ 00:00:00 18,50721 18,5044 18,5867 18,5771 27,6253 27,6189 27,6801 27,6569
2005/08/10 @ 01:00:00 17,94105 17,9386 18,0041 17,9964 27,3448 27,3397 27,3871 27,3665
2005/08/10 @ 02:00:00 17,48941 17,4869 17,5426 17,5356 27,0820 27,0779 27,1142 27,0959
2005/08/10 @ 03:00:00 16,98382 16,9816 17,0290 17,0230 26,7924 26,7897 26,8118 26,7953

2005/08/10@04:00:00 [16/44215 {64403 {64803 164755 26,6100 26,609 26,6198 26,6067
EOOS/OSJAOIGIOSI000 1656445 165636 165934 16,5973 [iGjOeA PGMOA) PGISOE BEMSEI

2005/08/10 @ 06:00:00 17,20266 17,1911 17,2519 17,2842 27,1140 27,1048 27,1138 27,1286
2005/08/10 @ 07:00:00 18,56402 18,5521 18,6499 18,7017 26,9155 26,9059 26,9430 26,9767
2005/08/10 @ 08:00:00 20,4916 20,4914 20,6197 20,6901 26,8060 26,7979 26,8781 26,9268
2005/08/10 @ 09:00:00 22,74227 22,7199 22,9189 22,9688 27,3150 27,2992 27,4345 27,4859
2005/08/10 @ 10:00:00 24,87443 24,8557 25,0856 25,1351 28,2780 28,2615 28,4323 28,4832
2005/08/10 @ 11:00:00 26,89955 26,8857 27,1721 27,2091 29,6810 29,6652 29,8736 29,9234
2005/08/10 @ 12:00:00 28,32549 28,3135 28,6243 28,6535 31,4411 31,4260 31,6563 31,6975
EOOS/ORIONGIS0008 2020003 29,1993 29,5196 29,5404 [jooad B2OERE BP0 RN
2005/08/10 @ 14:00:00 29,42068 29,4166 29,7525 29,7535 31,7854 31,7798 32,0800 32,0851
2005/08/10 @ 15:00:00 29,04775 29,0436 29,3690 29,3562 30,8455 30,8433 31,1439 31,1351
2005/08/10 @ 16:00:00 28,03973 28,0354 28,3371 28,3101 30,4704 30,4710 30,7410 30,7208
2005/08/10 @ 17:00:00 26,53868 26,5342 26,8082 26,7727 30,4434 30,4462 30,6670 30,6389
2005/08/10 @ 18:00:00 24,94435 24,9397 25,1814 25,1421 30,6264 30,6302 30,7785 30,7508
2005/08/10 @ 19:00:00 23,05504 23,0511 23,2570 23,2217 30,5383 30,5383 30,6583 30,6259
2005/08/10 @ 20:00:00 21,76185 21,7278 21,9403 21,8135 30,0263 30,0252 30,1226 30,0943
2005/08/10 @ 21:00:00 20,59361 20,5907 20,7418 20,7223 29,0397 29,0353 29,1323 29,1061
2005/08/10 @ 22:00:00 19,79221 19,7901 19,9185 19,9027 28,4371 28,4333 28,5174 28,4964
2005/08/10 @ 23:00:00 19,03985 19,0362 19,1585 19,1416 28,0007 27,9969 28,0779 28,0590
2005/08/11 @ 00:00:00 18,42995 18,4273 18,5239 18,5111 27,6381 27,6341 27,7023 27,6844
2005/08/11 @ 01:00:00 17,97291 17,9704 18,0483 18,0377 27,4214 27,4193 27,4660 27,4544
2005/08/11 @ 02:00:00 17,58185 17,5794 17,6443 17,6351 27,2409 27,2376 27,2693 27,2574
2005/08/11 @ 03:00:00 17,17651 17,1743 17,2284 17,2206 27,0926 27,0894 27,1146 27,1036

2005/08/11@04:00:00 [16,85515 168541 168972 168915 269840 269821 269944 26,9850
EOOS/OS/ANGI0SI000 16,6775 168668 169090 16,9101 PES8NM PGS0 PESES0 PEISEAS

2005/08/11 @ 06:00:00 17,65246 17,6523 17,7113 17,7520 27,1882 27,1813 27,1998 27,2164
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Sofia Isabel Batista Moreno Carronda

Table 28 - Canopy layer temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 19,14954 19,1351 19,2256 19,2709 27,4237 27,4154 27,4598 27,4927
2005/08/11 @ 08:00:00 21,48189 21,4817 21,6004 21,6730 28,4629 28,4497 28,5165 28,5637
2005/08/11 @ 09:00:00 24,1167 24,0911 24,2774 24,3289 30,6654 30,6407 30,7383 30,7889
2005/08/11 @ 10:00:00 26,61506 26,5970 26,8093 26,8572 31,9865 31,9674 32,1044 32,1537
2005/08/11 @ 11:00:00 28,68894 28,6717 28,8936 28,9378 32,6580 32,6408 32,8230 32,8708
2005/08/11 @ 12:00:00 30,49731 30,4929 30,7489 30,7745 32,8420 32,8295 33,0767 33,1098
ECOS/ORNENS0000 315661 315578 31,8278 31842 [iNes 006 GSNNGE BENSSR
2005/08/11 @ 14:00:00 31,96589 31,9587 32,2208 32,2322 32,8601 32,8559 33,1613 33,1644
2005/08/11 @ 15:00:00 31,52544 31,5214 31,7937 31,7779 32,6897 32,6884 32,9795 32,9704
2005/08/11 @ 16:00:00 30,51722 30,5127 30,7829 30,7588 32,3086 32,3085 32,5506 32,5374
2005/08/11 @ 17:00:00 28,99134 28,9865 29,2363 29,1997 31,8342 31,8351 32,0239 32,0068
2005/08/11 @ 18:00:00 26,74029 26,7354 26,9611 26,9220 31,5182 31,5126 31,6553 31,6292
2005/08/11 @ 19:00:00 24,81038 24,8061 25,0105 24,9774 31,0676 31,0623 31,1840 31,1548
2005/08/11 @ 20:00:00 23,21651 23,1618 23,3937 23,3193 30,2771 30,2744 30,3833 30,3595
2005/08/11 @ 21:00:00 21,82583 21,7761 21,9921 21,8263 28,9869 28,9826 29,1199 29,0938
2005/08/11 @ 22:00:00 20,66042 20,6568 20,8052 20,7882 28,4574 28,4539 28,5596 28,5389
2005/08/11 @ 23:00:00 19,67608 19,6719 19,8043 19,7882 28,5261 28,5224 28,5991 28,5805
2005/08/12 @ 00:00:00 18,68236 18,6801 18,7985 18,7872 28,8217 28,8196 28,8636 28,8493
2005/08/12 @ 01:00:00 17,44466 17,4429 17,5590 17,5498 28,9142 28,9111 28,9384 28,9244
2005/08/12 @ 02:00:00 16,23493 16,2334 16,3423 16,3348 28,8804 28,8807 28,8851 28,8703
2005/08/12 @ 03:00:00 14,91255 14,9112 15,0230 150166 28,7771 28,7685 28,7618 28,7438
2005/08/12 @ 04:00:00 13,60197 13,4480 13,7115 13,5578 28,7011 28,6937 28,6743 28,6527
2005/08/12 @ 05:00:00 13,24945 13,2480 13,3437 13,3453 28,6749 28,6633 28,6051 28,6053
2005/08/12 @ 06:00:00 14,02855 14,0278 14,1163 14,1446 28,8018 28,7915 28,7874 28,8057
2005/08/12 @ 07:00:00 1592613 159131 16,0221 16,0652 28,7747 28,7650 28,7899 28,8212
2005/08/12 @ 08:00:00 18,56052 18,5427 18,6661 18,7214 29,0190 29,0069 29,0637 29,1024
2005/08/12 @ 09:00:00 21,82892 21,8047 21,9664 22,0118 30,1670 30,1412 30,2357 30,2678
2005/08/12 @ 10:00:00 24,96717 24,9441 25,1140 25,1635 30,4711 30,4564 30,5692 30,6098
2005/08/12 @ 11:00:00 28,15824 28,1547 28,3565 28,4120 30,4077 30,3948 30,5490 30,5871
2005/08/12 @ 12:00:00 30,34921 30,3324 30,5738 30,6131 30,1732 30,1636 30,3527 30,3854
2005/08/12 @ 13:00:00 31,75368 31,7414 32,0168 32,0413 30,0200 30,0098 30,2244 30,2460
2005/08/12 @ 14:00:00 32,2096 32,2045 32,5140 32,5194 30,3032 30,2958 30,5034 30,5176
2005/08/12 @ 15:00:00 31,60021 31,5960 31,8859 31,8636 31,0119 31,0068 31,1881 31,1945
EOOSIOSIGNE0E 3024562 30,2411 30,5264 30,491 [ia SIS BUE0EE SUE00E
2005/08/12 @ 17:00:00 28,29133 28,2865 28,5622 28,5236 31,4180 31,4184 31,5543 31,5437
2005/08/12 @ 18:00:00 25,63664 25,6323 25,8897 25,8523 31,1009 31,0867 31,2128 31,1798
2005/08/12 @ 19:00:00 23,54111 23,5420 23,7702 23,7433 30,6273 30,6143 30,7190 30,6812
2005/08/12 @ 20:00:00 21,28591 21,2826 21,5053 21,4785 29,9787 29,9741 30,0579 30,0317
2005/08/12 @ 21:00:00 19,79988 19,8005 19,9710 19,9565 29,1486 29,1436 29,2309 29,2061
2005/08/12 @ 22:00:00 18,49914 18,2414 18,6569 18,6364 28,3479 28,3430 28,4411 28,4161
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 28 - Canopy layer temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 17,24051 17,2391 17,3900 17,3783 27,3500 27,3467 27,4315 27,4142
2005/08/13 @ 00:00:00 16,45976 16,4568 16,5906 16,5789 26,3572 26,3546 26,4300 26,4174
2005/08/13 @ 01:00:00 16,19897 16,1970 16,2979 16,2886 25,5481 25,5460 25,6160 25,6063
2005/08/13 @ 02:00:00 16,03076 16,0290 16,1056 16,0976 24,8894 24,8871 24,9581 24,9493
2005/08/13 @ 03:00:00 15,88194 15,8806 15,9405 159335 24,4178 24,4163 24,4803 24,4739
2005/08/13@04:00:00 [5,78284 {57814 158207 58150 23,9185 239172 23,9729 23,9673
2005/08/13 @ 05:00:00 15,89342 15,8917 159238 159270 23,5235 23,5221 23,5780 23,5763
2005/08/13 @ 06:00:00 16,53028 16,5199 16,5756 16,6085 23,1332 23,1295 23,2002 23,2100
' 2005/08/i3@I0700:08 15,05341 18,0373 18,1251 18,1762 pj0ibs D2oiSe poj004s B3)0338
2005/08/13 @ 08:00:00 20,03679 20,0176 20,1317 20,1978 23,1970 23,1968 23,3151 23,3550
2005/08/13 @ 09:00:00 22,74702 22,7192 22,8766 22,9384 23,8616 23,8598 24,0105 24,0456
2005/08/13 @ 10:00:00 2559176 255686 25,7592 25,8164 24,1549 24,1544 24,3534 24,3878
2005/08/13 @ 11:00:00 27,86417 27,8438 28,0578 28,1147 24,3107 24,3100 24,5522 24,5790
2005/08/13 @ 12:00:00 29,8717 29,8554 30,1138 30,1525 24,4395 24,4385 24,7132 24,7334
2005/08/13 @ 13:00:00 31,07823 31,0650 31,3367 31,3661 24,7084 24,7070 24,9961 25,0109
2005/08/13 @ 14:00:00 31,55665 31,5497 31,8605 31,8676 24,9167 24,9148 25,1952 25,2001
EOOE/OSSIGIEI00E 3123166 31,2281 31,5380 31,5312 [Ees S R RN
2005/08/13 @ 16:00:00 30,19195 30,1917 30,4968 30,4740 25,1750 25,1750 25,3864 25,3748
2005/08/13 @ 17:00:00 28,86927 28,8706 29,1372 29,1072 24,9568 24,9591 25,1376 25,1168
2005/08/13 @ 18:00:00 26,77068 26,6796 27,2942 26,8908 24,5725 24,5694 24,7193 24,6893
2005/08/13 @ 19:00:00 25,03931 25,0312 252442 252024 24,1644 24,1587 24,2824 24,2530
2005/08/13 @ 20:00:00 23,51272 23,5068 23,6963 23,6629 23,8070 23,8059 23,8947 23,8766
2005/08/13 @ 21:00:00 22,07501 22,0709 22,2388 22,2125 23,1555 23,1540 23,2374 23,2222
2005/08/13 @ 22:00:00 21,43031 21,4257 21,5563 21,5338 22,7174 22,7165 22,7892 22,7774
2005/08/13 @ 23:00:00 20,2716 20,2696 20,4026 20,3842 22,2061 22,2053 22,2679 22,2576
2005/08/14 @ 00:00:00 19,69666 19,6943 19,7959 19,7807 21,9076 21,9062 21,9544 21,9458
2005/08/14 @ 01:00:00 19,26699 19,2650 19,3510 19,3376 21,5543 21,5530 21,5939 21,5864
2005/08/14 @ 02:00:00 18,88543 18,8837 18,9562 18,9446 21,1842 21,1830 21,2158 21,2093
2005/08/14 @ 03:00:00 18,79373 18,7888 18,8492 18,8358 20,6026 20,6019 20,6394 20,6334
2005/08/14 @ 04:00:00 18,63352 18,6294 18,6762 18,6645 20,1960 20,1954 20,2352 20,2303

2005/08/14@05:00:00 [18,62923 {86288 186642 {86664 198815 19,8807 199183 19,9171
EGOS/O8/AAI@I06000 1831797 188066 18,8714 18,9032 [iGjSAd [GE07 SS90 WSISSST

2005/08/14 @ 07:00:00 19,84041 19,8266 19,9234 19,9765 20,1670 20,1586 20,2129 20,2395
2005/08/14 @ 08:00:00 21,8066 21,7895 21,9191 21,9828 21,1804 21,1680 21,2400 21,2830
2005/08/14 @ 09:00:00 24,2286 24,2014 24,3763 24,4360 22,9021 22,8771 22,9850 23,0336
2005/08/14 @ 10:00:00 26,64815 26,6288 26,8283 26,8891 24,0626 24,0449 24,1955 24,2474
RSO EI000E 2355720 28,8499 29,0808 29,1352 [iicecd PAEE0E PSS IEEE
2005/08/14 @ 12:00:00 30,95863 30,9416 31,1954 31,2391 24,5723 24,5636 24,8757 24,9045
2005/08/14 @ 13:00:00 32,1042 32,0914 32,3641 32,3956 24,5229 24,5171 24,8502 24,8680
2005/08/14 @ 14:00:00 32,63094 32,6217 32,9034 32,9197 24,4215 24,4167 24,7264 24,7319
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Sofia Isabel Batista Moreno Carronda

Table 28 - Canopy layer temperature result for LCZ5 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 15:00:00

32,42688

32,4215

32,7019

32,7017

24,1671

24,1643

24,4335

24,4297

2005/08/14 @ 16:00:00

32,26941

32,2653

32,5223

32,5045

23,9064

23,9052

24,1248

24,1129

2005/08/14 @ 17:00:00

31,93821

31,9355

32,1569

32,1254

23,5017

23,5027

23,6957

23,6743

2005/08/14 @ 18:00:00

31,09739

31,0702

31,2807

31,2167

23,1758

23,1721

23,3192

23,2937

2005/08/14 @ 19:00:00

30,36015

30,3353

30,5108

30,4466

22,7798

22,7765

22,9044

22,8789

2005/08/14 @ 20:00:00

29,66534

29,6437

29,7891

29,7339

22,3016

22,2984

22,4107

22,3887

2005/08/14 @ 21:00:00

28,854

28,8329

28,9599

28,9102

21,7564

21,7538

21,8578

21,8394

2005/08/14 @ 22:00:00

28,19295

28,1791

28,2904

28,2491

21,3103

21,3090

21,4052

21,3894

2005/08/14 @ 23:00:00

27,62964

27,6183

27,7094

27,6730

20,9271

20,9262

21,0059

20,9923
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Canopy Temperature LCZ5 - Lisbon

32
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e HBRTrue_ToUCMO
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e HBRTrue_ToUCM1
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= == == HBRFalse_ToUCMO
= e = HBRFalse_ToUCM1

00:00:07 @ #1/80/500C
00:00:9T @ #1/80/500C
00:00:2T @ #1/80/500C
00:00:80 @ ¥1/80/S00¢
00:00:70 ®@ #1/80/500C
00:00:00 @ #1/80/S00¢
00:00:0¢ ® £€1/80/500C
00:00:9T @ €T/80/500C
00:00:2T ® €1/80/500C
00:00:80 ® £€T/80/500C
00:00:70 ® €T/80/500C
00:00:00 ® €T/80/500C
00:00:0¢ ® ZT/80/500T
00:00:9T ® ZT/80/500C
00:00:¢T ® ZT/80/500C
00:00:80 ® ZT/80/500C
00:00:%0 ® ZT/80/500C
00:00:00 ® ZT/80/500T
00:00:0¢ ® TT/80/500C
00:00:9T ® TT/80/500C
00:00:¢T ® TT/80/500C
00:00:80 ® TT/80/500C
00:00:%0 ® TT/80/500C
00:00:00 ® TT/80/500C
00:00:0¢ @ 0T/80/500¢
00:00:9T @ 0T/80/500¢
00:00:¢T @ 0T/80/500¢
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00:00:70 ® 60/80/500C
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00:00:2T ® 80/80/500C
00:00:80 ® 80/80/500C
00:00:70 ® 80/80/500C
00:00:00 ® 80/80/500C

Graphic 13 - Canopy layer temperature result for LCZ5 - Lisbon.
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Canopy Temperature LCZ5 - Ancona
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Graphic 14 - Canopy layer temperature result for LCZ5 - Ancona.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 29 - Canopy layer temperature result for LCZ6.

UCL LCZ6
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 18,1899 18,1877 18,2455 18,2380 26,0094 26,0047 26,0921 26,0675
2005/08/08 @ 01:00:00 17,6337 17,6319 17,6788 17,6732 25,5888 25,5840 25,6567 25,6340
EOOS/OB/0RI@I021000 17,2175 17,2159 17,2539 17,2493 [SiSeu PSiSs4d PSISOW PSS
2005/08/08 @ 03:00:00 16,7290 16,7275 16,7606 16,7567 25,5804 25,5771 25,6074 25,5928
2005/08/08 @ 04:00:00 [16,3112 [16,3098 [16,3371 16,3339 25,7059 25,7029 25,7128 25,7004
2005/08/08 @ 05:00:00 16,3533 16,3525 16,3706 16,3721 25,8469 25,8447 25,8416 25,8362
2005/08/08 @ 06:00:00 16,9572 16,9566 16,9783 16,9918 26,0186 26,0168 26,0198 26,0391
2005/08/08 @ 07:00:00 18,3632 18,3632 18,4113 18,4550 26,4273 26,4142 26,4556 26,4850
2005/08/08 @ 08:00:00 20,2019 20,2021 20,2865 20,3353 27,0031 26,9883 27,0606 27,1079
2005/08/08 @ 09:00:00 22,2765 22,2746 22,3921 22,4290 28,1216 28,1095 28,2180 28,2810
2005/08/08 @ 10:00:00 24,2600 24,2576 24,4056 24,4444 28,8067 28,7896 28,9477 29,0033
2005/08/08 @ 11:00:00 26,0273 26,0257 26,1859 26,2093 29,2232 29,2010 29,4886 29,4663
2005/08/08 @ 12:00:00 27,3655 27,3638 27,5252 27,5364 29,4164 29,3971 29,7552 29,6959
ECOSIOSORIGNS0000 253261 283245 285131 28,531 [OiiSes DOMMRd POEISE PONENE
2005/08/08 @ 14:00:00 28,5628 28,5608 28,7700 28,7776 29,4069 29,3983 29,6897 29,7002
2005/08/08 @ 15:00:00 28,1629 28,1606 28,3699 28,3626 29,2302 29,2265 29,4993 29,4972
2005/08/08 @ 16:00:00 27,2910 27,2883 27,4921 27,4760 29,0649 29,0650 29,3067 29,2928
2005/08/08 @ 17:00:00 25,8386 25,8355 26,0227 25,9924 28,9251 28,9274 29,1290 29,1060
2005/08/08 @ 18:00:00 24,1810 24,1780 24,3436 24,3173 28,8103 28,8140 28,9722 28,9450
2005/08/08 @ 19:00:00 22,5269 22,5203 22,6726 22,6460 28,8737 28,8559 28,9995 28,9515
2005/08/08 @ 20:00:00 21,0704 21,0677 21,1928 21,1762 28,5984 28,5830 28,7007 28,6589
2005/08/08 @ 21:00:00 19,9751 19,9722 20,0795 20,0663 28,1712 28,1564 28,2605 28,2230
2005/08/08 @ 22:00:00 19,1247 19,1224 19,2107 19,2007 27,8805 27,8712 27,9638 27,9329
2005/08/08 @ 23:00:00 18,4816 18,4796 18,5509 18,5430 27,6293 27,6215 27,6972 27,6694
2005/08/09 @ 00:00:00 18,0316 18,0298 18,0847 18,0783 27,4135 27,4072 27,4684 27,4437
2005/08/09 @ 01:00:00 17,5499 17,5481 17,5933 17,5879 27,1759 27,1715 27,2153 27,1928
2005/08/09 @ 02:00:00 17,1372 17,1356 17,1717 17,1670 27,0273 27,0244 27,0558 27,0362
2005/08/09 @ 03:00:00 16,6572 16,6556 16,6866 16,6826 26,9151 26,9126 26,9368 26,9195
- 2005/08/09 @ 04:00:00 16,1573 16,1558 16,1824 16,1791 26,8222 26,8295 26,8247 26,8118
2005/08/09 @ 05:00:00 16,2413 16,2405 16,2549 16,2555 26,8377 26,8355 26,8374 26,8336
2005/08/09 @ 06:00:00 17,0501 17,0497 17,0720 17,0914 27,1276 27,1186 27,1318 27,1465
2005/08/09 @ 07:00:00 18,5730 18,5551 18,6184 18,6644 27,0841 27,0742 27,1148 27,1471
2005/08/09 @ 08:00:00 20,8881 20,8880 20,9661 21,0205 27,1276 27,1195 27,2030 27,2499
2005/08/09 @ 09:00:00 23,3635 23,3613 23,4692 23,5132 27,4409 27,4262 27,5643 27,6145
2005/08/09 @ 10:00:00 25,9522 25,9498 26,1015 26,1591 27,3449 27,3256 27,5259 27,5694
2005/08/09 @ 11:00:00 28,2792 28,2783 28,4823 28,5440 27,4554 27,4374 27,6827 27,7243
2005/08/09 @ 12:00:00 29,9207 29,9191 30,1465 30,1724 27,6271 27,6118 27,8904 27,9251
2005/08/09 @ 13:00:00 30,8848 30,8826 31,1201 31,1308 27,8435 27,8318 28,1268 28,1511
2005/08/09 @ 14:00:00 31,1755 31,1730 31,4030 31,3993 28,1300 28,1221 28,4075 28,4198
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Sofia Isabel Batista Moreno Carronda

Table 29 - Canopy layer temperature result for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 30,8329 30,8300 31,0617 31,0546 28,6472 28,6429 28,9028 28,9023
2005/08/09 @ 16:00:00 29,5619 29,5592 29,7700 29,7496 28,9545 28,9525 29,1760 29,1632
2005/08/09 @ 17:00:00 27,8809 27,8780 28,0810 28,0575 29,1882 29,1888 29,3732 29,3526
 ECOSIOSIOSIEMBIO0MN 25,5356 258324 26,0833 26,0522 (iGN OGN EONES PSS
2005/08/09 @ 19:00:00 23,7418 23,7391 23,9100 23,8858 29,1616 29,1564 29,2777 29,2414
2005/08/09 @ 20:00:00 22,1551 22,1520 22,3042 22,2847 28,9914 28,9779 29,0884 29,0494
2005/08/09 @ 21:00:00 20,8898 20,8862 21,0244 21,0078 28,4435 28,4282 28,5251 28,4879
2005/08/09 @ 22:00:00 19,7983 19,7954 19,9131 19,9001 28,1260 28,1166 28,2059 28,1753
2005/08/09 @ 23:00:00 19,0360 19,0334 19,1325 19,1218 27,8629 27,8548 27,9318 27,9048
2005/08/10 @ 00:00:00 18,4927 18,4904 18,5719 18,5629 27,6029 27,5963 27,6603 27,6364
2005/08/10 @ 01:00:00 17,9288 17,9267 17,9916 17,9843 27,3242 27,3191 27,3690 27,3478
2005/08/10 @ 02:00:00 17,4773 17,4752 17,5304 17,5237 27,0634 27,0593 27,0977 27,0788
2005/08/10 @ 03:00:00 16,9729 16,9709 17,0179 17,0123 26,7754 26,7729 26,7966 26,7795
2005/08/10 @ 04:00:00 16,4329 16,4312 [16,4709 16,4664 26,5965 26,5968 26,6073 26,5940
 BO0S/O8/I0I@I0500%00 16,5580 165573 16,5868 16,5914 PEjigue P6jdess PGS PEMSES
2005/08/10 @ 06:00:00 17,2068 17,1948 17,2555 17,2875 27,1146 27,1052 27,1147 27,1290
2005/08/10 @ 07:00:00 18,5734 18,5586 18,6589 18,7076 26,9220 26,9117 26,9495 26,9822
2005/08/10 @ 08:00:00 20,4932 20,4929 20,6213 20,6918 26,8129 26,8038 26,8851 26,9325
2005/08/10 @ 09:00:00 22,7363 22,7122 22,9137 22,9624 27,3154 27,2986 27,4352 27,4856
2005/08/10 @ 10:00:00 24,8523 24,8325 250659 25,1148 28,2677 28,2504 28,4228 28,4731
2005/08/10 @ 11:00:00 26,8562 26,8482 27,1269 27,1766 29,6598 29,6432 29,8537 29,9033
2005/08/10 @ 12:00:00 28,2760 28,2638 28,5813 28,6107 31,4105 31,3948 31,6290 31,6701
ROOS/ORIOIGIS0000 20,1511 29,1414 29,4696 29,4908 [Dooae B0IEE B2EESE BEROE
2005/08/10 @ 14:00:00 29,3444 29,3409 29,6776 29,6793 31,7401 31,7348 32,0408 32,0463
2005/08/10 @ 15:00:00 28,9762 28,9725 29,2986 29,2862 30,8003 30,7984 31,1050 31,0964
2005/08/10 @ 16:00:00 27,9816 27,9776 28,2795 28,2529 30,4318 30,4327 30,7078 30,6877
2005/08/10 @ 17:00:00 26,4911 26,4868 26,7608 26,7255 30,4109 30,4140 30,6391 30,6108
2005/08/10 @ 18:00:00 24,9015 24,8956 25,1387 25,0976 30,5983 30,6022 30,7538 30,7258
2005/08/10 @ 19:00:00 23,0218 23,0168 23,2236 23,1868 30,5103 30,5104 30,6331 30,6002
2005/08/10 @ 20:00:00 21,6321 21,5956 21,8136 21,7526 30,0028 29,9966 30,1012 30,0683
2005/08/10 @ 21:00:00 20,5688 20,5642 20,7187 20,6963 29,0185 29,0140 29,1114 29,0851
2005/08/10 @ 22:00:00 19,7707 19,7675 19,8984 19,8807 28,4191 28,4153 28,4996 28,4785
2005/08/10 @ 23:00:00 19,0189 19,0144 19,1374 19,1190 27,9830 27,9792 28,0604 28,0415
2005/08/11 @ 00:00:00 18,4130 18,4095 18,5069 18,4926 27,6199 27,6159 27,6841 27,6664
2005/08/11 @ 01:00:00 17,9578 17,9546 18,0331 18,0213 27,4057 27,4036 27,4516 27,4397
2005/08/11 @ 02:00:00 17,5675 17,5644 17,6299 17,6197 27,2241 27,2208 27,2532 27,2412
2005/08/11 @ 03:00:00 17,1633 17,1605 17,2152 17,2065 27,0769 27,0737 27,0995 27,0884
1 2005/08/11 @ 04:00:00 16,8443 16,8424 16,8867 16,8804 26,9708 26,9691 26,9814 26,9721
2005/08/11 @ 05:00:00 16,8616 16,8603 16,9027 16,9123 26,9732 26,9710 26,9771 26,9763
2005/08/11 @ 06:00:00 17,6549 17,6545 17,7134 17,7537 27,1887 27,1814 27,2001 27,2164
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 29 - Canopy layer temperature result for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 19,1569 19,1412 19,2323 19,2762 27,4282 27,4192 27,4640 27,4961
2005/08/11 @ 08:00:00 21,4873 21,4871 21,6056 21,6781 28,4700 28,4556 28,5232 28,5690
2005/08/11 @ 09:00:00 24,1135 24,0858 24,2747 24,3245 30,6699 30,6440 30,7424 30,7917
2005/08/11 @ 10:00:00 26,5937 26,5743 26,7903 26,8373 31,9800 31,9598 32,0985 32,1470
2005/08/11 @ 11:00:00 28,6541 28,6356 28,8626 28,9064 32,6401 32,6220 32,8069 32,8542
2005/08/11 @ 12:00:00 30,4386 30,4351 30,6916 30,7179 32,8125 32,7997 33,0506 33,0838
 EOOS/ORINGIS0000 315183 315098 317870 318020 [liGNGS ONGGON SN NGRS
2005/08/11 @ 14:00:00 31,9149 31,9076 32,1773 32,1889 32,8190 32,8151 33,1259 33,1293
2005/08/11 @ 15:00:00 31,4616 31,4578 31,7309 31,7154 32,6447 32,6410 32,9338 32,9225
2005/08/11 @ 16:00:00 30,4639 30,4595 30,7303 30,7063 32,2726 32,2727 32,5193 32,5061
2005/08/11 @ 17:00:00 28,9442 28,9396 29,1896 29,1531 31,8031 31,8041 31,9964 31,9792
2005/08/11 @ 18:00:00 26,7017 26,6841 26,9208 26,8700 31,4822 31,4768 31,6208 31,5950
2005/08/11 @ 19:00:00 24,7792 24,7582 24,9784 24,9277 31,0362 31,0311 31,1541 31,1249
2005/08/11 @ 20:00:00 23,1343 23,1253 23,3179 23,2820 30,2536 30,2510 30,3619 30,3378
2005/08/11 @ 21:00:00 21,7564 21,6198 21,9224 21,7701 28,9664 28,9621 29,0998 29,0737
2005/08/11 @ 22:00:00 20,6388 20,6336 20,7842 20,7651 28,4399 28,4364 28,5424 28,5217
2005/08/11 @ 23:00:00 19,6573 19,6518 19,7845 19,7667 28,5089 28,5052 28,5822 28,5636
2005/08/12 @ 00:00:00 18,6665 18,6633 18,7830 18,7705 28,8041 28,8020 28,8476 28,8329
2005/08/12 @ 01:00:00 17,4309 17,4284 17,5456 17,5354 28,8951 28,8921 28,9203 28,9061
2005/08/12 @ 02:00:00 16,2229 16,2206 16,3306 16,3223 28,8616 28,8616 28,8665 28,8502
2005/08/12 @ 03:00:00 14,9021 14,9002 15,0128 15,0058 28,7477 28,7397 28,7394 28,7155
2005/08/12 @ 04:00:00 13,5590 13,5562 13,6691 13,6617 28,6741 28,6668 28,6481 28,6267
2005/08/12 @ 05:00:00 13,2418 13,2396 13,3357 13,3364 28,6714 28,6668 28,6010 28,6013
2005/08/12 @ 06:00:00 14,0272 14,0260 14,1146 14,1422 28,8041 28,7933 28,7893 28,8071
2005/08/12 @ 07:00:00 15,9316 159174 16,0269 16,0688 28,7785 28,7680 28,7934 28,8238
2005/08/12 @ 08:00:00 18,5631 18,5435 18,6682 18,7220 29,0213 29,0083 29,0659 29,1037
2005/08/12 @ 09:00:00 21,8237 21,7978 21,9618 22,0057 30,1677 30,1409 30,2364 30,2677
2005/08/12 @ 10:00:00 24,9498 24,9251 25,0981 25,1466 30,4629 30,4475 30,5615 30,6017
2005/08/12 @ 11:00:00 28,1182 28,1151 28,3175 28,3734 30,3924 30,3790 30,5346 30,5726
2005/08/12 @ 12:00:00 30,3054 30,2872 30,5351 30,5739 30,1505 30,1406 30,3313 30,3643
2005/08/12 @ 13:00:00 31,6976 31,6848 31,9685 31,9931 29,9952 29,9847 30,2013 30,2231
2005/08/12 @ 14:00:00 32,1304 32,1260 32,4362 32,4424 30,2763 30,2688 30,4783 30,4930
2005/08/12 @ 15:00:00 31,5299 31,5260 31,8166 31,7946 30,9842 30,9791 31,1624 31,1693
 EGOS/OR/AGNE0000 301383 30,1840 304696 30,4395 [iliNES FHNESE FOSSE ISR
2005/08/12 @ 17:00:00 28,2438 28,2390 28,5149 28,4764 31,3951 31,4149 31,5342 31,5420
2005/08/12 @ 18:00:00 25,5978 25,5927 25,8509 25,8125 31,0609 31,0473 31,1753 31,1425
2005/08/12 @ 19:00:00 23,5114 23,5118 23,7439 23,7160 30,5927 30,5801 30,6866 30,6488
2005/08/12 @ 20:00:00 21,2596 21,2559 21,4788 21,4515 29,9563 29,9519 30,0372 30,0107
2005/08/12 @ 21:00:00 19,7798 19,7801 19,9526 19,9376 29,1285 29,1233 29,2131 29,1877
2005/08/12 @ 22:00:00 18,3988 18,3929 18,5580 18,5385 28,3306 28,3257 28,4248 28,3996
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Table 29 - Canopy layer temperature result for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 17,1676 17,1624 17,2020 17,3009 27,3378 27,3345 27,4199 27,4025
2005/08/13 @ 00:00:00 16,4423 16,4389 16,5734 16,5600 26,3476 26,3451 26,4208 26,4081
2005/08/13 @ 01:00:00 16,1840 16,1816 16,2831 16,2726 25,5399 25,5378 25,6080 25,5982
2005/08/13 @ 02:00:00 16,0173 16,0153 16,0923 16,0834 24,8808 24,8785 24,9497 24,9409
2005/08/13 @ 03:00:00 15,8700 15,8683 15,9286 15,9208 24,4098 24,4083 24,4729 24,4665
2005/08/13@04:00:00 157716 157700 {58095 158032 239112 23,9099 23,9662 23,9605
2005/08/13 @ 05:00:00 15,8867 15,8847 15,9168 15,9195 23,5180 23,5167 23,5729 23,5712
2005/08/13 @ 06:00:00 16,5333 16,5223 16,5780 16,6101 23,1323 23,1286 23,1995 23,2091
 EOOS/OR/ASI@070000 18,0609 180436 181318 181814 PIGR0A PRIGHGH PSIOORS PSIOSEE
2005/08/13 @ 08:00:00 20,0398 20,0189 20,1345 20,1987 23,2006 23,2004 23,3187 23,3586
2005/08/13 @ 09:00:00 22,7420 22,7122 22,8720 22,9320 23,8528 23,8510 24,0020 24,0370
2005/08/13 @ 10:00:00 25,5715 25,5468 25,7407 25,7970 24,1335 24,1330 24,3325 24,3670
2005/08/13 @ 11:00:00 27,8294 27,8074 28,0249 28,0816 24,2762 24,2755 24,5185 24,5453
2005/08/13 @ 12:00:00 29,8236 29,8067 30,0715 30,1103 24,3971 24,3960 24,6716 24,6918
2005/08/13 @ 13:00:00 31,0202 31,0067 31,2863 31,3160 24,6624 24,6610 24,9509 24,9657
2005/08/13 @ 14:00:00 31,4917 31,4853 31,8058 31,8135 24,8693 24,8674 25,1484 25,1533
 EOOS/OR/SSIGNSIO008 311676 311645 314849 314734 (NG DSNNNY PENSGY DSNE
2005/08/13 @ 16:00:00 30,1376 30,1378 30,4518 30,4290 25,1406 25,1406 25,3560 25,3443
2005/08/13 @ 17:00:00 28,8239 28,8256 29,0992 29,0689 24,9283 24,9307 25,1124 25,0913
2005/08/13 @ 18:00:00 26,6377 26,6332 26,8924 26,8500 24,5440 24,5406 24,6911 24,6607
2005/08/13 @ 19:00:00 24,9966 24,9917 25,2062 25,1670 24,1385 24,1326 24,2567 24,2271
2005/08/13 @ 20:00:00 23,4797 23,4756 23,6664 23,6346 23,7884 23,7874 23,8773 23,8589
2005/08/13 @ 21:00:00 22,0470 22,0443 22,2131 22,1830 23,1384 23,1367 23,2212 23,2057
2005/08/13 @ 22:00:00 21,4037 21,4005 21,5307 21,5095 22,7021 22,7012 22,7749 22,7629
2005/08/13 @ 23:00:00 20,2508 20,2497 20,3836 20,3659 22,1926 22,1917 22,2553 22,2447
2005/08/14 @ 00:00:00 19,6775 19,6760 19,7777 19,7636 21,8948 21,8933 21,9419 21,9332
2005/08/14 @ 01:00:00 19,2497 19,2484 19,3343 19,3217 21,5428 21,5414 21,5827 21,5751
2005/08/14 @ 02:00:00 18,8698 18,8688 18,9412 18,9302 21,1739 21,1727 21,2058 21,1991
2005/08/14 @ 03:00:00 18,7752 18,7710 18,8314 18,8186 20,5940 20,5932 20,6312 20,6251

2005/08/14@04:00:00 {86170 {86136 {86602 186492 20,1385 20,1879 20,2280 20,2230

2005/08/14 @ 05:00:00 18,6192 18,6193 18,6545 18,6572 19,8759 19,8750 19,9129 19,9116
PO0S/OS/AM@06I0000 18,5202 188086 18,8735 189050 |Gl [SNSI WSISAN SIS
2005/08/14 @ 07:00:00 19,8464 19,8318 19,9291 19,9813 20,1712 20,1624 20,2167 20,2429
2005/08/14 @ 08:00:00 21,8084 21,7900 21,9210 21,9834 21,1878 21,1745 21,2469 21,2889
2005/08/14 @ 09:00:00 24,2226 24,1937 24,3707 24,4293 22,9072 22,8810 22,9900 23,0373
2005/08/14 @ 10:00:00 26,6259 26,6052 26,8073 26,8677 24,0554 24,0367 24,1889 24,2400
 EOOS/OR/MGNNO000 255307 288121 290462 291009 [GHN PSSES DSOS PNEGSS
2005/08/14 @ 12:00:00 30,9113 30,8933 31,1511 31,1956 24,5313 24,5287 24,8356 24,8677
2005/08/14 @ 13:00:00 32,0467 32,0334 32,3107 32,3436 24,4725 24,4697 24,8009 24,8190
2005/08/14 @ 14:00:00 32,5682 32,5589 32,8459 32,8639 24,3769 24,3725 24,6876 24,6932
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Table 29 - Canopy layer temperature result for LCZ6 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 15:00:00

32,3651

32,3601

32,6460

32,6473

24,1233

24,1207

24,3952

24,3915

2005/08/14 @ 16:00:00

32,2113

32,2079

32,4699

32,4531

23,8692

23,8682

24,0920

24,0801

2005/08/14 @ 17:00:00

31,8890

31,8870

32,1132

32,0821

23,4710

23,4722

23,6685

23,6469

2005/08/14 @ 18:00:00

31,0281

31,0019

31,2172

31,1532

23,1450

23,1414

23,2911

23,2653

2005/08/14 @ 19:00:00

30,3006

30,2762

30,4565

30,3917

22,7539

22,7508

22,8807

22,8549

2005/08/14 @ 20:00:00

29,6162

29,5947

29,7444

29,6884

22,2804

22,2772

22,3911

22,3688

2005/08/14 @ 21:00:00

28,8075

28,7857

28,9176

28,8665

21,7375

21,7350

21,8403

21,8217

2005/08/14 @ 22:00:00

28,1492

28,1343

28,2531

28,2101

21,2940

21,2928

21,3903

21,3743

2005/08/14 @ 23:00:00

27,5898

27,5773

27,6756

27,6374

20,9127

20,9118

20,9926

20,9788

79



Sofia Isabel Batista Moreno Carronda

Canopy Temperature LCZ6 - Lisbon
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Graphic 15 - Canopy layer temperature result for LCZ6 - Lisbon.
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Canopy Temperature LCZ6 - Ancona
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Graphic 16 - Canopy layer temperature result for LCZ6 - Ancona.
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The values expected from the simulations in terms of variation were between the
to_UCM 0 and to_UCM 1, and as can be observed in the graphics, even with a small
difference, the values for to_UCM 1 are higher than to_UCM 0.

The final graphics and tables show the difference in the roof temperatures on the
different scenarios simulated for the hottest week in August (08/08 to 14/08), as
showed in the tables 30 to 35 and graphics 17 to 26. Also, the results are organized in
hourly values (first column), the four next columns are the values obtained for Lisbon
and the last four for Ancona, as HBR False (0), HBR true (0), HBR False (1) and HBR
True (1), respectively.

Table 30 - Roof Temperature result for LCZ2.

Roof Temp Lcz2
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 19,8864 19,7412 20,1005 19,9377 28,4334 27,7800 28,6686 27,9945
2005/08/08 @ 01:00:00 19,1024 18,9876 19,2912 19,1667 27,5479 27,0027 27,7663 27,1991
2005/08/08 @ 02:00:00 18,4243 18,3356 18,5889 18,4914 26,9856 26,5444 27,1875 26,7228
2005/08/08 @ 03:00:00 17,8103 17,7409 17,9540 17,8769 26,4714 26,1123 26,6522 26,2696
2005/08/08 @ 04:00:00 17,2424 17,1882 17,3677 17,3069 26,0230 25,7294 26,1780 25,8618
1 2005/08/08 @ 05:00:00 17,0217 16,9425 17,1288 17,0462 25,8175 25,5501 2259458 25,6590
2005/08/08 @ 06:00:00 17,7636 17,5252 17,8560 17,6249 26,1791 25,8275 26,2875 25,9266
2005/08/08 @ 07:00:00 19,9612 19,3147 20,0541 19,4387 27,4519 26,8894 27,5514 26,9972
2005/08/08 @ 08:00:00 22,8782 21,7681 22,9933 21,9371 29,3883 28,4521 29,4895 28,5800
2005/08/08 @ 09:00:00 25,8204 24,3428 25,9765 24,5634 32,1161 30,6723 32,2290 30,8351
2005/08/08 @ 10:00:00 28,5677 26,7895 28,7669 27,0611 35,0428 33,0170 35,1756 33,2227
2005/08/08 @ 11:00:00 30,7094 28,8085 30,9539 29,1200 38,1538 355618 38,3227 35,8293
2005/08/08 @ 12:00:00 31,9878 30,1282 32,2661 30,4601 40,5506 37,5200 40,7696 37,8589
2005/08/08 @ 13:00:00 33,7369 31,7667 34,0488 32,1317 41,9799 38,7148 42,2541 39,1165
BO0SJO8Ie8l@ 14:00:00 34,5366 32,5855 34,8882 32,9334 [ijgosn BoNE [ES BOEE
2005/08/08 @ 15:00:00 34,1398 32,3824 34,5245 32,7975 41,5058 38,4768 41,8710 38,9251
2005/08/08 @ 16:00:00 32,9851 31,4834 33,3831 31,8964 40,0151 37,3411 40,3987 37,7828
2005/08/08 @ 17:00:00 31,0246 29,8537 31,4220 30,2488 38,0447 35,7814 38,4280 36,1998
2005/08/08 @ 18:00:00 28,8001 27,9565 29,1834 28,3226 359356 34,0712 36,3029 34,4552
2005/08/08 @ 19:00:00 26,7501 26,1474 27,1123 26,4853 34,2950 32,8009 34,6368 33,1377
2005/08/08 @ 20:00:00 24,7620 24,3443 25,0989 24,6551 32,9458 31,7031 33,2578 32,0056
2005/08/08 @ 21:00:00 23,1729 22,8680 23,4819 23,1527 31,8958 30,8415 32,1797 31,1135
2005/08/08 @ 22:00:00 21,7993 21,5735 22,0783 21,8312 31,0346 30,1243 31,2970 30,3730
2005/08/08 @ 23:00:00 20,6654 20,4944 20,9134 20,7242 30,0880 29,2957 30,3291 29,5223
2005/08/09 @ 00:00:00 19,7320 19,6004 19,9489 19,8017 29,3602 28,6666 29,5806 28,8724
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Table 30 - Roof Temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 01:00:00 18,9617 18,8536 19,1499 19,0323 28,5222 27,9132 28,7225 28,0993
2005/08/09 @ 02:00:00 18,2833 18,1968 18,4466 18,3519 28,0386 27,5033 28,2199 27,6711
2005/08/09 @ 03:00:00 17,6693 17,5995 17,8115 17,7344 27,7185 27,2478 27,8825 27,3991
2005/08/09 @ 04:00:00 17,0687 17,0129 17,1928 17,1305 27,1539 26,7394 27,3020 26,8755
- 2005/08/09 @ 05:00:00 16,8102 16,7319 16,9145 16,8328 27,0372 26,6442 27,1702 26,7675
2005/08/09 @ 06:00:00 17,8943 17,5887 17,9831 17,6886 27,4805 27,0067 27,5994 27,1240
2005/08/09 @ 07:00:00 20,1734 19,4299 20,2632 19,5571 28,4078 27,7236 28,5175 27,8442
2005/08/09 @ 08:00:00 23,3506 22,1251 23,4610 22,2971 30,3439 29,3024 30,4545 29,4421
2005/08/09 @ 09:00:00 26,5477 24,9419 26,6923 25,1598 32,8012 31,2715 32,9289 31,4498
2005/08/09 @ 10:00:00 30,3047 28,2468 30,4923 28,5243 35,5653 33,5041 35,7231 33,7319
2005/08/09 @ 11:00:00 34,1029 31,6138 34,3491 31,9644 37,9776 35,4114 38,1819 35,7003
2005/08/09 @ 12:00:00 36,4567 33,8801 36,7761 34,2912 39,9548 37,0057 40,2142 37,3563
EOOSOSIOSIEIS00E 37,5007 350856 37,9458 355341 [iiioos o0 IS BEOE
2005/08/09 @ 14:00:00 37,5940 35,3577 38,0070 35,8193 41,1238 38,0011 41,4837 38,4385
2005/08/09 @ 15:00:00 37,0771 350768 37,5050 35,5374 40,5299 37,6100 40,9164 38,0577
2005/08/09 @ 16:00:00 35,4582 33,8562 35,8951 34,3018 39,1000 36,5063 39,4936 36,9425
2005/08/09 @ 17:00:00 33,5057 32,2474 33,9376 32,6720 37,3836 35,2015 37,7727 35,6167
2005/08/09 @ 18:00:00 31,3627 30,4089 31,7816 30,8085 35,6689 33,8923 36,0438 34,2772
2005/08/09 @ 19:00:00 28,6978 28,0397 29,1021 28,4160 34,0595 32,6032 34,4020 32,9463
2005/08/09 @ 20:00:00 26,5334 26,0532 26,9156 26,4063 33,0501 31,8310 33,3605 32,1360
2005/08/09 @ 21:00:00 24,8518 24,4776 252088 24,8071 31,7751 30,7407 32,0559 31,0129
2005/08/09 @ 22:00:00 23,2786 22,9892 23,6086 23,2941 31,0601 30,1653 31,3188 30,4130
2005/08/09 @ 23:00:00 21,9709 21,7418 22,2728 22,0214 30,3393 29,5607 30,5774 29,7863
2005/08/10 @ 00:00:00 20,8985 20,7130 21,1717 20,9665 29,6147 28,9351 29,8332 29,1404
2005/08/10 @ 01:00:00 19,9162 19,7691 20,1586 19,9944 28,8546 28,2604 29,0542 28,4467
2005/08/10 @ 02:00:00 19,1294 19,0075 19,3466 19,2086 28,2407 27,7204 28,4222 27,8890
2005/08/10 @ 03:00:00 18,4205 18,3204 18,6130 18,4990 27,5274 27,0710 27,6917 27,2230
2005/08/10 @ 04:00:00 17,7308 17,6483 17,9047 17,8132 27,0869 26,6860 27,2352 26,8226
2005/08/10 @ 05:00:00 17,5615 17,4290 17,7120 17,5756 26,8215 26,4454 26,9548 26,5691
2005/08/10 @ 06:00:00 18,8516 18,4121 18,9890 18,5663 27,3251 26,8773 27,4437 26,9927
2005/08/10 @ 07:00:00 21,2545 20,3563 21,3986 20,5455 28,1117 27,4553 28,2203 27,5732
2005/08/10 @ 08:00:00 24,4076 22,9880 24,5804 23,2328 29,8821 28,8632 29,9906 28,9996
2005/08/10 @ 09:00:00 28,0119 26,0536 28,2320 26,3700 32,5014 30,9837 32,6261 31,1589
2005/08/10 @ 10:00:00 31,7038 29,2466 31,9848 29,6466 351629 33,1434 353158 33,3644
2005/08/10 @ 11:00:00 34,7106 31,9626 35,0681 32,4391 38,3550 35,8462 38,5444 36,1182
2005/08/10 @ 12:00:00 37,0911 34,1521 37,5203 34,6963 40,6947 37,8942 40,9471 38,2360
2005/08/10 @ 13:00:00 38,6457 356296 39,1388 36,2313 42,0019 39,0816 42,3119 39,4794

 EOOSJORMS @ 14:00:00 38,7485 359269 39,2997 36561 [0MN HOIG0N WBSSGH FSNESA

2005/08/10 @ 15:00:00 37,9654 35,4321 38,5490 36,0738 40,9075 38,4754 41,3565 38,9749
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Sofia Isabel Batista Moreno Carronda

Table 30 - Roof Temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/10 @ 16:00:00 36,2763 34,1324 36,8706 34,7579 38,9769 36,9390 39,4537 37,4439
2005/08/10 @ 17:00:00 33,9655 32,2486 34,5506 32,8400 36,8199 35,1953 37,2927 35,6750
2005/08/10 @ 18:00:00 31,3878 30,0800 31,9477 30,6259 35,0698 33,7741 35,5029 34,2008
2005/08/10 @ 19:00:00 28,7160 27,7777 29,2409 28,2744 33,8325 32,8214 34,2188 33,1915
2005/08/10 @ 20:00:00 26,6714 259590 27,1553 26,4115 32,5851 31,7842 32,9267 32,1033
2005/08/10 @ 21:00:00 25,0514 24,4830 25,4899 24,8914 31,6104 30,9892 31,9152 31,2672
2005/08/10 @ 22:00:00 23,6766 23,2112 24,0735 23,5801 30,6552 30,1669 30,9340 30,4177
2005/08/10 @ 23:00:00 22,3984 22,0249 22,7594 22,3594 30,0278 29,6249 30,2850 29,8548
2005/08/11 @ 00:00:00 21,2045 20,9119 21,5313 21,2140 29,1948 28,8510 29,4290 29,0600
2005/08/11 @ 01:00:00 20,2162 19,9842 20,5084 20,2539 28,7165 28,4126 28,9283 28,6018
2005/08/11 @ 02:00:00 19,4298 19,2411 19,6938 19,4820 28,0343 27,7622 28,2245 27,9328
2005/08/11 @ 03:00:00 18,7400 18,5864 18,9735 18,7997 27,6961 27,4530 27,8668 27,6065
2005/08/11 @ 04:00:00 18,1564 18,0282 [18,3618 [182161 27,2592 27,0425 27,4123 27,1804
P00S/OS/AT@IBI00108 15,1894 17,9947 18,3700 18,1660 Dij0SAl Pojeods Bi22il0 P6I98S0
2005/08/11 @ 06:00:00 19,5405 19,0405 19,7060 19,2189 27,6383 27,3117 27,7596 27,4292
2005/08/11 @ 07:00:00 21,7121 20,8021 21,8773 21,0048 28,8413 28,2858 28,9535 28,4072
2005/08/11 @ 08:00:00 25,0505 23,6108 252355 23,8628 30,6038 29,6986 30,7153 29,8366
2005/08/11 @ 09:00:00 28,8892 26,8974 29,1119 27,2148 33,3318 32,0006 33,4579 32,1769
2005/08/11 @ 10:00:00 32,5643 30,1349 32,8374 30,5203 36,2906 34,5203 36,4396 34,7416
2005/08/11 @ 11:00:00 35,7274 32,9422 36,0468 33,3789 39,0535 36,8699 39,2437 37,1474
2005/08/11 @ 12:00:00 37,4673 34,6979 37,8462 35,1788 40,8757 38,4641 41,1432 38,8221
EOOSIOSEIE000E 337150 35,9918 39,1349 36,5016 [iNG0sE Gopooy ST R
2005/08/11 @ 14:00:00 39,4855 36,8193 39,9378 37,3540 41,6117 39,2862 42,0326 39,7740
2005/08/11 @ 15:00:00 38,8891 36,5469 39,3753 37,0873 40,6836 38,6343 41,1521 39,1475
2005/08/11 @ 16:00:00 37,6130 35,6051 38,1119 36,1348 39,5333 37,7648 40,0053 38,2647
2005/08/11 @ 17:00:00 35,5084 33,9192 36,0061 34,4225 38,0334 36,5373 38,4789 36,9982
2005/08/11 @ 18:00:00 32,8413 31,6866 33,3288 32,1574 36,7095 35,4392 37,1091 35,8465
2005/08/11 @ 19:00:00 30,3499 29,5052 30,8182 29,9458 35,5044 34,4518 358621 34,8106
2005/08/11 @ 20:00:00 28,4244 27,7647 28,8601 28,1717 34,0329 33,1566 34,3665 33,4825
2005/08/11 @ 21:00:00 26,5648 26,0549 26,9776 26,4384 32,8660 32,1851 33,1827 32,4882
2005/08/11 @ 22:00:00 25,0279 24,6140 25,4118 24,9708 31,4010 30,8750 31,7034 31,1585
2005/08/11 @ 23:00:00 23,4797 23,1566 23,8385 23,4900 30,5044 30,0758 30,7814 30,3327
2005/08/12 @ 00:00:00 22,2427 21,9766 22,5718 22,2830 29,9578 29,5809 30,2053 29,8098
2005/08/12 @ 01:00:00 21,0109 20,7933 21,3148 21,0772 29,5438 29,2063 29,7637 29,4101
2005/08/12 @ 02:00:00 19,8010 19,6217 20,0833 19,8864 28,9738 28,6711 29,1692 28,8526
2005/08/12 @ 03:00:00 18,5477 18,4022 18,8144 18,6533 28,5129 28,2409 28,6867 28,4028
2005/08/12 @ 04:00:00 17,1957 17,0806 17,4552 17,3263 28,1698 27,9252 28,3244 28,0697
1 2005/08/12 @ 05:00:00 16,3238 16,1723 16,5728 16,4129 27,8592 27,6111 27,9963 27,7408
2005/08/12 @ 06:00:00 16,9289 16,5221 17,1655 16,7684 28,4235 28,0768 28,5439 28,1971
2005/08/12 @ 07:00:00 19,0521 18,1998 19,2812 18,4653 29,3711 28,8307 29,4790 28,9497
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 30 - Roof Temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 08:00:00 22,3063 20,8939 22,5374 21,1891 30,7637 29,9549 30,8677 30,0848
2005/08/12 @ 09:00:00 25,8727 23,9889 26,1212 24,3248 32,5243 31,4125 32,6395 31,5708
2005/08/12 @ 10:00:00 29,8251 27,4582 30,0968 27,8357 34,5015 33,0547 34,6275 33,2375
2005/08/12 @ 11:00:00 33,8115 31,1119 34,1224 31,5357 36,3532 34,5905 36,5027 34,8065
2005/08/12 @ 12:00:00 37,2958 34,2948 37,6519 34,7741 38,0015 359403 38,1773 36,1893
2005/08/12 @ 13:00:00 39,6153 36,5169 40,0269 37,0476 39,0707 36,8374 39,2809 37,1208
B8l @ 14:00:00 40,4435 37,5064 40,9125 38,0716 Hopods BScloes0 BEEEEE EEEE
2005/08/12 @ 15:00:00 39,5528 37,0615 40,0697 37,6342 38,7777 36,5890 39,0371 36,9062
2005/08/12 @ 16:00:00 37,9431 358663 38,4795 36,4297 38,2353 36,2173 38,4990 36,5273
2005/08/12 @ 17:00:00 35,6342 33,9764 36,1728 34,5184 37,3222 35,5427 37,5818 35,8356
2005/08/12 @ 18:00:00 32,6893 31,4626 33,2220 31,9778 35,9548 34,4717 36,2033 34,7401
2005/08/12 @ 19:00:00 30,0043 29,0884 30,5165 29,5746 34,5709 33,3547 34,8022 33,5963
2005/08/12 @ 20:00:00 27,4817 26,7950 27,9757 27,2588 33,3990 32,3904 33,6132 32,6076
2005/08/12 @ 21:00:00 25,4911 24,9383 259479 25,3671 32,2278 31,4111 32,4305 31,6094
2005/08/12 @ 22:00:00 23,6934 23,2431 24,1164 23,6404 31,2094 30,5638 31,4154 30,7574
2005/08/12 @ 23:00:00 22,0203 21,6554 22,4143 22,0257 29,9863 29,5093 30,1929 29,6978
2005/08/13 @ 00:00:00 20,5465 20,2510 20,9121 20,5950 28,7296 28,3845 28,9311 28,5663
2005/08/13 @ 01:00:00 19,3943 19,1494 19,7262 19,4619 27,7394 27,4844 27,9317 27,6579
2005/08/13 @ 02:00:00 18,4822 18,2767 18,7790 18,5560 26,9875 26,7805 27,1707 26,9466
2005/08/13 @ 03:00:00 17,7190 17,5485 17,9810 17,7947 26,5155 26,3349 26,6864 26,4908
2005/08/13 @ 04:00:00 17,1310 16,9855 17,3591 17,1997 25,7217 25,5651 25,8810 25,7112
2005/08/13 @ 05:00:00 [16,9566 16,7745 17,1549 16,9636 25,4156 25,2632 25,5644 25,4013
2005/08/131@06:00:00 15,2119 17,7367 18,3883 17,9225 pojodid PAS83E 253554 P5NAS
2005/08/13 @ 07:00:00 20,6833 19,7304 20,8538 19,9376 255888 25,1739 25,7392 25,3353
2005/08/13 @ 08:00:00 24,1926 22,6057 24,3667 22,8419 26,8161 26,0962 26,9876 26,2978
2005/08/13 @ 09:00:00 28,1548 25,9395 28,3551 26,2277 28,4575 27,3818 28,6722 27,6429
2005/08/13 @ 10:00:00 32,2038 29,4456 32,4469 29,7965 30,3392 28,9024 30,6149 29,2363
2005/08/13 @ 11:00:00 36,1144 32,8390 36,3894 33,2342 31,8343 30,1245 32,1921 30,5433
2005/08/13 @ 12:00:00 38,9613 35,4572 39,3037 359197 32,8721 31,0000 33,3100 31,4956
EOOSIOSSIEIE0E 00486 37,3431 41,3457 37,8545 [ogood Sicn BEESEE ERONED
2005/08/13 @ 14:00:00 41,5362 38,0979 42,0033 38,6612 33,1482 31,2898 33,6762 31,8603
2005/08/13 @ 15:00:00 41,0745 37,9272 41,5865 38,5142 32,6082 30,8798 33,1371 31,4419
2005/08/13 @ 16:00:00 39,5175 36,8020 40,0595 37,3930 31,5617 30,0581 32,0633 30,5807
2005/08/13 @ 17:00:00 37,3018 35,0513 37,8427 35,6175 30,0709 28,8672 30,5380 29,3397
2005/08/13 @ 18:00:00 34,5778 32,8211 35,1042 33,3497 28,5453 27,6329 28,9704 28,0495
2005/08/13 @ 19:00:00 32,1012 30,7247 32,5944 31,2067 27,3759 26,6973 27,7563 27,0599
2005/08/13 @ 20:00:00 29,9635 28,8687 30,4214 29,3080 26,4041 25,8700 26,7388 26,1848
2005/08/13 @ 21:00:00 28,0824 27,1974 28,5061 27,5990 25,6428 25,2111 259369 25,4917
2005/08/13 @ 22:00:00 26,6112 25,8274 27,0047 26,2045 24,9840 24,6246 25,2503 24,8775
2005/08/13 @ 23:00:00 25,1030 24,4350 25,4718 24,8013 24,1232 23,8232 24,3641 24,0507
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Sofia Isabel Batista Moreno Carronda

Table 30 - Roof Temperature result for LCZ2 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/14 @ 00:00:00 23,8829 23,2888 24,2194 23,6390 23,6126 23,3518 23,8307 23,5571
2005/08/14 @ 01:00:00 22,8112 22,2845 23,1311 22,6150 23,0136 22,7882 23,2106 22,9730
2005/08/14 @ 02:00:00 21,8579 21,4078 22,1564 21,7069 22,3629 22,1688 22,5399 22,3344
2005/08/14 @ 03:00:00 21,0739 20,6858 21,3415 20,9522 21,8098 21,6495 21,9675 21,7963
2005/08/14 @ 04:00:00 20,3997 20,0642 20,6395 20,3017 21,5373 21,4045 21,6801 21,5372
2005/08/14 @ 05:00:00 20,1210 19,7735 20,3357 19,9874 21,1951 21,0679 21,3259 21,1904
2005/08/14 @ 06:00:00 21,2784 20,6490 21,4724 20,8559 21,2165 21,0040 21,3369 21,1226
2005/08/14 @ 07:00:00 23,6388 22,5265 23,8251 22,7458 21,9950 21,5710 22,1100 21,6967
2005/08/14 @ 08:00:00 26,8887 25,1851 27,0835 25,4377 23,6504 22,8682 23,7666 23,0134
2005/08/14 @ 09:00:00 30,7683 28,4120 30,9808 28,7057 26,3502 25,0789 26,4773 25,2573
2005/08/14 @ 10:00:00 34,8645 31,8754 35,0975 32,2089 29,4550 27,6688 29,6114 27,8991
2005/08/14 @ 11:00:00 38,7085 35,1341 38,9723 355149 32,3397 30,1353 32,5656 30,4494
2005/08/14 @ 12:00:00 41,4129 37,6194 41,7373 38,0619 33,6540 31,3093 33,9950 31,7355
EOOEOEGS00E 234717 395254 43,8319 40,0017 EigH0E BHEGSE SHEES RS
2005/08/14 @ 14:00:00 44,2065 40,3595 44,6119 40,8692 33,9318 31,6769 34,4303 32,2365
2005/08/14 @ 15:00:00 43,9921 40,3569 44,4188 40,8737 33,1050 31,0373 33,6137 31,5929
2005/08/14 @ 16:00:00 42,9488 39,6233 43,3839 40,1268 31,9483 30,1313 32,4357 30,6520
2005/08/14 @ 17:00:00 41,0737 38,1984 41,5059 38,6716 30,2453 28,7540 30,7066 29,2327
2005/08/14 @ 18:00:00 38,7368 36,3523 39,1493 36,7841 28,6949 27,4823 29,1165 27,9106
2005/08/14 @ 19:00:00 36,5038 34,5434 36,8888 34,9329 27,4439 26,4758 27,8271 26,8571
2005/08/14 @ 20:00:00 34,6333 32,9971 34,9876 33,3471 26,2921 255112 26,6394 25,8512
2005/08/14 @ 21:00:00 33,0225 31,6385 33,3464 31,9530 25,4296 24,7878 25,7451 25,0988
2005/08/14 @ 22:00:00 31,5949 30,4019 31,8944 30,6885 24,4192 23,8918 24,7102 24,1759
2005/08/14 @ 23:00:00 30,3214 29,2846 30,5963 29,5448 23,4076 22,9723 23,6739 23,2294
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Roof Temperature LCZ2 - Lisbon
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Graphic 17 - Roof temperature result for LCZ2 - Lisbon.
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Roof Temperature LCZ2 - Ancona
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Graphic 18 - Roof temperature result for LCZ2 - Ancona.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 31 - Roof temperature result for LCZ3.

Roof Temp Lcz3
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 19,7536 19,5999 20,0159 19,8413 28,2590 27,6162 28,5144 27,8473
2005/08/08 @ 01:00:00 18,9695 18,8519 19,1987 19,0632 27,3875 26,8497 27,6241 27,0608
2005/08/08 @ 02:00:00 18,2926 18,2002 18,4923 18,3847 26,8396 26,4038 27,0587 26,5957
2005/08/08 @ 03:00:00 17,6767 17,6033 17,8508 17,7645 26,3369 25,9809 26,5339 26,1503
2005/08/08 @ 04:00:00 17,1059 17,0477 17,2572 17,1882 25,8966 25,6040 26,0655 25,7457
- 2005/08/08 @ 05:00:00 16,8826 16,7994 17,0111 16,9215 25,6981 (25,4304 25,8367 25,5453
2005/08/08 @ 06:00:00 17,6338 17,3917 17,7429 17,5080 26,0640 25,7105 26,1790 25,8141
2005/08/08 @ 07:00:00 19,8479 19,1978 19,9560 19,3430 27,3433 26,7785 27,4477 26,8904
2005/08/08 @ 08:00:00 22,7947 21,6811 22,9283 21,8804 29,2889 28,3491 29,3942 28,4817
2005/08/08 @ 09:00:00 25,7753 24,2944 259583 24,5565 32,0300 30,5695 32,1471 30,7398
2005/08/08 @ 10:00:00 28,5399 26,7581 28,7756 27,0826 34,9299 32,8919 35,0713 33,1103
2005/08/08 @ 11:00:00 30,6944 28,7898 30,9867 29,1644 38,0000 35,4150 38,1835 35,6930
2005/08/08 @ 12:00:00 31,9760 30,1126 32,3112 30,5139 40,3437 37,3461 40,5849 37,6888
2005/08/08 @ 13:00:00 33,7368 31,7627 34,1140 32,2054 41,7186 38,5129 42,0231 38,9149
BO0SJO8Ie8l@ 14:00:00 34,5387 32,5836 34,9664 33,0632 [iojioos BSo0o0 NS BOEGE
2005/08/08 @ 15:00:00 34,1376 32,3759 34,6078 32,8835 41,1904 38,2123 41,6035 38,6973
2005/08/08 @ 16:00:00 32,9727 31,4664 33,4612 31,9730 39,6893 37,0685 40,1210 37,5472
2005/08/08 @ 17:00:00 30,9955 29,8194 31,4851 30,3057 37,7264 35,5149 38,1559 35,9690
2005/08/08 @ 18:00:00 28,7522 27,9033 29,2261 28,3554 35,6374 33,8204 36,0478 34,2375
2005/08/08 @ 19:00:00 26,6860 26,0712 27,1349 26,4886 34,0558 32,5652 34,4354 32,9405
2005/08/08 @ 20:00:00 24,6879 24,2593 25,1060 24,6439 32,7143 31,4702 33,0611 31,8066
2005/08/08 @ 21:00:00 23,0894 22,7740 23,4732 23,1264 31,6677 30,6138 31,9836 30,9160
2005/08/08 @ 22:00:00 21,7202 21,4847 22,0664 21,8030 30,8245 29,9178 31,1145 30,1921
2005/08/08 @ 23:00:00 20,5807 20,3946 20,8935 20,6817 29,8948 29,1075 30,1601 29,3561
2005/08/09 @ 00:00:00 19,6411 19,4972 19,9137 19,7480 29,1826 28,4938 29,4243 28,7187
2005/08/09 @ 01:00:00 18,8590 18,7442 19,0959 18,9624 28,3582 27,7519 28,5773 27,9546
2005/08/09 @ 02:00:00 18,1745 18,0815 18,3798 18,2708 27,8854 27,3499 28,0834 27,5323
2005/08/09 @ 03:00:00 17,5525 17,4766 17,7305 17,6410 27,5731 27,0999 27,7521 27,2641
2005/08/09 @ 04:00:00 16,9440 16,8824 17,0984 17,0253 27,0134 26,5940 27,1748 26,7417
1 2005/08/09 @ 05:00:00 16,6812 16,5978 16,8099 16,7194 26,9001 26,5007 27,0449 26,6342
2005/08/09 @ 06:00:00 17,7754 17,4654 17,8829 17,5842 27,3495 26,8693 27,4784 26,9944
2005/08/09 @ 07:00:00 20,0463 19,2981 20,1519 19,4428 28,2835 27,5948 28,4015 27,7226
2005/08/09 @ 08:00:00 23,2587 22,0290 23,3870 22,2278 30,2215 29,1798 30,3398 29,3274
2005/08/09 @ 09:00:00 26,4987 24,8889 26,6674 25,1444 32,6674 31,1454 32,8038 31,3339
2005/08/09 @ 10:00:00 30,2877 28,2256 30,5079 28,5541 35,4142 33,3484 35,5856 33,5948
2005/08/09 @ 11:00:00 34,1185 31,6249 34,4099 32,0434 37,8002 35,2197 38,0239 35,5346
2005/08/09 @ 12:00:00 36,4869 33,9058 36,8701 34,4013 39,7271 36,7733 40,0283 37,1572

 EOOS/OSJOSIGIS0000 37,6003 351117 380557 356559 [iEeN ENEW MNSSSH EENOOE

2005/08/09 @ 14:00:00 37,6172 35,3764 38,1210 35,9397 40,8077 37,7067 41,2301 38,1881
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Sofia Isabel Batista Moreno Carronda

Table 31 - Roof temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 37,0918 35,0873 37,6156 35,6510 40,1964 37,3062 40,6456 37,7992
2005/08/09 @ 16:00:00 35,4594 33,8537 35,9967 34,4014 38,7682 36,2081 39,2211 36,6888
2005/08/09 @ 17:00:00 33,4896 32,2279 34,0228 32,7515 37,0905 34,9322 37,5322 35,3885
2005/08/09 @ 18:00:00 31,3237 30,3281 31,8335 30,8187 35,4017 33,6417 35,8246 34,0651
2005/08/09 @ 19:00:00 28,6417 27,9563 29,1376 28,4195 33,8117 32,3656 34,1990 32,7442
2005/08/09 @ 20:00:00 26,4641 25,9650 26,9352 26,4007 32,8094 31,5993 33,1605 31,9365
2005/08/09 @ 21:00:00 24,7642 24,3773 25,1995 24,7802 31,5402 30,5123 31,8581 30,8138
2005/08/09 @ 22:00:00 23,1976 22,8979 23,6014 23,2715 30,8468 29,9594 31,1377 30,2323
2005/08/09 @ 23:00:00 21,8891 21,6372 22,2586 21,9868 30,1449 29,3735 30,4111 29,6211
2005/08/10 @ 00:00:00 20,7975 20,5943 21,1306 20,9083 29,4368 28,7626 29,6801 28,9872
2005/08/10 @ 01:00:00 19,8056 19,6442 20,1027 19,9235 28,6905 28,0989 28,9121 28,3023
2005/08/10 @ 02:00:00 19,0071 18,8735 19,2693 19,1196 28,0870 27,5667 28,2883 27,7505
2005/08/10 @ 03:00:00 18,2891 18,1794 18,5199 18,3959 27,3811 26,9222 27,5631 27,0878
2005/08/10 @ 04:00:00 17,5923 17,5044 17,7957 17,6950 26,9451 26,5394 27,1093 26,6882
- 2005/08/10 @ 05:00:00 17,4170 17,2786 17,5935 17,4489 26,6826 26,3004 26,8301 26,4349
2005/08/10 @ 06:00:00 18,7000 18,2548 18,8594 18,4304 27,1924 26,7352 27,3232 26,8603
2005/08/10 @ 07:00:00 21,1191 20,2083 21,2843 20,4211 27,9869 27,3235 28,1057 27,4503
2005/08/10 @ 08:00:00 24,3101 22,8716 24,5108 23,1504 29,7613 28,7393 29,8792 28,8853
2005/08/10 @ 09:00:00 27,9552 25,9729 28,2105 26,3295 32,3755 30,8582 32,5108 31,0455
2005/08/10 @ 10:00:00 31,6540 29,1722 31,9692 29,6035 35,0228 33,0042 35,1894 33,2413
2005/08/10 @ 11:00:00 34,6885 31,9151 35,0991 32,4418 38,2177 35,7096 38,4220 35,9992
2005/08/10 @ 12:00:00 37,0785 34,1148 37,5701 34,7170 40,5628 37,7624 40,8319 38,1234
2005/08/10 @ 13:00:00 38,6267 35,5882 39,1783 36,2410 41,8745 38,9541 42,2033 39,3729
BOOSJO88l@ 14:00:00 38,7342 35,8953 39,3681 36,6065 [ilGioe oMol H2REol BOEIE2
2005/08/10 @ 15:00:00 37,9470 35,4013 38,6239 36,1315 40,7730 38,3411 41,2480 38,8674
2005/08/10 @ 16:00:00 36,2483 34,0967 36,9413 34,8174 38,8354 36,7973 39,3409 37,3312
2005/08/10 @ 17:00:00 33,9194 32,1987 34,5987 32,8822 36,6705 35,0445 37,1739 35,5549
2005/08/10 @ 18:00:00 31,3139 30,0053 31,9539 30,6310 34,9145 33,6160 35,3793 34,0741
2005/08/10 @ 19:00:00 28,6275 27,6913 29,2325 28,2666 33,6690 32,6527 34,0883 33,0538
2005/08/10 @ 20:00:00 26,5608 25,8489 27,1129 26,3680 32,4111 31,6049 32,7852 31,9542
2005/08/10 @ 21:00:00 24,9263 24,3575 25,4234 24,8228 31,4345 30,8094 31,7736 31,1187
2005/08/10 @ 22:00:00 23,5405 23,0543 23,9989 23,4839 30,5159 30,0239 30,8289 30,3045
2005/08/10 @ 23:00:00 22,2394 21,8417 22,6679 22,2287 29,9077 29,5015 30,1946 29,7573
2005/08/11 @ 00:00:00 21,0428 20,7315 21,4323 21,0810 29,0845 28,7361 29,3443 28,9675
2005/08/11 @ 01:00:00 20,0582 19,8115 20,4047 20,1236 28,6112 28,3017 28,8458 28,5106
2005/08/11 @ 02:00:00 19,2694 19,0689 19,5749 19,3445 27,9303 27,6520 28,1406 27,8399
2005/08/11 @ 03:00:00 18,5747 18,4114 18,8431 18,6537 27,5921 27,3422 27,7807 27,5110
2005/08/11 @ 04:00:00 [17,9818 17,8446 18,2177 [8,0579 27,1540 26,9300 27,3232 27,0816

EOS/OS/AN@IOS000 180179 17,8143 18,2239 180077 [REiGie D6NS0d PASSI REISES

2005/08/11 @ 06:00:00 19,3874 18,8792 19,5766 19,0832 27,5336 27,2024 27,6687 27,3309
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 31 - Roof temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 21,5632 20,6455 21,7489 20,8713 28,7406 28,1832 28,8646 28,3152
2005/08/11 @ 08:00:00 24,9457 23,4933 25,1558 23,7798 30,5154 29,6068 30,6368 29,7553
2005/08/11 @ 09:00:00 28,8311 26,8189 29,0848 27,1746 33,2660 31,9317 33,3994 32,1165
2005/08/11 @ 10:00:00 32,5184 30,0636 32,8258 30,4861 36,2010 34,4296 36,3614 34,6644
2005/08/11 @ 11:00:00 35,6780 32,8723 36,0254 33,3387 38,9590 36,7747 39,1627 37,0683
2005/08/11 @ 12:00:00 37,4348 34,6464 37,8651 35,1792 40,7764 38,3644 41,0606 38,7413
BOOBJEEI @ 13:00:00 38,6870 359462 39,1683 36,5161 [iNGOGH BoOGE MP0So BSIGEEE
2005/08/11 @ 14:00:00 39,4476 36,7674 39,9532 37,3513 41,5012 39,1756 41,9532 39,6946
2005/08/11 @ 15:00:00 38,8574 36,5047 39,4176 37,1143 40,5689 38,5208 41,0776 39,0740
2005/08/11 @ 16:00:00 37,5707 355560 38,1470 36,1600 39,4120 37,6442 39,9226 38,1824
2005/08/11 @ 17:00:00 35,4454 33,8534 36,0169 34,4290 37,9046 36,4084 38,3870 36,9056
2005/08/11 @ 18:00:00 32,7654 31,6000 33,3360 32,1487 36,5714 35,3024 37,0067 35,7441
2005/08/11 @ 19:00:00 30,2558 29,4059 30,8033 29,9213 35,3497 34,3059 35,7412 34,6966
2005/08/11 @ 20:00:00 28,3100 27,6458 28,8129 28,1162 33,8429 32,9960 34,2017 33,3476
2005/08/11 @ 21:00:00 26,4341 259223 26,9047 26,3608 32,6118 31,9671 32,9574 32,2958
2005/08/11 @ 22:00:00 24,9027 24,4867 25,3354 24,8901 31,2023 30,7027 31,5356 31,0144
2005/08/11 @ 23:00:00 23,3634 23,0392 23,7699 23,4181 30,3388 29,9305 30,6422 30,2115
2005/08/12 @ 00:00:00 22,1224 21,8406 22,4933 22,2000 29,8112 29,4498 30,0819 29,6997
2005/08/12 @ 01:00:00 20,8825 20,6379 21,2234 20,9805 29,4099 29,0842 29,6501 29,3064
2005/08/12 @ 02:00:00 19,6624 19,4621 19,9780 19,7755 28,8489 28,5547 29,0626 28,7527
2005/08/12 @ 03:00:00 18,3967 18,2346 18,6940 18,5271 28,3933 28,1264 28,5838 28,3037
2005/08/12 @ 04:00:00 17,0301 16,9020 17,3184 17,1841 28,0519 27,8108 28,2224 27,9687
2005/08/12 @ 05:00:00 16,1446 159824 16,4207 16,2557 27,7418 27,4956 27,8939 27,6379
2005/08/12 @ 06:00:00 16,7514 16,3329 17,0142 16,6109 28,3121 27,9671 28,4454 28,0983
2005/08/12 @ 07:00:00 18,8776 18,0144 19,1302 18,3087 29,2683 28,7304 29,3870 28,8593
2005/08/12 @ 08:00:00 22,1457 20,7234 22,3970 21,0441 30,6726 29,8658 30,7858 30,0047
2005/08/12 @ 09:00:00 25,7577 23,8568 26,0304 24,2218 32,4501 31,3399 32,5728 31,5062
2005/08/12 @ 10:00:00 29,7212 27,3395 30,0128 27,7411 34,4037 32,9594 34,5404 33,1543
2005/08/12 @ 11:00:00 33,7582 31,0422 34,1038 31,5134 36,2453 34,4849 36,4076 34,7158
2005/08/12 @ 12:00:00 37,2504 34,2295 37,6433 34,7500 37,8659 35,8074 38,0603 36,0773
2005/08/12 @ 13:00:00 39,5717 36,4526 40,0255 37,0241 38,9161 36,6774 39,1502 36,9875
BOOSJe83l @ 14:00:00 40,4057 37,4512 40,9399 38,0792 [oioiEE EONEl FOEESE A0SR
2005/08/12 @ 15:00:00 39,5205 37,0170 40,1265 37,6745 38,5824 36,3989 38,8777 36,7486
2005/08/12 @ 16:00:00 37,9059 35,8199 38,5448 36,4796 38,0386 36,0283 38,3387 36,3710
2005/08/12 @ 17:00:00 35,5767 33,9143 36,2139 34,5508 37,1321 35,3611 37,4281 35,6862
2005/08/12 @ 18:00:00 32,6132 31,3856 33,2442 31,9958 35,7778 34,2803 36,0615 34,5805
2005/08/12 @ 19:00:00 29,9021 28,9845 30,4962 29,5497 34,3835 33,1540 34,6504 33,4263
2005/08/12 @ 20:00:00 27,3575 26,6700 27,9205 27,2009 33,2115 32,1838 33,4596 32,4320
2005/08/12 @ 21:00:00 25,3554 24,8014 25,8716 25,2877 32,0332 31,1990 32,2693 31,4274
2005/08/12 @ 22:00:00 23,5592 23,1075 24,0334 23,5541 31,0454 30,3853 31,2813 30,6057
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Sofia Isabel Batista Moreno Carronda

Table 31 - Roof temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 21,8836 21,5166 22,3225 21,9302 29,8558 29,3655 30,0952 29,5818
2005/08/13 @ 00:00:00 20,4040 20,1054 20,8099 20,4880 28,6228 28,2659 28,8594 28,4768
2005/08/13 @ 01:00:00 19,2450 18,9960 19,6132 19,3433 27,6467 27,3812 27,8747 27,5843
2005/08/13 @ 02:00:00 18,3307 18,1209 18,6584 18,4304 26,8972 26,6811 27,1151 26,8765
2005/08/13 @ 03:00:00 17,5646 17,3890 17,8549 17,6626 26,4187 26,2290 26,6201 26,4108
2005/08/13 @ 04:00:00 16,9637 16,8120 17,2200 17,0533 25,6173 25,4518 25,8036 25,6210
2005/08/13 @ 05:00:00 (16,7763 16,5880 16,9996 16,8013 25,3037 25,1429 25,4767 25,3018
B00S/08/130@06100:00 13,0231 17,5468 18,2262 17,7547 poj006E pAe605 @5)26i2 50202
2005/08/13 @ 07:00:00 20,5055 19,5465 20,6948 19,7744 25,4789 25,0554 25,6515 25,2379
2005/08/13 @ 08:00:00 24,0278 22,4344 24,2187 22,6900 26,7306 25,9998 26,9313 26,2343
2005/08/13 @ 09:00:00 28,0189 25,7963 28,2324 26,1005 28,4074 27,3226 28,6633 27,6333
2005/08/13 @ 10:00:00 32,0868 29,3215 32,3404 29,6854 30,2978 28,8536 30,6309 29,2569
2005/08/13 @ 11:00:00 36,0124 32,7297 36,2962 33,1359 31,8129 30,0965 32,2487 30,6070
2005/08/13 @ 12:00:00 38,8747 35,3633 39,2245 35,8351 32,8603 30,9828 33,3963 31,5895
EOOSIOSSEGE00E 203724 37,2598 41,2768 37,7798 (el Biibol BS00E SEE
2005/08/13 @ 14:00:00 41,4648 38,0209 41,9407 38,5938 33,1283 31,2640 33,7787 31,9670
2005/08/13 @ 15:00:00 41,0035 37,8518 41,5264 38,4500 32,5510 30,8162 33,1792 31,4849
2005/08/13 @ 16:00:00 39,4414 36,7220 39,9972 37,3269 31,4751 29,9645 32,0598 30,5754
2005/08/13 @ 17:00:00 37,2155 34,9610 37,7732 35,5439 29,9566 28,7451 30,4956 29,2931
2005/08/13 @ 18:00:00 34,4764 32,6694 35,0232 33,2197 28,4050 27,4840 28,8941 27,9668
2005/08/13 @ 19:00:00 31,9865 30,4947 32,5021 31,0101 27,2097 26,5210 27,6479 26,9427
2005/08/13 @ 20:00:00 29,8370 28,5769 30,3185 29,0617 26,2177 25,6727 26,6052 26,0409
2005/08/13 @ 21:00:00 27,9477 26,8780 28,3950 27,3336 25,4300 24,9941 25,7728 25,3166
2005/08/13 @ 22:00:00 26,4019 25,4975 26,8099 25,9065 24,7855 24,4216 25,0936 24,7102
2005/08/13 @ 23:00:00 24,8340 24,0769 25,2229 24,4529 23,9334 23,6294 24,2106 23,8876
2005/08/14 @ 00:00:00 23,5788 22,9296 23,9365 23,2731 23,4262 23,1620 23,6764 23,3946
2005/08/14 @ 01:00:00 22,5126 21,9559 22,8399 22,2688 22,8290 22,6002 23,0545 22,8095
2005/08/14 @ 02:00:00 21,5866 21,1077 21,8854 21,3921 22,1784 21,9806 22,3812 22,1685
2005/08/14 @ 03:00:00 20,8147 20,3998 21,0842 20,6556 21,6249 21,4605 21,8057 21,6274
2005/08/14 @ 04:00:00 20,1476 19,7871 20,3903 20,0168 21,3505 21,2132 21,5144 21,3643
1 2005/08/14 @ 05:00:00 19,8741 19,5028 20,0919 19,7112 21,0055 20,8734 21,1556 21,0129
2005/08/14 @ 06:00:00 21,0440 20,3925 21,2414 20,5967 21,0273 20,8095 21,1652 20,9442
2005/08/14 @ 07:00:00 23,4240 22,2848 23,6142 22,5057 21,8088 21,3793 21,9399 21,5205
2005/08/14 @ 08:00:00 26,7019 24,9744 26,9006 25,2300 23,4724 22,6844 23,6032 22,8449
2005/08/14 @ 09:00:00 30,6166 28,2383 30,8322 28,5346 26,1877 24,9102 26,3281 25,1034
2005/08/14 @ 10:00:00 34,7272 31,6871 34,9660 32,0330 29,2935 27,5012 29,4639 27,7475
2005/08/14 @ 11:00:00 38,5156 34,9231 38,7918 35,3209 32,1884 29,9781 32,4289 30,3088
2005/08/14 @ 12:00:00 41,2578 37,4475 41,5926 37,9038 33,5332 31,1790 33,9156 31,6473

 ECOSIOSMGISO000 433404 39,3795 437104 39630 (0NN NN BEEG0I SOSESE

2005/08/14 @ 14:00:00 44,0903 40,2313 44,5062 40,7534 33,8130 31,5490 34,3623 32,1590
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 31 - Roof temperature result for LCZ3 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1

2005 HBR HBR HBR HBR HBR HBR HBR HBR

False True False True False True False True
2005/08/14 @ 15:00:00 43,8842 40,2387 44,3227 40,7686 32,9755 30,8990 33,5288 31,4989
2005/08/14 @ 16:00:00 42,7810 39,4677 43,2366 39,9897 31,8081 29,9820 32,3363 30,5432
2005/08/14 @ 17:00:00 40,8855 38,0266 41,3403 38,5214 30,0917 28,5909 30,5918 29,1075
2005/08/14 @ 18:00:00 38,5365 36,1735 38,9750 36,6286 28,5285 27,3059 28,9869 27,7702
2005/08/14 @ 19:00:00 36,2977 34,3613 36,7098 34,7733 27,2621 26,2824 27,6803 26,6981
2005/08/14 @ 20:00:00 34,4281 32,8142 34,8087 33,1854 26,0902 25,2964 26,4714 25,6694
2005/08/14 @ 21:00:00 32,8217 31,4566 33,1707 31,7909 25,2053 24,5563 25,5539 24,8931
2005/08/14 @ 22:00:00 31,4101 30,2364 31,7313 30,5398 24,2041 23,6698 24,5246 23,9763
2005/08/14 @ 23:00:00 30,1517 29,1332 30,4455 29,4077 23,1983 22,7557 23,4910 23,0332
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Sofia Isabel Batista Moreno Carronda

Roof Temperature LCZ3 - Lisbon
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Graphic 19 - Roof Temperature result for LCZ3 - Lisbon.
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Roof Temperature LCZ3 - Ancona
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00:00:0Z @ ¥7/80/S00¢
00:00:9T ®@ t¢/80/S00¢C
00:00:2T ®@ %¢/80/S00¢
00:00:80 @ #¢/80/500¢
00:00:¥0 ® %2/80/500¢
00:00:00 ® %2/80/500¢
00:00:0¢ @ £¢/80/500¢
00:00:9T ® €£¢/80/500¢
00:00:2T @ £2/80/S00¢
00:00:80 @ £¢/80/500¢
00:00:70 @ £2/80/S00¢
00:00:00 @ £2/80/500¢
00:00:0¢ @ ¢¢/80/500¢
00:00:9T ® 77/80/500¢
00:00:ZT ® 27/80/500¢
00:00:80 @ 77/80/500¢
00:00:70 ® ¢¢/80/500¢
00:00:00 @ 2Z/80/500¢

Graphic 20 - Roof temperature result for LCZ3 - Ancona.
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Sofia Isabel Batista Moreno Carronda

Table 32 - Roof temperature result for LCZ4.

Roof Temp LCZ4
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 19,6788 19,5389 19,7479 19,6025 28,3124 27,6585 28,4014 27,7383
2005/08/08 @ 01:00:00 18,8948 18,7897 18,9550 18,8453 27,4250 26,8804 27,5075 26,9534
2005/08/08 @ 02:00:00 18,2208 18,1400 18,2730 18,1884 26,8575 26,4187 26,9323 26,4837
2005/08/08 @ 03:00:00 17,6094 17,5469 17,6549 17,5892 26,3424 259868 26,4081 26,0432
2005/08/08 @ 04:00:00 17,0443 16,9960 17,0839 17,0330 25,8968 25,6074 259522 25,6541
- 2005/08/08 @ 05:00:00 16,8262 16,7522 16,8598 16,7845 25,6942 254313 25,7393 25,4691
2005/08/08 @ 06:00:00 17,5774 17,3435 17,6062 17,3748 26,0543 25,7087 26,0924 25,7432
2005/08/08 @ 07:00:00 19,7895 19,1469 19,8186 19,1868 27,3310 26,7770 27,3659 26,8151
2005/08/08 @ 08:00:00 22,7377 21,6310 22,7743 21,6862 29,2774 28,3518 29,3129 28,3975
2005/08/08 @ 09:00:00 25,7274 24,2528 25,7776 24,3251 32,0208 30,5860 32,0603 30,6450
2005/08/08 @ 10:00:00 28,4966 26,7224 28,5614 26,8116 34,9141 32,9182 34,9615 32,9933
2005/08/08 @ 11:00:00 30,6620 28,7656 30,7419 28,8678 37,9886 354501 38,0498 35,5457
2005/08/08 @ 12:00:00 31,9604 30,1053 32,0515 30,2140 40,3516 37,3934 40,4316 37,5245
2005/08/08 @ 13:00:00 33,7269 31,7611 33,8291 31,8808 41,7614 38,5784 41,8621 38,7438
BOOBJOEJ6E @ 14:00:00 34,5296 32,5832 34,6454 32,7140 [iNiees BSI00SE [PE0E EONEET
2005/08/08 @ 15:00:00 34,1228 32,3703 34,2499 32,5069 41,3122 38,3446 41,4474 38,5228
2005/08/08 @ 16:00:00 32,9467 31,4506 33,0785 31,5868 39,8479 37,2147 39,9905 37,3878
2005/08/08 @ 17:00:00 30,9563 29,7917 31,0882 29,9221 37,9001 35,6578 38,0429 35,8204
2005/08/08 @ 18:00:00 28,6979 27,8612 28,8252 27,9819 35,8073 33,9483 35,9444 34,0967
2005/08/08 @ 19:00:00 26,6129 26,0173 26,7332 26,1287 34,2111 32,6768 34,3382 32,8097
2005/08/08 @ 20:00:00 24,5953 24,1843 24,7068 24,2866 32,8510 31,5663 32,9672 31,6849
2005/08/08 @ 21:00:00 22,9860 22,6875 23,0878 22,7810 31,7872 30,6971 31,8931 30,8033
2005/08/08 @ 22:00:00 21,6110 21,3910 21,7025 21,4751 30,9362 29,9937 31,0339 30,0901
2005/08/08 @ 23:00:00 20,4743 20,3086 20,5552 20,3833 29,9959 29,1746 30,0856 29,2620
2005/08/09 @ 00:00:00 19,5391 19,4124 19,6094 19,4774 29,2713 28,5520 29,3532 28,6309
2005/08/09 @ 01:00:00 18,7589 18,6593 18,8199 18,7158 28,4342 27,8027 28,5084 27,8738
2005/08/09 @ 02:00:00 18,0803 18,0010 18,1330 18,0499 27,9503 27,3956 28,0174 27,4594
2005/08/09 @ 03:00:00 17,4657 17,4023 17,5114 17,4448 27,6297 27,1426 27,6902 27,1999
2005/08/09 @ 04:00:00 16,8653 16,8150 16,9049 16,8521 27,0642 26,6358 27,1187 26,6873
- 2005/08/09 @ 05:00:00 16,6099 16,5366 16,6429 16,5682 26,9459 26,5416 26,9947 26,5880
2005/08/09 @ 06:00:00 17,7056 17,4043 17,7334 17,4358 27,3888 26,9069 27,4322 26,9505
2005/08/09 @ 07:00:00 19,9936 19,2604 20,0223 19,3029 28,3148 27,6277 28,3547 27,6725
2005/08/09 @ 08:00:00 23,2060 21,9890 23,2415 22,0463 30,2454 29,2113 30,2857 29,2632
2005/08/09 @ 09:00:00 26,4560 24,8568 26,5025 24,9288 32,6892 31,1846 32,7358 31,2507
2005/08/09 @ 10:00:00 30,2450 28,1936 30,3058 28,2852 35,4061 33,3876 35,4646 33,4725
2005/08/09 @ 11:00:00 34,0736 31,5907 34,1542 31,7067 37,7739 3502693 37,8499 35,3769
2005/08/09 @ 12:00:00 36,4576 33,8866 36,5628 34,0226 39,7150 36,8418 39,8115 36,9723

 EOOS/GRIOSIGISO0M0 37,5000 351116 377141 352500 [GES SHES0 WNGSE BEIGG0E

2005/08/09 @ 14:00:00 37,6180 35,3876 37,7544 35,5396 40,8721 37,8233 41,0059 37,9860
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 32 - Roof temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 37,0910 35,0975 37,2325 35,2492 40,3015 37,4395 40,4453 37,6060
2005/08/09 @ 16:00:00 35,4500 33,8548 35,5946 34,0013 38,8996 36,3446 39,0462 36,5069
2005/08/09 @ 17:00:00 33,4649 32,2132 33,6080 32,3529 37,1811 35,0306 37,3268 35,1855
2005/08/09 @ 18:00:00 31,2835 30,3122 31,4141 30,4445 35,4654 33,7143 35,6063 33,8581
2005/08/09 @ 19:00:00 28,5765 27,9092 28,7053 28,0336 33,8779 32,4273 34,0070 32,5561
2005/08/09 @ 20:00:00 26,3735 25,8889 26,4967 26,0055 32,8707 31,6524 32,9875 31,7666
2005/08/09 @ 21:00:00 24,6629 24,2869 24,7786 24,3957 31,5959 30,5595 31,7014 30,6612
2005/08/09 @ 22:00:00 23,0819 22,7925 23,1890 22,8928 30,9035 30,0040 31,0005 30,0961
2005/08/09 @ 23:00:00 21,7647 21,5367 21,8627 21,6285 30,1986 29,4141 30,2875 29,4976
2005/08/10 @ 00:00:00 20,6835 20,4999 20,7722 20,5830 29,4847 28,7993 29,5661 28,8751
2005/08/10 @ 01:00:00 19,6968 19,5521 19,7751 19,6255 28,7316 28,1322 28,8057 28,2007
2005/08/10 @ 02:00:00 18,9020 18,7830 18,9718 18,8484 28,1220 27,5973 28,1892 27,6591
2005/08/10 @ 03:00:00 18,1885 18,0917 18,2503 18,1496 27,4110 26,9512 27,4717 27,0067
2005/08/10 @ 04:00:00 17,4955 17,4192 17,5495 17,4699 26,9714 26,5681 27,0261 26,6178
2005/08/10 @ 05:00:00 17,3254 17,1983 17,3726 17,2441 26,7058 26,3286 26,7548 26,3735
2005/08/10 @ 06:00:00 18,6186 18,1881 18,6623 18,2380 27,2114 26,7609 27,2548 26,8028
2005/08/10 @ 07:00:00 21,0348 20,1442 21,0812 20,2066 27,9994 27,3444 28,0389 27,3873
2005/08/10 @ 08:00:00 24,2195 22,8060 24,2755 22,8873 29,7666 28,7585 29,8061 28,8084
2005/08/10 @ 09:00:00 27,8703 25,9172 27,9423 26,0225 32,3773 30,8847 32,4229 30,9491
2005/08/10 @ 10:00:00 31,5852 29,1368 31,6778 29,2694 35,0192 33,0250 35,0751 33,1064
2005/08/10 @ 11:00:00 34,6196 31,8795 34,7379 32,0376 38,2097 35,7259 38,2784 35,8256
2005/08/10 @ 12:00:00 37,0223 34,0905 37,1648 34,2713 40,5555 37,7787 40,6469 37,9038
2005/08/10 @ 13:00:00 38,5917 35,5831 38,7559 35,7832 41,8715 38,9732 41,9841 39,1191
BO0SJO8l@ 14:00:00 38,6971 35,8835 38,8808 36,0943 [ilgios BONE0E 0ISI SOEPE
2005/08/10 @ 15:00:00 37,9036 35,3787 38,0981 35,5915 40,7679 38,3518 40,9357 38,5383
2005/08/10 @ 16:00:00 36,1943 34,0588 36,3922 34,2658 38,8210 36,7960 39,0009 36,9855
2005/08/10 @ 17:00:00 33,8555 32,1468 34,0502 32,3422 36,6453 35,0289 36,8231 35,2078
2005/08/10 @ 18:00:00 31,2449 29,9451 31,4311 30,1251 34,8858 33,5963 35,0489 33,7554
2005/08/10 @ 19:00:00 28,5396 27,6090 28,7137 27,7723 33,6392 32,6302 33,7853 32,7683
2005/08/10 @ 20:00:00 26,4659 25,7580 26,6269 25,9070 32,3790 31,5782 32,5081 31,6974
2005/08/10 @ 21:00:00 24,8359 24,2710 24,9843 24,4078 31,3881 30,7692 31,5009 30,8710
2005/08/10 @ 22:00:00 23,4655 22,9899 23,6012 23,1181 30,4630 29,9781 30,5633 30,0674
2005/08/10 @ 23:00:00 22,1820 21,7995 22,3074 21,9169 29,8505 29,4520 29,9414 29,5324
2005/08/11 @ 00:00:00 20,9818 20,6840 21,0936 20,7881 29,0286 28,6894 29,1116 28,7627
2005/08/11 @ 01:00:00 19,9887 19,7541 20,0874 19,8457 28,5584 28,2594 28,6334 28,3257
2005/08/11 @ 02:00:00 19,1964 19,0075 19,2836 19,0877 27,8835 27,6161 27,9508 27,6758
2005/08/11 @ 03:00:00 18,5033 18,3508 18,5799 18,4212 27,5508 27,3124 27,6112 27,3660
2005/08/11 @ 04:00:00 [17,9241 17,7975 17,9918 17,8598 27,1184 26,9064 27,1725 26,9545

 EO0S/08/ANGI0SH000 17,9566 17,7638 180157 17,8204 PEiSdeY PENSH P6IS6S0 PGS

2005/08/11 @ 06:00:00 19,3149 18,8170 19,3687 18,8759 27,5054 27,1853 27,5480 27,2264
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Sofia Isabel Batista Moreno Carronda

Table 32 - Roof temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 21,5030 20,6005 21,5574 20,6694 28,7113 28,1669 28,7507 28,2098
2005/08/11 @ 08:00:00 24,8761 23,4427 24,9368 23,5278 30,4834 29,5908 30,5224 29,6399
2005/08/11 @ 09:00:00 28,7659 26,7794 28,8388 26,8859 33,2331 31,9166 33,2769 31,9798
2005/08/11 @ 10:00:00 32,4634 30,0398 32,5532 30,1686 36,1757 34,4249 36,2283 34,5051
2005/08/11 @ 11:00:00 35,6546 32,8786 35,7614 33,0273 38,9392 36,7767 39,0067 36,8775
2005/08/11 @ 12:00:00 37,4178 34,6568 37,5441 34,8190 40,7635 38,3723 40,8595 38,5032
EOOSIOSEIE0E 336312 359661 38,8200 36,1363 [ilcoiE Gopice RS RS
2005/08/11 @ 14:00:00 39,4548 36,7988 39,6053 36,9772 41,4788 39,1690 41,6282 39,3436
2005/08/11 @ 15:00:00 38,8541 36,5217 39,0157 36,7011 40,5293 38,4934 40,6929 38,6736
2005/08/11 @ 16:00:00 37,5596 35,5609 37,7256 35,7366 39,3695 37,6114 39,5367 37,7884
2005/08/11 @ 17:00:00 35,4267 33,8465 35,5924 34,0131 37,8608 36,3732 38,0208 36,5382
2005/08/11 @ 18:00:00 32,7253 31,5789 32,8875 31,7345 36,5461 35,2766 36,6902 35,4229
2005/08/11 @ 19:00:00 30,1955 29,3585 30,3513 29,5041 35,3312 34,2819 35,4606 34,4108
2005/08/11 @ 20:00:00 28,2468 27,5923 28,3948 27,7292 33,8170 32,9681 33,9356 33,0837
2005/08/11 @ 21:00:00 26,3575 25,8528 26,4970 25,9813 32,5682 31,9228 32,6799 32,0284
2005/08/11 @ 22:00:00 24,8239 24,4136 24,9554 24,5348 31,1438 30,6446 31,2506 30,7417
2005/08/11 @ 23:00:00 23,2666 22,9473 23,3883 23,0596 30,2744 29,8673 30,3707 29,9543
2005/08/12 @ 00:00:00 22,0270 21,7641 22,1398 21,8685 29,7483 29,3903 29,8342 29,4677
2005/08/12 @ 01:00:00 20,7880 20,5734 20,8930 20,6707 29,3521 29,0307 29,4283 29,0996
2005/08/12 @ 02:00:00 19,5720 19,3955 19,6705 19,4873 28,7954 28,5069 28,8631 28,5682
2005/08/12 @ 03:00:00 18,3077 18,1648 18,4013 18,2525 28,3441 28,0848 28,4043 28,1395
2005/08/12 @ 04:00:00 16,9350 16,8225 17,0253 16,9077 28,0081 27,7752 28,0617 27,8240
2005/08/12 @ 05:00:00 16,0515 15,9031 16,1385 159870 27,7038 27,4667 27,7513 27,5105
2005/08/12 @ 06:00:00 16,6499 16,2460 16,7315 16,3310 28,2777 27,9412 28,3191 27,9817
2005/08/12 @ 07:00:00 18,7837 17,9387 18,8620 18,0301 29,2354 28,7062 29,2721 28,7466
2005/08/12 @ 08:00:00 22,0741 20,6719 22,1531 20,7750 30,6389 29,8424 30,6743 29,8873
2005/08/12 @ 09:00:00 25,6932 23,8178 25,7766 23,9328 32,4149 31,3161 32,4543 31,3718
2005/08/12 @ 10:00:00 29,6829 27,3317 29,7733 27,4612 34,3720 32,9406 34,4161 33,0061
2005/08/12 @ 11:00:00 33,7161 31,0303 33,8185 31,1730 36,2148 34,4684 36,2679 34,5466
2005/08/12 @ 12:00:00 37,2350 34,2468 37,3522 34,4069 37,8378 35,8055 37,9014 35,8965
2005/08/12 @ 13:00:00 39,5815 36,4945 39,7174 36,6713 38,8884 36,6920 38,9655 36,7963
B8l @ 14:00:00 40,4212 37,4949 40,5766 37,6828 [Hoj00iA Boiod BOl0S6E EEIEESH
2005/08/12 @ 15:00:00 39,5291 37,0481 39,7004 37,2377 38,5973 36,4414 38,6935 36,5589
2005/08/12 @ 16:00:00 37,9003 35,8334 38,0783 36,0196 38,0666 36,0730 38,1646 36,1880
2005/08/12 @ 17:00:00 35,5595 33,9113 35,7385 34,0905 37,1630 35,3981 37,2596 35,5068
2005/08/12 @ 18:00:00 32,5739 31,3563 32,7511 31,5265 358104 34,3141 35,9028 34,4139
2005/08/12 @ 19:00:00 29,8529 28,9427 30,0254 29,1047 34,4142 33,1830 34,5009 33,2730
2005/08/12 @ 20:00:00 27,2894 26,6072 27,4556 26,7617 33,2338 32,2071 33,3145 32,2887
2005/08/12 @ 21:00:00 25,2817 24,7328 25,4379 24,8780 32,0430 31,2136 32,1199 31,2884
2005/08/12 @ 22:00:00 23,4796 23,0325 23,6261 23,1689 31,0363 30,3835 31,1122 30,4545
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 32 - Roof temperature result for LCZ4 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 21,7979 21,4360 21,9358 21,5647 29,8227 29,3428 29,8966 29,4099
2005/08/13 @ 00:00:00 20,3153 20,0229 20,4443 20,1434 28,5694 28,2240 28,6398 28,2872
2005/08/13 @ 01:00:00 19,1591 18,9171 19,2764 19,0269 27,5776 27,3239 27,6438 27,3834
2005/08/13 @ 02:00:00 18,2466 18,0442 18,3514 18,1422 26,8179 26,6131 26,8807 26,6700
2005/08/13 @ 03:00:00 17,4896 17,3228 17,5812 17,4083 26,3445 26,1666 26,4039 26,2206
2005/08/13 @ 04:00:00 16,9064 16,7640 16,9867 16,8389 25,5484 25,3948 25,6044 25,4460

2005/08/13 @ 05:00:00 {67354 {65567 168048 [16/6227 252397 250905 252925 25,1395
 EO0S/08/ASIGI06H000 17,9080 17,5284 180595 17,5035 PSi0Sdd PAEG7S PSIOEAS PANSSER

2005/08/13 @ 07:00:00 20,4856 19,5412 20,5449 19,6145 25,4012 24,9906 25,4545 25,0479
2005/08/13 @ 08:00:00 24,0217 22,4457 24,0818 22,5297 26,6307 25,9148 26,6905 25,9852
2005/08/13 @ 09:00:00 28,0251 25,8228 28,0936 259250 28,2889 27,2166 28,3624 27,3063
2005/08/13 @ 10:00:00 32,1048 29,3634 32,1875 29,4870 30,1517 28,7183 30,2456 28,8321
2005/08/13 @ 11:00:00 36,0435 32,7866 36,1366 32,9253 31,6442 29,9377 31,7653 30,0792
2005/08/13 @ 12:00:00 38,9229 35,4371 39,0398 35,5998 32,6769 30,8080 32,8244 30,9747
EOOSIOSSIGIE000E 09356 37,3478 41,0728 37,5283 (ool Sigon BEEGE R
2005/08/13 @ 14:00:00 41,5364 38,1152 41,7000 38,3164 32,9330 31,0783 33,1100 31,2691
2005/08/13 @ 15:00:00 41,0750 37,9431 41,2577 38,1547 32,3800 30,6559 32,5578 30,8444
2005/08/13 @ 16:00:00 39,5042 36,8010 39,6989 37,0137 31,3333 29,8334 31,5059 30,0123
2005/08/13 @ 17:00:00 37,2690 35,0289 37,4667 35,2348 29,8354 28,6336 29,9979 28,7965
2005/08/13 @ 18:00:00 34,5113 32,7218 34,6953 32,9074 28,2969 27,3842 28,4450 27,5277
2005/08/13 @ 19:00:00 32,0101 30,5490 32,1856 30,7210 27,1127 26,4315 27,2447 26,5570
2005/08/13 @ 20:00:00 29,8482 28,6449 30,0130 28,8147 26,1368 25,6011 26,2538 25,7105
2005/08/13 @ 21:00:00 27,9458 26,9799 28,0992 27,1336 25,3631 24,9369 25,4668 25,0328
2005/08/13 @ 22:00:00 26,4259 25,5903 26,5723 25,7285 24,7288 24,3745 24,8225 24,4609
2005/08/13 @ 23:00:00 24,8627 24,1589 24,9980 24,2860 23,8852 23,5900 23,9700 23,6678
2005/08/14 @ 00:00:00 23,6001 22,9864 23,7293 23,1088 23,3875 23,1319 23,4641 23,2019
2005/08/14 @ 01:00:00 22,5200 21,9964 22,6372 22,1069 22,7989 22,5789 22,8678 22,6418
2005/08/14 @ 02:00:00 21,5870 21,1391 21,6930 21,2388 22,1563 21,9678 22,2181 22,0241
2005/08/14 @ 03:00:00 20,8188 20,4318 20,9136 20,5209 21,6077 21,4527 21,6628 21,5027
2005/08/14 @ 04:00:00 20,1571 19,8229 20,2418 19,9023 21,3386 21,2109 21,3886 21,2563
2005/08/14 @ 05:00:00 19,8892 19,5435 19,9648 19,6151 20,9983 20,8760 21,0442 20,9183
2005/08/14 @ 06:00:00 21,0560 20,4328 21,1241 20,5028 21,0216 20,8144 21,0640 20,8558
2005/08/14 @ 07:00:00 23,4328 22,3280 23,4981 22,4036 21,8039 21,3864 21,8447 21,4310
2005/08/14 @ 08:00:00 26,7084 25,0145 26,7763 25,1028 23,4695 22,6958 23,5107 22,7480
2005/08/14 @ 09:00:00 30,6250 28,2804 30,6984 28,3833 26,1901 24,9294 26,2350 24,9938
2005/08/14 @ 10:00:00 34,7359 31,7496 34,8170 31,8686 29,2980 27,5261 29,3534 27,6094
2005/08/14 @ 11:00:00 38,5351 35,0118 38,6278 35,1478 32,1948 30,0061 32,2753 30,1200
2005/08/14 @ 12:00:00 41,2874 37,5358 41,4008 37,6933 33,5087 31,1766 33,6275 31,3264

 EOOS/OSMGIS0000 433793 394694 435053 396300 [SEN BN SNBSS SHSOEE

2005/08/14 @ 14:00:00 44,1349 40,3191 44,2787 40,5022 33,7713 31,5266 33,9429 31,7200
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Sofia Isabel Batista Moreno Carronda

Table 32 - Roof temperature result for LCZ4 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 15:00:00

43,9278

40,3196

44,0811

40,5068

32,9410

30,8826

33,1206

31,0787

2005/08/14 @ 16:00:00

42,9069

39,5961

43,0648

39,7793

31,7784

29,9698

31,9527

30,1555

2005/08/14 @ 17:00:00

41,0602

38,1740

41,2171

38,3469

30,0658

28,5818

30,2325

28,7537

2005/08/14 @ 18:00:00

38,7291

36,3198

38,8801

36,4781

28,5076

27,3014

28,6606

27,4556

2005/08/14 @ 19:00:00

36,4869

34,4960

36,6287

34,6389

27,2483

26,2854

27,3877

26,4232

2005/08/14 @ 20:00:00

34,6017

32,9333

34,7326

33,0615

26,0831

25,3053

26,2115

25,4286

2005/08/14 @ 21:00:00

32,9768

31,5610

33,0967

31,6761

25,2053

24,5723

25,3221

24,6832

2005/08/14 @ 22:00:00

31,5585

30,3331

31,6695

30,4377

24,2079

23,6892

24,3153

23,7902

2005/08/14 @ 23:00:00

30,2870

29,2187

30,3889

29,3135

23,2058

22,7781

23,3038

22,8696
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Roof Temperature LCZ4 - Lisbon
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Graphic 21 - Roof temperature result for LCZ4 - Lisbon.
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Roof Temperature LCZ4 - Ancona
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Graphic 22 - Roof temperature result for LCZ4 - Ancona.
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Table 33 - Roof temperature result for LCZ5.

Roof Temp LCZ5
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 19,5941 19,4467 19,6774 19,5238 27,8231 27,2990 27,9186 27,3827
2005/08/08 @ 01:00:00 18,8077 18,6966 18,8800 18,7636 27,0060 26,5689 27,0942 26,6455
2005/08/08 @ 02:00:00 18,1307 18,0448 18,1933 18,1029 26,5069 26,1539 26,5861 26,2218
2005/08/08 @ 03:00:00 17,5165 17,4495 17,5709 17,5001 26,0461 25,7593 26,1151 25,8176
2005/08/08 @ 04:00:00 16,9492 16,8969 16,9963 16,9409 25,6437 25,4093 25,7009 25,4568
- 2005/08/08 @ 05:00:00 16,7314 16,6538 16,7711 16,6919 25,4771 25,2585 25,5227 25,2959
2005/08/08 @ 06:00:00 17,4960 17,2590 17,5296 17,2954 25,8671 25,5585 25,9047 25,5924
2005/08/08 @ 07:00:00 19,7368 19,0912 19,7699 19,1373 27,1744 26,6509 27,2082 26,6884
2005/08/08 @ 08:00:00 22,7299 21,6205 22,7711 21,6840 29,1230 28,2319 29,1575 28,2786
2005/08/08 @ 09:00:00 25,7630 24,2860 25,8200 24,3695 31,8078 30,4328 31,8491 30,4960
2005/08/08 @ 10:00:00 28,5605 26,7839 28,6348 26,8875 34,5779 32,6852 34,6320 32,7693
2005/08/08 @ 11:00:00 30,7508 28,8521 30,8434 28,9714 37,4509 35,0800 37,5259 35,1907
2005/08/08 @ 12:00:00 32,0647 30,2073 32,1709 30,3347 39,5514 36,8379 39,6537 36,9773
2005/08/08 @ 13:00:00 33,8495 31,8816 33,9692 32,0223 40,6927 37,8285 40,8231 37,9932
BO0BJ6EJ6El @ 14:00:00 34,6658 32,7173 34,8020 32,8715 [ioioosd BEI0SEE HHGEE] BEREE
2005/08/08 @ 15:00:00 34,2517 32,4971 34,4022 32,6590 39,9104 37,3239 40,0807 37,5140
2005/08/08 @ 16:00:00 33,0541 31,5560 33,2112 31,7181 38,4227 36,1666 38,5991 36,3542
2005/08/08 @ 17:00:00 31,0358 29,8694 31,1938 30,0253 36,5296 34,6445 36,7031 34,8212
2005/08/08 @ 18:00:00 28,7470 27,9084 28,9000 28,0534 34,5463 33,0142 34,7097 33,1747
2005/08/08 @ 19:00:00 26,6092 25,9857 26,7498 26,1212 33,0755 31,8341 33,2243 31,9763
2005/08/08 @ 20:00:00 24,5708 24,1346 24,7025 24,2588 31,8364 30,8114 31,9701 30,9369
2005/08/08 @ 21:00:00 22,9320 22,6033 23,0535 22,7171 30,8845 30,0232 31,0046 30,1343
2005/08/08 @ 22:00:00 21,5302 21,2892 21,6400 21,3917 30,1375 29,3966 30,2470 29,4968
2005/08/08 @ 23:00:00 20,3811 20,2003 20,4785 20,2911 29,2894 28,6460 29,3889 28,7361
2005/08/09 @ 00:00:00 19,4428 19,3048 19,5274 19,3836 28,6460 28,0839 28,7360 28,1648
2005/08/09 @ 01:00:00 18,6633 18,5548 18,7364 18,6229 27,8803 27,3865 27,9613 27,4589
2005/08/09 @ 02:00:00 17,9828 17,8962 18,0459 17,9551 27,4593 27,0233 27,5319 27,0881
2005/08/09 @ 03:00:00 17,3659 17,2963 17,4205 17,3472 27,1930 26,8082 27,2580 26,8661
2005/08/09 @ 04:00:00 16,7633 16,7077 16,8105 16,7520 26,6734 26,3326 26,7316 26,3841
- 2005/08/09 @ 05:00:00 16,5092 16,4314 16,5484 16,4688 26,5966 26,2681 26,6481 26,3142
2005/08/09 @ 06:00:00 17,6219 17,3167 17,6542 17,3535 27,0834 26,6704 27,1283 26,7133
2005/08/09 @ 07:00:00 19,9262 19,1869 19,9585 19,2342 28,0431 27,4238 28,0836 27,4681
2005/08/09 @ 08:00:00 23,1905 21,9682 23,2298 22,0326 29,9703 29,0127 30,0117 29,0659
2005/08/09 @ 09:00:00 26,4894 24,8859 26,5414 24,9677 32,3398 30,9353 32,3908 31,0069
2005/08/09 @ 10:00:00 30,3181 28,2628 30,3869 28,3681 34,8969 33,0148 34,9663 33,1119
2005/08/09 @ 11:00:00 34,1879 31,7015 34,2800 31,8360 37,0396 34,7205 37,1346 34,8480
2005/08/09 @ 12:00:00 36,6062 34,0323 36,7281 34,1909 38,7284 36,0961 38,8517 36,2531

 EOS/OSIOSIGIS0000 37,7569 352758 379020 354404 [ENGHSS HEIGHGH FONSSH EOSSS

2005/08/09 @ 14:00:00 37,7865 35,5536 37,9472 35,7328 39,4728 36,7579 39,6424 36,9532
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Table 33 - Roof temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 37,2478 35,2517 37,4153 35,4313 38,8271 36,3182 39,0063 36,5161
2005/08/09 @ 16:00:00 35,5799 33,9823 35,7521 34,1567 37,4449 35,2411 37,6242 35,4315
2005/08/09 @ 17:00:00 33,5650 32,3111 33,7363 32,4781 359976 34,1398 36,1694 34,3156
2005/08/09 @ 18:00:00 31,3050 30,3272 31,4734 30,4875 34,5239 33,0019 34,6841 33,1613
2005/08/09 @ 19:00:00 28,5756 27,8889 28,7382 28,0397 33,0000 31,7680 33,1455 31,9084
2005/08/09 @ 20:00:00 26,3544 25,8565 26,5080 25,9977 32,0654 31,0477 32,1958 31,1711
2005/08/09 @ 21:00:00 24,5858 24,1998 24,7304 24,3327 30,8639 30,0089 30,9807 30,1177
2005/08/09 @ 22:00:00 22,9667 22,6694 23,1005 22,7925 30,2493 29,5129 30,3559 29,6109
2005/08/09 @ 23:00:00 21,6355 21,4010 21,7575 21,5135 29,6126 28,9757 29,7098 29,0640
2005/08/10 @ 00:00:00 20,5506 20,3613 20,6605 20,4628 28,9606 28,4077 29,0490 28,4873
2005/08/10 @ 01:00:00 19,5621 19,4124 19,6588 19,5019 28,2641 27,7815 28,3442 27,8532
2005/08/10 @ 02:00:00 18,7716 18,6482 18,8574 18,7276 27,7048 27,2817 27,7770 27,3460
2005/08/10 @ 03:00:00 18,0601 17,9593 18,1357 18,0293 27,0370 26,6644 27,1019 26,7220
2005/08/10 @ 04:00:00 17,3691 17,2891 17,4349 17,3502 26,6343 26,3049 26,6924 26,3564
2005/08/10 @ 05:00:00 17,2024 17,0718 17,2596 17,1267 26,4018 26,0887 26,4534 26,1348
2005/08/10 @ 06:00:00 18,5107 18,0749 18,5628 18,1336 26,9449 26,5527 26,9897 26,5952
2005/08/10 @ 07:00:00 20,9627 20,0668 21,0168 20,1397 27,7628 27,1656 27,8027 27,2093
2005/08/10 @ 08:00:00 24,1997 22,7816 24,2644 22,8762 29,5248 28,5830 29,5654 28,6354
2005/08/10 @ 09:00:00 27,9002 25,9391 27,9829 26,0604 32,0588 30,6559 32,1088 30,7268
2005/08/10 @ 10:00:00 31,6366 29,1776 31,7395 29,3243 34,6327 32,7343 34,6978 32,8279
2005/08/10 @ 11:00:00 34,7147 31,9636 34,8495 32,1429 37,6970 35,3344 37,7812 35,4527
2005/08/10 @ 12:00:00 37,1455 34,2026 37,3080 34,4073 40,1867 37,4872 40,2884 37,6280
2005/08/10 @ 13:00:00 38,7277 35,7086 38,9107 35,9300 41,6076 38,7665 41,7253 38,9220
BOOSJO8JEE @ 14:00:00 38,8539 36,0319 39,0636 36,2707 [ilcode EOOHE HEIGE SONEE
2005/08/10 @ 15:00:00 38,0572 35,5253 38,2829 35,7706 40,6362 38,2511 40,8039 38,4401
2005/08/10 @ 16:00:00 36,3255 34,1843 36,5580 34,4258 38,7111 36,7096 38,8920 36,9021
2005/08/10 @ 17:00:00 33,9576 32,2440 34,1880 32,4738 36,5459 34,9493 36,7284 35,1342
2005/08/10 @ 18:00:00 31,3149 30,0108 31,5364 30,2238 34,7877 33,5141 34,9566 33,6798
2005/08/10 @ 19:00:00 28,5752 27,6408 28,7834 27,8351 33,5392 32,5443 33,6916 32,6887
2005/08/10 @ 20:00:00 26,4731 25,7470 26,6663 259399 32,2772 31,4895 32,4130 31,6147
2005/08/10 @ 21:00:00 24,7747 24,1953 24,9517 24,3673 31,2877 30,6790 31,4081 30,7871
2005/08/10 @ 22:00:00 23,3589 22,8851 23,5202 23,0400 30,3717 29,8950 30,4799 29,9907
2005/08/10 @ 23:00:00 22,0471 21,6669 22,1948 21,8074 29,7638 29,3723 29,8628 29,4592
2005/08/11 @ 00:00:00 20,8412 20,5438 20,9737 20,6687 28,9422 28,6090 29,0329 28,6885
2005/08/11 @ 01:00:00 19,8510 19,6156 19,9682 19,7255 28,4720 28,1781 28,5543 28,2502
2005/08/11 @ 02:00:00 19,0643 18,8735 19,1678 18,9701 27,7912 27,5299 27,8648 27,5945
2005/08/11 @ 03:00:00 18,3738 18,2191 18,4647 18,3036 27,4562 27,2236 27,5218 27,2813
2005/08/11 @ 04:00:00 17,7934 17,6644 17,8737 17,7389 27,0230 26,8161 27,0815 26,8675

 EO0S/O8/ANGI050000 17,8344 17,6391 17,9042 17,7064 PEjSS0 PGIGAA PEISOAA PEIGSEA

2005/08/11 @ 06:00:00 19,2135 18,7130 19,2765 18,7825 27,4171 27,1040 27,4624 27,1473
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Table 33 - Roof temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 21,4236 20,5163 21,4854 20,5942 28,6199 28,0881 28,6615 28,1337
2005/08/11 @ 08:00:00 24,8543 23,4164 24,9225 23,5130 30,3819 29,5077 30,4231 29,5608
2005/08/11 @ 09:00:00 28,7956 26,8009 28,8773 26,9205 33,1662 31,8633 33,2105 31,9281
2005/08/11 @ 10:00:00 32,5217 30,0873 32,6207 30,2290 36,1295 34,3887 36,1816 34,4692
2005/08/11 @ 11:00:00 35,7179 32,9334 358294 33,0890 38,9133 36,7581 38,9793 36,8578
2005/08/11 @ 12:00:00 37,5207 34,7523 37,6586 34,9285 40,7570 38,3707 40,8506 38,4992
EOOSIOSEIE0E 333032 36,0860 38,9636 36,2743 [lcoss Gopee) RIS BOEEE
2005/08/11 @ 14:00:00 39,5875 36,9245 39,7514 37,1175 41,5111 39,2029 41,6662 39,3831
2005/08/11 @ 15:00:00 38,9919 36,6537 39,1733 36,8533 40,5737 38,5392 40,7518 38,7336
2005/08/11 @ 16:00:00 37,6856 35,6822 37,8757 35,8814 39,3996 37,6430 39,5803 37,8333
2005/08/11 @ 17:00:00 35,5302 33,9459 35,7227 34,1375 37,8721 36,3856 38,0439 36,5619
2005/08/11 @ 18:00:00 32,7970 31,6377 32,9876 31,8190 36,4043 35,1727 36,5611 35,3298
2005/08/11 @ 19:00:00 30,2354 29,3890 30,4199 29,5599 35,1067 34,1137 35,2488 34,2525
2005/08/11 @ 20:00:00 28,2319 27,5460 28,4056 27,7066 33,6256 32,8187 33,7555 32,9432
2005/08/11 @ 21:00:00 26,3003 25,7491 26,4656 25,9052 32,4068 31,7909 32,5307 31,9062
2005/08/11 @ 22:00:00 24,7129 24,2678 24,8682 24,4118 31,0088 30,5308 31,1257 30,6379
2005/08/11 @ 23:00:00 23,1241 22,7795 23,2691 22,9137 30,1534 29,7626 30,2597 29,8590
2005/08/12 @ 00:00:00 21,8512 21,5688 21,9854 21,6933 29,6338 29,2897 29,7287 29,3754
2005/08/12 @ 01:00:00 20,5640 20,3340 20,6897 20,4510 29,2417 28,9332 29,3256 29,0091
2005/08/12 @ 02:00:00 19,3032 19,1140 19,4213 19,2244 28,6896 28,4115 28,7640 28,4785
2005/08/12 @ 03:00:00 17,9985 17,8454 18,1114 17,9514 28,2409 27,9901 28,3059 28,0478
2005/08/12 @ 04:00:00 16,6281 16,5064 16,7370 16,6093 27,9072 27,6814 27,9633 27,7302
2005/08/12 @ 05:00:00 15,7943 15,6344 15,8975 15,7345 27,6059 27,3736 27,6524 27,4145
2005/08/12 @ 06:00:00 16,4406 16,0278 16,5366 16,1281 28,1916 27,8612 28,2314 27,8991
2005/08/12 @ 07:00:00 18,6223 17,7673 18,7130 17,8732 29,1602 28,6421 29,1952 28,6807
2005/08/12 @ 08:00:00 21,9550 20,5439 22,0429 20,6577 30,5670 29,7826 30,6011 29,8269
2005/08/12 @ 09:00:00 25,6392 23,7525 25,7316 23,8794 32,3627 31,2727 32,4007 31,3275
2005/08/12 @ 10:00:00 29,6573 27,2943 29,7537 27,4313 34,3144 32,8885 34,3584 32,9549
2005/08/12 @ 11:00:00 33,7577 31,0621 33,8696 31,2179 36,1135 34,3794 36,1699 34,4621
2005/08/12 @ 12:00:00 37,3087 34,3095 37,4339 34,4797 37,5290 35,5688 37,6033 35,6707
POOEJOERIGIE00E 305363 36,5886 39,8304 36,7742 [EiGoE Gopod) BoHce: BEESE
2005/08/12 @ 14:00:00 40,5648 37,6289 40,7358 37,8334 38,3160 36,2517 38,4278 36,3859
2005/08/12 @ 15:00:00 39,6789 37,1907 39,8735 37,4034 37,8196 35,8575 37,9396 35,9957
2005/08/12 @ 16:00:00 38,0319 35,9593 38,2378 36,1722 37,2737 354852 37,3943 35,6192
2005/08/12 @ 17:00:00 35,6641 34,0111 35,8735 34,2185 36,3913 34,8330 36,5086 34,9583
2005/08/12 @ 18:00:00 32,6443 31,4226 32,8536 31,6217 35,0777 33,7792 35,1885 33,8932
2005/08/12 @ 19:00:00 29,8875 28,9749 30,0911 29,1653 33,7333 32,6857 33,8361 32,7874
2005/08/12 @ 20:00:00 27,2922 26,6079 27,4897 26,7906 32,6122 31,7559 32,7065 31,8465
2005/08/12 @ 21:00:00 25,2557 24,7046 25,4393 24,8747 31,5289 30,8355 31,6168 30,9176
2005/08/12 @ 22:00:00 23,4317 22,9663 23,6026 23,1252 30,6252 30,0784 30,7105 30,1557
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Table 33 - Roof temperature result for LCZ5 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 21,7299 21,3416 21,8901 21,4986 29,5077 29,1048 29,5899 29,1778
2005/08/13 @ 00:00:00 20,2262 19,9048 20,3762 20,0530 28,3251 28,0342 28,4033 28,1035
2005/08/13 @ 01:00:00 19,0599 18,7954 19,1963 18,9289 27,3792 27,1646 27,4530 27,2303
2005/08/13 @ 02:00:00 18,1444 17,9238 18,2664 18,0423 26,6413 26,4674 26,7118 26,5306
2005/08/13 @ 03:00:00 17,3795 17,1971 17,4872 17,3011 26,1775 26,0255 26,2441 26,0857
2005/08/13 @ 04:00:00 16,7878 16,6320 16,8822 16,7229 25,3882 25,2563 25,4511 25,3136

2005/08/13 @ 05:00:00 [16/6115 164214 166932 {65011 250861 24,9549 251455 25008
 E00S/08/ASIGI06T000 17,5808 17,4011 17,9526 174734 [jEO00 PAGE0A PASHIS PASTY

2005/08/13 @ 07:00:00 20,3875 19,4342 20,4550 19,5178 25,2809 24,8808 25,3411 24,9458
2005/08/13 @ 08:00:00 23,9055 22,3292 23,9729 22,4237 26,5442 25,8359 26,6122 25,9167
2005/08/13 @ 09:00:00 27,9499 25,7429 28,0228 25,8529 28,2485 27,1810 28,3328 27,2848
2005/08/13 @ 10:00:00 32,0613 29,3155 32,1457 29,4430 30,1448 28,7142 30,2538 28,8472
2005/08/13 @ 11:00:00 35,9074 32,6786 36,0060 32,8241 31,6678 29,9628 31,8098 30,1295
2005/08/13 @ 12:00:00 38,8516 35,3846 38,9688 355482 32,7223 30,8540 32,8965 31,0514
EOOSIOSSIGIE000E 00128 37,3377 41,0457 37,5144 [opes0 Sigeed S BIEE
2005/08/13 @ 14:00:00 41,5557 38,1421 41,7122 38,3353 32,9958 31,1407 33,2064 31,3678
2005/08/13 @ 15:00:00 41,1129 37,9859 41,2874 38,1887 32,4282 30,7033 32,6374 30,9252
2005/08/13 @ 16:00:00 39,5451 36,8460 39,7351 37,0537 31,3536 29,8529 31,5522 30,0592
2005/08/13 @ 17:00:00 37,2989 35,0614 37,4932 352637 29,8323 28,6304 30,0186 28,8178
2005/08/13 @ 18:00:00 34,4806 32,6903 34,6692 32,8844 28,2763 27,3634 28,4474 27,5297
2005/08/13 @ 19:00:00 31,8629 30,4534 32,0444 30,6345 27,0726 26,3907 27,2266 26,5360
2005/08/13 @ 20:00:00 29,5857 28,4652 29,7592 28,6339 26,0789 25,5412 26,2151 25,6680
2005/08/13 @ 21:00:00 27,5959 26,6905 27,7600 26,8475 25,2897 24,8614 254103 24,9724
2005/08/13 @ 22:00:00 26,0077 25,2513 26,1589 25,3944 24,6519 24,2954 24,7607 24,3952
2005/08/13 @ 23:00:00 24,4724 23,8473 24,6143 23,9804 23,8033 23,5058 23,9017 23,5956
2005/08/14 @ 00:00:00 23,2382 22,7076 23,3681 22,8291 23,2929 23,0374 23,3809 23,1175
2005/08/14 @ 01:00:00 22,1851 21,7336 22,3033 21,8436 22,6962 22,4773 22,7748 22,5488
2005/08/14 @ 02:00:00 21,2745 20,8890 21,3815 20,9884 22,0490 21,8616 22,1191 21,9252
2005/08/14 @ 03:00:00 20,5051 20,1741 20,6016 20,2635 21,4973 21,3425 21,5601 21,3992
2005/08/14 @ 04:00:00 19,8504 19,5659 19,9368 19,6457 21,2262 21,0979 21,2834 21,1496
2005/08/14 @ 05:00:00 19,5940 19,2924 19,6708 19,3644 20,8846 20,7612 209372 20,8094
2005/08/14 @ 06:00:00 20,7743 20,1933 20,8434 20,2649 20,9112 20,7024 20,9597 20,7494
2005/08/14 @ 07:00:00 23,1384 22,0785 23,2053 22,1585 21,7008 21,2813 21,7469 21,3313
2005/08/14 @ 08:00:00 26,4276 24,7752 26,4980 24,8698 23,3803 22,6042 23,4259 22,6612
2005/08/14 @ 09:00:00 30,2669 27,9919 30,3462 28,1054 26,1174 24,8486 26,1658 24,9179
2005/08/14 @ 10:00:00 34,1894 31,3565 34,2819 31,4900 29,2413 27,4630 29,2990 27,5497
2005/08/14 @ 11:00:00 37,7726 34,4961 37,8823 34,6501 32,1592 29,9656 32,2405 30,0810
2005/08/14 @ 12:00:00 40,6835 37,1174 40,8114 37,2895 33,5244 31,1878 33,6544 31,3513

 EOOS/OSRMGIS0000 426454 38,9657 427915 39,152 [NOSN BENGOS BABEGD SHSEE

2005/08/14 @ 14:00:00 43,4894 39,8759 43,6524 40,0736 33,8211 31,5721 34,0129 31,7881
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 33 - Roof temperature result for LCZ5 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 15:00:00

43,2149

39,8336

43,3916

40,0363

32,9732

30,9110

33,1684

31,1243

2005/08/14 @ 16:00:00

41,9754

38,9636

42,1593

39,1635

31,7907

29,9784

31,9784

30,1787

2005/08/14 @ 17:00:00

40,0398

37,4821

40,2225

37,6709

30,0578

28,5701

30,2370

28,7552

2005/08/14 @ 18:00:00

37,7123

35,6293

37,8871

35,8016

28,4726

27,2686

28,6375

27,4348

2005/08/14 @ 19:00:00

35,5257

33,8412

35,6885

33,9957

27,1976

26,2349

27,3485

26,3838

2005/08/14 @ 20:00:00

33,7187

32,3293

33,8675

32,4671

26,0183

25,2406

26,1562

25,3742

2005/08/14 @ 21:00:00

32,1785

31,0122

32,3135

31,1350

25,1296

24,4957

25,2559

24,6165

2005/08/14 @ 22:00:00

30,8504

29,8459

30,9747

29,9572

24,1273

23,6070

24,2441

23,7176

2005/08/14 @ 23:00:00

29,6618

28,7870

29,7753

28,8875

23,1192

22,6896

23,2266

22,7902
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Roof Temperature LCZ5 - Lisbon
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Graphic 23 - Roof temperature result for LCZ5 - Lisbon.
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Roof Temperature LCZ5 - Ancona
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Graphic 24 - Roof temperature result for LCZ5 - Ancona.
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Table 34 - Roof temperature for LCZ6.

Roof Temp LCZ6
Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/08 @ 00:00:00 19,5767 19,4327 19,6599 19,5092 27,8370 27,3032 27,9351 27,3892
2005/08/08 @ 01:00:00 18,7932 18,6845 18,8654 18,7510 27,0153 26,5700 27,1060 26,6485
2005/08/08 @ 02:00:00 18,1183 18,0342 18,1809 18,0920 26,5121 26,1524 26,5934 26,2221
2005/08/08 @ 03:00:00 17,5059 17,4403 17,5602 17,4906 26,0484 25,7563 26,1192 25,8161
2005/08/08 @ 04:00:00 16,9400 16,8888 16,9871 16,9326 25,6440 25,4054 25,7028 25,4541
- 2005/08/08 @ 05:00:00 16,7238 16,6470 16,7635 16,6850 25,4766 25,2544 255234 252929
2005/08/08 @ 06:00:00 17,4910 17,2545 17,5244 17,2907 25,8677 255560 25,9063 25,5909
2005/08/08 @ 07:00:00 19,7355 19,0904 19,7685 19,1363 27,1766 26,6506 27,2112 26,6887
2005/08/08 @ 08:00:00 22,7297 21,6206 22,7708 21,6840 29,1255 28,2330 29,1607 28,2801
2005/08/08 @ 09:00:00 25,7584 24,2816 25,8155 24,3652 31,8094 30,4344 31,8511 30,4978
2005/08/08 @ 10:00:00 28,5517 26,7752 28,6262 26,8790 34,5793 32,6867 34,6338 32,7710
2005/08/08 @ 11:00:00 30,7342 28,8356 30,8272 28,9554 37,4547 350822 37,5336 35,1933
2005/08/08 @ 12:00:00 32,0408 30,1835 32,1475 30,3114 39,5627 36,8439 39,6867 36,9839
2005/08/08 @ 13:00:00 33,8243 31,8564 33,9444 31,9975 40,7159 37,8416 40,8842 38,0073
BO0BJ6EJ6El @ 14:00:00 34,6361 32,6875 34,7727 32,8422 [i00scH BENEE S EEESEE
2005/08/08 @ 15:00:00 34,2178 32,4631 34,3688 32,6256 39,9589 37,3541 40,1511 37,5462
2005/08/08 @ 16:00:00 33,0201 31,5219 33,1777 31,6845 38,4783 36,2023 38,6714 36,3921
2005/08/08 @ 17:00:00 31,0029 29,8365 31,1612 29,9928 36,5863 34,6817 36,7731 34,8608
2005/08/08 @ 18:00:00 28,7169 27,8785 28,8703 28,0237 34,6004 33,0501 34,7749 33,2129
2005/08/08 @ 19:00:00 26,5618 25,9526 26,7082 26,0885 33,1223 31,8643 33,2806 32,0089
2005/08/08 @ 20:00:00 24,5285 24,1082 24,6640 24,2326 31,8755 30,8357 32,0175 30,9635
2005/08/08 @ 21:00:00 22,8870 22,5812 23,0112 22,6950 30,9175 30,0430 31,0448 30,1562
2005/08/08 @ 22:00:00 21,4967 21,2708 21,6083 21,3733 30,1676 29,4145 30,2837 29,5167
2005/08/08 @ 23:00:00 20,3554 20,1847 20,4538 20,2755 29,3168 28,6619 29,4223 28,7540
2005/08/09 @ 00:00:00 19,4225 19,2916 19,5078 19,3703 28,6706 28,0975 28,7660 28,1804
2005/08/09 @ 01:00:00 18,6465 18,5432 18,7202 18,6113 27,9018 27,3976 27,9878 27,4719
2005/08/09 @ 02:00:00 17,9687 17,8860 18,0322 17,9448 27,4777 27,0316 27,5548 27,0983
2005/08/09 @ 03:00:00 17,3538 17,2871 17,4086 17,3380 27,2083 26,8139 27,2775 26,8737
2005/08/09 @ 04:00:00 16,7529 16,6996 16,8004 16,7438 26,6855 26,3362 26,7476 26,3892
2005/08/09 @ 05:00:00 16,5008 16,4247 16,5401 16,4621 26,6064 26,2704 26,6615 26,3178
2005/08/09 @ 06:00:00 17,6166 17,3127 17,6490 17,3494 27,0924 26,6731 27,1404 26,7171
2005/08/09 @ 07:00:00 19,9249 19,1865 19,9571 19,2336 28,0517 27,4273 28,0947 27,4726
2005/08/09 @ 08:00:00 23,1908 21,9693 23,2300 22,0334 29,9776 29,0167 30,0211 29,0706
2005/08/09 @ 09:00:00 26,4859 24,8830 26,5379 24,9647 32,3450 30,9388 32,3978 31,0109
2005/08/09 @ 10:00:00 30,3132 28,2584 30,3821 28,3637 34,9017 33,0179 34,9724 33,1155
2005/08/09 @ 11:00:00 34,1795 31,6935 34,2719 31,8282 37,0473 34,7251 37,1434 34,8531
2005/08/09 @ 12:00:00 36,5836 34,0099 36,7060 34,1691 38,7432 36,1048 38,8675 36,2625

 EOS/OSIOSIGIS0000 37,7232 352423 378691 354167 [i0s HGEESH EONGH SANESS

2005/08/09 @ 14:00:00 37,7462 35,5134 37,9076 35,6934 39,5092 36,7805 39,6802 36,9773
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The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Table 34 - Roof temperature for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/09 @ 15:00:00 37,2062 35,2103 37,3745 35,3905 38,8718 36,3463 39,0528 36,5459
2005/08/09 @ 16:00:00 35,5386 33,9412 35,7115 34,1162 37,4942 35,2722 37,6755 35,4647
2005/08/09 @ 17:00:00 33,5262 32,2724 33,6979 32,4399 36,0474 34,1694 36,2214 34,3477
2005/08/09 @ 18:00:00 31,2399 30,2899 31,4095 30,4505 34,5585 33,0198 34,7212 33,1818
2005/08/09 @ 19:00:00 28,5104 27,8560 28,6739 28,0071 33,0328 31,7851 33,1806 31,9279
2005/08/09 @ 20:00:00 26,3048 25,8203 26,4588 25,9618 32,0938 31,0620 32,2265 31,1876
2005/08/09 @ 21:00:00 24,5456 24,1683 24,6903 24,3014 30,8880 30,0202 31,0070 30,1312
2005/08/09 @ 22:00:00 22,9338 22,6430 23,0676 22,7661 30,2723 29,5239 30,3811 29,6239
2005/08/09 @ 23:00:00 21,6079 21,3783 21,7298 21,4908 29,6340 28,9858 29,7334 29,0761
2005/08/10 @ 00:00:00 20,5269 20,3414 20,6366 20,4429 28,9801 28,4165 29,0705 28,4980
2005/08/10 @ 01:00:00 19,5419 19,3952 19,6385 19,4847 28,2813 27,7883 28,3634 27,8622
2005/08/10 @ 02:00:00 18,7538 18,6328 18,8394 18,7122 27,7196 27,2872 27,7937 27,3532
2005/08/10 @ 03:00:00 18,0444 17,9456 18,1198 18,0155 27,0493 26,6678 27,1160 26,7271
2005/08/10 @ 04:00:00 17,3555 17,2771 17,4212 17,3381 26,6440 26,3062 26,7038 26,3594
1 2005/08/10 @ 05:00:00 17,1914 17,0621 17,2485 17,1169 26,4094 26,0888 26,4626 26,1365
2005/08/10 @ 06:00:00 18,5039 18,0691 18,5558 18,1276 26,9520 26,5535 26,9982 26,5973
2005/08/10 @ 07:00:00 20,9607 20,0654 21,0145 20,1380 27,7698 27,1677 27,8110 27,2124
2005/08/10 @ 08:00:00 24,2004 22,7828 24,2648 22,8770 29,5310 28,5860 29,5725 28,6391
2005/08/10 @ 09:00:00 27,9011 25,9400 27,9837 26,0612 32,0629 30,6585 32,1136 30,7300
2005/08/10 @ 10:00:00 31,6345 29,1752 31,7376 29,3222 34,6364 32,7365 34,7021 32,8306
2005/08/10 @ 11:00:00 34,7044 31,9546 34,8394 32,1350 37,7024 35,3371 37,7872 35,4560
2005/08/10 @ 12:00:00 37,1281 34,1861 37,2920 34,3930 40,1880 37,4910 40,2895 37,6312
2005/08/10 @ 13:00:00 38,7034 35,6849 38,8891 359096 41,6023 38,7633 41,7208 38,9189
BO0SJ68l@ 14:00:00 38,8187 35,9972 39,0305 36,2333 [jcois BSOS AIESH SO
2005/08/10 @ 15:00:00 38,0147 35,4834 38,2423 35,7308 40,6169 38,2329 40,7875 38,4243
2005/08/10 @ 16:00:00 36,2807 34,1400 36,5146 34,3832 38,6882 36,6876 38,8725 36,8832
2005/08/10 @ 17:00:00 33,9138 32,2007 34,1454 32,4318 36,5220 34,9259 36,7080 35,1141
2005/08/10 @ 18:00:00 31,2727 29,9539 31,4953 30,1684 34,7642 33,4911 34,9365 33,6598
2005/08/10 @ 19:00:00 28,5365 27,5842 28,7455 27,7796 33,5161 32,5216 33,6717 32,6689
2005/08/10 @ 20:00:00 26,4385 25,6753 26,6323 25,8594 32,2555 31,4678 32,3941 31,5956
2005/08/10 @ 21:00:00 24,7421 24,1359 24,9199 24,3032 31,2671 30,6584 31,3897 30,7685
2005/08/10 @ 22:00:00 23,3298 22,8362 23,4920 22,9878 30,3527 29,8760 30,4626 29,9733
2005/08/10 @ 23:00:00 22,0212 21,6259 22,1699 21,7641 29,7461 29,3547 29,8464 29,4428
2005/08/11 @ 00:00:00 20,8183 20,5099 20,9515 20,6330 28,9257 28,5925 29,0178 28,6731
2005/08/11 @ 01:00:00 19,8307 19,5871 19,9485 19,6955 28,4566 28,1628 28,5402 28,2360
2005/08/11 @ 02:00:00 19,0461 18,8489 19,1500 18,9443 27,7780 27,5164 27,8529 27,5820
2005/08/11 @ 03:00:00 18,3574 18,1977 18,4485 18,2813 27,4443 27,2111 27,5112 27,2698
2005/08/11 @ 04:00:00 [17,7787 17,6457 17,8593 17,7195 27,0120 26,8041 27,0717 26,8566

 EOOS/OS/ANGI0S0000 17,5223 17,6239 17,8923 17,6005 PEigASe PGIGSHS P6ISSSA PEIGTEH

2005/08/11 @ 06:00:00 19,2055 18,7026 19,2686 18,7716 27,4092 27,0953 27,4554 27,1394
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Sofia Isabel Batista Moreno Carronda

Table 34 - Roof temperature for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/11 @ 07:00:00 21,4195 20,5101 21,4813 20,5874 28,6141 28,0819 28,6564 28,1281
2005/08/11 @ 08:00:00 24,8545 23,4151 24,9226 23,5111 30,3775 29,5037 30,4192 29,5573
2005/08/11 @ 09:00:00 28,7968 26,8005 28,8783 26,9196 33,1649 31,8621 33,2095 31,9271
2005/08/11 @ 10:00:00 32,5194 30,0834 32,6187 30,2253 36,1290 34,3880 36,1813 34,4687
2005/08/11 @ 11:00:00 35,7102 32,9242 35,8226 33,0808 38,9114 36,7559 38,9778 36,8560
2005/08/11 @ 12:00:00 37,5017 34,7328 37,6405 34,9101 40,7509 38,3643 40,8454 38,4937
EOOSIOSEIE0E 337345 36,0616 38,9418 36,2522 [ilcEel Gopice HIE0EE EOEESE
2005/08/11 @ 14:00:00 39,5605 36,8971 39,7274 37,0933 41,4932 39,1850 41,6508 39,3677
2005/08/11 @ 15:00:00 38,9568 36,6185 39,1407 36,8206 40,5508 38,5162 40,7318 38,7132
2005/08/11 @ 16:00:00 37,6478 35,6442 37,8398 35,8454 39,3746 37,6180 39,5585 37,8112
2005/08/11 @ 17:00:00 35,4914 33,9069 35,6853 34,1001 37,8472 36,3606 38,0221 36,5399
2005/08/11 @ 18:00:00 32,7499 31,5598 32,9303 31,7434 36,3917 35,1572 36,5513 35,3169
2005/08/11 @ 19:00:00 30,1944 29,2817 30,3720 29,4553 35,1010 34,1037 35,2455 34,2448
2005/08/11 @ 20:00:00 28,1728 27,4413 28,3418 27,6045 33,6167 32,8066 33,7489 32,9333
2005/08/11 @ 21:00:00 26,2290 25,6432 26,3916 25,7980 32,3953 31,7772 32,5210 31,8942
2005/08/11 @ 22:00:00 24,6558 24,1832 24,8090 24,3282 30,9964 30,5168 31,1148 30,6252
2005/08/11 @ 23:00:00 23,0792 22,7148 23,2225 22,8494 30,1407 29,7487 30,2483 29,8462
2005/08/12 @ 00:00:00 21,8143 21,5167 21,9473 21,6415 29,6213 29,2763 29,7175 29,3631
2005/08/12 @ 01:00:00 20,5334 20,2916 20,6582 20,4088 29,2308 28,9209 29,3160 28,9978
2005/08/12 @ 02:00:00 19,2774 19,0789 19,3948 19,1896 28,6791 28,3994 28,7547 28,4673
2005/08/12 @ 03:00:00 17,9768 17,8164 18,0892 17,9227 28,2301 27,9775 28,2965 28,0364
2005/08/12 @ 04:00:00 16,6048 16,4706 16,7134 16,5740 27,8957 27,6684 27,9532 27,7184
2005/08/12 @ 05:00:00 15,7758 15,6074 15,8791 15,7077 27,5960 27,3623 27,6434 27,4039
2005/08/12 @ 06:00:00 16,4280 16,0090 16,5239 16,1092 28,1851 27,8537 28,2255 27,8919
2005/08/12 @ 07:00:00 18,6150 17,7551 18,7054 17,8608 29,1562 28,6375 29,1917 28,6763
2005/08/12 @ 08:00:00 21,9513 20,5361 22,0388 20,6496 30,5642 29,7797 30,5987 29,8241
2005/08/12 @ 09:00:00 25,6364 23,7463 25,7285 23,8729 32,3615 31,2712 32,3998 31,3261
2005/08/12 @ 10:00:00 29,6532 27,2872 29,7496 27,4244 34,3137 32,8873 34,3579 32,9538
2005/08/12 @ 11:00:00 33,7489 31,0513 33,8609 31,2073 36,1142 34,3786 36,1708 34,4616
2005/08/12 @ 12:00:00 37,2949 34,2937 37,4210 34,4651 37,5331 35,5698 37,6078 35,6721
POOBJOERIGIE0E 305662 365664 39,8120 36,7545 [EGiod Gopood SES EENEED
2005/08/12 @ 14:00:00 40,5343 37,5977 40,7070 37,8045 38,3327 36,2604 38,4450 36,3955
2005/08/12 @ 15:00:00 39,6375 37,1489 39,8336 37,3634 37,8411 35,8692 37,9620 36,0083
2005/08/12 @ 16:00:00 37,9879 359149 38,1950 36,1293 37,2981 35,4983 37,4197 35,6335
2005/08/12 @ 17:00:00 35,6211 33,9678 35,8315 34,1764 36,4200 34,8506 36,5391 34,9773
2005/08/12 @ 18:00:00 32,6037 31,3718 32,8137 31,5721 35,1027 33,7936 35,2154 33,9090
2005/08/12 @ 19:00:00 29,8510 28,9310 30,0560 29,1226 33,7544 32,6966 33,8591 32,7998
2005/08/12 @ 20:00:00 27,2597 26,5701 27,4582 26,7537 32,6305 31,7647 32,7266 31,8567
2005/08/12 @ 21:00:00 25,2271 24,6721 25,4118 24,8431 31,5404 30,8396 31,6300 30,9231
2005/08/12 @ 22:00:00 23,3847 22,9115 23,5572 23,0718 30,6308 30,0783 30,7176 30,1569
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Table 34 - Roof temperature for LCZ6 (continued).

Lisbon Ancona
To_UCMO To_UCM1 To_UCMO To_UCM1
2005 HBR HBR HBR HBR HBR HBR HBR HBR
False True False True False True False True

2005/08/12 @ 23:00:00 21,6723 21,2730 21,8383 21,4239 29,5088 29,1018 29,5922 29,1758
2005/08/13 @ 00:00:00 20,1710 19,8429 20,3232 19,9840 28,3235 28,0297 28,4027 28,0998
2005/08/13 @ 01:00:00 19,0157 18,7461 19,1538 18,8744 27,3762 27,1596 27,4508 27,2259
2005/08/13 @ 02:00:00 18,1081 17,8835 18,2315 17,9980 26,6377 26,4622 26,7089 26,5259
2005/08/13 @ 03:00:00 17,3494 17,1638 17,4582 17,2647 26,1738 26,0204 26,2411 26,0812
2005/08/13 @ 04:00:00 16,7619 16,6036 16,8573 16,6919 25,3845 25,2513 25,4481 25,3092

2005/08/13 @ 05:00:00 {65903 16,3980 16,6727 164756 250826 24,9504 251426 25,0057
 EO0S/08/ASIGI06T000 17,8654 17,3839 179376 174503 SSe DAGAM PAISHGO PASH

2005/08/13 @ 07:00:00 20,3777 19,4227 20,4453 19,5046 25,2804 24,8796 25,3409 24,9449
2005/08/13 @ 08:00:00 23,8973 22,3206 23,9648 22,4136 26,5460 25,8371 26,6142 25,9180
2005/08/13 @ 09:00:00 27,9440 25,7363 28,0169 25,8451 28,2491 27,1812 28,3336 27,2852
2005/08/13 @ 10:00:00 32,0549 29,3082 32,1395 29,4351 30,1410 28,7102 30,2504 28,8435
2005/08/13 @ 11:00:00 35,9084 32,6742 36,0073 32,8195 31,6561 29,9509 31,7986 30,1181
2005/08/13 @ 12:00:00 38,8443 353732 38,9626 35,5377 32,7026 30,8341 32,8774 31,0321
EOOSIOSSIEE000E 03079 37,3196 41,0328 37,4983 [opeos Sigoo BEEE IS
2005/08/13 @ 14:00:00 41,5326 38,1168 41,6925 38,3133 32,9658 31,1105 33,1770 31,3383
2005/08/13 @ 15:00:00 41,0835 37,9549 41,2626 38,1622 32,3980 30,6729 32,6087 30,8964
2005/08/13 @ 16:00:00 39,5120 36,8118 39,7074 37,0247 31,3238 29,8230 31,5246 30,0314
2005/08/13 @ 17:00:00 37,2649 35,0265 37,4648 352343 29,8041 28,6020 29,9927 28,7917
2005/08/13 @ 18:00:00 34,4032 32,6542 34,6041 32,8537 28,2496 27,3362 28,4229 27,5043
2005/08/13 @ 19:00:00 31,7905 30,4183 31,9830 30,6042 27,0473 26,3649 27,2028 26,5116
2005/08/13 @ 20:00:00 29,5253 28,4325 29,7077 28,6055 26,0562 25,5181 26,1939 25,6461
2005/08/13 @ 21:00:00 27,5450 26,6606 27,7163 26,8213 25,2695 24,8409 25,3914 24,9531
2005/08/13 @ 22:00:00 25,9723 25,2309 26,1293 25,3771 24,6336 24,2768 24,7436 24,3777
2005/08/13 @ 23:00:00 24,4406 23,8275 24,5874 23,9634 23,7868 23,4890 23,8863 23,5798
2005/08/14 @ 00:00:00 23,2141 22,6910 23,3484 22,8154 23,2795 23,0235 23,3685 23,1045
2005/08/14 @ 01:00:00 22,1668 21,7209 22,2886 21,8334 22,6850 22,4656 22,7645 22,5378
2005/08/14 @ 02:00:00 21,2600 20,8789 21,3701 20,9804 22,0394 21,8515 22,1103 21,9157
2005/08/14 @ 03:00:00 20,4925 20,1651 20,5917 20,2563 21,4884 21,3331 21,5519 21,3904
2005/08/14 @ 04:00:00 19,8390 19,5573 19,9277 19,6387 21,2179 21,0893 21,2758 21,1415
2005/08/14 @ 05:00:00 19,5838 19,2847 19,6627 19,3580 20,8772 20,7536 209305 20,8022
2005/08/14 @ 06:00:00 20,7662 20,1875 20,8369 20,2602 20,9055 20,6965 20,9545 20,7439
2005/08/14 @ 07:00:00 23,1317 22,0744 23,1999 22,1552 21,6972 21,2775 21,7437 21,3277
2005/08/14 @ 08:00:00 26,4218 24,7722 26,4931 24,8673 23,3793 22,6029 23,4252 22,6600
2005/08/14 @ 09:00:00 30,2623 27,9898 30,3423 28,1037 26,1169 24,8483 26,1654 24,9176
2005/08/14 @ 10:00:00 34,1883 31,3554 34,2814 31,4894 29,2416 27,4633 29,2995 27,5500
2005/08/14 @ 11:00:00 37,7785 34,4973 37,8888 34,6520 32,1573 29,9635 32,2390 30,0792
2005/08/14 @ 12:00:00 40,7007 37,1230 40,8293 37,2963 33,5141 31,1779 33,6446 31,3415

 EOOSIOSMGIS0000 426777 389783 428249 391671 [lGEEH FINSES BOPGN SESSH

2005/08/14 @ 14:00:00 43,5394 39,8980 43,7041 40,0980 33,7970 31,5489 33,9907 31,7659
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Table 34 - Roof temperature for LCZ6 (continued).

Lisbon

Ancona

To_UCMO

To_UCM1

To_UCMO

To_UCM1

2005

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

HBR
False

HBR
True

2005/08/14 @ 15:00:00

43,2827

39,8666

43,4617

40,0722

32,9464

30,8848

33,1441

31,1001

2005/08/14 @ 16:00:00

42,0535

39,0039

42,2404

39,2073

31,7633

29,9515

31,9538

30,1541

2005/08/14 @ 17:00:00

40,1210

37,5259

40,3073

37,7183

30,0311

28,5437

30,2132

28,7313

2005/08/14 @ 18:00:00

37,7901

35,6716

37,9689

35,8477

28,4527

27,2450

28,6205

27,4138

2005/08/14 @ 19:00:00

35,5966

33,8799

35,7635

34,0381

27,1776

26,2122

27,3312

26,3633

2005/08/14 @ 20:00:00

33,7811

32,3629

33,9339

32,5042

25,9993

25,2194

26,1395

25,3551

2005/08/14 @ 21:00:00

32,2331

31,0409

32,3718

31,1670

25,1118

24,4763

25,2402

24,5989

2005/08/14 @ 22:00:00

30,9030

29,8745

31,0313

29,9891

24,1108

23,5892

24,2295

23,7014

2005/08/14 @ 23:00:00

29,7116

28,8142

29,8291

28,9180

23,1039

22,6733

23,2130

22,7754
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Roof Temperature LCZ6 - Lisbon
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Graphic 25 - Roof temperature result for LCZ6 - Lisbon.
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Roof Temperature LCZ6 - Ancona
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Graphic 26 - Roof temperature result for LCZ6 - Ancona.
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The results expected from the simulation were that if the roof ventilation is higher,
the surface temperature is lower, and that is expressed in the graphics as it can be seen
that in the simulations that we used the HBR roof the temperature is lower than the
simulations that we used the conventional roof, and it happens as expected for the
different LCZ.

Analyzing the graphics and the tables in detail, the simulations were made for a
period of seven days and on each day there is an increase in temperature that reaches
the peak, i.e. the maximum temperature for the roof, around 13pm and 14pm (the red
values highlighted on the tables correspond to the maximum peak of each day in the
city of Lisbon and the yellow values correspond to the maximum peak in the city of
Ancona). After this peak, a decrease in temperature occurs, reaching the lowest values
for roof temperature between 4am and 6am (the green values correspond to the
minimum peak of each day for the city of Lisbon and the purple values correspond to
the minimum peak for the city of Ancona). The results for the canopy layer are also
highlighted, but the peak for maximum temperature is between 12pm and 18pm and
the peak for the minimum temperature is between 2am and 7am.

The tables show the results obtained after each simulation, with the first column
corresponding to the time at which they were simulated; the next four columns
correspond to the simulation results for the city of Lisbon, being the first for To_UCM 0
and HBR False, the second for To_ UCM 0 and HBR True, the third for To UCM 1 and
HBR False and finally the fourth for To_UCM 1 and HBR True; the last four columns are
the results for the city of Ancona, being the distribution of the results by the columns
arranged in the same way as the city of Lisbon. The simulations were also made for
different LCZ’s, where tables 25 and 30 correspond to the results for LCZ 2, tables 26
and 31 for LCZ 3, tables 27 and 32 for LCZ 4, tables 28 and 33 for LCZ 5 and finally,
tables 29 and 34 for LCZ6.

The results obtained through these simulations come into agreement with the
problem at hand, UHI, since one of the ways of mitigation would be to reduce the
temperature of roofs, as explained in point 2.2.3. And since this phenomenon is more
significant in the summer period, it was confirmed during this period that the use of
this type of roof present lower temperature values. When compared with the standard
roofs, we have an extremely positive result, becoming a starting point for the study,
which is still ongoing, of this new type of roof, HBR.
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5. Conclusion

5.1 Work Developed

This report is a result of an internship developed within the LIFE SUPERHERO
research project, in Universita Politecnica delle Marche, that aims for the use of
Ventilated and Permeable Roof and HEROTILE based Roof as solutions to combat the
main problem of climate change, the Urban Heat Island (UHI). The project is still on
going, as it is expected to finish by 2025, and this report only represents a small part of
the work that is going on.

The internship was organized into steps: in the first one there was research and
literature review on urban climate models for the investigation of mitigation strategies,
roofing technologies as urban climate mitigation techniques, UWG software and
building physics for ventilated roofs; the second step was the use of the SENSAPIRO
software in terms of simulations, with definition of roof features, climate files and
comparisons of HBR and Not Ventilated Roof with the same thermal transmittance and
optical properties in terms of entering heat flux; for the third step was the use of the
UWG software, first on understanding how it works in terms of code for running the
simulations with the different features, as the use of HBR roof and the release of the
heating into the layers; the final step was assembly all the work and research done and
put it into this present report.

5.2 Main Conclusions

The previous project LIFE HEROTILE achieved a significant improvement of brick
tyles, but the potential of the VPR and HBR for climate adaptation and mitigation, as
said before, is still limited. This project LIFE SUPERHERO intends to overcome this
barrier, demonstrating that a ventilated roof built with innovative brick tiles, the
HEROTILES, is an alternative and effective roofing technology, both for limiting the
energy demand for cooling and to reduce the Urban Heat Island phenomenon. The
science-based tools developed during the project, explained on chapter 3, will allow to
choose alternative ways of reducing the external surface of a building, based on
ventilation and permeability of the building envelope. The innovation of the project is
to consider the roof itself as a unique system and not to delegate performance only to
optical and thermal properties of the roof covering. This will ensure sufficient market
penetration and effective environmental impact of the increasingly widespread
installation of roofing systems, thanks to the installation of passive cooling
technologies in buildings (Bonvicini et al., n.d.).
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The results obtained throughout this internship were quite positive and expected,
in terms of simulation results. In chapter 4, more specifically in the graphs obtained
through the simulations, it can be seen that the estimated values for the roof
temperature are in fact lower with the use of HBR and higher with the standard roof.
These graphics demonstrate the variation of the temperature over the days and we can
verify that both roofs reach the maximum peak within the same period and the same
happens with the minimum peak, with the HBR presenting a lower value, although
sometimes the difference is not very accentuated. This represents a starting point for
the ongoing work that is being developed, since there is a very wide range of
simulations that can still be done.

As the internship occurred during covid period, the fieldwork and testing was
delayed, and it was not possible to participate in this step. Most of it took place online
which was a barrier on the work developed. Nevertheless, it was an extremely positive
experience and it’s always positive to learn and enjoy professional growth with other
mentalities and different nationalities.

5.3 Future Works

This project introduced different software’s, such as SENSAPIRO, DesignBuilder
and Urban Weather Generator, and provided a lot of knowledge in terms of simulations
of Ventilated and Permeable Roofs and HEROTILE roofs and their impact on Urban
Heat Island.

For future work and literature, there is different configuration in terms of roofs that
can be simulated in UWG such as green roofs, cool roofs or flat roofs with other
characteristics that can be compared with HBR to get more data. It is also possible to
expand the study of this type of roof in other European cities, thus providing more
information for analysis and comparison. And as for the LCZ, these simulations only
show from LCZ2 to LCZ6, there are many more LCZ’s that can be used for simulations.

119



Sofia Isabel Batista Moreno Carronda

Bibliography

Ambrosini, D., Galli, G., Mancini, B., Nardji, 1., & Sfarra, S. (2014). Evaluating mitigation effects of urban
heat islands in a historical small center with the ENVI-Met® climate model. Sustainability (Switzerland),
6(10), 7013-7029. https://doi.org/10.3390/su6107013

Beck, H. E., Zimmermann, N. E.,, McVicar, T. R,, Vergopolan, N., Berg, A., & Wood, E. F. (2018). Present and
future koppen-geiger climate classification maps at 1-km resolution. Scientific Data, 5, 1-12.
https://doi.org/10.1038/sdata.2018.214

Besir, A. B, & Cuce, E. (2018). Green roofs and facades: A comprehensive review. Renewable and
Sustainable Energy Reviews, 82(September 2017), 915-939.
https://doi.org/10.1016/j.rser.2017.09.106

Bonvicini, G., Ceramico, C., Giuseppe, E. Di, Univpm, R., Orazio, M. D., Univpm, P. O., Latini, A., & Univpm,
D. (n.d.). Tetto ventilato e permeabile con tegole in laterizio : 1 ' innovazione di SUPERHERO. 1-9.

Bueno, B., Norford, L., Hidalgo, ]., & Pigeon, G. (2013). The urban weather generator. Journal of Building
Performance Simulation, 6(4), 269-281. https://doi.org/10.1080/19401493.2012.718797

Debbage, N., & Shepherd, ]J. M. (2015). The urban heat island effect and city contiguity. Computers,
Environment and Urban Systems, 54, 181-194. https://doi.org/10.1016/j.compenvurbsys.2015.08.002

Design, I.-I. (n.d.). No Title. Retrieved March 16, 2021, from https://www.isopan.it/magazine/green-
roof-green-life

DesignBuilder. (n.d.). Design Builder - Help. Retrieved May 27, 2021, from
https://designbuilder.co.uk/helpv6.0/#GetStarted.htm?TocPath=Get%2520Started%257C 0

Di Giuseppe, E. (2016). LIFE SUPERHERO SUstainability and PERformances for HEROTILE-based energy
efficient roofs. 1-6.

Di Giuseppe, E. (2021). LIFE SUPERHERO_M8_Monitoring Visit_Action_D1.

Di Giuseppe, E., Pergolini, M., & Stazi, F. (2017). Numerical assessment of the impact of roof reflectivity
and building envelope thermal transmittance on the UHI effect. Energy Procedia, 134(2016), 404-413.
https://doi.org/10.1016/j.egypro.2017.09.590

Energy, S., & Pitched, S. (2019). Manuale sensapiro. 1-16.

Evola, G., Gagliano, A, Fichera, A., Marletta, L., Martinico, F., Nocera, F., & Pagano, A. (2017). UHI effects
and strategies to improve outdoor thermal comfort in dense and old neighbourhoods. Energy Procedia,
134,692-701. https://doi.org/10.1016/j.egypro.2017.09.589

Farhadi, H., Faizi, M., & Sanaieian, H. (2019). Mitigating the urban heat island in a residential area in
Tehran: Investigating the role of vegetation, materials, and orientation of buildings. Sustainable Cities
and Society, 46, 101448. https://doi.org/10.1016/j.scs.2019.101448

FULADLU, K., RIZA, M., & ILKAN, M. (2018). the Effect of Rapid Urbanization on the Physical Modification
of Urban Area. 1-9. https://doi.org/10.14621 /tna.

Herotile, L. (nd.). Life  Herotile. 2016. Retrieved  March 16, 2021, from
https://www.lifeherotile.eu/it/solution-proposed/

Huynh, C., & Eckert, R. (2012). Reducing Heat and Improving Thermal Comfort through Urban Design -
A Case Study in Ho Chi Minh City. International Journal of Environmental Science and Development, 3(5),
480-485. https://doi.org/10.7763 /ijesd.2012.v3.271

120



The influence of the roof solution on the Urban Heat Island - LIFE SUPERHERO PROJECT

Kotharkar, R., Bagade, A., & Singh, P. R. (2020). A systematic approach for urban heat island mitigation
strategies in critical local climate zones of an Indian city. Urban Climate, 34(February), 100701.
https://doi.org/10.1016/j.uclim.2020.100701

Liy, Y, Li, Q. Yang, L., Mu, K, Zhang, M., & Liu, J. (2020). Urban heat island effects of various urban
morphologies under regional climate conditions. Science of the Total Environment, 743.
https://doi.org/10.1016/j.scitotenv.2020.140589

LLC, B. L. S. (2015). Elements User Guide. file:///C:/Program Files (x86)/Elements/htmldocs/user-
guide/index.html

Lynn, B. H., & Lynn, I. M. (2020). Science of the Total Environment The impact of cool and green roofs on
summertime temperatures in the cities of Jerusalem and Tel Aviv. Science of the Total Environment, 743,
140568. https://doi.org/10.1016/j.scitotenv.2020.140568

Maciel, C. D. R., Kolokotroni, M., & Paulo, S. (2017). Cool materials in the urban built environment to
mitigate heat islands : potential consequences for building ventilation. 13-14.

Maleki, A. (2016). EVALUATION OF URBAN HEAT ISLANDS MITIGATION crvihoefcrvihof. 17(3),
357-371.

Mao, ]., Yang, . H,, Afshari, A.,, & Norford, L. K. (2017). Global sensitivity analysis of an urban microclimate
system under uncertainty: Design and case study. Building and Environment, 124, 153-170.
https://doi.org/10.1016/j.buildenv.2017.08.011

Maracchini, G., Latini, A, & Giuseppe, E. Di. (2021). Un nuovo strumento per analisi di incertezza e
sensibilita su strategie di mitigazione del fenomeno Isola di Calore Urbana. 16-19.

Mishra, G. (n.d.). The constructor - Civil Engineering Home. https://theconstructor.org/building/cool-
roof-system-for-buildings/7033/

NASA. (n.d.). NASA. 2021. https://climate.nasa.gov/evidence/

Norford, L., & Reinhart, C. (n.d.). Urban Microclimate.
https://urbanmicroclimate.scripts.mit.edu/uwg_parameters.php#urbanArea

Note. (2009). Urban Heat Islands: Basic Description, Impacts and Issues. 1-26.
NREL; DOE; Academic Institutions; Private Firms. (n.d.). Energy Plus. http://energyplus.net/weather

Plantmaps. (2022). Koppen-Climate-Classification-Map-Europe. https://www.plantmaps.com/koppen-
climate-classification-map-europe.php

Roofing Tri. (n.d.). Considering A Cool Roof? Here’s What You Need To Know. 2021.
https://www.roofingtri.com/what-are-cool-roofs-and-when-should-you-consider-them-for-your-
home/

Salata, F., Golasi, I., Petitti, D., de Lieto Vollaro, E., Coppi, M., & de Lieto Vollaro, A. (2017). Relating
microclimate, human thermal comfort and health during heat waves: An analysis of heat island
mitigation strategies through a case study in an urban outdoor environment. Sustainable Cities and
Society, 30, 79-96. https://doi.org/10.1016/j.scs.2017.01.006

Stewart, L. D., & Oke, T. R. (2012). Local climate zones for urban temperature studies. Bulletin of the
American Meteorological Society, 93(12), 1879-1900. https://doi.org/10.1175/BAMS-D-11-00019.1

Superhero, L. (n.d.). Life Superhero_Re. 2020. Retrieved March 21, 2021, from
https://www lifesuperhero.eu/solution-proposed/

Taleghani, M., Sailor, D., & Ban-Weiss, G. A. (2016). Micrometeorological simulations to predict the
121



Sofia Isabel Batista Moreno Carronda

impacts of heat mitigation strategies on pedestrian thermal comfort in a Los Angeles neighborhood.
Environmental Research Letters, 11(2). https://doi.org/10.1088/1748-9326/11/2/024003

Tremeac, B., Bousquet, P., de Munck, C., Pigeon, G., Masson, V., Marchadier, C., Merchat, M., Poeuf, P., &
Meunier, F. (2012). Influence of air conditioning management on heat island in Paris air street
temperatures. Applied Energy, 95, 102-110. https://doi.org/10.1016/j.apenergy.2012.02.015

Wang, Y., & Akbari, H. (2015). Development and application of “thermal radiative power” for urban
environmental evaluation. Sustainable Cities and Society, 14(1), 316-322.
https://doi.org/10.1016/j.scs.2014.07.003

Wang, Y., Berardi, U.,, & Akbari, H. (2016). Comparing the effects of urban heat island mitigation
strategies for Toronto, Canada. Energy and Buildings, 114, 2-19.
https://doi.org/10.1016/j.enbuild.2015.06.046

Yang, Jiachuan, & Bou-Zeid, E. (2019). Scale dependence of the benefits and efficiency of green and cool
roofs. Landscape and Urban Planning, 185(February), 127-140.
https://doi.org/10.1016/j.landurbplan.2019.02.004

Yang, Junjing, Mohan Kumar, D. llamathy, Pyrgou, A., Chong, A., Santamouris, M., Kolokotsa, D., & Lee, S.
E. (2018). Green and cool roofs’ urban heat island mitigation potential in tropical climate. Solar Energy,
173(April), 597-609. https://doi.org/10.1016/j.solener.2018.08.006

122



