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’Houses, then, will be correctly planned if, first, we take careful
notice of the regions and latitudes of the world in which they are
to be built. For it clearly makes sense that one type of building
should be built in Egypt, another in Spain, some other type in
Pontus and a different one again in Rome, and so on, depending

on the different characteristics of the countries and regions.’

Vitruvius: De architectura
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1. Introduction

1.1. The tendencies of urbanization

The first decades of the 21% century seem to be most crucial in urban
planning and related professions for the questions that have arisen regarding
the development of (urban) built environment, which has been driven by
numerous factors, such as: resource-efficiency, environmental considerations,
the immense technological development, economic recession and uptake, and
social changes to (McPhearson, Kremer and Hamstead, 2013; Seto et al.,
2014). The changes of urban development are mainly due to social and
economic transitions that have occurred during the last 150 years: the
dimension of urbanized areas have grown (Seto et al. 2011; UN 2018), as well
as the population of cities has been growing immensely, the structure of
suburban areas has changed (new industrial, logistic and residential areas have
been erected within a very short time), and thus new functions have appeared
mainly due to digitalization. Change in technology and the development of
means of mobility has led to a major suburbanization in western countries.
(Duany, Plater-Zyberk and Speck, 2010). Suburbanization is not only an issue
of transportation — as it leads to a lifestyle of car-dependence, hours spent in
traffic jams, and thus avoidable CO. emissions — it is also a major
environmental issue. Suburbanization usually has occupied territories with
traditional green belts around the cities, resulting enormous and contiguous
urban areas; thus, the territorial dimensions of urbanized areas grow, and so
the diameter of urban heat island grows too. Besides, suburbanization has a
negative effect on biodiversity (McKinney, 2006). Regarding social issues,
traffic is believed to be a major, if not biggest source of stress in our lives.
(APS 2008).

According to INRIX (INRIX, 2016) the yearly average hours spent in traffic
jams per average commuter around the world give a range from 10 hours
(Singapore) to 61 hours (Thailand); and with an average of 18 hours for
Hungary — showing a growing tendency (See Figure 1).
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Figure 1: Hours spent in congestion in European Cities (Includes cities in the
EU plus Switzerland / Chart measures average number of hours a driver would
spend in congestion during peak hours based on 240 commuting days. Source:

INRIX 2016

In order to minimize the trend of suburbanization, the only solution seems
to be the enhancement of downtown living quality and making traditional city
centres attractive for families — so that they do not tend to move to the fringes
of the city. An important tool for creating walkable, liveable cities is the usage
of green infrastructure, creating safe green spaces for recreation. (Speck,
2012).

Green infrastructure is a term that has been used in the last three decades as
a tool for sustainable urban development. Many definitions exist — which will
be discussed in the next chapter, — however, approaches agree on one important
point: green infrastructure is a sum of those measures that are connecting
nature to urban environment. Besides, using soft technologies is usually
cheaper than “traditional” grey infrastructure. The key driver for implementing
green infrastructure elements is the aim of creating more liveable cities and
educate city dwellers by engaging them in green infrastructure projects on
different levels.

Besides the environmental and mobility-related aspect, green areas have a
crucial role in handling social issues. Community gardens, school gardens have
an important educational value (Cole et al., 2017), improve public security
(Berényi, Kondor and Szabo, 2007; Egedy, 2007) and ensure economic uptake



on neighbourhood scale. Green projects, besides having the advantage of being
attractive topics in participatory planning, also serve educational purposes.
(Cole etal., 2017; Raymond et al., 2017)

The above listed examples and processes seem to be pointing to a basic
issue, which is urban climate. As demonstrated, climate on meso or urban scale
is strongly interlinked with numerous other aspects of life, such as urban
planning, biodiversity, mobility, citizen engagement, public security, quality
of life and economic uptake.

Breaking down to building scale the functional demands and expectations
of main contractors have changed, building technologies are changing rapidly
due to economic, social, technical, environmental and energetic issues as well.
However, thinking about dozens of new regulations around the world trying to
push architecture towards a more energy-conscious, eco-friendly, and
resource-efficient approach, we have to realise, that only one issue has been
neglected for a long time in urban planning and building industry: climate
change. Climate change has been strongly influencing our everyday life on
global, regional (meso) and object (micro) scale too. We see serious
environmental, economic and social processes being driven by climate change
happening before our very eyes. Thus, it seems even stranger, that considering
climate hasn’t yet reached the point to become a driving factor in urban
planning, however, the effect and the seriousness of climate change cannot be
neglected. Only during the last decade, the movement of climate-conscious
planning practice have arisen, and it is becoming an issue of great importance.

There are two main perspectives towards handling the effects of climate
change in both urban and rural areas: climate adaptation and climate
mitigation. Climate mitigation focuses on reducing the emissions of green-
house-gases, thus, addresses the drivers of climate change. On the other hand,
climate adaptation tries to make the extremes of weather phenomena tolerable
for humans. Concentrating on the building sector: climate mitigation includes
actions like energy-conscious retrofitting of buildings (thermal insulation,
changing of windows, etc.), the usage of energy-effective building engineering
services, and also maximalization of solar gain in winter and shading in
summer. Climate adaptation on the other hand can be a doubled-edged sword
if not used properly: the usage of building cooling systems, traditionally using
electricity might lead to an energy-consumption surplus. The proper solution



however for climate adaptation should be the usage of classic solar architecture
toolkit, such as: shading, night ventilation, thermal mass. On city or
neighbourhood scale for example climate adaptation measures managing
stormwater runoff and retaining water in green infrastructure elements instead
of using impermeable paving and enhancing quick runoff. However, the
boundaries of the two types of measures: adaptation and mitigation are
sometimes hard to define. For example, implementing intelligent building
engineering systems and shading with vegetation can act both as mitigation
(by reducing energy-demand) and adaptation measures (enhancing thermal
comfort in a proper way).

Climate is a crucial issue in numerous areas of life: agriculture, forestry,
water management (Vorosmarty et al., 2000), migration and mobility, and on
smaller scale climate is also an important factor in the energy-balance of
buildings (Matsuura, 1995; Santamouris, 2007) regarding human thermal
comfort and performance (Jokl, 1982). Climate change causes extreme weather
events, coastal flooding, inland water in low-lying areas, and reduced rainfall
in drylands or water shortage and flood at the same place but in different
seasons. Water scarcity has a negative effect on agriculture (Reilly et al.,
1996), and the linkage with food deprivation and thus migration, finally social
problems is obvious. Migration is important not only as a social and economic
challenge, but the trend over the last decades has shown, that migration has
become centralized (Foresight, 2011) towards cities and metropolises, while
shrinking rural areas lose their population harshly.

The growth of city dwellers’ number, and the expansion of urban areas as
its result, has been an accelerating process since the industrial revolution. The
development of urban habitation was most significant in the twentieth century.
In 1900 there were only 16 cities having inhabitants above 1 million
(Montgomery et al., 2003), and in 2010 there are 449 such cities around the
world. What makes this statistics more striking is the fact, that while in 1900
most of the big cities were situated in developed and industrialised countries,
nowadays urbanization is most characteristic for developing countries.
(UN 2018; National Research Council 2003) Concluding, we can state that
urbanization hasn’t reached its point of inflection, it is a process still growing.
Every third human being is a city dweller; thus, a big share of the total
population is affected by problems especially characteristic for metropolises.



1.2. Urban climate

Speaking of climate issues, the most important challenge to face is the
phenomenon of Urban Heat Island (UHI) (Unger, 1999). The key characteristic
of the phenomenon - that was first described by Luke Howard about 200 years
ago (Mills, 2008) — is that temperatures in the city (both air temperature and
surface temperature) are higher than that in the rural areas in the fringes. Beside
social and architectural issues my research focuses on climatic and energetic
extremities of the cities caused by UHI. The effects of urban heat island
became particularly unbearable in summer, when heat stress occurs. Regarding
the vulnerability of people living in less developed neighbourhoods, it is more
likely that they are more exposed to climate extremities and have limited
access to good quality green areas while the housing estates tend to be of poorer
technical conditions. It stands clear, that prevention behaviour during heat
waves include the usage of electrical air conditioning devices (Khare et al.,
2015), which has become fashionable during the last decade even in such parts
of Europe, where traditionally mechanical cooling was not used. The usage of
mechanical cooling during the 3-4 months of the summer period increases
greatly the demand for electric energy, and in addition, due to the fact that the
external units of the air-conditioning devices also heat up the air — causing a
self-generating process, -the natural cooling after sunset is hindered too. This
way the intensity of urban heat island increases. This consistent train of
thoughts demonstrates clearly that the phenomenon of urban heat island is far
more than solely an environmental issue, it is an important energetic challenge
to face too.

Besides it, the correlation of summer heat waves, extreme heat stress and
excess mortality must be mentioned. Numerous studies have shown that above
a certain temperature threshold mortality — especially among elderly people or
those suffering of chronic illness increases. (D’Ippoliti et al., 2010; Brooke
Anderson and Bell, 2011; Matzarakis, Muthers and Koch, 2011) According to
studies carried out in Hungary, the typical excess mortality during heat waves
varies between 10% and 15%. (Paldy et al., 2005; Bobvos et al., 2017) Thus,
when discussing urban climate, it is highly relevant to research alternative
ways to mitigate the effects of, and adapt to a climate in change, especially
during summer heat waves. One of those measures is the development of green



infrastructure elements within the city structure. Furthermore, this method
incorporates an important potential of energy saving.

1.3. Objectives and motivation of research

Summing up, the motivation of this work is to investigate the effects of
green infrastructure elements on micro-climate, on building energy
consumption; outdoor and indoor comfort; and based on the findings, to create
a smooth basis for further investigations regarding the implementation of GIE
in urban planning. This work is devoted to revealing, analysing and assessing
some of the most relevant issues regarding the practice of climate-conscious
urban planning on small — that is building and neighbourhood — scale,
concentrating on typical Hungarian urban areas.

As literature review proved, alley trees are the most effective for creating
satisfactory outdoor thermal comfort in summer. (Gromke et al., 2015)
Concentrating on trees, studies dealt with the horizontal transmissivity of trees,
and the shadow-casting on horizontal surface. (Konarska et al., 2014). There
are also studies that investigated the mitigating effect on surface temperature
of walls due to some types of trees (Berry, Livesley and Aye, 2013). However,
there were no studies to be found connecting the two processes, neither
predicting the effect of tree-shade on internal temperatures and ventilation
potential nor the vertical transmissivity of tree foliage. It was also found, that
outdoor thermal comfort is greatly influenced by wind velocity. (Arens and
Ballanti, 1977) Summer wind breeze is desirable, creating a more agreeable
thermal comfort, however, in winter the aim is to block strong wind gust.
Moving towards a bigger scale, in recent years there were some urban
rehabilitation programmes that implemented the green inner courtyards in
traditional blocks of flats with deconstructing inner wings of the blocks.
Despite of the undoubted success of the project from urban development and
housing market point of view, microclimatic effects of the project were never
analysed.



Concluding, the aim of my research was:

1) to investigate the vertical transmissivity of the most common urban tree
species, such as: Common Hackberry (Celtis occidentalis), Japanese Pagoda
(Sophora Japonica) and Small-leaved Linden (Tilia cordata)

2) to investigate the effect of alley trees on outdoor thermal comfort — how
the values of Mean Radiant Temperature, Predicted Mean Vote change due to
vegetation.

3) to investigate the potentials of tree shading on indoor thermal comfort
and to describe the facilities of natural ventilation.

4) to investigate the orientation-dependence of the changes in wind-
velocity-profile due to vegetation in streets: in case of trees, shrubs, and green
facades as well.

5) to investigate the potentials and threats of neighbourhood scale projects,
where inner courtyards are opened up and green infrastructure is implemented.

6) to build up a methodology for urban planners to use easily the results of
scientific research in the fields urban climatology, bioclimatology and climate-
adaptive urban planning in order to facilitate climate-adaptive urban planning.

10



2. Literature review

The objective of this chapter is to give an overview on the major research
results of relating studies and to identify those gaps that this work aims to give
answers to. This chapter provides an overview of last and most relevant results
published by November 2020 with the following interconnected topics:
climatic environment in urban areas; green infrastructure: the development of
the methodology, and different definitions; finally, the role of green spaces in
buildings and in city scale.

To be able to understand the differences and the importance of urban heat
island, first a brief overview on the territorial dimensions of climatological
phenomena should be given. Regarding meteorological phenomena: areal and
temporal dimensions are usually strongly linked with each other. The areal
scales of climate are distinguished as following:

— Microclimate — from 1cm to 1km
—Local climate — from 100m to 50 km

— Mesoclimate — from 10km  to 200 km
— Macroclimate — from 100 km to 100 000 km (Yoshino, 1975; Unger
etal., 2012).

Microclimatic phenomena are usually short-lived, while phenomena of
regional significance might define the weather conditions of an area for a
longer period of time.

A very similar approach is true for urban planning too. Urban planning tools
have their typical spatial scales and timescales. The relevance of physical
geography cannot be denied either: hills and valleys, water bodies or the
features of the surface play an important role in defining small-scale climate.
The listed topographic characteristics also can modify: strengthen or weaken
the effect of anthropogenic heat. (Unger, 2010) The following figure (Figure
2: Schematic illustration of the micro (M), local (L) meso (S) and macro (A)
climate scales. After: (Yoshino, 1975) demonstrates the overlapping layers of
all those factors shaping the climate of an area.
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Figure 2: Schematic illustration of the micro (M), local (L) meso (S) and macro
(A) climate scales. After: (Yoshino, 1975)

2.1. Urban heat island

Cities differ from their surrounding natural environment regarding the
material characteristics, the geometry and thus, also the atmospheric conditions
as well. Also, the artificial heat production being present in cities lead to
modified climatic conditions, that is: urban climate. (Balazs et al., 2009; Laszlo
and Szegedi, 2015)

Urban heat island is traditionally defined as closed isotherms that delineate
an area warmer that its surroundings. (Voogt and Oke, 1997) The first
researcher to demonstrate isle-like isotherms characteristic for UHI was
Peppler when describing usual temperature patterns on summer days in
Karlsruhe in the late 1920s. (Peppler, 1929) The following Figure 4. a) Plan
view of spatial patterns of air temperature causing nocturnal CLUHI; b) Cross
sections of diurnal and nocturnal air temperatures measured within urban
canopy layer and surface temperatures under optimum heat island
conditions(calm and clear. Source: (Voogt, 2015)shows a similar schematic
representation of the UHI.

Consequently, UHI is defined as a local climatic phenomenon due to the
fact, that cities and urban settlements are characterized by a higher temperature
that the rural areas outside the city. (Oke, 1973; Unger et al., 2001; Fernandez
et al., 2003) This temperature difference (A7) — which is the intensity of the
UHI — is due to human (building) activities and causes a bunch of anomalies

12



regarding atmospheric conditions, radiation (thermal) and water balance — all
three features are discussed later in this chapter.

Urban heat island, which might be a characteristic of every settlement,
regardless of its size, naturally causes modifications in the atmospheric
conditions. The higher surface temperature in cities will have an effect of the
lower layers of the atmosphere, that is the troposphere. (Unger, 2010). In case
of urban settlements, different scale atmospheric layers can be distinguished.
Above natural surfaces Rural Boundary Layer (RBL) comes to existence,
where turbulence comes to existence due the roughness of the surface and the
updraft of hot air too. (Flay, Stevenson and Lindley, 1982) Above urban areas
a so-called Urban Canopy Layer (UCL) emerges. UCL covers the height of
roofs within the city; and can be further broken down to microscale phenomena
caused by buildings, streets, open spaces, parks. Urban Boundary Layer (UBL)
encompasses UCL as a so-called “dome”. A layer usually higher than RBL,
UBL usually forms a so-called “plume” above the RBL, which stretches
parallel with the prevailing wind direction. (Unger, 2010)

In accordance with the previous, UHI can be observed on four layers, which
also mean different scales too (Oke, 1976). These are the following:

- Boundary layer UHI (BLUHI) — mesoscale boundary layer above the

city (Oke, 1982).

- Canopy layer UHI (CLUHI) — extends from the ground up to the roof
level.

- Surface layer (SUHI) — regardless of the height, surface layer is
measured through satellite imagery. The scale of phenomena examined
also depends on the resolution of the satellite image: from object scale
to city / neighbourhood scale hot spots can be identified (Pongracz,
Bartholy and Dezso, 2010).

- Underground layer (UUHI) — due to all above mentioned layers of
temperature surplus, underground UHI can be identified too
(Lokoshchenko and Korneva, 2015).

The following figure (Figure 3.) demonstrates the listed four layers of UHI.

13



Figure 3.. Three layers of urban heat island. Based on:(Kim, Gu and Kim, 2018)

My work focuses on two of the previous mentioned layers: the surface layer
(SUHI) as this is the one which fundamentally effects human thermal comfort
or discomfort, and the canopy layer which is important from the building
energetics point of view. The following Figure 4. a) Plan view of spatial
patterns of air temperature causing nocturnal CLUHI; b) Cross sections of
diurnal and nocturnal air temperatures measured within urban canopy layer and
surface temperatures under optimum heat island conditions(calm and clear.
Source: (Voogt, 2015) show a similar schematic representation of the UHI.

14
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Figure 4. a) Plan view of spatial patterns of air temperature causing nocturnal
CLUHI; b) Cross sections of diurnal and nocturnal air temperatures measured
within urban canopy layer and surface temperatures under optimum heat island

conditions(calm and clear. Source: (Voogt, 2015)

As mentioned, UHI is a complex result of various phenomena related with
each other (Unger et al., 2000). One of the causes of the urban heat island is
the global warming, but while the latter value shows an annual average growth
0f 0.0075 °C, the temperatures in Budapest during the past hundred years have
risen annually by 0.06 °C in average (M. Szilagyi and Jambor, 2004). That
means that the intensity of urban heat island increases nearly ten times faster
than the average temperatures of the Earth.

15



The question occurs: what other effects create this enormous temperature-
surplus if climate change alone is not liable for the local climatic phenomenon
of UHI? As countless researches have proved, the cause must be found in the
man-made surfaces and anthropogenic heat production, such as: transportation,
industrial activities, usage of buildings (indoor heat sources, heating, cooling,
and lighting). First of all, the importance of land cover must be mentioned
(Owen, Carlson and Gillies, 1998; Chen et al., 2006). Water and radiation
absorption properties of sealed areas differ completely from those of a
biologically active area (Arnfield, 1982; Sailor and Dietsch, 2007), thus the
energy budget of different areas will differ too. As cities on average tend to
have a great deal of sealed surfaces which enable quick stormwater runoff,
causing severe problems, such as infrastructure overload (often resulting
sewage backflow), quick evaporation, and a low albedo (). According to Oke
(T R Oke, 1987), cities tend to have an albedo 5-10% lower than the
surrounding rural areas. Besides albedo another relating index is significant
when measuring UHI with satellite imagery, and that is NDVI (Normalized
Difference Vegetation Index) (Dezso et al., 2005; Szabo et al., 2019). The
significance of land use and the intensity of urban heat island, and surface
temperatures was shown also in the case of Jozsefvaros, Budapest. (Olah,
2012)

Besides the fact that the rate of sealed and biologically active areas is out of
balance, other sources of anthropogenic heat production are also relevant and
significant, such as mobility, industrial activities, and the heating and cooling
of buildings. On building scale, the usage and occupation of the building itself:
heating, heat generation of appliances, and human metabolism also create a
surplus heat production.

Regarding mobility, it is clear, that only about one-third of the vehicle’s
engine performance is utilized for movement (this means a negligible heat loss
from rolling and air resistance), one-third of the performance leaves the engine
block via its cooling system into the air with heat release, and finally one-third
through the exhaust, which creates not only air pollution but also heat
production. Braking also implies heat generation.

Cooling systems of buildings are also of major interest and related to one of
the main objectives of the current work. Heat loss in winter through the
building shell — even with outdated technical and thermodynamical

16



characteristics of buildings — leads to a dynamic balance in thermal conditions
on neighbourhood or city scale. If outdoor temperatures rise due to the UHI
effect, the indoor heating demand will decrease. On the other hand, in summer
traditional air conditioning devices heat the streets though their outdoor
condenser units mounted on the facades of the buildings or on the roof. The
above mentioned process leads to a vicious circle: as outdoor temperatures rise,
indoor cooling demand will grow at the same time. Especially dangerous is
that during summer heat waves, when city dweller’s mental performance and
physical health is at stake. The above listed features cause a hazardous climatic
situation due to their temporal extent. A momentary off-balanced situation
might be still handled, however, during heat waves anthropogenic heat
production and anticyclonic conditions superponate.

Going a step further in the examination of UHI, the discussion of the
raiation budget of the heat island will follow. In order to understand radiation
budget, a few terms need to be introduced, such as: sensible heat (QH), latent
heat (QE), shortwave (K) and longwave (L) radiation. Sensible heat is defined
as the energy flux utilized for the temperature change of the system. Latent
heat on the other hand is the energy flux used for the phase change(s) of a
particular system — in urban climatology most frequently the phase changes of
water in any form. Therefore the latter causes a change in the relative humidity
of the atmosphere. An additional heat source is that of human activities (QF),
although, usually this is a rather small component of the urban energy balance.
(Mills, 2004). However, literature has shown, that in case of Budapest for
example human activities might be of the same magnitude as radiation.
(Seprddi-Egeresi and Zold, 2011)

The directions of the mentioned radiation fluxes are not indifferent either:
“Net radiation (Q%*) is composed of radiation arriving at (|) or exiting from
(1) a surface each component of which can be sub-divided into radiative
sources and sinks. For example, incoming radiation at a surface can be divided
into that derived from the sky and that from the surrounding terrain,

Ly = Ligky + Literrain ~ (Mills, 2004)

The urban energy balance is composed as follows:

Q" +QF=QH+QE+AQSXQ =K, —K;+L —Li =K+ L
(Mills 2004)
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“The contributions from these sources will depend on both their emittance
and the proportion of the view’ of the surface occupied by those sources.”
(Mills, 2004) The relevance of the described processes lays in the fact that
radiation fluxes differ in an urban setting: due to air pollutants and man-made
surfaces, the proportion of longwave and shortwave radiation changes.
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Figure 5. Short- and longwave radiations in the polluted urban boundary layer.
Source:(Oke, 1982)

A commonly used indicator to describe the proportion of absorbed, reflected
and emitted radiation is the albedo of surfaces. Albedo (o) is defined as the
fraction of sunlight reflected by an opaque surface. The rest of the energy is
absorbed, which equals to 1-a. The albedo and the emissivity in long infrared
radiation together determine the surface temperature. However the emissivity
is in general about 0.9 (excepting selective surfaces), therefore many times
only the albedo is mentioned. (Akbari, Pomerantz and Taha, 2001) The below
Table 1. indicates typical albedo and emissivity values of different surfaces.
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Table 1.: Radiative properties of natural materials. Source: (T. R. Oke, 1987)

Albedo Emissivity
Surface Remarks 17 €
Soils Dark, wet 0.05 - 0.98 -
Light, dry 0.40 0.90
Desert 0.2-0.45 0.84-0.91
Grass Long (1.0 m) 0.16 - 0.95
Short (0.02 m) 0.26
Agricultural
crops, tundra 0.18-0.25 0.90-0.99
Orchards 0.15-0.20
Forest
Decidous Bare 0.15 - 0.97 -
Leaved 0.20 0.98
Coniferous 0.05-0.15 0.97 - 0.99
Small  zenith
Water angle 0.03-0.10 0.92-0.97
Large zenith
angle 0.10-1.00 0.92-0.97
Snow Old 0.40 - 0.82 -
Fresh 0.95 0.99
Ice Sea 0.30-0.45 0.92-0.97
Glacier 0.20-0.40

Here comes the importance of vegetation when fighting negative effects of
UHI. Akbari (Akbari, Pomerantz and Taha, 2001) suggests, that summer
energy demand for cooling can be reduced by 13-18% by using cool coating
on the roof. However, he also states, that while cool roofs bring an “indirect”
contribution to the urban energy balance, the “direct” solution of planting trees
helps reducing atmospheric COz by sequestering CO> through photosynthesis.
The further benefits of using vegetation in urban environment will be discussed
in chapter 2.3.

Furthermore, the conflict arises between cool roofs and energy-production
aspects. The energy collecting elements of active solar thermal systems as well
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as those of photovoltaic systems are typically: (1) of minimal reflectance and
(2) are allocated on the roofs. The mentioned two factors contradict to the cool
roof concept which would demand the usage of high-albedo surfaces.
However, in the case of solar panels solar gain will hit the panels and not the
building structure directly. Therefore, if the motivation of using cool-roof
coating is to minimize the solar gain of the building is not anymore relevant.
From the point of view of building energy balance the temperature on the
external surface of roofs would be of importance only if the thermal insulation
is poor. This is not the case, roof slabs were and are typically the best insulated
parts of the buildings, moreover there is an open air gap between the energy
collecting arrays and a flat roof. On the other hand, solar panels might have a
heating effect in the canopy layer, which however has no or negligible effect
on street comfort; what is more, warm roofs create a thermal column which
animates urban breeze.

As the urban radiation balance is in a strong corelation with the alterations
in the water cycle caused by urban climate (Jarvi et al., 2014), it is important
to shortly mention that too. This means, that land cover consisting mainly of
artificial and watertight materials not only induce different rainfall-patterns
(Zhong and Yang, 2015), but also effects evapotranspiration (Zipper et al.,
2017)too.

Summing up the multiple effects of UHI we can see that those can be
categorized into three groups of impact-mechanisms: the effects modifying
atmospheric conditions, thermal and water balance.

The structure of the urban heat island is determined by parks and lakes (cool
island, (Szegedi and Laszl6, 2012)) on one hand, and the densely built-up areas
(warm islands) on the other. The intensity of the urban heat island is the
difference between temperature values measured in the centre of the city and
those measured in the rural area outside the city. The intensity is maximal (at
stable atmospheric conditions) a few hours after sunset, and is minimal at
midday.

Generally, the gradient of the temperature can rich 4 °C/km (Z61d, 1999).
In the case of Budapest, the intensity of the heat island reaches 6-8 °C in the
central districts (M. Szilagyi and Jambor, 2004). Similar conditions
characterize smaller cities also: in Debrecen, for example, the mean maximal
intensity of UHI was 2.4°C (Szegedi et al., 2014). Oke suggested a linear
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equation between the population of the city and the maximal value of UHI
intensity in case of mid-latitude cities, under calm and clear weather
conditions:

UHI q = 2.01log population — 4.06(Oke, 1973).

However, recent literature did not verify the calculation method. (Hove et
al., 2011)

As mentioned, before, the intensity of urban heat island is interconnected
with the housing density, and cool islands can be created by the development
of urban green spaces. That is why green spaces have a special role in urban
climatology and are a brilliant tool in order to mitigate the negative effects of
urban heat island.

2.2. Defining green infrastructure

Before specializing the benefits of green infrastructure, we need to have a
clear understanding of the term itself. The concept of using green areas within
urban structure dates back to the late 19" century (P6tz and Bleuzé, 2012), and
even earlier.

Without getting deep in the history of planning, a short overview must be
given at this point. Cities were always considered as the centre of culture and
civilization, therefore no thoughts about missing greenery or parks were raised.
The first city parks became important in the 19" century. The very first parks
include the Vérosliget, in Budapest, where afforestation started in the late 18"
century to the orders of the city of Pest.

Closer to our time, the thought of considering urban greenery as
infrastructure: that is: a system of goods and services sustaining, enabling or
enhancing living conditions; emerged in the 1980s. At that time, green
infrastructure, or more correctly, the lack of greenery in the cities became an
issue of civil actions, scientific work and urban planning too. (Silva and
Wheeler, 2017). Beginning with the ‘80’s there have been several expressions
and approaches towards handling the same range of urban challenges: bad air
conditions, water management issues (shortage of water or stormwater floods),
summer heatwaves, decrease of biodiversity and healthy food supply.
However, the aim remains the same: creating better living conditions within
the city, ensuring high quality green spaces for recreation and also urban
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farming, flood protection, providing habitat and clean water and air.
Nevertheless, there are differences in understanding according to the various
urban planning traditions.

Different approaches in green infrastructure planning also appear regarding
the planning strategies of different regions and countries. For example, the
United States and European Union may have a different view on scale or
components of green infrastructure. To enlighten those minor differences some
definitions are quoted below:

United States Environmental Protection Agency (EPA) has defined Gl in
the following way: “Green infrastructure uses vegetation, soils, and natural
processes to manage water and create healthier urban environments. At the
scale of a city or county, green infrastructure refers to the patchwork of natural
areas that provides habitat, flood protection, cleaner air, and cleaner water.
At the scale of a neighbourhood or site, green infrastructure refers to
stormwater management systems that mimic nature by soaking up and storing
water. These neighbourhood or site-scale green infrastructure approaches are
often referred to as low impact development.” (U.S. EPA, 2019)

The definition of the European Commission based on the Green
Infrastructure Directive seems to be wider. Naumann et al., 2011 describes the
concept clearly: “Green Infrastructure is the network of natural and semi-
natural areas, features and green spaces in rural and urban, and terrestrial,
freshwater, coastal and marine areas, which together enhance ecosystem
health and resilience, contribute to biodiversity conservation and benefit
human populations through the maintenance and enhancement of ecosystem
services. Green Infrastructure can be strengthened through strategic and co-
ordinated initiatives that focus on maintaining, restoring, improving and
connecting existing areas and features, as well as creating new areas and
features.”

As seen from the citations, the major difference lies in the fact that EU
defines green infrastructure as including natural and semi-natural areas outside
urban areas while the U.S. definition focuses more on the toolkit that green
infrastructure provides. On the other hand, under the EU guidelines, green
infrastructure is considered as a strategic approach.

Furthermore, a relatively new term must also be introduced here. The term
nature-based solutions (NBS) was first mentioned a few years ago and is
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defined as solutions that are "inspired by, supported by, or copied from
nature." (EC 2015) However, mimicry and biomaterials or renewable energy-
sources are not considered as NBS. The difference between NBS and Gl is
rather elusive, after years of research in both fields | have concluded that NBS
tend to colligate the social and economic perspectives of green-based urban
planning. NBS keeps the focus on well-being and the enhancement of quality
of life (QoL) through the use of natural solutions in cities providing a strong
basis for marketing and branding for small and medium sized enterprises and
in turn for economic uptake too (Nesshover et al., 2017). (Policy documents
regarding green infrastructure in Hungary will be discussed in Chapter 7.)

In accordance with existing definitions and approaches this work focuses
on both the importance of introducing nature in urban setting, but also on the
implementation of green solutions within the process of urban planning. The
definition used in this work lies nearer to the American definition, as | do not
deal with agriculture, rural and coastal areas. | define Green Infrastructure
as an inevitable approach to implement nature, and also creating the
conditions of greenery in the city on multiple scales; with regard to
ensuring connectivity and complex solutions for providing a higher
quality of life and numerous social, economic, environmental and climatic
benefits.

2.3. The role of green spaces in urban setting

After defining green infrastructure, it’s role on multiple scales, and
environmental, climatic, energetic, social and economic impacts must be
discussed. In this work | focus on the first three aspects, however, social and
economic effects must be mentioned too due to its importance and relevance
in urban planning.

Green infrastructure as a planning strategy, and as a major topic of research
began to acquire growing importance after World War 2. Interestingly, the urge
for building new housing around rapidly developing cities made green
infrastructure valuable and a resource to be reckoned with. Regarding the
consciousness of planners and city decision-makers, the most important step
was the beginning of the Garden City Movement initiated by Sir Ebenizer
Howard (Howard, 1898, 1902). The movement included healthy housing for
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factory workers, establishing complex cities ensuring space for industries,
agriculture, and residential areas, and creating green belts around the city
centres. The listed ideas all proved to be some of the most important aspects
of urban planning of modernism and the 20" century. (Ward, 2005)

DIAGRAMMATIC\ PROPOSALS

Figure 6. Left: Copenhagen and the conceptual layout of the Fingerplan;
Right: the green belt proposed for Greater London in the Abecrombie plan

2.3.1. Environmental and climatic effects of green
infrastructure

A great number of researches have dealt with the climatic and
environmental effects of green spaces within the city. (T R Oke, 1987;
Santamouris et al., 2001)

The special climate created by plants is due mainly

« to the evapotranspiration;

« to the absorption and reflection of solar radiation;

» to the modified wind movement; and

* tothe CO2 assimilation.

All mentioned changes create a special climate within the city, which is
called Oasis-effect of the urban green spaces, which is the most important from
energetic and microclimatic point of view. In the following the main
characteristics of bioclimatology will be studied through.
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Evapotranspiration: The Oasis-effect is mostly due to the phenomenon of
evapotranspiration, which refers to the whole water steaming caused by
biologically active surfaces: from water and soil (evaporation) and the
movement of water within the plants (transpiration). As the process of
evapotranspiration detracts heat from the air, air temperatures will decrease
near of green spaces. Nevertheless it has to be mentioned that due to
evaporation the relative humidity will increase too (Huddleston, 2017).

The process of transpiration needs energy, which is covered by the absorbed
solar radiation.

Solar radiation: Depending on the wavelength of the radiation the leaves
will absorb, reflect or transmit the solar radiation. The wavelength of the
reflected, absorbed or transmitted radiation varies by the amount of chlorophyli
in the leaf. During the summer when the leaves’ chlorophyll content is
maximal, the leaves reflect the blue and red radiation, that is why leaves are
seen green. In fall, when leaves’ chlorophyll content decreases, the reflection
in the red range also decreases, that is why the leaves turn yellow during
autumn.

Due to the reflection and absorption of radiation, leafy plants will shade the
ground beneath. The effectiveness of shading depends on the Leaf Area Index
(LATI), which denotes the ratio of the total leaf area and the area under the tree
drip-line. Due to the shading effect solar gain can be reduced up to 80 % (if
transparency of a tree can be approximated with a value of 0.8 (McPherson,
1984)). That means, that surface temperatures and so Mean Radiant
Temperature (MRT) can be reduced through shading with leafy plants. The
degree of the reduction depends on the form and the canopy of the tree.
(Konarska et al., 2014)

Air movement: The influence of urban trees on wind speed and profile has
been shown by previous studies (DeWalle and Heisler, 1983). In a previous
case study it was proved, that according to wind direction the effect of urban
trees could vary. The heating energy saving due to wind shading with trees can
reach 20% at certain building and tree heights (Santamouris, 2001). Less
dramatical, however the effect of green facades or walls on air movement
mustn’t be forgotten, which will be discussed in chapter 4.1.

CO; assimilation: As mentioned, the activity of plants needs energy gained
from the solar radiation and from the CO2 content of the air. Due to the
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respiration of leaves O is produced during the day. During the night the
stomata close, and the progress now operates vice versa: the plant consumes
O2 and emits COz. As nights are shorter than daytime in summer the balance
of the process is positive from the point of view of producing Oz. The
correlation with the speed of growth of plants and their capacity to sequestrate
CO2 must be mentioned here as underlined in several studies. (Nowak, Crane
and Stevens, 2006; Currie and Bass, 2008; Kiss et al., 2015) This is a factor to
be considered when choosing tree species for urban green spaces. Summing up
the main features of microclimate created by plants becomes apparent that
urban green spaces have a cooling and misting effect, which equilibrates the
negative effects of urban heat island.

Another important effect of vegetation must be mentioned, that is the
positive effects of human comfort, physical and psychological wellbeing.
Without trees the development of a liveable city is unthinkable. (Zelenak and
Dull, 2016)Trees not only have a positive effect on human physiological well-
being by creating better microclimatic conditions (Kantor et al., 2018), but also
have a great impact on mental health. (Kaplan and Kaplan, 1989; Roe et al.,
2013)Canopy coverage in urban streets not only fight heat, but mental stress
too. (Astell-Burt and Feng, 2019) Furthermore, mental stress is lessened by
trees due to the fact that they reduce noise pollution, and ensure habitat for
birds and other animals, which also have a positive effect on human mental
health. (Bucur, 2006)

2.3.2. Vegetation on building scale: effect on energy budget

The role of greenery and evaporative colling was an issue from early antique
times in Mediterranean architecture. Greek, roman and also Arabic dwellings
were built most commonly with a U or square shaped buildings with a small
pond (impluvium) surrounded by a covered patio (atrium) with plants in the
middle of the building. All rooms had direct access to the atrium thus ensuring
fresh and cool air access. Arabic houses also used solar chimneys and
evaporative cooling for fighting the dry climate. The atrium is perfect place to
create space for indoor vegetation within the building and there are multiple
examples of using the mentioned method.

However, Central-European blocks of flats built in the second half of the
19" century, that still predominate the building stock in many cities nowadays
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also have an inner courtyard, surrounded with covered, open-air corridors on
every side and each level of the building. This connects traditional architecture
with current urban planning challenges.

The role of green roofs is not examined in this work, as studies have showed
that they have small effect on street comfort (Gromke et al., 2015) and their
benefits opposite the additional grey energy required for the construction
(additional thermal and waterproof insulation).
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3. Methodology of research

In this chapter the methodologies used for this work will be introduced.
Mainly two forms of research have been carried out: on-site measurements
during the summer and autumn of 2014 in Szeged for the investigation of tree-
canopy transmissivity; and modelling using mainly well-known and widely-
used, validated ENVI-met modelling between 2010 and 2015. Another
software was used for modelling indoor thermal comfort: ECOTECT, which
has been a discontinued product of Autodesk since then.

3.1. On-site measurements

The aim of on-site measurements was to investigate the vertical
transmissivity of tree foliage. As previous studies (Konarska et al., 2014) have
shown, a horizontal transmissivity of trees is a characteristic dependent on tree
species, but no study dealt before the vertical shading efficiency of trees.
Carrying out on-site measurements during the summer of 2014 using two
pyranometers for measuring global radiant flux we have investigated the
vertical transmissivity of three typical urban tree species: Common Hackberry,
Japanese Pagoda and Small-leaved Linden. The measurements were carried
out with Kipp&Zonen CNR 1 and 2 pyranometers (sensitivity:
10 to 20 uV/W/m2, spectral range: 310 to 2800 nm and Directional error:
<20 W m-2). Measurement days were selected during full foliage, mid-
summer, clear sunny days during anticyclonic weather conditions. Each tree
was measured at least on two days. Pyranometers were placed at 1 m distance
from the wall, at a height of 1.1 m (standard measurement height in human bio-
climatological investigations). (See Figure 7.)

The same instruments were used for similar researches regarding the
horizontal tree shading of trees (Takacs, Kiss, et al., 2016) and human comfort
measurements too.(Kiss et al., 2015; Takacs, Kovacs, et al., 2016) This
methodology of measuring the effectiveness of tree-shading, as also described
in Szkordilisz and Kiss, 2016a was also used by Krause, Leistner and Mehra,
2020 for similar research purposes.
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Figure 7.: The two pyranometers on measuring site.

The one measuring instrument was always placed in the shadow of the tree
cast facing the shaded wall; while the other instrument was always placed
under direct radiation. Some cloudy periods of time (5-15 min) were not
considered in the database. The measurement design (approximate duration of
the measurements, places of instruments) was helped with preliminary
modelling of the time course of the shade in ECOTECT software, based on size
parameters of the trees and on the orientation of the buildings. Transmissivity
was calculated from 10 minutes averages of irradiance data.

3.2. Numerical simulations

Several numerical simulations were carried out through the research, most
of them representing real or realistic urban settings. In most cases the results
of the simulations were used in relating municipal assignments to justify
planning dilemmas and to support decision-making regarding green-
infrastructure development.

3.2.1. ENVI-met

ENVI-met (developed by Michael Bruse and team, (Bruse and Fleer, 1998;
Bruse, 2004, 2007)) is numerical simulation software widely used for
investigating changes in microclimate. (At the time of the modelling and
simulation demonstrated in this work were carried out ENVI-met was a free-
of-charge and on-line available software — and more or less the only suitable
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for neighbourhood scale research purposes. When discussing other simulation
tools available “Solweig”(Lindberg, Holmer and Thorsson, 2008) must be
mentioned. Solweig was released in 2010, and was capable calculating MRT,
PET and UTCI, however it wasn’t able to calculate wind speed or other
important atmospheric conditions. From 2016 on Solweig is being developed
as a part of UMEP (Urban Multi-scale Environmental Predictor) a plug-in for
QGIS software.(Lindberg et al., 2018). Another well-known simulation tool is
RayMan (Matzarakis, Rutz and Mayer, 2007; Frohlich, Gangwisch and
Matzarakis, 2019), however, the evaluation of results can by only carried out
cell by cell, which makes the implementation of the model tardy. Thus, ENVI-
met was chosen for the purpose of microclimate modelling.

Most of the researches were carried out with the usage of Version 3.1. or
3.5 of ENVI-met. From Version 4.0 the software is only available as a paid
service.) Amongst the advantages of the three-dimensional software is a high
areal (5-10 m) and temporal (30-60 min) resolution ENVI-met is capable to
calculate 50 different measures of air quality, thermal environment, and
bioclimatology, such as: air temperature, relative humidity, Mean Radiant
Temperature, wind speed and direction, Sky View Factor and Predicted Mean
Vote. Despite of the difficulties of building up models, it is a favourable and
suitable tool to investigate the differences between different scenarios, planting
dispositions.

Typical settings used:

— Start Simulation at Day (DD.MM.YYYY): = 22.06.2011
— Start Simulation at Time (HH:MM:SS): = 21:00:00

— Total Simulation Time in Hours: = 23.00- 48.00
— Save Model State each ? Min = 60

— Wind Speed in 10 m ab. Ground [m/s] = 3

— Wind Direction (0:N..90:E..180:S..270:W..) = 315

— Roughness Length z0 at Reference Point [m] = 01

— Initial Temperature Atmosphere [K] = 296

— Specific Humidity in 2500 m [g Water/kg air] = 7

— Relative Humidity in 2m [%] = 70
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3.2.2. Energetic modelling (Autodesk ECOTECT)

ECOTECT is a sustainable design tool which makes possible a detailed
building energy analysis from building to city scale. As ECOTECT is capable
of detailed solar simulation too, it was suitable for my modelling aims.

As described, transmissivity data obtained from field measurements
were used for further modelling in order to give a more general approach to
the shading effect of alley trees. Modelling was carried out with Autodesk
ECOTECT software.
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4. Research results

In this chapter we give an overview of measurement and modelling projects
carried out between 2010 and 2020. The research results presented here were
chosen to focus on the effect of vegetation on outdoor human comfort and also
the changes in indoor temperatures. The following green infrastructure
measures were carried out:

- green fagades,

- street trees,

- combined use of trees and shrubs,

- vegetation in typical inner courtyards of historical blocks of flats in
Budapest.

While introducing the researches | will proceed from the small scale to the
larger scale measures.

4.1. Green facades

Within the history of fighting the negative effects of urban heat island, we
can find numerous traditionally used tools for the improvement of
microclimate. Investigating traditional architecture, we can see several
examples for the usage of vegetation near or inside the buildings, proving that
the use of green fagades was quite common. (See Figure 8.)

Green fagades were not only used by traditional architecture, contemporary
architecture has rediscovered the benefits of using plants as an added layer on
the outer shell of the building. In the last years there are more and more
possibilities and techniques to cover walls with plants. During the past decade
it became fashionable to create vertical gardens, which usually need a specific
structural and irrigating system. Vertical gardens have several advantages,
besides of their positive energetic effects they have aesthetic value too, so they
can also act as attractive media fagade. It has to be also mentioned, that plants
used for vertical gardens are less effective from the evapotranspiration point
of view, and the system is still quite expensive to be spread all over the world.
There is also an example of removing greenwalls because of high maintenance
costs or because of not fulfilling energy-efficiency purposes after all. For
example, the green mediawall of PNC Bank in Pittsburgh on the corner of Fifth
Avenue and Wood Street was implemented in 2009, but the living wall was
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removed in 2016.(Belko, 2016) This also gives a reason for the case study to
refine and clarify the effects of a green fagade or wall and thus, to avoid
unreasonable expectations.

The widespread use of green facades is opposed by some doubts that plants
can ruin the plaster on the wall. This belief is not correct because, on one hand,
climbing plants do not take their nutriment out of the wall. On the other hand
it can be easily avoided by using supporting structure for the plants. There are
several types of climbing plants: there are some which climb with the help
sucker, aerial roots or tendrils. The first two types do not need any supporting
structure, they easily grow on the plastered wall. But the climbing plants with
tendrils need a supporting structure which can be made of steel or timber.
Supporting structure means an additive cost in creating green facades, but on
long term it also ensures easy maintenance. (Hall et al., 2014; Csibi et al.,
2016)

Figure 8.: Green facades on traditional and contemporary housing
(Left: Stein am Rhein (CH), Middle: Lausanne (CH), Right: Stockholm (SE),
author’s own photos)

Leaves of the green facade act as the outer skin of the building. In
wintertime leaves are close to the wall, forming a crust which also acts as
thermal insulation on the building envelope. On the other hand, in summer the
position of the leaves is closer to horizontal, so they don’t only protect the wall
from direct radiation and warming up, but also enable the cooling of the wall
by creating a ventilated air gap on the surface of the wall. Green vegetation
also increases the resistance of the wall against weather conditions.
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Summing up the main features of microclimate created by green fagades we
can find out that they have a cooling and misting effect, which contributes to
the partial equilibration of the negative effects of urban heat island. And
finally, the trees and green facades have a considerable effect on air movement,
reducing wind speed in winter season, resulting in lower heating loads (Heisler,
Harrje and Buckley, 1979).

4.1.1. A case study

In order to be able to prove the exact effects of green facades, a model
simulation was done with the software ENVI-met. The main aim of the
simulation was to prove differences in the microclimatic effects (focusing on
air movement) of green facades if main wind direction is parallel or
perpendicular to the plane of the green facade. The model consists of 6 blocks
of flats, two bigger ones in the middle, and two-two blocks in the boundary
area. The simulation model has two variants: one with, and another one without
green fagade in front of the middle blocks. Observations are mainly done
around the middle block in order to be able to evaluate representative data.

Figure 9. The plan of the studied blocks and surroundings with green facade
(boundary cells are not displayed)
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In order to be able to investigate the wind changes occurring with the green
facades in correlation with the wind direction four simulations have been run
in the following order:

e Simulation No.1.: With green fagade — wind direction is parallel with
the green facade (in following it will be indicated as “north” wind)

e Simulation No.2.: Without green fagade — with “north” wind

e Simulation No.3.: With green fagade —wind direction is perpendicular
to the plane of the green fagade (in following it will be indicated as
“west” wind)

e Simulation No.4.: Without green fagade — with “west” wind

Regarding the weather conditions of the simulations, they were defined as
those on a usual, representative summer day during an anticyclonic heatwave,
since the aim of the study is to prove the effectiveness of vegetative cooling
during extreme hot conditions.

Simulation time: from: 06:00 until 20:00
Wind speed in 10 m above ground: 3 m/s

Wind direction: “north” or “west”

Indoor temperature: 23.85°C
Weighted average thermal transmittance (U-Value) of fagades: 1.94
W/m?K — without plants (windows are not affected by the green fagade)
The calculated variables were examined near the middle building and the
centre of the model:
e Wind speed and direction
Data were examined in the following cases:
e 3 times of the day:
o 8:00 in the morning
o 12:00 at noon
o 18:00 in the evening
e In 3 different heights:
o 1.6 m—the height of an average human’s head
o 6.0 m—the height of a middle level of a building
o 16.0 m —the height of the top level (~5" floor) of a building
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4.1.2. Evaluation of the results

Wind speed and direction:

The changes due to plantation of green fagade in the model are most
remarkable in the development of wind speed. Due to the green fagade the
roughness of the building envelope will be altered, so near the green facade
wind speed will be decreased. In the case of “north” wind, the pressure
conditions will change too due to the wind speed deviation, so there are some
alterations to be observed in the middle of the street and in the cross-streets.
(See Figure 10.)
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Figure 10.: Development of wind speed with (left) or without (right) green facade in
summer, 12.00h, 1.6 m height
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In case of wind direction parallel to the green facade the changes in air
movement will enable stronger urban cross ventilation. In case of “west”
wind, the green facade will mitigate wind speed in the cells in front of the
facade and in the crossroads (parallel to “west” wind) too. The difference
between the two cases makes us doubt the effectiveness of planting
vegetation on facades perpendicular to prevailing wind direction as green
facade may also hinder urban cross ventilation.

Potential Temperature: The change of potential temperature is perhaps not
conspicuous, however it is not negligible. On windward part of the street there
is a decrease in temperature, however, on leeward sides (in the “cross” streets)
there seems to be a slight increase in Pot. Temperature (0,08°C). However,
these differences are hardly sensible for a human.
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Figure 12.: Development of potential temperature: horizontal plane, 1.6 m height
(left) and section along the axis of the street (right), summer, 12.00h, (The
extensions of the model area are seen on the vertical and horizontal axis in meters.)

4.1.3. Findings

As a conclusion of the presented case study it can be stated that the usage
of green facades has a positive effect in creating a better urban microclimate
in the nearest surroundings of the building.

In fighting the growing intensity of urban heat island one of the tools is to
enable urban cross ventilation. (M. Szilagyi and Jambor, 2004) As proved,
green facades enable urban cross ventilation if parallel with prevailing
wind direction. On the other hand, in case of perpendicular wind
direction, only small change of the wind-profile can be observed. Thus, the
planting of vegetation on facades perpendicular to prevailing wind
direction is insignificant from the point of urban cross ventilation.
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4.2. Effect of vegetation on wind comfort

Air flow pattern in urban environment are radically influenced by the
sophisticated topography of buildings. Although the wind velocity in general
Is less than that in rural areas, there are many critical points where the air
movement accelerates. Such phenomenon can be observed in narrow streets,
around the corners and below arcades.

As also shown in the previous chapter, vegetation can not only decrease the
wind velocity but accelerate it. Trees can redirect air flow downward, whilst
shrubs do upward. Around the corners of buildings high wind velocity and
turbulence can develop which itself may lead to discomfort, in case of gust
even the chance of accidents cannot be excluded. These phenomena may occur
in any season of the year. Together with low air temperature the wind may
result in thermal discomfort.

From the point of view of pedestrians, the air flow up to the 2 meters height
is to be investigated. One of the questions is how the whirling air flow around
the building corners can be tempered by vegetation in this band. The height of
shrubs may be estimated as 1 meter while the canopy of trees hinders the air
flow from about 3 meters height. Different combinations of shrubs and trees
may contribute to wind discomfort as well as prevent it. In this chapter the
suitable arrangement of vegetation is analysed in function of street layout and
wind direction.

4.2.1. Vegetation and outdoor comfort

Vegetation in urban environment has multiple effects on environment and
outdoor comfort. As far as the last is concerned mostly the summer period is
analysed with regard to the shading and cooling potential due to the
evapotranspiration. (Block, et al, 2012; Berry, et al, 2013; Takacs, et al, 2014;
Szkordilisz and Kiss, 2016b) Although the importance of these effects is
unquestioned, the effect on air flow patterns should not be neglected. It can be
observed throughout the year.

As an associated effect the wind influences the thermal comfort, too. Even
if the air velocity is moderate, the convective heat exchange between the
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human body and the environment increases. In summer it has positive effect
however in the winter season it results thermal discomfort.

The picture would not be complex without the thermal effect associated to
the wind. For summer conditions with moderate wind velocity (and excluding
the air temperatures higher than the skin temperature) the thermal effect may
be expressed either as PMV or as PET values whilst in winter the wind-chill
index is to be applied. (Egerhazi, et al, 2013)

The wind chill index, or more popularly wind chill factor is a
physiologically equivalent temperature expressing the cooling effect of wind
velocity. The factor was first published in 1945 by Siple & Passel as “K” index
(Siple and Passel, 1945), and a new calculating formula was suggested in 2001
(Osczevski and Bluestein, 2005). The new formula, using S units is as follows:

Twe = 13,12 40,6215 x T, — 11,37 x V¥1® 4+ 10,3965 x T;, x V!¢

where

Twc is Wind Chill Index
T .ir 1s air Temperature in degrees Celsius
V7 is wind velocity at 10 m height.

Twec is based on the phenomenon, that the convective heat loss of a certain
surface depends on the temperature difference of itself and that of the fluid
surrounding it; and the velocity of the fluid. The air movement near the surface
will disrupt the insulating boundary layer next to the surface, thus replacing
the warmer air of the boundary layer with cooler air. Thinking of a human face
exposed to wind the physiological effect of wind is apparent. Thus, the Wind
Chill Index is adapted to the daily weather forecasts especially in northern
countries. (Canada among the first ones). Nowadays the usage of Ty, became
common as many of the weather-forecasting applications of a smart phone also
use Tyc.

4.2.2. Characterisation of wind comfort

In contrast with the thermal comfort the criteria of wind comfort are not
widely accepted. (Janssen, Blocken and van Hooff, 2013) It may be due to the
complexity of the effects and the associated phenomena, however, a brief
overview of related publications (Penwarden, 1973; Gandemer, 1975; Poulton
et al., 1975) shows that in general 5 m/s is considered as the threshold of
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comfort whilst 15 m/s is that of the safety. The velocity is interpreted as “steady
state” without gusts and without the effect of turbulence intensity. It is to be
mentioned that these thresholds relate only to the mechanical effect of air
movement, without the associated thermal effect.

The wind velocity itself characterizes a current situation. The most
ambitious approach aims at a statistical evaluation based on the frequency of
velocities beyond the threshold all over the year (Willemsen and Wisse, 2007)
Assessment of an urban area from the point of view of wind comfort is not
easy since wind and sun are easily variable factors of the environment. Pro
forma likelihood of regional wind with different directions and velocities
should be transformed to the selected urban area, for which the frequency
of threshold values should be calculated. Depending on the frequency
different categories have been proposed and entitled with subjective names.
No doubt this method may be informative however the requested input
database and the calculation method is enormous.

4.2.3. The effects of wind

A steady state wind creates a pressure on the human body which can be
calculated relatively simply taking into consideration the exposed surface and
the aerodynamic coefficient of the body. The balance can be kept by leaning
at a given angle towards the wind. Maybe this posture is less comfortable
however stability is not menaced providing the air velocity is constant. The
same pressure is aggravating whilst walking against the wind: more effort is
required to move forward.

Wind is accompanied by turbulence, which is perceived by pedestrians
as irregular, sudden change of wind direction, velocity, gusts or eddies.
“Direction” is to be understood in 3D, thus vertical air flow components
shall be considered as well. The turbulence is more intensive in built
environment than in most of the rural areas.

The turbulence intensity is the root mean square of the instantaneous
deviations from the mean velocity divided by the mean velocity. Due to the
unexpected changes the effect of turbulence exceeds that of the steady state
wind. To compare turbulence effects to other wind effects, an equivalent steady
wind is defined: (Arens, 1981)
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us =u(l+3x1I)

where,

ug ~ Equivalent steady-wind velocity

u ~ mean velocity

I ~ turbulence intensity (from Reynolds averaged)

Pure mechanical effects of wind are disturbance of clothing and hair,
resistance to walking, and buffeting of the body and carried objects like
umbrellas. Accompanied effects are the blowing grit and dust, lifting loose
papers — these unpleasant phenomena start at about 5 m/s wind velocity.

Mean velocity 15 m/s is considered as threshold of danger where people
may lose their balance. It is to be emphasized that mean velocity is spoken
of, which is accompanied by gusts.

Driving rain as a particle transport process is one of the most unpleasant
effects. The suspension of a solid or liquid particle requires an upward air
velocity equal to the terminal velocity of the particle. A horizontal wind
equalling to or exceeding the terminal velocity will cause a particle to descend
at an angle of 45° or less to the horizontal. For fine drizzle already 1 m/s can
lead to this situation, even for large drops 7 m/s is enough. Driving rain and
particles may cause irritation in the eyes and on the skin. It should not be
forgotten that besides the clothed surfaces of the body some nude parts are
exposed to these effects (face).

Overall thermal comfort is also influenced by the wind. As below Figure
13. shows it, wind velocity (on the vertical axis) modifies air temperature (on
horizontal axis).

0. -3.0
.30

20

10 ]

0 5 10 5
Figure 13.: Wind chill index. On the horizontal axis the outdoor air temperature
C, on the vertical the wind velocity in km/h. The parameters are the equivalent
wind-chill temperatures.
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4.2.4. Case study

The topography of the built environment changes the air flow in several
ways: both acceleration and deceleration in comparison of regional wind in
rural area are possible. Several studies present the effect of a single building,
the canyon, a tall building in a low-rise environment, narrow streets, archways.
The vegetation influences the roughness of the terrain, represents obstructions
and deflects the air flow. Obviously, vegetation itself cannot be the subject of
analysis. Except larger urban parks and public gardens, vegetation and
buildings are to be considered together in typical urban environment.

Such a typical environment is a street with side streets with alleys, shrubs,
green facades. In the following three analysed models will be introduced. The
first model (Base) is a model with considerably high buildings and wide streets
but no vegetation. The second two models (Case 2 and 3) (with the building
geometry unchanged) include vegetation — trees and shrubs — in symmetric and
asymmetric composition. When designing the geometry and allocation of trees
and shrubs, the possible shading potential of trees, and possible impact on
indoor thermal comfort was also taken into consideration, while not forgetting
the necessary width of pedestrian routes and that of the street.

The “Base” model — where no vegetation is used — consists of four 30 m
high 24x24 m big blocks and the 22 m wide streets represent a typical urban
pattern where overflow problems in urban microclimate may occur. The
second scenario is “Case 2" — contains shrubs and trees in an asymmetric
disposition. Shrubs are 1 m wide and 1 m high (light green spots in the layout)
and trees (dark green spots in the layout) have a canopy diameter of
approximately 4 metres. The third scenario — “Case 3” — is a symmetric
disposition of different kinds of vegetation. Trees are placed every 7 metres of
distance, and shrubs both in front of the fagade and at the edge of the pedestrian
way. This enables to create a multifunctional and wide pedestrian way. For
better understanding of the three modelling scenarios are shown in Figure 14,

From the point of view of pedestrians, the air flow up to the 2-meter height
IS to be investigated. The question is how the whirling air flow can be tempered
by vegetation in this band. The height of shrubs may be estimated as 1 meter
while the canopy of trees hinders the air flow from about 3-meter height.
Different combinations of shrubs and trees may contribute to wind discomfort
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as well as prevent it. The suitable arrangement of vegetation is analysed in
function of street layout and wind direction.

On the other hand, the layout of the models were also planned taking to
avoid negative effects, that is, researches have shown, that trees planted in front
of the fagade could also increase the concentration of pollutants on the
pedestrian way.

The models seen on Figure 14. have been investigated using the ENVI-met
software. Although its capacity is restricted in comparison with FLUENT and
other CFD programs it facilitates a relatively fast calculation of velocity and
some comfort parameters. During ENVI-met simulation grid sizes are 1 m.
However, telescoping vertical grid size (z) was used, which enables a 0.8 m
grid height above the surface in order to have more detailed vertical resolution
of the models. Wind speed in 10 m above ground is 6 [m/s], wind direction is
270° (~"west” wind).
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Figure 14.: Models, horizontal layout:

Base,

Case 2,

Case 3.
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Figure 15.: Results of simulation, horizontal layout. Wind speed at 12.00, 0.8m height
Base, Case 2, Case 3 respectively (The extensions of the model area are seen on the
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vertical and horizontal axis in meters.)

Figure 16.: Velocity distribution in YZ Vertical section, cut at X=60.
Wind direction 315°, at 12.00, 0.8m height
Case 2,

Base,

Case 3.
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4.2.5. Results

The hydraulic resistance of the boundary surfaces results in decreasing
velocity along the street as well as in cross section near to the boundary
surfaces. If no other comment is given, the data relate to the height of the
pedestrian zone (0.8 m above the pavement). (Normally, human comfort
studies use 1.2 m height for simulations and measurements, however 0.8 is
more relevant in this case as the centre of gravity is lower.)

The reduction of the velocity along the street axis is the consequence of the
hydraulic resistance of the boundary surfaces. Obviously in the empty street
this resistance is lower, in the street axis the velocity reduction by 30% occurs
at 55 m along the stream whilst in Case 2 and 3 it takes only 25 m. Along the
facades of the first (in stream direction) building in the pedestrian zone velocity
as high as 4.5 m/s can be observed which remains even along the facade of the
second building. In vegetated street the windward edges of the vegetation line
radically decrease the velocity forcing the stream toward the centre line of the
street. Along the facades in the pedestrian zone the velocity does not exceed 4
m, along the second buildings (in stream direction) is as low as 2 m/s. Certainly
the asymmetry of the vegetation can be recognized in the velocity profile.

Due to the radical change of the undisturbed (by vegetation) cross section
of the street the air movement is calmer in Case 2 and 3 then at the corner of
empty streets. Besides of the velocity itself the accompanying turbulence will
be less, too. The arrows illustrate the whirling turbulent air movement at the
building corners. It is worth of attention that in Case 2 the windward edge of
the continuous lines of trees and shrubs blocks the stream at the windward
corner of the second building.

The reduction of the velocity in Base scenario along the street axis is 2.5 m/s
or 28% on 50 m length. Near to the facades (2 m from the facade) the velocity
IS 6-7 m/s, 65-75 % of the maximum in the middle of the street. At the corner
of the first building a bubble can be observed where the velocity decreases to
0.5-1 m/s, 5-10 % of the maximal 9 m/s observed in the middle of the street.
The vector presentation shows whirling air flow here as well as at the opposite
corner.
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On Figure 16., in the cross section of the street, it can clearly be seen that
the trees push upward the air stream. High velocity can be observed in the
empty street even at the mid height of the buildings, due to the vegetation the
field of high velocities is in the height of upper floor. Indentations of the
contour lines shows the effect of trees in both symmetric and asymmetric
arrangements.

Difference Difference
Case 2 - Base Case 3 - Base

1 e — |
/il
/
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Figure 17. Results of simulation, horizontal layout. Differences in wind speed
between base model and models with vegetation at 12.00, 0.8m height
W1= B [Case 2]-A[Base], W2= C [Case 3]-A[Base].

Figure 17. shows the differences between Case 2 and the Base scenario and
Case 3 and the Base scenario. Reduction due to vegetation is shown in blue
colour and with continuous isolines, the increase is shown in red colour and
with dashed isolines. The difference maps represent well the impact of the trees
and shrubs, and also the importance of symmetric or asymmetric disposition
comes clear. The more trees are planted in the street the more diverse the
impact on wind speed modification can be. In Case 3 4-4 medium sized trees
were designed on each side of the street and not only the reduction of velocity,
but also the growth of wind speed in the crossroads is more distinct.

The increased hydraulic resistance and the narrowing of the cross section
result in higher average in velocity in the axis of the street. This means not the
growth of the maximal wind speed but a bigger area where the 70-80% of the
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maximal velocity is typical. Along the street the reduction of the velocity is
more radical in comparison with the empty variant. Nevertheless, in the
pedestrian zone the velocity is lower. This is shown clearly on the cross section
of Figure 18. The velocity in the vertical section shows that the trees push the
stream upward.

60— | | | | 5

40 -

40 60 80 100 120
Figure 18. Results of simulation, YZ Vertical section, cut at X=60.
Differences in wind speed between base model and model with vegetation at 12.00.
V=B [Case 2]-A[Base].
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Figure 19. Results of simulation, XZ Vertical section, cut at Y=90.
Differences in wind speed between base model and model with vegetation at 12.00.
U= B [Case 3]-A[Base].
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Figure 20. Velocity distribution in horizontal plane.
Wind direction 315°, initial wind speed: 3.5 m/s, at 8.00, 0.8m height
Base, Case 3.

The effect on corners is seen clearly if the wind direction is not parallel with
the street axis (Figure 20.). Comparing the “empty” street with that fringed
with trees, the differences are considerable first of all at the marked parts of
the windward side facades. (The velocity distribution is shown in horizontal
plane, 0.8 m above the pavement). Without trees the velocity increases up to
the double of the initial one whilst under the trees the acceleration is only about
10%. Obviously similar ratio can be observed in the axis of the street.

The differences on the leeward side are not radical.

The wind and the thermal discomfort. Together with the mechanical
effects the thermal discomfort in winter is another negative consequence of air
movement. Coincidence of -5 °C and 3 m/s which are far from being extreme
values results in a wind-chill temperature -10. The same temperature and 14
m/s wind velocity have the same effect as -15 °C in calm air. (See Figure 20.

The following Table 2. Summarizing the results of the three investigated
models of all simulations introduced.
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Table 2. Summarizing the results of the three investigated models

wind speed due to the
change of cross section
drag can be observed

decreased by 1-2 m/s.

Base model Case 2 model Case 3 model
street axis 2.5m/s reduction The reduction of The reduction of
on 50 m length maximum values by | maximum values by
Relatively high | 0.5-1 m/s 0.5-1mf/s
wind speed along the
street.
crossroad There is still air (no Velocity increases Velocity increases
ventilation) in  the | on the windward sides | on the windswept sides
crossroad. of the cross street by | of the cross street by
0.25 m/s 0.25-1 m/s
pedestrian The 65-75% of the Velocity decreases Velocity decreases
way maximal wind speed is | by 2-2.5 m/s. by 2 m/s.
typical However, an Seems to be the
increase  (comparing | most comfortable
with Base model) of | solution from the
0.4 m/s occurs on the | pedestrian’s points of
side of the street were | view.
no trees are planted.
corners sudden change of Velocity is Velocity is

decreased by 1-2 m/s.
But on the opposite
corner where there is

accompanying  with no vegetation velocity

turbulence is increased by
0.25-0.75 m/s

4.2.6. Findings

The effects of vegetation on both outdoor comfort and energy balance of
buildings are analysed in several publications. In general cooling effects in

summer

conditions are

evapotranspiration.

Mechanical effects of air movement occur in any season of the year. The
associated effect on thermal comfort is less hazardous or unpleasant in summer
providing the extreme air temperature exceeding the skin temperature is
excluded. In winter the associated effect on thermal comfort is negative.

Case studies have been analysed facilitating to compare “empty” streets and
those of the same size with combinations of trees and shrubs.
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As it could be expected, the vegetation in general decreases the wind
velocity. This is more considerable in the pedestrian zone than along the centre
line of the street. Appropriate position of trees and shrubs at the windward end
of an alley radically blocks the stream along the sidewalk.

Preliminary simulations have shown that the plantation of a simple alley
(only on one side of the street) causes on the side of the alley a diminution
of ~6-6.5 m/s in wind speed but on the other side of the street velocity will
be increased by 0.5-1 m/s, when maximum wind velocity equals to 8.5-9
m/s at 0.8 m height. This asymmetry can be managed with the planting of
shrubs in order to create an optimal wind comfort on the sidewalks.

Longitudinal cross section illustrates that the plants push upwards the
air, the diminution of the velocity is effective in the height of pedestrians.

Vegetation can improve the outdoor comfort not only in summer but all
over the year.
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4.3. Effect of vegetation on solar gain

Shading effect of plants is an important factor in creating a good or tolerable
microclimate outdoors and indoors too. This chapter deals with the efficiency
of shading by trees standing near the building shell and the impact is regarded
from the point of view of the building shell and building itself.

The shading effect depends on multiple factors: the orientation of the wall,
the position of the tree compared to the shaded wall, the height of the tree and
last but not least the foliage and thus, species of the trees.

4.3.1. Shading possibilities in front of the building envelope

Shading using structural elements or vegetation was a usual solution used
in historical countries especially in Mediterranean countries.

Modernist architecture seems to have forgotten the benefits of shading in
the name of pursuing pure and distilled forms of architecture. However,
nowadays architects seem to rediscover the use of shading in climate adaptive
and energy-conscious urban planning. This chapter focuses on the importance
and relevance of shading with vegetation planted near or in front of the fagade.

As the benefits of green fagade were described earlier (Chapter 4.1.) this
chapter will focus on the difference in the shading effect of trees. As the
transparent structures (e.g. window) are most relevant from the internal
comfort point of view, the study concentrates on the possibilities of shading
transparent structures. Climbing plants do not cast shade on the window, and
it is only ensuring an insulating envelope both in summer (diminishing solar
gain) and in winter (tempering the cooling effect of the wind). On the other
hand, trees planted ~1-6 metres in front of a fagade cast a considerable shade
on windows as well, and thus, the shade changes with the altitude of the sun.
Of course, the shading effect of the tree depends on several factors, such as:
the albedo of the wall, transmittance of glazing, the incidence angle of the sun,
and the characteristics of tree canopy: form of the foliage, and transmissivity.

4.3.2. Effect of vegetation on building energy budget

According to the EPBD (EPBD, 2010) whilst improving the thermal
performance of buildings, good or at least tolerable thermal comfort conditions
must be provided. But better thermal insulation and more airtight buildings
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increase the risk of summer overheating which apparently makes mechanical
cooling inevitable. This idea has been verified by the tendency of the last
decade, when people were willing to install and use more frequently air
conditioning devices during the summer heatwaves — increasing their energy
consumption and electricity bills at the same time, not to mention the heat
island intensifying effect creating a vicious circle. We cannot neglect the
importance of studies triggering an efficient way to minimise the cooling load
of residential buildings by obstructing solar radiation.

The usage of plants in front of facades, and especially in front of transparent
surfaces of the facade can make indoor overheating avoidable. Deciduous
plants obstruct buildings’ solar access, so that the microclimate around the
building is improved too. The use of Green Infrastructure in different levels of
planning processes, which would provide sustainable solutions for urban
management, is also prescribed in the EU Biodiversity Strategy 2020.
(European Commission, 2011)

Of course, in order to investigate the actual effect of trees on indoor thermal
comfort, a list of other factors — such as orientation, the type and thermal
properties of the windows/transparent structures used, the thermal
transmittance values and heat storage capacity of the building — should be
taken into consideration. With those factors in mind, the effectiveness of
vegetation for each case can be proved with simulations.

Creating good indoor comfort depends on the effectiveness of shading,
mitigating the solar access of walls and transparent surfaces at a great extent.
Thus, it is an essential issue - regarding the scale of building and plants nearby
- to quantify the amount and ratio of the obstructed solar access by the
vegetation. As a first step, transmissivity measurements were carried out
during the summer of 2014 in Szeged.

4.3.3. Measuring vertical transmissivity

In order to quantify the shading effect of trees — independently from
building characteristics — the properties of the tree canopy must be examined.
A simple parameter of the shading effect — depending on the attributes of tree
foliage — is transmissivity. Transmissivity is defined as the ratio of the amount
of incoming solar irradiance measured in an unshaded point to that of measured
at a point shaded by the canopy. The unshaded point should be totally exposed
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to the sun (ideally on a cloudless summer day under anticyclonal atmospheric
conditions); the shaded point should be in the middle point of the shade cast
by the tree measured. Bioclimatic investigations usually focus on the
horizontal transmissivity — that is shade is considered on a horizontal plane
(irradiance is measured on a horizontal plane) (Berry, Livesley and Aye, 2013;
Konarska et al., 2014). However, from the current studies’ point of view the
shade cast on the facade is relevant, therefore the novelty of the investigation
is that transmissivity is interpreted in vertical plane. This is relevant, as when
examining transmissivity, which is strongly connected with the structure of
foliage and thus, leaf area index (LAI) (McPherson et al., 2018) different
values occur for vertical and horizontal planes.

Our analyses aimed at the quantification of vertical transmissivity — thus
filling a gap in the existing literature of tree shading efficiency — of typical
individuals of three frequently used urban species. The three species analysed
were:

« Celtis occidentalis (common hackberry 1),

« Sophora japonica (Japanese pagoda 2),

« Tilia cordata (small-leaved lime or linden ).

All selected trees were in good condition and were typical for their species. In
Table 3. Measures of the trees some data are to be seen about the trees investigated.

Table 3. Measures of the trees

Total Height of | Radius of | Coordinates | Orientation
height of | tree trunk | canopy of wall behind
tree [m] [m] [m]
Celtis 15.5 2.4 6.55 46.2601; 130°
occidentalis 20.1405
Tilia cordata 9.6 2.3 3.65 46.2577; 130°
20.1448
Sophora 8.1 2.4 2.85 46.2607, 100°
japonica 20.1604°

! nyugati ostorfa
2 japanakac
3 kislevelii hars
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In Figure 21 the situation of the three measured trees can be seen. The trees
were selected so that the orientation of the fagades behind is similar (nearly
southwest, with the aim of the longest irradiation that is achievable) and there
are no objects to shade the tree during the day (the trees are situated in wide
avenues). The distance of the trees and the buildings behind them is identical
in the case of Celtis occidentalis and Tilia cordata - measuring 4.5 metres; in
the case of Sophora japonica the distance between the wall and the tree is
52m.

Figure 21. Pictures of the trees investigated respectively:
a) Celtis occidentalis, b) Tilia cordata, ¢) Sophora japonica

The trees analysed were all situated near the centre of Szeged, usually
beside busy roads. Figure 22. Map of Szeged with the position of the trees
shows the positions of the trees in the city centre of Szeged. The methodology
of measurements were described earlier in the chapter 3.1. On-site
measurements.
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Figure 22. Map of Szeged with the position of the trees

4.3.4. Findings

For calculating the vertical transmissivity, the vertical irradiance values of
the pyranometers were used. The diurnal course of radiation of the two
pyranometers (for the specification of the pyranometers see chapter 3.1.) are
represented in Figure 23.
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Figure 23. Course of global solar radiation (points representing the 10-minute averages) at non-shaded (reference: red line)
and at shaded (below canopy: green line) point of the investigated trees. Day 1 (on the left) and Day 2 (on the right) for each tree
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As presented in Figure 23. the data of the pyranometer gives a bell-shaped
line as total irradiance values change during the day. The sudden drops in
values represent short clouded periods. (Naturally, more measurements were
carried out, finally, only the values of 6 days could be used for analysis, due to
unexpected cloud coverage.)

The grey, horizontal-like line represents the values of the pyranometer that
was always kept in the shade of the tree measured. (Of course, with keeping
the pyranometer preferably always in the full shade of the tree and at the same
time aiming for the less possible movement of the instrument.) The anomalies
in the data of the transmitted radiation are the results of mainly two factors: (1)
some variations of the species-specific structure, or (2) the movement of the
foliage due to some windy periods during the day.

However, the differences between the different trees regarding the ratio of
transmitted and non-obstructed total irradiance proves the hypothesis, namely
that the vertical transmissivity is dependent on species — noting, of course, that
some anomalies might be due to different tree conditions (between species)
and dimensions (apart from the obvious differences according to species).

Transmissivity is calculated with the following formula:

_Gonla] sh[mz]
Gl " eul]
Gon|p2]
Gulryz]
Gy, Stands for global irradiance on vertical plane, transmitted by the tree
G,, stands for global irradiance on vertical plane, unobstructed.
Obviously, the higher the value of transmissivity, the higher is the amount
of transmitted irradiance, thus the shading performance is the worst.
Transmissivity data, and the standard deviation of irradiance data of those
are presented in the following Table 4.
Mean (7) and standard deviation (o) of the transmissivity of the studied trees—
apart of the obvious reasons that determine the transmissivity of a tree
(species), the results are also affected by the density of the canopy, leaf area
index, and tree heath conditions.

where,
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Table 4.
Mean (z) and standard deviation (o) of the transmissivity of the studied trees

Species 7 (%) 6 (%)
Celtis occidentalis 11.3 7.5
Sophora japonica 16.6 7.6
Tilia cordata 12.0 7.6

The biggest tree of all was the common hackberry (Celtis occidentalis),
with thick branches and a rich canopy. On the other hand, the smallest of
all was the Japanese pagoda tree (Sophora japonica) with a loose foliage.
Naturally, the latter proved to be less the least effective in shading
performance, with the highest (worst) transmissivity values and highest
transmitted irradiance. The third tree, the small-leaved lime (Tilia
cordata), although smaller than the common hackberry showed similar
values to that.
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4.4. Effect of vegetation on indoor thermal comfort

After examining the shading efficiency of trees, this chapter focuses on the
effect it has on indoor comfort. The focal point is a case study carried out in
ECOTECT.

The energy-efficient building became a major issue in the past decades
which is also manifested in policies. European architecture is under the
pressure to meet the requirements of EPBD recast (Energy Performance of
Buildings Directive, 2010, which aims at decreasing new buildings’ energy-
demand toward zero (nZEB: Nearly Zero Energy Building). However, the risk
of summer overheating indoors rises with the effort of insulating buildings. At
the same time, we also have to face the fact that directives mainly focus on
new buildings, and in case of the reconstruction and rehabilitation on existing
building stock moderate success can be achieved with the requisition of not
lesser financial resources. Therefore, this work also focuses on the possibilities
that can be achieved by using vegetation near the buildings in terms of energy
efficiency. In this chapter we focus on the structure of buildings built before
1950 typical for Hungarian building stock and characteristic for the city centres
of Hungarian cities. This chapter studies the possibilities besides structural
reconstructions, this means achieving better indoor thermal comfort by using
the methods of climate-conscious urban design in order to create a better
microclimate near the building. We assume that using vegetation for shading
purposes outside the building can make mechanical cooling dispensable
without the risk of overheating — decreasing thus the energy demand in the
summer period. Several studies have shown the importance of using vegetation
for shading and obstructing solar irradiance, under specific circumstances
vegetation planted near the building can decrease the use of air-conditioning
devices and thus electricity-demand. (Akbari and Taha, 1992; Simpson and
McPherson, 1996). The evapotranspiration of the vegetation detracts heat from
the air, which decreases the nearby air temperature.

To examine the previous possibilities, simulations were carried out on the
base of transmissivity measurements demonstrated in the previous chapter.
Getting the transmissivity results of the previous chapter and also other studies
{Szkordilisz and Kiss, 2016a} it can be concluded, that a well planted tree can
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decrease the solar gain on external vertical surface (that is, the fagade) by 83-
89%, depending on species.

The difference of obstructed irradiance to the amount of total irradiance is
calculated as follows:

Go = Gy — Ggp

where,

G, stands for obstructed (reflected and absorbed) global irradiance on
vertical plane

Gy, stands for global irradiance on vertical plane, transmitted by the tree

G, stands for global irradiance on vertical plane, unshaded.

As the tree obstructs the solar access to the wall, transparent surfaces (windows
in open or closed positions) and “empty” openings, that will have a positive
effect on the air temperature of the room and thus the thermal comfort of the
persons inhabiting the room. On the basis of the above logic further simulations
were carried out to examine the incoming radiation indoors — taking into
consideration glazing, and wall types as well.

Further modelling was carried out in ECOTECT. On the base of the created
model several analyses were carried out in order to investigate the trees’ effect
on indoor and outdoor climate. The chapter focuses on the results of solar
analysis, which was carried out for both horizontal and vertical surface
(fagade). The analysis of solar access to the fagade aims primarily to examine
how trees - depending on species - mitigate the heating up of building
structures.

4.4.1. Case study

The main aim of the modelling was to provide more detailed results about
the shading effect of the trees and their impact on different type of buildings’
solar gain. Therefore, the effect of tree shading was studied in different
building scenarios: using heavy-weight, light-weight structures, and historic
box-type windows in closed an opened position.

61



heavy-weight leight-weight

Concrete wall with 18 | Wooden wall with 16 cm
cm thermal insulation. thermal insulation.

) U-value: [0.17 W/m?K] | U-value: [0.18 W/m?K]
insulated

Brick wall, plastereed,
U-value: [1.01 W/m?K]

not insulated
Table 5. Wall structures and their physical characteristics used for
modelling in ECOTECT.

In order to have more general results, it was decided to carry out simulations
on an ideal model. The model consists of a cubic room 12 metres long, 6 metres
deep and 4 metres high. A perspective view is seen in Figure 24. In the model
three types of wall structures were used. Two heavy-weight and one light-
weight structure as shown in Table 5. Insulated wall-structures are capable to
fulfil in the requirements of nZEB, at the same time the uninsulated brick wall
represents best the current state of a historic buildings in Hungary.
(Szkordilisz, Heeren and Habert, 2014)

The window: a historic box-type window, which was used in the model, is
a very typical structure for the Hungarian building stock and was commonly
used mainly between 1855-1960.

Trees are approximated as nearly spherical polygons, and the transparency
of the canopy material is taken from pyranometer measurements.

Modelling was carried out in summer period under free-running
circumstances. Metrological data were taken from the meteorological station
of Szeged (run by the Hungarian Meteorological Service) and imported to
ECOTECT. For this reason, it must be considered that input air temperature
and solar irradiance data are measured in rural environment.
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Figure 24. Perspective view of model made in ECOTECT

4.4.2. Results

As also seen in Figure 24, the modelling focused on the measurement of
solar gain and the tree’s shading effect on two planes:

(1) the vertical, outer surface of the facade (see Figure 26.)

(2) the horizontal, indoor plane 1.1 m above floor level (see Figure 27.).

Figure 25. Conceptual illustration of the simulation
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Figure 26. Diurnal solar gain values on vertical plane
(1) unshaded facade, (2) fagade shaded by Sophora jap.; (3) facade shaded by Tilia
cord.; (4) facade shaded by Celtis occ., value range: 480-3880 Wh/m?)
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Above: unshaded, below: shaded by Celtis occ.
Total radiation value range 400-1200 Wh/m?

In the below table (Table 6.) the result of the analysis of trees’ shading effect
on vertical surface is shown. The data are taken from each cell of the analysis
grid. Cells are 0.25 x 0.25 m big; the grid covers the whole fagade of the model
(12 x 4 m). Approximately the 52 % of the fagade is transparent to be able to
show more precisely the shading effect. The horizontal analysis gridisin 1.1 m
high above the floor level, which is approximately the height of the head of a
sitting person. The next two tables show the results of described model runs.

Cumulative value of diurnal solar gain on vertical surface

[kWh/m?]
Unsheaded Shadowed by Shadowed by Shadowed by
Celtis occ. Soph. jap. Tilia cord.
Average 1,98 0,81 1,60 1,49
Minimum 1,72 0,46 1,18 1,05
Maximum 2,00 1,28 1,92 1,90
Rate of average 0% 60% 19,30% 24,80%

reduction (%)

Cumulative value of diurnal solar gain on horizontal surface

[kWh/m2]
Unsheaded Shadowed Shadowed Shadowed
by Celtis occ. by Soph. jap. by Tilia cord.
Average 0,74 0,52 0,67 0,60
Minimum 0,46 0,46 0,46 0,46
Maximum 1,99 0,97 1,79 1,74
Rate of average 0% 29% 9% 18%

reduction (%)

Table 6.: Shading performance of different species on horizontal and vertical
plane
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The solar gain of a shaded facade can be ~20-60 per cent less, and 10-40
per cent less in case of indoors horizontal surface - depending on species and
canopy size.

After investigating the mitigation of solar gain in case of each species a
further step was to find out changes in indoor temperatures.

The results of the simulations first of all showed the importance of tree
shading, the impact of transmissivity and that the shading potential can differ
greatly according to building material. In the following, the daily course of
inner and outside temperatures are shown for each building construction used
in modelling. In addition, two cases (shaded and non-shaded scenarios) are
shown when windows are open.

Indoor air temperatures in different cases
(structures and shading scenarios) on a tipical
summer day

30,0

29,0
= 28,0
27,0
26,0
25,0
24,0
23,0
22,0
21,0
20,0

C

Air temperature

80 90 100 11,0 12,0 13,0 14,0 150 16,0 17,0 18,0
Hours of the day

— Qutside temperature

Concrete wall, without tree

= = Concrete wall, shaded by Common hackberry
Wood wall, without tree

= = Wood wall, shaded by Common hackberry
= Brick wall, without tree

= = Brick wall, shaded by Common hackberry

Figure 28.Graph showing the daily run (from 8.00 a.m to 6.00 p.m.) of air
temperatures (outdoor) and indoor temperature in case of different constructions
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Taking a look on Figure 28. the following conclusions can be drawn:

a)

b)

d)

Three different structures were examined, however, because of the
thick thermal insulation, concrete and wood constructions performed
similarly — as the heat storage is shielded by 16 cm of thermal
insulation. Consequently, the difference between heavy-weight (brick),
and medium-weight (insulated concrete) structures is taken into
consideration.

regarding the shading efficiency, Celtis occidentalis proved to be the
most effective, therefore the other species are not shown here.

The shading effect of trees is strongest in this case between 11.00. and
15.00, when the difference in air temperature due to shading reaches its
maximum.

However, it can be stated, that the best scenario is to exploit the benefits
of both tree shading and heavy-weight structures. Opposite to the case
when no shading is used in case of medium-weight or light-weight
structures, the indoor temperature reaches Tairin)=27.3°C; when tree
shading and heavy-weight structures are applied, the maximum of
TairGn) IS 25°C. Naturally, 4 Tair(out-iny is dependent on many factors, such
as the glazing ratio, orientation, and transmissivity of the used species.
The difference in Tairiny=2.3 due to different structures and shading
scenarios, might seem small, however, this is a difference that
determines human thermal comfort greatly, as the threshold of
perspiring is above 27°C. (Mekjavic and Bligh, 1989; Hoppe, 1999;
Kalmar, 2016)

Figure 29. is showing the shading effect of Celtis occidentalis in case of

opened window. The difference, that must be observed, that in case of opened
window indoor air temperature is diminished by 1°C due to tree shading.
However, the simulation can’t take into consideration that due to the tree
shading and evapotranspiration the heating up of external surfaces are also
diminished — hence the shading effect during the afternoon hours cannot be

observed.
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Indoor air temperatures if window open on a
typical summer day

30,0
29,0
o 28,0
2270
(5]
5 26,0
4+
g 25,0
£ 24,0
=230
< 22,0
21,0
20,0

Hours of the day

Outside temperature [°C]
Concrete Wall, OPEN WINDOW, Without tree
== == Concrete wall, OPEN WINDOW, Shaded by Celtis occ.

Brick wall, open window, Without tree

== == Brick wall, open window, Shaded by Celtis occ.

Figure 29. Graph showing the daily run (from 8.00 a.m to 6.00 p.m.) of air
temperatures (outdoor) and indoor temperature in case of different constructions,
window openings, and shading

Figure 30. shows the difference in indoor air temperatures in the case of
opened and closed window. The vertical dotted line highlights the moment
when the solid line representing air temperatures in case of closed window cuts
the green dashed line representing air temperatures in case of opened window.
This means, that around 14.00. p.m it seems to be adequate to open window
ensuring natural ventilation. This timeslot depends on shading, orientation
thermal attenuation, however, it can be stated that in current case 2 hours after
the outer shell of the room was exposed to direct radiation, natural ventilation
is possible.
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Indoor air temperatures in different shading
scenarios on a typical summer day

30,0
29,0
28,0
27,0
26,0
25,0
24,0
23,0
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21,0
20,0

Air temperature [5°C]

Hours of the day

Outside temperature [°C]

Brick, closed window, Shaded by Celtis occ.
= == Brick wall, open window, Without tree

==« «Brick wall, open window, Shaded by Celtis occ.

Figure 30. Graph showing the daily run (from 8.00 a.m to 6.00 p.m.) of air
temperatures (outdoor) and indoor temperature in case of heavy-weight wall
construction, opened and closed window, and tree shading

The cooling effect of trees prevails mainly during the daytime. But the
cooling effect of vegetation is really valuable during the night when the
intensity of urban heat island is maximal and the cooling down of biologically
inactive surfaces is hindered. Naturally, this is due to the overall positive
impact of trees on the intensity of UHI and the shading effect, which mitigates
the heating up of man-made surfaces — however this is not represented in the
simulation because of the limits of ECOTECT. As seen in Figure 29. and
Figure 30., due to tree shading natural ventilation is facilitated, as tree shading
provides a lower temperature. If the window is not shaded indoor temperatures
rise not only during daytime but also during the night (as the outer temperatures
are also higher), thus using vegetable shading improves natural ventilation.
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4.4.3. Findings

Summing up the positive effects of trees on microclimate— without wasting
to many words on general remarks — there are multiple benefits to be
mentioned: the study has proved that tree shading can contribute effectively to
creating a good indoor comfort without using mechanical, energy-consuming
devices.

First, the shading diminishes the warming up of both vertical (facade)
and horizontal (room floor) surfaces, as incoming radiation is mitigated —
depending on the transmissivity of the tree — by 9-60%. Accordingly, the
incoming thermal flow to the building structures is also smaller, thus the
outgoing longwave radiation is also less, which diminishes the intensity of the
UHI too.

Secondly, regarding the potential of ventilation it can be stated, that in
accordance with the previously described logic, the heat load burdening the
indoor thermal environment through an opened window will be also mitigated
by the shade of the tree.

1) incoming total radiation on horizontal plane (floor) is diminished
by 9-29% as seen in Figure 27. and Table 6.

2) incoming total radiation on vertical plane (facade) is diminished by
19-60% as seen in Figure 26.

Thus, the risk of discomfort is mitigated for the inhabitant sitting in the
room in a position where exposed to the direct solar radiation either through
the glazing or directly.

Taking into account that incoming radiation on horizontal plane is
diminished by 70-220 kWh/m? it can be stated, that in case the occupant of
the room exposed to direct radiation (e.g. working near the window),
his/her thermal comfort will be enhanced in operative temperature by
1 /50 kWh/m?.(The before ratio can be calculated based on Arens and Ballanti,
1977; Arens et al., 2009)
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4.5. The role of vegetation in rehabilitation of traditional blocks

Stepping a scale further, the next chapter deals with a highly relevant issue
of many historic European cities, where the city centre is dominated by multi-
storey blocks of flats usually concentrated around an inner courtyard. A strong
share of Hungarian building stock was built before World War 2, when social
demands were totally different. Not only the social transformation, but also the
practice of separating bigger flats into tiny studios in the 1950s, and 1960s
have contributed to the moral and structural obsolescence of these flats. For
example, while in the time of their construction, the flats facing the street were
regarded as precious, nowadays people prefer those facing the inner courtyard
as they seem to be more quiet. However, these inner courtyards are deep and
usually dark, or simply they are not well-kept — despite of the efforts of some
municipalities.

According to the National Building Energy Strategy (NEES, 2015) there are
10,226 such apartment buildings built before 1945 in the country, which means
a number of nearly a quarter million flats. 88.3% of those are situated in
Budapest, meaning that circa 23% of the flats in the capital are affected by the
problems described above. (The percentage is calculated based on the data of
the Central Statistical Office (KSH) as seen in the following Table 7.

Table 7. Number and share of multi-story apartment buildings

Number of apartment buildings built before 1945.
(type 10. according NEES)
Hungary | Budapest

Number of buildings 10 226 9030
Number of apartments 242 287 213939
Number of apartments in Budapest (total building stock)
year 2015 2016 2017 2018 2019 2020
number of flats 909 962 | 911502 | 913858 | 916 155| 919 425| 924 664
Share of flats built before
1945 (type 10) 23.51% | 23.47% | 23.41% | 23.35% | 23.27% | 23.14%

As proved before, nearly a quarter of the Budapest housing stock is affected
by the described problem, thus it is highly relevant to analyse possibilities
creating a liveable and appreciated environment for citizens.
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The problem was acknowledged by some municipalities, giving funding
and prizes for green inner courtyards. A guide was also published about the
greening possibilities of inner courtyards by the Municipality of Capital
Budapest. (Bathoryné Nagy, G. Korompay and Teremy, 2019)

An important example that should be mentioned, is the rehabilitation of
Middle-Ferencvaros, part of the IX. District of Capital Budapest. The
rehabilitation process starting from 1995, tended to demolish some of the old
inner wings of the houses, creating a huge green garden within the block. Now,
after more than 20 years’ time, the action seems to be a winning solution, the
intervention was not only awarded the FIABCI Prix d'Excellence in 2016
(Hg.hu, 2016), but it also became one of the most liveable neighbourhoods in
Central Budapest. (The author is aware of some doubts regarding the social
transformation of the area, however, the discussion of this topic would be out
of the thematic frames of this work. The process of planning is well
documented in the book (Locsmandl et aI 2007) and other works )

S X z . X el
Flgure 31. The map of Central part of the IX district (Kozepso-F erencvaros).
The opened up inner yards can be clearly spotted.
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A = K e
Figure 32.: Analysis sheet of the original 1992 action plan, Ferencvaros
(Source: ViarosfejlesztésZrt., 1992)

45.1. The location

The location of the case study is in the 7th district of Budapest, a block of
four buildings - blocks of flats- near Rakoczi square. The block - north of the
market hall at Rakéczi square - is bordered by the Bérkocsis, Bacso Béla,
Vasar, and Vig streets (see Figure 33 and Figure 34). The block consists of
four buildings, each built in the first decade of the 20th century. The two south
buildings have a bigger share of the area of the block and they are also one or
two stories higher than the other two buildings.

323
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Figure 33. The plan of the studied block and surroundings in actual state
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Figure 34. The plan of the studied block and surroundings in planned state

As a consequence of the relatively high buildings the inner courtyards are
deep and well-like (see Figure 35). That means that the microclimate of the
yards is quite unpleasant: shady, humid, the air is not ventilating.

As studies (Gandemer, 1975; M. Szilagyi and Jambor, 2004) haveproved
urban spaces can be properly ventilated if the height of the space wall is not
more than one-and-a-half time the width (indicated with a in Figure 35).

It can be stated that the inner courtyards do not complete this important
precondition. In a courtyard with the described proportions the planting of
vegetation wouldn’t be effective at all. That is why - due to the bad givens of
the courtyard - the study first recommends the demolishing of the two inner
building wings in order to get a bigger courtyard with better proportions so as

to facilitate air ventilation in the yard. Figure 36. shows the proportions of the
opened up inner courtyard of the block.

74



! I
™ @ © = &
= = 0 ©
3 ©
| T 1 £
L T IR L=
34872. LRR. 34875. LRR. 34873. LRR. 34874. LRR.
] © s
© 0 o i
o~ © o © ™ T
o b ) ©
o N ©
+—Tta—=t —a—t a Hﬁ‘

Actual state

Figure 35. The ratio of inner courtyards in actual state; above: longitudinal
section, down: cross section (LRR. = land register reference)

After creating the primary conditions for vegetation three different models
were analysed in order to be able to investigate the effect of the opening up of
the yards and separately the effect of the vegetation in the case study.

——053a——
043a

Planned state

Figure 36. The ratio of inner courtyards in planned state up: longitudinal
section, down: cross section
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4.5.2. Modelling

The first model represents the actual state of the block. The second model
represents a state where the courtyards are opened up, but the yard is floored
with asphalt. Finally, the third model shows the state where the opened up inner
courtyard is planted with vegetation.
Different values in various cases were analysed in order to be able to
investigate the changes occurring in the microclimate of the inner courtyard..
e 3 seasons:
0 Winter: 3 January;
o spring: 15" April;
0 summer: 23" June;

e 3 times of the day:
0 8:00 in the morning;
o 12:00 at noon;
0 18:00 in the evening;

e In 3 different vertical sections:

0 1.6 m—the height of an average man’s head ;
0 6.0 m—the height of a middle gangway;
0 12.0 m - the height of an upper gangway.

e The conditions of the simulations are:

e Simulation time: from: 06:00 until 20:00;

e Wind speed in 10 m above ground: 3 m/s;

e Wind direction: northwest;

e Indoor temperature: 20°C;

e Thermal transmittance (U-Value) of facades: 1.94 W/m?K.

e The measured values are the following:

e Wind speed and direction;

¢ Mean Radiant Temperature;

e Predicted Mean Vote;

¢ Relative Humidity;

e Sky View Factor.

The mentioned variables give us approx. 248 different results. After
evaluating the different charts the conclusions are described below.
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45.3. Results

Wind speed and direction: With the opening-up of the inner courtyard
changes can be observed regarding not only the speed but also the direction of
some air movements inside as well as outside the block. In the inner courtyard
effective natural ventilation becomes possible, so the air quality of the inner
courtyard will be better, mould contamination and musty smell of the yards
can be prevented.

Mean Radiant Temperature: It is obvious that due to the opening up of the
yards solar exposure conditions will increase the values of MRT greatly. As it
can be seen in Table 8. the growth of the values of MRT can be maximal with
a value of ~44 K in summer. If shaded with trees and other plants, the value of
MRT can be kept at a mean of 307 K, which is only 6 K more than in original,
actual state. That means that the risk of over-heating in summer can be avoided
by using plants for shading and adiabatic cooling.

Table 8.: MRT values in the inner courtyard

MRT value [K] summer, 12 h 1.6 m

15t model 2" model 3" model
Nr of cells 111 175 175
Mean 300.715 317.953 307.554
Median 300.715 303.234 301.996
Minimum 300.388 300.925 300.035
Maximum 301.346 345.516 330.195
Std. Deviation 0.195 19.645 10.542
Variance 0.038 385.908 111.127

Predicted Mean Vote: As PMV values are interconnected with the values of
MRT it isn’t a surprise that very similar changes can be observed. In the case
of PMV values minimal changes can be observed in the morning and evening
hours, the changes are maximal in summer at noon. That shows that the
opening up of the inner courtyards will cause over-heating in summer, which
means that the method of only opening up the inner yards is not a god solution.
PMV values can grow maximally by 1 (see Table 9.), which means that more
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than 30% of the people will feel uncomfortable in the yard. But with the usage
of vegetation PMV values will normalize and even in summer nearly 90 % of
the people will feel comfortable in the inner courtyard.

Table 9. PMV values in the inner courtyard

PMV value [ ] summer, 12h 1.6 m

1st model | 2nd model 3rd model
Nr of cells 111 175 175
Mean 0.142 1.183 0.600
Median 0.139 0.505 0.328
Minimum 0.111 0.363 0.249
Maximum 0.189 2.538 1.673
Std. Deviation | 0.020 0.950 0.499
Variance 0.000 0.903 0.249

3
N

V Value

unter -0.43 (77
-0.43 bis 0.1 [?7]
-0.11 bis 021 [?7]
0.21bis 053 [77]
0.53 bis 0.86 [77]
0.86 bis 1.18 [?7]
1.18 bis 1.50 (7]
1.50 bis 1.82 [72)
1.82 bis 2.14 [77]
dber 2.14 [72]

NERCCCRRNN

Figure 37. Change in PMV values in the inner courtyard due to the plantation of
vegetation

Relative Humidity: From the point of physiological wellbeing it is important
to observe changes in the humidity of the courtyards. In actual state the
humidity of the inner yards varies between 64 and 66%. 66 per cent is typical
in the northeast courtyard - according to on-the-spot inspection this yard was
the mustiest one of the four. In the 2" model the values of RH are homogenous
in the opened-up inner courtyard. Due to the planting of vegetation RH will
increase by 2-3 per cent, which is an obvious consequence of the
evapotranspiration of vegetation. However these changes do not influence the
thermal comfort in the strictly arithmetical sense, but there is still a positive
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effect that results from the difference between a damp and dark inner courtyard
and a sunny vegetating yard.

Sky View Factor: In the measurement of SVF we observe only the first two
models, as the effect of plants in this case is not taken take into consideration.
In the 1% model SVF values are between 13-22% but noticed just in a small
part of the four yards. In the 2" model values vary typically from 23 to 32%
but the maximal value reaches 50% in the middle of the opened-up inner
courtyard.

4.5.4. Findings

As a final conclusion of the presented case study, it can be stated that
opening up and planting is an excellent solution for the revitalization of the old
and dilapidated blocks of flats in the city of Budapest. Of course, a few flats
should be demolished, but as usual - as it is the situation in this case also - there
is a possibility of building one storey or two on top of the low building of the
block. (The northeast building of the block is two stories lower than all others,
so this would be a good solution also from architectural point of view.) With
this method the typical fagades can be preserved, and high standard flats can
be created in the city of Budapest.

The method of planting vegetation in opened-up courtyards is very fruitful
from energetic and of social point of view, as a liveable and sustainable
environment can be obtained for city-dwellers, better energetic circumstances,
and a greater range of possibilities for using renewable energy sources can be
created in the block, and what is more, a place of encounter, rest and recreation
for the residents is provided.

Accordingly, to the above listed aspects, it is proved that the reconstruction
of blocks of flats is a complex problem to solve. The results in MRT and
PMV values have shown that with only opening-up of inner yards —
however desirable it seems from architectural point of view —, no better
living standards will be achieved due to the risk of over-heating in
summer. But the usage of vegetation is a tool with which the microclimate
within the block can be changed positively. A better indoor comfort in the
flats can be assured as the due to the reconstruction wind speed increases
as well — giving the possibility of natural ventilation, and also a better solar
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exposure and natural lighting is ensured especially for the flats on ground
floor.

Without the usage of vegetation desirable thermal comfort can only be
achieved with the mere help of building engineering. However, it stands clear
that it would not solve the problems of the well-like inner courtyards, the bad
solar exposure conditions and social barriers, and above all it would consume
a great deal of energy. At the same time, the presented case study proves
that with the help of architectural and sustainable bioclimatic tools
energy-efficient living environment can be created, and the negative
effects of urban heat island can be mitigated.
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4.6. Microclimatic effect of greening neighbourhoods

The following chapter deals with the microclimatic effects of
implementation of Gl elements on neighbourhood scale. The study is relevant
to analyse which solutions are more effective under certain circumstances.

4.6.1. The location and it’s microclimate

The spot of the case study to be presented is situated in the Il. District of
Budapest, northwest of the Margaret Boulevard, near Millenaris Park and its
wider surroundings. The building stock of the area is quite diverse in terms of
its function: the two huge blocks of the Mammut Shopping Centre on either
side of LovOhaz Street, the Millenaris building complex, market, public and
educational buildings, a church and, of course, numerous residential
condominiums are situated here. (See Figure 38.) Due to the diversity of the
area, it even can be considered as a city within a city, which is why it is justified
to reconsider the rehabilitation of the area in a complex way. The so called
Millenaris II, SzéllKapu Park development project has just been finished and
opened in August 2020* However, the re-planning and simulations presented
in this chapter were carried out in 2014, in the frames of the UHI (3CE292P3)
Central Europe project, on the order of the Hungarian Meteorological Service.
(Microclimate modelling was carried out by the author, Baranka et al., 2016)

The microclimate of the area is influenced by numerous factors. On the one
hand, the prevailing north-northwest wind arriving from Hiivosvolgy, and on
the other hand, the topography also plays a role in shaping the microclimate of
the area, as the area is located on the southwestern slopes of the R6zsadomb,
all the way to Margaret Boulevard. In addition, we must not forget the heat
load of larger buildings, which is especially significant for narrow streets - such
as Lovohaz Street, which is also parallel to the prevailing wind direction,
making it the most significant urban canyon in the area. The width-to-height
ratio of the street is not only an important factor in shaping the local
microclimate, but also determines the possibility of planting plants. (Goh and
Chang, 1999) It is important to mention that the Il. District, and thus, the
planning area is also quite well-populated with urban trees. Nevertheless, the

4 http://szellkapu.hu/
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condition of the trees and in some cases the neglected conditions justify the
rehabilitation of the area.

| - )04

Figure 38. The pilot are on Google Earth in 012 (above) and in 2020 (ngAow).
4.6.2. Principles of planning, means of intervention

The conditions created by traffic and street width, as well as the parking
habits of the population, had to be taken into account in the rehabilitation
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planning. Considering the circumstances, the possibilities, and the changes to
be achieved, the application of the following Gl elements were implemented:

- tree-lines are placed in streets where there is enough space for doing so,
and at a density that does not yet significantly reduce the number of parking
spaces in parking lanes. Where possible, not only single but also double rows
of trees are placed.

- use of planting boxes: Firstly, planting boxes were places wherever there
Is not sufficient space for tree rows, however, an increase in the proportion of
green space is possible. Secondly, planting boxes were created in combination
with rows of trees, thus, multi-level vegetation can be created in an urban
environment. The planting boxes used are 50-60 cm high and contain low
woody plants and perennial ornamental grasses.

- green facades are used where, the width of the street does not allow the
installation of other green surfaces, or on building fagades where the raster of
windows and doors allow the implementation of green walls or facades. In
addition to the significant aesthetic and physiological benefits, the use of green
facades has positive microclimatic effects already described earlier.

- green roofs: the role of green roofs is again very diverse, as they have a
very important recreational value for both public and residential buildings, in
addition to stormwater infiltration and other microclimatic and energy benefits
associated with the appearance of plants. Within the design site it was proposed
to implement green roofs for several blocks of flats, municipal and other public
buildings. (Green roof on the buildings of another legal entity: Tulipan u. 24,
Marczibanyi tér 3, Kis Rokus utca 18, 16, 14, 12, 2, 4, 6, Lovéhaz u. 1-6, 12,
14, Fényes Elek u. 7- 13, 14-18, etc .; green roof on municipal buildings:
Marczibanyi tér Sa, 13, etc .; green roof on residential buildings: Kis Rokus
utca 33-31, 1-1a-3-5-7, etc. See Figure 39.)

- green spaces: since the planning area also has two major public green
spaces in good condition, (Millenaris Park and the recently renovated
Mechwart liget) their redesign was not proposed. However, the so-called
“SzéllKapu Park” which has been developed on the site of the demolished,
joining the Millenaris area.
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Figure 39. The rehabilitation plan of the area. (Landscape architecture: O. Kocsis.)

ib

4.6.3. Modelling

In order to investigate the impact on microclimate of the main interventions
planned for the area, microclimate modelling was executed in ENVI-Met
(software described in chapter 3.2.1.). The whole area would not have been
suitable for modelling, so the model area was cut into 3 sample areas.

Figure 40. 1 mode
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Microclimate modelling was carried out with a uniform cell size of 4x4
meters. The wind direction is uniformly northwest, the wind speed at an
altitude of 10 m is 3 m/s. The simulation starts at 9 a.m. on a typical summer
day and the simulation time is 24 hours. Initial air temperature is set at 23 ° C,
and relative humidity at 2 meters: 70% - according to data from the
meteorological service. For each sample area, two variants are modelled: the
first reflecting the original conditions and the second reflecting the planned
conditions. The impact of the implemented GI elements — already described —
are briefly summarized below.

- alley trees: the effect of single and double alleys causes a spot-like
decrease both in the MRT and PMV index. By the growth of the tree canopies,
or by planting the trees closer together, this reducing effect might be made
linear along the street, yet, the mitigating effect does not exceed the area of
intervention.
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Figure 41. Effect of single and double alley in Fény and Retek streets
(summer, 12: 00h, 1.6 m)

As shown in Figure 41. Effect of single and double alley in Fény and Retek
streets
(summer, 12: 00h, 1.6 m) the alley of trees typically reduces the value of
PMV by 2, sometimes by 3 units. In our case, this means that while in the
original state, 80% of pedestrians walking on the sidewalk feel
uncomfortable, this proportion can be reduced to 10-30% by planting
trees. (Baranka et al., 2015)
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Figure 42.Cartogram showing the difference in MRT values around Lovéhdz utca
due to the planting of vegetation in Retek and Fény utca, (greened — original state),
summer, 12.00 a.m., 1.6 m height (The extensions of the model area are seen on the
vertical and horizontal axis in meters.)
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Figure 43. Cartogram showing the difference in Potential Temperature® values
around Loévéhaz utca due to the planting of vegetation in Retek and Fény utca.
(greened — original state), summer, 12.00 a.m., 1.6 m height (The extensions of the
model area are seen on the vertical and horizontal axis in meters.)

® Potential Temperature is a nomenclature used by ENVI-met, it equals to Air Temperature.
Potential Temperature ,,is calculated as an average temperature over all grid cells of height
z, excluding those occupied by buildings”. (Bruse, 2004)
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Figure 44.: Cartogram showing the difference in MRT values around Keleti
Karoly utca due to the planting of alley trees. Greened — original state, summer,
12.00 a.m., 1.6 m height (The extensions of the model area are seen on the vertical
and horizontal axis in meters.)
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Figure 45. Cartogram showing the difference in Potential Temperature Keleti
Karoly utca due to the planting of alley trees. Greened — original state, summer,
12.00 a.m., 1.6 m height (The extensions of the model area are seen on the vertical
and horizontal axis in meters.)

- planting boxes:
if implemented alone and not complemented with other measures, the effect
of planting cassettes on the microclimate is negligible, but it is undeniable that
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they have a positive impact on the streetscape and the psychological well-being
of the population.

. A planting box appears in the Bimbo road in combination with alley trees,
thus, its microclimatic effect cannot be clearly separated from that of the alley
trees, so, a far-reaching conclusion about the effect of planting boxes cannot
be drawn.

- green facades: The planned green facades could not be modelled on the
scale of the model area, but it is known from previous research that in the case
of prevailing wind direction they significantly reduce the average radiation
temperature and the PMV in their immediate vicinity. (Szkordilisz, 2014)

- green roofs: the effect of the planned green roofs is very complex and
therefore difficult to model. A green roof, in addition to reducing the intensity
of the urban heat island, slows down the water runoff, thereby reducing the
amount of gray water to be treated; it plays a significant role in the living
standard of those working or living in a building providing a natural space for
rest and recreation.

- green spaces: the designers did not propose any changes to the planning
area in two significant public green areas - Millenaris Park and Mechwart liget.
However, the “SzéllIKapu”park appeares as a new element on the site of the
recently demolished ministry, significantly increasing the green area of the
Millenaris. According to the results of microclimate modelling, the
disappearance of the ministry block and the appearance of a new green area
will also reduce Mean Radiant Temperature by ~30-40 K, and the air
temperature by 1.5-3.0 ° C, as seen in Figure 46. and Figure 47 respectively.

Overall, due to the increased proportion of green spaces in the study area,
the microclimate — accordingly to the spot-like nature of measures - improves:
enhances ventilation, increases relative humidity, significantly reduces MRT
and PMV values, and in case of drastic intervention (demolishing a 33 m high
building) air temperature will also show a significant decrease.

88



250 B 40

200

150+

100+

5'0 160 15;0 2(‘)0 zéo
Figure 46.: Cartogram showing the difference in MRT values due to creation of
SzéllKapu park (summer, 12:00h, 1.6 m)
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Figure 47.: Cartogram showing the difference in Potential Temperature values
due to creation of SzellKapu park (summer, 12:00h, 1.6 m)
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4.6.4 Findings

The case study had two objectives. In particular, to demonstrate that urban
regeneration considering the development of green infrastructure on
neighbourhood scale, as its basic concept, leads not only to the
improvement of the aesthetics of urban environment and the well-being of
citizens, but also of the urban microclimate: MRT and PMV values can be
decreased to a significant extent contributing to a satisfactory thermal
comfort during the summer heat waves. Secondly, there was an aim to
analyse the efficiency of different kinds of measures: which Gl elements are
best to use. When selecting the measures to be applied the physical and
infrastructural feasibility, as well as the financing possibilities of the planned
investments were kept in mind. Creating new green spaces and planting
alley trees proved to be the most efficient in creating a better thermal
environment, however these measures are feasible with a remarkable
investment — economically as well as in terms of construction. Recently,
several calls for projects (ERDF operational programs, LIFE projects) have
been available, thus, the municipality might be able to finance a similar
development. However, the involvement of private capital is not
inconceivable. (For example, in the case of SzéllKapu park the costs of
maintenance are partly financed by the income from the underground car park
under the park.)

The application of GI elements has a positive impact on social, ecological
issues and human physiology, which should take priority over short term
financial benefits. To understand this, however, a paradigm-shift is required
for professionals, decision-makers and as well as laymen.
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5. Results, conclusions and recommendations

The context of results in urban planning

Summing up the results it is essential to put those into the context of existing
literature and the history of microclimate research in terms of the effects of
green infrastructure.

In recent years, the interest towards the methodology and toolkit of climate
adaptive planning has risen remarkably among urban planners and architects.
This is partly due to the media coverage of the topic as well as to the shift in
the requirements in numerous EU funded operative programmes. Nevertheless,
the knowledge available and useful for urban planners is still limited and there
is a need for the capacity building of planners, experts and decision-makers.
Experience shows that climate conscious planning and the implementation of
green infrastructure requires the engagement and cooperation of various
sectors. This necessity also emerged for linking the scientific results of
multiple fields.

The pioneering period of research in this field started with fundamental
literature from the sides of meteorology, architecture and landscape
architecture such as Olgyay and Olgyay, 1963; Lee and Givoni, 1971; T. R.
Oke, 1987; Szokolay, 1998.

Following these works, an attempt has been made to combine both
meteorological and architectural perspectives and provide research results that
help planners to create a more liveable and environmentally sustainable urban
environment from building to neighbourhood scale.

Methodology

Therefore the aim of my research was to examine the microclimatic (and
eventually energetic) effects of small and medium-scale Gl interventions:
green walls and facades, alley-trees, shrubs and planting boxes, and in
neighbourhood scale: inner gardens and new green spaces. | focused on the
analysis of Transmissivity related to tree species, Air Temperature, Mean
Radiant Temperature, Predicted Mean Vote, and Wind Velocity. | deliberately
choose metrics, that are easy to understand also for urban planners and
architects also.

For the purpose of analysing the effect of selected Gl elements | used
numerical simulations and on-site measurements.
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Conclusions

Examining the effect of green facade on the scale of buildings, the
plantation of vegetation is undoubtedly positive. In summer the leaves decrease
the heating-up of the wall, so due to green facades the inner cooling demand
will significantly be reduced (Ottelé et al., 2011). In winter, the green fagade
— if evergreen — will decrease the air movement near the wall, so heating
demand might be decreased. The case study described in Chapter 4.1. proved,
that the effect of green fagade on wind speed depends on the angle of the fagade
and the prevailing wind direction. In case the green facade is implemented
parallelly with the prevailing wind direction, the effect is stronger: due to
the change of roughness of surfaces, a sort of “bottleneck” is created in
the street, therefore in the middle of the street the velocity of the air will
increase, and the static pressure will decrease — the latter has, but not
negligible effect on the inflow of air from the cross-streets.

Further simulations were carried out to investigate the effect of different
plantings in the street on wind comfort. This time, the effect of greenery in
case of diagonal wind direction was also analysed to have more information
on the air movement around the corners — as these are the spots, where sudden
gusts might reach the pedestrian, thus these spots are crucial in creating an
agreeable wind comfort. Apart from the obvious result, that vegetation
decreases wind velocity in the immediate proximity of the plants, the
conclusion from the study is, that an asymmetrical disposition of various
plants (shrubs and trees together) is most desirable, as this kind of solution
ensures an acceptable wind comfort but does not hinder urban cross
ventilation. Previous studies have shown that planting trees near the facade
might increase the concentration of air pollutants on the pedestrian way due to
limited air velocity around the canopy of the trees. However, shrubs might
have an opposite effect creating an upflow above the pedestrian way.

The second research area was the investigation of the effect of trees on solar
irradiance, vertical transmissivity, and indoor thermal comfort. Since the
horizontal transmissivity of trees has been investigated in recent years, |
aimed to measure the vertical transmissivity of three different, typical
urban species (Celtis occidentalis, Tilia cordata and Sophora japonica) with
the usage of pyranometers. It was found that transmissivity ranges from
11,3% to 16%.
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Based on the values retrieved from on-site measurements, further energetic
simulations were executed. The aim of the modelling was to have results on
the effect of trees on the warming-up of the fagades and indoor air
temperatures. It was found that tree shading diminishes significantly the
warming up of both vertical (facade) and horizontal (room floor) surfaces.

The effect of opening the window was also studied, with the result that it
makes sense to open the window in the afternoon hours, as the indoor
temperatures can be lowered when the fagade is shaded.

Regarding neighbourhood scale investigations, first, the effect of opening
traditional blocks and implementing vegetation in the inner courtyards was
studied. It was found that wind speed and sky view factor will be increased,
which are favourable, however, the demolition of the inner wings of the
buildings also increase the risk of summer overheating. All negative
impacts can be addressed with using intensive greenery in the yards, thus,
creating a better thermal comfort and living environment in the yard and the
adjoining flats as well.

The last case study examined the effects and possibilities of climate-
adaptive planning with implementing multiple green infrastructure elements at
the same time on neighbourhood scale. It has been demonstrated that alley
trees, planting boxes and new green spaces momentously reduce the risk
of summer heat stress, that is the values of MRT, Tar and PMV values.
However, it came also obvious, that the microclimatic effect of implementing
trees does not exceed the area of intervention, on the other hand the effect of a
new green space is more extensive spatially.
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6. Theses

6.1. The effect of green facades on urban wind velocity and wind
profile

| examined the effect of green facades on urban air movement with using

ENVI-met numeric simulations. Analysing the implementation on an ideal

model, | found, that:

A) In case of wind direction parallel to the green facade the maximal
value of wind velocity does not change, however, the wind field changes
(the area where maximal wind velocity is typical is elongated
compared to the state with no greening) due to the change in roughness
of facades. This phenomenon increases inflow from the cross streets,
thus enable stronger urban cross ventilation.

B) In case of wind direction perpendicular to the green facade, the
implementation of green facade will mitigate wind speed in the cells
in front of the facade and in the cross streets (parallel to wind direction)
too.

C) The difference between the two cases questions the effectiveness of
planting vegetation on facades perpendicular to prevailing wind
direction as green facade may also hinder urban cross ventilation.

6.2. Creating better wind comfort with plants

| analysed the effect of combined greening (trees and shrubs) on wind
comfort with multiple numeric simulations carried out with ENVI-met. | have
proved that alleys have a complex effect on urban airflow pattern
according to orientation and prevailing wind direction.

A) The effectiveness of vegetation planted in front of the facades on
modifying the microclimatic environment is greatly determined by
the angle of the prevailing wind direction and the orientation of the
street. If parallel with prevailing wind direction, the planting of an
alley or green facade and shrubs mitigates the areal expansion of
maximal wind speed and thus mitigates maximum values by 0.5-1 m/s
— thus increasing wind comfort in urban canyons in winter.
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B) On other hand, on windswept sides of the perpendicular street
velocity can be increased by 0.25-0.75 m/s — enabling urban cross
ventilation, or in extreme case creating an unpleasant wind comfort
in front of the facade.

6.3. The vertical transmissivity of typical urban tree species

Carrying out on-site measurements during the summer of 2014 using two
pyranometers for measuring global radiant flux | have investigated the vertical
transmissivity of three typical urban tree species: Celtis occidentalis (Common
hackberry), Sophora japonica (Japanese pagoda) and Tilia cordata (Small-
leaved linden).

A) Among the three investigated species the Celtis occidentalis proved to
have the densest canopy with a transmissivity value of =/17.3%, and
Sophora japonica is the least effective in terms of vertical shading with a
transmissivity value of 7=16.6%. Tilia cordata has similar values to Celtis
occidentalis with a transmissivity value of t=12%.

6.4. The effect of alley trees on outdoor thermal comfort

Regarding the effect of green infrastructure elements on neighbourhood
scale, first, the effect of implementing treelines and alleys in streets on outdoor
thermal comfort was investigations. Applying different methods — on-sight
measurements and numerical simulations — | investigated the positive and
negative effects of alley trees on outdoor thermal comfort.

A) | have proved that alley trees diminish Mean Radiant Temperature
and thus Predicted Mean Vote — depending on the distance of canopies
— in a patchwork-like or linear way. Predicted Mean Vote can be
mitigated by maximum of 2.5-3 units in a typical summer day at
midday.

B) I have shown that a tree planted in front of a building facade (oriented
to south, southwest) can diminish the daily solar irradiance on vertical
surface (if 7=12-16%)by 20-60% (maximal 1 kW/m2/day) under
summer conditions This phenomenon, of course, also affects the Mean
Radiant Temperatures measured on the pedestrian way both during the
day, and in the evening hours, as it reduces the surface temperature of the
wall, and thus, the intensity of UHI too.
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6.5. The effect of alley trees on indoor thermal comfort

Based on transmissivity measurements and further energetic simulations |
have shown, that depending on the thermal performance of the building
envelope and natural ventilation scenarios, a tree in front of the transparent
surfaces (oriented to the south, southwest) of the investigated room diminishes
the irradiance on vertical and horizontal surfaces in the following ways:

A) The average of incoming total radiation on horizontal plane (floor) is
diminished by 9-29% and on vertical plane (facade) is diminished by
19-60%.

B) The simulations have shown that shading by trees also promotes natural
ventilation, since in the case of shading by trees and opening the windows
during the afternoon hours, the average indoor air temperatures decrease
compared to the case without shading by trees and closed windows.

6.6. Role of vegetation in urban rehabilitation

| examined the effect of opening up and greening of city centre blocks. I
have proved - with using ENVI-met numeric simulations - that joining inner
courtyards along with demolishing the inner building wings, bring a favourable
outcome in terms of microclimate if the courtyards are greened. | have proved
that:

A. The described method of opening up itself is not a successful
intervention from microclimatic point of view, as Mean Radiant
Temperature values on the surface of the yard will increase by
AMRT=17 K and Predicted Mean Vote values by 1 in average, under
summer conditions.

B. In order to avoid the negative effect of the described urban
rehabilitation method, vegetation can improve the microclimate of the
opened-up courtyards. Mean Radiant Temperature values are
decreased by AMRT=~10 K in average and by AMRT=~15 K in terms
of maximal values — compared to the non-planted conditions.

C. The average value of Predicted Mean Vote is decreased by 0.6 units
(percentage of dissatisfied people drops by 50%) — this is due to
vegetation (trees, shrubs, and lawns).
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6.7. The microclimatic effect of implementing a green space

| examined the effect of creating a new green space of 20,000-25,000 m? on
the plot of a demolished building. | have proved - with using ENVI-met
numeric simulations, - that the new green space will:

A) reduce the value of Mean Radiant Temperature by
AMRT=~30-40 K, and reduce Potential Temperature by
ATpot=1.5-3.0°C

It was proven, that alley trees, planting boxes and new green spaces

momentously decrease the risk of summer heat stress, that is the values of
MRT, Tair and PMV values. However, it came also obvious, that the
microclimatic effect of implementing trees does not exceed the area of
intervention, on the other hand the effect of a new green space is more
extensive spatially.
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7. Summary: green infrastructure in the planning practice

Urban microclimate has been a fashionable topic of interest to a number of
researchers in the last decade. Many have come to the conclusion that green
surfaces are essential for achieving a climate-conscious urban environment.
Urban parks, green facades and roofs not only provide shade and shelter for
city dwellers, but also play an important role in creating cooling islands within
the urban heat island.

At the same time, however, to implement those principles, theory must be
turned into practice which includes:

« create a favourable and flexible governance system adapting green

infrastructure on multiple levels, sectors and scales,

« ensuring policy alignment at the local level, and engaging local

authorities and decision makers;

« capacity building among the executors of the planning and

implementation process;

« and finally involving local actors (NGOs, civil movements, educational

institutions, SMEs and local entrepreneurs).

The process of the above listed steps is very complex and as previous studies
have shown (Kérmondi, Tempfli, Kocsis, Adams, and Szkordilisz, 2019) the
success of green infrastructure implementation is related to the planning
traditions of a country or macro-region.(Szkordilisz et al., 2018)

Regarding the Hungarian situation of green infrastructure planning, the
national framework is guaranteed by the 28/2015. (VI. 17.) Parliamentary
Decree (A4 bioldgiai sokféleséeg megdrzésének 2015-2020 kozotti idészakra
sz0lo nemzeti stratégiajarol, 2015) which sets the foundations of biological
diversity. However, the question of green infrastructure development is rather
fragmented, the implementation of GI is it is more related to the execution of
Operational Programmes, and thus to municipal action plans. Guidelines for
the development of those plans are ensured in the document Methodological
Guide for the Creation of Green Infrastructure Development and Maintenance
Action Plan (EHAT, 2016). Besides this, numerous strategies and development
concepts have been created on the commission of local municipalities and
county municipalities including the Municipality of the Capital Budapest.
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However, the implementation of these plans does not always go smoothly: the
larger the scale, the more complex the execution.

Many other works have been published to support the better understanding
of green infrastructure planning among professionals, planners and decision-
makers. As a pioneer among those works the so-called Urban Climate Guide
(Szilagyi et al., 2011) must be mentioned, which aimed to give a brief
overview of the effects and relations of urban planning and development to
decision-makers. A series of reports summed up the international best practices
and state-of-art regarding green infrastructure development, and also the
inconsistencies and potentials in creating a more favourable institutional
background and legislation to support the planning, realization and
maintenance of green infrastructure. (Kollanyi, Maté, Mez6sné dr. Szilagyi,
Adam, et al., 2017; Kollanyi, Maté, Mez8sné dr. Szilagyi, Bathoryné Nagy, et
al., 2017)

The point is reached when the question also arises as to how urban planners
can be supported by researchers in using the results of theoretical research in
their everyday planning routine. This question has been addressed in some
publications (Szkordilisz, F; Kiss, M; Egerhazi, LA ; Kassai-Szo6, D;
Gulyas, 2016). The following Figure 48. summarizes the differences of
interests and needs of the target groups.

Urban climate researches <= Urban planning & design
Considerably high amount of Active urban designers and

researches conducted in the field of
urban climate.

Modelling and field
measurements are available on the
effect of different green
infrastructure elements on urban
(micro)climate.

architects were not educated to cope
with climate issues.
Climate-conscious principles are
not implemented in urban planning.
There seems to be a lively
interest among architects towards
climate-adaptive planning.

Figure 48.: Showing the gap between the results of urban climate research and
the knowledge necessary for urban planners.

The effectiveness of Green Infrastructure elements in urban setting comes
up more often recently in urban planning (for example: Sustainable Energy and
Climate Action Plan, Municipal Climate Strategy, Integrated Urban
Development Strategy, etc) when the planning expert should have ready
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answers to particular problems and lead the decision-makers to a solution that
will be environmentally effective, socially accepted and economically
reasonable. This is a complex and not an easy task confirmed by many years
of practice.

In order to make the conclusions of urban climate research more
understandable for urban planners the methodology of presenting the results
need to be changed. For that purpose, multiple projects have been carried out
with my participation, including: Nature4Cities (Horizon2020; (Kantor et al.,
2017; Szkordilisz et al., 2018; Bouzouidja et al., 2019, 2020; Kérmondi et al.,
2019); The UHI project (CEE; Baranka et al., 2015, 2016; Szkordilisz, 2018),
and numerous smaller commissions from Hungarian municipalities. In
cooperation with my colleagues, | am currently also working as a consultant in
green infrastructure development on the commission of municipalities, but
presenting these results would exceed the frames of this study.
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8. Osszefoglalo

Az éghajlatvaltozas hatdsdhoz kothetd stulyos kornyezeti, gazdasagi és
tarsadalmi folyamatok a szemiink el6tt zajlanak. Ezen folyamatok felerdsodése
leginkdbb a varosokban érvényesiil. Az extenziv urbanizacid negativ
hatasainak lekiizdése és az ennek eredményeként er6sodd varosi hdsziget
negativ hatdsainak csokkentéséhez elengedhetetlen a zold infrastruktira-
elemek hatékonysaganak vizsgalata a mikroklimatikus viszonyok
megvaltoztatasaban. A zO0ld infrastruktura azon intézkedések Osszessége,
amelyek 0Osszekapcsoljak a természetet a varosi kornyezettel. A zold
infrastruktara-elemek megvalositasanak legfontosabb hajtoereje az élhetdbb
varosok létrehozasa és a véroslakok szemléletformalasa a projektekben valod
részvétel és bevonas altal.

Jelen kutatds célja, hogy megvizsgalja a z0ld infrastruktira elemek
mikroklimdra, és az épiilet energiafogyasztasara gyakorolt hatédsait; kiiltéri és
belsé téri hokomfort; és a kutatasi eredmények konnyen alkalmazhat6 alapot
adjanak a ZIE elemek varostervezésben valod kivitelezéséhez és tervezéséhez,
és tovabbi vizsgalatokhoz — tipikus magyar varosi teriiletekre koncentralva.

A témaban elérhetd szakirodalom attekintése utan elsésorban kisléptékii
z0ld infrastruktira elemek: fasori fak, zoldhomlokzatok, belsoé kertek és kis
kiterjedésti varosi kozparkok hatasat vizsgaltam. A kutatdsban mértem a fa
lombozatanak fliggdleges sikra vonatkoztatott transzparenciajat, és
modelleztem a belsé homérsékletre, valamint a szelléztetési potencialra
gyakorolt hatasat. A helyszini mérések piranométer és infrakamera
hasznalataval torténtek, a modellezéshez tobb szoftvert is hasznaltam:
numerikus szimulaciokat futtattam le az ismert és széles korben hasznalt,
validalt ENVI-met szoftver hasznélataval. A beltéri h6érzet modellezéséhez az
ECOTECT nevii szoftvert alkalmaztam.

A kutatasi eredményeim igazoltak, hogy a zold infrastruktira elemek
sikeresen tudjak pozitivan befolydsolni épiilet és szomszédsagi 1éptékben a
mikroklimat, és gatoljadk a nyari hdstressz kialakuldsat. A z6ld homlokzat
hatasai kozott kiemelendd, hogy az uralkodd szélirdnnyal parhuzamosan
telepitve, a varosi atszell6zésre gyakorolt hatdsa erdsebb. A fasorok esetében
1s hasonl6 hatast figyelhetliink meg a szélsebesség €s sz€lprofil valtozasaban,
koszonhetden a megvaltozott érdességnek, éppen ezért célszeriibb a
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ndvényzetet az utcan aszimmetrikus modon telepiteni, amely ily modon
javithatja a szélkomfortot.

A fak vertikalis transzparenciajanak vizsgéalata soran harom jellemz6 varosi
faj arnyékolasi potencialjat mértem: az eredmény azt mutatta, hogy a legjobb
arnyékolo a nyugati ostorfa (Celtis occidentalis; 7=11.3%), hasonlo értékeket
mutatott a kisleveli hars (Tilia cordata, =12%.); és a legrosszabb
teljesitményii a japanakac (Sophora japonica, t=16.6%). A transzmisszivitas
értekeket alapul véve tovabbi szimuldciokat végeztem a fak a belsd térre
gyakorolt sugérzasi nyereség csokkentd hatdsat vizsgalatanak érdekében. A
szimulacid kimutatta, hogy az épiilet homlokzata elé iiltetett fa (délre,
délnyugatra tajolva) nyari koriilmények kozott 20-60% -kal (maximum 1 kW
/ m2 / nap) csokkentheti a napi napsugarzast fiiggoéleges feliileten (ha = 12-
16%).

Szomszédsagi 1éptékben a belsd udvarok, illetve kisléptékii varosi kozparkok,
valamint fasorok telepitésének hatdsat vizsgaltam. A modellezés kimutatta,
hogy hagyomanyos korfolyosos bérhazak belsé szarnyainak lebontasaval, és
az egybenyitott udvar zolditésével a szélsebesség és az égbolt lathatosagi
tényez6 (SVF) novekszik, ami kedvezd, azonban az épiiletek belsd szarnyainak
lebontasa noveli a nyari tulmelegedés kockazatat is. Minden negativ hatas
megoldhaté az udvarok intenziv parkositasaval, ezaltal jobb hokomfortot és
lakokdrnyezetet teremtve az udvaron €s az udvarra nyilo lakasokban is.

Az utolsé esettanulmany a klimaadaptiv tervezés hatasait és lehetGségeit
vizsgalta tobb zold infrastruktura elem egyidejli, szomszédsagi 1éptékii
alkalmazasaval. Igazoltam, hogy a fasori fak, iiltetdladak és az 0j zoldtertiletek
jelentdsen csokkentik a nyari hostressz kockazatat, vagyis az MRT, a T, €s a
PMV értékeit. Ugyanakkor nyilvanvalova valt az is, hogy a fak
megvalositasanak mikroklimatikus hatasa nem haladja meg a beavatkozas
tertiletét, mégis az 0j zoldfeliilet hatasa térben kiterjedtebb, mint példaul egy
fasoré.

Osszefoglalva, a dolgozat eredményei hozzijarulhatnak a kisléptékii zold
infrastruktura  elemek  hatékonyabb alkalmazisdhoz a  varos- és
szabadtértervezésben.

102



9 References

A biologiai sokféleség megorzésének 2015-2020 kozotti idoszakra szolo
nemzeti stratégiajarol (2015). Hungary. Available at:
https://mkogy.jogtar.hu/jogszabaly?docid=a15h0028.0GY.

Akbari, H., Pomerantz, M. and Taha, H. (2001) ‘Cool surfaces and shade
trees to reduce energy use and improve air quality in urban areas’, Solar
Energy, 70(3), pp. 295-310. doi: 10.1016/S0038-092X(00)00089-X.

Akbari, H. and Taha, H. (1992) ‘The impact of trees and white surfaces on
residential heating and cooling energy use in four Canadian cities’, Energy.
doi: 10.1016/0360-5442(92)90063-6.

APS - Association for Psychological Science (2008) ‘Understanding Role
Of Stress In Just About Everything’, Science Daily. Available at:
www.sciencedaily.com/releases/2008/01/080108152439.htm.

Arens, E. (1981) ‘Designing for an acceptable wind environment’,
Transportation Engineering Journal, 107(TE2), pp. 127-141. Available at:
https://escholarship.org/uc/item/1g55n635.

Arens, E. et al. (2009) ‘Moving air for comfort’, ASHRAE Journal, 25(May
2009), pp. 8-18. Available at: https://escholarship.org/uc/item/6d94f90b.

Arens, E. and Ballanti, D. (1977) ‘Outdoor comfort of pedestrians in cities’,
in Heisler, G. M. . and Herrington, L. P. (eds) Proceedings of the conference
on metropolitan physical environment. U.S. Department of Agriculture, Forest
Service, Northeastern Forest Experiment Station, pp. 115-129. Available at:
http://nrs.fs.fed.us/pubs/gtr/gtr_ne25/gtr_ne25_115.pdf.

Arnfield, A. J. (1982) ‘An Approach to the Estimation of the Surface
Radiative Properties and Radiation Budgets of Cities’, Physical Geography.
Taylor & Francis, 3(2), pp. 97-122. doi: 10.1080/02723646.1982.10642221.

Astell-Burt, T. and Feng, X. (2019) ‘Association of Urban Green Space
With Mental Health and General Health Among Adults in Australia’, JAMA
Network Open, 2(7), p. €198209. doi: 10.1001/jamanetworkopen.2019.82009.

Balazs, B. et al. (2009) ‘Simulation of the mean urban heat island using 2D
surface parameters: empirical modelling, verification and extension’,
Meteorological Applications, 16(3), pp. 275-287. doi: 10.1002/met.116.

Baranka, G. et al. (2015) ‘Climate-Conscious Development of an Urban
Area in Budapest, Hungary’, in ICUC9 - 9th International Conference on
Urban Climate jointly with 12th Symposium on the Urban Environment.
Toulouse, pp. 20-24.

Baranka, G. et al. (2016) ‘Pilot Action in Budapest’, in Musco, F. (ed.)
Counteracting Urban Heat Island Effects in a Global Climate Change
Scenario. Cham: Springer International Publishing, pp. 345-372. doi:
10.1007/978-3-319-10425-6_13.

103



Bathoryné Nagy, L. R., G. Korompay, J. and Teremy, V. (2019) Belvarosi
belso udvarok megujitasa. Edited by 1. R. Bathoryné Nagy and B. Stefanics.
Budapest: Budapest Foévaros FoOpolgarmesteri Hivatal. Available at:
https://budapest.hu/Documents/ZOLDINFRASTRUKTURA _FUZETEK bel
soudvarok_20191018_online.pdf.

Belko, M. (2016) ‘Granite replacing green: PNC’s leafy creation
Downtown will come to an end’, Pittsburgh Post-Gazette. Available at:
https://www.post-gazette.com/local/city/2016/08/23/PNC-s-green-wall-
being-dismantled/stories/201608230085.

Berényi, E., Kondor, A. C. and Szabo, B. (2007) ‘The Social Aspects of
Green Areas in Budapest with Special Regard to Migration Questionnaire
research in six sample areas’, in Alf6ldi, G. and Kovdcs, Z. (eds) Varosi zéld
konyv: Kulcs a fenntarthaté varoshoz. Budapest: ETK: Rév8 Zrt., p. 195.

Berry, R., Livesley, S. J. and Aye, L. (2013) ‘Tree canopy shade impacts on
solar irradiance received by building walls and their surface temperature’,
Building and Environment. Elsevier Ltd, 69, pp. 91-100. doi:
10.1016/j.buildenv.2013.07.009.

Block, A. H., Livesley, S. J. and Williams, N. S. G. (2012) ‘Responding to
the Urban Heat Island : A Review of the Potential of Green Infrastructure’,
Victorian Centre, pp. 1-62. Available at:
http://staging.202020vision.com.au/media/1026/responding-to-the-urban-
heat-island-a-review-of-the-potential-of-green-infrastructure.pdf.

Bobvos, J. et al. (2017) ‘The effect of climate change on heat-related excess
mortality in Hungary at different area levels’, Idojaras.

Bouzouidja, R. et al. (2019) ‘Nature-based solutions as alternative to tackle
urban water and soil management challenges: A distributed experiment in three
climate regions’, in SUITMA 10 Soils of Urban, Industrial, Traffic, Mining and
Military Areas. Soul, South-Korea. Available at:
https://www.researchgate.net/publication/335016221 Nature-
based_solutions_as_alternative_to_tackle urban_water_and_soil_manageme
nt_challenges_A_distributed_experiment_in_three_climate_regions.

Bouzouidja, R. et al. (2020) ‘Simplified performance assessment
methodology for addressing soil quality of nature-based solutions’, Journal of
Soils and Sediments. doi: 10.1007/s11368-020-02731-y.

Brooke Anderson, G. and Bell, M. L. (2011) ‘Heat waves in the United
States: Mortality risk during heat waves and effect modification by heat wave
characteristics in 43 U.S. communities’, Environmental Health Perspectives.
doi: 10.1289/ehp.1002313.

Bruse, M. (2004) ENVI-met 3.0: Updated Model Overview, System.

Bruse, M. (2007) ‘Simulating human thermal comfort and resulting usage
patterns of urban open spaces with a Multi- Agent System’, Proceedings of the
24th International Conference on Passive and Low Energy Architecture PLEA.

104



Bruse, M. and Fleer, H. (1998) ‘Simulating surface-plant-air interactions
inside urban environments with a three dimensional numerical model’,
Environmental Modelling and Software. doi: 10.1016/S1364-8152(98)00042-
5.

Bucur, V. (2006) Urban forest acoustics, Urban Forest Acoustics. doi:
10.1007/3-540-30789-3.

Chen, X. L. et al. (2006) ‘Remote sensing image-based analysis of the
relationship between urban heat island and land use/cover changes’, Remote
Sensing of Environment, 104(2), pp. 133-146. doi: 10.1016/j.rse.2005.11.016.

Cole, L. B. et al. (2017) ‘GREEN INFRASTRUCTURE’, Urban
Environmental Education Review. Edited by A Russ and M. E. Krasny, (July).

Csibi, K. et al. (2016) Fiiggdleges zoldfeliiletek tervezésének,
kivitelezésének miiszaki és kertészeti utmutatoja - Zoldinfrastruktura Fiizetek
2. Budapest F. Edited by R. Pataky. Budapest. Available at:
https://budapest.nu/Documents/Varosépitési
Féosztaly/Zoldhomlokzatok 2017.pdf.

Currie, B. A. and Bass, B. (2008) ‘Estimates of air pollution mitigation with
green plants and green roofs using the UFORE model’, Urban Ecosystems.
doi: 10.1007/s11252-008-0054-y.

D’Ippoliti, D. et al. (2010) ‘The impact of heat waves on mortality in 9
European cities: Results from the EuroHEAT project’, Environmental Health:
A Global Access Science Source. doi: 10.1186/1476-069X-9-37.

DeWalle, D. R. and Heisler, G. M. (1983) ‘Windbreak effects on air
infiltration and space heating in a mobile home’, Energy and Buildings. doi:
10.1016/0378-7788(83)90015-4.

Dezso, Z. et al. (2005) ‘Analysis of land-use/land-cover change in the
Carpathian region based on remote sensing techniques’, Physics and
Chemistry of the Earth, Parts A/B/C. doi: 10.1016/j.pce.2004.08.017.

Duany, A., Plater-Zyberk, E. and Speck, J. (2010) Suburban Nation: The
Rise of Sprawl and the Decline of the American Dream, North Point Press New
York. doi: 10.2307/1290396.

Egedy, T. (2007) ‘A Matyas tér feltjitasanak véarhato hatasai a helyi
tarsadalomra €s az életmindségre’, in Alfoldi, G. and Kovacs, Z. (eds) Vdrosi
z61d konyv: Kulcs a fenntarthaté varoshoz. Budapest: ETK: MTA FKI, Rév8
Zrt, p. 195.

Egerhazi, L. A., Kantor, N. and Gal, T. (2013) ‘Evaluation and modelling
the micro-bioclimatological conditions of a popular playground in Szeged,
Hungary’, International Review of Applied Sciences and Engineering. doi:
10.1556/IRASE.4.2013.1.8.

EHAT  (2016)  MODSZERTANI ~ UTMUTATO A  ZOLD
INFRASTRUKTURA FEJLESZTESI ES FENNTARTASI AKCIOTERV
KESZITESEHEZ. Available at:

105



http://www.kosz.hu/upload/content/Hirlevél/Mddszertan Zold Infrast
Akciotervhez.pdf.

EPBD (2010) ‘Energy performance of buildings directive 2010/31/EU
(recast)’,  Official Journal of the European  Union. doi:
doi:10.3000/17252555.L_2010.153.eng.

European Commission (EC) (2015) Nature- Based Solutions and Re-
Naturing Cities. Final Report of the Horizon 2020 Expert Group on Nature-
Based Solutions and Re-Naturing Cities. Final report of hte Horizon 2020
Expert Group on Nature-Based Solutions and Re-Naturing Cities. doi:
10.2777/765301.

European Commission and COM (European Comission) (2011) Our life
insurance, our natural capital: an EU biodiversity strategy to 2020,
Communication from the Commission to the European Parliament, the
European Economic Council, The European Economic and Social Committee
and the Committee of the Regions. Brussels. doi:
http://ec.europa.eu/environment/nature/biodiversity/comm2006/pdf/2020/1_E
N_ACT partl v7%5B1%5D.pdf.

Fernandez, F. et al. (2003) ‘A PCA Analysis of the UHI Form of Madrid’,
in Proceedings of 5th International Conference on Urban Climate. Lodz,
Poland, pp. 55-58.

Flay, R. G. J., Stevenson, D. C. and Lindley, D. (1982) ‘Wind structure in
a rural atmospheric boundary layer near the ground’, Journal of Wind
Engineering and Industrial Aerodynamics, 10(1), pp. 63-78. doi:
10.1016/0167-6105(82)90054-X.

Foresight (2011) Migration and Global Environmental Change. Final
Project Report: Executive Summary, The Government Office for Science,
London.

Frohlich, D., Gangwisch, M. and Matzarakis, A. (2019) ‘Effect of radiation
and wind on thermal comfort in urban environments - Application of the
RayMan and SkyHelios model’, Urban Climate. doi:
10.1016/j.uclim.2018.10.006.

Gandemer, J. (1975) ‘Wind Environment around Buildings: Aerodynamic
Concepts’, in Keith, J. E. (ed.) Proceedings of the Fourth International
Conference on Wind Effects on Buildings and Structures. Heathrow:
Cambridge University Press, p. 845.

Goh, K. C. and Chang, C. H. (1999) ‘The relationship between height to
width ratios and the heat island intensity at 22:00 h for Singapore’,
International  Journal of Climatology. doi: 10.1002/(SICI)1097-
0088(199907)19:9<1011::AlID-JOC411>3.0.CO;2-U.

Gromke, C. et al. (2015) ‘CFD analysis of transpirational cooling by
vegetation: Case study for specific meteorological conditions during a heat
wave in Arnhem, Netherlands’, Building and Environment. Elsevier Ltd,

106



83(January), pp. 11-26. doi: 10.1016/j.buildenv.2014.04.022.

Hall, G. (City of M. et al. (2014) A GUIDE TO GREEN ROOFS, WALLS
AND FACADES in Melbourne and Victoria, Australia. Victoria: State
Government of Victoria. Available at:
http://www.growinggreenguide.org/wp-
content/uploads/2014/02/growing_green_guide_ebook 130214.pdf.

Heisler, G. M., Harrje, D. T. and Buckley, C. E. (1979) ‘Planning and
arrangement of tree windbreaks for reducing air infiltration energy losses’, in
14th Conference on agriculture and forest meteorology and 4th Conference on
biometeorology. Minneapolis: American Meteorological Society, pp. 123—
125.

Hg.hu (2016) RANGOS DIJAT NYERT A FERENCVAROSI
TOMBREHABILITACIO. Available at: http://hg.hu/cikkek/varos/17397-
rangos-dijat-nyert-a-ferencvarosi-tombrehabilitacio.

Hoppe, P. (1999) ‘The physiological equivalent temperature - A universal
index for the biometeorological assessment of the thermal environment’,
International Journal of Biometeorology. doi:
https://doi.org/10.1007/s004840050118.

Hove, L. W. a Van et al. (2011) Exploring the Urban Heat Island Intensity
of Dutch cities (The Alterra Report), Climate Science and Urban Design.
Available at: http://edepot.wur.nl/171621.

Howard, E. (1898) To-morrow: A peaceful path to real reform. London :
Swan Sonnenschein.

Howard, E. (1902) Garden cities of to-morrow, Sonnenschein & Co.,
London.

Huddleston, S. (2017) ‘The politicisation of sport in modern China:
Communists and champions’, Sport in History, 37(4), pp. 535-537. doi:
10.1080/17460263.2017.1315014.

INRIX (2016) Global Traffic Scorecard. Available at: inrix.com/scorecard.

Janssen, W. D., Blocken, B. and van Hooff, T. (2013) ‘Pedestrian wind
comfort around buildings: Comparison of wind comfort criteria based on
whole-flow field data for a complex case study’, Building and Environment.
doi: 10.1016/j.buildenv.2012.10.012.

Jarvi, L. etal. (2014) ‘Development of the Surface Urban Energy and Water
Balance Scheme (SUEWS) for cold climate cities’, Geoscientific Model
Development, 7(4), pp. 1691-1711. doi: 10.5194/gmd-7-1691-2014.

Jokl, M. V. (1982) ‘The effect of the environment of human performance’,
Applied Ergonomics, 13(4), pp. 269-280. doi: 10.1016/0003-6870(82)90067-
9.

Kalmar, F. (2016) ‘Summer operative temperatures in free running existing
buildings with high glazed ratio of the facades’, Journal of Building
Engineering. Elsevier, 6, pp. 236-242. doi:

107



https://doi.org/10.1016/j.jobe.2016.04.003.

Kantor, N. et al. (2017) ‘Nature4Cities: a természetalapi megoldasok
(nature - based solutions ) alkalmazasi lehet6ségei a varostervezésben’, in
Blanka, V. and Ladanyi, Z. (eds) lInterdiszciplinaris tajkutatas a XXIL
szazadban : a VII. Magyar Tdjokologiai Konferencia tanulmanyai. Szeged,
Hungary: Szegedi Tudomanyegyetem Foldrajzi és Foldtudomanyi Intézet, pp.
295-304. Available at: http://real.mtak.hu/54183/.

Kantor, N. et al. (2018) ‘The Impact of Fagade Orientation and Woody
Vegetation on Summertime Heat Stress Patterns in a Central European Square:
Comparison of Radiation Measurements and Simulations’, Advances in
Meteorology. Edited by H. Tanaka. Hindawi, 2018, p. 2650642. doi:
10.1155/2018/2650642.

Kaplan, R. and Kaplan, S. (1989) The experience of nature: a psychological
perspective. University. New York. doi: 10.1097/00005053-199111000-
00012.

Khare, S. et al. (2015) ‘Heat protection behaviour in the UK : results of an
online survey after the 2013 heatwave’, BMC Public Health. BMC Public
Health, pp. 1-12. doi: 10.1186/512889-015-2181-8.

Kim, H., Gu, D. and Kim, H. Y. (2018) ‘Effects of Urban Heat Island
mitigation in various climate zones in the United States’, Sustainable Cities
and Society, 41, pp. 841-852. doi: 10.1016/j.5¢s.2018.06.021.

Kiss, M. et al. (2015) ‘The role of ecosystem services in climate and air
quality in urban areas: Evaluating carbon sequestration and air pollution
removal by street and park trees in Szeged (Hungary)’, Moravian
Geographical Reports. doi: 10.1515/mgr-2015-0016.

Kollanyi, L., Maté, K., Mezdsné dr. Szilagyi, K., Bathoryné Nagy, 1. R., et
al. (2017) ‘A zoldinfrastruktira halozat felmérésével és fejlesztésével
kapcsolatos hazai és nemzetkozi tapasztalatok, j6 gyakorlatok feldolgozasa,
adatigények meghatarozasa’, in Kollanyi, L. (ed.) ZOLDINFRASTRUKTURA
HALOZAT FEJLESZTESE. Budapest: Foldmiivelésiigyi Minisztérium, p. 160.

Kollanyi, L., Maté, K., Mezdsné dr. Szilagyi, K., Adam, S., et al. (2017) ‘A
zoldinfrastruktura szempontjabol relevans intézményi és jogszabalyi
kornyezet attekintése’, in Kollanyi, L. (ed.) ZOLDINFRASTRUKTURA-
HALOZAT FEJLESZTESE. Budapest: Foldmiivelésiigyi Minisztérium, p. 118.

Konarska, J. et al. (2014) ‘Transmissivity of solar radiation through crowns
of single urban trees-application for outdoor thermal comfort modelling’,
Theoretical and Applied Climatology, 117(3-4), pp. 363-376. doi:
10.1007/s00704-013-1000-3.

Ko6rmondi, B. et al. (2019) ‘The secret ingredient - the role of governance
in green infrastructure development: through the examples of European cities’,
IOP Conference Series: Earth and Environmental Science, 323, p. 012024.
doi: 10.1088/1755-1315/323/1/012024.

108



Krause, P., Leistner, P. and Mehra, S. (2020) ‘Einsatz und Auswirkung von
Vegetation bei  autochthonen  Bauten’,  Bauphysik, 42.  doi:
10.1002/bapi.202000015.

KSH (no date) 6.2.2.1. Housing stock and housing density (Hun: A
lakasallomany — és  a  laksiiriség).  Budapest.  Available  at:
https://www.ksh.hu/docs/hun/xstadat/xstadat_eves/i_wde003b.html.

Laszl9, E. and Szegedi, S. (2015) ‘A multivariate linear regression model
of mean maximum urban heat island: A case study of Beregszasz (Berehove),
Ukraine’, ldojaras (Budapest, 1905), 199(3), pp. 409-423.

Lee, D. H. K. and Givoni, B. (1971) ‘Man, Climate, and Architecture’,
Geographical Review. doi: 10.2307/214009.

Lindberg, F. et al. (2018) ‘Urban Multi-scale Environmental Predictor
(UMEP): An integrated tool for city-based climate services’, Environmental
Modelling and Software. doi: 10.1016/j.envsoft.2017.09.020.

Lindberg, F., Holmer, B. and Thorsson, S. (2008) ‘SOLWEIG 1.0 -
Modelling spatial variations of 3D radiant fluxes and mean radiant temperature
in complex urban settings’, International Journal of Biometeorology. doi:
10.1007/s00484-008-0162-7.

Locsmandi, G. et al. (2007) Ferencvaros hazatalal: A kozépso-Ferencvaros
rehabilitaciojanak torténete. Edited by E. Gotz. Budapest: Raday Konyveshaz.

Lokoshchenko, M. A. and Korneva, 1. A. (2015) ‘Underground urban heat
island below Moscow city’, Urban Climate. doi: 10.1016/j.uclim.2015.04.002.

M. Szilagyi, K. and Jambor, 1. (2004) ‘A fenntarthatdo varosfejlodés
kornyezeti kérdései. A fenntarthato varosfejlesztés szempontjainak
érvényesitése a specialis rehabilitacids szabalyozast igényld fovarosi
teriileteken (The environmental questions of sustainable urban development,
The implement’, in 4 fenntarthaté varosrehabilitacio. Budapest.

Matsuura, K. (1995) ‘Effects of Climate Change on Building Energy
Consumption in Cities’, Theoretical and Applied Climatology, 51, pp. 105-
117. doi: 10.1007/BF00865545.

Matzarakis, A., Muthers, S. and Koch, E. (2011) ‘Human biometeorological
evaluation of heat-related mortality in Vienna’, Theoretical and Applied
Climatology, 105(1), pp. 1-10. doi: 10.1007/s00704-010-0372-x.

Matzarakis, A., Rutz, F. and Mayer, H. (2007) ‘Modelling radiation fluxes
in simple and complex environments—application of the RayMan model’,
International Journal of Biometeorology, 51(4), pp. 323-334. doi:
10.1007/s00484-006-0061-8.

McKinney, M. L. (2006) ‘Urbanization as a major cause of biotic
homogenization’, Biological Conservation. doi:
10.1016/j.biocon.2005.09.005.

McPhearson, T., Kremer, P. and Hamstead, Z. A. (2013) ‘Mapping
ecosystem services in New York City: Applying a social-ecological approach

109



in urban vacant land’, Ecosystem Services, 5, pp. 11-26. doi:
10.1016/j.ecoser.2013.06.005.

McPherson, E. G. (1984) ‘Solar control planting design’, in McPherson, E.
G. (ed.) Energy Conserving Site Design. Washington D.C, pp. 141-164.

McPherson, E. G. et al. (2018) ‘Shade factors for 149 taxa of in-leaf urban
trees in the USA’, Urban Forestry and Urban Greening. Elsevier, 31(July
2017), pp. 204-211. doi: 10.1016/j.ufug.2018.03.001.

Mekjavic, 1. B. and Bligh, J. (1989) ‘Core threshold temperatures for
sweating’, Canadian Journal of Physology and Pharmacology,
67(November), pp. 1038-1044. doi: 10.1139/y89-164.

Mills, G. (2004) IAUC Teaching Resources: The Urban Canopy Layer Heat
Island.

Mills, G. (2008) ‘Luke Howard and The Climate of London’, Weather,
63(6), pp. 153-157. doi: 10.1002/wea.195.

Montgomery, M. R. et al. (2003) Cities Transformed: Demographic
Change and Its Implications in the Developing World. Routledge. doi:
10.4324/9781315065700.

National Research Council (2003) Cities Transformed: Demographic
Change and Its Implications in the Developing World. Edited by M. R.
Montgomery et al. Washington, DC: The National Academies Press. doi:
10.17226/10693.

Naumann, S. et al. (2011) ‘Design, implementation and cost elements of
Green Infrastructure projects.’, Ecological Institute and GHK Consulting. doi:
Contract no. 070307/2010/577182/ETU/F.1.

NEES (2015) National Building Energy Strategy (Hun: Nemzeti
Epiiletenergetikai Stratégia). Budapest. Available at:
http://www.kormany.hu/download/d/85/40000/Nemzeti  E?pu?letenergetikai
Strate?gia 150225.pdf.

Nesshover, C. etal. (2017) ‘The science, policy and practice of nature-based
solutions: An interdisciplinary perspective’, Science of the Total Environment.
The Authors, 579, pp. 1215-1227. doi: 10.1016/j.scitotenv.2016.11.106.

Nowak, D. J., Crane, D. E. and Stevens, J. C. (2006) ‘Air pollution removal
by urban trees and shrubs in the United States’, Urban Forestry and Urban
Greening. doi: 10.1016/j.ufug.2006.01.007.

Oke, T. R. (1973) ‘City size and the urban heat island’, Atmospheric
Environment (1967). doi: 10.1016/0004-6981(73)90140-6.

Oke, T. R. (1976) ‘The distinction between canopy and boundary - layer
urban  heat islands’, Atmosphere, 14(4), pp. 268-277. doi:
10.1080/00046973.1976.9648422.

Oke, T. R. (1982) ‘The energetic basis of the urban heat island’,
QUARTERLY JOURNAL OF THE ROYAL METEOROLOGICAL SOCIETY,
108, pp. 1-24.

110



Oke, T R (1987) Boundary layer climates, Second edition, Routledge. doi:
10.1017/CB09781107415324.004.

Oke, T. R. (1987) Boundary Layer Climates. Second edi. New York:
Routledge, Taylor & Francis.

Olah, A. B. (2012) The Effect of the Urban Built-Up Density and the Land
Cover Types on the Radiated Temperature.

Olgyay, V. and Olgyay, A. (1963) Design with Climate: Bioclimatic
Approach to Architectural Regionalism: Some Chapters Based on Cooperative
Research with Aladar Olgyay. Princeton. Princeton University Press.
Available at: https://books.google.hu/books?id=VtIFVAAAAMAAJ.

Osczevski, B. Y. R. and Bluestein, M. (2005) ‘The New Wind Chill
Equivalent Temperature Chart’, Bulletin of the American Meteorological
Society (BAMS). USA: American Meteorological Society, Volume 86(lIssue
10), pp. 1453-1458. doi: 10.1002/0471743984.vse3032.

Ottelé, M. et al. (2011) ‘Comparative life cycle analysis for green fagades
and living wall systems’, Energy and Buildings, 43(12), pp. 3419-3429. doi:
10.1016/j.enbuild.2011.09.010.

Owen, T. W., Carlson, T. N. and Gillies, R. R. (1998) ‘An assessment of
satellite remotely-sensed land cover parameters in quantitatively describing the
climatic effect of urbanization’, International Journal of Remote Sensing,
19(9), pp. 1663-1681. doi: 10.1080/014311698215171.

Paldy, A. et al. (2005) ‘The effect of temperature and heat waves on daily
mortality in Budapest, Hungary, 1970-2000°, in Extreme Weather Events and
Public Health Responses. doi: 10.1007/3-540-28862-7_10.

Penwarden, A. D. (1973) ‘Acceptable wind speeds in towns’, Building
Science. doi: 10.1016/0007-3628(73)90008-X.

Peppler, A. (1929) ‘Die temperaturverhdltnisse von Karlsruhe an heissen
Sommertagen’, Deutsches Meteorol Jahrbuch Baden, 61, pp. 59-60.

Pongracz, R., Bartholy, J. and Dezso, Z. (2010) ‘Application of remotely
sensed thermal information to urban climatology of Central European cities’,
Physics and Chemistry of the Earth. doi: 10.1016/j.pce.2010.03.004.

P6tz, H. and Bleuzé, P. (2012) Urban green-blue grids for sustainable and
dynamic cities. Delft.

Poulton, E. C. etal. (1975) ‘The mechanical disturbance produced by steady
and gusty winds of moderate strength: Skilled performance and semantic
assessments’, Ergonomics. doi: 10.1080/00140137508931501.

Raymond, C. M. et al. (2017) ‘A framework for assessing and
implementing the co-benefits of nature-based solutions in urban areas’,
Environmental Science and Policy. doi: 10.1016/j.envsci.2017.07.008.

Reilly, J. et al. (1996) ‘Agriculture in a changing climate: impacts and
adaptation’.

111



Roe, J. J. et al. (2013) ‘Green Space and Stress: Evidence from Cortisol
Measures in Deprived Urban Communities’, International Journal of
Environmental Research and Public Health, 10(9), pp. 4086-4103. doi:
10.3390/ijerph10094086.

Sailor, D. J. and Dietsch, N. (2007) ‘The urban heat island Mitigation
Impact Screening Tool (MIST)’, Environmental Modelling and Software, 22,
pp. 1529-1541. doi: 10.1016/j.envsoft.2006.11.005.

Santamouris, M. et al. (2001) Energy and Climate in the Urban Built
Environment. Edited by M. Santamouris. New York: Routledge, Taylor &
Francis (BEST (Buildings Energy and Solar Technology)). Available at:
https://books.google.hu/books?id=zCLTFAT7fImsC.

Santamouris, M. (2001) “The role of green spaces’, in Energy and Climate
in the Urban Built Environment. doi: 10.4324/9781315073774.

Santamouris, M. (2007) ‘Heat Island Research in Europe : The State of the
Art’, Advances in Building Energy Research, 1(1), pp. 123-150. doi:
10.1080/17512549.2007.9687272.

Seprédi-Egeresi, M. and Zold, A. (2011) ‘Buildings’ Heat Output and
Urban Climate’, Acta Climatologica et Chronologica, 44-45, pp. 103-110.

Seto, K. C. et al. (2011) ‘A meta-analysis of global urban land expansion’,
PLoS ONE. doi: 10.1371/journal.pone.0023777.

Seto, K. C. et al. (2014) ‘Human Settlements, Infrastructure, and Spatial
Planning’, in Edenhofer, O., R. et al. (eds) Climate Change 2014: Mitigation
of Climate Change. Contribution of Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge, United
Kingdom and New York, NY, USA: Cambridge University Press, pp. 923—
1000. doi: 10.1017/CB09781107415416.018.

Silva, J. M. C. da and Wheeler, E. (2017) ‘Ecosystems as infrastructure’,
Perspectives in Ecology and Conservation. doi: 10.1016/j.pecon.2016.11.005.

Simpson, J. R. and McPherson, E. G. (1996) ‘Potential of tree shade for
reducing residential energy use in California’, Journal of Arboriculture. doi:
10.1586/1744666X.2015.1059754.

Siple, P. A. and Passel, C. F. (1945) ‘Measurements of dry atmospheric
cooling in subfreezing temperatures. 1945.”, Proceedings of American
Philosophical ~ Society, 89, pp. 176-182. doi: 10.1580/1080-
6032(1999)010[0176:FODACI]2.3.CO;2.

Speck, J. (2012) Walkable city : how downtown can save America, one step
at a time, Farrar, Straus and Giroux. Farrar, Straus and Giroux. doi:
10.5565/rev/dag.274.

Szabo, S. et al. (2019) ‘NDVI dynamics as reflected in climatic variables:
spatial and temporal trends—a case study of Hungary’, GIScience and Remote
Sensing.  Taylor &  Francis, 56(4), pp. 624-644. doi:
10.1080/15481603.2018.1560686.

112



Szegedi, S. and Laszlo, E. (2012) ‘Park Cool Island Examinations in
Debrecen, Hungary’, 8th International Conference on Urban Climates and
10th Symposium on the Urban Environment. doi:
10.1080/00380768.2013.763383.

Szegedi, S. S. et al. (2014) ‘Role of urban morphology in development of
the thermal excess in the city of Debrecen, Hungary’, Environmental
engineering and management journal, 13(June), pp. 2805-2808. doi:
10.30638/eem;.2014.313.

Szilagyi, K. et al. (2011) Varosklima kalauz. Budapest.

Szkordilisz, F ; Kiss, M ; Egerhézi, LA ; Kassai-Szo0, D ; Gulyas, A. (2016)
‘Facilitating climate adaptive urban design - developing a system of planning
criteria in Hungary’, in Habert, G. and Schlueter, A. (eds) Expanding
boundaries - Systems Thinking for the Built Environment : Sustainable Built
Environment (SBE) Regional Conference Zurich 2016. Zirich: vdf
Hochschulverlag AG an der ETH Ziirich, pp. 102-106. doi: 10.3218/3774-
6 _17.

Szkordilisz, F. (2014) ‘Microclimatic Effects of Green Facades in Urban
Environment’, Advanced Materials Research, 899, pp. 415-420. doi:
10.4028/www.scientific.net/AMR.899.415.

Szkordilisz, F. (2018) ‘A természetalapi megoldasok a varos-
rehabilitdcioban’, in Lazar, 1. (ed.) Kornyezet és energia: Hatékony termelés,
tudatos felhasznalas., p. 281.

Szkordilisz, F. et al. (2018) ‘HOW TO USE NATURE-BASED
SOLUTIONS IN URBAN PLANNING SYSTEMS OF EUROPE?’, in 10th
International Conference on Urban Climate. New York. Available at:
https://ams.confex.com/ams/ICUC10/meetingapp.cgi/Paper/343423.

Szkordilisz, F., Heeren, N. and Habert, G. (2014) ‘Energetic and comfort
benefits of composite buildings : Learning from vernacular techniques’, in
World Sustainable Building Conference 2014. Barcelona.

Szkordilisz, F. and Kiss, M. (2016a) ‘Passive cooling potential of alley trees
and their impact on indoor comfort’, Pollack Periodica, 11(1), pp. 101-112.
doi: 10.1556/606.2016.11.1.10.

Szkordilisz, F. and Kiss, M. (2016b) ‘Potential of Vegetation in Improving
Indoor Thermal Comfort and Natural Ventilation’, Applied Mechanics and
Materials. doi: 10.4028/www.scientific.net/ AMM.824.278.

Szokolay, S. V. (1998) ‘Bioclimatic Architecture and Solar Energy’, in, pp.
111-131. doi: 10.1007/978-3-642-80419-9 5.

Takacs, A., Kiss, M., et al. (2016) “Solar permeability of different tree
species in  Szeged, Hungary’, Geographica Pannonica. doi:
10.5937/GeoPan1601032T.

113



Takacs, A., Kovacs, A., et al. (2016) ‘Study on the transmissivity
characteristics of urban trees in Szeged, Hungary’, Hungarian Geographical
Bulletin, 65(2), pp. 155-167. doi: 10.15201/hungeobull.65.2.6.

Takacs, A., Kiss, M. and Gulyas, A. (2014) ‘Some aspects of indicator
development for mapping microclimate regulation ecosystem service of urban
tree stands’, Acta Climatologica et Chronologica, 47-48(2011), pp. 99-108.
doi: 10.1007/BF02318851.

U.S. EPA (United States Environmental Protection Agency) (2019) What is
Green  Infrastructure?  Available at:  https://www.epa.gov/green-
infrastructure/what-green-infrastructure.

UN / United Nations; Department of Economic and Social Affairs (2018)
World Urbanization Prospects: The 2018 Revision. Available at:
https://population.un.org/wup/Publications/Files/WUP2018-KeyFacts.pdf.

Unger, J. (1999) ‘Urban-rural air humidity differences in Szeged, Hungary’,
International  Journal of Climatology. doi: 10.1002/(SICI)1097-
0088(19991115)19:13<1509::AID-JOC453>3.0.CO;2-P.

Unger, J. et al. (2000) ‘Urban heat island development affected by urban
surface factors’, Idojaras (Quarterly Journal of Hungarian Meteorological
Service), 104(4), pp. 253-268. Available at: http://real.mtak.hu/id/eprint/5605.

Unger, J. et al. (2001) ‘Land-use and meteorological aspects of the urban
heat island’, Meteorological Applications. doi: 10.1017/S1350482701002067.

Unger, J. (2010) 4 vdrosi hdsziget-jelenség néhany aspektusa. doctoral
thesis of the Hungarian Academy of Sciences. Available at: http://real-
d.mtak.hu/274/4/UngerJanos_5 Mu.pdf.

Unger, J. et al. (2012) Kisléptékii Kornyezeti Klimatologia. 2nd edn.
JATEPress.

VarosfejlesztésZrt.  (1992)  http://varosfejlesztes.hu/varosfejlesztesi-
akcioterv-a-kozepso-ferencvaros-rehabilitaciojara/, Varosfejlesztési akcioterv
a kozépso-ferencvaros rehabilitaciojara.

Voogt, J. a. (2015) Urban heat islands: hotter cities, America Institute of
Biological Sciences. doi: 10.1163/_g3_SIM_00374.

Voogt, J. A. and Oke, T. R. (1997) ‘Complete Urban Surface
Temperatures’, Journal of Applied Meteorology, 36, pp. 1117-1132.

Vorosmarty, C. J. et al. (2000) ‘Global Water Resources : Vulnerability
from Climate Change and Population Growth’, Science, 289(July), pp. 284—
288. doi: 10.1126/science.289.5477.284.

Ward, S. (2005) The Garden City: Past, present and future. Taylor &
Francis (Planning, History and Environment Series). Available at:
https://books.google.hu/books?id=AtidAYVFXSkC.

Willemsen, E. and Wisse, J. A. (2007) ‘Design for wind comfort in The
Netherlands: Procedures, criteria and open research issues’, Journal of Wind
Engineering and Industrial Aerodynamics. doi: 10.1016/j.jweia.2007.02.006.

114



Yoshino, M. M. (1975) Climate in a small area — an introduction to local
meteorology. University of Tokyo Press. doi: 10.1002/qj.49710243326.

Zelendk, F. and Dull, A. (2016) ‘A Method for Analyzing Open Space
Improvements in Urban Environments : A Budapest Case Study’, 5(1).

Zhong, S. and Yang, X. Q. (2015) ‘Mechanism of urbanization impact on a
summer cold-frontal rainfall process in the greater Beijing metropolitan area’,
Journal of Applied Meteorology and Climatology, 54(6), pp. 1234-1247. doi:
10.1175/JAMC-D-14-0264.1.

Zipper, S. C. et al. (2017) ‘Urban heat island-induced increases in
evapotranspirative demand’, Geophysical Research Letters, 44(2), pp. 873-
881. doi: 10.1002/2016GL072190.

Z6ld, A. (1999) Energiatudatos épitészet (Energy-conscious Architecture).
Budapest: Miiszaki Konyvkiado.

115



10. List of figures

FIGURE 1: HOURS SPENT IN CONGESTION IN EUROPEAN CITIES (INCLUDES CITIES IN THE EU
PLUS SWITZERLAND / CHART MEASURES AVERAGE NUMBER OF HOURS A DRIVER
WOULD SPEND IN CONGESTION DURING PEAK HOURS BASED ON 240 COMMUTING

DAYS. SOURCE: INRIX 2016 ......veeeeeeeeeeseeeeeeeeeseeessesseessesseeesessesesssaessssesesessesseeesesseessessens 5
FIGURE 2: SCHEMATIC ILLUSTRATION OF THE MICRO (M), LOCAL (L) MESO (S) AND MACRO
(A) CLIMATE SCALES. AFTER: (YOSHINO, 1975) w..eveoeeeeerereeereseeeeseseeeeeessesseessesseesseseone 12

FIGURE 3.. THREE LAYERS OF URBAN HEAT ISLAND. BASED ON:(KIM, GU AND KIM, 2018). 14
FIGURE 4. A) PLAN VIEW OF SPATIAL PATTERNS OF AIR TEMPERATURE CAUSING NOCTURNAL
CLUHI; B) CROSS SECTIONS OF DIURNAL AND NOCTURNAL AIR TEMPERATURES
MEASURED WITHIN URBAN CANOPY LAYER AND SURFACE TEMPERATURES UNDER
OPTIMUM HEAT ISLAND CONDITIONS(CALM AND CLEAR. SOURCE: (VOOGT, 2015) .. 15
FIGURE 5. SHORT- AND LONGWAVE RADIATIONS IN THE POLLUTED URBAN BOUNDARY

LAYER. SOURCE:(OKE, 1982) ....ccueruirririiriiniiiiieieiiie sttt e 18
FIGURE 6. LEFT: COPENHAGEN AND THE CONCEPTUAL LAYOUT OF THE FINGERPLAN;....... 24
FIGURE 6.: THE TWO PYRANOMETERS ON MEASURING SITE. ......covvviiiiiiiiiiiiiniiiciiieniees 29

FIGURE 7.: GREEN FACADES ON TRADITIONAL AND CONTEMPORARY HOUSING (LEFT: STEIN
AM RHEIN (CH), MIDDLE: LAUSANNE (CH), RIGHT: STOCKHOLM (SE), AUTHOR’S OWN
PHOTOS) . ..ceiiiieieteniestie e s s e s 33

FIGURE 8. THE PLAN OF THE STUDIED BLOCKS AND SURROUNDINGS WITH GREEN FACADE
(BOUNDARY CELLS ARE NOT DISPLAYED) .....ccoiiiiniiiiniisiiniecteeeseeie st 34

FIGURE 9.: DEVELOPMENT OF WIND SPEED WITH (LEFT) OR WITHOUT (RIGHT) GREEN
FACADE IN SUMMER, 12.00H, 1.6 M HEIGHT ......ccccooviiiiiiiiiiiiiiiniiiiiieci e 36

FIGURE 10.: CARTOGRAM SHOWING THE DIFFERENCE IN WIND VELOCITY (A-B, WHERE A IS
WITHOUT GREEN FACADE, AND B: WITH GREEN FACADE).BLUE COLOUR REPRESENTS A
DECREASE DUE TO VEGETATION, RED COLOUR REPRESENTS AN INCREASE DUE TO
VEGETATION. SUMMER CONDITIONS, 12.00H, 1.6 M HEIGHT .........ccoeouvviriniininnnnnnn. 37

FIGURE 11.: DEVELOPMENT OF POTENTIAL TEMPERATURE: HORIZONTAL PLANE, 1.6 M
HEIGHT (LEFT) AND SECTION ALONG THE AXIS OF THE STREET (RIGHT), SUMMER,
12.00H, (THE EXTENSIONS OF THE MODEL AREA ARE SEEN ON THE VERTICAL AND
HORIZONTAL AXIS IN IMETERS.) w.eutieterteeterieeeeieneete sttt ettt st e 38

FIGURE 12.: WIND CHILL INDEX. ON THE HORIZONTAL AXIS THE OUTDOOR AIR
TEMPERATURE °C, ON THE VERTICAL THE WIND VELOCITY IN KM/H. THE PARAMETERS
ARE THE EQUIVALENT WIND-CHILL TEMPERATURES. ....cccvoiiiiiiiiiiiiiiiiiiieccieeen 42

FIGURE 13.: MODELS, HORIZONTAL LAYOUT: ....uvviiiiiiiiiiiiieciiincircc et 45

FIGURE 14.: RESULTS OF SIMULATION, HORIZONTAL LAYOUT. WIND SPEED AT 12.00, 0.8M
HEIGHT BASE, CASE 2, CASE 3 RESPECTIVELY (THE EXTENSIONS OF THE MODEL AREA
ARE SEEN ON THE VERTICAL AND HORIZONTAL AXIS IN METERS.) ....ceovveeriererrernenee. 45

116


file:///C:/Users/Flóra/Desktop/dri/Szkordilisz_PhD_dolg_javitando.docx%23_Toc68687275
file:///C:/Users/Flóra/Desktop/dri/Szkordilisz_PhD_dolg_javitando.docx%23_Toc68687275
file:///C:/Users/Flóra/Desktop/dri/Szkordilisz_PhD_dolg_javitando.docx%23_Toc68687275
file:///C:/Users/Flóra/Desktop/dri/Szkordilisz_PhD_dolg_javitando.docx%23_Toc68687275

FIGURE 15.: VELOCITY DISTRIBUTION IN YZ VERTICAL SECTION, CUT AT X=60. WIND
DIRECTION 315°, AT 12.00, 0.8M HEIGHT .....cccuiiiiiiiiiiiiiiiciciccc e, 45
FIGURE 16. RESULTS OF SIMULATION, HORIZONTAL LAYOUT. DIFFERENCES IN WIND SPEED
BETWEEN BASE MODEL AND MODELS WITH VEGETATION AT 12.00, 0.8M HEIGHT ...47
FIGURE 17. RESULTS OF SIMULATION, YZ VERTICAL SECTION, CUT AT X=60. DIFFERENCES IN
WIND SPEED BETWEEN BASE MODEL AND MODEL WITH VEGETATION AT 12.00. ...... 48
FIGURE 18. RESULTS OF SIMULATION, XZ VERTICAL SECTION, CUT AT Y=90. DIFFERENCES IN
WIND SPEED BETWEEN BASE MODEL AND MODEL WITH VEGETATION AT 12.00. U=B

[CASE 3J-A[BASE]. ..ottt ettt ettt et e 48
FIGURE 19. VELOCITY DISTRIBUTION IN HORIZONTAL PLANE. ......coocvviiiiriiiiiniiciineciieeen 49
FIGURE 20. PICTURES OF THE TREES INVESTIGATED RESPECTIVELY: ....cccccoviiiiiiiiiiiiicnen, 55
FIGURE 21. MAP OF SZEGED WITH THE POSITION OF THE TREES .......ccooviiiiiiiiiiiiiiiiiee, 56

FIGURE 22. COURSE OF GLOBAL SOLAR RADIATION (POINTS REPRESENTING THE 10-MINUTE
AVERAGES) AT NON-SHADED (REFERENCE: RED LINE) AND AT SHADED (BELOW
CANOPY: GREEN LINE) POINT OF THE INVESTIGATED TREES. DAY 1 (ON THE LEFT) AND

DAY 2 (ON THE RIGHT) FOR EACH TREE ....cocutitieiieienie sttt ettt 57
FIGURE 23. PERSPECTIVE VIEW OF MODEL MADE IN ECOTECT .....ccoivimiiiiiiiiiiiiieieceeceene 63
FIGURE 24. CONCEPTUAL ILLUSTRATION OF THE SIMULATION .....ccccviiiiiiiiiiiiiiiiiecciieen 63
FIGURE 25. DIURNAL SOLAR GAIN VALUES ON VERTICAL PLANE ......ccccovviiiiiiiiiiiiiciniee 64

FIGURE 26. DIURNAL SOLAR GAIN VALUES ON HORIZONTAL PLANE, ECOTECT; ABOVE:
UNSHADED, BELOW: SHADED BY CELTIS OCC. TOTAL RADIATION VALUE RANGE 400-
1200 WH/MZ ..ottt ettt ss s a et s et sse st teteses s s s s anaese s sasans 65

FIGURE 27.GRAPH SHOWING THE DAILY RUN (FROM 8.00 A.M TO 6.00 P.M.) OF AIR
TEMPERATURES (OUTDOOR) AND INDOOR TEMPERATURE IN CASE OF DIFFERENT
CONSTRUCTIONS ...ooetetetetetee ettt sttt sttt es s saea bt s st ss et tsas 66

FIGURE 28. GRAPH SHOWING THE DAILY RUN (FROM 8.00 A.M TO 6.00 P.M.) OF AIR
TEMPERATURES (OUTDOOR) AND INDOOR TEMPERATURE IN CASE OF DIFFERENT
CONSTRUCTIONS, WINDOW OPENINGS, AND SHADING ......ccvvirreieieererereiseeseeeenennas 68

FIGURE 29. GRAPH SHOWING THE DAILY RUN (FROM 8.00 A.M TO 6.00 P.M.) OF AIR
TEMPERATURES (OUTDOOR) AND INDOOR TEMPERATURE IN CASE OF HEAVY-WEIGHT
WALL CONSTRUCTION, OPENED AND CLOSED WINDOW, AND TREE SHADING........... 69

FIGURE 30. THE MAP OF CENTRAL PART OF THE IX. DISTRICT (KOZEPSO-FERENCVAROS). THE
OPENED UP INNER YARDS CAN BE CLEARLY SPOTTED....c.cviviviiiieieieceeeieeseseeeseeeenenanas 72

FIGURE 31.: ANALYSIS SHEET OF THE ORIGINAL 1992 ACTION PLAN, FERENCVAROS (SOURCE:
VAROSFEJLESZTESZRT., 1992) ...ttt ettt n st sa e s s es 73

FIGURE 32. THE PLAN OF THE STUDIED BLOCK AND SURROUNDINGS IN ACTUAL STATE......73

FIGURE 33. THE PLAN OF THE STUDIED BLOCK AND SURROUNDINGS IN PLANNED STATE .. 74

FIGURE 34. THE RATIO OF INNER COURTYARDS IN ACTUAL STATE; ABOVE: LONGITUDINAL
SECTION, DOWN: CROSS SECTION (LRR. = LAND REGISTER REFERENCE) .........cccevee.... 75

117



FIGURE 35. THE RATIO OF INNER COURTYARDS IN PLANNED STATE UP: LONGITUDINAL

SECTION, DOWN: CROSS SECTION .....ceiiiiiiiiiiiiiiiin e 75
FIGURE 36. CHANGE IN PMV VALUES IN THE INNER COURTYARD DUE TO THE PLANTATION
OF VEGETATION ..ottt 78

FIGURE 37. THE PILOT AREA ON GOOGLE EARTH IN 2012 (ABOVE) AND IN 2020 (BELOW). 82
FIGURE 38. THE REHABILITATION PLAN OF THE AREA. (LANDSCAPE ARCHITECTURE: O.
KOCSIS.) ettt st sttt et et r e et s sreenre e e et eaes 84
FIGURE 39. 1°" MODEL AREA: BOUNDED BY LOVOHAZ, RETEK, FILLER, EZREDES STREETS .. 84
FIGURE 40. EFFECT OF SINGLE AND DOUBLE ALLEY IN FENY AND RETEK STREETS (SUMMER,
12:00H, 1.6 M) ottt sttt et st n e 85
FIGURE 41.CARTOGRAM SHOWING THE DIFFERENCE IN MRT VALUES AROUND LOVOHAZ
UTCA DUE TO THE PLANTING OF VEGETATION IN RETEK AND FENY UTCA, (GREENED —
ORIGINAL STATE), SUMMER, 12.00 A.M., 1.6 M HEIGHT (THE EXTENSIONS OF THE
MODEL AREA ARE SEEN ON THE VERTICAL AND HORIZONTAL AXIS IN METERS.)........ 86
FIGURE 42. CARTOGRAM SHOWING THE DIFFERENCE IN POTENTIAL TEMPERATURE VALUES
AROUND LOVOHAZ UTCA DUE TO THE PLANTING OF VEGETATION IN RETEK AND FENY
UTCA. (GREENED — ORIGINAL STATE), SUMMER, 12.00 A.M., 1.6 M HEIGHT (THE
EXTENSIONS OF THE MODEL AREA ARE SEEN ON THE VERTICAL AND HORIZONTAL AXIS
IN IMIETERS.) 1ettett ettt ettt ettt ettt st sttt et et st e et e sae e bt e beenbeentesatesaeesaeenseenseenes 86
FIGURE 43.: CARTOGRAM SHOWING THE DIFFERENCE IN MRT VALUES AROUND KELETI
KAROLY UTCA DUE TO THE PLANTING OF ALLEY TREES. GREENED — ORIGINAL STATE,
SUMMER, 12.00 A.M., 1.6 M HEIGHT (THE EXTENSIONS OF THE MODEL AREA ARE SEEN
ON THE VERTICAL AND HORIZONTAL AXIS IN METERS.)..c.coevoviiiinienieiieie e 87
FIGURE 44. CARTOGRAM SHOWING THE DIFFERENCE IN POTENTIAL TEMPERATURE KELETI
KAROLY UTCA DUE TO THE PLANTING OF ALLEY TREES. GREENED — ORIGINAL STATE,
SUMMER, 12.00 A.M., 1.6 M HEIGHT (THE EXTENSIONS OF THE MODEL AREA ARE SEEN

ON THE VERTICAL AND HORIZONTAL AXIS IN METERS.)...ccceeciiiiniiniiniininieicicicnenaan 87
FIGURE 45.: CARTOGRAM SHOWING THE DIFFERENCE IN MRT VALUES DUE TO CREATION OF
SZELLKAPU PARK (SUMMER, 12:00H, 1.6 M) ....cueviuerieeieiienieieseisesiesssseseesssesessssesenses 89
FIGURE 46.: CARTOGRAM SHOWING THE DIFFERENCE IN POTENTIAL TEMPERATURE VALUES
DUE TO CREATION OF SZELLKAPU PARK (SUMMER, 12:00H, 1.6 M)......cccccveveverunnenn 89
FIGURE 48.: SHOWING THE GAP BETWEEN THE RESULTS OF URBAN CLIMATE RESEARCH AND
THE KNOWLEDGE NECESSARY FOR URBAN PLANNERS. .......ccocoiiiiiiiiiiiiiiiiniiiee 99

118



11. Publications

Chapters in books:

1.

Szkordilisz, F. (2018) ‘A természetalapi megoldasok a véaros-
rehabilitacioban’, in Lazar, 1. (ed.) Kdrnyezet és energia: Hatékony
termelés, tudatos felhasznalas., p. 281.Szkordilisz, F. et al. (2018) ‘How
to use nature-based solutions in urban planning systems of Europe?’, in
10th International Conference on Urban Climate / 14th Symposium on
the Urban Environment.

Baranka, G. et al. (2016) ‘Pilot Action in Budapest’, in Musco, F. (ed.)
Counteracting Urban Heat Island Effects in a Global Climate Change
Scenario. Cham: Springer International Publishing, pp. 345-372. doi:
10.1007/978-3-319-10425-6_13.

Szkordilisz, F. et al. (2016) ‘Facilitating Climate Adaptive Urban
Design - Developing a System of Planning Criteria in Hungary’, in
Guillaume Habert and Arno Schlueter (eds) Expanding Boundaries:
Systems Thinking in the Built Environment. vdf Hochschulverlag AG
an der ETH Ziirich, pp. 102-106. doi: 10.3218/3774-6_17.

Szkordilisz, F. (2014) ‘Fasorok ¢és zold homlokzatok mikroklimara
gyakorolt hatdsa’, in Fenntarthat6 energetika megtjul6 energiaforrasok
optimalizalt integralasaval, pp. 29-30.

Journal Articles

5.

Bouzouidja, R. et al. (2020) ‘Simplified performance assessment
methodology for addressing soil quality of nature-based solutions’,
Journal of Soils and Sediments. doi: 10.1007/s11368-020-02731-y.
Szkordilisz, F. and Zold, A. (2016) ‘Effect of vegetation on wind-
comfort’, Applied Mechanics and Materials. doi:
10.4028/www.scientific.net/ AMM.824.811.

Szkordilisz, F. and Kiss, M. (2016) ‘Passive cooling potential of alley
trees and their impact on indoor comfort’, Pollack Periodica, 11(1), pp.
101-112. doi: 10.1556/606.2016.11.1.10.

Szkordilisz, F. and Kiss, M. (2016) ‘Potential of Vegetation in
Improving Indoor Thermal Comfort and Natural Ventilation’, Applied
Mechanics and  Materials, 824, pp. 278-287. doi:
10.4028/www.scientific.net/ AMM.824.278.

119



9. Szkordilisz, F. (2014) ‘Microclimatic Effects of Green Facades in
Urban Environment’, Advanced Materials Research, 899, pp. 415-420.
doi: 10.4028/www.scientific.net/ AMR.899.415.

10. Szkordilisz, F. (2014) ‘Mitigation of urban heat island by green spaces’,
Pollack Periodica, 9(1), pp. 91-100. doi: 10.1556/Pollack.9.2014.1.10.

11. Palvolgyi, T. and Szkordilisz, F. (2013) ‘Integralt felujitasi stratégidk az
Eurdpai Energiahatékonysagi Iranyelv tiikrében.’,
ENERGIAGAZDALKODAS, 54, pp. 12-15.

Conference proceedings

12. Bouzouidja, R. et al. (2019) ‘Nature-based solutions as alternative to
tackle urban water and soil management challenges: A distributed
experiment in three climate regions’, in SUITMA 10 Soils of Urban,
Industrial, Traffic, Mining and Military Areas. Soul, South-Korea.

13. Kormondi, B. et al. (2019) ‘The secret ingredient - the role of
governance in green infrastructure development through the examples
of European cities’, in IOP CONFERENCE SERIES: EARTH AND
ENVIRONMENTAL SCIENCE, pp. 1-10. doi: 10.1088/1755-
1315/323/1/012024.

14. Szkordilisz, F. et al. (2018) ‘How to Use Nature-Based Solutions in
Urban Planning Systems of Europe?’, in 10th International Conference
on Urban Climate. New York. Available at:
https://ams.confex.com/ams/ICUC10/meetingapp.cgi/Paper/343423.

15. Kantor, N. et al. (2017) ‘Nature4Cities: A természetalapu megoldasok
(nature-based solutions) alkalmazasi lehetéségei a varostervezésben’, in

Interdiszciplindris tajkutatds a XXI. szdzadban: a VII. Magyar
T4jokologiai Konferencia tanulmanyai, pp. 295-304.

16. Szkordilisz, F. et al (2017) ‘Performance Assessment of Nature-based
Solutions’, in Conference Proceedings of EUGIC conference, 2017

17. Szkordilisz, F. et al. (2016) ‘A varosi z6ld infrastruktira szerepe a
klimaadaptiv tervezésben’, in Fenntarthat6sag - utdpia vagy realitas?,
pp. 289-299.

18. Szkordilisz, F. et al. (2015) ‘Towards climate conscious urban design -
Developing a system of planning criteria in Hungary’, in EUGEO
Budapest 2015, p. 79.

120



19.

20.

21.

22.

23.

24,

25.

26.

Szkordilisz, F. and Kiss, M. (2015) ‘Potential Of Vegetation In
Improving Indoor Thermal Comfort And Natural Ventilation’, in
Proceedings of International Conference Buildings and Environment
2015 (enviBUILD 2015), p. 85.

Szkordilisz, F. and Zold, A. (2015) ‘Effect Of Vegetation On Wind-
Comfort’, in Proceedings of International Conference Buildings and
Environment 2015 (enviBUILD 2015). Bratislava, p. 100.

Szkordilisz, F. and Kiss, M. (2015) ‘Shading effect of Alley Trees and
Their Impact on Indoor Comfort’, in ICUC9 extended abstracts.
Baranka, G. et al. (2015) ‘Climate-Conscious Development of an Urban
Area in Budapest, Hungary’, in ICUC9 extended abstracts.

Szkordilisz, F., Heeren, N. and Habert, G. (2014) ‘Energetic and
comfort benefits of composite buildings: Learning from vernacular
techniques’, in World Sustainable Building Conference 2014.
Barcelona.

Szkordilisz, F. and Kiss, M. (2014) ‘Passive Cooling Potential of Alley
Trees and Their Impact on Indoor Comfort’, in 10th International
Miklés Ivanyi PhD & DLA Symposium, p. 112.

Szkordilisz, F. (2013) ‘Budapest zoldteriileti haldzatanak fejlesztési
lehetdségei’, in Gazdalkodj térben!, pp. 178-194.

Szkordilisz, F. (2012) ‘Reconstruction of blocks of flats with an
ecological concept’, in Eight International PhD & DLA Symposium.

121



Acknowledgements / Készonetnyilvanitas

Prof. Dr. Zo6ld Andras tanar urnak, aki immar tobb, mint 10 éve kiséri
figyelemmel a munkamat, aki mindig olyan tanaccsal ellatva engem, amire
éppen sziikkségem van, ¢és aki nélkiil nemcsak ez a mi, de eddigi kutatoi,
szakmai palyafutdsom sem johetett volna Iétre.

Dr. Lanyi Erzsébet tanarnének, aki masodéves épitészhallgatd koromban
bevezetett a kornyezetbarat és klimatudatos épitészet rejtelmeibe, és legelsd
TDK dolgozatom konzulense 1évén megismertetett a kutatds édes-keserii
izével.

A Debreceni Egyetem Foldtudomanyi Doktori Iskolajanak valamennyi
oktato-kutatd és adminisztrativ kollégajanak, akik partnerek voltak az egyéni
felkésziilés lehetdve tételében.

A Szegedi Tudomanyegyetem Eghajlattani és Tajfoldrajzi Tanszéke
munkatarsainak, akik lehetdvé tették a helyszini mérések megvaldsuldsat,
eszkozt €s teret biztositottak a kutatdsokhoz és ellattak jotanacsokkal.

Seprodi-Egeresi Martanak, aki bevezetett az ENVI-met kezelésébe, és
elére figyelmeztetett: sok Osz hajszdlat koszonhetek majd a szoftver
hasznélatanak.

Tarsszerzéimnek, akikkel 6rom és megtiszteltetés volt egyiitt dolgozni.

Az ETH Ziirich Fenntarthato Epités Tanszékének kollégainak, elsésorban
Guillaume Habert-nek, aki lehetdvé tette, hogy egy kiilonleges és kreativ
munkakornyezetben fejlédhessek és tanulhassak.

Ayvii Kovperha (Agni Kouvela), akinek athéni tervezdirodajaban
megismerkedhettem az ECOTECT-tel.

A hallgatéimnak a BME Kornyezetgazdasagtan Tanszékén, mert oktatas
és konzultacié kozben tamadtak a legjobb Gtleteim.

A kollégaimnak a Magyar Urbanisztikai Tudaskozpontban, akik
kibirtdk nélkiilem, amig én a disszertaciomat irtam, és kiilondsképpen is Bauer
Adamnak, aki utolso pillanatban digitalizalta jelen mii 3. abrajat.

Barataimnak és csaladtagjaimnak szerte a vilagon és itthon, akik
segitettek, biztattak, noszogattak, és elviselték kutatdi hdbortjaimat.

SDG

122



