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Abstract This paper classifies the streets of the city of Orestiada, Greece, and examines the correlation between the 
geometric characteristics of streets and the appropriate height of trees that form the street tree lines so that the microclimate in 
each street may be improved. The rows of trees improve the aesthetic quality of the urban spaces, and also strengthen the sense of 
enclosure through tree planting, especially in monot-onous urban landscapes. Our main aim is to augment the veg-etation in urban 
areas to achieve the greatest shading of streets in order to contribute to the improvement of the urban environ-ment in terms of 
bioclimatic conditions. The methodology used in this paper aims to promote the use of trees in urban design, and to evaluate the 
effects of shading at the city scale with regard to microclimate and energy saving, and to develop tree selection and design 
guidelines for recommended planting pro-grams. It is expected that the results of the study will be useful to Urban Planners, Urban 
Arboriculturists, Urban Foresters and Landscape Architects that are engaged in the design and con-struction of streetscapes in 
Mediterranean region.
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All the above drastically reduce the thermal com-fort of 
urban open spaces during hot days; people quickly cross 
these spaces and search for more shaded and fresh areas to sit 
and relax (Abreu-Harbich et al. 2014). Moughtin (2003) and 
Jacobs (1995) agree that a desirable urban condition is for a 
pedestrian to have a sense of the surroundings as a pleasant 
and protective space. This feeling can be achieved by the use 
of trees in city streets (Bourbia and Boucherida 2010; Georgi 
and Dimitriou 2010; Lowry et al. 2012; Moreno et al. 2015). 
BIn particular, trees are defined as the most effective vegeta-
tion element for reducing overheating in urban areas^ 
(Orlandini et al. 2017) while street trees provide valuable en-
vironmental, social, and economic benefits (Mullaney et al. 
2015). Suggestions that involve planting trees along streets 
aim to create a landscape that is protected and shaded by the 
tree foliage. This will also succeed in creating the sense of an 
enclosed room, according to Moughtin (2003), which will
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Introduction
Urbanization tends to increase urban temperature, energy 
use, carbon dioxide emissions from fossil fuel power plants, 
mu-nicipal water demand, ozone levels, and human 
discomfort and disease (Dwyer et al. 1992). These harmful 
consequences are compounded by global climate change, 
which may double the rate of urban warming (Akbari et al. 
1990). Environmental improvement of urban street trees 
has the potential to improve existing bioclimatic conditions 
and create comfortable condi-tions both inside and outside 
of buildings (Streiling and Matzarakis 2003; Mayer and 
Matzarakis 2006; Ali-Toudert and Mayer 2007a; Bourbia 
and Boucherida 2010; Georgi and Dimitriou 2010; 
Orlandini et al. 2017).
According to Evangelinos et al. (2005) city surfaces are 
constructed with artificial, dark coloured, heavy-weight 
mate-rials, which during the day absorb large sums of solar 
radia-tion and radiate heat, significantly raising the mean 
radiant temperature. 
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improve the microclimate of open spaces and prolong resi-
dence times.

According to Ali-Toudert and Mayer (2006), Ali-Toudert
and Mayer 2007b) the need for comfort is strongly dependent
on the use of the street. It is difficult to keep a whole street in
optimal comfort situation because of other design imperatives.
Fortunately, this is also not indispensable, and it is important
to keep the space of the street at least partly comfortable.
Studies based on social surveys have shown that the frequen-
tation of urban spaces is favoured when a choice is given to
people to adjust to a climatic situation by moving to shaded
sub-spaces. The last example shows that a judicious combina-
tion of geometric aspects (aspect ratio, gallery, overhangs) and
the orientation can lead to a substantial amelioration of the
microclimate at street level even with keeping a minimum of
solar access in winter for indoors and outdoors.

Street trees can improve the microclimate by reducing the
temperature around 3 °C and the relative humidity around 10–
20% and therefore by improving the thermal comfort
(Dimoudi and Nikolopoulou 2003; Rantzoudi 2004; Georgi
and Sarikou 2006; Georgi and Zafiriadis 2006; Ali-Toudert
and Mayer 2007a; Zoulia et al. 2009; Georgi and Dimitriou
2010). The ideal arrangement of lines of trees in urban spaces
depends on the width of streets, sidewalks, the height of near-
by buildings, street orientation (Dafis 2001; Georgi 2000), and
of course the morphological features of the chosen trees. More
specifically, based on the sun’s movement, there is an area of
the street that is exposed to the sun every day during the
summer. This specific area can be shaded by a line of broad-
leaf trees to protect the sides of buildings that face the street
from increased solar heating that occurs during summer.
Simple characterization of shading effects is complicated by
the many possible permutations of building type, building
surface orientation, tree location with respect to each building
surface, tree size, canopy density, solar angle (time of day),
season and microclimate (Simpson 2002; Shashua-Bar et al.
2010a, b).

The aim of this paper is to categorize the streets of
Orestiada, Greece, and compare their geometrical characteris-
tics with the size of suitable trees for the urban environment. It
thereby considers the possibilities for regulating the contrast-
ing conditions that exist in urban streets and in general to
improve the environmental conditions in terms of bioclimatic
criteria. Furthermore, the paper focuses on the effects that
trees have on streets and buildings in the urban environment
and the energy used in cooling and heating (Randrup et al.
2001). Given the difficulties associated to the measurements
that include all of these factors, simulationmodels have been a
necessary and practical alternative for evaluating these effects.
The study took place in the city of Orestiada during the sum-
mer months, when temperatures are high and the need for
shade is imperative. This is the forefront of this research. It
examines a simple function of trees (the shadow), during the

summer (where the discomfort is obvious in Mediterranean
countries) that make a strong contribution in cooling and is
part of bioclimatic design.

Methodology

Site description

The project applies to the urban part of Orestiada - study area
(Fig. 1), which is a modern city that is situated at northeast-
ernmost and northernmost of Greece with population around
20,000. Orestiada is only 2 km west of the Evros River, a
natural border between Greece and Turkey. The street plan
of Orestiada was designed in 1922 according to the
Hippodamean grid pattern (Fig. 1), runs almost parallel from
east to west and north to south. At this type of city plan, the
streets can be grouped according to their geometrical charac-
teristics. The streets of Orestiada’s urban center are catego-
rized in terms of the relationship between street orientation,
width and the morphological features of trees to be planted
along the streets.

During its early decades of development Orestiada boasted
for the two-lane main avenue that ended to a forested and
spacious square with a statue. The city grew along its central
avenue which was planted with four-wide rows of trees along
the median strip, which gave pedestrians a sense of space
enclosure. However, this is no longer the situation in the mod-
ern city. Although surrounded by a rural landscape, the city
bears the obvious results of urbanization that developed dur-
ing recent decades without adequate planning. The best tree
placement on a given street depends on the street orientation
and width, height of the buildings that face both sides of the
road, and types of trees that are chosen. So, in the ground plan
of the streets we place lines of trees according to the geomet-
rical characteristics of the street and orientation to find the best
design solution (Figs. 5, 6, 7, 8, 9, 10, 11, 12).

The area of Orestiada is among the most fertile and pro-
ductive areas of Greece. The soil of the broader area includes
sand, gravel and shingles or compact rocks that the waterproof
is owed to them in primary porosity. In the alluvia depositions
of Evros River there is the existence of grainy or small water-
proof shaping materials with high water wagon horizon.
Inside the city of Orestiada, the soil where the trees rows are
planted is brought in to the site.

The climate of the wider area of Northern Evros is classi-
fied as a continental type of climate with cold winter and hot
summer. The maximum sunshine occurs in July and August,
when shown the highest average temperature of the year,
25.7 °C. The average minimum temperature of 0.6 °C occurs
in January. The average relative humidity reaches its peak
with 82% in December and the minimum of 55% in August.
The average relative humidity of the year is 69%. The average
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annual rainfall exceeds 600 mm and the mean altitude of
Orestiada is 29 m. The prevailing winds have northeast or
northwest direction with an incidence of 39.2%, while the rate
lull is only 4.2%. The maximum sunshine was recorded dur-
ing the months of July–August and the minimum in the
months December–February. Rainfall was recorded through-
out the year with maximum intensity between November to
May. Also, from winter to early spring snowfalls occur. The
average number of snow days is 10.6, with a snow height in
10.12 cm (Matzarakis 2006).

As it is inferred from these data, the relative humidity in
Orestiada is high throughout the whole year and this is caused
by the vicinity of the River Evros. But it is a favourable factor
for plant growth in general and of trees in the urban ecosystem
as the environment of the city is drier than the countryside
(Oke 1987; Yilmaz et al. 2007), which is negative to achieve
rich and healthy vegetation within it.

Categorizing streets according to width

The streets of the study area can be divided into 3 groups
according to their geometrical characteristics. The 1st catego-
ry includes avenues of widths greater than 20 m, the 2nd
category includes streets with widths of 15 m and the 3rd with
width less than 10 m (Fig. 1). The 1st category includes two
broad avenues of widths 30 m and 20 m that accommodates
basic commercial activity and social services of the city. The
second category streets accommodates mixed land uses, while

the third category shows narrow streets are commercial streets
to be used as pedestrian streets for developing retail activity in
the city.

Categorizing streets according to orientation

All the categories mentioned above are examined according to
orientation. As there are two orientations, fromNorth to South
and from East to West, in any category the study searched for
the size of trees that can grow there (Fig. 4). According to the
season and the position of sun, different parts of the street are
shaded, but during the summer and specifically on the 21st of
June when it is the summer solstice, sun heating reaches its
peak. If this period it is managed to shade the street and the
buildings in a satisfying range then we will have coincidently
achieved thermal comfort conditions, saved a great amount of
energy and improved bioclimatic and aesthetic conditions in-
side the city during the whole year.

Categorizing trees according to height

Simulation models that account for tree configuration. Effects
of mature, deciduous trees have most often been modeled
(Thayer and Maeda 1985; Huang et al. 1987; McPherson
and Dougherty 1989; Simpson and McPherson 1996). The
term tree type is used to aggregate species-related tree charac-
teristics including mature size (crown width, growth rate and
crown shape), foliation period (for deciduous trees) and shade

Fig. 1 Study area and street classification



coefficient for leaf-on period. With regard to tree height, the
classification that Dafis (2001) proposed for street trees has
been used. Therefore the trees have been categorized accord-
ing height (Dafis 2001), as follows: The 1st class includes
trees of height greater than 20 m (δ3˃20 m), the 2nd class
includes trees with height equal or less than 20 m
(δ2 ≤ 20 m) and the 3rd class with height equal or less than
10 m (δ1 ≤ 10 m) (Fig. 2). The broad-leaf deciduous trees are
the preferable trees for shade because they provide better
shade conditions, during all the seasons of the year. In this
way the suitable height of trees to improve bioclimatic condi-
tions according the existing urban geometry is examined.
According to this scheme, we sketch the groups of the trees
to be used in the research for the most ideal planting position
in the streets of the study area (Fig. 5, 6, 7, 8, 9, 10, 11, and
12), similar categorization has been used by Simpson (2002).

The choice of appropriate size of trees is made by taking
three characteristics into account:

a) Appropriate morphological features (height) of the trees
that improve the energy requirements of buildings that
face the street and create comfortable thermal conditions
in the streets (Fig. 2).

b) Maintain a minimum allowable tree height in an urban
space so as not to prevent pedestrian movement, the trans-
portation of merchandise and human activity in general,
which is an important factor in a restricted urban space.

Russ (2002) recommends a height of 2.4 m as the mini-
mum acceptable. Consequently, in urban open spaces like
sidewalks, an appropriate height is more than 5 m.

c) Maintaining a minimum distance from buildings accord-
ing to Russ (2002), a tree should be planted at a distance
equal to 1/4 or 1/3 of the height of the grown tree (Fig. 3).
This distance is called ω and is considered to be the min-
imum allowed, equal to ¼ of the height of the tree. The
symbol σ determines the height of the shade from the trees
on adjacent building, whereas π represents the width of
the street (Fig. 5, 6, 7, 8, 9, 10, 11, and 12). Searching for
the best solution to minimize solar heating in both orien-
tations (higher σ is better) involves making ground plans
(adequate ω according to π) and sections for the summer
solstice (21st June) and the specific midday hours of
12:00 and 15:00 according to Tzonos (1985) at the lati-
tude of Orestiada. At the present study weather data and
tree-shade represent typical or average conditions with no
wind effect.

Results

The results from correlation are presented separately for each
category of street classification, where the proposed size of

Fig. 2 Distinction of street trees
according to height and diameter
of the crown according to Dafis
(2001)



trees depends on the size and the orientation in each category
of the street (Fig.4). The distance ωwill be the closest position
to building facades and is an example of the correct placement
of a tree line. In every section, we explore the better position
of trees at left, right or in the middle along streets for both
orientations that are found for the city of Orestiada - northern
and southern or eastern and western orientation. Our intention
is to find the best position for the formation of tree lines in
order to improve the microclimatic and aesthetic conditions of
the urban open space.

Streets of the 3rd category (6-10 m)

Streets in this group include small downtown streets with
buildings less than 11 m in height. A representative section
in a pedestrianized street of 10 m width with east-west orien-
tation and building heights of 9 m on the south side and 11 m
on the north is selected (Fig. 5). The present study aims to find
the best position of trees to create better bioclimatic and aes-
thetic conditions. The results for all 6 sections (Figs. 5) show
that buildings with south-facing orientations need to be

shaded. More specifically, from the previous sections, low
trees according to classification at Fig. 2 that reaches no more
than 10 m in mature age will provide necessary height and
foliage to shade building frontages. In this way, solar radiation
will not heat building facades during the hot days of the year
and also the cold wintry winds will be efficiently reduced by
the trees. Additionally, the tree lines will aesthetically enhance
the road.

In the tests, it is found that in the 1st sections both at 12:00
and 15:00 at Fig. 5 the trees at the minimum allowed distance
from nearby buildings (ω = 2.5 m) offer better shading condi-
tions when they are planted in the southern facades. Also,
small size (δ1) trees are suitable enough in order for the sought
bioclimatic aim to be achieved. Additionally, a second repre-
sentative street is selected of 6 m width, north-south orienta-
tion and buildings of 11 m height on both sides of the street
(Fig. 6). The tests show that for a north-south orientation, due
to the fact that the street is especially narrow (6 m) a low tree
should be used and placed to the minimum distance ω = 2.5 m
from adjacent buildings. It is obvious form the 3rd sections
(Fig. 6) that at 15:00 the shade of one building on another is so

Fig. 3 Proposed planting
position of a street tree (after Russ
2002)



complete that tree position doesn’t directly influence shade
conditions. However, at 12:00 the placement of trees affects
west-facing buildings and is therefore important in terms of
reaching our bioclimatic and aesthetic aims.

To conclude, in streets with a width less or equal to 10 m
(3rd category), we suggest trees of 3rd class with a height
lower than 10 m. In this way, we have the best effect on the
microclimate of the streets using trees of a height of 10 m

which is appropriate in a minimum distance of 2.5 m from
nearby buildings. Concretely, regarding streets with orienta-
tion from east to west we select to shade the facades of build-
ings that are turned into the south and in distance ω = 3 m
(Fig. 3 and 5), whereas regarding streets with orientation from
north to south we achieve the desirable result with the place-
ment of low trees in the middle of the distance between the
two facades of street (Fig. 3 and 6). Of course, any choice of

Fig. 4 Proposed placement of
rows of street trees in north-south
and east-west direction

Fig. 5 Streets of the 3rd category
(width = 10 m) under sun and
shade in an east-west direction. At
this figure we explore the best
placement of trees for 21st June at
12:00 and 15:00 in order to im-
prove microclimatic conditions of
the road. Particularly, we place a
low tree (δ1) in three different
positions left, right or in the
middle of the road. It’s obvious
that the shade is better at the 1st
section, during the hottest day of
the year



arrangement of trees depends on the use of these small streets
as footpaths for the movement of pedestrians or one way roads
for the movement of vehicles.

Streets of the 2nd category (15 m)

At this case, streets whose width reach 15m and are included
in our study area, are considered. These are usually residential
streets with mixed uses where the buildings can be up to 16 m
or five floors in height. A representative section was chosen
where the heights of buildings on each side of the road are
16 m and 13 m respectively for an east-west road and 16 m
height on both facades for a north-south road.

The sections of the streets were designed for the chosen
midday hours when the sun is high. It was found that the south
facing orientation needs to be shaded, the desirable height of
trees to be up to 20m, which means trees of middle height to
provide full shade to those building facades oriented toward
the sun (Fig. 7, 8, and 9). It is obvious from the 1st and 3rd
section shown at Fig. 7 that we cannot achieve efficient shade
of the buildings with trees of the 3rd class whereas the situa-
tion is improved in the 2nd section of the same figure. These
results are also confined by the section at Fig. 8 where at 15:00
the sun is closer to the horizon but a low tree of 3rd class
cannot shade more than σ = 1/2 of the height of the building.

Consequently, the most appropriate choice, according to
the geometry of the street where buildings can reach 19 m in
height, is trees of medium height of 20 m (2nd class).
However, it was obvious that this is a good proposal in spe-
cific streets with sidewalks of only 3.5m width. This width is
satisfactory for pedestrian movement according to Lynch and
Hack (2002) and Russ (2002), as it was previously mentioned.
In this case, and due to the fact that the 15m street in the center
of the city of Orestiada is one-way road for vehicles with 2
lanes for parking space, the sidewalks are proposed to broaden
to 5.6m in the 4rd section at the Fig. 7. This will consume
room from the parking lanes so as to plant medium-height
trees at such intervals that will enable parking between them.
This proposal will create the sense of an enclosed-protected
space, and the correct placement of the tree row will aesthet-
ically improve the urban scene and will fulfill the bioclimatic
purpose without disturbing traffic flowwithin the city (Fig. 7).
These types of streets, especially in the suburbs where the use
of land is residential, can be converted into woonerfs.

At Fig. 9 the solar heating of a 2nd category north-south
street can be seen. The difference here is that the buildings on
both sides are heated for a period during the day. It is conclud-
ed that a double tree line is also necessary here. Placing short
trees does not cover the facade of the buildings; however, it is
a satisfied solution for the current width of the sidewalks. A
solution similar to this could be suggested in Fig. 9, as it

Fig. 6 North-south street of 3rd
category (width 6 m) under sun
and shade for 21st June at 12:00
and 15:00. This figure explores
the best placements of trees in
order to improve microclimatic
conditions of the road. Firstly, we
place a low tree (δ1) in the middle
of the street (Section 1st) and we
have satisfactory shade at 12:00.
The other two sections depict the
shade at 15:00. It’s obvious that
the position of the tree doesn’t
affect the shade condition.



proved ideal for placing medium height trees that are more
appropriate for this size of street and height of the buildings.

To summarize, in the streets of the 2nd category we prefer
trees with at least a height of 10 m according to the width of
the sidewalks. Whereas, we could have better affect on the
microclimate of the specific streets planting trees of medium
height of 20m. Concretely, in both orientations, we achieve
better results when we use two lines of trees of medium size
that will shade the facades of the buildings which they should
be planted in a distance, at least, of 2.5m away from the
buildings.

Streets of the 1st category

Finally, the 1st category streets are considered an east-west
avenue of 30m width with 3.5m sidewalks and a tree-
covered median strip of 2.5m width; also a north-south street
with a width of 20m. Both streets mainly serve commercial

uses. A representative section was analyzed with buildings of
16 m height in both orientations (Figs. 10, 11, and 12).

In the 1st section (Fig. 10) of street we place trees of low
height at the sidewalks and the median but the shade provided,
is inadequate. In the 2nd section (Fig. 10) we achieve the same
ineffective result, with medium height trees in the median and
low height trees in the sidewalks because the street is broad
and the facades of the adjacent buildings are not shaded. The
choice for the medium height trees is suitable for the width of
the existing sidewalks as its distance ω is the minimum ac-
ceptable from the facades of the buildings. The sections at
12:00 and 15:00 show that the best correlation for the specific
road are trees of medium height on the sidewalks and tall trees
in the median strip (section 3rd, Fig. 10 and section 1st,
Fig. 11); this satisfies more our bioclimatic requirements.

In this 30m avenue there is a problemwith the widths of the
sidewalks, which are only 3.5m, as in the previous case with
the 15m streets. Therefore, two solutions are suggested. The

Fig. 8 Second category (width
15 m) east-west street under sun
and shade. At this figure we see
that the size of trees is
inappropriate for 21st June at
15:00 in order to improve
microclimatic and aesthetic
conditions of the road

Fig. 7 Street of 2rd category (width 15 m) under sun and shade in an
east-west direction. At this figure we explore the best placement of trees
for 21st June at 12:00 in order to improve microclimatic conditions of the
road. Also, we use two different size of tree in order to succeed better
shading conditions. It’s obvious from section 2nd that the tallest tree

offers better bioclimatic conditions. Finally, there is a proposal planting
plan at the same hour of the day, where the sidewalk is extended to enable
middle height trees to be planted. So, this arrangement is a more desirable
solution because it fulfils better the aim of bioclimatic and aesthetic
purposes



first solution is presented in the section 3 of Fig. 10, it was
mentioned earlier and the second solution proposes the wid-
ening of the sidewalks to 5.6 m and planting medium-height
trees (section 3rd, Fig. 11). The tree arrangement proposed is
relevant to The Ramplas Street (Jacobs 1995) in order an
enclosed urban environment to be achieved (Rantzoudi 2004).

At Fig. 11, it is presented a 1st category north-south street
during the solar heating of 21st June. In the 1st section of this
street, as in all the other streets of this orientation, it is noted
that at specific period of the day both sides of the street receive
solar gain. Therefore, it is concluded that there is a need for a
double line of trees. The use of low height trees does not shade

Fig. 10 East-west street of 1st
category (width 30m) under sun
and shade. In this figure we
explore the best placement of
trees for 21st June at 12:00 in
order to improve microclimatic
conditions of the road. Also, we
use three different sizes of trees in
order to succeed better shading
conditions. It’s obvious from
section 3rd that the combination
of the tallest trees offers better
bioclimatic and aesthetic
conditions, because they provide
better shade and they enclose the
urban environment

Fig. 9 North-south street of 2nd
category (width 15 m) under sun
and shade for 21st June at 12:00.
At this figure we see that the size
of trees is inappropriate for 21st
June at 15:00 in order to improve
microclimatic and aesthetic
conditions of the road



all the facades of the buildings; nevertheless, it is an adequate
solution to the width of existing sidewalks. Widening the
sidewalks and planting taller trees is suggested; that is consid-
ered the ideal solution for the size of the street and height of
adjacent buildings (as in the case of streets of 4rd category at
Fig. 6). The idea comes from Saint Michel Boulevard (Jacobs
1995), that has similar geometrical characteristics and suc-
cessful operation (Rantzoudi 2004). As a conclusion for
streets wider than 20 m, we suggest trees with a height equal
or more than 20 m (medium or high trees). The ideal solution
would be to have trees the same height as the buildings and
located in the middle of the street.

Discussion and conclusions

Consideration of all categories of streets provided the follow-
ing acceptable results in terms of tree planting in the streets of

the study area (Table 1); these results can also be applied in
other cities with similar layout streets.

The results at the table show that short trees are suitable for
streets of the 3rd category, whereas for streets of the 2nd
category, medium height trees are more appropriate for tree
rows. Also, for the 1st category, medium height trees are suit-
able for sidewalks and large size trees are suitable for the
median strip (Fig. 4). Furthermore, from the figures (Figs 5,
6, 7, 8, 9, 10, 11, and 12) it’s obvious that there is an imme-
diate need of shading south-facing facades for east-west
streets. Also, in north-south streets there is a need to shade
west-facing facades. In any case, this effect differentiates as
the size of the streets becomes bigger.

Trees contribute to the improvement of microclimate as
well as the aesthetics of streets in the city. According to Ali-
Toudert and Mayer (2007b) the use of a row of trees improves
the thermal comfort situation within the urban street canyon,
mostly because the direct solar radiation under the tree canopy

Fig. 12 North-south street of 1rd
category (width 20m) under sun
and shade for 21st June at 12:00
and 15:00. At this figure we
explore the best placement of
trees (according to the width of
sidewalks) in order to improve
bioclimatic and aesthetic
conditions of the road. We notice
that the size of trees is insufficient
for 21st June at 15:00 in order to
improve bioclimatic and aesthetic
aims. It’s obvious, that the
combination of the tallest trees
will offer better microclimate,
because they provide more
efficient shade conditions and
enclose the urban environment

Fig. 11 East-west street of 1st
category (width 30m) under sun
and shade. At this figure we
explore the best placement of
trees for 21st June at 15:00 in
order to improve microclimatic
conditions of the road. The results
are the same with the previous
figure at 12:00. Also at this figure
we explore the best placement of
double line of trees in order to
improve the microclimate of the
road (relevant to The Ramplas
Street)



is strongly decreased. All features of urban street canyons
influence the human thermal comfort with a differentiated
situation across the street between the centre and the edges.
Hence, manifold possibilities bymeans of design are available
to control the thermal environment of people. Trees create
Bgreat streets^; open spaces with social activity for its resi-
dents (Rantzoudi 2004).

Planting acts as a medium of unification, as a bulkhead,
separating the paving zone from the vehicles zone and as a
bollard against the illegal parking (Georgi and Sarikou 2006;
Li et al. 2014). The choice of appropriate trees according to
our categorization and the geometrical characteristics of the
tree help to create a planting design that can be tailored to the
needs of individual cities. Its application will improve urban
design and bioclimatic conditions of open spaces and build-
ings; tree lines give identity to streets and encourage strolling
under their foliage, which in the future will reduce the use of
cars. So, the use of trees improves the urban environment
(Haq 2011; Moreno et al. 2015).

The microclimate effect of urban green areas might be ob-
tained by means of several strategies::

i) reducing solar heat gains on windows, walls and roof
top through shading (Song and Park 2015).

ii) reducing the building long-wave exchange with the sky
by lowering the building surface temperatures through
shading, hence reducing heating and cooling costs in
the surrounding constructions (McPherson et al. 2005).

iii) reducing the conductive convective heat gain by low-
ering dry-bulb temperatures through evapotranspira-
tion throughout the hot period (Georgi and Dimitriou
2010).

iv) increasing of latent cooling by adding moisture to the
air through evapotranspiration (Georgi and Dimitriou
2010; Dimoudi and Nikolopoulou 2003; Staley 2015).

v) improving the air-quality by enhancing the collection
of pollutants on leaves of the urban trees (McPherson
et al. 2005; Baldacchini et al. 2017).

Estimation of the decrease of air temperature below the
urban canopy due to tree species is therefore a critical issue
(Shashua-Bar et al. 2010a, b; Dimoudi and Nikolopoulou
2003; Orlandini et al. 2017).

A recent valuation of urban forests carried out by the City
of London showed that the 8 million trees growing in the
urban area produce annual benefits of about £132 million,
mostly related to the removal of air pollution, and they have
an amenity value estimated at £43 billion (Rogers et al. 2015).
Trees and forests in and around cities provide a wide range of
goods and ecosystem services, and they make major contribu-
tions to the livelihoods and quality of life of urban dwellers.
Well-maintained, healthy urban forests are one of the few
municipal capital investments that appreciate in value over
time – because the economic benefits increase as trees grow
and require less maintenance (Salbitano et al. 2016).

Generally trees can be used as tools in urban street design
and in achieving desirable characteristics and scenery that
provides a sense of enclosure, safety, and friendliness to the
satisfaction of those who use it. Development of similar re-
search to the present study can help to develop principles of
landscape design, ecology, and city planning when planning
plantings in the city and especially in streets within central
urban areas.

Urban trees can alter the solar radiation rates in shaded
areas. The variation of microclimate conditions in the shade
of trees depends on the tree species (Georgi and Zafiriadis
2006; Georgi and Dimitriou 2010; Gómez-Muñoz et al.
2010; de Abreu-Harbich et al. 2015). Additional characteris-
tics, like existence of trees and green areas, orientation of
streets relatively to the wind direction, are influencing the
local thermal conditions. These parameters, among others,
may explain the low temperatures recorded at wider streets
with lower H/W ratio (Zoulia et al. 2009).

Because of the weather data, tree model and buildings used
represent typical or average conditions, results reflect the av-
erage long-term impacts for a residential area rather than im-
pacts of extreme events on individual buildings. The method-
ology applied in this research provides a conceptual frame-
work to use detailed, rigorously validated models to real-
world problems, and thus to provide an improved accounting
of the complex interactions between trees, sun, building shade
and furthermore energy save in a simplified, practical ap-
proach (Georgi and Dimitriou 2010).

Moreover, results from Donovan and Butry (2009) show
that trees on the west and south sides of a house reduce sum-
mertime electricity use, whereas trees on the north side of a

Table 1 Codification in terms of
the relationship between street
widths and the height of street
trees

Correlation between street width and tree height

Street category Tree category Min. Distance from the
nearest building (m)

Tree height for the
best energy behaviour

3rd Small trees (δ1) 2,5 > or =10

2nd Medium trees (δ2) 5 > or =20

1st High trees (δ3) 5 < 20



house increase summertime electricity use and more precisely
the current level of tree cover on the west and south sides of
houses in their sample reduced summertime electricity use by
185 kWh (5.2%), whereas north-side trees increased electric-
ity use by 55 kWh (1.5%).

Results from our study provide a useful method to scale up
tree-shade effects to an urban area at a neighbour scale, appro-
priate for national appraisals. To conclude, the lookup sections
arrangement (Fig. 5, 6, 7, 8, 9, 10, 11, and 12) lends itself to
develop recommendations and guidelines designed to select
and locate shade trees to improve microclimate and maximize
energy benefits, important for evaluating proposed tree plant-
ing programs at a national level. The shade factor of urban
trees is a significant issue for the bioclimatic improvement and
energy savings at a similar northern Mediterranean city scale
that should be taken into consideration by city planners, de-
signers, landscape architects, and architects.

Further research could address other problems such as what
are the best locations, climate, what type of buildings, and
what type of trees should be used, or what is the best direction
that trees can be shaded.
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