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ABSTRACT

Increasing green spaces in urban areas is becoming a widespread strategy to adapt cities to
inevitable climate change impacts that already affect our cities such as the urban heat island
effect and flooding. This paper investigates to what extent providing trees, vegetation and
high albedo pavement surfaces at the street level can modify the microclimate increasing the
outdoor comfort of pedestrian and cyclists. Specifically, the amount of green to be added in
an ideal urban canyon street to compensate the effect of the global warming is calculated
against different future scenarios.
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INTRODUCTION

The impacts of global warming caused by GHG emissions are amplified in urban settings, due
to the urban heat island effect, or urban areas with higher temperatures compared with their
suburban and rural surroundings (see Figure 1). This phenomena is caused by the heat
absorbed by dark materials of buildings and pavements, with serious implications for urban
dwellers (Inturri and Ignaccolo, 2011a).
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Figure 11 Urban heat island effect (Source: http://heatisland.lbl.gov/HighTemps/)

During heat waves mobility patterns shifts towards comfortable air conditioned cars; this
leads to enhanced energy requirement and further exacerbates climate change.

The general topic of the paper is to investigate the link between urban climate and human
comfortandhow people’s travel patterns TrTespo
The specific topic is understanding to which extent trees and vegetation planted along a street
can moderate the urban heat island effect and improve the attitude of citizens towards
sustainable mode of transport such as walking.

The development of compact cities with high mixed-use densities in areas close to public
transport nodes and within “walkable?’
strategy for reducing short distance car trips, foster non-motorized mobility and therefore
delivering meaningful reductions in GHG emissions (Calthorpe, 1993; La Greca et al., 2011,
Inturri et al., 2009). To this aim economic measures based on parking and road pricing are
considered effective actions as well (Ignaccolo et al., 2006; Inturri and Ignaccolo, 2011Db).

On the other hand a compact city exacerbates the urban heat island (UHI)effect because the
urban geometry can multiple the reflection of the solar radiation absorbed by dark materials of
buildings and pavements.

UHI effect, heat waves and high temperature in hot and dry climate cities are likely to make
people switch to air conditioned cars and reduce the attitude to walk and cycle.

Providing green and blue infrastructure in urban areas, including parks, gardens, green
corridors, green roofs and water bodies, rivers, streams and sustainable drainage systems , can
play a vital role in creating climate-resilient development — a role which is currently not
sufficiently recognised nor integrated into mainstream planning (Inturri and Ignaccolo, 2011)
Handley et al. (2007) found that the use of urban green space offers significant potential in
moderating predicted increases in summer temperatures. However, in many existing urban
areas where the built form is already established, green space will have to be added creatively,
through the greening of roofs, of building facades and of railway lines, by tree planting and
conversion of selected streets into greenways.

Walking and cycling are the most sustainable modes of transport (Inturri et al., 2009).
Improving microclimate comfort for pedestrian at street level through trees and vegetation has
a significant potential in fostering walking and cycling as modes alternative to private car, and
an increased adoption of these modes will make major contributions to climate change
mitigation.

Research efforts are needed to better understand how green spaces may better encourage non-
motorised mobility.

Recent studies, such as the NYC Regional Heat Island Initiative (2006) have shown that street
trees have the greatest per-unit-area potential for cooling and the greatest potential to alter the
albedo of urban surfaces compared with other vegetation. Streets thus integrate different
synergic roles including traffic infrastructure, appropriate spaces for hosting walking and
related social and recreational activities and regulators of microclimatic conditions within
green networks.

Designing the street is therefore crucial to develop a global approach to urban design and
sustainable cities and society (Oke, 1998).
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Of course at the street level there are conflicting aims between the internal heating needs in
winter and the external shading needs in summer. We deal with hot and dry climate cities
where the need to moderate the UHI effects are prevailing.

LITERATURE

Increasing green spaces in urban areas reduces the temperature by the combination of a two
effects: shading and evapotraspiration. The design of green spaces in already built urban areas
requires a deep comprehension of heat transfer phenomena. Several studies, both theoretical
and experimental, available in literature, evaluate the change in temperature as a result of the
arrangement of green areas (Mochida, 1997; Edward, 2012). Alexandri and Jones (2008) use
a two-dimensional, prognostic, micro scale model to evaluate the thermal effect of covering
the building envelope with vegetation for various climates and urban canyon geometries.
Lahme and Bruse (2003) use the numerical microclimate model ENVI-met (Bruse and Fleer
1998) to investigate the microclimatic effects of a small urban park in a densely build up area.
Toudert and Mayer (2006) underline the lack of a consolidated approach in planning the
provision of urban green.

In this paper a preliminary study to investigate how the provision of trees and green in urban
streets is reported, with different height-to-width ratio, H/W and solar orientation, contributes
towards the development of a comfortable microclimate at street level for pedestrians, and to
what extent this can contribute both to climate change adaptation and mitigation of urban
areas.

THE MODEL

The analysis of the climate impacts on urban are is generally carried out by mesoscale one-
dimensional mathematical models, as the focus is on the high scale effects of air masses and
solar radiation on buildings and road pavements (Mochida and Murakami, 1997). When the
relationship between local phenomena (e.g. the heat island effect) and specific urban features,
such as different land use conditions (e.g. building density and orientation, road pavements,
trees and vegetation cover, rivers and ponds), a high resolution three dimensional analysis is
required (Alexandri and Jones, 2004; Bruse and Fleer, 1998; Toudert and Mayer, 2006).
Using Computational Fluid Dynamics (CFD) microscale models it is possible to simulate the
interaction among different urban streets and greening configurations, on spatial grid of 100
cm, suitable to evaluate the microclimate comfort of pedestrians.

To this aim, the three-dimensional thermofluidodynamic simulation model Envi-met software
(Bruse and Fleer 1998) was used. The model allows the microclimate analysis at the street
level taking into account the complex geometry and different vegetation covers. The analysis
has been referred to an ideal urban canyon street under different weather scenarios,
Height/Width ratios and density of greening. The heat transfer implemented model allowed us
to take into account both the shading effect of the vegetation and the evapo-transpirant
contribution as well The air temperature values at different street levels have been obtained
and the comparisons for different scenarios have been achieved.
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Scenarios analysed

The urban canyon street has been considered as resulting from two parallel buildings of the
same size, as reported in Figure 2.

Figure 21 Layout of the urban canyon street

As suggested in literature (Oke, 1998), the length L of the building is more than six times the
height H, so that the thermo-fluid-dynamic edge effects can be considered negligible. The
aspect ratio (ratio of height to width) W/H and the building orientation have been considered
as the geometric configuration variables for the scenarios analysed, according with what is
shown in Figure 3.

!

/ HIW = 1 / HIW = 2

N-S E-W

Figure 31 Aspect ratio and building orientation

Table I shows the parameters of the simulated urban canyon. The climatic conditions are
referred to the city of Catania. Sited in the South Italy, it is characterised by a high climatic
risk, both for the high level of urbanization exploded in the last decades and for the proximity
with the Nord African sub Saharian climatic zone.

The case without greening has been considered as base scenario and compared with
alternative scenarios characterized by different aspect ratios and orientations.

Table |7 Urban canyon street features

Building width 6m

Sidewalk width 1m
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Street width W 10m
Building height

1 HW=1 10 m

1 HW=2 20m
Materials

1 Road pavement Asphalt

T Sidewalk Tiles

1 Building Bricks
Tree height 10 m

Different tree densities are considered in order to estimate the relation between the amount of

vegetation cover and its beneficial effects on the reduction of temperature and relevant
microclimate comfort. Trees are placed as rows along the building on the sidewalk and their

green foliage 1is one meter wiadhed.(oneTreeepar s ’ ro
meter). Eight different vegetation covers has been considered, changing the tree density
(continuous or dashed) and the number of rows (one at one side, one both sides, two both

sides or three both sides), as shown in Figure 4.
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Figure 41 Layout of the different vegetation covers
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THE RESULTS

All the examined scenarios are referred to the air temperature at the receptor level, sited in the
centre of the urban canyon at an height of 1.4 m. Figure 5 and Figure 6 show the results of the
air temperature during the day from 8.00 to 21.00 pm, for the orientation NS and EW and the
aspect ratio HW1 and HW2.
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Figure 6 1 Receptor temperature i orientation EWi aspect ratio HW1 and HW2

It is easy to note that curves are flatter when the orientation is EW if compared with NS,
being that determined by the different distributions of the radiation during the day. In both
orientation the aspect ratio HW2 has lower curve than HW1, in compliance with other results
available in literature (Toudert and Mayer, 2006). For the two cases HW1 and HW2, the

temperature’s differences

2

between 11.00 and 16.00.
The impact of an increasing level of greening on temperature is shown in Figure 7, Figure 8§,
Figure 9 and Figure 10, for NS and EW orientation and for the aspect ratio HW1 and HW2.
Two type of green infrastructure have been inserted along the street: discontinuous (dashed

are quite
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line) and continuous (continuous line). Besides, different rows of trees are considered, as
indicated for each curve in the graphs. A's expected t he green’ s
temperature, to a deeper extent when the green is continuous. The impact, measured as
difference of temperature with respect of the configuration with no green, is higher within the

10 — 16 time interval. Outside this interval in the NS orientation the curves are quite
indistinguishable. The orientation EW is then more sensible to the presence of the green.

The aspect ratio affects the impact of the green in a different way for the two orientations. The

temperature’s curves are closer for Figubke HW2

7 and Figure 8), while the opposite occurs for the orientation NS (Figure 9 and Figure 10).
308

306

—HW1 no rows
- HW11rowD
—a—HW11rowC
-4+ HW12 rows D
——HW12rowsC
o HW14 rows D
——HW14rows C
= HW16 rows D
——HW16rows C

304

=30
|_

300

298
£

08:00
09:00
10:00
11:00
12:00
13:00
15:00
16:00
17:00
18:00
19:00
20:00
21:00

o
o
3
time (h)

Figure 71 Receptor temperature i orientation EW1i aspect ratio HW1 i different level of greening
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Figure 81 Receptor temperature i orientation EW1 aspect ratio HW2 i different level of greening
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Figure 97 Receptor temperature i orientation NSi aspect ratio HW1 i different level of greening
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Figure 107 Receptor temperature i orientation NS i aspect ratio HW2 i different level of greening

To give a better representation of the phenomenon the average hourly difference of

temperature has been calculated according with the following:
12

a (Ty, - Tyg,)

— h=1
DT, = 2 @

being h the generic hour considered, yg the fixed greening configuration, Tyis the temperature
without greening and Tyg is the temperature with greening.

The results of the average differences of temperature calculated using (1) are reported in
Figure 11 and Figure 12 varying the aspect ratio and the level of greening. It is now easier to
observe that as the green density increases, the impact of the green (in terms of temperature
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mitigation) increases as well. Besides it is confirmed that, for a given aspect ratio, the
discontinuous green (dashed triangles) are always less effective than continuous.
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Figure 117 Average temperature difference i orientation NS i aspect ratio HW1 and HW2 i different level of
greening
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Figure 127 Average temperature difference 1 orientation EW i aspect ratio HW1 and HW2 i different level of
greening

Further comparing Figure 11 and Figure 12 it can be noted that the insertion of green in NS is
more effective when the aspect ratio is high (dashed lines), while the opposite occurs n the
EW orientation. Besides, the gradient of temperature differences is always higher in EW
orientation, particularly for low aspect ratios.

CONCLUSIONS

The evidence of climate change leads as a consequence the necessity to improve the research
and to adopt new policies for mitigation and adaptation. In urban area the adoption of
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adaptation actions to prevent the urban heat island effect assumes a great relevance. One of
the most important action is the greening planning at the street level but there are not
systematic studies on this topic. A microclimate analysis has been applied at the street level
for different values of greening and two different solar orientations, North-South and Est-
West. It has been showed the importance of the amount of green and its disposal, i.e.
continuous or dashed line along with the building, in order to lower urban temperatures and
mitigate the effect of urban heat island. The results give useful indications for urban
designers, planners and proposes a new methodology approach as a basis for future research.
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