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Abstract: The detailed analysis and modelling of microclimate in the urban space has gained im-
portance with the emergence of the urban heat island effect in recent years. ENVI-met is one of the
commonly used microclimatic models to the microclimate variables of an urban fabric. Urban green
spaces positively affect the urban climate. However, characteristics of these spaces within an urban
fabric (the area size, location in the city, tree cover density, etc.) are important to change urban micro-
climate. Therefore, the aim of this study is to investigate the statistical relationship between the area
size and the effect of the tree cover density in Adana City, Turkey. Three scenarios were primarily
determined in order to explain the effect of the tree cover density on the urban heat island. Secondly,
PET values were calculated for each urban green space by ENVI-met. Lastly, the mean PET values of
each area size class for different tree cover were statistically analysed by ANOVA-Tukey HSD. Con-
sequently, this paper aims to determine the suitable tree cover density for urban green areas and develop
suggestions for planning and design strategies.
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1 Introduction

Studies in urban physics aim to better understand the variance in micro-climatic conditions
caused by factors such as building density, anthropogenic heat generation, traffic density,
green areas, and water bodies. In recent years, the general awareness of urban microclimate
has been continuously increasing. However, when population growth in cities around the
world is considered, further research and planning are needed to better understand the impact
of variance and development of the urban microclimate. An urban microclimate is critical for
residents’ health and well-being (thermal comfort, temperature stress, mortality rates) as well
as for energy and environmental issues. Given the complexity of the urban fabric, it is widely
accepted that heat storage in urban areas will be higher than in rural areas. The urban heat
island (UHI), which defines the urban-rural surface and air temperature differences, is the
most significant and studied urban climate phenomenon studied worldwide. Recent studies
show that UHI is proportional to the urban area and population and varies according to the
seasons and day and night (VOOGT & OKE 2003). The material properties of urban surfaces
can cause higher urban temperatures. In general, undesirable thermal conditions in the urban
environment are partly due to the characteristics of the materials used in constructing build-
ings, pavements and roads, and the reasons for urban settlement and structure, including to-
pography, morphology, density and open space configuration. These factors can affect how
solar radiation is absorbed by urban surfaces and air masses’ flow through urban tissue. The
urban microclimate not only increases the thermal comfort of people in cities but also in-
creases the inconvenience caused by the overheating of indoor areas.

Most recent studies have analyzed the relationships between the physiological equivalent
temperature (PET), mean radiant temperature (MRT) and vegetation density, vegetation spe-
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cies, water surfaces, shading elements, and albedo in highly urbanized hot cities with micro-
climate models such as ENVI-met and Rayman, in order to mitigate the urban heat island
phenomenon. Studies evaluating the hottest period of the year to improve thermal comfort
have examined areas with heavy pedestrian use, such as the squares (PERERA 2015, CHATZI-
DIMITRIOU &Y ANNAS 2016, MAKROPOULOU & GOSPODINI 2016, KANTOR et al. 2018,), urban
green spaces (CHEN & WONG 2006, DUARTE et al. 2015, NASIR et al. 2015, Lu et al. 2017,
LEE & MAYER 2018), pedestrian zones (KETTERER & MATZARAKIS 2014, ELNABAWI et al.
2015, TALEGHANI et al. 2016, UNAL et al. 2018), urban canyons (ANDREOU 2013, PAOLINI et
al 2014, BALLOUT et al 2015, LOBACCARO & ACERO 2015, ALCHAPAR & CORREA 2016,
CHATZIDIMITRIOU & YANNAS 2017, SHARMIN et al 2017, DE & MUKHERJEE 2018), and cam-
pus areas (SALATA et al. 2017, TALEGHANI & BERARDI 2018).

The Physiological Equivalent Temperature (PET) is one of the most popular outdoor human
comfort indices that can be used to evaluate both hot and cold conditions (HOPPE 1999).
Besides, it is widely used in different studies worldwide to analyze the thermal environment
of cities in both local and microscale and investigate the effect of urban shading via ENVI-
met.

ENVI-met is a widely validated and respected model for urban microclimate assessment and
is the only model with the features and capabilities required for microclimatic studies
(SHARMIN et al. 2017). ENVI-met has been widely used to evaluate outdoor thermal envi-
ronments, tested, and approved for the assessment of different urban areas. ENVI-met pro-
cesses and calculates the following variables:

e Short and longwave radiation flows related to shading, reflection, and re-radiation from
building systems and vegetation;
Surface temperatures in horizontal and vertical surfaces, such as floors and walls;
The temperature in the soil and water, and heat change due to water bodies;
Sensible heat flow as a result of interactions between plants and air, in which all the
physiological processes of vegetation (photosynthesis, transpiration, evaporation, etc.)
are included.

The three-dimensional presentation of vegetation including dynamic water balance modeling
of plant species (EMMANUEL & FERNANDO 2007, ALCHAPAR & CORREA 2016) is also utilised
to reveal the UHI.

The main purposes of this study were (1) to determine how tree cover density in urban parks
affect the urban heat island in Adana, Turkey for August as the hottest summer month; (2) to
identify the statistical relationship between PET according to the tree cover density and area
size.

2  Materials and Methods

2.1 Study Area

In this context, in August, the hottest period in Adana, urban development and change of
urban heat islands have been examined for the last thirty years (1990-2020). The Adana prov-
ince in Turkey, an urban context that is characterized by a high density of urban settlements,
is the most highly developed and fifth crowded area in the country (Figure 1). Adana has a
typical Mediterranean Csa climate according to the Koppen-Geiger climate classification,
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with cool wet winters and hot dry summers. The mean daily maximum air temperature is
approximately 31 °C in July and August (the hottest period), and approximately 15-16 °C in
January and February (the coldest period). The weather in August is dry with no rainfall.
However, during the year, the daily mean relative humidity remains high (above 80%). The
dominating wind direction in Adana is northeast in winter and southwest in summer. Agri-
culture and agricultural industries have developed intensely because Adana covers the most
productive agricultural land in the country. This development created a significant employ-
ment level, resulting in intense internal migration from rural to urban areas. The population
was 500,000 at the beginning of the 1980s, rising to about 2,220,125 in 2018. Adana’s de-
velopment and improvements plan for 1985-2015 have been prioritized to meet housing
needs due to the increasing population in the city center. The subsequent immense construc-
tion activities of this plan caused the rapid and unplanned urbanization of especially the
Cukurova district located in the northern part of the city (Fig. 1) with a high number of urban
green areas and dense high-rise settlement population.

Seyhan Dam Lake

4104000

4101000

700000 705000

Fig. 1: Study area (Adana, Turkey)

2.2 Methodology
The study methodology consists of four main stages.

Firstly, three scenarios, including 100% grass cover, 50% tree cover, and 100% tree cover,
were determined to obtain how vegetation cover density in urban parks affect the urban heat
island.

Secondly, the thermal condition of Cukurova district was modelled with an ENVI-met mi-
croclimate model which simulates urban microclimate by taking into account many climatic
parameters simultaneously. This model includes spatial, simulation and climate data. More-



270 Journal of Digital Landscape Architecture - 6-2021

over, it includes personal human parameters to calculate PET (Table 1). Therefore, GIS data
used for digitizing study area and meteorological data and personal human parameters used
to calculate PET were obtained before ENVI-met analysed. However, when it comes to math-
ematical computing, making a multidimensional spatial calculation of the urban space’s mi-
croclimatic dynamics is very complex. The end time of simulation gets longer and it is diffi-
cult to perform for computers, as the study area size, spatial resolution, and simulation period
increases. Therefore, the simulation period was determined as three hours including the hot-
test hour of the day in this study.

Table 1: Parameters used for ENVI-met simulations

Building height Variety
Roads and parking ST-Asphalt
lots
é Scenario 1: 100% grass cover;
§ Medium-density grass XX-50
= Urban Green Spaces ¢ tall
Spatial data g Outdoor surface Scenario 2: 50% tree, 50% grass
2 |Materials Scenario 3:100% tree
a,
2 Other surfaces LO-Loamy soil
g Water surface WW-Water
Forest arca BS-20 m tree density, mixed
crown
Coast SD- Sandy soil
Date 8 August Hottest day
Simulation Start Finish 12:00:00-15:00:00
data Simulation period 3 hours
o Grid size (m) x =20; y=20; z=3
.'g Simulation day 8 August (1990-2019 climate data)
5 | Simulation hours 12:00 13:00 14:00 15:00
; Air temperature (°C)  |33.80 °C [34.45°C |34.47°C |33.92°C
Climate 2 Relative humidity (%) |47.50 % [44.22% |44.00 % [49.10 %
data ‘E |Wind speed (m/h) 2.4 (min) 2.9 (max)
Erevalllng wind direc- 45° (NE) 225° (SW)
tion
Specific humidity .
2.2 (min 8.0 (ma
(g/kg) (min) (max)
Age 35
- Size 1.75 m (ISO 7730)
Personal £ |Weight 75 kg
Human A (BMI 18.5-24.9 kg/m? (healthy weight)
<
Parameters ‘§ Metabolic rate 1.4 (5 km/h walking speed)
Clothes 0.60 clo in the summer (trousers or skirts and shirts
made of fine fabric)
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There are many differences in spatial data from the albedo varieties of roads, buildings, green
areas, and water surfaces. To simplify these varieties, each land-use type was assigned a sin-
gle type of material. Since the buildings’ color differences affect thermal comfort, all building
surfaces are considered the same color. Existing plants located in the street network, refuges,
building parcels were ignored. Thus, it is aimed to determine the effect of green spaces on
the building area.

Thirdly, PET was used to examine how human outdoor thermal comfort changed according
to the cover density and area size of urban green areas. PET was calculated by Biomet and
visualized by using Leonardo in ENVI-met for all scenarios before statistically comparing
with one-way ANOVA. In addition to climatic and spatial data, personal human parameters
were also used to calculate PET. PET values for each urban green spaces were categorised in
terms of thermal stress (Table 2).

Table 2: PET categorised in terms of thermal stress (MATZARAKIS & MAYER 1996)

PET (°C) Thermal perception Grade of physiological stress
4.1-8.0 Cold Strong cold stress
8.1-13.0 Cool Moderate cold stress
13.1-18.0 Slightly cool Slight cold stress
18.1-23.0 Comfortable No thermal stress
23.1-29.0 Slightly warm Slight heat stress
29.1-35.0 Warm Moderate heat stress

Finally, the statistical relationship between six area size classes of urban green spaces and
their mean PET values were determined by using ANOV A-Tukey Honestly Significant Dif-
ference (HSD) test for each scenario. However, ANOVA requires assumptions for variance
analysis, such as normality and homogeneity (JACKSON & FERGUSON 1972). Therefore, nor-
mality tests with Kolmogorov-Smirnov tests, Q-Q plots, and histogram comparisons and a
test of homogeneity of variances (Levene’s test) were carried out to evaluate the assumptions
of normality before the application of ANOVA (GELETIC et al. 2016, 2019). ANOVA was
generally used to examine the significance of the difference between groups and tried to de-
termine whether there were any differences between groups, while it could not investigate
which group or groups caused the differences. In this study, the Tukey HSD test was used to
determine which pairs of tree cover density were significantly differentiated in terms of their
mean PET according to the area size classes.

3 Results

In this study, three steps were followed to obtain the results. These steps comprised three
scenarios where the first was concerned with the determination of the urban green spaces,
namely as; (i) 100% grass cover, (ii) 50% tree cover, and (iii)100% tree cover. The PET
values were calculated for each green space by ENVI-met according to these scenarios. Sec-
ondly, 205 urban green spaces with generally rectangular or square shaped were classified
into six classes according to their area sizes in which the average PET values of the green
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areas differ statistically in 100%grass cover scenario. The mean PET values of six area sizes
were determined for each scenario (Figure 2).

Figure 2 shows that the 100% grass cover scenario has the highest PET (42°C), while the
100% tree cover scenario has the lowest PET (29°C). PET values generally increase as the
area size increases in the first scenario. Small parks (S1) and large parks (S6) have the highest
value with approximately 42 °C, while medium parks (S3) have the lowest PET with nearly
39°C. On the other hand, the PET value linearly decreases as the area size increases in the
second (50% tree cover) and third scenarios (100% tree cover). However, the peak values in
the same green space class especially in S4 are due to the building height and building density
in the parcels adjacent to the green spaces.

Mean PET (°C)
The number of | 100/, Grass 50% 100%
urban green
spaces cover tree cover | tree cover
_ [s1:400-1200 43
':g S2: 1201-3000 59 3321
& [S3:3001-5000 47 34,73 31,67
< |S4:5000-20000 42 34,04 30,77
E S5:20001-40000 9 33,22 29,71
S6: 40000-90000 5 33,11 2939
Thermal
Perception Slightly warm Warm
S1 S2 S3 S4 S5 S6

45

25

No vegetated only grass cover
= 50% tree cover
100% Tree cover

20

OO N \ CEENIINN
QQQQQ NN N NN S S B O N RN SN
WS, W%bggbfchbehb(q/Qq,B%,bb@\g‘o f\:;\,fﬁ)to@fé\,,\p@b&b

Area size (m?)

Fig. 2: Distribution of PET values by green space area according to scenarios

Thirdly, the ANOVA-Tukey HSD test was applied to determine statistically significant rela-
tionships between PET and area size according to three scenarios. Results were summarised
in Figure 3. Figure 3 shows that all groups of 100% grass cover vegetated simulations are
statistically differentiated from simulations with 50% (except S1) and 100% tree cover.
While the 50% tree cover simulation PET results were approximately 3-9°C cooler than the
100% grass cover simulation, the 100% tree cover simulation PET results were roughly 6-
13°C cooler than the 100% grass cover simulation (Figure 4). When we compare 50% and
100% tree cover simulations, all groups of scenarios are not statistically significant (p>0,05).
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Because S5 and S6 area size classes in the 50% tree cover simulation and S1 and S2 in the
100% tree cover simulation have similar PET values. Moreover, the S1 class in the 100%
tree cover is warmer than the S3-S6 classes in the 50% tree cover simulation and the statisti-
cally significant difference from the S4 class in 50% tree cover. It can be concluded that in
order to obtain a park having thermal comfort, it can be designed and planned either as a very
small area size with 100% tree cover density or a very large area size of 50% tree cover

density.

100% tree cover

100% grass cover

50% tree cover

Z @ 2 F 4 & B @ 2 F 4 A 2 3 F 4 3
19 34 20 13 06 36 64 80 87 95 07 5
15 01 -07 -14 17 45 61 68 76 77 3
A5 22 29 02 30 46 53 61 62 g
07 -14 17 45 61 67 16 71 %
07 24 52 68 15 =
3159 15 =
28 44 51 59 60 .
16 23 31 3147 56 66 692 | £
07 15 15 31 40 50 53s3 | o
08 08 24 33 43 47|s4 | =
00 16 25 35 38lss | S
01 14 23 34 37)se |
31 46 55 66 69s1 |
15 24 35 38)s2 | 2
09 20 2383 | g
Llo14se | 2
o3lss |2
>
s6 |~

Fig. 3: Tukey-HSD comparison matrix for all scenarios, where the blue and red grids show
the significantly different (p < 0.05) mean pets.

The results of the scenarios are interpreted according to the grade of the physiological stress
(Table 1). While the S1 and S6 classes had a grade of ‘extreme heat stress’, S2 to S5 had
‘strong heat stress’ grades in the 100% grass cover simulation. However, S1, S2, S3, and S4
classes had ‘strong heat stress’ grades in the 100% tree cover density and they rose to grade
one physiological stress. S5 and S6 classes rose to grade two, i. e., the ‘moderate heat stress’.
This shows that the area size is an important factor as the tree cover density to determine the
suitable PET value for thermal comfort.
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Mean PET values obtained ENVI-met based
on settlements parcel for three scenarios

Mean PET differences of tree cover densities
on urban spaces

3
) Urban Parks.
PET Differences

o High: 45

100% Tree cover — 50% Tree cover

b
CJ Urban Parks
PET Differences.

4 C2e01-e03

s
[Urban Parks
PET (°C)

o High': 45

)
[JUrban Parks
PET Differences.

5
[ Urban Parks
PET (°C)

o High - 45

100% Tree cover

50% Tree cover — 100% Grass cover

Fig. 4: ENVI-met modelling results: Mean-PET for Cukurova district

4  Conclusion

The expansion of urban area causes a decrease in green spaces, an increase in impermeable
surfaces, and an increase in temperature from rural areas to urban areas. Thus, the urban heat
island effect increases in an urban area where the outdoor thermal comfort has adversely been
affected from UHI. Previous studies highlighted that the best way to improve thermal comfort
is to increase the shade ratio. Plant existence is one of the main factors positively affecting
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the PET value and outdoor thermal comfort. According to this information, our study aims
to statistically compare PET changes in urban green areas based on the area size of green
spaces and three tree cover density scenarios. The general results and suggestions of the study
can be listed as follows,

Design strategies: Green spaces with large area size and high tree cover density have lower
PET values and are the most suitable areas in terms of thermal comfort due to their high
shade ratio. However, it is impossible for all urban green spaces with 100% tree cover in a
city. Although this situation provides a high shading area, it decreases wind speed, high spe-
cific humidity, and high PET value. Consequently, the suitable tree cover density can be
determined according to the characteristics of each urban green space including area size with
more detailed resolution. Before implementing the decisions on the development of green
spaces in a city, the optimum tree cover density and tree species for outdoor thermal comfort
of different seasons should be determined in the study areas.

Planning strategies: The climate of green spaces is directly affected by the settlement located
nearby. We determined that, especially, small green spaces located at the east side of a high-
rise building have lower PET values in any scenario because of the shading effects of these
structures. On the other hand, inevitably, large green spaces with 100% grass cover adjacent
to on the east side of high-rise settlements have higher PET values.

The microclimatic analysis of urban areas is difficult due to a large number of variables. In
this study, the area size is as important as the tree cover density. However, the expanding
area size is the most difficult characteristic of urban green spaces in the planned city. There-
fore, it should be preferred to high tree cover density for green spaces with unsuitable thermal
stress. Green areas contributing to the urban microclimate should also be located in the right
place with the proper plan decisions. Consequently, the study results can be useful for city
planners and decision-makers in developing appropriate spatial planning strategies in terms
of urban climate design.

Acknowledgement

This article is extracted from part of the Miige UNAL CILEK’s PhD thesis.

References

ALCHAPAR, N. L. & CORREA, E. N. (2016), The use of Reflective Materials as a Strategy for
Urban Cooling in an Arid “OASIS” City. Sustainable Cities and Society, 27, 1-14.
doi:10.1016/].s¢s.2016.08.015.

ANDREOU, E. (2013), Thermal Comfort in Outdoor Spaces and Urban Canyon Microclimate.
Renewable Energy, 55, 182-188. doi:10.1016/j.renene.2012.12.040.

BALLOUT, A., LACHEHEB, D. E. Z. & BOUCHAHM, Y. (2015), Improvement of Thermal Com-
fort Conditions in an Urban Space (Case Study: The Square of Independence, Sétif,
Algeria). European Journal of Sustainable Development, 4 (2), 407-416.
doi:10.14207/ejsd.2015.v4n2p407.



276 Journal of Digital Landscape Architecture - 6-2021

CHATZIDIMITRIOU, A. & YANNAS, S. (2016), Microclimate Design for Open Spaces: Ranking
Urban Design Effects on Pedestrian Thermal Comfort in Summer. Sustainable Cities and
Society, 26, 27-47. doi:10.1016/j.5¢s.2016.05.004.

CHATZIDIMITRIOU, A. & YANNAS, S. (2017), Street Canyon Design and Improvement Poten—
tial for Urban Open Spaces; the Influence of Canyon Aspect Ratio and Orientation on
Microclimate and Outdoor Comfort. Sustainable Cities and Society, 33 (June), 85-101.
do0i:10.1016/j.5¢5.2017.05.019.

CHEN, Y. & WONG, N. H. (2006), Thermal Benefits of City Parks. Energy and Buildings,
38 (2), 105-120. doi:10.1016/j.enbuild.2005.04.003.

DE, B. & MUKHERJEE, M. (2018), Optimisation of Canyon Orientation and Aspect Ratio in
Warm-Humid Climate: Case of Rajarhat Newtown, India.Urban Climate, 24 (November
2017). 887-920. doi:10.1016/j.uclim.2017.11.003.

DUARTE, D. H. S., SHINZATO, P., GUSSON, C., D0s, S. et al. (2015), The Impact of Vegetation
on Urban Microclimate to Counterbalance Built Density in a Subtropical Changing
Climate. Urban Climate, 14, 224-239. doi:10.1016/j.uclim.2015.09.006.

ELNABAWI, M. H., HAMZA N. & DUDEK S. (2015), Numerical Modelling Evaluation for the
Microclimate of an Outdoor Urban Form in Cairo, Egypt. HBRC Journal, Housing and
Building National Research Center, 11 (2), 246-251. doi:10.1016/j.hbrcj.2014.03.004.

EMMANUEL, R. & FERNANDO, H. J. S. (2007), Urban Heat Islands in Humid and Arid Clima—
tes: Role of Urban Form and Thermal Properties in Colombo, Sri Lanka and Phoenix,
USA. Climate Research, 34 (3), 241-251. doi:10.3354/cr00694.

GELETIC, J., LEHNERT, M. & DOBROVOLNY, P. (2016), Land Surface Temperature Differen-
ces within Local Climate Zones, Based on Two Central European Cities. Remote Sensing,
8 (10), 788. https://doi.org/10.3390/rs8100788.

GELETIC, J., LEHNERT, M., SAVIC, S. & MILOSEVIC, D. (2019), Inter-/intra-zonal Seasonal
Variability of the Surface Urban Heat Island Based on Local Climate Zones in Three
Central European Cities. Building and Environment, 156 (December 2018), 21-32.
https://doi.org/10.1016/j.buildenv.2019.04.011.

JACKSON, P. H. & FERGUSON, G. A. (1972), Statistical Analysis in Psychology and Education.
Journal of the Royal Statistical Society, 135 (1), 153.
https://doi.org/10.2307/2345050.

KANTOR, N., CHEN, L. & GAL, C. V. (2018), Human-Biometeorological Significance of
shading in urban public spaces-Summertime measurements in Pécs, Hungary. Landscape
and Urban Planning, 170 (November 2016), 241-255.
doi:10.1016/j.landurbplan.2017.09.030.

KETTERER, C. & MATZARAKIS, A. (2014), Human-Biometeorological Assessment of Heat
Stress Reduction by Replanning Measures in Stuttgart, Germany. Landscape and Urban
Planning 122, 78-88. doi:10.1016/j.landurbplan.2013.11.003.

LEE, H. & MAYER, H. (2018), Maximum Extent of Human Heat Stress Reduction on Building
Areas due to Urban Greening. Urban Forestry and Urban Greening, 32 (April), 154-167.
doi:10.1016/j.ufug.2018.04.010.

LOBACCARO, G. & ACERO, J. A. (2015), Comparative Analysis of Green Actions to Improve
Outdoor Thermal Comfort inside Typical Urban Street Canyons. Urban Climate, 14, 251-
267. doi:10.1016/j.uclim.2015.10.002.

Lu, J., L1, Q., ZENG, L. et al. (2017), A Micro-climatic Study on Cooling Effect of an Urban
Park in a Hot and Humid Climate. Sustainable Cities and Society, 32 (January), 513-522.
doi:10.1016/j.scs.2017.04.017.



M. U. Cilek et al.: The Effects of Tree Cover Density on Urban Heat Island 277

MAKROPOULOU, M. & GOSPODINI, A. (2016), Urban Form and Microclimatic Conditions in
Urban Open Spaces at the Densely Built Centre of a Greek City. Journal of Sustainable
Development, 9 (1), 132. doi:10.5539/jsd.vOnl1p132.

MATZARAKIS, A. & MAYER, H. (1996), Another Kind of Environmental Stress: Thermal
Stress. Newsletter of WHO Colloborating Centre for Air Quality Management and Air
pollution Control, 18, 7-10.

NASIR, R. A., AHMAD, S. S., ZAIN-AHMED, A. et al. (2015), Adapting Human Comfort in an
Urban Area: The Role of Tree Shades Towards Urban Regeneration. Social and
Behavioral Sciences, 170, 369-380. doi:10.1016/j.sbspro.2015.01.047.

PAOLINIL R., MAININIL, A. G., POLIL, T. et al. (2014), Assessment of Thermal Stress in a Street
Canyon in Pedestrian Area with or without Canopy Shading. Energy Procedia, 48, 1570-
1575. doi:10.1016/j.egypro.2014.02.177.

PERERA, N. (2015), Climate-Sensitive Urban Public Space: a Sustainable Approach To Urban
Heat Island Mitigation in Colombo, Sri Lanka (January).

SALATA, F., GoLAsL, 1., PETITTI, D. et al. (2017), Relating Microclimate, Human Thermal
Comfort and Health during Heat Waves: An analysis of heat island mitigation strategies
through a case study in an urban outdoor environment. Sustainable Cities and Society,
30, 79-96. doi:10.1016/j.s¢s.2017.01.006.

SHARMIN, T., STEEMERS, K. & MATZARAKIS, A. (2017), Microclimatic Modelling in Assess-
ing the Impact of Urban Geometry on Urban Thermal Environment. Sustainable Cities
and Society, 34 (July), 293-308. do0i:10.1016/j.s¢s.2017.07.006.

TALEGHANI, M. & BERARDI, U. (2018), The Effect of Pavement Characteristics on
Pedestrians’ Thermal Comfort in Toronto. Urban Climate, 24, 449-459.
doi:10.1016/j.uclim.2017.05.007.

TALEGHANI, M., SAILOR, D. & BAN-WEISS, G. A. (2016), Micrometeorological Simulations
to Predict the Impacts of Heat Mitigation Strategies on Pedestrian Thermal Comfort in a
Los Angeles Neighborhood. Environmental Research Letters 11 (2). doi:10.1088/1748-
9326/11/2/024003.

UNAL, M., UsLU, C., CILEK, A., ALTUNKASA, M. F. (2018), Microclimate Analysis for Street
Tree Planting in Hot and Humid Cities. Journal of Digital Landscape Architecture, 3-
2018, 34-42. doi:10.14627/537642004.

VoogGT, J. A. & OKE, T. R. (2003), Thermal Remote Sensing of Urban Climates. Remote
Sensing of Environment, 86 (3), 370-384.
https://doi.org/10.1016/S0034-4257(03)000798



