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Urban population increases all over the world. According to 2012
United Nations Report, 52% of world population lives in urban
areas (3.6 bl.), which is expected to reach 6.3 bl. by 2050.

Increase in urban population brings many problems together. While
urban areas enlarge, impervious and reflecting surfaces also
increase, rangelands, grasslands, wetlands and other natural rural
areas decrease. Such changes on the earth surface bring together
some climatic unfavorable changes among which urban heat island
(UHI) takes place as the hot topics for the last years.
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Some problems faced as the result of the enlargement in urban areas:

<+ Increase in the release of green house gases, (36-70 7% water vapor,
9-26 % carbon dioxide, 4-9 % methane 3-7 %0Ozone)

<+ Increase in the use of fossil fuel consumption




<+ Decrease in the surfaces of forest and green areas,
< Decrease in the surfaces of wetlands

<+ Pollution in seas (decrease in especially the rate of phytoplankton
producing 70 % of oxygen all over the world)
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<+ Increase in urban and impervious surfaces and the number of
buildings and motor vehicles
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Carbon emission is produced by urban areas in the rate of more than 75
% all over the world.

Depending on their size, urban environment is 1 to 3 °C warmer than
rural.

Due to the facts mentioned above, works on urban planning and design

are vitally important for human health and comfort conditions in the
future.
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In urban planning, climate has been accepted to be an important factor
for long. Urban green areas can prevent and mitigate the effects of global
warming by holding particles and carbon in the atmosphere and indirectly
the formation of urban heat islands.

In wurban areas planned

Conve.nlen:r!y Wl*h . . the Infrared Radiation from Earth
sustainability principles, Sun’s Rays 11
people feel themselves

comfortable and such a
comfortable condition affects
positively the energy
consumption.

Therefore, thermal comfort is
an important factor to be
considered in planning and
design works.
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Landscape architecture is among the disciplines contributing to
shaping urban and rural landscapes, by planning, designing,
restoring, protecting and managing them.

In landscape planning, decision making on land uses and in
landscape design works decisions on plantation and surface
covering materials are vitally important factors.

Materials and plants preferred in especially urban landscape
works are also effective on urban climate. Each design work can
cause a microclimate in it and its close environment.
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Landscape architecture occupational discipline is in the first rows
among the disciplines which can actively participate in the
prevention of global warming by working on planning and design of
natural, rural and urban areas for ensuring human comfort and
future.

Materials used in especially landscape works in urban areas can
affect comfort conditions in the designed areas. Landscape works
where thermal comfort is forefront are important for the
construction of more livable cities.
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The aim of the present study is to show that covering materials
used in landscape architecture works may be effective on Urban
Heat Island formation and mitigation.

Grass, travertine, impregnated wood, andesite, soil and asphalt
preferred mostly in landscape works were evaluated in 3 different
landscape design projects for the calculation of thermal comfort
using these covering materials at different rates.

The project prepared in the scope of the study is among the first
studies where thermal comfort can be calculated before the
application of the project.
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The study was carried
out in the city of
Erzurum, east of
Turkey. Ata Botanical
Garden located in the
city center  shelters
grass, travertine,
impregnated wood,
andesite, soil and
asphalt surfaces and
surface temperatures
were measured using
Infrared Thermometer
(CEM-DT-8812) at the
Garden, on arid days at
12.00 in July one of the
warmest months of the
year in the city.
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To quantify the thermal comfort provided by pavement,
meteorological data (air temperature,air humidity, wind speed and
clouds) collected from Ata Botanik field measurements were used
to calculate PET (Physiologicall Equivalent Temperature) with the
assistance of RayMan Pro Model.
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L

*'f' RayMan Pro

File Input Output Table Language ?

—Date and time —Current data

Date (day.month.year) |4.9.2014 Air temperature Ta (°C) 20.0

Day of year 247 Vapour pressure VP (hPa) |125

Local time (h:mm) 11:53 Rel. humidity RH (%) | 53.5

Now and today | Wind velocity v (m/s) ‘1.0
Cloud cover N (octas) 0.0 Calculation:

~Geographic data Surface temperature Ts (°C) New

Location: Global radiation G (W/m?) Add

|TUrkiye _v_| Mean radiant temp. Tmrt (°C)

Add location Remove locatio nl ~Personaldata [ Clothing and activity

Geogr. longitude (°E) [91=10° Height (m) 1.75 Clothing (clo) 0.90

Geogr. latitude (*N) 297471 Weight (kg)  |75.0 Activity (W) 80.0

Altitude (m) 1850 Age (a) 35 Position Istanding vI

Timezone (UTC + h) 2.0 Sex m -

~Thermal indices
¥ PMV ¥ PET ¥ SET* ¥ UTCI L Close |

Interface of RayMan Pro Model
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File [Input| Output Table Language ?
~Da Topography urrent data
D O tac e ir temperature Ta (*C) |20.0
D Sky view factor apour pressure VP (hPa) |12.5
€ RayMan Pro - Datafile - Wertedatei 2 = Ij Lo Datafile Rel. humidity RH (%) IW
Datafile: —Column selection Additional pre-settings Vind velocity v (m/s) |1.0
[(none - keine) 0| | [TEnmeratortag : || Cloud cover N (octas) |0-0 Calculation:
e o VI Date Geographic data Surface temperature Ts (°C) I New
ip first row (labels ¥ Day of year Location: - ~ e
™ Time [ :I Global radiation G (W/m?) II Add
S [ Geogr. longitude (°E) Turkiye - Mean radiant temp. Tmrt (*C)
Default for missing values |9999 "l Geogr. latitude ('N)
~Input data farmat v A!t'tUde (m) Add location | Remave (ocatio "‘| ~Personal data—— [ Clothing and activity —
LI Timezane (UTC+h)
Time |h:mm V| Airtemperature Ta ("C) Geogr. longitude (°E) |91"10‘ Height (m) |1475 Clothing (clo) |0.90
[1Wapour pressure VP (hPa) ) T ) -
Date Idmyyyy @ Relative humldlty BH (%) Geogr. Iatitude (°N) |29 41 Weight (kg) |75.0 Activity (W) |80.0
M 'Wind velocity v (m/s) Altitude (m) |1850 Age (3) |35 Position |standing vI
Hor zimutal ° A M Cloud cover N (octas )
incremer 307 (12 values, ~| | | e ——— Timezone (UTC + h) |2'0| 56K |m :Iv
[ Linke turbidity
S [ Albedo Thermal indices
[~ Outputin file ] Bowen ratio ( Vv PMV [v PET [v SET* v UTCI .l-l Close I
["] Ratio of diffuse and global radiation
[ Diffuse radiation D (W/m?
[7] Global radiation G (W/m?
[1 Mean radianttemp. Tmrt (°C) tarih | Saat | Sicaklik (°C) | Ort. Nispi Nem (%) | Saatlik Riizgar Hiz1 (m_sec) I Bulut Kapalilig: ( /8) |
[Z1 Clathing (clo) 26,07,2012 18 28,4 29 5,1 3
[ Activity (W) 26,07,2012 21 25,1 26 4,1 3
[ Harizon elevation angle (%) L) 27,07,2012 0 23,8 44 1,5 0
27,07,2012 3 22,7 57 0,5 0
O 4 27,07,2012 6 22,2 31 5,6 2
Kl | 2] 2 27,07,2012 9 26,1 17 Gt 2
27,07,2012 12 29,3 12 4,1 3
27,07,2012 15 27,1 13 2,5 4
27,07,2012 18 28,4 31 1,5 4

Data input page of RayMan Pro Model
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Table. Air temperature and PET at 12.00 over different covers

Hour Sunny Andesite Travertine Impreg. Wood Soil floor Asphalt Grass Air
day (PET °C) (PET °C) (PET °C) (PET °C) (PET °C) (PET °C) (°C)
12:00 10 31 29.4 34.5 30.3 32.7 28.9 30.5
12200 11 29 28.7 30.8 28.8 30.6 28.5 27.8
12:00 12 34.3 33.1 35.9 35.2 35.9 31.9 32.6
12:00 13 35 34 36.8 36.6 36.6 34.1 34.5
12:00 14 32.7 31.3 33.5 31.9 32.8 31.3 30.9
12.00 15 26.2 25.3 27.9 26 27.3 25.3 24.8
12:00 16 26.7 25.2 29.6 27.5 27.9 25.5 26.4
12:00 17 25.1 23.6 26.3 25.5 26.3 23.8 23.7
12.00 18 33.2 32.1 324 334 34.1 31 32.9
12:00 19 28.7 27 27.6 27.8 30.3 26.4 26.2
12.00 20 21.1 20.3 234 21 22.1 20.5 19.6
12:00 21 30 28.5 32.8 31.5 31.7 28 28.0
12.00 22 20.8 20.5 22 21.5 22.2 20.5 19.9
12:00 23 23.6 22.4 24.9 24.4 25.1 23.3 22.4
12:00 26 30.1 29.3 32.5 31.5 32.5 30 29.4
12:.00 27 29.1 29.1 324 30.1 31.1 28.5 28.5
12:00 28 13 12.3 12.1 12.2 13.3 12.2 12.7
12.00 29 20.8 20 23.8 21.4 22.5 20.3 19.3
12:00 30 22.5 21.6 25.2 23.2 24.2 21.5 20.6
12.00 31 29 27.7 33.2 30.9 31.6 27.6 27.1

Mean PET (°C) 27.1 26.1 28.9 27.5 28.5 25.9 25.9
W —
L] v
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"Impregnated Wood Asphalt
(Mean PET 28.9 °C) (Mean PET 28.5°C)

~ Andesite " Travertine Grass
(Mean PET 27.1°C) (Mean PET 26.1°C) (Mean PET 25.9 °C)
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PET values are categorised according to comfort intervals

Table. PET Index Comfort Intervals

PET (°C) Thermal perception Grade of physiological stress
<4 \ery cold Extreme cold 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
35,1-41,0 Hot Strong heat stress

>41,0 \ery hot Extreme heat stress
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All the PET values calculated were found to be in the range of
Slight heat stress (23.1 - 29.0 °C). Grass and travertine covers
represented the lower PET values while impregnated wood and
asphalt gave the higher comfort values. Grass and travertine
surfaces offer the closest range to comfortable conditions.
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By considering these values, a 500-m? area of house garden was
designed and 3 different landscape design projects were prepared
for the same area by using the different rates of these surface
covering materials. By rating surface area and PET values each
project was attained to a mean PET value.
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Landscape Design 1

Travertine floor (200 m?)
Mean PET (26,1 °C)
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Grass floor (200 m?)
Mean PET (25,9 °C)

Soil floor (100 m?)
Mean PET ( 27,5 °C)

In the Landscape Design
Project 1, designed for a house
garden under the conditions of
Erzurum grass, travertine and
soil surfaces were used and in
the rates of 200 m2, 200 m?
and 100 m? , respectively

Means of PET values for the
surfaces in LDP1 were 26.1 °C,
27.5 °C and 25.9 °C, for
travertine, soil and grass used
in the rates of 200 m2, 100 m2
and 200 m? respectively and
overall PET mean was
calculated to be 26.3 °C.
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Landscape Design 2
mpregnaed wood foor o | | In Landscape Design Project 2,
grass, wood and asphalt

surfaces were used in the

rates of 100 m2, 200 m2 and
200 m?2, respectively

Mean PET value was found to
be 28.9 °C, 25.9 °C and 28.5
°C for impregnated wood, grass
and asphalt used in the rates
of 200 m?, 100 m? and 200 m?2
and overall mean of PET was
28.1 °C.

Asphalt floor (200 m?)
Mean PET (28,5 °C)

Grass floor (100 m?)
Mean PET (25,9 °C)
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Landscape Design 3

Andesite floor (200 m?)
Mean PET ( 27,1 °C)

In Landscape Design Project 3,

aaRsumooe - ‘ grass, andesite and soil surface
were used in the rates of 100
: t m2, 200 m? and 200 m?

e EEEER Mean PET value was found to
| #8  be 27.1 °C, 25.9 °C and 27.5
S fdi  °C for andesite, grass and soil
Yl used in the rates of 200 m?2,
g 100 m? and 200 m? and overall

b o mean of PET was 27.0 °C.

Soil floor (200 m?)
Mean PET (27,5 °C)

Grass floor (100 m?)
Mean PET ( 25,9 °C)
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Different comfort values were obtained by applying different LDP in the
same area. There is a difference of 1.8 °C PET between designs
dominated by grass and travertine and asphalt and wood even in a small
surface area of 500 m?.

It is shown in the present study through measurements and evaluations
that a landscape architect can offer climatically comfortable areas even in
a 500 m? area through his/her suitable materials for surface covers.

In order to mitigate UHI and provide comfortable areas in urban
landscape architecture overtake serious responsibilities. There is a need to
know surface temperatures of materials used in the projects and design
projects by considering thermal comfort. In even small areas, comfort
conditions should be calculated and the values should be considered in the
designs and thus partially mitigating Urban Heat Islands.

Thank You Very Much
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