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1 ABSTRACT

Outdoor human comfort is a key parameter in thduewi@n of city's liveability. In addition, it hefpin
promoting people’s health and well-being, leadioghte improvement of quality of life. Egyptian eii are
impacted by urban heat island due to the densendabaic causing an obvious deterioration in thaligy of

their public spaces. Open public spaces providéowarbenefits to citizens; as they may intensifg th
economic, social and environmental aspects of tharuenvironment. Unfortunately, some cities' open
public spaces are unattractive to human activitg thu the challenges they face. The enhancement of
microclimatic conditions in urban spaces can engblaple to spend more time outdoors, with the piaien

to influence the social cohesion of a space anegase in the economic activity.

Therefore, the wider aim of this research is toellgy a better understanding of the complex relatign
between the microclimate and human behaviour. Tidysocuses on the open public spaces in Alexandri
city's hot arid climate, It is intended to studg #ffects of socio-economic and cultural diversitythermal
comfort, behaviour and use of space. Field sunargscarried out during the summer of 2019 (19th of
August). All of the surveys include, observatiofisitoman activities and clothing, along with miciozhtic
monitoring. The analysis consists of; microclimdtiluence on thermal sensation, people attendaaoe;
investigation of socio-economic and sociocultutaracteristics for each space. The process isdatit in
order to propose a set of recommendations andatittig strategies, suitable to deal with public ggad his
set is driven by studying the prospects of sucaéiggdesigned public spaces and mapping the variatin
the environmental conditions using ENVI-met and Rag software in two selected public spaces in
Alexandria as a case study.

Keywords: Thermal Comfort, Public Spaces, Mitigatitrategies, Quality of Life, ENVI-Met

2 INTRODUCTION

2.1 City Overview: The Current Built Fabric

The situation of public spaces, specifically in eleping countries has been a major issue of debie.
idea of public spaces has been a topic of greatsison in spatial as well as in social aspectamaxng
how places are successful in achieving a vital mrbavironment. Public spaces contribute in the ggne
wellbeing socially and spiritually(Attia 2011). Alse number of inhabitants in urban areas incrdhseneed
for successful public spaces within cities increase Open spaces provide enclosure for all peopl¢hich
they are free to use without permission or judtiion, in addition to, practicing their rights a@tzens for
gathering or recreation(Aljawabra and Nikolopou®@10). They are related with shaping the image of
urban settlements in which they interpret bothghgsical setting and the distribution of activitigis role

is intensified within city centres. Public open epabecome of particular significance, they aranded as a
fundamental component of the public realm, andragrgortant public facility (Abdel-Salam 1996; Gehl
2010). Alexandria, the second largest city in Egyptd its main port on the Mediterranean Sea. $t ha
continuously gone through varying social and ecanaranditions since it was established in 331 B@e T
city started to develop from the early 19th centumger the European influence until its currentdition as
one of the most cosmopolitan cities of the MiddestE Alexandria became an attraction point to gearl
million visitors each summer which increases itpamiance as a touristic city. The open space tgyolo
consists mostly of longitudinal roads with orierdateast-west, parallel to the harbour, and perpefat
streets on them from north to south. Squares dyel@eated on the borders of the area. Centraktgrevith
width less than 20 m, are defined by continuoussliaf buildings with varying heights creating acleaure
forming linear outdoor space. These streets hagefuhctions of allowing people to move around, in
addition to offering the only available outdoor epdor other recreational purposes (Abdel-Salan6}199
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Fig 1: The Main streets network in Alexandria’s didtricts (source: Researchers)

2.2 Problem Definition

The relationship between people and space outthreegdentity and image of the city, which can bst li6

this relationship is degraded. Unfortunately, treditional function of city space as a meeting pland
social forum for city dwellers in the Arab coungispecifically has been threatened (Attia 2011;Geh
2010).Considering the effect of public spaces inageing the quality of social life ,in many Aralies, the
public spaces designed and constructed aren'tnsiseato social needs and the improvement of tlatioas
between citizens(Mehan 2016). Public spaces in Egyffer from great deterioration physically and
functionally due to the lack of maintenance, infatnstreet vendors, in addition to poor urban design
neglecting the basic human outdoor needs leadimetestrians' discomfort. The decline occurringlht
levels within Alexandria's districts, residenti@nemunities, public gardens, and even public squésebe
result of the place-making approach that has takdéinm ontogenetic approach , which was defined in
(Kropf 2001)'s Conceptions of Change in the BurlviEonment as: the development of the physical fofm
single separate objects in their physical shapsoodition, rather than its spatial type. Howevhis imode

of development, limits the capacity for human fishing and community led change, where this type of
change for public spaces is chosen by the governamah decision makers regardless the involvement of
citizens' requirements. Public participation guéees the consideration of human dimension and basic
needs, making public spaces more liveable andfrusadly. Although spatial design can be a fastlitator
towards successful community spaces "physically"¢ain also produce controlled spaces with limited
accessibility, consequently compromising peoplglsts to occupy publicly owned space. This mightibe

to the irrelevancy of the applied strategies to esospaces rather than others, as they have different
characteristics concerning their morphology, lamatifunction, type of users and social and cultasgects
which must be considered. This problem is greafected in Alexandria's street patterns and ttee afs
space, as well as the physical and social elentlatsan also form boundaries between private adiq
spaces.

2.2.1 Thermal Comfort in Public Open Spaces

Thermal comfort is an important parameter in enlmnthe utilization of open public spaces(Cheund an
Jim 2019; Lai et al. 2014) because their benefad¢i@ssociated with the outdoor thermal condi@h®ung
and Jim 2019; Coccolo et al. 2016). Therefore, @igtng the thermal condition of urban public spaises
crucial to the success of landscape design andhynlbaning(Blazejczyk et al. 2012; Cheung and J0h9).
Public spaces with high quality encourage peoplstay longer with the opportunity to practice alevi
range of activities. The quality of spaces depemdly on the degree of usage, which can be medsure
according to the fulfilment of citizens' needs aeduirements.

High quality public spaces are an outcome for fEsnteraction with urban environments. Sevetatiges
stated that public spaces are one of the most tapiourban elements that contribute in promoting th
quality of life (Mehan 2016). Public open spaceshsas parks and green spaces, provide opportufoties
variety of physical activity behaviours, such aereational walking and playing sports. Activities the
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public open spaces are highly influenced by mié¢naale and specified by urban spatial settings (lsadret

al. 2015).Thermal comfort is defined by (ASHRAE 8DPlas “the condition of mind that expresses
satisfaction with the thermal environment and iseased by subjective evaluation”. Participantsedififi
their evaluation of comfort. In order to providesaluable review for the performance of the outdowitt
environment, comfort has been a primary indicatorgood public space design and the assessmetd of i
quality(Peng, Feng, and Timmermans 2019). Moredherculture and climate that people are usechér, t
emotional state, visiting purpose and their useuflic spaces may potentially also link to indivadki
subjective evaluation of outdoor comfort. The mggitondition of individuals gives more specific kxadion

of their comfort, as they spend more time than pasising by or walking through streets which dasdake
much time as the sitting situation (NikolopouloudaBteemers 2003). Another key factor, the “PET”
physiological equivalent tempreature, which acta #sndamental indicator for the human thermal @atnf
This has been taken into consideration. Howevebiting reffered to in a later section of this pge2.2).

2.2.2 Urban Heat Island Phenomenon

The UHI is a phenomenon where a difference in teatpee can be observed within a city or betweeitya c
and its surrounding rural areas (Kolokotroni anddBaran 2008; O’'Malley et al. 2015) and the dehpast

of the urban areas are expected to have maximupetaeture. Some studies propose that the impactHof U
may be more significant in small to medium- sizétes. Therefore, Alexandria city which is inhalitby
over 5 million citizens and a medium size in congan to other Egyptian cities (General agency diliou
and mobilization and statistics,2019), is subjedt®d medium impact UHI phenomenon. Consequently,
some regions in the city suffer from elevated terapges especially at night, areas with high risiddings,
extensive use of AC and regions that lack any stipeliements or vegetation, are likely to be motgexied

to the phenomenon.
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Fig 2: Typical UHI profile (source: Elgizawy 2017)

Anthropogenic heat emissions are considered oheoflte main causes of UHI. Also, pollution and gper
consumption within a city(O’'Malley et al. 2015),temsive land use and high density in urban areas
combined with buildings with high heat retainingoperties can amplify this phenomenon(Harlan and
Ruddell 2011). Moreover, reduced speed of wind edusy design and layout of the built environment ca
create urban hot spots (O’'Malley et al. 2015; Saotais et al. 2001) Furthermore, lack of green swsead
presence of materials with reduced permeability(Céial. 2009; O’'Malley et al. 2015), and preseote
low-albedo materials on buildings external facaaled road sur-faces (Giannopoulou et al. 2011) ateo
known to be the most significant causes of UHI.

Lack of Vegetation, lack of Anthropogenic heat released
evaporative cooling, from heated or cooled buildings
shading

Heat Released
Materials storing solar by traffic
heat and release it at
night

Long-wave radiation ﬁ
reflected from walls
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Fig 3: UHI causes, (source: Researchers, adaptedHtips://www.emaze.com)

High rise buildings trap air

in the street canyons and

reduce wind speed within
the city

REAL CORP 2020Proceedings/Tagungsband ISBN 978-3-9504173-8-8 (CD), 978-3-9504173-9-5r(p)ri E
15-18 September 2020 - https://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, PetEILE, Pietro ELISEI,
Clemens BEYER, Judith RYSER, Christa REICHER, CapEhIK



Optimizing the Performance of Public Open SpaceEriyancing the Human Thermal Comfort

Urban heat islands do not only affect the healtthefenvironment and local wildlife, but also thealth of
humans. Increased city temperatures can be fatahgdlsummer heatwaves, particularly for senior
citizens(Salata et al. 2017). Urban inhabitants alsffer during heat waves because the urban bleeidi
prevents night-time temperatures from decreasintheg do in rural areas. Research has found thutnur
heat islands not only increase temperatures dumaaj waves but also prolong their duration(Koloswir
and Giridharan 2008).

3 METHODOLOGY AND TOOLS

3.1 Case study Observations and Field Surveys

The observations were carried out in three selegptdalic spaces with different demographic and plafsi
conditions. The Roman Museum square has the bgstgalh condition and the highest social level, whil
Sidi Ali Al-Temraz square which is located in aatdlely poor area which has the worst condition.
Measurements and observations were recorded eveoyi3 starting at 12:00 AM, on the 19th of August
2019, in Alexandria, Egypt. The observations aettifsurveys show that thermal comfort conditiorfifgch
people’s use of outdoor spaces. Responses to tbeaiimate might have been unconscious but have
resulted in a different use of urban space in dffie climatic conditions.

Fig 5: The selected 2 points in the Roman Museuroesfsource: Researchers). Fig 6: The selected &spaiSidi Ali Al-Temraz
space (source: Researchers)

Examining the number of people using the selectetess for study, shows that the different spaces at
various time intervals, reveals that warm condgiothe presence of the sunlight and humidity aege th
significant factors in the use of the space. UHiveed a significant effect on the human presencehwvias
obvious at 9:00 PM which recorded high temperatimesddition to elevated relative humidity. Moreave
the cultural, social and religious aspects whiatwadd the absence of females at late hours of theStmial
activities were recorded as shown in Table 1 asxample, two points were selected in each spacthéor
measurements and observations, the average waskatkgeen each two points for the space.

The Roman Museum space is surrounded by buildiragelyncorporations, while Sidi Ali Al-Temraz space
is surrounded by residential buildings in addittorshops and recreational activities, thereforgas more
active at night, rather than the other space whatha significant activity in the morning hours.
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Time Clothing Activities Number of visitors
Total M F
12:00 people sitting on the sidewalks chatfi 8 8 0
AM average | .. fow 5
3:00 AM average ;i'[iviftl;)w only no sign of any pedestrlcurb'5 4 0 4
6:00 AM average cars waiting causing traffic jams S5p 3 0 3
9:00 AM | men wearing
tuxedos . . - .
(work /over- parking/ pedestrians/ corporation’s activity 6 18 4 14
heat)

12:00 | summer light
PM clothing for

3:00 PM | Over-dressefl

parking/ pedestrians/car repair 7 29 4 25

heavy car flow and pedestrians (end of wnrg 5

due tp_wok hours) 12 0 12
conditions
6:00 PM average car flow only / less pedestriaakhc 6 12 0 12

9:00 PM Light for
males(shorts] mechanics repairing cars in the street mal«ing
conservative| it more crowded and active
for females

Table 1: The observations recorded for Point B ah&oMuseum space (source: Researchers)

29 6 14

Number of Visitors
Roman Museum Space Sidi Ali Al-Temraz Space
40

34
35

30 28
26

25
20
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17 16

15 13 - 14 43
10 2

5 2
12:00AM  3:00AM  6:00AM  9:00AM  1200PM  3:00PM  G:00PM  9:00 PM

Fig 7: Total number of visitors for each space (seuResearchers)

While studying the human activity, there was mooeaern about resting areas, since people choosi to
somewhere, rather than a pathway which is lesy/ltkebe chosen, in order to avoid discomfort. &iseand
pathways will not cause them serious discomfortgesithe time of exposure to the specific envirorsalen
conditions is short. However, while resting theiaiion is different, as poor climate conditions naigtress
people and drive them to avoid using public op&aswr

The bigger problem is the lack of street furnitpresence, this is affecting the spaces’ liveahifitthe case

of the Roman Museum space. However, Sidi Ali Al-Temspace is more active but in an informal way
where coffee shops’ owners place chairs and tabiethe sidewalks, which cover the whole width. Also
randomly parked cars diminishing the space’s playsionensions.

3.2 Results and Discussions

3.2.1 Field Studies and Measurements

The environmental monitoring focuses on measutinget classical thermal parameters that are wellvkno
for their impact on thermal sensation. These patarmeare air temperature, wind speed and relative
humidity. Measurements carried on one of the hbgesimer days in 2019, shows that the highestivelat
humidity is recorded in the evening, which valetathe theory that states that the UHI phenomenaorore
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obvious and affects the thermal sensation in trenieg (Cheung and Jim 2019; O'Malley et al. 2015).
Moreover, Air temperature with high values is retam at noon, which makes the need for shading elisme
and mitigation solutions to decrease the effeafiofct sunrays is crucial, in order to enhancettizgmal
comfort and encourage pedestrians to spend moeeaindoors.

' ol

[ =]
=
-
-

= D

Fig 9: Roman Museum space during day hours showeglium activity, cars parked (source: ResearchEig)L0: Roman
Museum space during night hours showing nearlyatigity, cars pass by only (source: Researcherg)1Ei Sidi Ali Al-Temraz
space in the morning showing activity, people gdmwork, and cars parked randomly (source: Rebess). Fig 12: Sidi Ali Al-
Temraz space in the evening showing high actigiégple sitting, walking and also cars parked rarg@ausing chaos (source:
Researchers)

Fig. 13: fisheye lenses used for mobile phone (suResearchers). Fig.14: Testo device used foruriagsVind Speed, RH and
Air Temperature (source: https://www.testo.com/e®¥soducts/)

3.2.2 Physiological Equivalent Temperature “PET”

It is the air temperature of a reference environtmemvhich the heat budget of the human body isutbedd
with the same core and skin temperature as undecdimplex outdoor conditions in the environmenbéo
assessed. Ranges between (18 - 24°C)(Evola €14).2

“PET” is a popular thermal index which have a sadhssified into nine thermal stress categorisgyded

for outdoor thermal assessment. It integrates theete of all physiologically relevant weather paeters

(Air temperature, relative humidity, wind speed amdan radiant temperature) and personal parameters
(metabolic rate and clothing insulation level) tsirrgle temperature index (Cheung and Jim 2019).
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Time Wind Speed m/s
Max. Min. Average Max. Min. Average | Max. Min. Average

12:00 AM 28.9 28.3 28.3 0.4 0 0.1 65.1 63.1 63.4
3:00 AM 28.5 27.9 28.5 0.6 0 0.5 60.3 54.4 68.5
6:00 AM 28.8 28 28.5 0.7 0 0.4 61.1 59.1 59.9
9:00 AM 29.1 28.9 29 1 0 0.6 57.4 40.3 56.3
12:00 PM 39.6 37 38.5 0.7 0 0.6 39.6 38.7 39.5
3:00 PM 36.3 34.4 34.7 1 0 0.8 45.7 42.5 43

6:00 PM 28.6 28.4 28.6 1.2 0.4 0.7| 65.6 48.5 62.2
9:00 PM 30 294 29.9 1.3 0 0.8 62.5 59.7 62.2

Table 2: Point B, Roman Museum Space, On-site me@smts (source: Researchers)

PET Thermal perception Grade of physiological stress
s Very cold Extreme cold stress
Cold Strong cold stress
Qo0 | -mmm e | TR L T
Cool Moderate cold stress
13°C | =mm=mmmommm s oo oo
18°C Slightly cool Slight cold stress
. Comfortable No thermal stress
20°C Slightly warm Slight heat stress
Warm Moderate heat stress
35°C | mmmmmmmmmm e mmm e e | e e
Hot Strong heat stress
41°C | =mmmmmmmm s | o e
Very hot Extreme heat stress

Table 3: "PET" Ranges (Source: https//: www.semaatiolar.org)

3.2.3 RayMan Software

The “RayMan” model, which appears in (Fig.14), isveloped to calculate short wave and long wave
radiation fluxes affecting the human body. “RayMastimates the radiation fluxes and the effectdaids

on short and long wave radiation fluxes. The modkich takes complex building structures into actpis
suitable for various planning purposes in diffenantro to regional levels(Matzarakis and Rutz 2006)

\?ﬁn«v-»n_ 3 .
" B e e Roman Sidi Ali Al-
[ nate g Seme " Current data E < }1useum Temraz
Cigte (day monih paar) | 1953 At i W r-. .. Time
S ' : SVF 0667 | 0526 | 0.577 | 0.592
Calculation
i s S——— 1200AM | 242 | 244 | 241 | 25
| ncaton (VR T . 4
i || T 3:00AM | 245 | 243 | 234 | 246
TP 6:00AM | 246 | 232 | 241 | 248
T | s 900AM | 256 | 257 | 25 | 25
: waipe g o 1200PM | 26 | 286 | 31 | 311
ww  E | [ 3:00PM | 283 | 278 [ 288 [ 306
: Tomamtces 6:00PM | 277 | 268 | 263 | 247
= 9:00PM | 247 | 255 | 257 | 258
o 1200AM | 248 | 25 [ 244 | 254

Fig.15: Silhouette of fisheye photos for the 2 gsaSource: Researchers). Fig. 16: RayMan softwarinterface (Source:
Matzarakis and Rutz 2006). Table 4: The output &TPvalues for each point from RayMan (source: reseas)

“RayMan” is capable of generating the “PET” fog@ecific location at any time of the day, it cobkldone
by calculating the “Sky view Factor” for the seletttarea of study, which was done within the sttg8yF”
is generated by importing a silhouette of a fishglyeto for the open sky created through photosh©pte
top of the fisheye photo is directed to the norifeation. In addition to the fisheye photo, the Site
measured environmental parameters are added (Zablde purpose of this process is to obtain aetabl
the expected “PET” values measured’@nfor each of the selected spaces at each houreosttidy. The
generated table acts as a reference to follow wh@esigning an urban space, which should be reladgte
order to achieve the human thermal comfort, corseitjpymaking it more appealing to human activity.
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3.2.4 ENVI-Met Simulation

ENVI-Met is a prognostic model based on the fundaaldaws of fluid dynamics and thermodynamics. It
also provides the evaluation of the interrelatietween buildings, vegetation and various surfasertogs,
and of their effects on the perceived microclimgeola et al. 2017). ENVI-Met is used in the study
provide an adequate simulation for the currentafimsituation of both studied spaces, in orddotate the
spots with highest temperature and humidity whighse discomfort.
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Figl7: ENVI-Met Simulation for the current situatiof Roman Museum space

3.2.5 Pilot Study of Mitigation Prospects

All the current studies state that the most-pramgistrategies that help to reduce the UHI effeetuaban
green (trees and vegetation), cool roofs and caeéments. The benefits of vegetation are obviousesit
provides shadow, it introduces a cooling effectrgvio the evapotranspiration, and increases theathve
albedo (Evola et al. 2017). For evaluating the iobhgd possible actions that can be carried outingrdsh

the adverse microclimate effects, different mitigrat actions have been evaluated, which involve the
adoption of cool pavements and green elementseindbognition of the high thermal stress spotsaihn b
spaces. The reasons behind the selection of thopsty mentioned strategies can be listed ast,Rine
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selected strategies are among the most commonndssligtions preferred by urban planners, architants
landscape architects. Moreover, they are favouredhb general public, or at worst they are thetleas
objected solutions by the general public for thielited impact on the plethora of different elenmgnssues
and determinants in urban spaces. And finally, tbegm to be the most affordable strategies botheat
design stage technically, financially and aesthdtic The proposed strategies show a significant
improvement in the air temperature and relative iditynbased on the ENVI-Met simulation shown in
(Figure 19 & 20).
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Fig 19: 3D Model using ENVI-Met for the proposedigation scenario for the Roman Museum Space. FigROModel using
ENVI-Met for the proposed mitigation scenario fadiAli Al-Temraz Space
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Fig. 22: ENVI-Met Simulation for the proposed méten strategy for Sidi-Ali Al-Temraz Space
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4 CONCLUSION

This paper has focused on the complexity of pararsetffecting the thermal comfort in outdoor urban
spaces, particularly in areas recognised as regtiaces, contrary to walking pathways. The studg ha
included a concurrent meteorological measuremetithaman activities observation, surveys were aarrie
out in 2 public spaces in Alexandria city with difént social standard, activities and morphology. A
guantitative approach to the physical parametessdeanonstrated according to the previous measutsemen
studies and generated thermal maps, that microtiparameters, will influence thermal sensations.

Consequently, the public attendance is negativiécted, in addition to, human activities. Thisuks in a
decline in the social cohesion and economic agtiviherefore, a proposal for mitigating the envir@mtal
issues using ENVI-Met software was illustrated, cmemodating the change in the vegetation type and
location, the ground cover and the addition of gigagélements in the areas recording high thermaksés

in the current situation simulation. The previotiategies have given improvements comparable to the
values available in literature and “PET” valuesnfrRayMan. The design of open spaces is crucialhier
urban environment and understanding the wide rafngéfects influencing thermal comfort in these =

will assist in designing spaces encouraging pubBe at different seasons of the year, leading to a
considerable optimization in their livability.
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