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Abstract

Using outdoor public spaces as a place of socigdraction is in a great consideration these daysovling tolerable
thermal condition as long as possible is one of ghenary stages for people’s presence in thesegda©utdoor thermal
indices are introduced to help architects makingraypriate decisions in climate responsive desigmcpdure.

By doing some field study research in extreme ¢iameondition of tropical city of Kuala Lumpur, thiarticle will
introduce a research method of data collecting dath analyzing using outdoor thermal indices. Howdb an effective and
helpful research for design requirements is the afrthis method. Field data are collected by a rfeHKiestrel weather station
in different outdoor spaces of the city centre. iWeadata are analyzed in three levels of mesoalland microclimate.
Architectural properties of the place are explainectording to their response to the climatic coiwtit Software named

SIKRON is designed by the author to speed up thl/zang process.

Keywords: Thermal indices, UTCI, Heat stress, Microclimateskel weather station.

1. Introduction

To explore an appropriate and effective researcthode
for outdoor field study observation this articletiging to
find answers to the following questions:

1. How much the outdoor thermal indices are
accurate to evaluate thermal condition (especiatly
extreme hot and humid thermal conditions)?

2. Which index has the most accuracy for a tropical
climate? Is there any available index that can bedu
accurately? (UTCI is examined in this regard)

3. What are the differences between meteorology,
local and microclimate data?

4. How much the constructed area base on climatic
architectural design will help to modify the outdoo
thermal condition?

5. What is the definition of different outdoor
thermal conditions according to people’s behavior?

Field study research in September 2010 was done in
tropical city of Kuala Lumpur as an example fordiimg a
method to answer these questions.

2. Research Method

Public outdoor spaces and walkways are some ofnthet
important places used by many citizens every day.

* Corresponding author; m58tahbaz@yahoo.com
1 PhD Architect, Associate Professor, School of Aetture &
Urban Planning, Shahid Beheshti University, Eviahfian, Iran

Preparing amazing and comfortable condition taaattr
people to these places are important keys to ssittes
design. According to different climatic conditions a
period of a year, predicting outdoor thermal cadoditis
one of the basic requirements for designers. T@ hel
architects and designers in this regard, laboratory
researches have proposed several indices for autdoo
thermal analysis.

The first groups of indices are based on therntakst

model. Heat stress indices such as heat index (HI),
Humidex, Tropical Summer Index (TSI), Discomfort
Index (DI) and Wet Bulb Globe Temperature (WBGT@ ar
prepared for hot conditions. Cold stress indiceshsas
Wwind chill Index (WCI) and Wind Chill Equivalent
Temperature (WCET) are prepared for cold conditions
Some of outdoor indices are prepared base on lieigieb
model. They are capable to evaluate both cold atd h
conditions such as Perceived Temperature (PT),
Temperature Humidity Index (THI), Physiological
Equivalent Temperature (PET) and Universal Thermal
Climate Index (UTCI). The last one is being prepdog a
group of specialists in a manual called “Cost Actit80”
[1]. It is supposed to cover all shortcomings ohewt
indices. To be able to work with these indices hade a
comparison opportunity, all of them are converted
psychrometric chart [2] and the software called FBON
[3] is prepared to speed up the data input.

In this article the data are gathered in the oigtie of
Kuala Lumpur in the tropical climate of Malaysiaher
field data are collected by a mobile Kestrel weatiation
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that is able to collect the data of temperaturegitity and
wind; the three out of four important climatic elemts of
thermal condition. The data is collected each 30sés to
show the microclimate changes in different outdoor
spaces. Using outdoor thermal indices to interpinese
data, the thermal condition of observed placesdefmed

on psychrometric chart provided for each index.r@ik
software is used to accelerate the process of tcatafer

to psychrometric chart.

People’s behavior in different thermal conditios, i
recorded by taking appropriate photos. Speciahttte is
paid to the children, ages and disables as the seositive
people to the thermal condition. Behavior is ididi by
clothes, activities, foods and exposure time inheac
condition. Comparison between people’s behavior and
thermal condition predicted by outdoor indices \itllp to
determine the accuracy of the indices’ assessmird.
most accurate index for a specific type of climath be
distinguished in this way.

To control the intervening factors affecting the
observation method, the collected data of movingti&
weather station as the microclimate representatise,
compared with three other climatic data in threele 1-
the meteorology data of the city in a long termiguéras
the representative of the meso-climate, 2- the onelegy
data of the observation days as the representafithe
short term city climate, 3- the collected data bkt
reference point (the fixed Kestrel weather statiag)the
representative of the local climate. Comparing lkiveg
term meteorology data with the short term metegylo
data will show the thermal condition of the days of
observation as ordinary, cold or hot. According to
monotone climate of Kuala Lumpur in a year, thigeleof
comparison is eliminated in this article. Kuala lpumas a
tropical city has only one hot season and the feanges
are made in rainy condition. Comparing the metempl
data of the observation days with the data of ezfee
point will show the changes of the local climateading
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to the urban construction. Comparing the data & th
reference point with the data of the observed pglace
(moving Kestrel weather station) will show the
microclimate changes according to the architectdesign

of the outdoor public spaces.

Constructed condition of the observed palaces is
considered as the modifier of the local and midnoate
situation by providing appropriate sunshade or isunl
spaces, leeward or windward spaces, heat transfer
controllers, moisture and saturation controllerhege
conditions will show the thermal modification atyjliof
the architectural design.

3. Tropical Climate of Kuala Lumpur

Kuala Lumpur the capital city of Malaysia is loddte the
3.12 north latitude and 101.55 east longitude with
elevation less than 100 meter in the centre of rgela
state of Malaysia. Its location on the west coabt o
Peninsular Malaysia, which has wider flat land thha
east coast, has contributed to its faster developme
relative to other cities in Malaysia [4].

Kuala Lumpur has a tropical rainforest climate vhic
is warm and sunny, along with abundant rainfall,
especially during the northeast monsoon season from
October to March. Temperatures tend to remain eohst
Maximums hover between 31 and 33 °C and have never
exceeded 39.3 °C, while minimums hover betweenr2R a
23.5 °C and have never fallen below 14.4 °C [5Kaiala
Lumpur typically receives minimum 2600 mm of rain
annually; June and July are relatively dry, butretigen
rainfall typically exceeds 133 millimeters per mor{Fig
1) [5, 7]. Flooding is a frequent occurrence in Kua
Lumpur especially in the city centre and downstream
areas. Dust particles from forest fires are theomspurce
of pollution in the city together with emission fnomotor
vehicles and construction work [8, 9].

PHILIPRINES

]

Kuala Lumpur, Malaysia

Average | '® Dis
Month  Sunlight Aver: fi

o
(hours) [4tin max Min Max 2™

fort | Relative
cat | humidity | pr

Y am | pm
High 97 60
High 97 60
High 97 58
High 97 63
High 97 66
High 9% 63

158 14
20 14
259 17
292 20
224 16
130 13
High 95 63 99 12

22 32 18 36
22 33 203
23 33 20 %
233321 36
23331 36
22 133 20 36
23 32 19 36
23 32 20 36
23 32 20 35
23321135
233221 35
22 32 19 35

March
April
May
June
July
Aug
Sept
Oct
Nov
Dec

163 14
218 17
249 20
259 20
19 18

6
7
7
6
6
7
7
6 High 9% 62
6 High 9% 64
5 High 96 65
5 High 97 | 66
5 High 97 61
The following bar chart for Kuala Lumpur, Malaysia shows the years

average weather condition readings covering rain, average maximum daily

Fi temperature and average minimum temperature.

Fig 2 (a to g) shows the thermal situation of ttity
according to outdoor thermal indices. It is cldwttduring
the year the temperature swing is very low and Hitynis
very high and most of the time heat stress happens.
According to Fig 2 thermal analysis of the indieg be
explained in three categories. The first group éatHndex

Fig..l.. Kuala Lumpur location and climatic data [7, 10]

(Fig 2a) and Temperature Humidity Index (Fig 2batth
define the warmest condition as dangerous [11, TBg
second group is UTCI (Fig 2c) and Humidex (Fig 2t
analyze the warmest condition as intense or stiveeat
stress [13, 14]. The third group is Tropical Sumnmelex
(Fig 2e) that interprets the warmest weather aghti
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warm [15]. Fig 2 (f & g) shows the Climatic calendand
sun-path chart of Kuala Lumpur based on UTCI. Akt
psychrometric charts of Fig 2 are generated by ®IKR
software [3] and Weather Data of Kuala Lumpur alzé
at EnergyPlus website [16].

SIKRON software [3] helps to show thermal condition
on each index according to main heat or cold stzesss.
Red colors refer to “extreme” and “very strong” hs@iess
(Heat stress:The physiological strain caused by an
increase in core body temperature above safe lewstse
the individual is at risk of overheating [17].) athmay
cause “heat stroke” (Heat stroke - Defined by aybod
temperature of greater than 40.6 °C (105.1 °F) tlme
environmental heat exposure with lack
of thermoregulation. Symptoms include dry skin, idap
strong pulse and dizziness. [18]). Orange and wello
colors refer to “strong” and “moderate” heat stréisat
may cause “heat exhaustion” (Heat exhaustion - lizaa

precursor of heatstroke; the symptoms include heavy

sweating, rapid breathing and a fast, weak pul$8].)
Green colors refer to “no thermal stress”. It me#mst

long term exposure (Heat exposure limits are based
some set of assumed physiological, personal, and
environmental conditions [17].) in outdoor is table or
pleasant. Light blue colors refer to “slight” cokdress
(Cold strain disorders include hypothermia (abndisma
low body temperature) and frostbite [17].) thatlvidel
cool. Dark blue, light and dark purple colors reter
“moderate cold stress”, “strong”, “very strong” and
“extreme cold stress” that may cause “hypothermia”
(Hypothermia is defined as a core temperature ethitdy
less than 35 degrees Celsius [19]) and “frostbite”
(Frostbite is the freezing of some part of the body
Fingers, toes, and even whole arms and legs cémsbas

a result of frostbite [19]. At or below 0 °C (32);blood
vessels close to the skin start to constrict, alwbd is
shunted away from the extremities via the action of
glomus bodies. The same response may also be laoésu
exposure to high winds [20].) Thermal conditions ar
distinguished visually and easily by using theserso
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Fig. 2(a). Kuala Lumpur outdoor thermal condition in a yeaséd on Heat Index psychrometric chart
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Temperature Humidity Index of KUALA LUMPUR
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Fig. 2(b). Kuala Lumpur outdoor thermal condition in a yeasd&d on THI psychrometric chart
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Fig. 2(c). Kuala Lumpur outdoor thermal condition in a yeasd&d on UTCI psychrometric chart
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Humidex of KUALA LUMPUR
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Fig. 2(d). Kuala Lumpur outdoor thermal condition in a yeaséd on Humidex psychrometric chart

Tropical Summer Index of KUALA LUMPUR
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Fig. 2(e). Kuala Lumpur outdoor thermal condition in a yeaséd on TSI psychrometric chart
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Calendar Table : Outdoor UTCl of KUALA LUMPUR

Solar Path : Outdoor UTCI of KUALA LUMPUR [Jan-Jun]

Station - KUALA LUMPUR »
Latitude - 3.12N S T

Longitude - 101 55 i =0
% , e
Elevation . 22.0 m A |

Fig. 2(f). Climatic needs calendar and Sun-path chart ofd&lampur for outdoor thermal condition based on UTitC3hows very few
changes in thermal condition yearly.

climate. The filed study was done in two days '8fdd %'
September 2010 as a sunny and rainy day respsctivel

Local and micro weather data was gathered by a
Kestrel WS-4500-KIT portable weather station datgger
[21]. As the comparison of different weather stasickits
shows, it has a good overall rating and has anpaaioke
accuracy for outdoor weather data collecting.

4. Field Data Collection

A field study observation was done in the summer of
2010 in Kuala Lumpur, to examine the thermal d&bni
of different outdoor indices in real condition.shows the
local people’s reaction to warm weather and clesifi
which of these indices are more appropriate fopital

Manufacturer Model Price’  Wind Wind Outdoor Indoor Outdoor Indoor  Barometric
Speed Direction Temperature Temperature Humidity Humidity Pressure
(mph) () (il (5] (%) (%) (inHg)
Kestral WS-4500-KIT # 4500 Portable $308.90 -
Instruments Weather Station Kit 0 J 0 “ o
WS-4500NVTAN-KIT 2 4500NVTAN Range Range Range Range03
Portable Weather Station Kit $366.90 p135 Resolution- 40 - 257 0-100% to 325
WS-4500NV-KIT # 4500NV Portable Resalution:  225°  Resolution Resolution Resolution
Weather Station Kit $368.90 0.1 0.1 0.1% 0.02 inHg
8 Accuracy. Accuracy: Accuracy. Accuracy. Accuracy:
@ ‘\'. +3% £5 $£20°F + 3% 40.05 inHg
=!'
o
=] u
Rainfall UV Solar Update Ease of  Reliability Other Display Wireless PC Interface Data  Overall| | Definitions, Symbols and Footnotes Key:
{in) iation Rate {sec) i Optional  Console Range (ff) Internet Logging Rating
(Wim?) Sensors Appliance Definition, Symbel or Footnote Description
= == = = + - ./ < . Fair
@ @ @ ., (]
1 secend usB) oK
Virtual Good
Vs J
Station
Excellent
WeatherHub & .

Fig. 3. Kestrel portable weather station data logger W3432Q]
(http://ambientweather.wikispaces.com/Weather+StaBomparison+Guide)

The reference Kestrel data logger was located én th

The path of observation was chosen for the mostilpop
balcony of the 1% floor of a building in the city center.

outdoor spaces in that area. (Fig 4)

Yy rrrr7

7

TLFELTE.

' Fig. 4. The pathof observation city entre (Ie) teference Kestrel weather station (middle aglakyi
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5. Meso, Local and Microclimate Analysis dryer than the meteorology data (meso climate).s Thi
shows the effect of city heat island that makeswhbather
The meteorology station of Kuala Lumpur is  dryer, lowers the temperature swing and makes igigs
considered here as the meso climate. Comparingés® warmer. (Fig 5)
and local data shows that the local weather ofctheis

Outdoor UTCI (Divided) of Kuala Lumpur 3-6 SEP 2010

Station : Kuala Lumpur 3-6 SEP 2010
Latitude : 3.12N

Longitude : 101.55E

Elevation : 70.0 m Local cloudy night /

L

; LA ~ "
Meteorology data night £ - mEE J
Pawoe = S
Kol e mstccrlogy diia \ /é“\_ ‘;-. % ::{:» ; : =S g
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Dry Bulb Temperature { C )

Fig. 5. Meso and local climate in observation days anttsi¢3-6 SEP 2010)

The observations clarify the local and microclimate construction does not support human thermal ndraisy

condition of the city centre. The microclimate citiwth in and cloudy days have better thermal condition aittd w
most observed places is warmer than local climatmay climate responsive design will lower thermal seilosabne
be the result of the special location of the rafeesKestrel level to moderate heat stress (light yellow zokéd 6). At
data logger that is located in a very high and guietd night time the weather is in moderate or no hegsst
position in a roofed balcony. The other reason bayhe condition (Fig 5 & 7). Observation shows that nigétis a
effect of solar absorption of constructed surfameshe custom in this city and several outdoor activitee done
city centre. It also shows that the sunny days hinee at night. Therefore it can be realized that modetatat
warmest condition and may reach the strong heatstr stress at night is tolerable in tropical climate.

situation (dark yellow zone) if the architectural

Outdoor UTCI of Kuala Lumpure - 3 sunny-5 rainy SEP 2010

Station : Kuala Lumpure - 3 sunny-5 rainy SEP 2010 Pl
Latitude :3.12N

Longitude : 101.55E Qutdoor CIOUdy

Elevation : 100.0 m

QU

Dry Bulb Temperature { C )

-

Fig. 6. Sunny and cloudy thermal situation on UTCI indegrand %' SEP 2010
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Station - Kuala Lumpur - 3 & 4
Latitude : 3.12N
Longitude : 101.55E
Elevation : 70.0 m

SEP 2010 day & night

]

Outdoor UTCI of Kuala Lumpur - 3 & 4 SEP 2010 day & night

. Fareme Cold Stess 03 SEY 2010 - KL pigh
. Nery Siroag Cold Stress
08 SEW 2010 - KL day

. Smong Cold Stress

Modemic Cold Streaé 03 SEP 2010 - KL day?

Shight Cold Stress

o Thermal Sucis

Modicrate Heal Szeas

Strong Hewt Stress

Very Stwon Ticat $ress
i Ftrciie Heat Stress

T T TN TTTTYS
(BR8] pusgues siassey

Dry Bulb Temperature { € )

Fig. 7. Day and night thermal situation on UTCI index in @b&d days, SEP 20

6. Data Analysisin Outdoor Public Spaces

In spite of warm weather in daytime that is defirz=
strong and moderate heat stress, outdoor aredsilbof
population and lots of long term activities sucheasing
and shopping. In very hard conditions especiallgunny
days, some of the outdoospaces with intolerabl
microclimate condition will remain empty, while etts

Temperature & Humidity of the Observed Places in Kuala Lumpur
3 SEP 2010 - Sunny Condition

| TP ——RH ‘

Fig. 8 (a). Bad thermal condition caused Point 4 empty, poee because of appropr

with better climatic design will continue their aities by
costumers. Some of these outdoor shops use ot
HVAC systems such as fans and cold water spra
modify microdimate under a sunshade. Fig 8a & shows
that bad thermal condition in location 4 has caude
empty while using appropriate sunshade, fan andoau
cold water spray in locations 5 & 6 has preparetleb
microclimate for more population preser

..-I'l . l'_-l “ ’ -I k‘ -f.

iate sunshade,dayugdoor cold wate

spray (5 & 6), 3 SEP 2010
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Outdoor UTCI of Kuala Lumpur - 03 SEP 2010

Station : Kuala Lumpur - 03 SEP 2010

Latitude : 3.12N T
Longitude : 101.55W Vir L -
Elevation : 100.0 m < 8

i_.: T 7 -
. Etinsie Cold Sueie 03 SEP 2010 - balconi KL - 12t =

B o s consme
. Strang Cald Stess

Moderate Cold Stress

03SEP2010- KL shade

03SEP2010- KL BBstarbux

Shight Cold Stress

UISER2010- KL BBwalkvway

No Thermal Swess

'
I
i
s
(L] m«;m‘m

03SEP2010- KL fastfood

Muoderaie Heat Sress

Swrang Heal Stress

Viry Strong Heat Stress

.

|
i

Dry Bulb Temperature { C )

Fig. 8(b). appropriate shade and fan helps to lower theroradition one level from strong heat stress to maideheat stress, sunny day of
3 SEP 2010 at 12-15pm

In cloudy days although the humidity is higher than  Water as an evaporative cooler in some places.tiomsa

sunny days, thermal condition falls one level fretrong 1 and 12 with fountain effect have more humidityda
heat stress to moderate heat stress. Therefozels more better thermal condition than adjacent places witho
tolerable than sunny days. Fig 9a & 9b shows tfecebf evaporative cooling.

Temperature & Humidity of the Observed Places in Kuala Lumpur
5SEP 2010- Cloudy Condition

umidity (%)

1"

Fig. 9 (a). Water is used as an evaporative cooler in someglat and 12 with fountaieect have mor hund better thermal
condition, 8" SEP 2010
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Latitude : 3.12N

Elevation : 70.0 m

B oo
[ —
| T

Modgrute Cold Stress
Shght Cald Siress
No Thermal Swess
‘Modcruic Heat Stress
Swang Heal Stress

Very Strong Hiea Saess

B omenericnsos

Longitude : 101.55W

OSSEP2010- KL butiq biotang st

OSSEF2010- KL in froo of agency

OSSEP2010- KL aposit sgecy

OSSEP2010- KL in fron of bb plag#Zh

Outdoor UTCI of Kuala Lumpur - 05 SEP 2010 - 12 to 14 pm

Station : Kuala Lumpur - 05 SEP 2010 - 12 to 14 pm

OSSEP2010- KL s fron of bif pih

1
.
e
7
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ok B Sl
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e
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7 = e
P 1 = 'y =
11 3 = =
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ate Lld

(B0) apson amsson

Fig. 9 (b). Thermal condition will fall one level from strongét stress to moderate heat stress in cloudy B3&EP 2010 at 12-15pm

Walkway is another outdoor space that needs special
climatic design for difficult thermal condition. Iaunny
days walking under sun for a long time is dangerous
because it is in strong heat stress zone. Figddaion 11
shows temperature increase in sunny walkways. Angpa

Temperature & Humidity of the Observed Places in Kuala Lumpur
3 SEP 2010 — shaded & sunny Condition

humidity (%)

R R
S

BB
LA

—e—FRH

18
B b P BB PSPPSR S
FIPPFPFFEFLEEELEFELEP
‘ .

shaded walkways will help to reduce temperature and
humidity and falls thermal condition to moderateathe
stress. Fig 10a locations 9 & 10 and Fig 10b shthes
effect of covered walkways on thermal modification.

Fig. 10 (a). The effect of covered walkway on temperature rédoand humidity increase: 9 and 10 are in a cavevalkway, 11 is sunny

10
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Outdoor UTCI of Kuala Lumpur -

Station : Kuala Lumpur - 3 SEP 2010 pm
Latitude : 3.12N
Longitude : 101.55E
Elevation : 100.0 m

03 SEF 2000 - balconi KL - 12§

. Estreme Cold Swess

Very Stromg Cold Steess
O1SEF2010- KL shads

Strang Cold Siress

ASEFI0] 6. K 0 Tr—
Modermie Cold Strets ISEP2010- KL BBwalkway

Slight Colt & ;
Siighe Coks Sitvens 03 SEP 2010 sunary walkwny

o Thermal Swess

03 SEI 2000 glazed ghebter [T F 1

Nldezate Heal Smess

3 SEP 2010 pm

Swong Hew Stress ISEP20]0- BB plaza st shy

Viery Stromg Hicat Stress
UASEP2010- BB plaza 2] sufiiv]

Extrense Heit Streis

GISEF2010- BB walkway =

Dry Bulb Temperature [ C )

Fig. 10 (b). covered walkways in sunny days will provide bettrmal condition, sunny day 0™ SEP 2010

Rain as a frequent phenomenon in tropical clima
another reason for shelter requirement. Fig 1lae) 11
(b) shows that even in cloudy condition coveredkwalys
will help to reduce temperature and modify the rtieg
condition for one level. Therefore in this city covel
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Fig. 11 (a). The effect of covered walkway on temperature
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walkways and entrances are very common and areas
shelter for both rain and thermal purposes. Thesees
have provided appropriate microclimate situatiorr
shopping facilities and are crowded witleople in all
sunny and rainy conditions.
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Outdoor UTCI of Kuala Lumpur - 05 SEP 2010

Station : Kuala Lumpur - 05 SEP 2010
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Fig. 11 (b). Covered and shaded walkways will modify thermaldition from strong heat stress to moderate heasstrcloudy day of's
SEP 2010

In Kuala Lumpur there are different models of facilities, temporary sunshades that are providgdthe
sheltered walkways such as covered walkways and sellers or hawkers help to produce better micraatérfor
entrances. Underground walkways are another saoluto pedestrians and costumers. (Fig 13)
this requirement (Fig 12). In streets with shopping

Fig. 12. Different solutions for covered and shaded walksvayKuala Lumpur
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Fig 13. Teporar sunshades provided by shopkeeers avicehmin walkways

The final strategy for long term outdoor stay isngs and evaporative cooling, they can increase tolerabl
HVAC systems such as outdoor fans and cold watexysp exposure time (Fig 14a & 14b). Even at night tlisai
for small areas. They cannot improve thermal caomito common way to provide better thermal conditiong (Fb)

comfort zone but because of providing continuegilagion

Temperature & Humidity of the Observed Places in Kuala Lumpur
3 SEP 2010 - Sunny Condition
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Fig.14 (a). Cold water spray and fans are common solutiorim[tjmase xposur tle in small shopping areasmpbin , sunn day of
3 SEP 2010

Outdoor UTCI of Kuala Lumpur 3 SEP 2010 - 12 to 19 pm
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Fig. 14 (b). Cold water spray and fan will provide continuestitation and evaporative cooling for longer exp@stime, sunny day of'3
SEP 2010
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Fig. 15. Creating tolerable microclimate using cold wateagmnd fan even at night

Large open spaces are not appropriate for long term yearly rain has very good potential for this salatiWater

stay outdoor. They can receive maximum solar enangly play games and green surfaces in luxury open spamts
rain fall. Providing besieged fences and using gigants as modern shopping malls has helped to providesbett
and water surfaces will lower the ambient tempeeats microclimate for long term outdoor stay in sunnyysla

heat sink. Kuala Lumpur as a tropical city with fug (Fig 16)

Fig. 16. Using green plants and water surfaces as themnalitton modifier

Vehicle station is another place that is used abaat are made of light color materials with the lowestas
term outdoor stay. It will be used in all thermahditions absorption and thermal mass. Although their tenpesa
and people have no choice to leave it for a bettaation. will not decrease to the lower heat stress levelnadural
Providing tolerable microclimate for these placssthe ventilation under the sunshade helps to increasamil
responsibility of designers. In Kuala Lumpur witbgical transfer and decrease feeling temperature. (Fig 17)

hot climate, stations are designed as great suashatiey

People walking between indoor and outdoor spaces such as luxury shopping centers temperature id fixe
will experience a temperature shock because of cold lowest thermal comfort zone (21-23 C) that will sau
weather created by HVAC systems inside the buikling even more thermal shock (Fig. 19). These complain i
(Fig. 18). This is not appropriate for people wiawé used mostly announced by tourists and non local peopte w
to outdoor warm condition. In more high class huiis are not used to such thermal shocks.
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Temperature & Humidity of the Observed Places in Kuala Lumpur
5 SEP 2010 - Cloudy Condition
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7. Discussion

Observing different outdoor places in the city centf
Kuala Lumpur, people’s presence and their behavior
shows that for local citizen thermal situation swkerable
in most conditions. Existence of different tourigtem
different climatic origins proved that tropical rolate of
this city is not as hard as it is analyzed “dangstoor
“very hot” by the first group of outdoor thermaldices
such as Heat Index (Fig 2a) and Temperature Huynidit
index (Fig 2b). The second group of the indiceshsas
UTCI (Fig 2c) and Humidex (Fig 2d) defined thermal
situation in middle noon as “strong heat stres&opte’s
presence and their long term stay in outdoor spsicew's
that they are able to tolerate this weather byhék of
responsive climatic design or outdoor HVAC systesush
as fans and cold water spray. The only index tleéindd
this weather as “slightly warm” for acclimatizedopée is
tropical summer index (Fig 2e) [15]. It shows thhe
thermal zones that are introduced by these indieesl to
be clarified by some more researches to find omitetkact
and reliable interpretation of design strategies.

Two main results can be summarized here:
Acclimatization gives local people the ability taln how

1-
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Fig. 19. Temperature shock is higher in high class builgli(®) in compare with outdoor surroun

. 'y
dings (A1, Cd a?2)
to adapt their body and their behavior with hotdiban.
For example my self-experience of 6 months livimg i
Kuala Lumpur shows that taking a shower before gjoin
out in very hot weather will clean the skin poresda
prepare it for a better convection and evaporatieat
loss. 2- Long term presence of people in some autdo
spaces shows that strong heat stress conditiootihumid
tropical climate has the ability to be modified by
appropriate climatic design and/or outdoor HVAC
systems.

8- Conclusion

In this article hot tropical climate of Kuala Lumpu
was studied considering outdoor thermal requiremeiit
pedestrians. Using field study observation the
microclimate data of different urban open spaceshm
central city was collected by mobile Kestrel weathe
station. The results were compared by higher clomat
levels of meso (meteorology data) and local clinféiied
Kestrel in reference location). The comparison stbw
that: 1) the local climate is dryer than the melgmate, 2)
its temperature swing is less and 3) its night emajure is
higher because of heat island effect. Accordingthte
outdoor thermal indices the local weather in sudays is

15



in strong heat stress level while in cloudy days imore
tolerable and in good climatic design places valvér to
moderate heat stress.

Constructed places in open spaces will play a gadat
to modify thermal situation. In places such as oatd
shopping areas and coffee shops with long term stzn
in strong heat stress condition, it is possibleptovide
better microclimate by good climatic design andlat
using outdoor fans and cold water spray. In wallsyay
appropriate shade and cover is required to protect
pedestrians from sunshine and heavy rain. Temporary
shades or underground walkways are another solition
this regard. Great open spaces require green péards
water surfaces as heat sink to reduce solar gagurmy
days. Vehicle stations as short term outdoor staylsl be
in special consideration because they are usedllin a
weather conditions. Light color materials with Ideermal
mass are needed to create shade and natural tientila
simultaneously in these places.

How to interpret the definition of thermal outdoor
indices was another result of this article. It wagved that
strong heat stress condition in tropics has thétyalbd be
modified by a good climatic design or outdoor HVAC
system as a final solution.
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