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Thermal comfort in urban spaces: a cross-cultural study in the hot arid climate
International Journal of Biometeorology

Faisal Aljawabra (*). Marialena Nikolopoulou

(*) Department of Architecture and Civil Engineering, University of Bath BA2 7AY, UK

Email: Faisal. Aljawabra@bath.edu

Online Resource 1 Questionnaire form used in Chaparral Park

LAl ENETT WF

University of Bath

Department of Architecture & Civil Engineering
Location Date:

Start time: ... Mo......

“A-
1. What is your sun preference at this moment?
1.[]Prefermoresun 2. Nochange 3] Prefesmore shade 4[] WA
2. How would you describe the wind situation at the moment?
1. Very windy 20 a0 40 £ Ocam
3. How would you prefer the wind situation to be at the moment?
1.[] Prefermore wind 2] Mo change  3.[] Prefer less wind

4. What do you think of the humidity at this moment?

1.0 Damg 0 Eim| 40 5[] Dry

5. At the moment, do you find the weather to be:

i0coid 20 Cool  3[] Nefihercool norwarm 4. Wamm 5.0 Hot
6. Would you like it to be:

1.0Cooler 2 [NoChange 3. [JWamer

Y.S'Iﬂlmgaurdmmemﬂwaaﬂlermnﬂinrﬁm,dnwaedmfnrtallleatﬂlismmnt?
1.¥es 2 []No

_B-
8. What would you do if it gets warmerfeooler? {Open question)

10 cnangepiace 2[JcCimeson 3.0 Clothes o 4.Hat drink sOcokaink  &[0Moming/ Domtknow  7.JOther:

9. Did you live in an area with similar climate to this during your childhood?

If no, what was the climate there? [J1.¥es [0 2 Nocoolercoldes [ 3. Nowamenotier

10. Where do you spend most of your time during the weekdays?

1.0 Indoors 2.0 Equally batween bom 3.0 Cutdoors

11. Do you think that today’s weather is typical for this time of the year?

1.0 ves 20 Mo 3.0 poriknow  If no, what do you think it should be like? 1.0 Coclercoier 2] Wamermotier
12. How often do you use this place? At least once

1.[] Ewesry Day 20 Everywesk  3.[] EveryMonth 4[] Ransly 5.0 FAirst time:

13. Do you live or work in this area? 1.0 Ne  2[] Yes, If yes whene inthe walley? ...

Forhowlong? 1-O<iyear 20 102years 302to3yeas 4[J3toSyears S[]StoiDyears 6.0 =1Dyeams

14. What is the main reason for you to be in this place? [Open question)
1.[] waiting 2[06reask  3[JPassinby 4[] Goingout' enjoying the place S walkingdog 67 ofher

15. Why did you choose this specific place to be in? [Open question)

103un 2.0 Shade 3.[] Accessinlity 4.1 Avallabllity 5.1 Landscape B OICHher. ..o
16. How long ago did you amive in this place? (Open question)

1. O<iGminage 2 [J1530min 3.0 3045min = 4 [ 4560 min S [O060-0min & [J=80min

17. For how long do think you will stay? (Open queston)

1.O<15min 2. 01530min 3 [03045min = 4.0 4560mn 5.0 60-%0min 6.0 >30min



18. Where were you just before coming here? 1. [ ingoors 2. [ Qutdoors:

19. How long ago were you in an air-conditioned space (including wehicles)? [Open question)
1. O<15minagas 2 [ 1530 min 3. 030-45min 4.0 45-50min 5. 0&:e0min - & [ =50 min
20. How do you experience this place just now?

1.0] Boring pim| 30 40 5.0 Intersating

1.0 afiractive 0 20 40 5.1 Unatiractive

21. What do you like the most in this place? (Cpen quesiion)

22 What do you not like the most in this place? [Dpen question)

23. Do you prefer to change your position in this place? 1. Yes 2 []Doesntmatter 3. Mo
If yes, what is the reason? (Dpen question)

-C-
24 What do you do for living? 1. [] Highly skilled with Degree. 2. [ Skiled with degree 3. [ Skiled without degres
4, [ Mon-sullled labowr 5. [0 Stedent! nousewtied retired 5.0 NOJOD  JOEE MEIME ..o.cvoeecveeec e e s mrsims
25. Your educational level is: 1.0 Bask 2. [0 Hgh szhool 3.0 Codege 4.0 Univessity
26. How well would you say you are managing financially these days?
1. Ouwngcomeoranty 2. ] DoingAngnt 3. [ Just about gettingby 4. ] Finding it quite amcutt 5. [ Finding It very dmcut

End time:.......ccocoeeieene.
-D-
Surface temperature: _............
Interviewee has been sitting in: 1. [] Shade 2[] Sun 3. [] Cvercast
Gender: 1.0 Male 2.[] Female
Where is he/she sitting? 1.00 Bench 2.1 Grourd a0crass 4.0 Cther
Age group: 1.0 <16 2018-24 302534 403544 5.[045-54 &.[0s5-60 70 =50
Eating/ Drinking in the last 10 mins : 1.0 Eating 20 Hot annk 30 Cod aink 4[] Moting
Activity in the last 10 mins: 1.Jeying 2 [5eated 3.0=tanding 4. [walking 5. (JRumning
Interviewee: 1. [ slone 2.[] witih others

Clothing: 1.Trousers or 2.Skirt or 3 Dress (1.Long2. Medumy' 3.5hort), 4. Sweater or 5. Jacket (1. Thick! 2.Light), 6.Coat [1.long' 2 shoat),
7_Shirt or 8. T-shirt or 8. Vest [1.long' 2 short! 3 Sieeveless)

Local dress: Men: 1.[] Dishdasha 2[] Besht 30 Tagla 4[] Ghatra
Women: 10.[] islamic Dress 2.1 Abaya 30 Head scarl 40.[] Burga

Footwear: 1. [ Closad 2. [0 open

Colour of clothes: 1. []Dax 2 [ Mg 3[] Light




Online Resource 2 Details of the meteorological sensors

Instrument Commerecial Manufacturer Range Accuracy
name
Wind speed 0.02 below 10m/s and
Anemometer (Cup AI%O(}erI;ow Limited (trading Measuring wind speed above 56.5 m/s
Anemometer) as Vector between 0-75 m/s 0.01 between 10m/s and
Anemometer
Instruments) 56.5 m/s
SKS 1110 | Skye Instruments | Micasuring the incoming
Pyranometer Pyranometer Ltd solar radiation- working
y range 0-5000 Wm>
Combined Measuring relative
. HygroClip 2 humidity (0-100%) and <+1% (RH)
temperature/humid HC2-S ROTRONIC 1 perature (-50 to +100 <+0.2°C (Ta)
ity probe. °C)
Grey Globe
thermometer
(Therrpoqouple Measuring the globe <£0.3°C at 0 °C
wire inside a temperature
38mm grey table
tense ball)
Data | Squirrel 1001 Grant
ata fogger quirre instruments

Online Resource 3 Study sites in Marrakech and Phoenix

c-Chaparral Park

b-Al Koutoubia Plaza




Online Resource 4 Dates and times of filed surveys (Aljawabra F, Nikolopoulou M (2010) Influence of hot arid climate on the use
of outdoor urban spaces and thermal comfort: Do cultural and social backgrounds matter? Intelligent Buildings

International 2:198-217)

date time
city season site

month days morning noon late afternoon
Marrakech | winter K. Park Feb 01,03,05,07, 8:00-10:00 * 12:00-14:00 15:00-17:00
Marrakech | winter K. Plaza Feb 02,04,06,08, 8:00-10:00 * 12:00-14:00 15:00-17:00
Marrakech | summer | K. Park Jul 22,24, 25, 8:00-10:00 12:00-14:00 17:00 -20:00

Aug 02
Marrakech | summer | K. Plaza Jul 22,2425, 8:00-10:00 * 12:00-14:00 17:00 -20:00

Aug 02
Phoenix winter Ch. Park Jan 11,12,13,20 8:00-10:00 12:00-14:00 15:00-17:30
Phoenix winter T. Lake Jan 08,09,10 8:00-10:00 12:00-14:00 15:00-17:30
Phoenix winter T. Market | Jan 15,16,17 8:00-10:00 * 12:00-14:00 15:00-18:30
Phoenix summer | Ch. Park Jun 27,28,30 8:00-10:00 12:00-14:00 17:00-19:30

Jul 01

12:00-

Phoenix summer | T. Lake Jul 06,07,08,09 8:00-10:00%* 14:00%* 17:00 -20:00
Phoenix summer | T. Market | Jul 06,08,09 8:00-10:00 * 12:00-14:00 17:00 -20:00

- Dates in bold italic represents weekends.

-* Most interviews were conducted after 12:00 as to the site was deserted before that.

-** Most interviews were conducted in late afternoon session as to the site was deserted before that.




Online Resource 5 Percentage of age group and gender profiles in Marrakech and Phoenix sites

Age group <18 | 18-24 25-34 35-44 45-54 55-65 >65
Marrakech (%) | 4.3 30.03 33.00 14.9 10.9 4.0 3.0
Phoenix (%) 25 | 11.8 24.4 29.4 13.4 6.7 11.8
Gender Female Male

Marrakech (%) 16.8 83.2

Phoenix (%) 23.6 76.4

Online Resource 6 Means of measured microclimatic variables in Marrakech and Phoenix (Aljawabra F, Nikolopoulou M (2010)
Influence of hot arid climate on the use of outdoor urban spaces and thermal comfort: Do cultural and social backgrounds matter?
Intelligent Buildings International 2:198-217)

Tg Tair RH Ws S
CC) (C) % m/s W/m

o | site | winter 22 23 32 0.7 258
E1' |summer 36 37 24 10 307
§ ;ite winter 23 24 26 09 263
summer 35 36 26 1.2 309

site | winter 18 18 34 0.6 262

3 summer 39 39 24 1.2 381

;Ej site | winter 18 17 39 07 245
E% 4 summer 41 41 23 1.3 229
site | winter 18 18 34 0.6 262

5 |summer 41 41 27 09 536




Online Resource 7 The t-tests of environmental variables in Marrakech and Phoenix (a) in winter and (b) in summer

a- In winter

Marrakech Phoenix
variable t-test eta’
mean SD mean SD
Tair (°C) 22.4 3.60 22.5 6.90 -0.09
S (W/mz) 206 194 384 267 -4.84%%* 0.09
Ws (m/s) 0.77 0.31 0.79 0.53 -0.17
RH (%) 29 15.5 24 12.6 2.39* 0.02
* p-value <0.05, ** p-value <0.01
b- In summer
Marrakech Phoenix 5
variable t-test eta
mean SD mean SD
Tair (°C) 35.93 2.7 38.9 2.8 -6.93** 0.21
S (W/mz) 148 209 108 162 1.322
Ws (m/s) 0.962 0.5 1.397 0.85 3.70%=* 0.07
RH (%) 23.7 7.3 23.24 5.6 043

** p-value <0.01

Online Resource 8 Correlation analysis between ASV and other environmental and personal parameters in a. Marrakech and b.
Phoenix
a)
ASV Tg Tair Rh Ws
Pearson A35%* A420%* -.333%* -.54%*
Correlation
Significance (2- .000 .000 .000 .040
tailed)
N 303 303 303 303 303
** Correlation is significant at the 0.01 level (2 tailed).
* Correlation is significant at the 0.05 level (2 tailed).
b)
ASV Tg Tair Rh Ws
Pearson 125 T40%* -275%* 153
Correlation
Significance (2- .000 .000 .002 .046
tailed)
N 126 126 126 126 126

** Correlation is significant at the 0.01 level (2 tailed).
* Correlation is significant at the 0.05 level (2 tailed).




Online Resource 9 Percentage of participants coming from indoors/outdoors just before the interview

’ Bcoming from indoors B coming from outdoors ‘

100% 86%
90% -
80% 1
70% A
60% A
50% A
40% A
30% 1
20% A
10% -

0%

58%

Marrakech Phoenix

City

Online Resource 10 Total number of people compared to the number of people in shade for different air temperatures in winter and

summer
Phoenix winter Marrakech winter
@ Number of people & Peope in shade & Number of people B Peope in shade
60
2 2
[-% [-X
o o
@ @
o o
Y- Y
o o
S S
[ )
o) Ko
£ £
S S
=z =z
10 13 16 19 22 25 28
Tair("C) Tair(°C)
Phoenix summer Marrakech summer
e Number of people  ®Peope in shade & Number of people  ®Peope in shade
60 60
50
2 2
) & 40
@ @
o o
s S 30
S S
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Qo Qo
£ £
S S
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