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13 Abstract: This empirical study investigates large urban park cooling effects on the thermal comfort
14 of occupants in the vicinity of the main central park, located in Madrid, Spain. Data were gathered
15 during hot summer days, using mobile observations and a questionnaire. The results showed that
16 the cooling effect of this urban park of 140 ha area at a distance of 150 m is able to reduce temperature

17 by an average of 0.63 °C and 1.28 °C for distances of 380 m and of 665 meters from the park.
18 Moreover, the degree of the Physiological Equivalent Temperature (PET) index at a distance of 150
19 meters from the park is on average 2 °C PET and 2.3 °C PET less compared to distances of 380 m
20 and 665 m, respectively. Considering distance from the park, the correlation between occupant
21 Perceived Thermal Comfort (PTC) and PET is inverse. That is, augmenting the distance from park

22 increases PET, while the extent of PTC reduces accordingly. The correlation between these two
23 factors at the nearest and furthest distances from the park is meaningful (P-value < 0/05). The results
24 also showed that large-scale urban parks generally play a significant part in creating a cognitive
25 state of high-perceived thermal comfort spaces for residents.

26 Keywords: Cooling effect; urban park; thermal comfort; physiological equivalent temperature;
27 perceived thermal comfort

28

29 1. Introduction

30 Due to climate change and an increase in urbanization, urban heat is rising rapidly (Dimoudi et
31 al., 2013). Today, heat has adversely affected urban life across the world (IPCC, 2017), including urban
32 areas of Mediterranean climate (Sobrino et al., 2012; Sanchez-Guevara Sanchez, Nunez Peird, and
33 Neila Gonzélez, 2017). The increase in temperature in urban areas, especially densely populated areas
34 has given rise to the phenomenon of Urban Heat Islands (UHI) (Taha, 2017; Oke, 1982) which can
35  threaten the health and comfort of citizens (Leal Filho et al., 2018).

36 Green urban spaces have been researched by numerous studies as an adaptive strategy to reduce
37  the effect of urban heat and improve the health of citizens, by considering thermal comfort (Ling and
38  Chiang, 2018; Wolch, Byrne, and Newell, 2014) as well as their socioeconomic role (Aram, Solgi, and
39  Holden, 2019). Various studies have been conducted on the effects of various types of green
40 infrastructures aimed at reducing urban heat and thermal discomfort (Demuzere et al., 2014; Zdlch
41 et al, 2016), which include different scales and forms such as small local parks (Park et al., 2017),
42 large urban parks (Buyadi, Mohd, and Misni, 2013), urban gardens (Lottrup, Grahn, and Stigsdotter,
43  2013), green roofs (Imran et al., 2018), green walls (Tan, Wong, and Jusuf, 2014) and street trees (Kong
44 etal, 2017). This study emphasizes the cooling effect of large urban parks.
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45 The studies conducted on large urban parks have shown that such parks have a significant effect
46  onair temperature reduction and UHI (Wong and Yu, 2005; Sugawara et al., 2016), which is especially
47 noticeable during the summer (Qiu et al., 2017; Lai et al., 2019). However, it is noteworthy that the
48  temperature drop does not only take place within the park but also within surrounding areas (Cao et
49  al, 2010). The cooling effect of urban parks, referred to as Park Cooling Island (PCI) (Vidrih and
50  Medved, 2013), is known to affect the surrounding environment depending on the area size of the
51  green space and quality of green coverage (Jamei et al., 2016; Xu et al., 2016). Two important indices
52 tomeasure the cooling effect of urban parks are the Cooling Effect Distance (CED) and Cooling Effect
53  Intensity (CEI) (Aram et al., 2019), which have been extensively used in various scales and climates
94 (Feyisa, Dons, and Meilby, 2014; Lu et al., 2017; Anjos and Lopes, 2017).

55 Studies on the cooling effect of urban parks in different regions have shown that large scale
56  urban parks with areas over 10 ha can have an average of 1 to 2 °C effect on surrounding areas that
57  arean average of 350 meters away (Aram et al., 2019). In general, air temperature reductions in urban
58  parks are typically up to 0.5-4 °C and may even cause up to 5-7 °C reduction (Yan, Wu, and Dong,
59  2018). Despite the cooling effect of urban parks on their surroundings, such effect is not merely
60  dependent on the traits of the green space (Aflaki et al., 2017). The morphology of the surrounding
61  area of parks, the sky view factor (SVF), the spatial configuration of the location, and the covered
62  area, also affects the perception of the cooling effect of urban parks and thermal comfort (Yan, Wu,
63  and Dong, 2018).

64 Numerous studies have been carried out on the cooling effect of urban parks. However, research
65  pertaining to the extent of this effect on thermal comfort perception from psychological and physical
66  perspectives is limited. This gap necessitates examining the cooling effect of urban parks on the
67  aforementioned parameters at different intervals from the park to determine factors which may be
68  applied in sustainable urban development.

69 2. Park cooling effect and thermal comfort perception

70 A set of thermal indices was investigated in two experimental (ET, RT, HOP, OP, WCI) and
71 analytical (ITS, HIS, ET*, SET*, OUT_SET, PMV, PT, PET) groups (ASHRAE, 2010; Coccolo et al., 2016;
12 Fanger, 1970; Walls, Parker, and Walliss, 2015). The basis of these analytical indices was the energy
73 balance (produced and wasted human energy). The main issue of thermal indices pertains to average
74  thermal comfort assessment and climate conditions of each area (Bruse, 2009). The result of various
75  studies on validating other indices shows that examples such as SET and PET have a high correlation
76 (89%) with thermal comfort in open spaces (Monteiro, 2009). Most studies in recent years have
77  utilized SET, PMV and PET to predict comfort levels in open spaces (Potchter et al., 2018; Honjo, 2009;
78  Roshan et al., 2019).

79 PET enables the comparison of the complete effect of thermal conditions pertaining to the
80 outside environment with individual experience (Lin, Matzarakis, and Hwang, 2010). PET is one of
81  the recommended indices in urban and regional urban planning around the world, used to predict
82  thermal changes of urban or regional clusters (Chen and Ng, 2012). This index has shown a significant
83  correlation to thermal comfort in various climatic conditions in open urban spaces as validation
84  (Tseliou et al., 2010). One of the prominent influencing factors on PET condition is the Tmr climate
85  variable. The aforementioned indices provide a single image of a set of individual and climate
86  variables and enable the comparison of comfort conditions in various environments (due to global
87  factors) (Thorsson et al., 2007).

88 In studies conducted to investigate the thermal comfort of urban parks, the PET index is
89  commonly used. In a study conducted on a warm sunny day in Beijing, China (21 August, 2 pm) (Sun
90 etal 2017), it was shown that the effect of the Yuan Dynasty Relics green space with 102 ha area, in
91  close approximately to the area of Retiro Park, reduces the PET by an average of 2 °C and a maximum
92  of 15.6 °C. Another study conducted at Zhongshan Park in Shanghai city center with an area of 21.42
93  ha, showed that the PCI led to thermal comfort during Shanghai’s winter as well as summer and had
94 aPET of 15-29 °C (Chen et al., 2015).
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95 In a study conducted by Cohen, Potchter, and Matzarakis (2012), a total of 10 urban parks of
96  various areas (0.2 to 0.36 ha) were assessed in Tel Aviv. Although the investigated parks were smaller
97  in terms of area compared to Retiro Park, the results illustrated that parks with richer vegetation
98  density had greater cooling effects and thermal comfort, and could reduce temperatures by up to
99 3.8 °C whilst bringing PET to 18 °C during summer. Additionally, a study conducted at the central
100  park of Cairo with an area of approximately 26.01 ha (Mahmoud, 2011) showed that parks had a
101  significant effect in enhancing thermal comfort during summer, which, based on this effect, entailed
102  a PET value of 22-30 °C throughout the day.
103 While the cooling effect of urban parks has generally been recognized as a strategy for mitigating
104 urban heat and providing thermal comfort (Bartesaghi Koc, Osmond, and Peters, 2018; Taleghani,
105  2018), the extent of perceived thermal comfort stemming from the cooling effect of urban parks is
106  difficult to predict, necessitating investigations of people’s attitudinal and bodily experiences
107  concerning physical thermal conditions at various intervals in the surrounding areas of these parks
108 (Lenzholzer, Klemm, and Vasilikou, 2018; Nikolopoulou, Baker, and Steemers, 2001). The degree of
109  perceived thermal comfort by an occupant which is caused by the cooling effect of urban parks is
110  dependent on factors such as individual behavioral and psychological traits, in addition to distance
111 and cooling effect intensity (Klemm, Heusinkveld, Lenzholzer, Jacobs, et al., 2015; Knez and Thorsson,
112 2006; Nagashima, Tokizawa, and Marui, 2018). Individual demographic traits include age, gender,
113 and physical characteristics such as height and weight of occupants (Thorsson, Lindqvist, and
114 Lindqvist, 2004; Pezzoli et al., 2012). Psychological traits include the individual’s experience of being
115 in the environment and their thermal expectations and tolerance (Nasir, Ahmad, and Ahmed, 2012;
116  Lin, 2009). Behavioral aspects include the extent of being covered (in terms of clothes) and the type
117 of activities conducted by the individual (Nikolopoulou and Lykoudis, 2006).
118 A common method to determine the extent of thermal comfort experienced by occupants is the
119  use of surveys (Ng and Cheng, 2012). Essentially, by using such survey methods as open, semi-open
120 or multiple choice questions (Li, Zhang, and Zhao, 2016), individuals can be asked about their
121  thermal comfort experiences (Yang et al., 2017). In order to measure human thermal comfort
122 perception level, cognitive mapping can be utilized in conjunction with questionnaires. Employing
123 this method and asking residents to identify places where they feel more comfortable from a thermal
124 point of view provided a more comprehensible image of the residents’ thermal comfort level of
125  understanding (Klemm, Heusinkveld, Lenzholzer, and van Hove, 2015; Lenzholzer, 2008). In recent
126  years, utilizing questionnaires and asking direct questions about the perceived comfort of citizens
127  alongside the micro-climatic perceptions have yielded valuable results (Xu et al., 2017).
128 The purpose of this study is to investigate the cooling effect of the large urban park and its effect
129  on the thermal comfort of occupants in the areas around the park. This study focuses on the Perceived
130  Thermal Comfort (PTC) and Physiological Equivalent Temperature (PET) of locations, at a defined
131  distance from the park and similar in terms of urban aspects and influential factors such as floor
132 coverings, enclosures, street canyon and vegetation, whilst responding to the following research
133 questions:
134  -What is the extent of the large urban park cooling effect on thermal comfort based on PET?
135  -What is the extent of the large urban park cooling effect on occupants’ PTC?
136  -What is the relationship between the measured PTC and the measured occupant PET?

137 3. Materials and Methods

138 In this study, using a combination of methods such as landscape architecture, micrometeorology,
139  and social geography, the effect of a large-scale urban park on thermal comfort was investigated.
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140  3.1. Location and selection of the sites

141 This research was located in Madrid (40 ° 25'08 "N; 3 © 41'31" O), the capital of Spain with a
142 population of 3,223,334 and population density of 5265.91/km?, and a Mediterranean climate (Csa:
143 dry-summer subtropical) according to the Képpen classification (Kottek et al., 2006). The Retiro Park
144 has an area of approximately 140 ha and a 123 km perimeter. It is the largest and oldest park in the
145  center of Madrid with rich plant diversity. One of the prominent issues of this study was the method
146  of selecting distances from the Retiro Park. Although studies have not been conducted on the average
147  cooling effect of Retiro Park, an updated UHI map of Madrid was presented in 2015 by Nufiez Peird
148 et al. (2017), where the effect of Retiro Park was made evident on the basis of the temperature color
149  spectrum. Essentially, the UHI map of Madrid from 26 July 2015 represents the effect of Retiro Park
150  in counteracting to the effect of UHI in the northern, eastern and southern areas of the park (Roman,
151  Gobmez, and de Luxdn, 2017).

152 In order to accurately assess the cooling effect of Retiro Park on its surrounding areas, it was
153  necessary to select places on a micro scale with common features that are located at various distances
154  from the park. The northern area of Retiro Park due to its well-organized form has more regular
155  urban type compared to other areas (east and south). Based on the temperature zones of the updated
156  thermal map of Madrid’s urban heat islands in 2015 (ABIO, 2018), three street crossings (intersections)
157  located in the Salamanca and Recoletos neighborhoods in the north of Retiro Park along the Lagasca
158 Street, were chosen. These sites were located at 150 meters, 380 meters and 665 meters from the park
159  at Lagasca intersection with the Conde de Aranda, Jorge Juan, and Hermosilla streets, giving zones
160  of different temperature ranges (yellow, orange and red) (Fig 1). These types of selected local
161  intersections represent most of Retiro Park’s northern area intersections (Fig 2). Based on this map
162  (Nufez Peir6 et al., 2018; ABIO, 2018), each of the three intersection A, B and C had a temperature
163  difference of about 0.8 °C.

=
=
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-
-
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=
-

164

165 Figure 1. Madrid’s UHI map on 26 July 2015 (Ntfiez Peir6 et al., 2018; ABIO, 2018) and the selected

166 northern region of the Retiro Park. Intersection A is in the yellow zone, intersection B is in the orange

167 zone and intersection C is in the red zone, close to one of the UHIs of Madrid.

168 All three assessed intersections were selected based on a common geometric configuration. The

169  considered geometric configuration included an enclosure, sky view factor (SVF), and street height
170  and width (Fig 3, Table 1). The considered material structure included the ground surface coverage
171  material, pavement material, and building facade material which were similar in all three regions;
172 the ground surface material in all three regions was asphalt; the pavement material was gray tiles;
173 and the building material is mostly red-colored bricks and bright cement (Fig 3). The presence of
174  green spaces in street canyon was highly significant in terms of micro-climatic issues (Morakinyo et
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175  al, 2017). In this regard, vegetation was also considered as well as the aforementioned parameters
176  (Table 1), so the selected regions were also similar in terms of this parameter (Fig 3).

177

178 Figure 2. The northern region map of Retiro Park and the location of the selected sites. Point A is

179 located 150 meters away from the park; Point B is located 380 meters away from the park; and Point

180 Cis located 665 m away from the park.

181 Essentially, there were two priorities in selecting the intersections. Firstly, the points were

182  selected according to Madrid’s UHI map (Fig 1) where the distances were of different temperature
183  ranges, and secondly, locations were selected that shared the greatest similarity in terms of physical
184 and structural traits. In this vein, three sites A, B and C were selected to extract data, in accordance
185  with the goals of this study.

Table 1. Geometric configuration of the intersections and street trees properties in three investigated intersections.

Street Canyons Street trees
Width Width  H/W Ratio  H/W Ratio Nump ean  Mean . o
Part SVF Tree Crown
N_S W_E N_S W_E er of ] ] Shape
™) ™) 0 o a . Height( Diamet
m) er (m)
A 15 12 1.23 1.54 0.17 26 12.74 5 Cone
B 15 15 1.28 1.33 0.2 30 12.34 6 Cone
C 15 15 1.2 1.23 0.2 25 12.66 5 Cone

2 Calculated by Ray Man 1.2 ® Crown Shape Classification by Park et al. (2017).
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Intersection Lagasca-Conde de Aranda ) ) Fisheye Photos
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A
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ast view, Av. Hermosilla  C4: West view, Av. Hermosilla

A 4 | 2 e~ e
C1: North view, Av. lagasca  C2: South view, Av. lagasca  C3: E:

Figure 3. Street view of the three intersections (A, B and C) as well as fisheye shots.

186  3.2. Microclimate parameter measurements

187 Micro-climatic measurements were conducted during 6 days in summer, on 22 June, 10 and 24
188 of July, 10 and 24 August, and 10 September 2018. Data extraction started from 22 June, and was
189  spaced at roughly every two weeks, targeting sunny and calm days (no clouds) up to the end of
190  summer (10 September). Ta and relative humidity (RH) were collected during the 6 days, were
191 measured by mobile microclimate stations (HOBO MX2301A Temperature/RH Data Logger,
192 manufactured by Onset Computer Corporation, MA, USA) with precision Ta; +0.2 °C and RH; +2.5%
193  between 10:40 and 12:10 CEST. The data was collected at one minute intervals and the weather data
194 collection duration at each location was 10 minutes (Table 2).

Table 2. Intersection mean values for
air temperature (Ta), relative humidity (RH)
and Wind Speed (WS) on the all measurement
days (10:40-12:10 CET).

Mean Mean Mean

Date Part Time T, °C RH, % WS,m/s

10:40-
C 29.26 29.1 1.43
10:50
22 11:00- 28.87
B 29.27 1.15
Jun 11:10
11:30- 27.81
A 32.04 0.80
11:40
11:15-
C 33.96 1.43
10 11:25 29.8
ul 11:42-
July B 22.1 1.16

11:52 29.7
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195 A 12:00- 2071 36
196 12:10 29.4 : )
197 c 10:40- 29.45 o 136
198 10:50 : :
199 24 11:10- 28.1
200 July B o0 30.25 143
38% A 1111:3(())' 2774 3056 143
282 C 11(;: 212 18.16 143
205 10 11:00- 23.77
206 Aug B 10 41.05 1.72
38; A 111112(())' B2 4345 247
228 C 11()1:2%' 2663 38.81 235
211 24 11:15- 26.2
S0 Aug B . 38.13 1.13
213 A 11:35- 26.05 o 129
214 11:45 ’
215 c 10:45- 23.41 ol s
216 10:55
217 10 B 11:15- 23.13 545 136
218 Sept 11:25
219 A 1:35- 2173 51.15 1.91
220 11:45
221 The devices were placed 1.5 meters from the ground and covered by a radiation shield. The

222 Wind Speed (WS) was determined by a Proster Digital Anemometer MS6252a placed at the same
223  distance. The type of ground coverings, walls, and types of and distance to vegetation that affect the
224  temperature conditions were checked according to field studies; high-resolution images were taken
225 by a Canon Eos 600D, 5184 x 3456 pixels digital camera. Arial images were taken from Google Earth,
226 2018-2019. Fisheye images were taken at three intersections using a fisheye (Sigma 8mm circular) lens.
227  Additionally, the weather data of Retiro Park were collected via the AEMET (Agencia Estatal de
228  Meteorologia) fixed station (AEMET, 2018) located inside the park. These parameters were
229  previously identified to show the effect of urban parks on thermal comfort (Sun et al., 2017).

230  3.3. The questionnaire survey

231 A random semi-structured survey was conducted on 145 pedestrians (nA: 49, nB: 45, nC: 51) in
232  three considered locations (workplace and residential). The interviewees comprised different gender
233 and age groups (with the exception of children), and were active at different levels. Table 3 shows
234 detailed information on the number and characteristics of individuals, on different days and
235  intersections.
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236 Table 3. The proportional percentages
237 questionnaire data in the three investigated
238 intersections on all the measured days.
239
240 . . Percentage (%)
241 Variable Categories
242 als | c
243 Age 13-21 2.0 22 11.8
244 nes s 7 e
245 ) ' ' '

46-60 16.3 244 29.4
246 61-85 143 267 137
241 Gender Men 673 733 51
248 Women 32.7 267 49
249 Very low (1) 0 0 0
250 Low (2) 102 67 98
251 Q1 Medium (3) 286 578 431
252 High (4) 429 311 353
253 Very high (5) 184 44 11.8
254 Very low (1) 5.9 44 0
255 Low (2) 235 311 184
256 Q2 Medium (3) 33.3 267 224
257 High(4) 275 289 388
258 Veryhigh(5) 9.8 89 204
259 Verylow (1) 41 22 137
260 Low (2) 82 200 255
261 Q3 Medium 3) 286 311 27.5
262 High (4) 429 311 255
263 Veryhigh(5) 163 156 7.8
264 Verylow (1) 2.0 0 39
265 Low (2) 102 156 255
266 Q4 Medium 3) 306 600 353
267 High (4) 29 133 235
268 Very high (5) 2.0 .0 3.9
269 Data extraction from the surveys took place during the period of determining micro-climatic

270  parameters at three intersections A, B and C (more and less than 10 minutes). Questions were divided
271  into three sections.

272 The second section comprised four questions about the degree of thermal comfort perception
273  during the interview. The questions were short and designed as five options (very high = 5 to very
274 low = 1). Research questions concerning the level of individual thermal comfort included: [Q1] How
275  much thermal comfort do you feel? (not too hot, not too cold); [Q2] How warm do you feel? [Q3] What is the
276 extent of thermal comfort perceived through Retiro Park?; [Q4] How much heat can you tolerate in this
277  location?

278 The third section included open personal questions such as gender, height, weight, level of
279  activity, and type of clothing.
280 Essentially, the questionnaire questions were designed so that in a short time period (10 minutes),

281  pedestrians in the neighborhood in different age and gender groups could be interviewed to extract
282  information about their level of perceived thermal comfort (Fig 4). The total score from the questions
283  is presented as an indicator of the Perceived Thermal Comfort (PTC). However, the inquiry of PTC
284  was ambiguous for occupants so, this question was addressed by asking How comfortable do you
285  feel in terms of temperature (not too hot not too cold)? Also, for the second inquiry, the question that
286  was directly asked was, How much heat do you feel? so that data relevant to this question was
287  considered in reverse form to determine the perceived thermal comfort index (very high=1 to very
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288  low=5). It should be noted that in order to accurately derive the research data, prior to the start of
289  summer on 22 May, 18 experimental micro-climatic data and questionnaires (6 questionnaires at each
290  intersection) were compiled (10 minutes at each intersection) in order to address the issues and
291  queries of questionnaire gaps and to identify bio-climatic notions amidst the main questionnaire
292  compilation stage.

45

4.0

3.5

3.0 i |

25 7 B | @ PointA
20 | (dis: 150 m)
15 1 B CTSE A
1.0 i E:Ill:m(;‘(;S(‘m)
0.5 B

0.0 + B

Q3 Q1 JQ3 Q4 Q2 >Q3 Q4 QZ 7Q3 7Q2 WQ4 Ql Q2 7Q3 64

22-Jun 10-Jul 24-Jul 10-Aug 24-Aug 10-Sep

Figure 4. The average frequency of questionnaire data (Questions 1-4) at three intersections. Intersection A is gray,
Intersection B is orange, and Intersection C is blue.

293 3.4. Analyzing the thermal comfort parameters

294  3.4.1. Physiological parameters

295 In order to analyze thermal comfort and derive PET, the relevant parameters should be
296  calculated. The calculation of parameters for PET assessment includes clo, level of activity, SVF, and
297 Tmee. In this study, Ray Man 1.2 (Frohlich, Gangwisch, and Matzarakis, 2019; Matzarakis, Rutz, and
298  Mayer, 2007) software was used to derive SVF, Tmrt and PET. The calculation of clo, which pertains
299  to the extent of being covered for an individual, is based on its computational indices (Auliciems and
300  Szokolay, 2007). Given that each clothing item has its own index, the clo for each person was based
301  on the collected data. The greatest extent of clothing coverage for participants was a T-shirt with
302  trousers (34%), shirt with trousers (25.4%) and the least was shorts with a t-shirt (22.6 %), which were
303  ofclo 61, 65 and 40, respectively. Determination of activity levels was based on individual activity in
304  the environment. Every activity had an indicator, walking 115 W/m2, sitting 60 W/m2, standing 70
305  W/m?2, and fast walking 220 W/m2 (ASHRAE Standard 55, 2013) (Table 4).

306 Table 4. Clothing and activity level of responders in the three investigated intersections.
Percentage (%)
Summer Days
Variable 22 Jun 10 July 24 July 10 Aug 24 Au 10 Sep
A A A AlA|A|A A
11 2 A3 | A1 | A2 | A3 1 A2 3110213 Al | A2 | A3 | A1 | A2 3
_Clothing
Shirt and Normal Pants-65 | 40 40 333 (44. 33. 25 |3 33. 1|0 2 0 0 16. 28.|22. 50 3
clo 4 3 0 3 0 0 6 5 2 0
Tshirt and normal pants_61 |20 20 333 |22. 22. 37.|3 44 5|3 4 5|33 16. 57.|33. 33. 5
clo 2 2 5 0 4 0|0 0 O 3 6 1 3 3 0
shirt and Shorts-45 clo 0 0 0 (11. 0 o1 0 O0f1 1 0|16 16. 0 |11 0 1
1 0 0 o0 6 6 1 0
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Tshirt and Shorts (or skirt)- |40 20 166 |11. 33. 0 |2 22, 2|5 1 4|50 33 14| 0 16. 1
40 clo 1 3 0 2 00 0 O 3 3 7 0
Dress-35 clo o o 0 |11. 11. 1221 o0 1|1 1 0|0 O OO0 O0 O
1 1 5|0 0|0 O
Suiet-90 clo 0 0 1866 0 o0 1220 O0 1|0 1 1|0 16 0 |11. 0 O
5 0 0 o0 6 1
Others 0 20 0 0 0 12.{0 0 0|1 O O] 0O 0 0 |22. 0 O
5 0 2
_Activity
Wiking- 115 w 60 10 66.6 |55 77. 50 (4 44. 6 |3 5 8 |50 66. 57.|55 83 4
5 8 0 4 00 0 O 6 1|5 3 0
Standing-70 w 20 0 166 | 44. 22. 12. |5 44. 2|4 3 1 |16. 33. 14.| 11. 16. 2
4 2 5|0 4 0|0 O0 0|6 3 3|1 7 0
Sitting- 60 w 20 0 166 0 0 37.(1 o0 2|3 2 1|33 0 2833 0 4
510 00 0 0] 3 5| 3 0
Jogging-220 w 0 0 0 o o0 O0|0 1. 0|0 0 0| O O O 0 o0 O
1
307 SVF calculation is conducted by importing fisheye images in the RayMan software, and 3D

308  simulation of spatial geometry and environment vegetation in the Obstacle section of the software.
309  The SVF index is one of the effective parameters in deriving the thermal comfort of the environment

310  (Matzarakis, Rutz, and Mayer, 2010).

311 The PET index is considered a vital indicator in studying thermal comfort, and has been used in

312  numerous studies as a reliable indicator in deriving the thermal comfort of the external environment
313  (Potchter et al., 2018). Tmr and PET were derived based on extracted micro-climatic data (Table 5),

314  and SVF data derived via the Ray Man software (Table 1).

315 Table 5. Values of the Tmr(°C) and average values for PET (°C) in Part A,B and C.
Date Part Mean PET, °C Tmr, °C
” C 35.3 48.4
Jun B 35.8 48.7
A 33.7 48
10 C 36.3 494
B 36.5 49.3
Jul
A 35.8 49.3
o4 C 35.7 49
B 33.9 47.7
Jul
A 33.5 47.6
10 C 28.9 43.8
Au B 26.8 43.1
8 A 24.3 27
o4 C 29.1 444
Au B 28.6 445
8 A 26.9 443
C 26.1 40.6
10
B 26.2 41
Sep
A 23.1 39.8

316
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317  3.4.2. Psychological parameters

318 SPSS software was utilized, according to the statistical data obtained from the questionnaire to
319  examine the significance of the data in three intersections, and also to examine the significance of the
320 relationships between various indices with PTC (Maria Raquel, Montalto, and Palmer, 2016; Yen et
321  al, 2017). In order to examine cognitive maps more accurately, AramMMA software was used (Aram,
322  Solgi, Higueras Garcia, et al., 2019). In this program, all the cognitive maps are overlapped, and then
323  according to the color spectrum, it determines which locations have the most point of reference (Fig
324 5). Each color represents the number of pointing a location (for example red means one time or purple
325  means 12 times). In order to convert the qualitative data of cognitive maps into quantitative data,
326  inside the AramMMA software, the Retiro area was rated, so that 100 percent of the score was
327  dedicated to the maps that noted parks, while zero percent was considered for those that did not
328  mention to the park. By using the cognitive map analyses, the importance of park cooling effect on
329  resident psychological thermal comfort in different parts of the Retiro Park was represented.

Chosen Part for
Cognitive Map
Questionnaire

Total Questionnaires Number: 16 %o'tall Questionnaires Number: 26 T;tal Questionnaires Number: 29
(nA: 5, nB: 5, nC: 6) (nA: 9, nB: 9, nC: 8) (nA: 10, nB: 9, nC: 10)

10_Sep

b - — < L [P eeSd. ) s .
Total Questionnaires Number: 30 Total Questionnaires Number: 19 Total Questionnaires Number: 25
(nA: 10, nB: 10, nC: 10) (nA: 6, nB: 6,nC: 7) (nA: 9, nB: 6, nC: 10)

12 3 4 5 6 7 8 91011121314151617181920212223

Color spectrum, Number of times [N © 1 BEEEEEER"ECET

Figure 5. Cognitive map analyses using the AramMMA software (Aram, Solgi, Higueras Garcia, et al.,

2019) during six summer days of 2018.

330
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331  4.Results

332 Data was gathered during six days in summer, on 22 June, 10 and 24 July, 10 and 24 August and
333 10 September at three different intersections at different distances from the northern area of Retiro
334  Park (Table 2). The temperature data extracted at points A, B and C were close to the average park
335  temperature (mid temperature taken by the AEMET weather station (AEMET, 2018) on the data
336  extraction days) (Table 6). Based on Fig. 6, the temperature range for points A, B and C (gray rectangle)
337  is between the maximum and minimum extracted park temperature (linear range). It is noteworthy
338  thatamong the three areas, the average temperature of point A was closer to the average temperature
339  of the park (mid temperature) (Table 6) compared to the other points. AEMET data showed that the
340  lowest and highest temperatures pertaining to the data extraction days in the Retiro Park was related
341  to the 4:50-6:00 and 13:40-14:40 CEST timeframes.

342
—o— 1
T, PointA T,PointC T _mid at Park T, Range at Intersections
40
35 = 352
33.8 T T
33 33
313
207 ' = 4 1 _
E;ﬁ%\PJ 28
= 27.7 '
S '\25\4\
0 | ? ~e—] g
e M4
— 1.3
7 216 21.5
) - 20.6
20 + 198 =
17.5 17.3
15
10 :
22-Jun 10-Jul 24-Jul 10-Aug 24-Aug 10-Sep
343 Figure 6. The diagram shows the temperature range of the three intersections A, B & C measured and
344 the temperature range of the Rétiro Park during the 6 days of summer 2018 in Madrid.
345 Gray rectangles: temperature tange at three intersections (bottom side: Ta A, top Side: Ta C).
346 Linear range: the temperature range of the park is based on AEMET (bottom line: Ta mid of park, top
347 line: Ta Max of park.
348 Table 6. Mean values for air temperature (Ta), in the three intersection (10:40-12:10 CET) and values
349 for air temperature (Ta) relative humidity (RH) and wind velocity (W) in the Retiro Park on all the
350 measurement days.
Ta («C) Retiro Park? Ta Time of Ta in Retiro
’ (C) Park® HR %  Windin
Date  pat  Part Part Mi M Park®  Park’
a ar ar i i
Max Min Max

A B C n d
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22.06.2018 27.81 28.87 2926 216 27.7 338 04:50 14:40 22.95 1.7
10.07.2018 29.4 29.7 29.8 215 284 352 06:00 13:50 22.95 2.2
24.07.2018 27.74 281 2945 198 264 33.0 05:00 13:50 22.94 1.9
10.08.2018 23.22 2377 2512 175 244 313 05:40 13:40 36.8 2.2
24.08.2018 26.05 262 26.63 206 268 33.0 05:30 14:20 19.25 1.4
10.09.2018 21.73 23.13 2341 173 228 283 05:20 13:45 33.55 1.9

aField measurement, ® AEMET data.
351 The mean Ta for points A, B and C are 25.99 °C, 26.62 °C, and 27.27 °C, respectively. The Ta

352  difference over the measurement days between distance of 150 m (A) and 380 m (B) from the Park
353  was about 0.63 °C, between B and C (distance of 665 m) was about 0.65 °C and for the difference
354  between A and C, the temperature difference was about 1.28 © C. According to the results, as the
355  distance from the park increases, the temperature and its difference with areas closer to the park will
356  Dbe greater.

357 4.1. Assessment of the park’s cooling effecting on thermal comfort indices

358 In this section, PET data and questionnaire results were used to assess the cooling effect of Retiro
359  Park on thermal comfort. PET data are derived based on the indices standard and the perceived
360  thermal effect is obtained based on the average questionnaire and cognitive maps data. By using both
361  these data, the extent of thermal comfort originating from the Retiro Park cooling effect at distances
362 A, Band C can be deduced as physiological and psychological points of view.

363  4.1.1. Comparison of the park cooling effect significance on PET at different distances from the park

364 In a more accurate analysis using SPSS software, one way Anova was used to analyze the
365  relationship between distances A, B and C from the park and the relevant PET differences. Upon
366  every variance analysis and in the case of significant mean difference (the significant level of P-value
367  less than 0.05), Tukey test, which is a series of post-hoc tests, were used to accurately determine which
368 of the average of variable has a significant difference (Barnett, Neter, and Wasserman, 2006).
369  Essentially, by using this test, the thermal comfort relationship was deduced based on the PET index
370  which was obtained using the Ray Man software on distances A, B and C.

371 Table 7. Anova PET analyses in the three investigated selected points.
Sum of Squares df Mean Square F P-value
Between Groups 151.731 2 75.865 3.645 0.029
Within Groups 2955.708 142 20.815
Total 3107.439 144
372
373 The results of the Anova test (Table 7) shows that concerning the PET index, there is lower

374 significant error rate (0.05) and 95% confidence level of a significant difference between average PET
375  datain each of the A, B and C points (P-value =0.029). Therefore, Tukey’s post-hoc tests were used to
376  determine whether there is a significant difference between each of the A, B and C intersections.
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Table 8. Tukey PET analyses in the three investigated intersections (A, B and C).
Subset for alpha =
95% Confid Interval
() () MeanDifference (- Std. P~ oo 0.05
Part Part D Error value  Lower Upper 1 ’
Bound Bound
A B -1.99624 94199  .090 -4.2274 2349 A 49 29.3327
C -2.28303" 91265  .036 -4.4447 -1214 B 45 31.3289  31.3289
B A 1.99624 94199  .090 -.2349 4.2274 C 51 31.6157
C -.28680 93311 949 -2.4969 1.9233
c A 2.28303" 91265 .036 1214 4.4447  Sig. .084 .949
B .28680 93311 949 -1.9233 2.4969
377 *. The mean difference is significant at the 0.05 level.
378 The results of this studied grouping test are presented in Table 8. According to this table, it can

379  be stated that there is a significant relationship between the mean PET index at points A and C but
380  the mean PET index between point B with points A and C does not entail a significant difference. The
381  mean PET for A, B and Cis 29.3 °C, 31.3 °C and 31.6 °C respectively. Essentially, it can be stated that
382  the PET index difference among intersections A and C is explicit and significant (P-value =0.036). The
383  mean of this index in A has a difference of 2.3 °C with C, whilst the difference between A with B is
384  about 2 °C which is not considered significant in terms of the Tukey test (P-value= 0.09).

385  4.1.2. Comparison of the significance of the questionnaire dataset PTC at difference distances from
386  the park

387 In order to compare the significance of the PTC at difference distances from the park, the mean
388  dataset extracted from the questionnaire for each section was derived as the PTC. The questions asked
389 Dby citizens via the questionnaire was about how they felt about the ambient temperature and the
390 effect of Retiro Park on such feelings in the form of four questions (Table 3).

391 Based on the results of the Anova Statistical test (Table 9) and a lower significance error level (p-
392  value<0.05), there is 95% confidence pertaining to a significant difference between mean thermal
393  comfort index (PTC) in each of the A, B and C regions (p-value=0.032). Thus, Tukey’s post-hoc test
394  was used to determine the significant difference between each of the intersections.

395 Table 9. Anova PTC analyses in the three investigated selected points.
Sum of Squares df Mean Square F P-value
Between Groups 2.318 2 1.159 3.517 0.032
Within Groups 46.809 142 330
Total 49.128 144
396 Since the rating of questions is from very low to very high in the form of numbers 1 to 5, Table

397 10 shows that the average of the total questions during the 6 days for A, B and C is approximately
398  3.3.,29and 2.8, such that area A is of the highest share indicating more thermal comfort experienced
399 by people in this area. In interpreting the aforementioned table, it can be stated that there is a
400  significant difference between the mean PTC index at points A and C (P-value <0.05), but the mean
401  PTC at point B with points A and C have no significant difference. Based on this relationship, it is
402  also clear that with an increase in distance from the green area, the perceived comfort experienced by
403  citizens is reduced, thus there is an inverse correlation between increased distance and PTC.
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Table 10. Tukey PTC analyses in the three investigated intersections (A, B and C).
Subset for alpha =
95% Confid Interval
() () MeanDifference (- Std. P~ o 0.05
Part DPart D Error value Lower Upper 1 5
Bound Bound
A B 35417 14270  .062 -.0165 7248 C 51 28417
C .45000° 14270 017 .0793 .8207 B 45 29375 2.9375
B A -.35417 14270 .062 -.7248 .0165 A 49 3.2917
C .09583 14270 783 -.2748 4665
c A -.45000" 14270  .017 -.8207 -0793  Sig. .783 .062
B -.09583 14270 783 -.4665 2748
404 *. The mean difference is significant at the 0.05 level.
405  4.1.3. Comparing the Cognitive Maps significance at difference distances from the park
406 The meaningfulness of the cognitive maps data with the distance from the park was evaluated

407  using the Anova test. The analysis of this section was performed by using a AramMMA software for
408  analyzing cognitive maps. In this analysis, the maps pointing to the Retiro park were distinguished
409  from maps that did not mention the park. In fact, 100 percent of the score was dedicated to the maps
410  that noted parks, while zero percent was considered for those that did not mention to the park. The
411  result of the Anova test (Table 11) illustrated that there is an acceptable agreement (95%) between the
412  correlation of cognitive maps and the distance from the park (P-value<0.05).

413 Table 11. Anova Cognitive Maps analyses in the three investigated selected points.
Sum of Squares df Mean Square F P-value
Between Groups 36309.751 2 18154.876 8.948 .000
Within Groups 288104.042 142 2028.902
Total 324413.793 144
414 Owing to the agreement, in each of the A, B, C regions Tukey test was used separately and the

415  results are as follow. As illustrated (Table 12), the 87.7%, 60%, and 50.9% of the respondents in the A,
416 B, and C areas, respectively referred to the park. As expected, the highest level of cognitive mapping
417  from the park is in the vicinity of the park area (150 to 380 meters). Nevertheless, in the C region, with
418 665 meters distance from the park, more than half of the respondents claimed that the site is
419  comfortable thermally thus prefer to spend more time there. The difference between A and C was
420  also meaningful (P-value = 0.000). Actually, the good agreement of this relationship depicts the
421  impact of the Retiro park (as a place with a high level of thermal comfort) on the resident’s mental
422  images and psychological dimensions.
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Table 12. Tukey Cognitive Maps analyses in the three investigated intersections (A, B and C).

) Subset for alpha =
) () Mean Difference (I- Std.  p- > Confidence Interval 005
Part Part D Error value Lower Upper PartN 1 ’
Bound Bound
A B 27.75510" 9.30015 .009 5.7273 49.7829 C 51 50.9804
C 36.77471" 9.01047 .000 15.4330 58.1164 B 45 60.0000
B A -27.75510" 9.30015 .009 -49.7829 -5.7273 A 49 87.7551
C 9.01961 9.21244 591 -12.8005 30.8397
C A -36.77471 9.01047 .000 -58.1164 -15.4330 Sig. .589 1.000
B -9.01961 9.21244 591 -30.8397 12.8005
423 *. The mean difference is significant at the 0.05 level.
424 4.1.4. Comparison of the significance of the questionnaire dataset PTC with PET
425 For a closer assessment of the effect of Retiro Park on thermal comfort, the PET index and PTC

426 by citizens were compared on the basis of the total data extracted from the questionnaire. Essentially,
427  this PET analysis which is a standard index for perceived thermal comfort is compared with the
428  personal opinion of people about their perceptions concerning the thermal comfort of the
429  environment. SPSS software was used to assess the correlation test as well as other statistical tests.
430 Based on the results of the Pearson correlation test (Table 13), the relationship between the PET
431  index with thermal comfort in the selected points of A and C is significant and is of inverse correlation
432  (P-value <0.05). Due to the higher correlation coefficient, the relationship between the PET index and
433  the PTC in area A (P-Value=0.004) is more significant compared to area C (P-value=0.006). Moreover,
434 the significance of PET index relationship with perceived thermal comfort in area B (P-value=0.061)
435  isnotaccepted (P-value> 0.05). Based on this analysis, it can be stated that the correlation intensity of
436  these two indicators is significant in area A.

437 Table 13. Pearson Correlation analyses between PET and PTC.
Part PET
Pearson Correlation -.404"
A PTC Sig. (2-tailed) .004
N 49
Pearson Correlation -.281
B PTC Sig. (2-tailed) .061
N 45
Pearson Correlation -.379"
C PTC Sig. (2-tailed) .006
N 51

438  4.2. Relations between thermal comfort indices (physiological and psychological)

439 Regarding the results, by increasing the distance from the park at intersections B and C, despite
440  physical and structural similarities to intersection the A, there is an increase in air temperature (Ta),
441  and consequently the extent of PET and Tmr also changes accordingly.

442 The data pertaining to the perceived thermal comfort (PTC) acquired from the questionnaire is
443  rated from 1 to 5 (1=very low to 5=very high) and at points A, B and C during 6 days was on average
444 approximately 3.3, 2.9 and 2.8, respectively (Table 10). At point A, residents experienced higher
445  thermal comfort compared to the other points. Essentially, the level of PTC at this location is medium
446  to high according to citizens opinions (medium=3), whereas for B and C, the average perceived
447  thermal comfort for the data extraction days was lower than medium. Furthermore, the results show
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448  that the extent of PTC at intersection A was higher in all the days (Fig. 7). It is noteworthy that based
449 on statistical data, the perceived thermal comfort is correlated to PET and is of inverse correlation,
450  such that its graph behavior is inversely correlated with the PET graph (Fig 7, 8). For example, on
451  10th August, where the PET value is at a minimum at point A (PET 24.3 °C), the relevant perceived
452 thermal comfort is at a maximum (3.6) or on 10th July, at point C, the PET was 36.3 °C which was
453  higher compared to other points and days which is inversed on the perceived thermal comfort graph
454 and the least value of this index was at point C with a value of 2.4.
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Figure 7. The average data for questionnaire Figure 8. The relationship among mean PET
data titled PTC at each three intersections A, (Gray), mean Ta (Blue), and Tm:t (Orange), at
B and C during 6 days. each three intersections A, B and C during 6
days.
455 In addition to the similar behaviors of PET, Tmt, Ta and PTC parameters at each intersection

456  during the 6 days of assessment (Fig 7, 8), the credibility of the data and calculations conducted in
457  this study are approved. In this regard, the role of large urban parks is tangible in providing thermal
458  comfort for citizens and it is necessary to pay more attention at various levels of urban planning and
459  sustainable development.

460 5. Conclusions

461 This study examines the potential of large urban parks in providing thermal comfort for citizens
462  living within the park perimeter. The results extracted amidst 6 hot summer days in Madrid shows
463  that large urban parks exhibit a cooling effect. Considering the significance of the mean T. difference
464  between the distance of 150 m and 665 m from the park (P-value <0/05), as well as the lower
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465  temperature of about 1.28 °C pertaining to the distance closest to the park compared to distances
466  further away from the park (under equal conditions), in addition to the insignificant mean Ta
467  difference at the distance of 380 m compared to 150 m and 665 m (P-value> 0/05), we found that the
468  cooling effect of the large urban park at distances close to the park (under 380 meters) has a significant
469  role in temperature reduction.

470 Accordingly, the level of PET will increase as the distance from the park increases, and residents
471  will perceive less thermal comfort compared to distances closer to the park. The degree of PET index
472  at a distance of 150 meters from the park is on average 2 °C PET and 2.3 °C PET less compared to
473  distances of 380 meters and 665 meters respectively. The PTC of citizens was acquired based on the
474  average obtained data from the questionnaire which showed that people in the vicinity of the park
475  experience more thermal comfort. For the other two regions of the park which were more distant,
476  less thermal comfort was experienced (less than average).

477 The results of the cognitive maps analyses demonstrated that large parks play a significant role
478  in thermal comfort improvement affecting people’s mental map. For people, such parks are a space
479  where they feel more comfortable, thereby spending more time to enjoy the desirable temperature.
480  Although the resultant mental maps were closer to residents in the vicinity of parks, the results
481  demonstrated that at long distances to the park (665 meters) these parks still have a psychological
482  dimension in offering thermal comfort (more than 50%).

483 PET and PTC as the main variables of this research are inversely correlated such that when the
484 distance from the park is increased, the PET is increased and thermal comfort is decreased. The
485  correlation between the two indices were significant in the nearest and furthest distance from the
486  park (P-value <0/05) and the highest correlation coefficient of the two indices pertains to the distance
487  closest to the park (150 meters). Essentially, this indicates the high level of perceived thermal comfort
488  from the citizens’ point of view as well as the PET compared to distant locations.

489 As a result, the cooling effect of a large urban park is a suitable solution to improve people
490  thermal comfort (as physiological and psychological perspectives) either within the park area or at
491  the vicinity of the park. The results of this study clarify that in areas close to the park, such effect on
492  thermal comfort is more perceptible. Thus, in order to enhance the cooling effect of large urban parks,
493 it is necessary to implement urban design and planning solutions (qualitative and quantitative) to
494  provide more favorable conditions for the lives of citizens.
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