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Assessment of thermal  environment  and  park  attendance  in Taiwan.
Warmer  thermal  conditions  contribute  more  attendances  in cool  season.
Warmer  thermal  conditions  contribute  fewer  attendances  in  hot  season.
Areas  with  more  shading  have  higher  utilization  intensity  in  the  park.
Lower  area-averaged  sky  view  factors  attract  more  people  attending  the  park.
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a  b  s  t  r  a  c  t

Outdoor  shading  affects  the  thermal  environment  and  human  thermal  comfort,  thereby  influencing  the
usage  of  space.  The  objective  of this  study  is  to establish  a relationship  between  the  thermal  environment
and  number  of  people  visiting  an  outdoor  space,  and  to explore  the  utilization  of  outdoor  space  during
different  seasons  with  various  shading  levels.  This  study  includes  onsite  investigations  of  the  microcli-
mate  parameters  of  the  thermal  environment  and  attendance  at a park  in  central  Taiwan.  The  results
in  cool  seasons  showed  a positive  correlation  among  the air  temperature,  mean  radiant  temperature
(Tmrt),  and physiologically  equivalent  temperature  (PET)  of  shaded  areas  and  the  number  of  visitors.  In
hot  seasons,  the Tmrt  and  PET,  which  also  reflect  solar  radiation  conditions,  are  negatively  correlated  with
the  number  of  visitors.  In other  words,  the  higher  Tmrt/PET  values  indicate  that  fewer  people  visit  the
ark attendance park  during  the  summer.  Meanwhile,  a  significant  correlation  exists  between  park  utilization  and  solar
radiation  conditions.  This  study  proposes  the  use  of  area-averaged  sky  view  factor  (SVFa),  instead  of  the
traditional  single-point  sky  view  factor  from  fisheye  photographs  (SVFsp),  as  the  indicator  for  measuring
the  shading  level  at various  areas  in  parks.  Analytical  results  indicate  that  the  lower  the  SVFa,  the  higher
the  park utilization.  This study  highlights  the  importance  of shade  design  in  parks  located  in  tropical  or
subtropical  climates.  The  results  can  serve  as  a reference  for  park  design  in  the  future.
. Introduction

The design of outdoor spaces, particularly the shading provided
y buildings, trees, and the landscape, substantially influence the
utdoor thermal environment. A number of studies applied the

eight/width (H/W) ratio (Oke, 1988), that is, the aspect ratio,
o evaluate the shading level in urban streets. Additionally, the
ky view factor (SVF) was used to represent the shading level in

∗ Corresponding author. Tel.: +886 4 22840513x107; fax: +886 5 2784025.
E-mail addresses: tplin@dragon.nchu.edu.tw (T.-P. Lin),

ttsai@dragon.nchu.edu.tw (K.-T. Tsai), rueylung@nuu.edu.tw (R.-L. Hwang),
ndreas.matzarakis@meteo.uni-freiburg.de (A. Matzarakis).

169-2046/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.landurbplan.2012.05.011
© 2012 Elsevier B.V. All rights reserved.

spaces containing buildings, trees, and landscape (Bottyan & Unger,
2003; Dimoudi & Nikolopoulou, 2003; Emmanuel & Johansson,
2006; Emmanuel, Rosenlund, & Johansson, 2007; Giridharan, Lau,
& Ganesan, 2005; Giridharan, Lau, Ganesan, & Givoni, 2007; Hamdi
& Schayes, 2007; Holst & Mayer, 2011; Hwang, Lin, & Matzarakis,
2011; Johansson & Emmanuel, 2006; Johansson, 2006; Lindberg &
Grimmond, 2011; Ng, Chen, Wang, & Yuan, 2012). The SVF can be
defined as the percentage of free sky at specific locations, with val-
ues between 0 and 1 representing totally obstructed and totally
free spaces, respectively (Oke, 1981, 1987). Ali-Toudert and Mayer

found that the street-level spatial distribution of thermal indices is
highly related to the H/W ratio in an urban canyon (Ali-Toudert &
Mayer, 2006, 2007a, 2007b).  Emmanuel and Johansson (2006) indi-
cated that streets with a high H/W ratio can improve the outdoor
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hermal conditions at the pedestrian level in cities. Lin, Matzarakis,
nd Hwang (2010) indicated that areas with a high SVF, that is,
nshaded locations, have a greater frequency of hot conditions dur-

ng the summer compared to highly shaded locations. Hwang et al.
2011) found that human thermal comfort is superior when a loca-
ion is better shaded during the spring, summer, and autumn. In
he winter, because the barely shaded condition may  contribute to
reater solar radiation, human thermal comfort is superior when
he location is less shaded. Mahmoud (2011) also examined dif-
erent thermal comfort characteristics in various SVF zones in hot
nd arid Egypt. Kántor and Unger (2011) further determined that
eople tend to move from sunny to shaded areas when the thermal
ondition is warm or hot.

Previous studies identified that human thermal comfort is
ighly related to the outdoor thermal environment (Ahmed, 2003;
wang & Lin, 2007; Lin & Matzarakis, 2008; Lin, de Dear, & Hwang,
011; Nakano & Tanabe, 2004; Oliveira & Andrade, 2007; Spagnolo

 de Dear, 2003). To evaluate the thermal environment objec-
ively, various thermal indices that integrate environmental and
uman factors and are based on the energy balance of the human
ody, namely the standard effective temperature (SET*) (Gagge,
obelets, & Berglund, 1986), outdoor standard effective tempera-
ure (OUT SET*) (Spagnolo & de Dear, 2003), and physiologically
quivalent temperature, have been developed (PET) (VDI, 1998).
ET* values have a solid basis for indoor use, whereas the OUT SET*
nd PET indices were primarily designed for outdoor use. PET is
efined as the Ta where, in a typical indoor setting (Ta = Tmrt,
P = 12 hPa, v = 0.1 m/s), the heat budget of the human body is
alanced to the same core and skin temperature as those under
omplex outdoor conditions. Thus, PET enables people to compare
he integral effects of complex thermal conditions outside with
heir experience indoors (Höppe, 1999; Mayer & Höppe, 1987).

The human thermal comfort condition also affects the use
f outdoor space. Numerous studies (Eliasson, Knez, Westerberg,
horsson, & Lindberg, 2007; Kántor & Unger, 2011; Mahmoud,
011; Nikolopoulou, Baker, & Steemers, 2001; Thorsson, Lindqvist,

 Lindqvist, 2004; Thorsson, Honjo, Lindberg, Eliasson, & Lim, 2007)
ave explored the microclimate parameters of outdoor thermal
nvironments and measured the number of participants in out-
oor public spaces. Studies in temperate countries showed that the
umber of visitors to open outdoor spaces depends on changes to
he thermal indices, namely the air temperature (Ta), mean radiant
emperature (Tmrt), globe temperature (Tg), and PET, during both
he summer and winter seasons. The survey results by Lin (2009)
btained from tropical countries during the winter season are con-
istent with those from temperate countries. However, during hot
easons, the higher the thermal conditions, the lower the number
f visitors (Lin, 2009). These studies also indicated that a high corre-
ation exists between the thermal environment and the attendance
f outdoor spaces, and the locations they gather in, which are also
nfluenced by the background climate and people’s experiences,
xpectations, and behavioral adaptation.

However, a number of issues require further discussion. First,
ost related studies focused on a single location in a specific region
ithout comparing modern thermal indices, which include all rel-

vant meteorological and thermophysiological parameters and the
umber of visitors to various sub-areas of the same study location.
herefore, the number of visitors at various locations with different
hading designs was not further compared. Since some locations in

 park are densely covered with plants and the sunshine is almost
ntirely blocked, other locations may  be open and directly exposed
o sunlight, these two types should be considered different types

hen discussing the effects of the characteristics of environmental
esign on people’s park attendance.

Regarding shading levels and area, most studies quantified the
hade using the SVF values evaluated from fisheye photographs.
 Planning 107 (2012) 137– 146

However, the SVF values obtained using this method can only rep-
resent the shading of a single specific point, rather than the shading
of the entire area. To explore the relationship between the level of
shading and the number of visitors to an area, the level of shading in
a certain area must be reasonably identified. Finally, to fully under-
stand how climate conditions affect park utilization, the effect of
human thermal comfort, thermal adaptation, and seasonal varia-
tions on park utilization must also be included.

With a view to extend these issues, we  investigated a park using
microclimate measurements and the number of visitors to achieve
the following two primary objectives:

Objective (1): Identify the correlation between the number of
visitors and the microclimate parameters in the park.

Objective (2): Identify the correlation between the attendance
distributions and the shading levels in the park.

Objective 1 is to clarify the influence of climate on the number of
visitors, including which thermal environment factors have a direct
effect on the total attendance to a park, and whether people visit
the park under the optimal thermal comfort conditions. Objective
2 is to examine the influence of the shading level design on atten-
dance distributions. This includes the definition and indicators of
the level of shading, the distribution of shading indicators in the
park, and the influence of shading levels on attendance distribu-
tions. In Taiwan, urban parks should satisfy the requirements of
various people, for example, stretching areas for the elderly, high-
intensity sports for young people, and playgrounds for children.
Thus, parks typically contain numerous artificial trails and facilities
and less green areas. Furthermore, for the convenience of plant-
ing and management, some parks designs include large lawn areas
without arbor trees. Therefore, these parks may  not be adaptable to
the hot climate in Taiwan because the lack of shading provides less
thermal comfort for outdoor activities. Therefore, by achieving the
two research objectives, we can obtain a greater understanding of
park utilization under different climates and during different sea-
sons. Additionally, we  can also understand how shading from the
arrangement of plants affects attendance distributions, which may
enable designers to create spaces that people prefer to visit.

2. Field survey

2.1. Survey area

This study investigated Tongsin Park in Huwei Township, Yunlin
County, in central Taiwan, located at 23.43◦N and 120.26◦E, with
an altitude of 17 m,  and covering an area of 16,334 m2 (Fig. 1). This
local park is primarily used by neighboring residents for chatting,
walking, and recreation. Because the number of visitors to the park
is less affected by festivals or external activities, and various tree
and plants are used to create different levels of shading, this park
is a suitable target for Objectives (1) and (2) in this study.

Long-term climate data at the nearest weather station (Chiayi)
indicated that the average Ta is the highest in July at 28.6 ◦C, and
the average Ta is the coldest in January at 16.5 ◦C (Fig. 2). Fur-
thermore, the average relative humidity (RH) is 80% throughout
the year. Because the air temperature is only cool from December
to February, we defined this period as the “cool season,” and
the remaining months (March to November) as the “hot season,”
which agrees with the definition provided by previous local studies
(Hwang et al., 2011; Lin, 2009; Lin et al., 2010).

2.2. Observation of park attendance
To explore the correlation between the number of visitors and
the shading factors of different areas, we  separated the park into
various zones and then observed the number of visitors to each
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Fig. 1. Location of the Huwe

one. Based on the layout, we divided the park into eight zones,
rom A to H, for observation (Fig. 3). Table 1 details the photograph,
sheye image, and area of each sub-area. For the park attendance,
his study recorded only the people who stopped in a fixed loca-
ion to reflect their actual intentions when using each space, that
s, people who were resting or exercising in a region for more
han 10 min. People passing through, stopping temporarily, or who
orked in the park were not included in the total park attendance.
uring the observation, the visitors in shaded and unshaded areas
ere counted together. This is because people generally move to

arious locations; thus, determining whether they stay in shaded
r unshaded areas is difficult. The observation was  conducted in
0-min intervals from 14:00 to 17:00, which was  the same as the
easurement for physical environments.
Kántor and Unger (2011) highlighted that the type and amount

f benches was highly related to park attendance, thus, this study

lso presents the number of benches in Table 1. However, many of
he visitors to this park walk, exercise, or sit on the grass. Therefore,
he numbers of benches are only for reference, not the maximum
ccupancy capacity of each sub-area.
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entral Weather Bureau, Taiwan.
nship and the Tongsin Park.

2.3. Physical measurement

The physical measurements in this study were conducted
according to the two  research objectives mentioned previ-
ously. Objective 1 involves exploring the correlation between
the number of visitors and physical parameters, rather than
the effect of microclimates on minor changes in the num-
ber of visitors to each location. Therefore, instead of setting
up observation systems at every location, we  selected several
representative locations in the park for observation. Because
the level of shading is a key factor of outdoor thermal envi-
ronments, as stated previously, we  selected “shaded” and
“unshaded” locations in the park for conducting the physical
measurements.

Regarding the actual measurement, two instruments with the
same equipment were used to measure thermal variables in shaded
and unshaded locations simultaneously; these locations varied
day-by-day according to the position of the sun. A location with a
high density of plants was  considered a “shaded” location, whereas
a location without shading from nearby buildings or trees was  con-
sidered an “unshaded” location. Because the path of the sun in the
sky differed from day-to-day, resulting in varying levels of shading
for each duration of time, the “shaded” and “unshaded” locations
were not fixed and could vary according to the sun’s move-
ment. Nevertheless, the sunlight in the “shaded” locations must
be blocked by nearby buildings or trees, whereas the “unshaded”
locations must be exposed to direct sunlight at all times, without
obstructions.

For detailed measurement, the two  locations were equipped
with the same instruments to measure the Ta, RH, Tg, and wind
speed (v). The resolution and accuracy of the instruments for
each parameter were 0.1 ◦C and ±0.3 ◦C for Ta and Tg, 0.1% and
±2.5% for RH, and 0.01 m/s  and ±0.2 m/s  for v. Both instruments
were compliant with the ASHRE 55 (ASHRAE, 2004) and ISO 7726
(ISO, 1998) standard; they were mounted on tripods that were

1.1 m above the ground (VDI, 1998). On the day of the measure-
ment, physical environment data were recorded every minute
from 14:00 to 17:00, when the park is frequently used by local
people.
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Table  1
Locations description.

Sub-area Function and description Fisheye photographs Area (m2) Number of benches

A 268.4 3

B 1409.3 12

C  1156.9 10

D  4583.6 16

E  58.8 4

F  1257.7 10

G  76.1 3

H  1154.6 11

2

1
b
5

.4. Survey procedures
This study performed a total of 22 measurements from August
6, 2008, to October 17, 2009. All measurements were obtained
etween 14:00 and 17:00 on Saturday or Sunday. We  conducted

 measurements during the winter, 6 during the spring, 6 during
the summer, and 5 during the autumn. The observation days were
divided into two seasons, hot seasons (March to November) and

cool seasons (December to February) based on Taiwan’s climate
characteristics, as stated in Section 2.1.  For all measurements, the Ta
ranged from 11.7 ◦C to 33.1 ◦C, the RH ranged from 46.2% to 89.8%,
and global radiation ranged from 23.2 to 818.4 W/m2.
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Fig. 3. Site plan and

. Collected data processing

.1. Calculation of park attendance

The calculation of park attendance was performed according to
bjectives 1 and 2. For Objective 1, the total park attendance is

he number of people in the park, measured at 20-min intervals.
or Objective 2, the attendees in each area were counted at 20-min
ntervals. Because the size of each area differs, comparing the num-
ers of visitors in each area directly is not advisable. To determine
he density in a certain area, we developed an attendance density
AD) index, which is expressed as

Di = Pi

Ai
(1)

here Ai is the size of area i (m2) and Pi is the number of visitors to
he area i. Therefore, AD represents the number of people attracted
o a particular area (people/m2), which is the utilization density of
he area.

.2. Thermal indices

Thermal indices are essential for objectively evaluating the
hermal environment in parks. PET is recommended in the 3787
uideline of the VDI (German Association of Engineers) (VDI, 1998)
nd has been applied in several outdoor studies concerning the
hermal environment and thermal comfort (Andrade & Alcoforado,
007; Kántor & Unger, 2011; Oliveira & Andrade, 2007; Thorsson
t al., 2007). Therefore, PET was employed as the thermal index
n this study and calculated using the RayMan model (Matzarakis,

utz, & Mayer, 2007; Matzarakis, Rutz, & Mayer, 2010). The Tmrt
as calculated using Ta, Tg, and v based on ISO standard 7726 (ISO,

998) and corrected by the parallel measurements of both the globe
hermometer and the six-direction short- and long-wave radiation
 observed sub-area.

flux measurement system previously conducted in Taiwan (Lin &
Matzarakis, 2011).

3.3. Estimation of SVF

Objective 2 involves examining the correlation between the
number of visitors and the shading factors; therefore, the level of
shading must be defined using the SVF. This study adopted two
methods for defining and measuring the SVF. The first is the classic
method, where photographs of the sky are taken using a fisheye
camera at a fixed location pointed upward at a height of 1.1 m.
These images are then inputted into software (e.g., the RayMan
model) to calculate the percentage of open space at the location
(Matzarakis et al., 2007, 2010). The results are called single-point
SVF from fisheye photographs (SVFsp). Numerous studies have
used this measure; however, the SVFsp can only represent the sta-
tus of specific areas, not an entire area. This is because a slight
change in shooting location causes significant variations in the
SVFsp.

Instead of the classic method for evaluating SVF, this study
applied an innovative technique for establishing a model of the
buildings and trees in SkyHelios (Matzarakis & Matuschek, 2011)
to calculate and export each single-point SVF, also known as SVFsm
values, using 1 m × 1 m grids (simulated at a height of 1.1 m). Sky-
Helios has three steps for calculating the SVFsm of each measured
location. First, the scene is rendered five times in every direction.
Next, these five images (north, south, east, west, and above) are
combined into a single sky view image. These two steps use the
graphics card to generate the image, and then the third step reads

the results from the graphics card. A specifically prepared vertex
program run on the GPU counts the white and black pixels in the
sky view image, then divides the results by the total number of
pixels to obtain the SVFsm (Matzarakis & Matuschek, 2011).
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After calculating the SVFsm for each 1 m × 1 m grid, the mean of
he SVFsm values in the area is used to represent the area-averaged
ky view factors (SVFa), as expressed in Eq. (2):

VFai =
∑n

j=1SVFsmj

n
(2)

here SVFai is the SVF of area i (A–H); SVFsmj is the SVF simulated
sing SkyHelios in j grid (j = 1 − n, the number based on the division
f 1 m × 1 m)  in region i, and n is the number of grids in region i.
he SVFai in (1) represents the average SVFsm value in area i. Both
VFsp and SVFsm indicate the level of shading at a single location.
VFsp is calculated from a photograph taken with a fisheye camera,
hereas SVFsm is simulated using the SkyHelios model.

. Results and discussion

.1. Correlation of thermal indices and park attendance in
ifferent seasons

The parameters and indices adopted for this study were Ta, Tmrt,
nd PET. As stated in Section 2.3,  physical measurements of the
hermal environment in the park were obtained for the shaded
nd unshaded areas; therefore, the following correlation analysis
s based on both measured values. To avoid errors caused by out-
iers in the number of visitors on a given day, each observation was
rouped into each two-degree temperature bin for correlation anal-
sis of the numbers of visitors and thermal indices. The mean of the
umber of visitors in each bin was used to represent the number of
isitors for that temperature bin. This study applied the two-degree
emperature bin because more cases were representative for each
emperature bin.

This study first examined the correlation between thermal
ndices in shaded areas and the total number of visitors of the
ark. Fig. 4 shows the correlation between Ta/Tmrt/PET and the
umber of visitors during cool seasons. All three thermal indices
re highly and positively correlated with the number of visitors,
ith the coefficient of determination (R2) ranging between 0.81

nd 0.89. In other words, when the thermal indices are higher, the
umber of visitors to the shaded area is also higher. Fig. 5 shows

 negative correlation between the three thermal indices and the
umber of visitors during hot seasons. When the temperature is
omparatively hot, fewer people visit the park. However, the cor-
elation between Ta and total park attendance is low during hot
easons (R2 = 0.68) and followed by Tmrt (R2 = 0.86). The correlation
etween PET and attendance is the highest (R2 = 0.91).

During the cool seasons, Ta also has a high explanatory power
R2 = 0.89); however, during the hot seasons, only Tmrt and PET
ave a good explanatory power for park attendance. Because Tmrt
nd PET consider solar radiation, the use of both thermal indices
an correctly describe the thermal environment in hot seasons and
eflect people’s actual thermal perceptions. Additionally, because
olar radiation is low in the winter, the correlation between the
hermal indices and park attendance is similar. Therefore, Ta, which
oes not consider solar radiation, can still provide good predictive
esults regarding park attendance in the winter.

We also analyzed the correlation between the thermal indices of
nshaded areas and the number of visitors. The correlations were

ow for both the hot and cool seasons (R2 = 0.21–0.35) because Tai-
anese people prefer less solar radiation in hot temperatures (Lin

t al., 2011); thus, they tended to gather in shaded areas. Therefore,
he thermal indices of shaded areas can reflect the actual expo-

ure of most people in the park. That is, compared to the thermal
ndices in unshaded areas, the correlation between the thermal
ndices in shaded areas and the number of visitors is significantly
igher. This is because most people gather in shaded areas; thus,
PET in shade (°C) (c) PET 

Fig. 4. Thermal indices versus total attendance of the park in cool season.

park attendance is highly related to the thermal condition in the
shaded areas.

4.2. Correlation between Tmrt minus Ta and total park
attendance

To further understand the effects of solar radiation on the total
park attendance, we used the difference between Tmrt and Ta
(Tmrt − Ta) in the unshaded areas to evaluate the intensity of solar
radiation. Because a higher difference indicates stronger solar radi-
ation and a clearer sky, this study examined the effect of radiation
on the total park attendance.

Fig. 6 shows the relationship between Tmrt − Ta and the average
park attendance in both the hot and cool seasons. When Tmrt − Ta is
approximately 12–16 ◦C, park attendance reaches the highest level
at 80. When Tmrt − Ta reaches a high of 28–32 ◦C or a low of 0–8 ◦C,
the number of visitors decreases to less than 50. This shows that

excessively high temperatures (i.e., significant solar radiation) and
excessively low temperatures (i.e., minimal solar radiation) lead to
low attendance. In other words, people prefer to visit the park when
the level of sunlight is optimal.
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The gray areas in Fig. 8 are shelters, including buildings and trees
(at a simulated height of 1.1 m). The light-colored areas in Fig. 8
denote a higher SVF; yellow and white indicate that SVF = 0.8–1.0
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Fig. 5. Thermal indices versus total attendance of the park in hot season.

.3. Consistency of comfort zones and park attendance
The above results indicate that the number of visitors is highly
orrelated with the microclimate. This finding leads to questions
egarding whether people visit parks at the times (temperatures)
hey feel the most comfortable, and whether park attendance
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Fig. 6. Total attendance in different group of Tmrt − Ta in unshaded area.
Fig. 7. PET in shade versus total attendance of the park combined with thermal
comfort range of local people.

reaches a peak in an optimal thermal environment. To explore
this issue, the acceptable thermal comfort range of Taiwanese resi-
dents must be determined. According to two  questionnaire surveys
conducted in Taiwan on outdoor thermal comfort conditions, 90%
of the respondents reported the acceptable range to be between
26 ◦C and 30 ◦C PET (Lin & Matzarakis, 2008) or 21.3 ◦C and 28.5 ◦C
PET (Lin, 2009), which indicates that this is the temperature range
most local people consider comfortable. Fig. 7 shows a correlation
between PET in shaded areas and the total park attendance dur-
ing the hot and cool seasons coupled with the acceptable range
of 21.3–28.5 ◦C PET (Lin, 2009). Fig. 7 shows the highly correlated
second-degree curve between PET in shaded areas and the total
park attendance (R2 = 0.89). The peak of this curve (i.e., the highest
attendance) appears at 25.6 ◦C PET and closes at the middle of the
thermal comfort zone of 21.3–28.5 ◦C PET.

4.4. Calculation and comparison of SVFsp and SVFa

To calculate the SVFsp, we inputted the fisheye photographs
taken in Areas A–H into the RayMan model, which then exported
SVFsp values. To calculate the SVFa, the SVFsm for each point in
the park must first be calculated using the SkyHelios model and
then plotted in a continuous distribution map, as shown in Fig. 8.
in the unshaded areas. The dark-colored areas denote a lower SVF;

Fig. 8. Continues SVFsm image of the surveyed area.
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Table  2
Comparison of SVFsp and SVFa for each region of the site.

Area SVFspa SVFab

A 0.19 0.50
B 0.21 0.51
C 0.30 0.61
D  0.11 0.60
E 0.14 0.37
F  0.20 0.50
G  0.14 0.45
H  0.39 0.47

a Single point sky view factor, calculated by the RayMan model through imported
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ctual fisheye photographs.
b Area-averaged sky view factor, calculated by the SkyHelios model through
odel simulation.

rown and red indicate that SVF = 0–0.2 in the shaded areas. The
VFsm changes significantly when the location moves from “near
he trees” to “far from the trees.” Finally, according to (2),  the SVFa
f Areas A–H is calculated from the SVFsm in Fig. 8 and based on
he area boundary shown in Fig. 3, representing the average shading
evel in each area.

Table 2 shows the SVFsp and SVFa values obtained using these
wo methods. Through a comparison, we found that the SVFsp
alues are lower, and no consistency exists between SVFsp and
VFa. This is probably because the photographs were taken near
he plants; thus, the high shading level caused low SVF values. In
ther words, SVFsp results are sensitive to the shooting location. A
light change in shooting location causes SVF variances. Therefore,
VFa is a superior index because it represents the average shading
ondition of a specific area.

.5. Correlation between the SVFsp/SVFa and AD in each region

This section elaborates on the relationship between SVFsp/SVFa
nd AD (attendance density, defined in Section 3.1). Consider Area

 for example, the photographs taken in the central location with
 fisheye camera were inputted fed into the RayMan model, which
alculated the SVFsp as 0.21. The mean of the SVFsm was  simulated
ith SkyHelios and using 1 m × 1 m grids in Area B; the SVFa was

.51. The corresponding AD of the surveyed period for Area B was

.0189. We  plotted the data points for Areas A–H in Figs. 9 and 10.
Fig. 9 shows the relationship between SVFsp and AD; the results
ndicate that no correlation exists between these two  factors. Fig. 10
hows the relationship between SVFa and AD; the correlation is
xponential with R2 = 0.84. A decline in SVFa results in a significant
ncrease of AD. In other words, when the average shading level
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Fig. 9. The correlation of SVFsp and attendance density in each sub-area.
Fig. 10. The correlation of SVFa and attendance density in each sub-area.

of a specific area is comparatively higher, the park attendance is
also higher. However, this model cannot be extrapolated; that is,
a minimized SVFa does not indicate that the park attendance will
continue to increase.

According to Figs. 9 and 10,  SVFa has a superior explanatory
power for AD compared to SVFsp. This suggests that the SVFa value
defined by this study more objectively describes the average shad-
ing level of an area compared to SVFsp. Therefore, we recommend
using SVFa instead of SVFsp to evaluate the average shading level
of a large area to accurately reflect reality.

4.6. Current results compared with those of previous studies
conducted in temperate regions

Following a comparison with related studies conducted in tem-
perate regions, a number of important issues must be addressed.
Regarding the correlation between thermal indices and the number
of visitors during different seasons, studies conducted in temper-
ate countries, as mentioned in Section 1, found that outdoor park
attendance decreases with increases in the thermal indices during
both the summer and the winter. For example, the number of visi-
tors to a square in Cambridge, U.K., increase in correlation with the
Tg (Nikolopoulou et al., 2001), whereas the number of visitors to a
park in Goteborg, Sweden, increased in correlation with the Tmrt
(Thorsson et al., 2004). However, the results of this study indicated
that fewer people visit parks when the thermal indices increase.

Furthermore, solar radiation has an opposite effect on park
attendance in regions with different climates. Eliasson et al. (2007)
examined the microclimate and number of visitors in open spaces
in various Nordic cities. They found that when the clearness index
was comparatively higher (i.e., low clouds or high solar radia-
tion), the number of people in the surveyed squares and parks was
also higher. By contrast, this study found that when solar radia-
tion reaches a high level (i.e., Tmrt − Ta > 28), the park attendance
declines.

These differing results can be explained using characteristics
of people’s thermal comfort, preferences, and adaptation in vari-
ous climates. According to two questionnaire surveys conducted in
Taiwan, the acceptable range to be between 26 ◦C and 30 ◦C PET (Lin
& Matzarakis, 2008) or 21.3 ◦C and 28.5 ◦C PET (Lin, 2009), which
is similar to that of hot and arid Egypt (21–30 ◦C PET) (Mahmoud,
2011), but significantly higher than that of Western/middle Euro-

◦
pean people, namely 18–23 C PET (Matzarakis & Mayer, 1996).
Regarding people’s perceptions and solar radiation preferences,
analytical results in Taiwan also indicated that 80% of local people
feel uncomfortable and prefer less sun when the Tmrt increases
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o 40 ◦C (Lin et al., 2011). Furthermore, because the overall ther-
al  environment in a Nordic city is significantly cooler than that

n Taiwan, those people prefer more solar radiation because more
unlight improves their thermal comfort. By contrast, thermal
onditions in Taiwan can be characterized as hot; additionally,
n increasing amount of solar radiation causes great discomfort.
herefore, the thermal preference of people in different climates
ignificantly affected the relationship between the thermal envi-
onment and people’s attendance in various studies. The results of

 comparison also indicate that thermal comfort is a significant cri-
erion for people when determining whether to visit a park; thus,
t is an essential factor in the creation of successful outdoor spaces.

Regarding the correlation between the total park attendance
nd shading levels, the results of this study indicate that the park
ttendance increase in correlation with the average shading level in

 sub-area. Kántor and Unger (2011) conducted a study in Szeged,
ungary, and found that people tend to move into areas with shade
nd penumbra under warmer temperatures. They suggested devel-
ping outdoor spaces with different surface covers and shading
onditions to facilitate people’s physical and psychological adap-
ation, and to satisfy their demands for thermal conditions.

. Conclusions

This study investigated a small park in central Taiwan and
xplored the correlation between park attendance and the physi-
al parameters, as well as the correlation between park attendance
istributions and shading levels. Onsite surveys were performed to
ather data of the park attendance and the physical parameters.

The result showed that during the cool seasons, the Ta/Tmrt/PET
nd park attendance in shaded areas was highly and positively cor-
elated. During the hot seasons, the correlation between Tmrt/PET
thermal indices that consider solar radiation) and park attendance
as superior. Because these indices were higher, attendance was

ower. Meanwhile, the results of a correlation analysis between the
ifference of Tmrt/Ta and attendance indicated that an excessively
igh or low level of solar radiation results in low attendance. By
ontrast, the optimal level of solar radiation led to the highest park
ttendance. Analytical results suggested that people tend to visit
arks when the temperature declines below the acceptable thermal
omfort range of 26–30 ◦C PET, which demonstrates the thermal
daptation of people in hot climates such as Taiwan. For the shad-
ng level and average attendance in different areas, this study used
VFsp to describe the shading level, and AD to describe the uti-
ization intensity. The results showed that with a lower SVFa, the
tilization rate is higher.

The results of this study explain the direct effects of shading
n park utilization and provide a reference for park design in hot
nd humid climates. A number of parks in Taiwan feature vast
awns without trees, a design that was selected to encourage vis-
tors to enjoy the sunlight; however, the current utilization rate
s low because of the hot weather. After analyzing the correlation
etween climates and park attendance, we recommend that park
esigners create shaded areas with plants to reduce visitors’ expo-
ure to solar radiation and increase their utilization. Consider the
ark examined in this study for example, because Areas C and D
ave higher SVF values, more vegetation or trees with a high leaf
rea index (LAI) should be planted in these areas to increase the
hading level.

Furthermore, the method adopted in this study, where the area-
veraged shading level is predicted using a specific model, can serve

s a support tool for planners to predict the shading levels of a
pecific area during the initial design stages. The model facilitates
he creation of an outdoor space that is adaptable to the climate
nd climate change conditions and therefore attracts visitors.
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