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Urban streets are known to have a significant role in creating urban microclimates. +is study aims to empirically quantify
temporal and spatial microclimate variation within the same street configurations with pedestrian schemes. To evaluate the urban
microclimates at the pedestrian level, a detailed monitoring project was performed at five representative locations near in-
tersections, within a busy street canyon of the typical urban community in a densely populated urban city. Monitoring was done
for warm and cool seasons. A strong, significant correlation (p< 0.01) was found under multiple time scenarios (traffic, nontraffic,
and as a whole) and for both seasons. +ese findings suggest that the average urban daily temperature was not significantly
reduced when there was no vehicular traffic present, whereas pedestrian activity contributed to urban heat regardless of the season.
+ese findings provide an essential foundation for further studies on urban microclimates within pedestrianized areas and will
likely lead to better urban design and policy management, especially concerning thermal comfort and Quality of Life at the
pedestrian level.

1. Introduction

Urban microclimates are the most complex forms of
microclimates and one of the most studied and researched
topics by geographers and meteorologists [1]. Multiple
urban climate studies have examined microclimate con-
ditions influenced by environmental settings within an
urban area [2–7]. Shahrestani et al. [5] revealed that mi-
croclimatic parameters are significantly influenced by the
attributes of the urban textures in the field study for a
dense urban area of London. In the Dhaka study, Sharmin
et al. [6] indicated that diversity in urban geometry (i.e.,
tropical warm-humid context and deep or uniform urban
canyons) could create significant variation in microcli-
matic conditions. However, the environmental perfor-
mances of various causative microclimate factors,
including vegetation, water body, anthropogenic heat,
canyon geometry, and building factors, remain uncertain
[7–9]. One of the most significant aspects of urban mi-
croclimates is the elevated air temperature within urban

areas, as compared with surrounding rural areas, which is
known as the urban heat island effects [10]. A typical urban
environment has limited vegetation and is set amongst
high-rise buildings and transport infrastructures. Urban
environments are also characterized by growing energy
consumption and escalating anthropogenic heat from air
conditioners [11] and vehicles, as well as increasing dis-
posal of industrial wastes and emission of toxic contam-
inants [12].

+us far, a few studies have addressed urban microcli-
mate using experimental wind tunnel modeling or com-
putational fluid dynamic simulations [13–16] to model the
complex urban environments in different spatial scales [16].
Also, those studies performed simulations over a short
period during the hottest times of the year or under ideal
weather conditions. +erefore, a field study that provides
empirical evidence to quantify microclimate variation at the
street level is vital to understanding the impact of envi-
ronment and pedestrian activity on long-term temperature
and seasonal change.
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It is widely known that anthropogenic heat caused by
human activities and people themselves are major con-
tributors to microclimate variation [2]. Wong et al. [17]
offered empirical evidence suggesting the concentration of
anthropogenic activities from crowding as a major source of
urban heat. Blows [18] and Wong et al. [19] established the
“Penguin effect” and “Herd effect,” respectively, to illustrate
physiological changes in humans and effects of heat re-
tention on an individual within overcrowded situations.
Blows [18] also claimed that heat would transfer from people
to the environment and result in a warmer microclimate.
Pedestrianization and traffic-calming schemes are increas-
ingly popular-planning policies in developing cities with
compact urban development. +e goal is to improve the
quality of the environment by removing vehicular traffic
from city streets. Using Hong Kong as a unique example of a
densely populated urban city, pedestrianization is defined by
the Hong Kong Transport Department [20] as “to restrict
vehicle access to a street or area for exclusive use of pe-
destrians.” +ese schemes not only improved pedestrian
safety but also reduced air pollution and ameliorated the
issue of lack of urban space. Areas in which the pedestrian
schemes have been implemented have become popular
places for street performers and economic activities, which
more easily results in overcrowding. To date, most studies
have focused only on the economic and social impact of
pedestrianization [21, 22]. More studies that investigate the
microclimate variations within pedestrianized areas would
be timely and necessary to enhance the thermal comfort and
Quality of Life within pedestrian areas.

Urban areas are usually covered by streets, and street
design is known to have an impact on the urban mi-
croclimates [4, 23]. Urban streets vary in geometry and
orientation, which influences the natural ventilation and
solar radiation and has a significant impact on micro-
climates within street canyons and nearby environments
[24, 25]. Chen et al. [4] reported that a commonly used
indicator to describe urban geometry is the Sky View
Factor (SVF), and their study in the high-rise, high-
density urban areas of Hong Kong indicated that SVF is
useful for understanding the microthermal climate in
urban street canyons. +ese authors found that SVF is
inversely proportional to the daytime intraurban tem-
perature differences. Also, more previous studies have
reviewed and compared urban microclimates across
several neighborhoods with different street configura-
tions [25, 26]. Besides, urban climate studies have mostly
relied on meteorological measurements obtained from
official urban weather stations. As regulated by the
standards of the World Meteorological Organization
(WMO), automatic weather stations are required to be
situated in areas away from urbanized areas with a high
volume of traffic and human activities. As a result, the
urbanization effect might have been underestimated in
some of the urban microclimate studies. +is paper aimed
to quantify temporal and spatial microclimate variations
caused by heavy traffic and pedestrian activities. To
control confounding variables and enhance reliability,
the traffic and pedestrian activities were varied under the

same street geometry. Also, this study aimed to empir-
ically examine the microclimates within pedestrianized
areas through the field study of air temperature mea-
surements and to compare the overcrowding effects of
pedestrian against heavy traffic in locations with low SVF.
To examine the temperature variations at street level, a
field monitoring study was conducted at five represen-
tative locations with characteristically different settings
in a busy street canyon of Mong Kok in Hong Kong. To
identify the causative microclimate factors within the
urban street canyon, the study quantified the spatial-
temporal distribution of air temperature with the inte-
grative use of Geographical Information Systems (GIS)
technology and low-cost sensors. +e findings will inform
future studies examining the microclimate variations of
heavy traffic flow against pedestrian activities and might
enhance the thermal comfort at the pedestrian level of a
densely populated urban city.

2. Materials and Methods

2.1. Study Area. Hong Kong is one of the most densely
populated megacities in the world, with more than 7.8
million inhabitants living within a total land area of ap-
proximately 1104 km2. Most of the inhabitants are aggre-
gated in urbanized areas (24% of the total land area) with a
high density of high-rise buildings and skyscrapers and
concentrated road networks [4, 11]. +e typical subtropical
hot and humid weather, along with the high proportion of
the population residing in densely packed high-rise build-
ings with limited open spaces, results in severe thermal
discomfort and elevates the energy consumption of the city
[17].

+is study examined a busy street canyon named Sai
Yeung Choi Street South (SYCSS) at Mong Kok of Hong
Kong (Figure 1) to gather evidence of temperature vari-
ations at the street level. +e SYCSS is within areas with
part-time pedestrian schemes that were implemented in
2000 [26]. Mong Kok is located in the Kowloon Peninsula
of Hong Kong, set inland and away from the coast and
with a limited sea breeze. Mong Kok is known as one of
the most populated communities in the world [27] was
classified as compact high-rise zone (LCZ1) based on the
local climate zone (LCZ) classification system [28–30] and
was recognized as one of the dominant LCZs in urbanized
areas of Hong Kong [29, 30]. SYCSS is located in the heart
of Mong Kok and represents a 650m long urban canyon
with an orientation of NNW-SSE direction. +is urban
street canyon is a typical deep canyon (average canyon
aspect ratio (H/W)≈3.78 and average sky view factor
(SVF)≈0.174). According to Wong and Chen [9], a street
canyon with aspect ratio over 2 (or SVF below≈0.4) would
be characterized as deep and with reduced natural ven-
tilation. SYCSS is also a mixture of residential and
commercial buildings and is a very typical urban street
canyon in Hong Kong. +e varied characteristics found
within SYCSS, where some of the sections contain high
traffic volume and high pedestrian flow at specific periods,
enclosed within this deep canyon (low SVF), make it
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excellent and unique for a street-level urban microclimate
study. As reported by the Transport Department [26],
during peak periods, the pedestrian flow within SYCSS
can reach up to 20,000 pedestrians per hour. +ere was
insufficient road space to accommodate both vehicular
traffic and pedestrians, which contributed to traffic ac-
cidents. In 2000, a part-time pedestrian scheme and traffic
calming were introduced in the crowded parts of SYCSS
with a high pedestrian flow (begins from point B and ends
at point E in Figure 1). Vehicular access is not allowed
during specific periods (Monday to Saturday from 4 pm to
midnight, Sunday, and public holidays from noon to
midnight), and it is hoped that the reduced traffic flow in
the traffic-calming areas can improve the street envi-
ronment and pedestrian safety [26].

Figure 1 illustrates the five sampling locations near in-
tersections (points A to E). Each location represents different
characteristics across the 650m long and straight urban
canyon. Table 1 summarizes the respective features and
characteristics of the five locations. +e street canyon ge-
ometry (average H/W≈3.78 and SVF≈0.174) was similar
throughout the five locations and had similar amounts of
pedestrian flow and human activities (commercial and retail
business). Point A represented major road conditions with a
combination of a high volume of traffic and high pedestrian
flow. Point A is one of the most common environmental
conditions in Hong Kong. Point B, similar to point A, was
situated along a major road with a combination of a high
volume of traffic and high pedestrian flow. Point B was the

beginning of the part-time pedestrian street with no ve-
hicular access at specific periods. Point C, located in the
middle of the urban canyon, was also within the part-time
pedestrian street (with no vehicle access during specific
periods), but it had a low volume of traffic flow (traffic-
calming street implemented) perpendicularly across it at all
periods. Point D is within the part-time pedestrian street,
had no vehicle access at specific periods, and had high levels
of pedestrian activities. Point E was at the end of the part-
time pedestrian street and had similar traffic condition as
point C, with average volume of traffic flow (traffic-calming
street was implemented) during all periods. Point E was a
small pocket park, 1364m2 in size (Figure 2(b)).

2.2. Instrument and Data Collection. At each sampling lo-
cation (points A to E), the microclimate variable of air
temperature was measured and collected by small and in-
expensive sensors (Maxim+ermochron iButtons) [31]. +e
sensors equipped with loggers were each calibrated and
housed in nonaspirated solar radiation shield (Onset HOBO
RS3). Each of the housed sensors was mounted on desig-
nated roadside street signs posted at 2.3m above ground,
thereby complying the regulations of the Highways De-
partment of Hong Kong (Figure 2(a)). +e temperature
accuracy of the sensors was better than ±0.5°C (from − 10°C
to +65°C), as stated by the manufacturer, with software
corrections to measure temperature with 11-Bit (0.0625°C)
resolution [32]. Also, the sensors were tested and validated

Mong Kok –Sai Yeung Choi Street South (SYCSS)
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Figure 1: +e map (a) and google™ earth 3D view (b) of Mong Kok with an illustration of the five study locations (A–E) along SYCSS. +e
photograph shows a section of the part-time pedestrian street.
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against the official urban temperature record at the Hong
Kong Observatory Headquarter (HKO), as illustrated in
Wong et al. [17].

Temperature measurement was logged at 15-minute
intervals continuously for 24 h over 7 days in the summer
(15–21 Sept in 2012) and repeated in winter (19–25 Jan in
2013). +e weather conditions during both sampling pe-
riods were consistent with the usual seasonal patterns and
with no rain. Also, there were no typhoons or tropical
cyclones over the South China Sea affecting Hong Kong.
+e air temperature was an average of 27.1°C (summer) and
18.5°C (winter). +e average wind speed and direction were
5.9m/s and 110 degrees (summer) and 5.4m/s and 60
degrees (winter) [32].

+e five sampling locations (points A to E) were
strategically selected to represent different characteristics

(i.e., traffic volume, pedestrian flow, and pocket park set-
tings) across the 650m long urban canyon for monitoring
microclimatic variables. +e traffic volume was referenced
from the annual average daily traffic (AADT) provided by
the Transport Department, whereas the pedestrian flow was
estimated based on field observations at the sampling lo-
cations. Full meteorological conditions (i.e., air tempera-
ture, wind speed and direction, and rainfall) measured at
the HKO were obtained at 1-minute intervals for the
duration of the study [32]. +ese data were referenced and
compared against sampled street-level measurements to
examine microclimate variations.

2.3. Method of Analysis. +e 15-minute air temperature
readings collected by the iButton sensors for points A to E in

Table 1: Urbanization characteristics of five measurement locations (points A to E) with respect to the SYCSS.

Site A B C D E
Road type Major Major Minor Minor Minor
H/W ratio 4.55 2.91 4.31 3.56 3.57
Pedestrian
scheme No PT (begin) PT PT PT (end)

Traffic level High High Low None Medium
Pedestrian flow High High High High High

Characteristics Full-time traffic 
flow — Traffic calming 

area

No traffic flow 
during the 

pedestrian hours

Small pocket park 
setting and traffic 

calming area
Sky view factor 
(SVF) 0.185 0.242 0.121 0.142 0.182

Note: PT = Part-time.

(a) (b)

Figure 2: +e photographs showing (a) an iButton sensor and a shielded temperature sensor mounted on a street signpost and (b) a small
pocket park setting with limited vegetation at point E.
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summer and winter were first aggregated to hourly data. +e
hourly readings of each location (points A to E) were then
plotted in line graphs across the temporal scale at an hourly
interval over 7 days for both summer and winter.+e official
HKO temperature readings during the measurement period
were also plotted alongside for reference and comparison.
Average hourly temperature readings of points A to E were
illustrated by box plot graphs. Official urban (HKO) tem-
perature was also referenced.+e summer and winter period
were plotted alongside for contrast and comparison.

To further evaluate the microclimate differences between
conditions of pedestrian activities versus heavy traffic, the
summer and winter average daily temperature measure-
ments of point A (full-time traffic) and point D (no vehicle
access during the pedestrian period) were selected for fur-
ther evaluation. To remove the background climatic effects
before the analysis, the average hourly temperature mea-
surements of both points A and D were first compared
against official urban HKO to determine the urban tem-
perature difference. +e measurements of point D were
further differentiated into two groups: traffic and nontraffic
time periods. +e nontraffic periods were expressed as 4 pm
to midnight for all days for simplified calculations. +e
average hourly temperature readings were plotted in line
graphs with both summer and winter data presented side-
by-side for easy comparison. Student’s paired t-test was also
employed to examine the microclimate associations between
point A and point D under three different time scenarios:
traffic, nontraffic, and as a whole. +e statistical outcome for
point A and point D during the nontraffic period was used to
examine the statistical and seasonal difference in various
environmental conditions (i.e., high level of pedestrian ac-
tivities and heavy vehicular traffic at major roads) that would
contribute to the local urbanization effect within the deep
urban canyon.

3. Results

Five different locations (points A to E) were examined for
possible causes of temperature variability. Hourly temper-
ature measurements over 7 days were plotted in line graphs
with official urban HKO temperature alongside for reference
in Figure 3. +e figure shows that all locations exhibited
similar temporal patterns of daily fluctuation throughout the
study for both seasons. It is noteworthy that the five study
locations consistently registered higher readings than the
urban HKO. Figure 4 shows the average summer and winter
measurements in boxplots. All five locations (points A to E)
returned values above the average official urban HKO
measurements (black dashed horizontal lines) for both
seasons (by an average of 1.5°C and 1.3°C in summer and
winter, respectively). +e observations made from Figures 3
and 4 are expected since all of the five sampling measure-
ments were conducted at the roadside of busy areas within
Mong Kok, enclosed adjacent to vast amount of urban
activities, whereas the official urban HKO site was in a park-
like settings, away from major roads and traffic, as regulated
by the WMO. For all locations, the winter measurements
had greater diurnal temperature variations compared with

the summer (7.4°C and 11.8°C on average) (Figure 4).
Compared with urban HKO measurements, point A with
full-time traffic returned warmer temperatures for summer
and winter (by 1.7°C and 1.8°C, respectively). Compared
with point A, points B to E with part-time pedestrian
schemes appeared to experience slightly relatively cooler
temperatures (by 1.4°C for summer and 1.2°C for winter),
but these were still higher than the official urban HKO
measurements. Note that the cooling effects of greeneries at
point E were inadequate in both seasons. +is observation is
expected since the pocket park is small and with limited
vegetation to mitigate the urbanization effects (as shown in
Figure 2(b)).

Figure 5 displays the daily (a) 24 h summer and (b)
winter average of hourly temperature plots for point A (full-
time traffic) and point D (part-time pedestrian street). Point
D is characterized by distinct traffic (double line) and
nontraffic (dotted line) periods. Official urban HKO mea-
surements were included as a reference (black dashed line).
Both locations exhibited similar patterns of fluctuations in
the temperature for both seasons. Both locations experi-
enced warmer summer and winter temperatures than the
HKO at all time scales. Note that during the nontraffic
period between 4 pm and midnight, temperature differences
between point A and point D were 0.53°C and 0.23°C on
average for summer and winter, respectively. Also note that
in both seasons, point D, which has no traffic access during
the evening hours, appeared to be warmer, similar to the
conditions of point A with full-time traffic. Table 2 sum-
marizes the average difference of urban temperature
(compared against urban HKO) for points A and D. Table 2
also summarizes the statistical results comparing seasons at
different periods: traffic, nontraffic, and all periods. Student’s
paired t-test revealed that the means of the urban temper-
ature differences between points A and D were statistically
different for both seasons during all periods (p< 0.01).

4. Discussion

Time-series temperature data collected along the roadside of
SYCSS provided empirical evidence on the temporal pat-
terns of microclimate variations in both seasons.+e average
temperature measurements (hourly) for points A to E
demonstrated similar trends but recorded warmer tem-
peratures (1.5°C and 1.3°C on average for summer and
winter, respectively), compared to the official urban HKO.
+is was observed for all time scales in both seasons.+e role
of greenery to improve urban microclimate shows no in-
fluence in cooling the surrounding areas and alleviating the
urbanization effects, as observed in the small pocket park at
point E. +is result is consistent with the findings of Wong
et al. [17] and Ng et al. [33].

A noticeable but not significant (an average difference of
0.63°C) microclimate variations was detected along the
650m long and deep street canyon. +e comparison of
average temperature (hourly) during nontraffic periods
(4 pm to midnight) for points A and D quantifies the mi-
croclimate difference of high pedestrian flow and high traffic
volume. Note that in both seasons, during the evening hours
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Figure 3: Hourly temperature changes at points A to E over 7 days for both (a) summer and (b) winter. Note that, for comparison, the
official urban temperatures measured by the Hong Kong Observatory (black dashed lines) were plotted alongside and registered lower
readings consistently throughout the period.
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boxplots, and winter temperatures in blue boxplots. Boxplots of the official urban HKO for both seasons are referenced (black horizontal
lines). +e small circles above and below the boxplots represented the outliers of the measurements.
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(around 7 pm to 11 pm from Figure 5), the daily average of
hourly temperature of point D (high level of pedestrian
activities) appeared to be similar to point A (heavy traffic at
the major road). +is might be because these are peak hours,
with a high level of pedestrian flow and urban activities (i.e.,
commercial, retail business, and street performance) along
SYCSS. +e statistical results on urban temperature differ-
ence revealed strong and statistically significant correlations
(p< 0.01 in Table 2) between point A and point D under the
various time scenarios (traffic, nontraffic, and as a whole)
and both seasons. Both observational and statistical results
confirmed that reduced traffic did not significantly lessen the
microclimatic urbanization effect at the pedestrian level,
whereas a high level of pedestrian activities contributed to a
warmer microclimate in both seasons. +is signifies a more
severe problem that requires further examination.

5. Conclusions

+is study presented empirical evidence on urban micro-
climate variations at the street level within pedestrianized
areas in densely populated urban areas of Hong Kong, for
both warm and cool seasons. Our findings along pedes-
trianized areas of SYCSS might not be precise because pe-
destrian traffic at different times of the day could have
impacted the microclimate in different ways. However, the
study does report interesting findings and has laid a good
foundation for future studies addressing microclimate
variations within pedestrianized areas of Hong Kong. +e

results found that heat impact is not entirely alleviated by a
reduction of heavy traffic and observed high levels of pe-
destrian flow and activities that were statistically supported
for both seasons in this study.

Further studies should assess the Physiologically Equivalent
Temperature (PET) and thermal comfort of pedestrians and
explain factors contributing to the variation within pedes-
trianized areas. Moreover, examination of the cooling effects of
pocket parks with limited vegetation in compact urban areas of
Hong Kong would be timely and necessary to inform better
practice. A better understanding of microclimate variations at
the pedestrian level will benefit urban design and policy
management concerning thermal comfort and Quality of Life
in urban areas that are expected to be homes tomore than two-
thirds of the world’s population by 2025.
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