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Dense urban areas are subject to dynamic and urgent challenges, exacerbated by anthropogenic forcing.
Urban Heat Island and heatwaves pose a threat to citizens’ comfort, due to extreme microclimate condi-
tions. In this panorama, urban parks represent effective strategies towards more livable and comfortable
urban areas. In particular, small pocket parks could aid in the mitigation of such challenges in every
neighborhood. Indeed, they are in close proximity to citizens, allowing large population groups to benefit
from the advantage of living green areas. Therefore, this paper assesses for the first time microclimate
conditions and personal multi-domain perception imputable to pocket parks, by means of human-
centered experimental analyses, coupling objective and subjective assessment. Wearable monitoring-
systems are employed for the assessment of granular-microclimate variables mapping, and
questionnaire-surveys are collected in the pocket parks and their surroundings, for comparison purposes.
Results show that, while microclimate mitigation is not extremely significant as expected (�0.5 �C air
temperature, +5–10% relative humidity inside the park), perceived comfort in pocket parks is higher than
on the streets, shifting from ‘‘neutral” on the close by streets to ‘‘good/very good” in the park. Therefore, a
better design for microclimate mitigation of pocket parks is needed, especially taking into account the
potential air stagnation, while acknowledging their fundamental societal role.

� 2022 Elsevier B.V. All rights reserved.
1. Introduction

In the last decade, Urban Heat Island (UHI) arose as one of the
best documented environmental climate-change related phe-
nomenon, which is due to synergistic anthropogenic actions [1–
3]. UHI consists of a local temperature increase affecting urban
areas with respect to their rural surrounding [2]. In detail, UHI
depends on several factors including urban morphology and den-
sity, as well as the urban land consumption with impervious con-
struction materials, i.e. asphalt and concrete, which have different
thermal properties with respect to the green areas and consequen-
tially modify the urban energy budget [4,6]. Indeed, impervious
urban materials lead to increased absorption of solar radiation
and heat storage by construction materials in the built environ-
ment. Other causes of UHI are high anthropogenic heat accumula-
tion and reduced evapotranspiration, especially in those packed
urban layout dealt as urban canyons singularities [5]. The reduc-
tion of green areas and water bodies in cities limits evapotranspi-
ration, leading to higher air and surface temperatures [7] and
relatively higher building energy consumption for cooling [8]. As
foreseen by the Department of Economic and Social Affairs, urban-
ization is an ongoing process and according to this estimation, 60%
of world population is predicted to live in cities by 2030 [9]. This
implies an increasing trend of anthropogenic heat accumulation
[5] due to vehicles, emissions from HVAC systems in buildings,
industry and other uses. On its turn, increased air temperature pro-
duces a significant impact on the energy consumption of buildings
in terms of peak electricity demand and building cooling loads, as
documented by Santamouris et al. [10], which found significantly
increased building cooling load and even higher peak in electricity
demand for cooling due to UHI phenomenon.

The result of the combination of soaring urban population,
urban land consumption and UHIs is a threat to the livability of
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cities, which impends both environmental impact and human
health. UHI affects both air (air UHI) and surface (surface UHI) tem-
peratures. Air UHIs intensity can reach 5 �C and often exceeds 8 �C,
especially during the nighttime, while surface UHI is especially
high during the day [11,12]. This increase in urban air and surface
temperature implies a reduction of the ventilation contribution,
that may result in an increase of the ozone and nitrogen oxides
concentration [13], which consequentially compromises human
health and comfort perception during the hot season [14]. In addi-
tion, studies have shown a synergy between UHIs and heatwaves
that produce potential heat stress for citizens, tourists and pedes-
trians in general [15–17]. UHI exacerbates heatwaves, increasing
the risk of heat-related illness, mortality and whole health vulner-
ability for citizens. This effect is even more relevant considering
that future projections oversee more intense, frequent and longer
heatwaves due to climate modifications [18].

In this panorama, the analysis and implementation of effective
mitigation strategies in urban areas is of paramount importance. In
the last decade, several contributions have been produced by the
scientific community about effective strategies. Among them, the
most documented one consist of (i) replacing dark materials with
high albedo light colored materials, increasing the albedo of the
cities [19–21]; (ii) introducing water bodies and water elements
[22–24]; (iii) increasing urban greenery, i.e. vegetated urban areas
and green surfaces [25]; and (iv) increasing thermal energy storage
capability [26,27]. In particular, advanced cool surfaces have been
assessed, proposed and implemented as passive cooling strategies
both to decrease building energy demands and mitigate urban
microclimate [28–30]. Several studies demonstrated how cool
and green roofs are indeed able to reduce surface and air temper-
ature peaks in urban environment during the hot season [31].

Castaldo et al. analyzed the air UHI magnitude of 5 �C in an his-
torical hilly town in central Italy and highlighted a reduction of
about 3 �C related to urban greenery [32]. The potential of such
mitigation strategy is confirmed by AboElata that investigated
the effect of greenery and vegetation on UHI in Cairo [33]. Rosen-
feld assessed a heat reduction equal to 4 K in outdoor air temper-
ature as a result of the presence of trees. At the same time, water-
based systems seem to be very promising in reducing UHI and local
overheating [34–38]. By coupling the above-mentioned solutions,
even better results can be obtained, as shown by Ballout Amor
and colleagues, which examined the effectiveness of integrating
vegetation, water ponds and fountains in improving urban micro-
climate and human well-being in a semi-arid climate context
(Setif, Algeria), with air temperature reductions up to 6 �C [39].

Parallel to studying the possible mitigation strategies, also their
application in urban areas is crucial. Indeed, cities are character-
ized by a high level of heterogeneity and complex morphology,
leading to different microclimate conditions within the same
urban context and even neighborhood [40–42]. Thus, the analysis
of local intra-urban microclimate can play a key role in identifying
suitable and effective mitigation strategies that aim at improving
human well-being [39]. Indeed, outdoor human perception and
well-being affect citizen habits, outdoor activities and tourist flow
[39]. Therefore, to preserve the resilience and environmental sus-
tainability of cities, mitigation strategies that focus on human-
centered wellbeing solutions, should be taken into account. In this
view, the application of small urban parks, which are the focus of
this contribution, could aid towards an increased and more spread
presence of greenery, water bodies and high albedo materials, and
serve as an effective human-centered urban and suburban mitiga-
tion strategy. In detail, pocket parks are peculiar urban compo-
nents that can be inserted even in dense urban areas as spot
oasis of coolness and greenery in the urban texture [43]. Pocket
parks are characterized by small dimensions and are usually
located in residual spaces in dense urban areas, meant to represent
2

high-quality social contexts [44]. While there is not a univocal def-
inition of their specific architectural features [44,45], in this work
we refer to pocket parks as small ‘‘vest-pocket-dimension” parks
in dense urban areas. The name derives from the shape and dimen-
sion of vests’ pockets: small and closed on three out of four sides
[44]. While they are now diffused in many regions and countries,
the most famous examples and typological epitomes of pocket
parks are located in New York City. Here, the famous Paley Park
and Greenacre Park have been built first after the II World War
in Europe [44] and later diffused in the USA and worldwide with
mainly a social and community-aggregation function. This article,
for the very first time, investigates their potential for enhancing
outdoor comfort and counteracting UHI. Previous studies con-
firmed the relevance of park materials and configuration, with
respect to occupants’ comfort and UHI mitigation due to vegeta-
tion, shading, dimension and position in the urban texture [46–48].

In order to investigate intra-urban granular microclimate with a
human-centered perspective, portable monitoring stations are
increasingly employed in recent studies [41,49]. Examples of the
employment of portable monitoring stations are being carried
out in Tempe (AZ, USA), where carts equipped with microclimate
sensors are employed to gather heat data across neighborhoods
or to assess shade types [50,51]; or in Ohio (USA), where small
and low-cost sensors were mounted on bikes to measure UHI
[52]. In New South Wales (Australia), researchers employed wear-
able wrist-band devices to obtain integrated data on human heat
exposure with the Coolbit Project [53,54]. The aim to consider
more human-centered data is also evidenced in Singapore, where
mobile and fixed sensors at the district-scale level were used
together with online and on-site survey campaigns to investigate
the willingness to pay for heat mitigation strategies [55]. Indeed,
in addition to the need of considering intra-granular microclimate
in urban areas, recent research demonstrated the importance of
considering human-centered data [41,49]. The existence of a gap
between objective and subjective multi-domain (thermal, visual,
acoustic, air quality) comfort assessment is motivated by psycho-
logical and subjective aspects, which could be triggered by specific
environments, e.g., by pocket parks presence. To assess this gap,
microclimate monitoring campaign and personal questionnaire
surveys were paired in recently published studies [56]. In fact,
not only physical, but also physiological and psychological dimen-
sions contribute to shape comfort sensation [57]. Additionally, the
whole comfort sensation is obtained by the simultaneous consider-
ation of different domains of comfort, i.e., thermal, visual, acous-
tics, air quality [56]. While each singular dimension is clearly
studied, the whole combination of multi-domain perception
through a multi-dimensional approach (i.e., physical, psychological
and physiological) is not yet widely investigated in the outdoors,
while the pocket park context may represent a key resource, since
it is expected to produce non-negligible societal benefits as well as
microclimate mitigation actions. In this panorama, no comprehen-
sive study has been conducted until now, to the best of authors’
knowledge, on the whole comfort experience in pocket parks, con-
sidering both (i) intra-urban, granular, objective microclimate
measurements and (ii) subjective assessment. Indeed, intra-urban
studies are responding to an emerging field of investigation, while
we add to this emerging field also the multi-domain subjective
assessment of citizens’ perception [56,58], towards the codification
of pocket parks for overall urban overheating mitigation.

Therefore, this article is organized as follows: the research
questions are presented in Section 1.1. Then, the coupled objec-
tive/subjective experimental methodology and the employed
tools are described in Section 2. The experimental campaign
sites, which are two relevant and significant case studies, are
identified and then results are presented. Finally, conclusions
are drawn.
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1.1. Research questions

As mentioned, in this work, we aim at investigating for the first
time the role of small urban parks (namely pocket parks) in reduc-
ing thermal stress from UHI during the hot season and improving
pedestrians’ comfort and safety, by means of experimental in-
field monitoring of intra-urban, granular microclimate and multi-
domain questionnaire surveys to pedestrians.

While considering granular microclimate conditions and sub-
jective assessment, different aspects related to comfort sensation
in urban areas and to the role of small urban parks and their archi-
tectural features are considered, and several key original research
questions are answered.

The first objective is to verify whether and how pocket parks are
able to mitigate urban microclimate during the hot season. Thus,
the related research question #1 is:

� RQ1: which is the role of pocket parks in mitigating intra-urban
microclimate during the hot season?

Then, after assessing the role of pocket parks with respect to
microclimate variables, we focus on the subjective perception of
pedestrians, leading to research question #2:

� RQ2: How are pocket parks perceived by pedestrians with
respect to thermal, visual, acoustic, air quality, [5] and whole
comfort sensation, compared to the surrounding urban
environment?

Finally, after assessing microclimate variables (objective mea-
surements) and pedestrians’ perception (subjective assessment),
the two are compared, leading to research question #3:

� RQ3: Are the measured microclimate variables and subjective
pedestrians’ perception consistent or is there a significant gap
between them?
2. Methods

The implemented methodology combines microclimate-
monitoring campaigns by means of an innovative portable weather
station with longitudinal survey campaigns, simultaneously sub-
mitted to citizens in two pocket parks in summer conditions. Thus,
the methodology allows assessing physical-objective and subjec-
tive parameters, which contribute to delineating comfort percep-
tion of pedestrian in the outdoors. Moreover, it also allows
highlighting differences in both microclimate and human percep-
tion between the urban environment and the specific environment
of the pocket parks. The planned monitoring campaign and the
designed monitoring system are described in greater detail in the
following subsection.
Table 1
Technical specifications of the sensors embedded in the compact weather station.

Monitored parameter Technical specifications

Air temperature [�C] Range �40 �C to + 70 �C, Accu
Relative humidity [%] Range 0–100%, Accuracy ± 2%
Wind Speed [m/s] Range 0.01 to 60 m/s, Accurac
Wind Direction [�C] Range 0–359�, Accuracy ± 3� 0
Barometric Pressure [hPa] Range 300 to 1100 hPa, Accur
Solar radiation [W/m2] Spectral range 300 to 3000 nm
GPS Horizontal accuracy: <2.5 m, A
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2.1. Microclimate monitoring campaign

The experimental monitoring campaigns are carried out
through an innovative portable weather station specifically
designed to detect the pedestrian-, human-centered perspective
within the urban environment, especially along pathways that
are not accessible by car, e.g. pocket parks. The station is carried
around during walking-based monitoring; and the measurements
are performed dynamically, at persons’ height within pocket parks
and their surroundings. This system is able to monitor the main
environmental parameters, i.e. air temperature, relative humidity,
wind speed and direction, solar radiation, and is equipped with a
GPS antenna. The setup consists of a classic walker-rollator and
an all-in-one weather station, connected to an 1.8 m-high iron pole
of, which records data with a frequency equal to 1 Hz. Table 1
reports technical specifications of the sensors embedded in the
compact weather station, with respect to accuracy and resolution.

Moreover, the gathered data can be instantaneously read and
post-processed through a tailored graphical interface, by connect-
ing the weather station via cable to a portable computer. Fig. 1
shows the described innovative monitoring system and the tai-
lored graphical interface to manage the collected environmental
parameters.

The described monitoring station was used to perform the
experimental monitoring campaigns in the two selected pocket
parks and their surrounding urban environment during summer
2019, during a classic heat-stressing time. Each pathway was care-
fully planned in order to include pocket parks and their close-by
streets, so as to detect the hypothesized difference in terms of
microclimate conditions between urban densified and spot green
areas. Moreover, each experimental path was designed to be cov-
ered in<30 min, to avoid time dependencies of the mentioned
physical findings, and the measures were taken walking at a slow
and constant pace. In doing so, we selected two experimental path-
ways, corresponding to two pocket parks and their surrounding
streets. The same selected pathways were covered three times
per day, i.e. at 9 a.m., 1p.m., 7p.m., to assess the dynamic daily vari-
ation of the above-described collected key environmental parame-
ters, at overheating and overcooling peak time, and also to pose
questionnaire surveys to the users of the mentioned pocket parks
in those hours. Additionally, the experiment was carried out during
two different-weather days, allowing for daily comparison. Thus,
the analysis took into account the existing correlation between
environmental parameters and urban configuration [59,60] and
were conducted during (i) a sunny day with clear sky conditions
and (ii) a cloudy day, in order to compare different weather condi-
tions and environmental dynamic variation during summer. Table 2
reports the experimental campaign details in terms of monitored
area, selected days, weather conditions and time of each monitor-
ing campaign.

These monitored data are then elaborated to evaluate the
apparent temperature (At) and the physiological equivalent tem-
perature (PET), as useful additional indicators to be employed for
racy ± 0.3 �C- 20 �C, Resolution 0.1 �C
@20 �C (10% to 90%), Resolution 1%
y ± 3% 0.01 m/s to 40 m/s ± 5% above 40 and up to 60 m/s, Resolution 0.01 m/s
.01 m/s to 40 m/s ± 5� above 40 and up to 60 m/s, Resolution 1�
acy ± 0.5 hPa@ 25 �C, Resolution 0.1 hPa
, Intensity Range 0 to 1600 W/m2, Resolution 1 W/m2

ccuracy: longitude and latitude report to 6 decimal places



Fig. 1. A) Graphical interface B) innovative monitoring system C) detail of the compact weather station.

Table 2
Details of the monitoring campaign in terms of area, day and time.

Area Day Weather condition Time

Greenacre Park July 26th 2019
August 1st 2019

Cloudy
Sunny

9 a.m.
1 p.m.
7 p.m.

Paley Park July 26th 2019
August 1st 2019

Cloudy
Sunny

9 a.m.
1 p.m.
7 p.m.
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comparing objective and subjective comfort sensation. The appar-
ent temperature is defined as ‘‘the temperature at the reference
humidity level producing the same amount of discomfort as that
experienced under the current ambient temperature, humidity,
and solar radiation” or ‘‘heat index” [61]. At takes into account
4

dry bulb temperature, wind speed and relative humidity [62,63].
The formula to calculate this index is reported below (Eq. (1))
and it is applicable to hot weather conditions [63]:

At ¼ T þ 0:33 � vp� 0:7 � v � 4:0 ð1Þ
where T is the dry bulb temperature, v the wind speed and vp the
water vapor pressure (Eq. (2)).

vp ¼ RH
100

� 6:105 � expð17:27 � T
237:7þ T

Þ ð2Þ

The Physiologically Equivalent Temperature (PET) is a rational
index that takes into account all the basic thermoregulatory pro-
cesses of the human body. In greater detail, PET is based on the
thermo-physiological heat balance model called ‘‘Munich energy
balance model for individuals” [64], defined by the energy balance
equation of human body (Eq. (3)):
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M þW þ Rþ C þ ED þ ERe þ ESw þ S ¼ 0 ð3Þ

where M is the metabolic rate, W the physical work output, R the
net radiation of the body, C the convective heat flow, ED the latent
heat flow to evaporate water into water vapor diffusing through the
skin, ERe the sum of heat flows for heating and humidifying the
inspired air, ESw the heat flow due to evaporation of sweat, and S
the storage heat flow for heating or cooling the body mass.

2.2. Survey campaign

To assess the subjective perception of comfort inside the pocket
parks, a questionnaire survey campaign was conducted on site, in
parallel to the microclimate monitoring campaign. The question-
naire survey possesses determined characteristics, so as to fit the
scope of the investigation: it is multi-faceted so as to comprehend
information on thermal, acoustic, visual and whole comfort sensa-
tions; and at the same time it is synthetic enough so as to attract
more respondents as possible.

While ISO 10551 [65] defines the standard questionnaire for
subjective thermal sensation, there is not a standard for other sub-
jective comfort sensations. Based on previous research, which
‘‘translated” the standard survey on thermal comfort to assess sub-
jective visual and acoustic comfort [56,66], also in this case, for
comparison purposes, we adopt the question indicated for thermal
perception also for other comfort sensations. The questions allow a
response based on a 5-point Likert scale (�2 to + 2), where ‘‘0”
indicates neutral comfort sensation, ‘‘�2” very bad, ‘‘�1” bad, ‘‘
+1” good and ‘‘+2” very good comfort sensation, and is repeated
for (i) whole comfort sensation; (ii) visual comfort; (iii) acoustic
comfort; (iv) air quality; and finally, once the respondent is ther-
mally acclimated to the surrounding space (v) thermal comfort
(Fig. 2).

The question regarding overall comfort sensation is the first
one, so that interviewees are not influenced in declaring their
whole comfort sensation by previously focusing on their individual
sensations with respect to visual, acoustic, air quality and thermal
sensation.

In addition to questions assessing respondents’ subjective com-
fort sensation, the survey comprises other questions asking for per-
sonal characteristics of the interviewees, which are useful in better
framing other variables possibly influencing comfort. The ques-
tions are (i) how long have they been staying in the park, (ii)
whether they are usual users of the space, (iii) the reason to visit
the park, (iv) age, (v) gender. These questions are reported at the
end if the questionnaire in order not to distract interviewees from
the primary scope of the survey, i.e., assessing comfort sensation.

Participation to the survey during the 2019 campaign was vol-
untary and anonymous. Users of the pocket parks and close-by
streets were approached by researchers conducting the survey
campaign, informed about the general scope of the research and
were then free to decide to participate or not. The interviewees
were either standing or sitting in the pocket park, or standing or
sitting on close-by streets. The questionnaire survey required 1–
2 min to be completed.

The survey campaign was conducted at the exact same time of
the monitoring campaign, in order to have the same conditions for
both the objective and subjective assessments, for better consis-
tency purpose. Therefore, as for the microclimate monitoring cam-
paign, the survey campaign was conducted three times each day,
during the morning, midday and evening, in all the case studies.
A total of 178 surveys were collected during the campaign. The
sample size fully satisfies the rule of thumbs of 10 observations
for each considered variable in each regression model [67,68].

Data from the surveys are gathered and analyzed by means of
statistical analysis (regression analysis and t-tests, with a confi-
5

dence interval equal to 95%), to assess the significance of different
variables on subjective comfort. While each comfort sensation is a
dependent variable (i.e., the one that is influenced by the indepen-
dent variables), positon, hour, age, gender, time spent in the park,
being (or not) usual users of the park are all considered as indepen-
dent variables.

2.3. Experimental campaign sites

The described methodology is applied to two selected case
studies in New York City NYC, USA (latitude 40� 430 50.19600’ N
and longitude 73� 560 6.87120’ W). The climate of the city, accord-
ing to Köppen Geiger Classification [69], is a Cfa, Humid Subtropi-
cal Climate. This climate is characterized by high summer
temperature and distributed precipitation throughout the year,
with air temperature average of 24.6 �C in summer, 12.2 �C in win-
ter and average range of precipitation of 1140.5 mm.

NYC is indeed selected because it represents the perfect exam-
ple of urban experimentations and UHI presence, with pocket
parks being here diffused since the 60 s’ in their first examples in
USA. As above-described, pocket parks are usually built, even tem-
porarily, in unused spaces between buildings, in densely built areas
[70] and are highly populated by citizens working and living in the
surroundings, as well as by tourists or locals looking for a pause
from the chaotic city life. Among the first and most famous pocket
parks, Paley Park (PP) [71] and Greenacre Park (GP) [72,73] have
become eponymous examples of the pocket park typology. The
shape, materials and position with respect to the street and sur-
roundings allow PP and GP to act as pocket parks since they are
characterized by all the most relevant pocket parks elements: (i)
greenery, (ii) water bodies/fountains, (iii) furniture, (iv) shade
and (v) separation from the street [43]. Therefore, the two above-
mentioned parks and their immediate surroundings (i.e. the block
where they are located) constitute the case study and experimental
location of this work. In this section, we detail the design charac-
teristics of the case studies, in order to frame the microclimate
and comfort analysis. Fig. 3 shows the experimental sites and the
pathways covered during the monitoring campaign. Each pathway
includes one of the two pocket park and its surrounding urban
context.

Both the parks are located in Midtown Manhattan (Fig. 5). PP is
on the 53rd Street (PP_St_S), close to the 5th Avenue (PP_Ave_W).
GP is on the 51st Street (GP_St_S), close to the 3rd Avenue (GP_A-
ve_W) and they are 11 min apart walking-distance. The acronyms
allow defining the investigated streets: the first two letters identify
the site (PP or GP parks or blocks); the second term identifies the
orientation of the streets, whether it is a North-South Avenue
(Ave), or a West-East Street (St). Finally, the third term indicates
the position of the street/avenue with respect to the block (N for
north, S for south, E for east and W for west).

Paley Park (PP) opened a few years before GP, in 1967. It has
rectangular shape, the front on the street is open while the two lat-
eral sides are closed by brick walls covered by ivy, and the opposite
façade to the entrance is a 20-foot high ‘‘water-wall”, entirely cov-
ered by a continuously falling water layer. The granite paving is
shaded by honey locust trees, planted on a regular grid, while sea-
sonal plantings are added in dedicated containers. Movable seating
and other fixed seating options on the sides provide basic furniture
to the park, together with small tables. The park is slightly elevated
with a few steps separating it from the sidewalk.

Greenacre Park (GP) was completed in 1971. It is 60 feet by 120
feet wide. Similarly to PP, it is closed on three sides and open on
the street front only. Also in this case, there are a few stairs so
the park is on a slightly higher level than the sidewalk, allowing
the park to be better isolated from the street. As in PP, there are
(i) greenery, (iii) water elements, (iv) basic furniture (seats and



Fig. 2. The questionnaire survey that was completed by participants to the experimental campaign during summer 2019.
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tables) and a canopy of honey locust trees that provide shading
from the sun and cover the view of surrounding buildings. Also
in GP, the opposite front with respect to the entrance wall is a
water cascade, which flows in a runnel ending in a fountain at
the entrance of the park. GP is characterized by granite paving
and a high variety of greenery (evergreens, rhododendron, azaleas,
seasonal flowers, ivy on the brick walls).

In both of the pocket parks (Fig. 4), the trees’ canopies and the
greenery are meant to provide acoustic insulation from the noise of
the traffic on the nearby streets, while the water walls in both the
parks are conceived to produce a grey noise that potentially miti-
gates traffic noise. Visually, the higher level with respect to the
sidewalk and the presence of trees allow the park to be discon-
nected from the sidewalk.

The presence of greenery, trees and water has been deemed as
able to significantly influence the microclimate [35,74]; in this
6

case, due to the small dimension of the park, the effectiveness of
microclimate mitigation is one of the research questions.
3. Results and discussion

3.1. Microclimate assessment

In this section, the results of the monitoring campaigns are
reported. In detail, Figs. 6 and 7 present the main environmental
parameters collected at 9 a.m. (morning), 1p.m. (midday-
lunchtime) and 7p.m. (evening) along Greenacre Park area on
August 1st and July 26th, i.e., a sunny and a cloudy day respec-
tively. Starting from the bottom to the top, each graph within
Figs. 6 and 7 spatially maps air temperature deviation with respect



Fig. 3. Paley Park and Greenacre Park, Midtown Manhattan; on the left, plan view; on the right 3d view (Google Maps).

Fig. 4. Geometry, components and configuration of the pocket parks.
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to the average [�C], relative humidity deviation with respect to the
average [%], wind speed [m/s] and solar radiation [W/m2].

In greater detail, Fig. 6 shows a variation of the air temperature,
i.e. 0.5 �C, along the pathway. A maximum and minimum peak of
7

27.1 �C and 27.9 �C, 30.6 �C and 31.3 �C, 30.0 �C and 30.4 �C can
be detected respectively at 9 a.m., 1p.m. and 7p.m. While at 9 a.
m. and 7p.m. air temperature presents lower values inside the park
than in the dense urban surroundings, i.e. �0.3 � 0.2 �C with



Fig. 5. Position of the pocket parks with respect to the investigated blocks and shading during the day, at 9 a.m., 1p.m. and 7p.m..

Fig. 6. Results of the monitored campaign along PP and surroundings during the sunny day.
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respect to the average, at 1p.m. air temperature peaks inside the
pocket park. This trend underlines the mitigation effect related to
the combination of urban greenery and water bodies, which alters
the urban energy budget leading to evaporative cooling and urban
shading, also fostered. This positive gap is also related to the low
radiative and convective contribution detected at both early morn-
ing and evening time inside the park, i.e. by about 50 W/m2 and
0.4 m/s. At the same time, the mitigation actions are not enough
to produce sensitive passive cooling when the contribution of
8

building shading is not given (Fig. 5), i.e., at 1p.m. Moreover, shad-
ing by vegetation acts as solar interceptor and keeps the air cooler.
In fact, at 9 a.m. the maximum value of solar radiation, i.e. 790 W/
m2, is observed at the corner between Northern Street (GP_St_N)
and the Western Avenue (GP_Ave_W), according to the air temper-
ature trend. Instead, at lunchtime, high values of air temperature
are collected inside the park, with a deviation of + 0.3 �C with
respect to the average. Such increase may be related to the short-
wave absorption by urban surfaces/materials and re-radiation of



Fig. 7. Results of the monitored campaign along GP and surroundings during the cloudy day.
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heat to the canopy layer atmosphere, which leads to increased air
temperature. On the other hand, relative humidity results show,
during the entire monitoring time session, generally higher values
inside the park, i.e. a deviation of + 0.5% with respect to the mean
value. This behavior could be due to the blue space, i.e. a large
waterfall based on the lower level of Greenacre Park, which leads
to rising relative humidity values. However, the difference in rela-
tive humidity is much higher during the cloudy day (Fig. 7), with
values of + 5%, compared to the slight + 0.5% observed during the
sunny day. In greater detail for the cloudy day, at 9 a.m., air tem-
perature shows a drop of 0.3 �C in air temperature and low solar
radiation values, i.e. 200 W/m2, within Greenacre Park, which can
be related to the orientation and the shading effect of vegetation.
At midday, the mitigation effect of the park slightly decreases with
respect to the morning, since air temperature trend shows a slight
decrease by �0.2 �C with respect to the surrounding built environ-
ment. However, the mitigation potential is explicit at midday com-
pared to the sunny day. In fact, at that time air temperature peaks
at the corner between GP_Ave_E and GP_St_N and decreases along
the pathway. On the other hand, solar radiation has a heteroge-
neous trend along the pathway, which varies from 0 to 950 W/
m2, characterized by values close to zero under the scaffolders
located along GP_St_N. On the contrary, at 7 p.m. a deviation
of + 0.2 �C and + 0.3 �C can be respectively detected along GP_A-
ve_W and at the beginning of GP_St_S, while a reduction of
0.2 �C can be underlined inside Greenacre Park. Accordingly, rela-
tive humidity increases by 5% within the park thanks to the dual
presence of greenery and water.

More in general, during the entire monitoring period, solar radi-
ation assumes low values along the Southern Streets, i.e. GP_St_S,
compared to the other Streets and Avenues around the block
where the park is. This trend can be imputed to the urban canyon
geometry, since GP_St_S has an aspect ratio of 2.1, which limits the
access of direct solar radiation, increases shading and leads to
cooler pedestrian environment, as confirmed by the air tempera-
9

ture spatial mapping. Convection has a limited role in the microcli-
mate mitigation, since wind speed is quite homogenous during all
the monitoring time. Wind speed affects air temperature behavior
especially during the cloudy day inside the park, and assumes its
maximum value, i.e. 3.7 m/s, at 9 a.m. along the Eastern Avenue,
while 0.4 m/s inside GP, and at 7p.m. along the Southern Street,
where GP is located, with a singular point of 3.7 m/s also inside
the park.

The results of the monitoring campaigns carried out along Paley
Park area on August 1st and July 26th are shown in Figs. 8 and 9. In
detail, Fig. 8 (sunny day) shows that during daytime Paley Park is
characterized by generally lower temperature than the urban sur-
rounding, i.e. �0.2 �C at midday, i.e. �0.1 �C during the evening.
Streets and Avenues around Paly Park, i.e. PP_St_N, PP_St_S, PP_A-
ve_E, PP_Ave_W, are warmer at evening time than at lunchtime.
This warming-up process may be imputed to the heat stored by
urban surfaces during daytime and released during nighttime,
which appears to be counteracted by PP evapotranspiration strat-
egy. Indeed, streets surrounding the block where the park is
located are characterized by asphalt and impervious materials
and have two or three carriageways. However, at both 9 a.m. and
1p.m., the highest values of air temperature are collected along
PP_St_S and low convective contribution can be observed, i.e. an
average of 0.5 m/s. On the contrary, with respect to the results
illustrated for GP area collected during the same day (Fig. 6), rela-
tive humidity is quite heterogeneous along the path. While at 9 a.
m. and 1p.m. increased humidity values are gathered at the man-
holes from which steam of the district heating plant comes out,
at 7p.m. relative humidity peaks inside the park and goes up
by + 7.5% with respect to the surroundings. This effect may be
due to the waterfall in the park, which alters the urban energy bud-
get through evapotranspiration process. On the other hand, solar
radiation spatial maps emphasize the urban geometry role in
microclimate assessment. Indeed, at 1p.m., peaks of 1000 W/m2

are collected along the PP_St_N and at the corner between the



Fig. 8. Results of the monitored campaign along PP and surroundings during the sunny day.

Fig. 9. Results of the monitored campaign along PP and surroundings during the cloudy day.
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same street and the PP_Ave_W. Indeed, the Northern Street is char-
acterized by low local aspect ratio, which implies less shading in
every orientation and more access of direct solar radiation during
daytime. More in general, during each monitoring session, solar
10
radiation decreases inside the park thanks to greenery and trees
that provide natural shading for pedestrians, improving the ther-
mal environment of the park. Moreover, as expected, also wind
speed has a relation with urban geometry, since it assumes higher
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values along the avenues than on the streets, i.e. 3 m/s vs 1.5 m/s
with peaks along the PP_Ave_W that is characterized by an aspect
ratio of 0.4.

On July 26th (cloudy day, Fig. 9) the maximum differences in
microclimate variables along the pathway are as follows: – 0.6 �C
air temperature during the morning in the park, up to 0.5 �C on
the street, +11.7% relative humidity during the morning in the
park, 550 W/m2 solar radiation during the morning on PP_Ave_W.
As also underlined in Fig. 8 for the sunny day, the mitigation effect
of the park in terms of air temperature decrease is mostly visible at
morning and evening time. On the contrary, at lunchtime, i.e. 1p.
m., air temperature reaches its maximum values inside the park,
30.5 �C. Since these outcomes are similar to the results of the mon-
itoring campaign conducted during the sunny day along the same
area, it can be assessed that urban geometry and orientation heav-
ily affect the microclimate of this area, as key anthropogenic dri-
vers for urban microclimate.

3.1.1. Statistical analysis of the microclimate variables
The results of the microclimate analysis are further investigated

by means of statistical analyses. In greater detail, regression anal-
yses and t-tests, both with a confidence interval equal to 95%, are
performed.

The aim of the regression analysis is to identify information
about the significance of the difference between the measure-
ments. Such differences are investigated with respect to indepen-
dent variables, e.g., position of the monitoring system on the
planned experimental path and the time (hour) of the day when
the experiment is conducted. With respect to position, which is
the main variable we are interested in, as we aim at disclosing
intra-urban microclimate differences due to the presence of pocket
parks, we consider geographical clusters with increasing
dimensions.

The choice to manually select the cluster to investigate is given
by the regular urban geometrical grid of NYC, with avenues and
streets that are orthogonal to each other and with the same orien-
tation. Therefore, we first take into account (i) each single street as
a cluster (PP_St_S, PP_St_N, GP_St_S, GP_St_N streets and PP_A-
ve_W, PP_Ave_E, GP_Ave_W, GP_Ave_E avenues) and each single
pocket park as a cluster (Paley Park (PP) and Greenacre Park
(GP)). Then, we enlarged the clusters considering the streets as a
cluster (PP_St_S, PP_St_N, GP_St_S, GP_St_N streets), the avenues
as a distinct cluster (PP_Ave_W, PP_Ave_E, GP_Ave_W, GP_Ave_E
avenues), and the pocket parks as another cluster. We considered
the data gathered during each day (the cloudy day and the sunny
day) as a further distinction, as well as all the data together for
both the days in total. The results of the analyses are reported
graphically in Fig. 10.

With respect to comparisons for inside/outside the park, the
statistical analyses confirm that the microclimate inside and out-
side the park is weakly different (in general cooler, damper and
darker in the parks compared to streets and avenues), even if such
a difference is statistically significant.

When comparing microclimate variables during the different
times of investigation (morning, midday and evening), there are
significant differences in the intra-urban microclimate, as the
morning hours are significantly cooler and damper than midday.
Air temperature is significantly higher during midday and evening
hours, with different trends for the cloudy and the sunny day.
Indeed, during the cloudy day, evening is the warmest time, while
during the sunny day, midday is the warmest, due to higher solar
radiation hitting the parks, streets and avenues, which are espe-
cially exposed to the sun at midday.

In addition to the regression analyses, a t-test to compare the
means of the different microclimate measurements is also con-
ducted (confidence interval is 95%) (Table 3). The results of the t-
11
tests confirm those of the regression analyses, demonstrating that
while differences are not massive between the parks and sur-
rounding urban environment, they are still statistically significant.
Additionally, the t-test verifies that air temperature is higher on
the avenues than on the streets, due to higher solar access, and
the lowest Ta is in the parks. Solar radiation is significantly higher
on the streets and avenues than in the parks, and avenues have sig-
nificant higher values than streets, as a possible motivation for
solar overheating. With respect to wind speed (Ws), it is signifi-
cantly lower in the parks than on the streets and avenues. Again,
Ws is higher in the avenues than in the streets. This may compro-
mise the potential benefits of microclimate mitigation strategies
within the pocket parks, which overlook the streets and not the
avenues, given the minor wind speed again due to anthropogenic
actions induced by the built environment.
3.2. Survey results and comparison with monitoring results

Results from the survey do not mirror the results of the micro-
climate analysis, highlighting the gap between objective and sub-
jective sensation. Indeed, while in the microclimate analysis the
difference between microclimate conditions inside the park and
on the streets is not massive, the subjective assessment demon-
strates that the perception of users is quite improved in the park
and on the immediate streets surrounding the block.

The regression analysis (confidence interval equal to 95%) is
conducted not only for the whole comfort sensation but also for
each individual comfort sensation, namely visual, acoustic, air-
quality and thermal comfort. The dependent variables are the com-
fort sensations, while the independent variables comprise position,
age, gender, being usual users of the park and time spent in the
park.

Firstly, we consider all the data, both for the parks and the sur-
rounding streets (Fig. 11).

About perceived whole comfort, the statistical analysis shows
that all the considered variables have a significant impact on it.
‘‘Position” determines comfort sensation inside or outside the
park: whole comfort is significantly higher inside the park than
on the surrounding streets. Moreover, the younger the participant,
the better the whole comfort sensation, which is slightly better for
males than for females. It is interesting to highlight the role of fre-
quency of use of the park, as whole comfort is higher for those who
are typical users of the considered park. Moreover, time spent in
the park is a significant variable, as the higher the time spent in
the park, the higher the comfort sensation.

Considering the single domain aspects of comfort, such trends
are confirmed.

Visual comfort is significantly higher inside the park than on
the street. Being usual-users of the park and time spent in the park
positively impact visual comfort, as for whole comfort sensation,
even if with relatively lower coefficients.

With respect to acoustic comfort, this is significantly higher in
the park, and it grows with the time spent in the park. Age and
being usual users are not significant with respect to acoustic com-
fort, while female participants assign lower values of acoustic com-
fort compared to male participants.

With respect to air quality, the related comfort sensation inside
the park is higher than on the street. It improves when spending
more time inside the park, and it is higher for younger and male
participants.

Perceived thermal comfort is significantly higher in the park
and for those who spent more time in the park. Being usual users
does not influence thermal comfort, while again the younger the
interviewees the higher the thermal comfort, and male intervie-
wees declare higher thermal comfort sensation.



Fig. 10. Results of the regression analyses with respect to monitored microclimate variables. Each column (Ta, RH and SR) should be read separately, and the written number
in the cell is the constant.
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Table 3
Results of the t-test analyses (** 95% significance; * 90% significance). Reported are the means for all the considered variables.

# Comparison Ta RH SR Ws

1 parks 28.56 47.00 57.88 0.80
streets 28.98 42.00 138.02 1.00
significance ** ** ** **

2 parks 28.56 47.00 57.88 0.80
avenues 28.80 43.00 187.00 1.20
significance ** ** ** **

3 streets 28.98 42.00 138.02 1.00
avenues 28.80 43.00 187.00 1.20
significance ** * ** **

4 parks 28.56 47.00 57.88 0.80
streets/avenues 28.93 42.89 151.10 1.03
significance ** ** ** **

Fig. 11. Results of the regression analysis for comfort sensations (dependent variables that are separately considered), as influenced by the independent variables (i) position,
(ii) age, (iii) gender, (iv) being usual users of the park and (v) amount of time spent in the park, for data gathered inside the park and on the surrounding streets.

Fig. 12. Results of the regression analysis for comfort sensations (dependent variables that are separately considered), as influenced by the independent variables (i) age, (ii)
gender, (iii) being usual users of the park and (iv) amount of time spent in the park, for data gathered inside the park.
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A second set of statistical analysis is performed on the data
gathered inside the park only, to better dissect comfort sensation
with specific reference to the pocket parks (Fig. 12). The signifi-
cance of being usual users of the park is confirmed also here with
respect to the whole comfort and visual comfort. Citizens that
often live the park confirm a significantly higher whole comfort
sensation and visual comfort in the park with respect to non-
usual users. This finding aid in demonstrating that the benefit of
the park, especially for usual users, is not (or, at least, not only)
related to microclimate or objective physical behavior of the park,
13
but more to subjective features. Time spent in the park is again a
significant variable. It influences whole, visual and air quality-
related comfort: the more time spent in the park, the higher the
perceived comfort.

In addition to the regression analyses, t-test analysis is con-
ducted to compare the mean of the declared comfort inside and
outside the park (Fig. 13). Whole comfort, acoustic comfort and
air-quality comfort perception present significantly different aver-
age values as declared inside and outside the park. Declared per-
ception about whole comfort inside the park is ‘‘good to very



Fig. 13. Results of the t-test, comparing the mean of the results of the questionnaire inside and outside the parks (v, significant; x, non-significant).
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good”, while on the street the same is ‘‘neutral”. Acoustic and air
quality-related comfort goes from ‘‘good to neutral” inside the park
to ‘‘neutral to bad” on the street. Visual comfort and thermal com-
fort mean values do not result in significantly different means,
while still going from ‘‘good to very good” (visual comfort) and
‘‘good” (thermal comfort) inside the park to ‘‘neutral” on the street.

A low significant difference is detected in terms of visual com-
fort while comparing responses collected inside and outside the
parks. In order to provide a preliminary explanation for this obser-
vation, which could be further explored in future studies, we
hypothesize that this may be imputable to lower flagship visual
effect or to the fact that even people outside the park may have
looked at the park from the street.

The finding of the subjective survey related to thermal comfort,
showing that thermal comfort is not significantly different inside
and outside the park, is consistent with the findings of the objec-
tive assessment (microclimate monitoring). Such a result high-
lights that the difference in comfort perception inside and
outside the park is mainly due to an holistic subjective perception
and human-centered drivers. Indeed, subjective comfort percep-
tion is evident mainly in the whole comfort assessment rather than
in the specific perceptions. As a matter of fact, when interviewees
declare their thermal, visual, acoustic and air quality comfort per-
ception they are forced to dissect their physical comfort percep-
tion, realizing that, while their whole comfort is better in the
park compared to the street, their thermal comfort, for example,
is not.

For acoustic comfort, the results confirm the difference between
outside and inside the park, where inside the park acoustic comfort
is much better. The significance of the difference with respect to
acoustic perception inside and outside the park could be explained
by hypothesizing that the presence of gray noises (those produced
by the water-walls) and the acoustic insulation provided by trees
and greenery, which separate the park from the city noise and con-
tribute in shaping detached, oasis-like environment, were effective
in improving acoustic comfort.
Fig. 14. Statistical regression analyses with coupled subjective and objective
assessment of comfort and microclimate variables.
3.2.1. Comparison between subjective perception and physical
objective microclimate monitoring results

Finally, microclimate measurements are statistically compared
to the subjective whole, visual and thermal sensation, thus directly
coupling objective and subjective assessment in the same analysis.
Indeed, the comfort vote extracted from the subjective assessment
(the survey) and the microclimate data gathered by means of the
dynamic monitoring (objective measurements) are analyzed by
14
means of statistical regression analysis. The latter (overall, visual
and thermal comfort declared votes) are the dependent variables
of the regressions, the former are the independent variables, jointly
considered, influencing the dependent ones. The independent
microclimate variables air temperature (Ta), relative humidity
(RH), solar radiation (SR) and apparent temperature (At) are con-
sidered. Apparent temperature is computed specifically to serve
as a comprehensive indicator, including the effect of different
microclimate variables. Results are displayed in Fig. 14. It is worth
noting that in this comparison the above-mentioned dependent
variables included in Fig. 14 are related to the subjective comfort
perception deduced from the questionnaire surveys, and not to
the measurements performed with the microclimate monitoring
station. Therefore, the table is useful in evidencing the gap
between the perceived comfort and the physical microclimate vari-
ables. Indeed, the measured microclimate variables proved to have
no significant impact in influencing overall and visual comfort,
while thermal comfort and perceived air quality are impacted by
Ta, RH, SR and At (thermal comfort) and Ta, SR and At (air quality
perception). Therefore, it is evident also from these last findings,
that while specific comfort sensations are influenced by microcli-
mate conditions of the pocket parks, whole comfort is not signifi-
cantly impacted by them. With respect to the overall, whole
comfort sensation, a subjective perception of the architectural
space is preponderant, due to the specific design feature of urban
pocket parks. Also visual comfort results not to be affected by
microclimate variables, such as SR, that could cause glare. In this
case, we hypothesize that the visual effect of greenery, water and
disconnection from the traffic and chaos of the city influences
the subjective visual perception, due to ‘‘pleasantness to the eye”,
more than SR hitting the park.
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In order to further investigate the mismatch between measured
comfort and subjective perception, the collected environmental
parameters (i.e., air temperature, relative humidity, solar radiation
and wind speed) are collapsed into the Physiological Equivalent
Temperature (PET) indicator. The PET index is here computed by
means of the Rayman model [75–77] by taking into account the
thermo-physiological data of a standard 35-years-old man, 1.75
high, weighing 75 kg, who was walking (2.5 met) and wearing
0.5 clo. According to the existing literature PET neutral sensation
is adapted to different climate and the most suitable range
[64,78]. Even if the At already allowed to consider thermal comfort
(heat index), PET provides a more comprehensive index for com-
paring thermal comfort subjective, declared perception by the
interviewees and physiological objective comfort.

August 1st is the selected day to conduct this kind of analysis
since it was the hottest one between the two analyzed days, and
therefore more representative of overheating risk.

In detail Fig. 15 shows the PET spatial results around Greenacre
Park respectively at 9 a.m. (morning), 1p.m. (midday) and 7p.m
(evening), while Fig. 16 shows the PET results obtained along Paley
Park pathway during the same day, i.e., August 1st, respectively at 9
a.m., 1 p.m. and 7 p.m.

Both the parks show at 9 a.m. and 7 p.m. value of PET around
20–25 �C, which means comfortable to slightly-warm conditions
both in the park and generally along the streets around the park.
This trend is confirmed by the subjective perception whose mean
is equal to 0.6, standing for ‘‘good to neutral” perception.
Fig. 15. PET spatial distribution along Greenacr
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At 1 p.m. in both GP and PP, PET varies from comfortable-
slightly warm to slightly warm-warm thermal perception, corre-
sponding to no thermal stress up to slight-to-moderate thermal
stress. These results are partially in accordance, but with the same
trend, with the outcomes of subjective perception, which is equal
to 0.8 and 0.6, i.e. ‘‘good to neutral”, for GP and PP respectively.
At the same time the subjective perception along the streets
around the park is ‘‘neutral”, while the PET mean value is around
37 �C, which underlines warm-hot thermal perception, i.e.,
moderate-to-strong heat stress.

It can be further observed that the worst PET and lower differ-
ences between the PET in the surrounding streets and in the pocket
parks is at midday, the warmest hour and the hour where less
shading is available in the parks (Fig. 5). The presence of trees, in
addition to providing evapotranspiration, is crucial also with
respect to shading in the mitigation of heat stress and improve-
ment of thermal comfort. The specific role of shading in pocket
parks could thus be further deepened in future studies.

4. Critical discussion and conclusions

In this work, we aim at investigating the potential of pocket
parks, i.e., small parks spread among neighborhoods, as further
strategies for local climate mitigation, through a novel human-
centered investigation. In so doing, we couple objective and sub-
jective assessment, by means of dynamic microclimate monitoring
via novel portable technology and questionnaire survey to pedes-
e Park in August 1st at 9 a.m., 1p.m., 7p.m.



Fig. 16. PET spatial distribution along Paley Park in August 1st at 9 a.m., 1p.m., 7p.m
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trians in the parks. The findings allow replying to the three posited
research questions:

� RQ1: Which is the role of pocket parks in mitigating intra-urban
microclimate during the hot season?
Pocket parks, as they are currently designed and adopted allow
a minor, but still statistically significant, mitigation of air tem-
perature and solar radiation with respect to their surrounding
urban environment. The difference in Ta between parks and
streets/avenues is up to 1 �C, consistent in both the experimen-
tal campaign days and during the morning, midday and evening
times. RH is instead higher in the parks, due to the presence of
water bodies and greenery and weak recirculation capability of
such packed geometries. Solar radiation is significantly lower in
the parks, due to shading from surrounding buildings and the
small trees, given the small dimension of the parks, and the
presence of trees’ canopies, and this also helps a lot the mea-
sured cooling at pedestrian’s level.

� RQ2: How are pocket parks perceived by pedestrians with
respect to thermal, visual and whole comfort sensation, com-
pared to surrounding urban environment?
Pocket Parks are perceived as significantly more comfortable
16
and pleasant than surrounding built environment: the average
vote for the whole comfort in the pocket park was ‘‘good to very
good”, while a few steps from the park, on the street, the same
vote was ‘‘neutral”. The same can be said for thermal and visual
comfort. The acoustic and air quality perception, the comfort
vote went from ‘‘good to neutral” or ‘‘very good” in the park
to ‘‘neutral to bad” outside the park.

� RQ3: Are the measured microclimate variables and subjective
pedestrians’ perception consistent or is there a significant gap
between them?
Measured/objective and subjective perception did not coincide,
the latter being way higher than the former one in terms of mit-
igation. The highlighted gap confirms the role of pocket parks in
mitigating heat stress during the hot season, but also to provide
other significant restorative experience to users, which is not
limited to the measured microclimate variables. The statistical
analyses conducted on coupled subjective/objective assessment
showed that microclimate variables were significantly influenc-
ing thermal comfort, but they were not effectively correlated to
whole and visual comfort.
As a general remark and synthesis of the above-mentioned

responses to the research questions, pocket parks demonstrated
a limited, but still significant, role in the actual physical mitigation



Table A1
Frequencies for the independent variables, describing the sample.

Frequencies %

Total Questionnaire #178
Park Greenacre 51.69

Paley 48.31

Usual user of the park No 76.7
Yes 23.3

Reason to visit Relax 87.5
Eat 11.93
Work meeting 0.57

Time in the park <15 min 42.94
>15–30 min 41.24
>30 min 15.82

Age <21 3.37
21–35 83.71
35–50 6.18
>50 6.74

Gender Male 43.82
Female 56.18
Gender neutral 0

Hour Morning (9 am) 20.79
Midday (1 pm) 43.26
Evening (7 pm) 35.96

Date Cloudy day 57.3
Sunny day 42.7

F. Rosso, B. Pioppi and Anna Laura Pisello Energy & Buildings 260 (2022) 111918
of granular, intra-urban microclimate which is potentially under-
exploited due to limited local ventilation contribution. On the
other hand, the subjective perception of citizens using the park evi-
dences a significantly improved overall comfort inside the pocket
parks with respect to the surrounding local urban environment.
Thus, the presence of a significant gap between the physical-
objective and the subjective comfort is demonstrated. By further
investigating this phenomenon, it is evident that while microcli-
mate physical variables are able to affect thermal comfort subjec-
tive perception, they are not sufficient to describe the overall,
holistic comfort perception inside the park.

Concluding, pocket parks demonstrate to have a significant role
that could be exploited even further in dense urban areas for mit-
igating heat stress and provide overall restorative experiences for
pedestrians, local citizens and tourists, even if they are not able
to massively improve physical microclimate. These benefits of
pocket parks pair the already mentioned one related to the possi-
ble diffusion of these parks in each neighborhood. By implement-
ing diffuse pocket parks in cities, more and more easily
accessible green space could be provided to citizens, towards a
more just and safe urban outdoor public space. The pocket park
strategy could be particularly effective also in providing local green
space in urban areas where large urban parks are not present, espe-
cially in pandemic and post-pandemic panorama, when it is
advised to citizens to stay close to home, not exceeding neighbor-
hoods limits. Thus, while larger urban parks are more effective in
mitigating urban microclimate, they are less spread and diffused
in urban neighborhoods and thus they are able to reach less citi-
zens. On the contrary, the pocket park model, i.e., the spread inser-
tion of pocket parks in every neighborhood, while less effective in
mitigating hyper-local microclimate, is able to reach and provide a
restorative perceived experience for a much wider number of citi-
zens, allowing to go towards the objective of a more just and equi-
table city. Moreover, given the small dimension, pocket parks
require less attention and expenses with respect to maintenance
and construction, further favoring their diffusion.

On the other side, more attention should be paid to the ventila-
tion capability and the possibility to prevent possible stagnation
volumes inside pocket parks, which may compromise their perfor-
mance. Given the above findings and considerations, pocket parks
could be employed to complement the less-spread presence of lar-
ger urban parks, and their effectiveness towards microclimate mit-
igation could be improved starting from the results of this study.
Moreover, the more diffused the pocket park model is in the urban
area, the more effective its mitigation potential could become:
future studies could investigate the effect of spread small pocket
parks in improving urban microclimate, while in this work we con-
sidered the effect of each pocket park with respect to intra-urban,
granular microclimate.

Therefore, the relevance of this study is both for researchers
aiming at advancing studies in intra-urban microclimate and urban
stress mitigation by means of architectural passive strategies, but
also to policymakers and urban administrations, interested in
implementing effective green areas in cities; and to professionals
in urban and architectural studies, towards a conscious design of
small urban areas.

Future studies could apply and investigate the ‘‘pocket park
model” to other climate contexts, while the concept of pocket
parks could be enlarged to include and investigate other low-cost
solutions for simpler and easier implementation in disadvantaged
locations and countries in developing countries/urban areas.
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Here in the Appendix, the descriptive statistics and frequencies
for the questionnaire survey are reported.



Table A2
Descriptive statistics for the questionnaire survey data.

Variable Obs Mean Std. Dev. Min Max

Subjective Perception Overall comfort 178 1.23 0.84 �1.00 2.00
Visual comfort 176 1.30 0.84 �1.00 2.00
Acoustic comfort 176 0.57 1.07 �2.00 2.00
Air Quality perception 176 0.64 1.03 �2.00 2.00
Thermal comfort 175 0.92 1.01 �2.00 2.00

Personal information Time in the park 177 0.73 0.72 0.00 2.00
Usual user of the park 176 0.23 0.42 0.00 1.00
Reason to visit 176 0.13 0.35 0.00 2.00
Age 178 1.16 0.58 0.00 3.00
Gender 178 0.56 0.50 0.00 1.00

Location and time Park (GP or PP) 178 1.48 0.50 1.00 2.00
Position (park or street) 178 0.21 0.41 0.00 1.00
Hour (9 am, 1 pm, 7 pm) 178 1.15 0.74 0.00 2.00
Day (sunny or cloudy) 178 1.28 1.49 0.00 3.00

Subjecitve perception votes legenda
�2 �1 0 1 2
very bad bad neutral good very good

Personal information legenda
Time in the park Usual user of the park Reason to visit
0 <15 min 0 no 0 relax
1 >15–30 min 1 yes 1 eat
2 >30 min 2 work meeting
Age Gender
0 <21 0 Male
1 21–35 1 Female
2 35–50 2 Gender Neutral
3 >50

Location and time legenda
Park (GP or PP) Position (park or street)
0 Greenacre Park (GP) 0 Park
1 Paley Park (PP) 1 Street
Hour (9 am, 1 pm, 7 pm) Day (sunny or cloudy)
0 9 am, morning 0 26 July, cloudy
1 1 pm, midday 3 1 August, sunny
2 7 pm, evening
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