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ABSTRACT

Cities have suffered from urban heat island

(UHI) effect due to rapid urbanization, which can
be effectively adjusted by urban green space.
Taking the community parks in central area of
Nanjing, Jiangsu Province as an example, this
paper explored the size and shape of small-
scale parks to mitigate the UHI effect. Land
surface temperature was retrieved from Landsat
8-OLI remote-sensing image of 2019. The 52
studied community parks were identified with
ArcGIS 10.4, and classified by kernel building
density. The threshold-size and optimal shape
of community parks to mitigate UHI effect were
then discussed. The results showed that 1) with
the increase of buffer ring distance around the
community parks, the cooling intensity decreased
and the cooling extent were mostly less than

180 m; 2] the area, shape, and the NDVI of the
parks were important factors affecting the cooling
intensity; 3) the cooling intensity of community
parks under a high kernel building density was
better, with a higher threshold-size (0.848 hm?)
than that of the low ones (0.384 hm?); and 4) the
optimal cooling intensity would occur when the
park in a shape of circle or square. In conclusion,
it is suggested that small green space should be
planned in the areas under a high building density.
Through renewal design and refined management
measures in the urban green space system
planning, giving full play to the ecological benefits
of urban green spaces in mitigating the local UHI
effect can also be expected.

KEYWORDS

Community Park; Nature-Based Solutions; Urban
Heat Island Effect; Microclimate Adjustment;
Empirical Study
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1 Introduction

In 2018, 55% of the world population reside in cities, and

the predicted number will reach 68% by 2050 as the urban
population of China will reach 1.086 billion, reported in the
World Urbanization Prospects 2018, Rapid urbanization has
impacted the evolution of cities’ landscape pattern, sharply
shrinking urban green spaces and accompanying severe ecological
problems such as the exacerbated urban ecosystem damage and
urban heat island (UHI) effect”. Moreover, traditional costly
approaches that aim to resist natural disasters are no longer
effective in coping with today’s environmental challenges''.

In response, “Nature-Based Solutions” (NBS) has attracted
increasing attention of researchers and planning decision-makers
over recent years. Leveraging and facilitating the delivery of
ecosystem services, NBS can contribute to the sustainability of

M5 "and is widely regarded as

ecological measure of a sound cost-effectiveness'®’.

economy, environment, and society

A large number of studies have proven that urban green space
can effectively regulate urban microclimate (e.g., UHI effect
mitigation)"”, being a critical component to a city’s resilience
to future climate changes'®. For example, Zhang Changshun et
al. examined the central area, satellite towns, and suburbs of
Beijing City and attempted to reveal the inner-relations between
the cooling intensity of green space with its type (include grass,
arbor forest, arbor-grass, arbor-shrub, arbor-shrub-grass, shrub,
and bamboo forest), structure, and management measures'’;
Majid Amani-Beni et al. found that the cooling effect of urban
parks has a significant correlation with the urban green space
type (farmland, waterbody, and urban green space) and its
landscape level index!"”; Du Hongyu probed into the cool island
effect of green-blue spaces and their optimal distributions based
on landscape pattern index, i.e. spatial and temporal pattern
of land surface temperature, and proposed associated planning
strategies''"'. Studies have also proven that the size and shape of
urban green space are key factors to its cooling effect*"*. Zhou
Dongying et al. quantified the correlations between the size and
temperature of urban parks in cooling effect'”’’; Furthermore,
Chang Chi-Ru et al. found that there may be a non-linear relation
in urban green space area and the cooling effect''; Yu Zhaowu et
al. defined a threshold value of efficiency (TVoE), i.e. the cooling
efficiency will decrease when the size of urban green space
exceeds a critical value—This finding bridges urban ecological
research and landscape planning and design practice!"” """,
and the mitigation on UHI effect by parks is broadly explored
(especially in size and shape) in urban land planning and urban
green space system planning.
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MANKABRD AL
Study area HEM521 i KAR
TEKEHIXAE (REKIK)
Community park (without water body)

N 1. 52 community parks
A A (without water body)
Other urban park £ in central Nanjing
KA jﬁé were selected as the
Water body 1 research objects

In general, current literature mainly studies the composition
and configuration of existing urban landscapes to the mitigation
on UHI effect. Also, a few of studies quantify the threshold-size
in different landscape types (e.g., waterbody and green space) to
the optimal cooling effect of green space to better supply urban

20-221 However,
. 9

management and climate adaptation planning
there are few documents on quantizing the relation between

the cooling effect with the area and shape of small-scale green
spaces. The authors selected the existing community parks in the
central area of Nanjing as an example to 1) identify the causal
factors of community parks on the urban cool island (UCI)
effect to surrounding environment; 2) quantify the threshold-size
and optimal-shape of community parks; and 3) offer references
to urban green space planning on mitigating UHI effect and
improving microclimates with quantitative evidences and

guidance on adaptive strategies.

2 Study Area and Research Methods

2.1 Study Area

Located in the lower reach of the Yangtze River, Nanjing has
a typical subtropical monsoon climate and its annual average
temperature is 15.4°C. In recent years, with the rapid expansion

of several urban centers that have aggravated the UHI effect,
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Statistics of Nanjing
Public Security
Department: By the end
of 2019, Nanjing had a
population of 10.3122
million, including a
resident population

of 8.5 million and a
migrant population of
3.214 million.
According to the
Standard for
Classification of Urban
Green Space (CJJT85-
2017), community

park (G12] refers to

the green space that

is independently-
planned in land use
(better larger than

1 hm?) and has daily
leisure and recreational
facilities and supporting
services, mostly

used by the residents
living in surrounding
communities.

Source: the official
website of United States
Geological Survey
(USGS)

Remote sensing image
and high-resolution
satellite image were
both used in this
research; the resolution
of the remote-sensing
image obtained

from the Landsat
8-0Llis 30 m that is
accurate enough for
LST retrieval, and the
resolution of satellite
image extracted from
the BIGEMAP is 0.5 m,
which is more suitable
for identifying small-
scale community parks.
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Nanjing is one of the hottest cities in China. By the end of 2019,
the residing population of Nanjing exceeded 10 million®”, and
most of them lived in the central area of the city. To explore the
mitigation of small-scale urban parks on the UHI effect, this
paper studied on the community parks within the city which

are the daily places for citizens’ leisure life. The central Nanjing
covers an area of about 834 km” and has 609 parks, 62 of which
are community parks®—ranging from 1.02 hm? to 9.66 hm?, only
accounting for 1.81% of the total park area in the study area.
These community parks are scattered throughout the city center,
and their cooling effect directly affects citizens’ daily use of leisure
and recreational places. Considering that the cooling effect of
water bodies would confuse the research results, as the findings
by Lowell W. Adams et al.*”), this study further excluded 10 of

the 62 community parks which cover water bodies (Fig. 1).

2.2 Data Sources and Pre-Processing

Remote-sensing images of central area of Nanjing used in
this study include Landsat-8 OLI one ( 30 m in resolution)
and high-resolution satellite one (0.5 m in resolution) obtained
from the USGS Earth Explorer® and BIGEMAP data software®,
respectively. The former one was taken on July 11th, 2019
when the weather was sunny and cloudless, and the detected
temperature was 23 ~ 30°C; all bands except the thermal infrared
one were processed in ENVI 5.3 for radiometric calibration
and atmospheric correction, then obtained the image of central
Nanjing by mask extraction with ArcGIS 10.4. The latter one was
obtained through the coordinate transformation and geographical
registration by ArcGIS 10.4.

2.3 Study Methods

Based on the remote-sensing image and the high-resolution
satellite image, the study attained land surface temperature (LST),
community park location, kernel building density, and other
data with ArcGIS 10.4 and ENVI 5.3. The relations between the
UCI of small-scale urban parks with their size and shape factors
were explored through the statistical analysis with SPSS 24.0 and
Excel.

2.3.1 Land Surface Temperature Retrieval

Due to the unstable parameter settings in band 11 of the
Landsat 8-OLI satellite, and the single-channel algorithms suitable
for the situation of low atmospheric water vapor content being
not applicable for the rainy weather of Nanjing**, the study
introduced the radiative transfer equation (RTE)"** to retrieve a
highly accurate land surface temperature (LST)*""*" using band
10 in ENVI 5.3.
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2.3.2 Community Parks Identification and Buffer Zone Parameter
Delineation

According to the high-resolution satellite image, the schemes of
Nanjing Park Layout Planning (2017-2035), and field surveys, the
location and area of the 52 community parks were identified with
the ArcGIS 10.4. Moreover, considering the 30 m as the minimum
resolution of Landsat image'"""*!, 20 buffer rings (each with a width ®
of 30 meters) were set for each community park, i.e. the width
of the total buffer zone of each park ranged from 0 to 600 m®.
The average LST in each buffer zone was retrieved to quantify the
cooling extent and intensity.

2.3.3 Kernel Building Density Estimation

LST is subject both to local land use and anthropogenic
heat. The cooling intensity of a community park is affected by
the building environment around it. This study adopted the
concept and algorithm of “kernel building density,” proposed by
Huang Huanchun et al.”” based on the theory of kernel density
estimation®. The building density of a certain place is the ratio of
the total building area to the land area within a certain distance
centered from the place. Applying the kernel density function,
the method of floating catchment area (FCA) is used to calculate
the unit space of the area one by one on the raster data format.
Specifically, a circle can be drawn centered on one point (i) as the

F1: BRRETRIMERIFHESREESZERE N

Table 1: The characteristic indexes of landscape pattern and their ecological implication at the patch scale

izt = EX HEEE
Name of index Definition Range
BEAER ERB(, mshm’ A0
Patch area Unit: m? / hm? -
_2vmA
HESRE R A - 5 NETIEATREREE, HHEH) ) S T3
FREIR R, ARTHREAR, PRIBREK, CH/NRITPERIRBEAREZ, SPRAAR (BICIAT) BRRREE 0sCls1
Patch Compactness Index (C1) A is the patch area and P is the patch perimeter. The smaller the Cl is, the less compact the patch shape is. It is the most compact when the
patch is circular (i.e. Clis 1)
E
Lst = 2xVTA
SRR R, ENENAFFATRARIOAKE, ANBWAER, LSI=18 HER; LSI=1.1360EA%; LSHEMA, TR LSz 1
Landscape Shape Index (LSI) E is the total length of all patch boundaries in the landscape and A is the total landscape area. When LS/ equals 1, it is a circle; when LS/
equals 1.13, it is a square; the larger the LS/ is, the more irregular the landscape shape is
LST = ——F——~
. K,
hREE ) LST=20
Land Surface Temperature (LST) SfLandsat-8 OLI band 103€3f, K, =77489(mW -m™%-sr~-um™) , K, =1321.08K, HT,2hHEiE5
For the Landsat-8 OLI band 10, K, = 774.89(mW - m2 - s~ -um~1), K2 = 1321.08K | T_ is the ground radiation
_ (pNIR — pRED)
JA— LA A NDVL= GoNIR + pRED)
Normalized Difference Vegetation R, NIRDIELINERMRSHE, REDHERBARSHE, YNDVIHMERFRETESSZ. K. T%, FTEFFERES -1<NDVIs
Index (NDVI) NIR is the reflected value of near-infrared band, and RED is the reflected value of red light band. When the NDV/ is a negative value, the
ground cover is cloud, water, snow, etc., while the positive value is vegetation cover
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To improve the research
accuracy, the width

of a buffer ring was
determined according
to the resolution of

the retrieved LST data
(30 m). The data pre-
processing found that
the maximum cooling
extent of the studied
parks was mostly less
than 300 meters but
exceeding 400 meters
for a few of samples;
for a higher research
accuracy, the study
examined a 600-meter-
width buffer zone for
each park.

The kernel density
estimation method can
be used to estimate
population and building
density, predict crimes,
and monitor visits in
tourist areas. It can
analyze point-based

or line-based data in a
neighborhood to map

a continuous random
variable (Source: Ref.
[291).
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filtering window (A), using the average value in the window A as
the kernel building density to point i. Finally, a kernel building
density diagram with continuous spatial changes was obtained.
The calculation formula is as follows:

_ 1 Z?=1K(Wixi)
fO=ga=a

where, K () is the kernel density equation; w; is the weight
value of place i, x; is the kernel building density of point i, A is the
size of filtering window, h is the threshold range of spatial effect,

n is the number of points in the threshold range, and d is the
dimension of data.

In addition, in order to identify the threshold-size and optimal
shape of community parks under different kernel building densities,
this study quantified the kernel building density within the buffer
zone (0 ~ 600 m) around the community parks by the natural
breaks in ArcGIS 10.4. Finally, 38 community parks were identified
under a low kernel building density (kernel building density values
0 ~ 17,923) and 14 under a high kernel building density (kernel
building density values 17,924 ~ 81,613).

2.3.4 Quantification of Cooling Intensity and Urban Green Space
Characteristics

The UHI effect mitigation is related to the area, shape, and
other factors of the green space””"'!, but the mechanism leading
to the optimal cooling effect has not been clearly understood, as
well as the relations between the cooling intensity and the size and
shape of green space”*”. Accordingly, assisted with SPSS 24.0, the
study quantified these relations in community parks by examining

green space indicators both on typological characteristics—
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including the Area (AREA), Compaction Index (CI), and
Landscape Shape Index (LSI), calculated with the ArcGIS 10.4
and FRAGSTATS—and the biological characteristics—including
LST and Normalized Difference Vegetation Index (NDVI),
calculated with ENVI 5.3 (Table 1).

2.3.5 Optimal Cooling Intensity and Threshold-Size

SPSS 24.0 was used to estimate the threshold-size for
optimal cooling intensity of community parks. An assessment
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framework of UCI effect extent, intensity, and threshold value of

1. was adopted

efficiency (TVoE) proposed by Yu Zhaowu et a
in this research: the threshold-size of a community park (i.e. the
smallest area of a park that supports an optimal cooling effect)
was identified when the best fitting curve of the cooling intensity
and the area of community parks is a logarithmic, with the TVoE
occurring at the point where the slope of the resulting logarithmic
function equals 1. As shown in Figure 2-2, the cooling intensity
increases rapidly as the park size enlarges before reaching the

TVOoE; across that, the cooling intensity little increases.

3 Results and Analyses

3.1 The Cooling Effect of Community Parks on the Surrounding
Areas

With the zonal statistical tool of ArcGIS 10.4, community
parks, buffer zones, and LST were overlapped to obtain the average
LST inside each park and of each buffer ring. The research used
SPSS 24.0 to probe into the curve fitting degree, where the buffer
ring distance was independent variable, and the average LST of
buffer ring was the dependent variable. The result showed that the
fitting effect of cubic polynomial was optimal, where R? valuing
0.6 ~ 1 accounted for 94%, and R2 valuing 0.8 ~ 1 accounted for
69%.

4 community parks with a high fitting degree are illustrated
here. All the fitting curves in the Figure 3-1 rise first and then
decline, which indicates that those community parks have a
significant cooling effect on the surrounding area within a certain
distance. In this study, the x-axis value in accordance with the
cooling extent of each community park was defined as the E,,,,
marked in red on the curve. Existing studies have proven that
the local climate conditions (precipitation, wind speed, relative
humidity, etc.) may impact the cooling effect of urban green space
to some extent”’!. The LST within the buffer rings is also subject
to the orientation, light, wind direction and speed, etc. Specifically,

Table 2: The cooling extent of community park

/S AEETR &R (hm?*) FEREE (m) wS PKEER @R (hm?) FERERE (m)
Number Name of park Area (hm?) Cooling extent (m) Number Name of park Area (hm?) Cooling extent (m)
! Drum%’i%vﬂ:r%};i?ﬂaza 248 150 - 180 4 Sunﬁsﬁs:i:ﬁaza 216 120-150
2 Ptzqcze/l;k 161 150 ~180 5 Sout?i‘z}l;%laza 181 30~¢60
3 Liu::ﬁi};z‘aza 133 0-30 6 Minﬂgﬂyz:ﬂ]:v/frark 121 90-120
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Table 2: The cooling extent of community park

/S AEETR &R (hm?*) FEREE (m) w"S AESBR @R (hm?) FERERE (m)
Number Name of park Area (hm?) Cooling extent (m) Number Name of park Area (hm?) Cooling extent (m)
7 e 2.58 390 ~ 420 30 BRI 5 2.43 30~ 60
Guanghua Garden ’ Xiaoshan Mountain Plaze ’
KITETR B BULAXARE
8 Daxinggong Civic Plaza 1.57 0-30 31 Sheshan Community Park 3.04 120~150
FRERILHIT 17 [EG 23 hisz|
? Railway North Street Plaza 1:57 300 -330 32 Hengmao Home Garden 169 30-60
RE S ERREHR 5
10 Moriyoshi Plaza 1:37 0-30 3 Chahar Road Civic Plaza 1.03 30-¢0
" RAT 5 2.13 120 ~ 150 34 B At DR 1.74 360 ~ 390
Moonlight Plaza ’ Huilong Bridge Community Green Land ’
[ N SEEM XN E
12 Chunshuiyuan Park 1.64 150 - 180 % Xingda Community Park 112 30~ 60
EMRUEMLX AR BLLFA B
5t
3 Yaolinxianju Community Park 158 120-150 36 Gangshan Bridge Park 106 150 - 180
FELUMX AR BRAEHTT 15
14 Baota Mountain Community Park 147 60~90 37 Yinhua Street Plaza 150 120~150
BEE KABRARE
1 Nanwanying Plaza 200 0 % Shuiyueginghuai Park 167 0-30
LB LE AR LA XA R
16 Huadianxiyuan Mountain Park 966 180~ 210 39 Cow Head Mountain Community Park 648 120~150
17 BB 1.36 30~ 60 40 HE R A 1.02 0
Getang Plaza ’ General Avenue Bridgehead Park '
R4 FREE A X N
18 Yifeng Plaza 1.03 150 ~180 41 Xincheng Road Community Park 2.98 90~120
19 B 1.07 120 ~ 150 42 RAEEEDAE 1.21 90~120
Baijiahu Garden ’ Longhua Road Central Park ’
A E FAMBEAL XN
2 Bamboo Mountain Park 3.04 270~ 300 43 Yaohe Road Community Park 108 0-30
21 KRUOHRM B 3.06 40 -90 " AlBRAEERA X AR 113 30~ 40
Yaohuamen Civic Plaza ’ Xianyin North Road Community Park ’
= NN | =4 ‘ig/\
22  EREIRAE 139 0-30 45 | FMEMNAE 1.84 0-30
Cuiping International City park Xuelin Road Community Park
XA X AR SHERMX AR
23 . . 2.45 0 46 . . 1.50 90~120
Wending Road Community Park Buging Road Community Park
WHEABNARE B XA
2 Yuhuatai Government Park 381 180 - 210 47 Xiaozhuang Community Park 1.74 30-60
- 2L N 345 0-30 8 BRLEEX AR 158 0
Huashen Lake Park ’ Mufu Villa Community Park ’
KB R FE A 4 o Ll /N
2% West Side of Eternal Home Park 112 120-150 49 Xuezi Road Community Park 519 90-120
27 ERAE 1.82 0~30 50 XA 3.13 30~ 60
Yajule Park ' - Urban Oasis Community Park ’ -
=) NSNS g ian
28 #? e 2.02 30~ 60 51 . i ?‘d S 1.03 0-~30
Shengjingfang Garden Xiamafang Community Cultural Plaza
29 SRR 2.16 150 ~ 180 52 s 1.23 30~ 60
Nine Dragon Park ’ - Zidong Road Community Park ’ -
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the study further surveyed and mapped the sampling points in
the east, south, west, and north of No. 16 park, and found the
E,.. in each section was about 200 m (Fig. 3-2). In addition,

the variation of LST in the east, south, and north section was
consistent with its overall fitting curve; the LST variation in the
west section was slightly different because of its proximity to an
urban park (sitting 400 meters from the Hongshan Forest Zoo)
that had a significant cooling effect on the No. 16 park, leading
to a decrease of LST in the west section beyond 300 meters.

The E,,, of community parks are mostly less than 180 m (46
parks), with an average cooling extent of 90 ~ 120 m. Among
them, the parks of No.15, No.23, No.40, No.46, and No.48
contributed little to the cooling effect on the surrounding areas,
mostly on account of their high ratio of impervious surface, or
large-sized water bodies or green spaces in their buffer zones
(Table 2).

To further quantify the variation of cooling intensity of each
community parks on the surrounding areas, the average LST
difference between each buffer ring of the park was obtained
(called the cooling intensity of buffer ring). The cooling intensity
difference between the inner park and the first buffer ring was
0.187°C; the difference between the first and the second was
0.075°C. Overall, with the increase of the buffer ring distance,
the cooling intensity decreases; the cooling intensity difference
was barely found when the distance exceeds 300 meter, which
would slightly fluctuate around 0°C due to the impacts from the

surrounding environment (Fig. 4).

3.2 Cooling Intensity and Urban Green Space Characteristics
The cooling intensity of the 52 community parks ranged
from 0°C to 2.612°C, with an average of 0.604°C—the
significant cooling effect verifies the spatial heterogeneity
shaped by the typological characteristics of landscapes™. The
correlation coefficients between the 5 typological indicators
and cooling intensity were calculated with SPSS 24.0 (Fig. 5),
where individual outliers were eliminated (for instance, the
shape index of No.25 park was far larger shape than the others).
The results showed that the cooling intensity was positively
correlated with NDVI (R = 0.354, p < 0.01), AREA (R = 0.467,
p <0.001), CI (R = 0.403, p < 0.001) while negatively correlated
with the land surface temperature of park (P_LST) (R =-0.683,
p <0.001) and LSI (R =-0.393, p < 0.001). In other word,
within the thresholds, the cooling effect of a community park
can be optimized with a larger size, a higher NDVI, and in a
more regular shape, which is consistent with other research
findings**"**. Originally, this research further examined the
threshold-size and optimal shape of community parks under



2|6 1 2|8 1 3|0 1 (I) 1 ? 1 1|o 1 1';5 1 2|5 1 3|5 5. FUMSPSS 240187
N ® 543 K AR BT IR
FEREE @ 8 0 °of° - HIERFSHRER
(ALST) ZIERIER RS, &
REPH, BERES
NDVI. AREA. CIi9%&
Il EIFEX,
2
%k
- 5. The correlation
© -0.683 coefficients between
(S .
5 typological
& characteristic factors
of community parks
S Uz(l_'ft*)ﬁ% and cooling intensity
NDVI were calculated by
0.354 -0.638 SPSS 24.0. The results
showed that cooling
intensity was positively
o sk Kk * correlated with NDVI,
AREA, and CI.
0] 0.467 -0.383 0.342
o]
)k
0.403 —-0.081 0.168
Kok .
. A
-0.393 0.049 -0.032 0.153 ~0.869 "
g
- 5
1 T 1T T T 1 1T T 1T 1T T 1 T T T 1
0 1 2 3 005 015 025 0.35 0.2 0.6 1.0
iE NOTE
*#~P<0.01, **%*&7~P<0.001, *P<0.01;**: P<0.001.
*3: FEAZENEE THRAREMREESHXZMERS
Table 3: Analysis of cooling intensity and the causal factors in community parks under different kernel building densities
ES5] #E (1) FHER (hm?) FIRERIERE (C) FHRBERES IR IEH TR (CIERE S
Type Number (piece) Mean area (hm?) Mean intensity (°C) Mean CI Mean LSI Mean NDVI
XA
. 52 2114 0.604 0.734 1.481 0.253
Community park
PEREATENEX AR
Community park under a high 14 1.773 0.741 0.738 1.409 0.239

kernel building density

ERERAZRENEX AR
Community park under a low 38 2.239 0.532 0.721 1.508 0.258
kernel building density

AT AR AR B S R A DX B A DG i PR 2R 1P 2 1 different kernel building density types (Table 3): the average cooling
(£R3) o Hp, (RS B AT DX Rl S Y AR R 0.554°C, intensity of community parks under a low kernel building density
T S JE A X B S R B TR B 590,741, T AH220.187°C ;. 15 was 0.554°C, and 0.741°C for the ones under a high kernel building

IS I R DX A B LA S B TR . (/SR T BURIND VT density—the intensity difference was 0.187°C; Compared with the
N TAE L HE S [ K A community parks under a low kernel building density, the parks
A 52 HY o
under a high kernel building density were found in a more regular

shape, but slightly lower in AREA and NDVI.
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3.3 The Threshold-Size of Community Parks

The size of the 52 parks ranged from 1.019 to 9.663 hm”.
Although this research found that the size of the parks was
positively correlated with their cooling intensity, the insignificant
cooling intensity observed in smaller parks was also resulted from
location reasons or the impacts by their surrounding environments.
For instance, the No.45 park (1.84 hm?) has a high impervious
surface ratio and is adjacent to a large-scale green space (a scenic
area). In addition, this correlation was strongly impacted by the
kernel building density of the community parks (Fig. 6, 7). The
linear fitting analysis (outliers removed) revealed that the slope of
community parks under a low kernel building density was 0.12
(R*=0.369, p < 0.001), and 0.51 (R* = 0.501, p < 0.01) for the parks
under a high kernel building density, evidencing that the latter ones
had a more significant cooling effect on the surrounding areas.

Through a simple linear regression to analyze the size and the
cooling intensity of community parks with SPSS 24.0, the logarithmic
function relation between those two was identified (Fig. 8). As the area
of the parks increases, the cooling intensity under the both density
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types of community parks soars first and then stays at a certain
extent (the one under a low kernel building density: R* = 0.303,

P < 0.01; the one under a high kernel building density: R* = 0.3186,
P < 0.05). However, the threshold-size of community parks under
the both density types showed a significant difference: 0.384 hm’
for the parks under a low kernel building density and 0.848 hm®
for the ones under a high kernel building density.

3.4 The Optimal Shape of Community Parks

The circularity ratio of CI, a metric to the shape
characteristic of a landscape, was selected to analyze the shape
factor of community parks. It showed that the CI and their
cooling intensity of the studied parks was an exponential
function with positive correlation (R = 0.434, p < 0.05), and the
optimal cooling effect would occur when CI value was close to
1 (i.e. the park in a shape of circle or square), being consistent
with most existing studies”"”’”!. As shown in the Figure 9,
community parks under a low kernel building density had a
lower fitting degree (R* = 0.318, p < 0.01), compared to the ones
under a high kernel building density (R* = 0.602, p < 0.001)—
However, these fitting correlations need to be further verified
because of the limited samples in this study, most of which were
scattering below the fitting curve (Fig. 9-1). The reason for this
fitting pattern was that the NDVI value of the corresponding
parks was extremely low, or those parks were affected by the
surrounding environments. For instance, the CI value of No.37
park was 0.881 and its cooling intensity was only 0.267°C,
might resulting from its high impervious surface ratio and low
NDVI value (NDVI = 0.169, far less than the average level);
The No. 18 park had both high CI and NDVI values but a very
low cooling intensity (0.301°C), probably because of the park’s
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adjacency to a large scenic area in the north and a bigger urban
park (covering water bodies) in the south, which two impacted
the park’s cooling intensity considerably.

Besides, relevant studies on urban blue-green spaces have also
demonstrated that when a park’s size exceeds 1 hm®, its cooling
effect would be little subject to whatever the park’s shape is"",
which is deviated from the findings of this study. Compared to
larger blue-green spaces that can form a relatively local micro-
climate, community parks (mostly being 1 ~ 4 hm?) would have
a poorer cooling effect if they are in an irregular shape, due to
the increased inner-outer interface would lead to more diffuse
thermal flows"””"*”), In this sense, the shape irregularity has greater
impact on the cooling effect of smaller community parks.

4 Discussions

4.1 Causal Factors to the Cooling Extent of Community Parks

In this research, the main findings on the cooling extent
and intensity of community parks in central area of Nanjing—
including the cooling extent of the 52 studied community parks
was mostly less than 180 meters, the average cooling extent of
114.23 meter, and the average cooling intensity was 0.604°C—
verify existing research outcomes. Remarkably, the cooling extent
of the No.7, No.9, and No.34 community parks exceeded 300
meters, all of which were under a high kernel building density
(Table 4). Specifically, the No.34 community park was mostly
occupied with woodland and it had the highest NDVI value
among the parks under a high kernel building density. The study
by Hashem Akbari et al. explained that green spaces’ structure
can largely define their UCI effect: the more healthy and denser

vegetation an urban landscape is occupied, a more significant
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Table 4: The cooling extent and the causal factors in No. 3, 7, 9, and 34 community parks
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cooling effect it has, where woodland landscapes show a better
cooling effect than grasslands'*”. The parks of No. 3, No. 7, and
No.9 are close to water areas, but the cooling intensity and extent
of both the latter two parks were far higher than the No. 3 park.
The possible reasons are as follows: 1) compared with No. 7 and
No. 9, No. 3 park covers a smaller area and is in more complex
shape, which would weaken the cooling intensity of the park; 2)
No. 3 park is covered by grasslands, and No. 7 and No. 9 parks
by woodland which can not only cool the air more efficiently but also
provide other ecosystem services such as improving air quality""*'l;

and 3) No. 7 and No. 9 are connected with surrounding water
and green spaces together forming a larger green space that would
perform a stronger cooling intensity and a wider cooling

MIB_this also corroborates the study conclusions that

t[38][42].

extent

water body is an important causal factor to UCI effec

4.2 Community Park under Different Kernel Building Densities

The 52 studied community parks were identified under
different kernel building densities. Most parks under a low kernel
building density locate around the central area of the city, and
the threshold-size of such parks was 0.384 hm” and the average
cooling intensity was 0.532°C. The parks under a high kernel
building density are mostly sitting within the central area of the
city, with the threshold-size as 0.848 hm” and 0.741°C for the
average cooling intensity. The disparity of threshold-size was
caused by the fact that the heavier UHI effect of urban built-up
areas under a high kernel building density can only be efficiently
mitigated by a green space that covers a large-enough area'**”!,

It was found that the cooling intensity of the parks under both
kernel building densities were easily impacted by the environmental
factors from the surrounding areas. An across-examination on the
NDVI value of 0 ~ 600 m buffer zone of each park indicated that
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the average NDVI value of the parks under a high kernel building
density was 0.149 and 0.184 for the parks under a low kernel
building density (Fig. 10). Under the same factor conditions of the
community parks and their surrounding environments, the parks
under a high kernel building density expect a relatively larger size
to support the optimal cooling effect, compared with the ones
under a low kernel building density. However, this finding needs
to be further verified because the number of the studied samples
for the high kernel building density type is inadequate and the
spectrum of park size is relatively narrow (mostly 1.2 ~ 2.6 hm?)
(Table 3).

4.3 Suggestions on Index Adjustment in Urban Green Space System
Planning

This paper delved into the threshold-size and optimal shape of
community parks that support the best cooling effect, and found
that the area, shape, and NDVI of the parks were significantly
correlated with their cooling intensity, wherein the threshold-
size of parks under a low and high kernel building density were
0.384 hm” and 0.848 hm’ respectively. Both of them are smaller
than the expected size of community parks (no less than 1 hm?)
by the Standard for Classification of Urban Green space (2017).
Proper adjustments on the green space index in community parks
of urban green space system planning should be taken according
to locality conditions. Particularly, it is conducive to plan small
green spaces in the areas under a high kernel building density,
giving full play to the ecological benefits of urban green spaces in
mitigating the local UHI effect through renewal design and refined
management measures. Embracing the ideas such as Nature-Based
Solutions and ecological design, urban planning and management
will perform a stronger capacity to address the challenges in the
rapid urbanization.

In this research, the studied community parks under a low
kernel building density have a larger average size and a higher
average NDVI value. To create a more comfortable micro-climate
in urban parks, park designers and managers should pay attention
to the protection and restoration of existing vegetation habitats
and the establishment of new plant communities. The best UCI
effect can be obtained by enriching the vegetation structures and
scales and improving the connectivity of the green spaces within the
park. Community parks within central urban areas are often under
a high kernel building density and prone to the environmental
impacts by grey infrastructures in the surroundings. In this sense,
under the inventory planning background, the cooling effect of
community parks in central areas can be improved by adding more
small-scale green spaces, increasing the compactness of parks—
making the parks in a more regular shape—and enhancing the
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density and continuity of vegetation communities.

4.4 Research Significance and Prospects

By analyzing the mitigation of 52 community parks on UHI
effect in central area of Nanjing, this study explored the threshold-
size and optimal shape of small-scale parks for the best cooling
intensity. The research results are of certain universality.

Some limitation still exists. First, for the limited samples and
research methods, more than 80% of the studied community
parks are covered with woodland without water bodies, no
further discussion on the difference of mitigation of the specific
cover types (e.g. grass, shrub, and arbor forest) on the UHI
effect; Second, previous studies have proved that meteorological
conditions (precipitation, wind speed, relative humidity, etc.)

071400 which were

strongly impact the cooling effect of green space
almost avoided in this study without further probe; Third, as a
supplement, focusing on the seasonal and diurnal differences in
the cooling intensity, the spatial differences under different climatic
zones, and cultural-geographical characteristics are also expected.
For cases in different cities, it also needs to take into account the
impact of regional, seasonal, meteorological, and other factors in

future studies.

5 Conclusions

Based on the tools and methods of remote-sensing, ArcGIS,
and statistics, this study analyzed the interconnection between
cooling intensity and the characteristics of community parks in
the central area of Nanjing, and discussed the threshold-size and
optimal shape mitigating the UHI effect. Main research findings
include:

1) By setting buffer zones for 52 community parks and
studying cubic polynomial fitting curve between P_LST and the
average LST of buffer zone, it found that with the increase of
buffer zone distance, the cooling intensity gradually decreased
and tended to 0°C in the end.

2) Among the impact factors, the cooling intensity of the
community parks was positively correlated with NDVI (R = 0.354,
p <0.01), AREA (R =0.467,p < 0.001), CI (R = 0.403, p < 0.001)
while negatively correlated with P_LST (R = -0.683, p < 0.001)
and LSI (R =-0.393, p < 0.001). Thus, within the thresholds, the
cooling effect of a community park can be optimized with a larger
size, a higher NDVI, and in a more regular shape.

3) With the optimal cooling intensity under different kernel
building densities, the threshold-size of community park under low
and high kernel building density was 0.384 hm® and 0.848 hm’,
respectively.
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