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Abstract

Urban heat island is a global issue and a consequence of rapid urbanization
that leads to higher land surface temperature in urban areas. The range is
0.6°C - 1.3°C compared to rural and suburban areas. LST (Land surface tem-
perature) is an important parameter in determining the heat island. Under-
standing the relationship between green space configuration and LST is essen-
tial to the effective design of the mechanisms, which reduce the effect of urba-
nization on UHI (urban heat island). This study examines the correlation be-
tween LST and spatial configuration of green space in the urban landscape of
Neyshabur city, Iran. Satellite images are obtained from Landsat ETM+ satel-
lite sensor with a spatial resolution of 60 meters in August 2010 and used for
the estimation of LST. In order to identify the configuration of green space,
five configuration metrics LSI (/andscape Shape Index), MPFD (Mean Patch
Fractal Dimension), ED (Edge Density), MPS (Mean Patch Size) and MSI
(Mean Shape Index) are used. In addition, configuration of the green space
and temperature is compared by Pearson’s correlation-coefficient. Negative
values represent a suppressive/negative effect on each other; the fact that
other indicators of spatial configuration are inversely related to temperature
means that they weaken the effect of UHI. Results of the study showed that
the spatial configuration of the green space notably affects increased LST
and UHIL On the other hand, the configuration indicator with the greatest
impact on LST was ED, because with increase in margin density further de-
creases LST.
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1. Introduction

Urbanization is developing at an unpredictable rate around the world [1]. More
than half of the earth’s residents live in cities, and this figure is constantly in-
creasing [2]. Urbanization rate rose from 17.9% to 56.1% from 1978 to 2015 [3],
and will reach around 72.9% [4]. Population in urban areas grew from 746 mil-
lion to 3.9 billion within a year from 1950 to 2014, which constitute 54% of the
world’s population [5].

Expansion of cities is the crucial factor in changing natural landscapes, while
it largely influences the structure, function and dynamics of ecological systems
as well [6]. Today, environmental issues have become a major concern in the
areas without ecological value inside the cities; for instance, declined groundwa-
ter level due to the lack water infiltration capacity, soil pollution and growth of
non-indigenous plants in the urban environment.

One of the significant outcomes of rapid urbanization is the urban heat island
(UHI) effect, which leads to higher land surface temperature (LST) in urban
areas. The range of temperature is between 0.6°C to 1.3°C compared to rural and
urban areas [7] [8] [9] [10] [11] which is the result of land cover change. UHI is
mainly caused by the change in land surfaces for purposes of urban development
[11], in which the used materials are able to save short wavelengths [12] [13].
Consequently, LST increases due to UHI. Impervious surfaces and built struc-
tures in urban areas change the local climate through UHIs, and the effects leads
to large-scale consequences [14] [15].

Urban open spaces (green spaces) consists of different parts, including parks,
gardens, urban forests, natural reservoirs, freeway corridors, playgrounds and
other private green areas [16]. Urban green space can alleviate the UHI effect by
preventing the entry of the warming sun rays around buildings, air cooling of
surfaces and evapotranspiration and lowering the wind speed [17]. Furthermore,
the urban green space and vegetation cover play a pivotal role in balancing bio-
physical human communications and conservation of the urban environment.
Green space is the fundamental requirement of any city, which greatly contri-
butes to geology and ecology and enhances urban residents’ quality of life [18]
[19].

Urbanization changes the urban green space which could lead to the loss and
fragmentation of green space, thereby lowering its efficiency [20].

Spatial characteristics and configuration of green space spots in the urban en-
vironment have certain effects on UHI [13]. Composition of the landscape di-
rectly involves the LST by affecting surface physical characteristics, such as hu-
midity and albedo [21]. Moreover, the spatial distribution of landscape plays a
key role in determining the LST due to its impact on the radiation flow and
energy flow, which leads to the creation of heat islands [22].

Based on the ecology of the landscape, spatial pattern is a critical determinant
of ecological processes [23]. Patterns of the urban vegetation cover in a land-

scape may potentially affect the LST since spatial arrangement can affect the flow
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of materials and energy in the vegetation cover [24] [25]. Therefore, under-
standing the effects of landscape pattern on the UHI is essential to ecological
improvement and sustainment of the cities [1].

Ecology of the landscape involves the assessment of spatial configuration, for
which metrics have been developed to identify the quality of spatial qualities in
the land cover spots, as well as their associations with each other [1]. Most of the
studies conducted during the past two decades have focused on the association
between the composition of green space and LST. Although the correlations be-
tween these studies vary, they have reported a negative relationship between the
amount of vegetation cover and LST. In unison, the spatial features and confi-
guration of the vegetation cover influence the distribution of UHI inside urban
environments [13]. In this regard, some studies consider the size and shape of
the vegetation cover spots as a significant determinant of the urban LST. For in-
stance, Zhang et al (2009) [26] used the Landsat +ETM satellite sensors to ob-
tain the urban LST of Nanjing in China, expressing that the spatial features and
configuration of the vegetation cover spots inside cities alter the effects of LST
distribution.

In another research, Cao et al (2010) [27] analyzed ASTER data to examine
the spaces of Nagoya Park in Japan. In the mentioned study, the PCI values of 92
parks were collected, and LST was generated. By determining the correlations,
the results showed that the shape of the parks affected LST, while a non-linear
relationship was observed as well.

According to Weng et al. (2008) [28], there is a relationship between the LST
of residential areas and spatial configuration, as the residential polygons with a
more complex margin changed LST. Furthermore, Li ef a/ (2012) [1] studied the
urban area of Beijing (China), stating that the concentration of vegetation spots
led to higher LST, while the size of green areas had no effect, and the spatial con-
figuration exerted a significant effect on the variability of LST. Maimaitiyiming
et al. (2014) [13] inspected the patterns of green spaces and their impact on the
LST of Akasa City in the northwest of China using TM-sensor satellite images.
In addition, composition and spatial distribution of the green areas were deter-
mined based on the percentage of land cover (PLAND). By verifying the rela-
tionship between LST and spatial pattern of green spaces, variations of LST were
also examined. According to the findings, PLAND was a significant predictor of
the LST. On the other hand, spatial distribution of the green spaces influenced

LST, and the association of LST and vegetation cover was identified.

2. The Study Area

Neyshabur is one of the cities of Khorasan Razavi Province, Iran. This city is lo-
cated between latitudes 35°36'N and 36°52'N and between longitudes 58°8'E and
59°15'E Figure 1. The area of this city is 8924 square kilometers, 5500 square
kilometers of which are plains and 3425 square kilometers are highlands. Slope

of the Neyshabur plain is east-westward, while a large part of the plain (particu-
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Figure 1. The study area Neyshabur, Iran.

larly the northern part) has a slope with a north-southward direction [29]. Ney-
shabur is one of the most important cities of Iran in terms of the population,

cultural background, tourism, and industrial and historical centers in the north
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east of the country. Moreover, it is a grand symbol of the Iranian history and
culture. According to the latest statistics, population of Neyshabur is 276,089,
and according to the census of 2011, the population of this city was 433,105 [30].

Neyshabur city has an average temperature of 13.9°C, 100 days of frost per
year, average minimum temperature of 12.37°C, and average maximum temper-
ature of 39.97°C [29]. Total mean of the annual rainfall in Neyshabur city (23
years) is 238.2 millimeters [31], with the maximum monthly mean rainfall of
50.87 millimeters in March, and minimum monthly mean rainfall of 0.16 milli-

meters in August.

3. Methods

By visiting the www.USGS.gov website, satellite images of Neyshabur city in
August 2014 were collected from ETM+ sensor of Landsat satellite, with the spa-
tial resolution of 60 meters. Images were used for the quantitative and qualitative
examination of the urban green spaces using the ArcGIS 10 software. For the
quantitative evaluation of the vegetation cover features, we surveyed factors such
as the green space variations, associations of the landscape structures, ecological
functions, and landscape metrics. In addition, the ENVT 4.7 software was used
for processing the satellite images and determining LST, Patch analyst software
was used for calculating the metrics, and the ArcGIS software 10 was used for
drawing and analyzing the final maps. Finally, the correlation rate of the land-
scape metrics and LST was recorded.

The parametric method of Pearson’s correlation-coefficient was used at 95%
confidence level to study the correlations between metrics and UHI and assess
the changes, which also determined the associations between the metrics of
landscape and LST.

Pearson’s correlation-coefficient was used to calculate the association between
two distance and relative variables with normal distribution. This coefficient has
been marked by r, and the changes in values were within the range of -1 and +1,
with the symbol indicating the direction of this association. If the obtained value
is positive, it means that the changes of two variables occur in the same direc-
tion. In other words, by increasing one variable, the other variable increases and
the other way around. If r is negative, it means that the two variables act in op-
posite directions. In other words, the increased value of one variable decreases
the values of other variables and the other way around. If the obtained value is
zero, it indicates that there is no association between two variables, and if it is
+1, the association is positive and complete. If it is —1, the correlation is negative
and complete.

In this study, Pearson’s correlation-coefficient was used for quantitative va-
riables [32] [33].

X0, K) (1)

r= —\2 —\2 M)
\/Zinzl(xi N X) Zin:l(Yi _Y)
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where Y is metric, denotes the mean of the metric, represents LST, is the mean

temperature of LST, and n is the number of each metric.

3.1. Metrics Selection

LST and UHI can be linked to the types of land use/land cover (LCLU) [17] [34]
[35] while there is also a relationship between the spatial structures of thermal
urban patterns and features of the city [17] [36]. Within the past few decades, a
large number of landscape metrics have been developed widely used to deter-
mine the patterns of landscapes and their correlation with environmental
processes [27] [37] [38] [39]. Common metrics of the landscape are selected to
express the association between LST and spatial patterns of green spaces. It is
also noteworthy that these metrics are often chosen in accordance with four
principles [40] [41] [42] [43]: 1) their theoretical and practical significance, 2)
convenience of calculation, 3) interpretation and 4) minimum frequency [13].
Following metrics were used in order to study green spatial configuration of
Neyshabur urban Table 1.

Table 1. Studied metrics of spatial configuration [44].

Studied metrics

Metric Definition Ranges
1 LSI Measures the complexity of the spot’s shape. LSI>1
2 MPS Calculates the mean spot size in one category of spots MPS >0
3 MPFD Measures the mean fractal dimension of the spot. 1<MPFD <2
4 ED Margin Congestion ED>0
5 MSI Mean Form Index Normalized by Area MSI>1

3.2. Calculating the Surface Temperature

Measurement of LST was based on the sixth ETM+ band of the Landsat satellite
images from August 2010. The Landsat obtained the LST and stored it as a digi-
tal number (DN) between 0 - 225. Since the DN values had no physical meaning,
they were converted into their reflectance values, so that the DNs could be in-
terpreted in terms of temperature in Kelvin, Celsius or Fahrenheit. The extrac-
tion procedures of the temperature are as follows:

a) Converting the DN into their Reflectance Values:

Converting the DNs into spectral radiation according to the referential values

of spectral radiation was based on the following formula:

L, =(Gain*Qy, )+ Bais (2)

The bias and gain values were obtained to estimate the reflectance values,
which were calculated based on the sixth band. The following formulas show the

methods used for the estimation of bias and gain values.

Bais = LMIN 3)
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Gain - (LMAX—LMIN) @
~ (QCALMAX —QCALMIN)

In the formula above, QCALMAX is the largest DN value (=255), QCALMIN
is the smallest DN (=1), LMIN is the spectral radiation value of the DN in the
sixth band (=zero), and LMAX is the spectral radiation value of the DN in the
sixth band (=25). Additionally, the following formula was used for the conver-

sion of the DN into radiation:

P=G(Py )+B (5)
P, = Pixel radiance value (6)
P,y = Pixcel digital number (7)
B = Bias(Offset) (8)
G =Gain )

b) Converting the Reflectance Value into Kelvin:
T = % (10)

In {P: +1J

T, = Temperature in degree Kelvin (11)
P, = Pixcel radiance value (12)
K, =607.76 (13)
K, =1260.56 (14)

In this study, Ki and K; were different values for TM and ETM+, as well as the
fixed calibration coefficient. Kelvin temperature was converted into Celsius us-

ing the following formula:

T("C)=T(K)-273.15 (15)

Land surface temperature (LST) and Greenspace Neyshabur was shown Fig-
ure 2. LST value was estimated within the range of 22.42 - 31.99, with the high-
est value relating to the north of the city, where there are multiple buildings and
few green spaces. In addition, the temperature of the areas without vegetation
cover is significantly higher, whereas it is lower in the areas ornamented with
green spaces.

Based on the green space map in the current research, it could be inferred that
the shortage of vegetation covers in the north of Neyshabur city (e.g., parks) may
lead to the congestion of UHI. On the other hand, the lowest congestion of UHI
in the western part of Neyshabur could be attributed to the small number of
barren lands and industrial zones, as well as the large number of agricultural

lands.

4. Finding

In this study, five metrics were selected to determine the configuration of green
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Figure 2. Land surface temperature (LST) & greenspace.

spaces Table 1, which also analyzed the relationship between the patterns and
LST Figure 3. Initially, we analyzed the changes in landscape metrics using the
diagram and linear regression. Afterwards, Pearson’s correlation-coefficient was
calculated to assess the associations between each metric and LST. Based on the
Pearson’s correlation-coefficient, there was a significant association between LST
and the metrics of the landscape.

Changes of LST during Hexagonal Transects were shown in Figure 4. The
correlation-coefficient between the metrics and LST was measured, and the re-
sults are presented in Table 2.

The correlation-coefficient between the LST and MPS was estimated at
—0.760. Negative association of the LST and MPS indicated that by increasing
MPS, the LST decreases; as such, it could be stated that by augmenting the size
of green spaces, ecological conditions improve and LST declines.

The correlation between MSI and LST indices was determined at r = —0.807,
which indicated the complex shape of the spot, by the increase of which the spot
size augments as well. This negative association indicates that increasing the MSI
or enlarging the spot leads to the reduction of LST. By decreasing the MSI, LST
increases, and consequently, there is the possibility of creating UHIs.

According to the results of this study, the correlation of LST and MPFD was
estimated at r = —0.779, which shows the complexity of the spot’s shape. If this
value increases, the spot becomes larger. Negative association of LST and MPFD
suggested that by increasing the latter, the LST value decreases.

In the present study, LST and LSI indices were observed to have a significant
association, estimated at r = —0.737, which involved the shape of the spot. Nega-
tive association of LSI and LST suggested that by decreasing the LSI, LST in-

creases. On the other hand, increased value of LSI resulted in a more regular
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Figure 4. Changes of LST during hexagonal transects.

Table 2. Calculated Pearson’s correlation-coefficients.

Metric
MPS MSI MPFD ED LSI
LST -0.760 —-0.807 -0.799 -0.827 -0.737

P(value) = 0.

landscape shape, adjustment of its conditions, improvement of ecological condi-
tions, and reduction of LST and UHI.

Ample evidence suggests that green spaces can diminish the effect of UHIs.
On a small scale, this temperature reduction occurs in two ways: 1) by using the
solar energy and photosynthesis in the metabolism of green covers and 2)
through evapotranspiration (cooling evaporation) of the leaf surface. Therefore,
green components could diffuse the effect of UHIs on a small scale by using the
LST and low temperature of the cooler.

Configuration of green spaces remarkably influences the LST, and the rela-
tively regular green space value can increase or decrease LST effectively. Spatial

configuration may have an impact on LST by the flow of energy or energy ex-
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change between varieties of green spaces [23]. Furthermore, spatial configura-
tion of green spaces significantly affects the magnitude of LST. It is also note-
worthy that the significance and effect of the spatial configuration indices re-
garding LST widely vary between different types of green spaces. For instance,
ED is an important configuration index to affect the LST.

Increased margin congestion in various types of green spaces and vegetation
covers clearly diminishes the effect of LST. Moreover, the effect of LST decreases
by increasing the complexity of the shape of green spaces and vegetation covers.
On the other hand, expansion of the complexity of the spot’s shape and margin
congestion in green spaces may decline by the increased LST shadow. Also, in-
creased margin congestion and complexity of the shape may facilitate the energy
exchange between different types of green spaces by improving the interactions
between building areas and green spaces, thereby reducing the mean LST.

LST divides the class environment of the spots into the minimum environ-
ment of the same class to measure the complexity of the spot’s shape, with a val-
ue equal or more than one, without any specific dimension. In other words, in-
creasing the area or dispersion of green spots in impermeable surfaces may de-
crease the mean value of LST in the overall landscape.

By definition [44], a one-unit increase in the natural logarithm of LSI leads to
the reduction of mean LST by 1.058 in the landscape. In addition, increased
number and size of the spots diminish LST, thereby alleviating the effect of UHI.

5. Conclusions

UHI is one of the important outcomes of urbanization, which occurs due to the
changes in the land cover. Understanding the relationship between the configu-
ration of green spaces and UHI for the proper design of mechanisms to reduce
the adverse impacts of urbanization on UHI is essential. The present study
aimed to examine the correlation between LST and configuration of green spaces
in the landscape of Neyshabur city, Iran. In order to compare the spatial confi-
guration, green space and temperature, Pearson’s correlation-coefficient was
used. Obtained negative values were indicative of the suppressive or adverse ef-
fects of each parameter. In addition, it was observed that the indices of spatial
configuration are inversely correlated with temperature and UHI, which means
that they weaken the effect of UHI.

According to our findings, spatial configuration of green spaces can remarka-
bly affect the magnitude of LST, thereby influencing the creation of UHIs. In this
regard, increasing the margin congestion, size of the spots and complexity of the
spots’ shape in green spaces leads to the reduction of UHI effect. In the present
study, the UHI effect was determined by the metrics of landscape configuration

and presented by diagrams and correlation-coefficient values.
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