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ABSTRACT

Green Roof (GR) is one of the most applied strategies to Mitigate Urban Heat Island (UHI)
recommended for sustainable cities. This research aims to examine and evaluate the effect of
the GR/UGI ratio on UHI mitigation, creating Urban Cool Island (UCI). The study was
carried out at Constantine, situated in the East part of Algeria, characterized by a semi-arid
climate with high summer solar radiation intensity. An urban climate analysis was conducted
during the hottest period of the year by means of remote sensing data using ArcGIS 10.2
platform. The results displayed that vegetation, urban density, and topography strongly affect
UHI. Furthermore, other finding results in this research show that fixing GR/UGI ratio (with
0.0063 reduced the average air temperature by 1.24°C) in a large-scale urban area, can reduce
the surface temperature by 4.00 degrees of the studied area.
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1. INTRODUCTION

The Urban heat island (UHI) effects are a result of both natural and human factors mainly
related to the characteristics of cities [1] like, recent urbanization marked by important
changes in the surface covers and in the built morphology, which causes a change in the urban
microclimate.

The current urban built environment, characterized by low urban ventilation and high urban
density accentuated by the presence of flat bitumen roofs [2,3]. The latter represents the most
exposed elements and the hottest thermal infrared images of urban areas [4]. These contribute
to the increasing in air temperature, one of the main factors that have a significant increase in
the energy demand of buildings and amplified the use of air conditioning. The UHI can
intensify climate change and introduce negative effects, like average global temperature
(global warming), changes in rainfall patterns, lead to severe water shortages and/or flooding.
Surface UHIs are measured based on land surface temperature (LST) and tend to be strongest
during the day due to the radiation from the sun [5]. LST has been recognized as one of the
most important parameters in understanding the urban thermal environment and its dynamics
based on the use of satellite images [6,7]. Numerous studies have been conducted to
investigate the spatial variation of LST using remote sensing as an important tool for UHI
studies [8-12]. Meanwhile, there have been many studies focusing on the correlation between
LST and remote sensing indexes such as normalized difference vegetation index (NDVI) and
normalized difference water index (NDWI) [13,14]. They have shown their cooling effect on
LST acting as cool islands. Besides, improve the capacity of these indexes (or exploit the
positive ones) by making the appropriate adjustments and changes to mitigate UHIs are
mainly recommended.

To mitigate UHI several strategies have been proposed, developed, and implemented ranged
from technological options strategies to behavior change at the individual level [15-19].
Nevertheless, planting is one of the most applied mitigation measures [20].

In general, the air temperature in green areas is cooler than non-green sites in hot months.
This fact was confirmed by many research studies on the temperature of parks and forest

cover [21]. Several studies have confirmed that this so-called “oasis” shows Cool Island (CI)



S. Sahnoune et al. J Fundam Appl Sci. 2021, 13(1), 199-224 201

effect [22,23]. In some environments such as arid, semi-arid, arctic, and subarctic, cities have
been reported as Cl (negative UHI) during certain times of the day or during particular
seasons [24,25].

The potential cooling benefits of vegetation are increasingly being exploited in rooftop
applications. Green roofs have multiple benefits for the urban environment. It has been
recognized as an effective sustainable design tool mitigating UHI effects on different scales
[26,27] and different urban morphologies [28,29]. Sahnoune and Benhassine [30] investigate
the effect of Green Roof/Urban Green Infrastructure (GR/ UGI) ratio on reducing the ambient
temperature on the micro-scale in Constantine city, situated in the East part of Algeria
(latitude 36°17° N and longitude 6°37° E) with ENVI-met 4.0 software. A
comparative-probabilistic approach based on four scenarios of green-roof models has been
used. After exploring the results, the 0.0063 ratio has reduced the average air temperature of
1.24°C during the day-time.

To date, plenty of research has investigated the effect of green spaces within cities on UHI
mitigation. While few studies have investigated the effect of GR and UGI ratio on UHI
mitigation to create UCI; this research requires greater comprehension and employs remote
sensing data in investigating surface temperatures of cities in semi-dry environments on a
large scale.

In continuance of the previous study of the GR/UGI ratio effect on UHI, we aim in this paper
to analyze the effect of 0.0063 ratio that reduces 1.24°C on UHI moderation on a large urban
scale of Constantine city. Initially, we classify and map the Land Surface Temperature (LST)
of the hottest period of the year using Landsat 8. Besides, we analyze and map the correlation
of studied urban variation with LST including the Normalized Difference Vegetation Index
(NDVI), Normalized Difference built Index (NDBI), and topography. Then, we identify the
hot-spots according to the tall residential buildings with bitumen-flat roofs. Finally, we
evaluate the large-scale effect of GR/UGI ratio (0.0063 reduces 1.24°C) on UHI moderation,

in creating UCI.
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2. METHODOLOGY

The UHI occurs on different scales of the city: micro-scale, local-scale, and mesoscale. Three
types of UHI are distinguished: The Urban Canopy Layer heat island (UCL); Urban Boundary
Layer heat island (UBL) and UHI surface and sub-surface UHI [31].

This study aims to evaluate the effect of the GR/UGI ratio on UCL by means of LST. To
achieve this objective, a series of measurements were done at Constantine city, using the
Landsat 8 data Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS), and the
Geographical Information System (GIS).

The Landsat 8 OLI-TIRS recorded the data of the hottest daytime from the U.S Geological
Survey (USGS) on July 15, 2015, at 10.06 am. Path 193/row 35, and azimuth = 120.39°,
elevation = 65.62°. The spatial resolution of the thermal image is 100 m per pixel. The band
11 (thermal infrared band) was used to retrieve the land surface temperature.

The GIS system and Landsat 8 data could provide and map the geographical information due
to the Arc-GIS software. The latter is the main platform for GIS; it includes a collection of
integrated applications counting Arc-Map, Arc-Catalog, and Arc-Toolbox.

2.1. Study area

As cited before, the investigation was conducted on six urban agglomerations of Constantine
(at latitude 36 °17' N and longitude 6 ° 37' E and an altitude of 574m, covering an area of
780.48 km) as shown in (Fig.1), characterized by semi-arid climate. Hot and dry summer goes
from June to September, and cold winter from October until March. The absolute highest air
temperature recorded in the city is 386 °C in July for the period of

(2005-2014).
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Different urban characteristics of zones

. ‘ Zones Location Urban characteristics
- Z1 Thecenter |-Irregular topography extended on 2 rocky
Constantine-city plateaus, which divide the regions in 2 part

separated by deep gorges where the river flows.
-The whole city composed by a very dense urban
structure (residential and industrial areas) with
scarce vegetation.

- limited by 2 big forest (Djebel Quahch and E/
Merielj) known by their density of ever green
oak and cypress trees.

2 North-West | -Agricultural and vegetation areas with a small
Hamma Bouziane of 71 percentage of building with bitumen-flat roofs
(rural area).

Z3 North-East | -Residential area and sparse vegetation.
Didouche Morad of Z1
4 South-East | -Flat site
: El Khroub of 71 -Residential area and sparse vegetation.
Urban buildings
5 South-West | -Agricultural and mountainous area.
Urban Buildings N Ain Smara of 71 surrounded by forest Chattaba
A 6 Between | -It can be detected as new zone 26
A B Ali Mendjeli Z4and Z5 | Typically, residential area, characterized by lack of
(S| vegetation.

Fig.1. The map showing the investigated area, and the table summarized the different urban
characteristics of studied zones

2.2. Data processing and analysis
2.2.1. LST measurements
As cited before, several studies have characterized the effect of UHI in cities by measuring
LST. Additionally, the LST is supposed to correspond more closely with the UCL heat islands
[32]. Besides, the UHI could be analyzed by measuring the vegetation and the built-up areas
with the Normalized Difference Vegetation Index (NDVI) and the Normalized Difference
Built-up Index (NDBI) as indicators.
The NDVI is used in LST estimation to quantify the presence of vegetation and to infer
general vegetation conditions [33]. Its value ranges from -1 tol [34]. NDVI is defined as the
ratio of the difference between near-infrared and red reflectance to their sum [35,36] as

follows;

(NIR — Red)
NDVI = ——= (1)
(NIR + Red)

The NDBI maps the urban built-up areas [37]. Its values are represented as a ratio ranging
from -1 to 1. NDBI is calculated with the bands 5 and 4 that correspond to Near-infrared and

short-wave infrared respectively by the following equation;
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(SWIR — NIR)
NDBI = (3)
(SWIR + NIR)

For retrieving LST, a Mono-window algorithm was created and applied through a raster
calculator in ArcGIS 10.2 based on the metadata file (MLT) (Tablel). The following steps
explain the calculation of LST;

Step 1: Estimation of Top of Atmospheric (TOA) Spectral Radiance of thermal Band 11

The LST consists of quantized and calibrated Digital Numbers (DN) representing the
multispectral image data (USGS). The following equation was used to rescale the DN values

of thermal band 11 into TOA values using the radiance rescaling factors in the MTL file [38].
LA =MLQcal + A (3)

Step 2: Estimation of Brightness Temperature (BT) of thermal Band 11 in Celsius
The thermal band 11 was converted from spectral radiance to top of atmosphere brightness

temperature (BT) using the thermal constants in the MTL file as follows:

. K2
"~ (Ln(K1/LA + 1)) — 272.15

(4)

Step 3: Estimation of Fractional Vegetation Cover (FVC) for an image using NDVI
The FVC describes the vegetation proportion by scaling NDVI according to NDVImin and
NDV Imax by the following equation;

v = NDVI — NDVImin
"~ NDVImax — NDVImin

(6)

Step 4: Estimation of Land Surface Emissivity (LSE)
Land Surface Emissivity (LSE) was estimated using the fractional Vegetation cover (FVC)

[39]. The formula is;
E = 0.04PV + 0.986 (6)

Step 5: Estimation of LST

The Land Surface Temperature (LST) was calculated as follows [40];

BT BT
LST =—+W X (—) x Ln(E) (7)
D
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Tablel.Metadata of the sensor Landsat 8 OLI-TIRS
Metadata file

M. Band-specific multiplicative rescaling factor.

AL Band-specific additive rescaling factor.

Qca  Quantized and calibrated standard product pixel values of the BAND10 and the BAND 11:
BT  Brightness temperature (K).

L,  TOA spectral radiance (Watts/ m? .srad .um).

K1  480.8883 Kelvin, of the band 11

K2  1201.1442 Kelvin, of the band 11

W Wavelength of emitted radiance

P Air vapor partial pressure = hx ¢/ s (1.423%10 ~-2m. k) with P=14380.
h Planck’s constant (6.626x10 ~-34J/K)

S velocity of light (2.998 x10 ~8m/s)

E Emissivity

2.2.2. Effect of NDBI, NDVI and topography on LST

In this part, we analyze and map the correlation of studied urban variation with LST,
including NDVI, NDBI, and topography.

The correlation between NDVI and NDBI with LST was analyzed. Following this, 10 sample
points randomly of LST, NDVI, and NDBI images were classified, and the statistical
association of NDBI and NDVI with LST was calculated with the Pearson’s correlation
coefficient respectively.

To evaluate the influence of topography, a Digital Elevation Model (DEM) derived from the
Geological Survey (USGS) ASTER global was calculated with an absolute vertical and
horizontal accuracy of 90 and 1m respectively. In DEM raster, each cell has a value
corresponding to its elevation. Based on the DEM, a hill shade was calculated in degrees
using the spatial analyst tool (Arc-GIS) with specifying the sun elevation, and the azimuth
angle in the corresponding fields.

Then, we overlapped the high and low DEM pixel values with the values of raster shading
ranged from O to over 180. The Hill shade gives the hypothetical insolation of a surface by
determining illumination values for each cell in a raster. Hence the Hill shade corresponds to

differences in the energy balance of areas with different topography [41].
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2.2.3. Detection of hot-spots in studied urban areas

The hot-spots were identified according to the tall residential buildings with bitumen-flat
roofs. Therefore, we have used a uniform grid, the tall residential buildings with bitumen-flat
roofs shape-file, and the LST of the band 11 shape-file.

First, the shape-file of tall residential building with the bitumen-flat roof was converted to a
set of polygons, then to a set of points. The values of LST were transformed into another set
of points, where each point representing a distinct temperature value. Thus, a new field of
temperature values named raster-value was listed in the attribute table, having each point of a
tall residential buildings with bitumen-flat roof linked to its corresponding temperature value.
Secondly, the new raster-values of LST were classified and joined in a uniform grid of pixels
representing a 1km? square area.

Finally, the hot-spots were identified with an unsupervised classification of LST raster values.
We have used a threshold higher or equal to 29°C as the comfort temperature [42]. The
comfort temperature of the region of Constantine is ranged between 18°C in winter and 29°C
in summer.

2.2.4. Creation of Urban Cool Islands (UCI)

Urban greenery has been proposed as an effective measure to mitigate UHI [43, 44, 45, 46],
Creating UCI. The present part quantifies firstly the UGI density and then evaluates the
large-scale effect of GR/UGI ratio on UHI.

Supervised classification of NVDI (Fig.2) on three classes (dense vegetation, sparse
vegetation, and no vegetation) was performed. Each class was converted to polygon, and its
areas were calculated from the attribute table.

The UGI density is defined by the following equation of [47];

Av
UGI Density =— (8)
Ae

Where;
(Av): the area of UGI.

(Ae): the total area of the calculation perimeter.
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e
)

Classification 1

of NDVI o N
~INon vegetation "/ A
B Sparse vegetaion
| ™ Dense vegetation bt

Fig.2.A supervised classification of NDVI

Furthermore, the effect of the GR/UGI ratio of 0.0063 on UHI moderation was evaluated
using the Arc-GIS system resulting in (UCI) data. GIS system has been proved to be an
important supporting platform for urban thermal analysis able to manage and improve the GR
function [48, 49]. The following steps explained the calculation of UCI,

First, we used the shapefile of hot-spots calculated in the previous section.

Secondly, we exported and clipped the shapefile of tall residential buildings with bitumen-flat
roofs according to the hot-spots.

Third, we calculated the ratio of bitumen-flat roofs area to the total grid area of the studied
zones. The finding results of the calculated ratios are summarized in (Table 2).

Finally, we used the ratio of (GR/UGI) of 0.0063 reduces 1.24°C [30] and tried to calculate
the UCI temperature for each zone using the rule of three, which is a particular case of the
cross-multiplication with the following equation:

The ratio 0.0063 — 1.24°C

The ratio (Abf/Ac) of (Zone X) = TCuc1?
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(Ratio 2Lt x 1.24°¢)

Ac
reuct = 10
(0.0063) (10)
Where;
(Abf): the bitumen-flat roofs area.
(Ap): the total grid area of each zone.
Table 2. Ratios of studied zones
Zones Area of Total grid Ratio of
bitumen- flat roofs area (Ap)(m?) Abf/AC
(Abf), (m?)
Z1 633283.16 61000000 0.0103
Z3 91339.90 6000000 0.0152
Z4 512590.48 17848034.13 0.0287
Z5 137369.91 11703517.89 0.0117
Z6 503617.39 140000000 0.0359

As mentioned above, the Z2 is not listed in the (Table2), because it was below the 29°C

threshold and devoid of tall residential buildings with bitumen-flat roofs as illustrated in

(Fig.3).

73
7z W
J -
EEE ,,J.I
Z1
[ 2o
/ EEEI S =
N )
75 = ‘ = 4
6 \ N m
chad ?Z
. ' : o
1 Ratios of zones studied
lZ ‘ ‘
73 f . N
I 74
—zs
B 76 210 2Km
. | Il Area of bitumen_flat roofs bLLLEL)

Fig.3. The map showing the ratios of zones studied
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The new raster values of UCI temperature were added on each pixel of the grid corresponding
to the decrease of temperature on each zone, respectively. As a result, the unsupervised

classification of these values identified the Urban Cool Islands (UCI) of the studied area.

3. RESULTATS AND DISCUSSION

3.1. Spatial distribution of LST

The LST map of the studied area is represented in (Fig.4), with values ranged from 26, 6°C to
45°C. At Constantine-city Z1, the urban area is a mixture of building mass and vegetated
surfaces. The topography of the city has a great effect on the microclimate [50], which
consequently influences the LST of the city, with a medium temperature of 32°C to 36°C
showed with light blue. However, the surrounding urban areas characterized by
densely-populated [51], urban landscape of asphalt, brick, metal and dark rooftops soaks-up
an enormous amount of energy from sunlight reflecting even more light a densely built-up
areas [52, 53] such as Z3, Z4, Z, and Z6. They have marked a higher LST reaching 45°C with

values ranged from 40°C to 45°C displayed with orange and red color.

LST in °C "o

0266 - 31,8 136,6 - 37 Sl e
mm318-3340137,6-386 !
33,4 - 34,6 59386 - 39,6
[134,6 - 35,6 MM 39,6 - 40,8
| =935,6 - 36,6 WM 40,8 - 45,0

Fig. 4. LST mapping with a classification of 10 classes.

The surface temperature of the rivers and lakes are low compared to the other land cover
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types, such as parks and gardens. These mosaic and variety of natural surface coverage lead to
the creation of cool areas in a multitude of specific parts of the city [54] such as Z2 where the
temperature value may down and reach 26.6°C, as shown in the (Fig.4) presented by blue
color.

Based on the findings, it is understood that surface temperature differences in the city
contribute to the development of the heat island effect by creating local hottest areas where
energy is retained [55]. This energy absorption leads to an “urban heat island” where the part
of cities like Z1, Z4, Z5, and Z6 experience higher-than-normal heat temperature.

3.2. Correlation of LST, NDBI and NDVI

The NDBI and NDVI are considered essential indicators generally used for analyzing the
correlation between LST, vegetation, and built-up areas [56]. NDBI is commonly applied to
extract highly built-up land represented with positive values, and negative values indicate
other land cover types. The NDVI is broadly used due to its high sensitivity to chlorophyll.
The (Fig.5) shows the NDBI maps with values ranged from (-0.480 to 0.441).

LST/NDBI y = 26,904x + 35,508

50 R? =0,9635

50

40

30 NDBI values

50 m=-0,480 - -0,191 10,018 -
m=-0,191--0,111 £10,047 -

10 = -0,111 - -0,057 = 0,072 -

0 m-0,057 - -0,014 0,105 - 210 2Km
| 990,014 - 0,018 Wm0,145 - L)
-0,4 -0,2 0 0,2 0,4 0,6 | | —

Fig.5. NDBI mapping with a classification of 10 classes and the Pearson’s correlation
coefficients graph of LST and NDBI

The maximum value is close to 0.441 displayed with shades of orange color. The minimum
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values range from (-0.480 to - 0.057) presented with dark blue color, while the average values
of NDBI range from (-0.057 to 0.047) with shades of green color. This distribution explains
the results obtained before, which generally consider the Z4, Z5, and Z6 as areas with high
NDBI values compared with the inner part of Z1 and Z3. As explained before, these areas are
commonly covered with rivers and vegetation, have low NDBI. Additionally, the NDBI in
some non-urbanized parts of the Z2 is mostly covered with natural land cover, which leads to
low values of NDBI. This result confirms the strong correlation between the larger urban
built-up land and higher NDBI values, which lead to higher LST [57, 58, 59].

However, the variation of NDVI might cause changes in LST [35, 60]. The spatial distribution
of NDVI is illustrated in (Fig.6); the map shows that the NDVI values increase with the dense
green areas and vegetation, and with the reduction of built-up areas. Moreover, the high

temperature is observed in parts of the city where the vegetation is less dense and more

sporadic.
LST/NDVI y=0,0376x-1,1918
R*=-0,9898
0,8
0,6
0,4 S
- NDVI values g ghe
0,2 --0.208--0.01040.152-&5_;,
0 N -0,020 - 0,078 E30,185 - 0,226 @
0 2 0,078 - 0,105 =m0,226-0,275 K
-, ) : i E0,105-0,127 0,275 - 0,349 210 2Km
0 10 20 30 40 20 |=90,127-0,152 wm0349-0,577 EELE

Fig.6. NDVI mapping with a classification of 10 classes and Pearson’s correlation coefficients
graph of LST and NDVI.

A nonlinear correlation between NDVI and LST was observed with (-0.9898) of Pearson’s
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coefficient, as shown in the graph in (Fig.6). The NDVI values were ranged from (-0.208 to
0.577). It could be categorized into three groups, based on the LST range: (-0.208-0.105);
(0.105-0.226, and (0.226-0.57). Certainly, each NDVI class could be allied to a specific LST
range. The first class of LST ranging between (-0.208-0.105) is just about (36°C to 45°C).
These temperatures correspond to the areas which contain asphalt surfaces, residential areas
with bitumen-flat roofs, shown with purple color in (Fig.6). For the second class of NDVI
(0.105-0.226), the LST ranges from (34°C to 36°C). This class matches to the urban areas
with suitable amount of vegetation. Several surrounding areas of agricultural lands are also
considered in this class as presented by light green color. The NVDI value becomes close to
(0.577) in areas that are near to the forests with dense vegetation, showed with bright green
color. The reason above these results came mainly from the surface storing heat structural
change and evapotranspiration of vegetation, which influences the surface radiation
temperature.

3.3. Correlation of LST and topography

The topography is an important factor which can intensify or moderate surface temperature. A
negative correlation confirms the well-known relationship between temperature and
topography [61, 62]. The LST decreases with an increase in elevation. By contrast, the
correlation is linear, while the latter was stronger for the nighttime than for the daytime [63].
In this study, the result highlights a slight difference in this correlation (Fig.7).

The positive correlation was obtained on the surfaces of rivers and some part of green areas,
which play a role in the energy fluxes exchange between the surface and the atmosphere [61];
where a low values in elevation will lead to reducing temperatures such as some parts of Z1,
Z2, and Z3 displayed by blue color. This can be attributed to the fact that local elevation is
low, the air accumulates and therefore the LST is low. Besides, the areas with high values of
elevation are the built-up areas exposed to solar radiation during most of the daytime, and the
area that received the highest energy is Z6 with a high value of temperature. Additionally, the
exposed rock surfaces would have higher LST, due to higher emissivity, as compared with dry

soil and vegetation areas.
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Topography
HillShade  m High @
™o -

[ To-134 210 2Km
[ 1134-180 r

Fig.7.Topograpgy of studied area mapped and shaded

However, a negative correlation between LST and elevation has been observed in high
altitudes correspond to the outer part of Z3 and Z5. Also, the high value in elevation with red
color represents the lowest temperature, where the vegetation tends to be vertically organized
[64]. These findings confirm that LST is influenced by some local parameters such as solar
radiation, land surface properties and vegetation in addition to the effect of elevation.

3.4. Detection and analysis of hot-spots

The hot-spots have been defined as the pixel ranged from (30.1°C to 41.4°C) which remains in
the higher temperature range as shown in (Fig.8).

Three classes were identified namely; a class represents the slight warm temperature ranged
from (30.1°C to 34.6°C) with light yellow color, a class represents warm temperature ranged
from (34.6°C to 37.1°C) with an orange color and the last class represents the very hot
temperature (37.1°C to 41.4°C) with red color. The result shows that hot-spots were detected
in urban areas [65], generally considered as areas with high NDBI and low vegetation which

confirm the results obtained before. Also, these hot-spots were correlated to tall residential
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buildings with almost 0.379% of bitumen flat-roofs who stores heat, which corroborates the
results of [52] and intensify the UHI [66] such as Z1, Z4, Z5 and Z6. Accordingly, the

detection of hot-spots helps to determine areas of priority for the implementation of

mitigation and adaptation strategies [67].

~ S 23 \
e
)
{ Y
"// -\ I'/
H(}t_spots 4,:‘ N e - N

S

30,13°C - 34,60°C ./
BN 34,60°C - 37,13°C
| 37,13°C - 41,47°C

210 2 Km

Fig.8. Hot-spots map

3.5. Creation of UCI using GR/UGI ratio (0.0063 reduces 1, 24°C)

In order to quantify the UGI density, the class of non-vegetation represents 80% of the studied
area, while the UGI density calculated by the equation (9) represents 19.90%. It includes the
sparse and dense vegetation classes. They are respectively 9.12% and 10, 86% of the studied
area. According to these values, the analysis revealed a lack of UGI which is correlated to the
high values of LST and the formation of UHI [68].

However, increasing UGI is one way to improve the microclimate in high-density cities and
reduces surface temperature [69, 70]. It could effectively cool urban surfaces by 20°C [71],
particularly in a hot and dry climate [53]. The study of Boudjellal and Bourbia [72] confirmed
that planting density is the main factor of the cooling efficiency of vegetation cover in hot and

dry environment.
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In this regard, using the GR/UGI ratio (0.0063 reduces 1.24°C) has significantly affected the
surface temperature distribution and UHI intensity [73]. The new raster values of (UCI)

temperature calculated by equation (9) were summarized in (Table 3).

Table 3. New raster values of UCI temperature

Zones Ratio Abt/Ac (m?) Cl temperature (degree)
Z1 0.0103 2.02°C
Z3 0.0152 2.99°C
Z4 0.0287 5.64°C
Z5 0.0117 2.30°C
Z6 0.0359 7.06°C
Total 0.1018 20.01°C

The results showed that the average UCI temperature is 4.0°C. The surface temperature
decreased by 2.02°C in Z1, by 2.99°C in Z3, 5.64°C in Z4, by 2.30°C in Z5, and it was
decreased by 7.06°C in Z6. A non-supervised classification of these values was mapped as

shown in (Fig.9).
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Fig.9. UCI temperature map
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These results are consistent with similar studies that show the significant effect of GR on UHI
intensity. It has been found that green roofs accounting only 5% of the total area of the city,
reduced the temperature in the lower boundary layer by up 0.5°C [74]. Another research
conducted in a large urban area of Chicago, showed that daytime roof surface temperature
reduced linearly from 0.75 °C to 3.25°C as the green roof ratio increased from 25% to 100%
[75]. Besides, our result confirms results from previous studies in similar geographical areas,
which have pointed out the effect of diurnal UCI on LST in an arid and semi-arid climate [76,
77, 78.

From the results presented, we conclude that GR has an importance in the increase of UGI
density, presenting relatively high heat island mitigation potential. However, the effect of
UCI/GR and its characteristics in semi-arid environments still need to be better quantified and

understood.

4. CONCLUSION

In a context of climate change, the effects of urban heat islands (UHI) can be broadly
intensified and heat stress is expected to progressively increase in urban areas. Planning
adapted to climate has become an imperatively challenge for sustainable cities. The Urban
Green Infrastructures (UGI) with the presence of Green Roof (GR) are commonly reported to
mitigate UHI as the most effective strategies for cooling the urban environment. From the
results conducted on the microscale of Constantine city, the impact of the GR/UGI ratio with
0.0063 reduced the average air temperature of 1.24°C during day-time. This study, tried to
examine and evaluate the large-scale effect of the mentioned ratio on UHI moderation,
creating Urban Cool Island (UCI).

The study conducted in a semi-arid urban area of Constantine, characterized by high intensity
solar radiation in summer. A satellite image has been used to estimate surface temperatures
and urban variations including NDVI, NDBI and topography. The analysis indicated that LST
is influenced by some local parameters such as solar radiation, land surface properties,
vegetation surfaces and topography. The higher LST was marked in the rock surfaces exposed

to the sun most of day and the dark asphalt covering most urban area acts as heat trap causing
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over heating instead of reflecting the solar energy back to space. In addition, these areas have
the high values of NDBI and suffer from lack of vegetation, which increase the dryness of the
air.

The result of the correlation between vegetation index (NDVI) and LST was negative with
value of R?=-0.9898. As expected, the existing area of vegetation, result in the decrease of
LST with 19.90% density of studied area. This suggests that incorporating vegetation using
the GR/UGI ratio mitigate UHI in a semi-arid environment. The results show that surface
temperature has decreased by 4.0°C of the studied area, creating UCI.

Thus, the findings presented in this paper provide information for urban planners seeking to
create a favorable microclimate through vegetation management. Besides, creating UCI for
urban areas showed great opportunities for supporting decision makers on specific actions

towards a truly sustainable city.
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