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Abstract

Urbanization creates various challenging issues, such as air pollution, noise pollution, traffic accidents, and heat island
effects. These issues have flagged up the need for solutions to enhance public health in urban environments. It is evident
that urban green spaces bring about significant physical and psychological benefits. Therefore, information on their
spatial distribution is crucial for urban management and planning. This paper relies on remote sensing images, collected
from Sentinel-2 satellite, to preliminarily map the green space in Da Nang city. The remote sensing data was collected
in November 2022. The normalized difference vegetation index (NDVI) is used to recognize the green space pixels.
Based on this preliminary study, the area of green space in Da Nang city is approximately 140 km?, which occupies
roughly 56% of the total urban area.
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Tom tit

Do thi hoa tao ra nhléu thach thirc nhur vin d& vé 6 nhim khong khi, 6 nhiém tiéng On, tai nan giao thong, va hiéu ing
nhiét d6 thi. Cac vin dé& d6 doi hoi nhimg giai phap dé nang cao sirc khoe cong dong trong moi trudng do thi. Cac
khong gian xanh trong d6 thi dem lai nhiéu loi ich rd rang vé strc khoe co thé va tinh than. Do d6, thong tin vé sy phan
bd cua chung 14 rit quan trong cho cong tac quan 1y va hoach dinh d6 thi. Bai bao cua chung t6i st dung dir liéu anh
vién tham, duoc thu nhén tir vé tinh Sentinel-2, dé xay dung ban dd so bo vé khong gian xanh tai Pa Nang. Dit liéu anh
da duoc chung toi thu thap trong thang 11 ndm 2022. Chi s6 thyc vat (NDVI) duoc st dung dé nhén dién cac diém anh
thudc vé cac ving khong gian xanh. Thong qua phan tich so bg, dién tich cua cic ving xanh tai Pa Nang 1a khoang
140 km2, chiém khoang 56% dién tich cua khu vuc dugc khao sat.

Tir khéa: Khong gian xanh; Vién tham; Sentinel-2; NDVI.
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1. Introduction

The fast pace of land use transformations
and urban development creates ever-increasing
pressures on the surrounding environment and
ecosystems. Globally, a dramatic demographic
shift towards urbanization is occurring.
Between 2000 and 2050, the proportion of
people residing in urban areas is expected to
increase from 46.6 to 69.6% [1]. The process of
urbanization brings about various challenging
issues, including air pollution, noise pollution,
traffic accidents, and heat island effects [2].
Hence, urban developers must find a trade-off
between various objectives, such as economic
development, ecosystem preservation, and
urban sustainability [3].

To ensure the sustainable development of
urban area, it is required to promote public
health in urban populations via green spaces
[4]. Through their purported effects on various
physical activities, physical and psychological
benefits that are linked to green spaces were
demonstrated [5]. Observable health benefits of
physical activity related to the use of public
green space have been documented, such as the
reduction in diabetes [6]. The improvements in
mental functioning, mental health, and
longevity can be attributed to green space [7-9].

Hence, information on the spatial
distribution of green space is crucial for urban
management and planning [10]. This paper uses
remote sensing images, collected from
Sentinel-2 satellite collected in November
2022, to preliminarily map the green space in
Da Nang city. The normalized difference
vegetation index (NDVI) is employed to
categorize the pixels in the study area into two
classes: green space and non-green space. The
remote sensing data are processed by the
Arcmap 10.8 package [11].

2. Research method

This study relies on remotely sensed data
that was obtained from the Sentinel-2 satellite
in November 2022. The employed spectral
bands are band 2 (blue), band 3 (green), band 4
(red), and band 8 (near infrared). The basic
information about the spectral bands is
provided in Table 1. The spatial resolution of
these bands is 10m. Based on the individual
spectral bands, various band composites can be
constructed to facilitate the photo-interpretation
and observation of the study area [12]. The
overview of the Da Nang study area is provided
in Fig. 2.1.
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Fig. 2.1 The study area

Table 1. The used spectral bands of Sentinel-2
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Fig. 2.2 The used remote sensing images: (a) True color composite, (b) False color composite, and (c) NDVI

Band number Band name Spatial resolution (m)

2 Blue 10

3 Green 10

4 Red 10

8 Visible and Near Infrared (NIR) 10
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The true color band composite includes
bands 2, 3 and 4 (refer to Fig. 2.2). The colors
of the bands, used in this composite, all fall into
the visible range of the electromagnetic
spectrum. In addition, the color infrared
composite (or false color composite) (refer to
Fig. 2.1) assigns the NIR, red, and green bands
to the Red, Green, and Blue channels of an
image, respectively. Generally, this band
composite facilitates the recognition of areas
covered with vegetation that are shades of red
[13]. In addition, the NDVI is a widely used
index for quantifying the greenness of an area
[14, 15]. Notably, healthy vegetation tends to
reflect strong NIR and green light. The NDVI
values of the study are shown in Fig. 2.1. The
NDVI values range from -1 to +1. Dense green
leaves are often characterized by an NDVI
value close to 1. Negative values of the NDVI
indicate bodies of water. Low positive values
point out that there is no green area. This index
can be computed as follows:

B8 - B4
B8+ B4

NDVI =

(1)

where B8 and B4 represent the band 8 and band
4, respectively.
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3. Result

In the first step, the true color and false color
composites are used to inspect the study area
and identify green space and non-green space
areas. Using the first composite, healthy
vegetation is displayed as green color. Urban
areas are characterized by shades of white and
gray colors. In addition, water bodies are shown
as dark blue shapes [13]. Meanwhile, using the
second composite, shades of red indicate areas
covered by vegetation. Deep red hues show
areas with broad leaf and/or healthier
vegetation. Grasslands or sparsely vegetated
areas are characterized by light red hues.
Impervious surfaces appear in cyan and soils
are identified by shapes of brown [13]. Via
inspection of these color composites and
additional verifications with Google Earth, 100
green space locations and 100 non-green space
locations are identified. The NDVI values of
those locations are extracted from the map of
the study area. Various thresholds are used to
determine the most suitable NDVI value that
yields the highest classification accuracy rate
(CAR). 1t is experimentally found that the
threshold value of 0.185 results in the best
outcome with CAR = 97% (refer to Fig. 3.1).
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Fig. 3.1 Classification accuracy rate (CAR) with respect to different thresholds of NDVI
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Accordingly, a green space map is
constructed using the aforementioned threshold
of the NDVI value. This map is shown in Fig.
3.2. As can be seen from the map, the central
areas, which are the northern section of Hai
Chau district and the eastern section of Thanh
Khe district, have a relatively low density of
green space. Meanwhile, the northern part of
Son Tra district (or Son Tra Peninsula) has a
robust green space due to the fact that this area
is a natural preservation area under the
protection of the national forest regulation. The
northern part of Lien Chieu district is an
undeveloped area with a high proportion of
green space. At the fringe of the city center,
there is a combination of different land covers.
These areas, located in the south of the city, are

characterized by a low density of residential
areas and farmlands. In the areas along Cam Le
and Do Toa rivers, there are notable patches of
wetlands and green spaces. Based on the
Arcmap package’s calculations, the area of the
green space area is about 140 km2, which
corresponds to about 56% of the total area.
Based on these findings, it is recommended that
the local authority preserves the existing green
spaces of the study area and enhance the green
spaces in the central areas of Hai Chau and
Thanh Khe districts. Based on [16], it is
recommended to develop green spaces near
water bodies where possible and design green
spaces that are decently large for meaningful
social interaction in the local areas.
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Fig. 3.2 The constructed green space map of Da Nang
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4. Conclusion

This paper has presented a method for quick
assessment of the spatial distribution of urban
green spaces. Remote sensing images, collected
from the Sentinel-2 satellite, are used to map
the green space in Da Nang city. A NDVI map
of the study area is used to recognize green
space pixels. Based on the data collected in
November 2022, it is preliminarily estimated
that the area of green space in Da Nang city is
approximately 140km?, which occupies roughly
56% of the total urban area. However, it is
apparent that the green spaces are not evenly
distributed. The green spaces in the central
areas of Hai Chau and Thanh Khe districts are
sparse. Meanwhile, the majority of the green
space is located in Son Tra peninsula, the
underdeveloped areas in Lien Chieu district, as
well as wet lands along Cam Le and Do Toa
rivers.

Although the proposed method helps quickly
attain spatial information on urban green space,
it only provides a preliminary assessment on
the subject of interest. It is because the method
only relied on NDVI as the predictor variable
for delineating green space from non-green
space. In addition, the classification model is
only assessed at 200 sampled points within the
study area. The reliability and accuracy of the
current method should be enhanced by
employing more sophisticated data classifiers
and sampling more points in future works.
Moreover, the current study only considers the
green space covered by vegetation, water
bodies were excluded from the analysis.
However, according to [16], surface water
should also be taken into account. Thus, the
actual green space of the study area can be
larger if the area of water bodies is considered.
In a future study, urban green spaces, including
land covered by vegetation and surface water,
can be mapped to provide a more

comprehensive view of the land cover in Da
Nang city.
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