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Abstract. This study evaluated the spatial and temporal change in urban green space (UGS) in the southern
cities of Binh Duong province. Landsat multi-temporal images from 2001 to 2020 were analyzed. The
random forest algorithm was used to generate land cover maps, which were then reclassified to UGS maps.
The results showed that UGS continuously decreased in the period 2001 — 2020 in the study area. About
67.3% of UGS in the entire study area have been lost during this time. As of 2020, the remaining UGS of
the study area was 6,707 hectares, corresponding to an average coverage rate of 25.6% and a ratio of 46.1
m? UGS per capita. Although the overall UGS was still guaranteed to be above the minimum of 9 m? per
capita, only 79.2% of the urban area was within a distance of 300 m from UGS of at least 0.5 ha. This can
reduce the ability of urban residents in this area to benefit from green spaces.
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1 INTRODUCTION

Urban green space (UGS) is the area covered by vegetation in urban areas. It includes parks, trees,
lawns, gardens, urban agricultural parcels, green roofs and balconies, recreation areas, unused vacant lots
covered with vegetation, etc. UGS plays a vital role in improving urban environmental quality and human
well-being [1-5]. It provides ecological and environmental benefits such as regulating climate, reducing
urban heat island effects, preventing dust, absorbing harmful gases, limiting noise, reducing stormwater
runoff, etc. It is also a place for people’s entertainment, cultural, sports, experience, and communication
activities.

Binh Duong province, located in the Southeast region of Vietnam, has experienced a rapid urbanization
process from 1995 to the present, especially in the southern region including the cities of Thu Dau Mot,
Thuan An, and Di An. The urbanization process has significantly changed land use and land cover in this
area [6]. As a result, UGS was gradually shrinking significantly to make way for residential, commercial,
and industrial areas. The decline of UGS may cause negative impacts on environmental quality and human
well-being. Therefore, monitoring the spatial and temporal change of UGS in this region is necessary. It
can support urban planning and monitoring as well as ensuring the quality of human life.

Remote sensing is an effective tool for monitoring UGS [7]. With spatial resolution ranging from
coarse to fine, remote sensing images are suitable for monitoring UGS at different scales [8]. Many studies
used remote sensing combined with geographic information systems to monitor and evaluate issues related
to UGS for different purposes such as change detection [9], [10], environmental management [11], [12],
landscape fragmentation monitoring [13], development planning [14], social functional mapping [15],
relationship with human health [16].

With these issues in mind, this study aimed to evaluate spatial and temporal changes in UGS in the
three southern urban cities of Binh Duong province from 2001 to 2020. Landsat images and GIS-based
spatial analysis tools were used for analysis. This study evaluated each period at approximately 5-year
intervals. Since the population of 2024 and 2025 has not been updated, the calculations for this year are not
included.

2 MATERIALS AND METHODS

2.1  Study area

This study focuses on Thu Dau Mot, Thuan An, and Di An, which are three cities located adjacent to
each other in the south of Binh Duong province (Fig. 1). The total area of the three cities is about 26,267
ha, accounting for 9.75% of the entire province’s area (Table 1). However, their total population in 2020 is
over 1.45 million people, accounting for 56.33% of the province’s population [17]. This is the area where
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the province’s most dynamic service, industrial, and commercial activities take place.
Table 1. Summary of area and population of the study area

Region Area Population (person)
(hectares) 2001 2005 2010 2015 2020

Di An 6,005 106,767 207,262 320,446 394,433 491,051
Thu  Dau 11,891 152,050 178,067 241,276 284,181 345,018
Mot

Thuan An 8,371 121,863 248,452 410,818 476,221 617,587
Total of 26,267 380,680 633,781 972,540 1,154,835 1,453,656
three cities

Binh Duong 269,464 769,946 1,109,318 1,619,930 1,947,220 2,580,550

Source: Binh Duong Statistical Office [17, 18]
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Fig. 1. Study area

According to Bui & Mucsi [6], the urban area in Binh Duong has increased 65 times from 1995 to 2020.
Initially, urbanization mainly took place in these three cities, then gradually spread, and shifted to the east
and north of the province. During this period, the urbanization rate of the province, which was calculated
as a percentage of the urban population per total population of the province, increased from 17.51% to
84.41% in 2020 [19]. The urbanization process has led to significant changes in land use and land cover in
the study area.

2.2 Data

Landsat Collection 1 Level 2 surface reflectance images in the years 2001, 2005, 2010, 2015, and 2020
were downloaded from the United States Geological Survey website [20]. The 30-m bands were used,
including bands 2, 3, 4, 5, 6, and 7 for Landsat 8 images, and 1, 2, 3, 4, 5, and 7 for Landsat 5 images. In
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this study, the panchromatic band in Landsat 8 images was not used to be consistent in spatial resolution,
image processing, and classification with Landsat 5 images.

The administrative boundary downloaded from the website of the Database of Global Administrative
Areas project [21]. Training and validation data for the classification process were collected and
interpretedby the author. Meanwhile, population data were taken from the statistical yearbooks of Binh
Duong province [17, 18].

2.3 UGS classification and analysis
The overall workflow is illustrated in Fig. 2. These steps are conducted on QGIS and R software.

Multi-temporal > Preprocessing > Classification >  Accuracy assessment
Landsat images

Y

A

Spatial analysis < Urban green space maps Reclassifying

Fig. 2. Overall workflow

In the preprocessing step, two cloud-free images of each year were selected or mosaiced and stacked to
create a multitemporal image with 12 bands. Then, they were subset to the study area by using the
administrative boundary. These subsetted images were the input for the classification step.

This study used a classification scheme of six categories including barren land, impervious surface,
annual plants, perennials plants, grasses, and water surfaces. The training samples were manually collected
as polygons by a convenience approach based on Landsat images, Google Earth history images, field trips
and the author’s personal experience. In particular, the Historical Imagery function on Google Earth Pro
software was a useful support tool in interpreting and collecting samples from the past years. The random
forest algorithm [22] is used for the classification process because of its advantages [23]. The randomForest
package [24] on the R environment was used in this task. The parameters are set by default, including a
ntree of 500 and mtry of the square root of the total number of variables. In addition, to reduce the salt-and-
pepper noise of the classified maps, a 3x3 majority filter was applied.

A set of 1000 validation points was randomly generated in each classified map. The number of points
assigned to each land cover class was based on its proportional area on the map, with a minimum of 50
points for each class. Then, these points were manually interpreted and labelled on each land cover map
based on the same sources as when collecting training samples. After that, the accuracy of each map was
evaluated using a confusion matrix. Overall accuracy is calculated as the ratio of the total number of
correctly classified samples (i.e., diagonal of the confusion matrix) to the total number of validation
samples.

These land cover maps were then reclassified into UGS maps with two classes. The first one is the green
space category, which includes grasses, annual plants, and perennial plants. The second one is the non-
green space category, which includes the remaining classes.

From the UGS maps created combined with population data, spatial analyses to calculate UGS indicators
were performed. The indicators included green space area, coverage rate, and ratio of area per capita. They
were calculated for both the entire study area and each city.

In addition, according to the World Health Organization (WHQ) recommendation, urban residents should
be able to access public UGS of at least 0.5-1 ha within 300 m linear distance (or around 5 walking minutes)
of their homes [25, 26]. Therefore, residential area was extracted from the impervious surface category in
land cover maps by excluding industrial zones and quarries. Then, an analysis of residential areas within
300 m of urban green spaces of 0.5 hectares or more was also conducted.

3  RESULTS
After the classification process, the overall accuracy of the maps in 2001, 2005, 2010, 2015, and 2020
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gained 90.1%, 88.6%, 91.1%, 91.9%, and 91.7%, respectively. Therefore, it was appropriate to use these
maps for further analysis. The UGS maps from 2001 to 2020 are illustrated in Fig. 3.

Legend

— Administrative boundary
Il Green space
L Non-green space

Fig. 3. Urban green space in the study area from 2001 to 2020

The spatial analysis results are illustrated in Figs. 4 and 5. The results showed that the area of UGS, the
coverage rate, and the ratio of UGS per capita continuously decreased in the period 2001 — 2020, in which,
the period 2001 - 2010 saw a rapid decline.

For the area (Fig. 4), the entire region had 20,496.2 hectares of UGS in 2001. By 2020, only 6,707
hectares remained. Thus, 13,789.3 hectares, corresponding to 67.3%, of UGS were replaced by other types
of land cover and land use during the study period. The sharpest decline occurred in the period 2005-2010
with 7,240.1 hectares completely lost. This decreasing trend was also similar in each city.
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Fig. 4. The change in UGS area from 2001 to 2020

For the coverage rate (Fig. 5a), in 2001, the average rate of UGS of the entire study area reached 78.1%.
As of 2020, the average rate of the three cities decreased to 25.6%. On the city scale, the rates of Thu Dau
Mot, Thuan An, and Di An decreased from 89%, 74.2%, and 62.2% in 2001 to 33.9%, 21.7%, and 14.3%
in 2020, respectively.

For the ratio of UGS per capita (Fig. 5b), the average ratio of the entire region was 538.4 m? in 2001. By
2020, the average ratio decreased to 46.1 m? UGS per capita. In which, Di An has the lowest ratio with 17.5
m? per capita, and Thu Dau Mot has the highest ratio with 116.8 m? per capita. The ratio of Thuan An is
29.4 m? per capita.
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Fig. 5. The change in (a) UGS coverage rate and (b) the ratio of UGS per capita from 2001 to 2020

4  DISCUSSIONS

The cause of the decline mainly stemmed from the socio-economic development strategy of Binh Duong
province. In the initial phase of the urbanization and industrialization process (1997-2007), the province
focused on development in the southern region, which was this study area. Residential, industrial, and
commercial zones were built and expanded here during this period [6]. Consequently, the UGS was
significantly reduced to make way for developed areas. The expansion of built-up areas along with the
population explosion (Table 1) caused the UGS per capita to decrease very rapidly during this phase. The
population explosion in this area was mainly due to migration (i.e., mechanical increase). The reasons were
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the development of industrial zones, the job market and high and stable income compared to neighbouring
areas [6]. In the next phases of the urbanization and industrialization process, due to changes in the
province’s development policy from 2007, which focused on urban expansion to the eastern and northern
areas, the pace of decline in UGS slowed down in the study area.

Many studies use a common standard that urban areas need to provide a minimum area of 9 m? UGS per
capita, and ideally, it should be 50 m? UGS per capita [27-32]. It can be seen that the ratio of UGS per
capita in 2020 of our study area fell within the range of these two thresholds. Therefore, this ratio was still
acceptable for this standard, especially Thu Dau Mot city fully met the standard with 116.8 m? per capita.
The high ratio in Thu Dau Mot and Thuan An was mainly due to the contribution of the agricultural
cultivation and orchards along the Saigon River and golf courses. Meanwhile, the ratio of Di An was from
the contribution of small farming parcels as well as several green parks. However, if the declining trend of
UGS continues in the future, this ratio may soon fall below the threshold of 9 m? per capita. As a result,
this can affect the quality of life of people in this area.

In addition, the ability to access green space can improve human health [33-35]. As mentioned, WHO
recommends that every citizen should be able to reach a UGS of at least 0.5 hectares within a distance of
300 m (or within 5-minute walkable) [25, 26]. Compared to this standard, the spatial analysis showed that
only 79.2% of residential areas in this study met the requirement. It indicated that the spatial distribution of
green areas was uneven in the study area. This reduces urban residents’ ability to access and benefit from
green spaces in the study area. Therefore, the spatial distribution of urban green space should be considered
in future urban planning. A dispersed USG pattern is recommended to increase the accessibility of urban
citizens. Furthermore, the dispersed USG pattern may also help improve the quality of the urban
environment [32].

Finally, in terms of UGS mapping technigques based on remote sensing, the difference of this study is the
use of multi-temporal images at each time point instead of single images, compared with some other studies
[10, 11, 13]. Multi-temporal images have the advantage of providing information on seasonal changes in
vegetation. Therefore, they support more accurate mapping of green areas.

5 CONCLUSION

In summary, this study evaluated the change in UGS in the region of the three cities of Thu Dau Mot, Di
An, and Thuan An in Binh Duong province, Vietham in 2001 — 2020 using multi-temporal Landsat images
and spatial analysis.

The results showed a continuous decline trend in UGS area, coverage rate, and ratio of UGS per capita
during the study period, in which, the period 2001 — 2010 experienced a rapid decrease. Specifically, the
UGS of the entire study area decreased from 20,496.2 hectares in 2001 to 6,707 hectares in 2020,
corresponding to a decrease of 67.3%. As a result, the average UGS coverage rate decreased from 78.1%
to 25.6%, and the average ratio of UGS per capita decreased from 538.4 m? to 46.1 m? during this period.
As of 2020, Thu Dau Mot, Di An, and Thuan An had a coverage rate of 33.9%, 21.7%, and 14.3%,
respectively, and a ratio of 116.8 m?, 17.5 m?, and 29.4 m? USG per capita, respectively. The cause of the
decline mainly came from the phases of the urbanization and industrialization process of Binh Duong
province. In which the main cause was the expansion of built-up areas and the mechanical population
explosion.

This study also compared the analysis results with some common UGS standards. It can be seen that the
average ratio of UGS per capita of the three cities all met the minimum area of 9 m?2 per capita. However,
only 79.2% of residential areas were able to reach a UGS of at least 0.5 hectares within a distance of 300
m (or within 5-minute walkable). This reduces the ability of citizens to access and benefit from green spaces
in the study area. A dispersed USG pattern is recommended to improve the accessibility of urban citizens
as well as the quality of the environment.

This study also has some limitations. Calculating the distance from residential areas to green areas would
be better if there were precise data on the exact geographical location of each house in the study area.
However, due to the lack of available data, this study only focused on relative residential location at the
pixel scale. In addition, some minor adjustments to the administrative boundaries of the three cities in the
past were also omitted. These issues may affect the analysis results. Furthermore, analysis of the main
drivers leading to UGS loss also needs to be done. These will be considered in future studies.
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PHAN TiCH BIEN PONG KHONG GIAN XANH PO THI O CAC THANH
PHO PHIiA NAM TINH BINH DUONG, VIET NAM BANG CONG NGHE
VIEN THAM VA GIS
BUI DPANG HUNG
Vién Khoa hoc Céng nghé va Qudn Iy Méi truong, Trircong Pai hoc Cong nghiép Thanh phé Ho Chi Minh
Tac gia lién hé: buidanghung@iuh.edu.vn

Tém tit. Nghién ctru nay danh gia su thay dbi theo khong gian va thoi gian cta khong gian xanh d6 thi
tai cac thanh phd phia Nam tinh Binh Dwong. Anh Landsat da thoi gian tir nim 2001 dén nam 2020 dugc
sir dung. Thuat toan rimg ngau nhién dugc sir dung dé tao cac ban do 16p phu, sau do cac ban d6 nay duoc
tai phan loai thanh cac ban d6 khong gian xanh. Két qua cho thay dién tich khong gian xanh lién tuc giam
trong giai doan 2001 — 2020. Khoang 67,3% dién tich khong gian xanh trén toan bd khu vuc nghién cuou da
bi mat di trong thoi gian nay. Tinh dén nam 2020, dién tich khong gian xanh con lai khoang 6.707 ha, twong
g v&i ty 1& che phu trung binh 13 25,7% va ty 16 binh quan dau ngudi 1 46,1 m2. Mic du dién tich khong
gian xanh van duoc dam bao cao hon murc tdi thidu 1a 9 m? binh quan dau ngudi, nhung chi c6 79,2% dién
tich d6 thi nam trong khoang cach 300 m tinh tir cac mang xanh tir 0,5 ha tré 1én. Diéu nay c6 thé lam giam
kha nang thu huong céc loi ich tir khong gian xanh cta cu dan d6 thi trong khu vuc nay.

Tir khéa. phan tich bién dong, GIS, Landsat, vién tham, khong gian xanh do thi.
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