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Abstract

Aim: This research aimed to determine the distribution of different types of Urban green spaces (UGS) in Thilisi districts, the distribution of access zones,
the number of people who have access to UGSs, how current active housing construction affects UGSs and where reduction hotspots are located.

Methodology: A 500-m buffer was set around UGSs. UGS changes were detected based on the NDVI from the 2017 and 2023 (June-August)
PlanetScope imagery. The NDVI classification thresholds were -1 to 0.19 (nonvegetation), 0.19 to 0.5 (shrubs), and 0.5 or greater (trees). Thereafter,
UGS patterns and reduction hotspots were determined in the district.

Results: The percentage of access zones was lowest for Didube (5.4%) and highest for Nadzaladevi (14.7%). Chughureti (8.3%), Mtatsminda (8.8%),
Isani (9.3%), and Gldani (9.9%) had similar numbers. The worst situation was observed in Samgori (8.9%) whereas the best situation was in Didube
(69.8%). UGS degradation was high in Saburtalo (35.3%), and only a 0.6% decrease was found in Chughureti.

Interpretation: UGSs are better distributed spatially and available to more people in "old" districts (Mtatsminda, Chughureti) and territories that were
developedin the 1970s. The urban green spaces were neglected by contemporary urban sprawl. Though legislation has helped to preserve urban green
spaces with status, butlocations without status are victims of active development.
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Introduction

Urban green space (UGS) is widely recognized as an
essential biophysical indicator for assessing the quality of the
urban environment. The growing population and opportunities for
employment and facilities in the modern lifestyle of cities urge
people to migrate to cities. Therefore, rural areas are rapidly
changing into urban areas. Cities where urbanization has not
been controlled have experienced serious economic,
psychological and ecological problems over time. Individuals
require physical spaces to alleviate the stress of urban life.
People can relax in such places to get mental peace which can
improve their quality of life. By providing many valuable
ecosystem services, UGSs can provide considerable health
benefits to urban population (Huang et al., 2017; Wolch et al.,
2014). Urban green space are considered an appropriate way to
reduce urban heat island effects and comfort nearby urban
population (Aram et al., 2019; Lee and Park, 2020; Yang et al.,
2017). In some cities, the abundance of natural environments can
meet these needs whereas in others artificially constructed
natural environments can do so (Karafakiand Etin, 2020).

Urban expansion is usually associated with intensive
reduction in UGSs, leading to the deterioration of urban
population health and quality of life. The United Nations Human
Settlements Programme, 2023, projects an increase in the
proportion of people living in urban areas to 68% by 2050. UGSs
include a variety of places, including parks, reserves, sporting
fields, riparian areas (such as streams and riverbanks),
greenways and paths, community gardens, street trees, and
nature conservation areas. Additionally, UGSs may include fewer
conventional sites, such as green walls, green alleyways and
cemeteries. With the acceleration of urbanization, UGSs have
become even more important. It is essential to identify UGS
dynamics due to their significance in strategic planning for smart
cities, governmental intervention, and addressing issues related
to environmental degradation (Dutta et al., 2021), such as the loss
of essential ecosystem services. The environment experiences
adverse effects from declining UGSs at the site-specific level, but
these effects also extend to regional scales and beyond
(Rahaman et al., 2021). Therefore, researchers and decision
makers must determine the reasons for the reduction in UGSs on
the one hand and the selection of mechanisms for their
restoration on the other hand (Oguz, 2012). Additionally, UGS
information can be extremely important in the classification of
land use and land cover (LULC) (Aryal et al., 2022).

These findings will contribute to the formulation of future
development strategies for urban agglomerations (Huang et al.,
2017). Over the last few decades, the urban areas of developing
countries have experienced unprecedented growth. However,
most cities need to improve their planning activities to address
this growth (Mouratidis, 2021). The development of remote
sensing has helped to detect and quantify UGSs. Satellite
remote sensing offers the ability to obtain high-resolution images
that capture extensive regions, including metropolitan areas

spanning from city centers to suburban or rural surroundings
(Granero-Belinchon et al., 2021). Researchers are actively using
vegetation indices (Viss) to study UGSs and their changes, with
the normalized difference vegetation index (NDVI) being one of
the most common and widely used indices. NDVI is a good
indicator of urban vegetation structure (Ren et al., 2017). Itis as
considered one of the primary indices for studying the urban
ecological environmentata relatively low cost (Yue et al., 2007).

Despite many benefits of satellite imagery, since UGSs
have a fragmented distribution, the spatial resolution of images is
highly important in the digital analysis of UGS spatial distributions
and patterns. Today, many commercial satellites provide high-
resolution images, but in many cases, such products are difficult
to access, even for scientific purposes in countries such as
Georgia. The use of open-access data allows multidisciplinary
research to be conducted. The Planet Scope Orthorectified
Product is suitable for analytical and visual applications. Thilisi,
the capital of Georgia, has experienced anthropogenic pressure
for a long time. Similar to many cities worldwide, in Thilisi, urban
growth is directly proportional to the reduction in green space
(Gadrani et al., 2018). Artificial afforestation was introduced
during the post-WWII period (Alpaidze and Salukvadze, 2023). In
recent decades, Thilisi has experienced rapid urbanization, which
has caused the loss of urban vegetation (Kharebava et al., 2022).
Even during the Soviet period, Thilisi was less green than the
capitals of other Soviet Republics (Patarkalashvili, 2017).
Currently, this number is quite small as the green space per capita
is approximately 5 sq. m (Alpaidze and Salukvadze, 2023).

The distribution of UGSs is uneven, leaving a significant
portion of Thilisi's population without the benefits it offer. These
circumstances add to the strongly increased demand for living
space, which leads to intensive construction in all the areas of city.
Inappropriate regulations accompanied this; in particular, most
development companies neglected to create UGSs during
construction and only allocated the land for buildings. For this
reason, the government of Georgia issued a decree in 2019
(Jalaghonia et al., 2023) that obliges construction companies to
ensure the arrangement of green spaces during construction.
The decree coefficient defines a special coefficient (greening
coefficient K3), which is the minimum indicator of the ratio of
green surface area of the plot to the total area of the plot. For
Thilisi, K3 was defined as 0.1. This means that for a 1000-sq m
construction site, the green space should be at least 100 sq m.
This highlights a trend in the city, greener the space surrounding a
living space higher s the price of the living space.

As a result, researchers lack detailed information
regarding the particular districts in the city experiencing a scarcity
of green spaces and the extent to which this scarcity poses a
significant challenge for residents. Taking into account the
abovementioned circumstances, the purpose of this research
was to determine the distribution of different types of UGSs
according to the districts of Thilisi, to determine what part of the
city's territory isincluded in the access zones, and to analyse what
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part of the population has access to UGSs. The changes caused
by the active housing construction of the last period (2017-2023)
affected the UGSs and where the hotspots of these changes were
located are determined.

Materials and Methods

Study area: Thilisi (502 sq. km.) is located in the eastern part of
the country on both the banks of the Mtkvari River (internationally
recognized as the Kura River), 380-1512 m a.s.l. (Fig. 1).
Archaeological excavations have confirmed the habitation of
Thilisi's territory as early as 4" millennium BC. The city has been
developing in Thilisi since 5" century, and since then, the urban
body has been expanding. Over the centuries, Thilisi has served
as the main city of the Caucasus, and in the modern period, it has
established itself as an important industrial and cultural center
(Salukvadze and Golibchikov, 2016). In addition, it is one of the
most important transport hubs, where it forms a conduit for global
energy trains. The infrastructural development of a city has a
great impact on the anthropogenic transformation of its terrain
and landscapes as a whole and the reduction of UGS (Tsitsagi et
al., 2022). According to the modern administrative division, Thilisi
is divided ento 10 district: Chughureti, Didube, Gldani, Isani,
Krtsanisi, Mtatsminda, Nadzaladevi, Saburtalo, Samgori and
Vake (Fig. 1).

Statistical data: The main source of statistical data in Georgia is
the National Statistics Office of Georgia (Geostat). Data on

changes in the population and spatial distribution of Thilisi were
obtained from National Statistics Office of Georgia (Geostat) and
Thilisi City Hall (Meladze and Loladze, 2017).

Planet Scope data: We used PlanetScope open-access data to
estimate UGSs for 2017 and 2023. Planet monitoring provides
3.7 m resolution images of the entire Earth daily. Ready-to-use
images and data in four multispectral bands-RGB and near-
infrared - were integrated simply into the existing workflow.

Geospatial data of Thilisi: Geospatial data depicting UGS types
were obtained from the Thilisi City Hall, and geospatial data on the
administrative division of Thilisi were obtained from the National
Public Registry Agency of Georgia.

Aucxiliary data: We applied the Thilisi land use (LULC) data to
assess the results of our research. The LULC data used in the
present study were obtained from ESA open-access data. The
World Cover 10 m 2021 product from the European Space
Agency (ESA) offers a worldwide land cover map for 2021. This
map has a resolution of 10 m and was created using data from the
Sentinel-1 and Sentinel-2 satellites. The World Cover product
consists of 11 land cover classes and was produced as part of the
ESA World Cover project, which is a component of the 5" Earth
Observation Envelope Programme (EOEP-5) of the European
SpaceAgency (Zanaga et al., 2022).

Methods: UGSs in Thilisi are divided on the basis of their usage
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Fig. 1: Administrative division of Thilisi by district: 1-Chughureti, 2-Didube, 3-Gldani, 4-Isani, 5-Krtsanisi, 6-Mtatsminda, 7-Nadzaladevi, 8-Saburtalo, 9-

Samgoriand 10-Vake.
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Table 1: Distribution of different types of urban green spaces in Tbilisi

Types Area (ha) Percentintotal UGS
Recreational, scientific-research 366.0 24

Public parks and forest parks 0.8

Common-use squares and gardens 1.0

Urban green infrastructure 564.8 3.7

Forests of the former State Forest Fund 8477.7 56.0

Otherforested areas 48114 31.8

Other urban areas covered with trees 640.2 4.2

(Alpaidze and Pace, 2021) and are assigned different status,
namely:

Recreational and scientific research includes large green
spaces within the city and its outskirts, bicycle lanes, lighting,
lakes, drinking water fountains, paths, large green spaces with
lawns and trees, designed children's playgrounds, and sports
facilities; Public parks and forest parks are designed to meet the
recreational needs of residents in different areas of the city, which
also ensures the preservation of unique landscapes and open
spaces; Common-use squares and gardens are small; there are
park-like spaces between buildings and around them; these
spaces are accessible to everyone and cover 500-1000 sgm
area; Urban green infrastructure mostly consists of green
roadside areas covered with bushes and grass (median lanes
and safety islands); The forests of the former State Forest Fund
are natural or planted areas of dense tree plantations (residual
forest, managed forest, and mixed forms). As a rule, the size
ranges from 132 to 4000 ha; Other forest areas and areas
covered with trees, where a narrow strip of trees run along the
streets or stands alone (Table 1).

From the types listed above, types 1 to 4 were selected for
this research and a 500 m buffer was created around them known
as “UGS access zones”. Although the official document of the
capital states that 300 m is the optimal distance in a straight line,
from our personal observation, 500 m is the optimal walking
distance for a pedestrian to reach the green line. Accordingly, we
assumed that the population within the 500 m buffer had an easy
access to UGSsinits residential area. Thereafter, the overlapping
buffers were combined and finally the so-called spatial data was
obtained in the areas included in the access zone. Later, the
widest district on the Tbilisi was determined. The access zone
refers to the percentage of the district's territory within the so-
called access zone, which is the part of the population of Thilisi
provided with accessible UGSs.

Planet Scope images from 2017 and 2023 showed UGSs
and their changes. To determine UGSs, the images from the
summer (June-August) period were used, and the green cover
using NDVI was determined. NDVI is a widely used index for
identifying green spaces using red and infrared radiation from the
electromagnetic spectrum. NDVI values range from-1 (waterned
clouds) to 1 (dense, healthy vegetation) (Tucker, 1979). It is a

dimensionless index that describes the difference between visible
and near-infrared reflectance of vegetation cover based on the
equation below:

(NIR - R)/(NIR + R)

where, NIR is the near-infrared band and R is the red
band. Positive values indicate different types of land cover (roads,
bare soil, grass, shrubs, and trees). The resulting NDVI raster
layers were reclassified using the following thresholds: -1 to 0.19
for non-vegetation pixels, 0.19to 0.5 for shrubs, and >0.5 for trees
(Hashim et al., 2019). All the images were reprojected to WGS
1984, UTM 38 N through high-resolution images of Thilisi land
use and Google Earth, the obtained results were corrected the
distribution of UGSs in the respective years according to the
Thilisi districts was determined. Then, based on the comparison
of the data from 2017 and 2023, the changes in UGS density, and
the hotspots at which the UGSs were reduced according to the
districts of Thilisi were identified.

Results and Discussion

The results illustrate that the ratio of built-up and green
cover in Thilisi districts was uneven. Didube and Isani were more
developed based on the LULC data (Fig. 2). Didube had a 71.5%
of built-up area and 19.7% green cover, while Isani had 69.9% of
built-up area and 16.6%, green cover, respectively. Vake districtis
characterized by the largest portion of green cover (Fig. 2). It
should be emphasized here that all the types listed in Table 1 are
included in the green cover mentioned in Fig. 2. The analysis of
the spatial distribution patterns of the green space types in the
territory of Thilisi showed that the largest area (56%) was
occupied by forests (type 5 and 6) that were part of the state forest
during the Soviet period (Table 1). Such forests are mostly
preserved on the mountain slopes in the city suburbs and are far
from the dense settlement (Tsitsagi et al., 2022). Additionally,
these types of UGSs, which are located in the center of active
urban development and represent the only green space available
for relaxation for a majority of the city's population, occupy only
8% of the total green space (USG type 1 to 4). The distribution of
access zones around the mentioned UGSs according to the
districts (Fig. 3) revealed that the smallest percentage of access
zones was in Didube (5.4%), and the highest percentage was in
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Fig. 2: LULC according to the different subdistricts of Tbilisi:1-Chughureti, 2-Didube, 3-Gldani, 4-Isani, 5-Krtsanisi, 6-Mtatsminda, 7-Nadzaladevi, 8-
Saburtalo, 9-Samgori and 10-Vake(Calculations performed by authors based on ESA WorldCover 10m v200 (Zanaga et al., 2022).

Nadzaladevi (14.7%). Chughureti (8.3%), Mtatsminda (8.8%),
Isani (9.3%) and Gldani (9.9%) had almost equal figures.

The mentioned percentage itself is not as informative as
the ratio of access zones to the area of districts. In this regard, the
worst case was observed in the Samgori district, where only 8.9%
of the area was in the accessible zone (Fig. 3). Compared to
others, the best situation was in the Didube district, where 69.8%
of the territory came from the availability of green spaces. The
Chughureti district is slightly behind it (63%). A comparison of the
above mentioned data with the population gives us an even more
precise picture. Unfortunately, the Samgori district, where the
ratio of available green cover to the total area of the district was
very low (8.9%), had the largest population (178.000) (Fig. 3).

The population of the mentioned district was in the most
difficult situation regarding green spaces. In future, special
effective steps should be taken to organize new green spaces. On
the other hand, in the Gldani district, where the population was
slightly less (177.500 people) compared to the Samgori district,
the ratio of available green cover to the area of the district was two
two times greater than Samgori and was equal to 20.9%. The
smallest population was recorded in the Isani District (12.600),
although the ratio of the access zone to the area of the district was
60%, which is a quite good indicator. Krtsanisi district was slightly
larger than the Isani district, where approximately 3.5 times more

people live (40.000), and the ratio of access zones to district
areas was 29% (Fig. 3). For the changes in UGSs in 2017-2023,
in the districts of Thilisi, the reduction in green cover has occurred
at different scales in recent years. In this regard, the Saburtalo
district is a hotspot where a 35.3% decrease in the green cover
was noted (Fig. 4). The best situation occurred in the Chughureti
district, where only a 0.6% reduction was recorded. The situation
was also relatively good in the Mtatsminda district, where only a
2.3% decrease was observed. Green cover in the Gldani district
decreased by 2.3%.

It was important for us to determine whether the
aforementioned changes affected officially recognized parks and
gardens or only those green spaces that were not officially
recognized. The results showed that fortunately few changes
were observed within the official parks and squares. According to
the results obtained during the research, the natural and artificial
forests on the mountain slopes represent the main part of the
urban green space in Thilisi. The most recent significant
expansion of the Thilisi border occurred in 2006 (Tsitsagi et al.,
2022; Van Assche and Salukvadze, 2012a), when the
aforementioned forest areas joined the Thilisi, which increased
the area of green cover per capita. In fact, in everyday life, the
largest part of the population uses UGSs (only 8% of the total
green cover) that are adjacent to their living or working spaces;
these UGSs constitute a rather small part of the population and
are unevenly distributed among the districts of Thilisi (Fig. 3).
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Fig. 3: Distribution of the population in Thilisi, the specific share of access zones, and the ratio of access zones to the area of districts; 1-Chughureti, 2-
Didube, 3-Gldani, 4-Isani, 5-Krtsanisi, 6-Mtatsminda, 7-Nadzaladevi, 8-Saburtalo, 9-Samgori and 10-Vake (Population data source: National Statistics

Office of Georgia, 2023).

More specifically, despite the fact that the ratio of green spaces
(5.5%) in the Didube district is not distinctive (Fig. 3), their number
and equal distribution are such that a large part of the territory falls
within the 500 m access zones (Fig. 5).The reason for this is that
the Didube district was fully utilized in the Soviet period according
to land use plans (Van Assche and Salukvadze, 2012b), where
the arrangement of appropriate green spaces was also
considered. Finally, the Didube district became a densely
populated district. The legislative changes described above
prevent the transformation of UGSs; therefore, construction in the
district mainly involves the replacement of old low-rise residential
buildings with new, multistorey buildings or the transformation of
former industrial areas into residential areas. The Chughureti
district also developed in a similar way. The built-up area
occupied 44% of the total area of the district (Fig. 2). However, in
terms of greenery, it ranked 4" (28%) out of 10 districts.
Considering the overall situation in the city, this is not a bad
indicator of greenery. For this purpose, because there are streets
in Chughureti that have historical significance, some of them were
planned for use in a German project (in 19" century) (Tsitsagi and
Kekenadze, 2023), and they were not replaced by skyscrapers. In
contrast, as a tourist area, renovation took place while preserving
the old infrastructure.

The highestlevel of greenery was recorded in Vake (63%)
(Fig. 2). This is one of the most popular districts in Thilisi.
Accordingly, land is more expensive from a business perspective
than in other districts, and the highest prices are presented for
parcels, houses, commercial spaces, etc. This affects the
preservation of the natural environment more. Vake district is
divided into urban and rural settlements. It should be noted that
rural settlements are forested with recreational zones, most of
which are inviolable according to the current legislation. Urban
part of the district includes a much smaller area where several
parks are located (the largest of them are Vake Park and Mziuri)
and the buildings of the state university, which additionally
contributes to urban greening infrastructure. However, in 2017-
2023, a decrease in the green cover (39 ha) was recorded; in this
respect, it ranked 4" out of the 10 districts (Fig. 4). The loss of
green spaces occurred in urban settlements, and built-up areas
replaced green areas. Along with artificial destroyers (cutting
and/or drying of trees related to construction), natural destroyers
(climate change, pests) also have animpact. The intensive drying
of pine trees began all over Thilisi and especially, affected the
slopes of Vake district, the territory of Tskneti village, where the
largest coniferous (pine) forest massifs are present. Withering
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Fig. 4: Distribution of the decrease in green cover in Thilisi according to district: 1-ChughuretiDistrict, 2-Didube District, 3-Gldani District, 4-Isani District,
5-Krtsanisi District, 6-Mtatsminda District, 7-Nadzaladevi District, 8-Saburtalo District, 9-Samgori District and 10-Vake District.

has been linked to pests, large and small plants, and global
climate change and air pollution (Danelia et al, 2021).
Mtatsminda district occupies the second place in terms of
greenery—47% (Fig. 2). Here, the lowest settlement share of the
area of the district was recorded because of the highest altitude
rating. The largest number of rural settlements, more than half of
the villages in the city, are located in Mtatsminda district, several
of which are resorts. These settlements include natural and
artificial forests, and the largest park occupies 20 ha area. It
should be noted that more than half of the district was
incorporated in 2006, and there are great limitations in terms of
urban sprawl. The decrease in green cover from 2017-2023 was
29 ha (Fig. 4). As in the Vake district, a decline was observed in
both urban and rural areas. In this district the slopes are also
represented by coniferous (pine) forest massifs, which have lost
their health due to natural destruction. Krtsanisi occupied third
place, with a green cover area of 37% and a built-up area not far
behind, at 26% (Fig. 2). The mentioned percentage was mainly at
the expense of Krtsanisi Forest Park, and this area also includes
the so-called "old Thilisi", that has a historical significance,
therefore, certain areas are inviolable to avoid unsystematic

urban sprawl. However, unsystematic development is in progress
outside these areas, for example, Ortachala is the center of a
"boom" in the construction of residential buildings. It has now
become a popular location. This affected the loss of green space,
which was confirmed by the rate of decline in green cover (-50 ha)
during 2017-2023. In this regard, it is represented among the five
most affected districts (Fig. 4). According to the results,
Chughureti, Didube and Isani districts during 2017-2023
recorded the lowest percentage of UGS reduction (Fig. 4). This
stems from the fact that the Didube and Isani districts have been
in areas of urban expansion for a long time. In the last 6 years, the
loss of green space could not have happened dramatically
because it had already happened before. Chughureti stands last
in terms of greenery declined in 2017-2023 (8 ha).

In other districts, Saburtalo, Samgori, Gldani, and
Nadzaladevi (Fig. 4), at the district scale, greenery and
development occured in more or less equal shares. However,
they differed in terms of reducing the green cover during the
period 2017-2023. The maximum decrease in green cover was
recorded in the Saburtalo (25%) Gldani (23%) and Samgori
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Fig. 5: Spatial distribution of UGS decline hotspots in Thilisi regarding access zones: 1-Chughureti, 2-Didube, 3-Gldani, 4-Isani, 5-Krtsanisi, 6-

Mtatsminda, 7-Nadzaladevi, 8-Saburtalo, 9-Samgori and 10-Vake.

(13%) districts. However, the ratio of built-up (Saburtalo, 23%;
Samgori, 24%) and green space (Saburtalo, 19%; Samgori, 20%)
were found at average levels in these districts (Fig. 2). The
mentioned circumstance can be explained as following:
Saburtalo district is the second largest (78 sq km); 2. The eastern
part of the Saburtalo district was developed during the Soviet
period. There are places where green spaces have been
completely removed and replaced by built-up areas during the
last decade (Tsitsagi et al., 2022; Alpaidze and Pace, 2021). The
Saburtalo district includes rural settlements and restriction zones
that make it impossible to build high-rise buildings and destroy
green cover.

Samgori district. It is the largest district in Thilisi (128 sq
km). The southern part was developed during the Soviet period. In
the 1990s, the Samgori district was already an active zone of

urban sprawl, which continues even today. Accordingly, green
spaces were replaced. Here, there are neither slopes covered
with forest massifs nor cultural heritage monuments; therefore,
there are fewer restrictions in terms of construction. In Gldani, in
comparison to districts, there is a reasonable price for land
parcels and housing, therefore, the demand is correspondingly
high. There was a relatively large unexploited area, which was
quickly filled with built-up areas. It should be noted that the green
spaces in Gldani are preserved at the expense of large parks and
villages included in the district. In Nadzaladevi district, the green
cover (14%) was significantly lower (Fig. 2) as compared to the
built-up area (30%). In 2017-2023, it ranked 5" out of the 10
districts (Fig. 4) in terms of reduction in green cover (5.2%). This
decrease can be observed in the vicinity of the Mtkvari Riverin the
urban area of the city, where it also decreased massively in the
northern part of the Thilisi Sea (Fig. 5). Finally, throughout Thilisi,
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the left bank of Mtkvari was more urbanized than the right bank,
this follows since 2006. The right bank has been joined by
forested slopes, rural settlements and resorts. All of these factors
led to the existence of more restricted zones for construction than
on the left bank of Mtkvari. For the left bank, the joined territories
are rural settlements, but due to climate and other natural
conditions, the landscape is different, and there are fewer forested
massifs. Accordingly, urban utilization was simplified, and the already
scarce green cover was further reduced. In addition, as mentioned
above, the Mtkvari River accompanied by close accommodation,
and the slopes were relatively free of built-up areas.

Analysis of high-resolution satellite imagery is useful for
assessing the ongoing changes in the urban green spaces. The
spatial analysis of these changes has shown that, in the case of
Thilisi, modern development unfortunately cannot respond to
modern challenges. The UGSs are relatively better distributed
spatially and, therefore, are available to more people in the "old"
districts (Mtatsminda and Chughureti) and the territories utilized
inthe 1970s (Didube). The role of UGSs in current urban sprawl in
Thilisi has been completely ignored. A positive trend was
revealed in that the existing legal regulations limited the
encroachment of UGSs that had already been granted status,
and this was confirmed by the distribution of UGS reduction
hotspots obtained by the analysis of satellite images. We hope
that the legislative changes made in city planning will contribute
to the preservation and renewal expansion of UGSs, which future
studies will show.
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