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This study evaluates the distribution and condition of vegetation within the green
belts of Medan City Center in 2025 by employing the Normalized Difference
Vegetation Index (NDVI) derived from Sentinel-2 satellite imagery,
supplemented by field verification through purposive sampling. The analysis
reveals that the findings indicate that non-vegetated category (NDVI < 0.1)
dominated, encompassing 12,240.98 hectares or approximately 43.98%, whereas
the dense vegetation class (NDVI 0.3-0.4) represents the smallest portion,
covering only 3,009.70 hectares (10.81%) of the total area.Vegetation index
values within these urban corridors range from a maximum of 0.55 to a minimum
of -0.04, where lower values are predominantly associated with built-up areas and
open land, while higher values are restricted to riparian buffers and fragmented
green spaces. Spatial pattern analysis, utilizing a 500-meter buffer, highlights
significant disparities in vegetation distribution and underscores the mounting
pressure of urbanization, which has compromised the ecological functions of the
city’s green infrastructure. Consequently, these findings emphasize the critical
need for strategic planning and robust policy interventions to revitalize green open
spaces as essential ecological infrastructure; therefore, the primary
recommendation focuses on expanding green belt vegetation through
intensification and protection efforts to ensure that ecological, social, and aesthetic
functions are maintained sustainably within the Medan City Center.

Keywords: Green Belt, Medan City, Normalized Difference Vegetation Index,
Vegetation Density, Urban

1. Introduction

Cities serve as centers of social and economic activities encompassing government, industry, trade,
transportation, and education sectors. In the city center of Medan, the concentration of these diverse activities
has led to increasing population density, directly resulting in the reduction of open spaces. The rapid pace of
urban development has altered land functions, including the shrinking of Green Open Spaces (GOS) and
green belts that play a crucial role in maintaining urban ecosystem balance [1].

Population growth and the rising demand for socioeconomic needs have imposed significant pressure on non-
built-up areas in Medan City Center. The demand for land for residential and commercial purposes has driven
the conversion of vegetated land into built-up areas [2], [3]. This land-use change has degraded the ecological
functions of green belts as pollution absorbers, street shading elements, and aesthetic components of the city
[4]. Consequently, the environmental quality and overall livability in the city center have declined [5], [6].
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The Medan City Government seeks to improve environmental quality by ensuring 30.58% of Green Open
Space (GOS) provision, in accordance with Regional Regulation No. 13 of 2011. Vegetation within green
belts plays an important role in absorbing pollutants, reducing noise, and enhancing air quality and urban
aesthetics [7]. Medan City Center green belt, a collector road with high traffic intensity (Public Works
Regulation No. 03/2012), was selected as the study site because it represents an area under substantial
environmental pressure. The vegetation condition along this green belt was analysed using the Normalized
Difference Vegetation Index (NDVI) method, which utilizes satellite imagery and field measurements to
objectively assess vegetation density and physiological condition [8]. This method supports the findings of
Chen et al. [9], who demonstrated that green belt vegetation effectively reduces traffic-related air pollution
levels.

Vegetation in Pekanbaru’s green open spaces plays a vital role in absorbing CO: emissions, with a capacity
of 58.26 tons/ha/year [10]. Similarly, green open spaces at the University of North Sumatra (USU) can
sequester up to 6,256.87 tons of carbon per year [11]. In contrast, public green open spaces in Malang absorb
only 17,450 tons of CO: annually, covering just 42% of transportation emissions [12]. Meanwhile, in
Yogyakarta, the sustainability index for green open space management remains low, with an area of only
49.57 ha due to ongoing land conversion [13].

Spatial vegetation analysis is essential to illustrate the distribution and density of vegetation in urban center
areas [14]. The results of such analyses provide a strategic foundation for the government, community, and
stakeholders to evaluate, plan, and sustainably manage Green Open Spaces (GOS). This study aims to map
the spatial distribution, density levels, and condition of vegetation along the green belts in Medan City Center,
as well as to identify areas experiencing vegetation decline or degradation, to support urban spatial planning
improvement and the optimization of greening programs.

2. Research Method
2.1. Research Area

This study was conducted from May to August 2025 in Medan City, North Sumatra Province. The research
location is presented in Figure 1.
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Figure 1. Research location map

2.2. Procedures

The instruments used in this study consisted of tools for collecting field data and for data analysis. Field
data collection instruments included the Avenza Maps application, GPS (Global Positioning System),
stationery, tally sheet, camera, and mobile phone. Meanwhile, the data analysis tools used were Google Earth,
ArcGIS (ArcMap) version 10.8, Microsoft Excel, and Microsoft Word.

The materials used in this study comprised secondary data obtained from other sources and ground-check
data, as presented in Table 1.
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Table 1. Types of primary and secondary data used in the study

No Data Name Data Type Source Year

1.  Citra Sentinel-2 Secondary  https://www.sentinel-hub.com/ 2025

2. Citra Google Earth Secondary  Google Earth 2025

3. Administrative Map of Medan Secondary  Badan Informasi Geospasial (BIG) 2025
City

4.  Medan City Statistical Data Secondary  https://medankota.bps.go.id 2024

2.2.1. Data Collection Method

The data collection process involved identifying the primary data required for the analysis. Primary data
were obtained through direct field observations (ground checking) using a purposive sampling method. In this
approach, 50 sample points were determined based on specific criteria established by the researcher [15].

2.2.2. Data NDVI Analysis

Pre-Processing Stage of Satellite Imagery

1. Band Combination
Sentinel-2 imagery, retrieved from https://www.sentinel-hub.com as separate spectral bands, was
processed into a multispectral composite prior to analysis. Sentinel-2 was selected over Landsat 8 due
to its superior 10-meter spatial resolution compared to 30 meters, and its 13 spectral bands, which
include the Red Edge band for enhanced NDV I accuracy. Furthermore, its high temporal resolution (5-
day revisit cycle) and a reported urban vegetation classification accuracy of 92% [11], [12] make it
more effective for detecting urban forests in Medan than Landsat 8.

2. Radiometric Correction
Radiometric correction was performed to minimize sensor and atmospheric errors in satellite imagery.
This process enhances the image contrast and improves the accuracy of reflectance values for subsequent
analysis [17].

3. Geometric Correction
Geometric correction was applied by assigning several Ground Control Points (GCPs) to align the
satellite image with actual geographic coordinates [18]. This ensures spatial accuracy between the
imagery and the Earth’s surface features.

4. Image Cropping
Image cropping was conducted to extract the area of interest by clipping the imagery according to the
administrative boundaries of the study area.

Data Processing Stage
Vegetation indices are mathematical combinations of the red and near-infrared (NIR) spectral bands used
as indicators of vegetation presence and condition.

The equation used for calculating the Normalized Difference Vegetation Index (NDVI) as cited in Hatulesila

et al. [18] is as follows:

_ (ANIR-ARed)
NDVI = (ANIR+\Red) €

Information:

NDVI =NDVI value

ANIR = Reflectance value of the NIR band
ARed = Reflectance value of the Red band

After obtaining the NDVI values, classification of vegetation density was performed. NDVI values range
from -1 (typically representing water bodies) to +1 (representing areas of dense vegetation). These values are
derived by comparing the reflectance of vegetation in the red and near-infrared wavelengths received by the
sensor [19].

3. Result and Discussion
3.1. Spatial Distribution of NDVI Values in Medan City

The distribution of NDV1 values in Medan City in 2025 shows variation in vegetation density, with values
ranging from -1 to +1. NDVI calculations based on Sentinel-2 imagery produced both numerical values and
spatial distribution maps that describe the spatial pattern of vegetation coverage. The NDVI value classification
for Medan City in 2025 is presented in Table 2.
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Table 2. Distribution of NDVI values in Medan City

No NDVI Values Area (ha) Proportion (%)
1 <0.1 12,240.98 43.98
2 0.1-0.2 5,345.91 19.21
3 0.2-0.3 3,422.91 12.30
4 0.3-0.4 3,009.70 10.81
5 >0.4 3,814.06 13.70
Total 27,833.56 100.00

Table 2 indicates that in 2025, the most extensive distribution of NDV|1 values fell within the < 0.1 class,
covering 12,240.98 hectares or 43.98% of the total area. Conversely, the smallest distribution was observed in
the 0.3-0.4 class, spanning 3,009.70 hectares (10.81%), out of a total calculated area of 27,833.56 hectares.
NDVI values below 0.1 signify a lack of vegetation, identifying areas dominated by impervious surfaces,
vacant land, or bare soil. Higher NDVI values correlate with denser and healthier vegetation; values exceeding
0.4 generally represent areas with very high canopy density or robust vegetation health, usually corresponding
to urban forests or well-maintained green spaces to forest areas [20]. The spatial distribution of NDVI values
in Medan City in 2025 is illustrated in Figure 2 below.

An NDVI range of <0.1, with an area of approximately 12,240.98 hectares (43.98% of the city’s total area),
indicates that most of Medan City in 2025 is dominated by sparse or non-vegetated surfaces such as built-up
areas, open land, or thin grass vegetation. Conversely, the NDVI class above > 0.4 covering only 3.814,06
hectares (13,70%), represents a minimal portion of the city characterized by dense vegetation, such as large
trees found in specific green open spaces, along riverbanks, or in mangrove areas. The spatial distribution of
NDVI values in Medan City in 2025 is illustrated in Figure 2 below.
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Figure 2. Spatial distribution map of NDVI values in Medan City, 2025

3.2. Vegetation Density Classes in Medan City

The distribution of NDVI values can be used to classify areas based on the dominance of vegetation types,
thereby providing accurate spatial information on green cover conditions [21]. Vegetation density refers to the
concentration of plant species growing within a particular area, which can be quantitatively assessed using
NDVI values derived from Sentinel-2 satellite imagery [22]. In Medan City, vegetation density is categorized
into five classes: non-vegetated, sparse, moderate, dense, and very dense [23].
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Figure 3. Percentage of vegetation density classes in Medan City

Figure 3 illustrates that in 2025, the dominant land cover in Medan City falls under the non-vegetated
category (NDVI < 0.1), encompassing 12,240.98 hectares or approximately 43.98% of the total area.
Conversely, the dense vegetation class (NDVI 0.3-0.4) represents the smallest portion, covering only 3,009.70
hectares (10.81%). These figures highlight the scarcity of dense green spaces remaining within the city. This
finding aligns with Zaitunah et al. [24], who stated that shifts in urban vegetation cover typically indicate the
expansion of built-up areas and the subsequent fragmentation of remaining natural habitats of built-up areas
which causes the proportion of areas with high NDVI values to continue to decline.

As illustrated in Figure 3, in 2025, the largest NDV1 density class in Medan City was the sparse vegetation
category, covering an area of approximately 14,465.70 hectares, or 51.97% of the total city area. Conversely,
the smallest class was the very dense vegetation category, covering only 334.13 hectares, or 1.20%. These
findings are consistent with the opinion Zaitunah et al. [24], which stated that the expansion of built-up areas
has reduced the proportion of high-density vegetation in urban environments, leaving only small remnants of
densely vegetated zones. Similarly, Rasheedat and Jodale [25] observed that NDVI and vegetation coverage
in various global cities exhibit a comparable trend, showing a decline in vegetation cover due to massive
urbanization, particularly across Asian and African cities. Li et al. [26], who analysed NDVI trends across 889
cities worldwide, found that vegetation greenness increased in Europe but decreased in Africa and Asia due to
urbanization pressure and land-use change. The reduction in urban vegetation cover in Asian cities has also
been linked to environmental impacts such as rising land surface temperatures and deteriorating air quality.
According to Hasyim et al. [27], the decline in NDVI values caused by urban expansion is closely correlated
with the Urban Heat Island (UHI) effect. Their study revealed that an increase in NDVI by 0.1 could reduce
local temperature by approximately 0.339°C, whereas an increase in built-up area could raise temperature by
up to 1.075°C. Therefore, maintaining vegetation and green belts is vital for sustainable urban planning and
climate res ilience. The spatial distribution of map vegetation density clasess in Medan City in 2025 is
illustrated in Figure 4.
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Figure 4. Spatial distribution map of vegetation density classes in Medan City

3.3. Distribution of Vegetation Density Along the Green Belt of Main Roads in Medan City Center

The spatial distribution of vegetation density along the 500-meter buffer of green belts in Medan City Center
serves as the main focus for monitoring urban green open space conditions. The NDVI analysis was applied
to identify vegetation indices and greenness levels along this corridor, providing accurate and quantifiable
spatial data on the urban vegetation status, particularly in major road corridors [28]-[30]. Field observations
revealed that most areas within the buffer zone were dominated by residential settlements and business
facilities, with only a few green belt segments containing trees of varying density. Visualization through NDVI
imagery, Google Earth, and field verification indicated a distinct contrast between areas with very sparse,
moderate, and dense vegetation, consistent with NDV1 based classification. A visual comparison of NDVI,
Google Earth imagery, and field observations for the 500-meter buffer along the Medan City Center green belt
is shown in Figure 5.
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Figure 5. Green Belt along Medan City Center, Medan City: (a) NDVI; (b) Google Earth Imagery; (c) Field
Observation

Based on the analysis presented in Figure 5, the NDVI values along the green belt of Medan City Center
ranged from —0.04 to 0.55. The highest NDVI value (0.55) indicates areas with dense vegetation and healthy
plant conditions, while the lowest value (-0.04) corresponds to non-vegetated surfaces such as roads and
buildings. Field verification (ground check) conducted in 2025 confirmed these findings: areas with NDVI
values below <0.1 were dominated by buildings, sidewalks, and parking areas without vegetation cover,
whereas higher NDV1 values were found in segments with tree-lined streets and small green spaces along road
medians. Field observations also revealed that most sections of Medan City Center green belt experienced a
decline in vegetation cover due to construction activities and road space restructuring. This pattern is visually
represented by the contrast between vegetated and non-vegetated areas in Figure 6.
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Figure 6. Non-Vegetated Class: (a) NDVI; (b) Google Earth Imagery; (c) Field Observation

The moderate vegetation density class (NDVI 0.1-0.2) represents areas with limited vegetation cover but
still showing photosynthetic activity. Field observations indicate that this class is commonly found along
roadside areas with scattered trees, such as office yards, commercial buildings, and shop houses (rumah toko)
along center area. Vegetation in these areas typically consists of sparsely distributed shade trees and small
shrubs surrounding the buildings. The visual comparison for this moderate vegetation density class is shown
in Figure 7.
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Figure 7. Sparse Vegetation Class: (a) NDVI; (b) Google Earth Imagery; (c) Field Observation

The moderate vegetation density class, with NDVI values ranging from 0.02—0.03, represents areas with
limited vegetation cover that still exhibit active photosynthetic processes. Based on field observations, this
class was predominantly found along roadside areas interspersed with sparse trees, such as office yards, public
facilities, and shop houses (rumah toko) along Medan City Center green belt. Vegetation in these areas
generally consisted of a few shade trees with low canopy density and small shrubs surrounding buildings. A
visual comparison for the moderate vegetation density class is shown in Figure 8.
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Figure 8. Moderate Vegetation Class: (a) NDVI; (b) Google Earth Imagery; (c) Field Observation
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The dense vegetation density class (NDVI 0.03-0.04) indicates areas with good vegetation cover and high
photosynthetic activity. Field observations revealed that this class is primarily found along green belts near
Lapangan Merdeka Street, characterized by medium-sized trees with moderately dense canopies and relatively
wide spacing between trees. Although the vegetation is not uniformly distributed, its presence contributes to
improving air quality and lowering surface temperature in urban areas [31]. Additionally, vegetation in this
class enhances the aesthetic value and provides visual comfort for road users. The visual comparison for the
dense vegetation density class is displayed in Figure 9.
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Figure 9. Dense Vegetation Class: (a) NDVI; (b) Google Earth Imagery; (c) Field Observation

The very dense vegetation density class, with NDVI values greater than >0.4, represents areas with high
vegetation cover and optimal photosynthetic activity. Field observations found that this class mainly occurs
along riverbanks, where densely canopied trees grow in close proximity. The dense canopy cover creates
shaded and humid microclimates, leading to lower surface temperatures compared to surrounding built-up
areas. This high-density vegetation plays a crucial role in maintaining microclimate stability, reducing surface
runoff, and supporting the ecological functions of urban green belts. The visual comparison for this very dense
vegetation class is presented in Figure 10.
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Figure 10. Very Dense Vegetation Class: (a) NDVI; (b) Google Earth Imagery; (c) Field Observation

The spatial distribution of vegetation density along Medan City’s green belts can be interpreted through
NDVI imagery visualization. In the imagery, bright tones represent sparsely vegetated or built-up surfaces,
while darker tones indicate densely vegetated areas, particularly along riverbanks and well-preserved green
belts [32]. The variation in NDVI values across the imagery reflects physical conditions and land-cover
characteristics observed in the field. Ground verification confirmed that areas with high NDVI correspond to
healthy vegetation with dense canopies, whereas residential and commercial zones generally exhibited low
NDVI values (<0).

The relationship between NDVI patterns and vegetation density distribution is supported by field validation
and Sentinel-2 imagery analysis, demonstrating that both very dense and sparse vegetation classes can be
identified and easily verified. International studies such as Zhong and Li. [33] have reported similar patterns
in Asian cities, where urbanization pressure significantly reduces NDVI values and vegetation cover, leading
to the dominance of sparse vegetation areas. Furthermore, Lu et al. [34] and Sari et al. [35] emphasized that
higher NDV1 values correspond to greater vegetation density and stronger ecological functions of green belts
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in maintaining urban environmental quality. These findings reinforce the importance of vegetation density
mapping and distribution analysis as a fundamental basis for evaluating spatial planning and formulating
sustainable green space management policies [36].

Rapid urbanization in Medan's city center has converted 22% of vegetated areas into built-up land, leading
to a significant decline in NDV 1 values (r = -0.78). This land-use transformation has triggered a 2.1°C increase
in the Urban Heat Island (UHI) effect and a 15 pg/m? rise in PM2.5 concentrations within sparse vegetation
zones [37]. Currently, Medan’s green open space accounts for only 18% (5,256 ha), falling short of the 30%
mandate stipulated by Law 26/2007 and Medan Regional Regulation 1/2022 [38]. Conversely, dense
vegetation along river green belts (NDVI > 0.51) remains highly effective, sequestering approximately 58
tons of COz/ha/year [10].

4. Conclusion

This study maps the spatial distribution and condition of vegetation density within the Medan City Center
green belt using NDVI analysis, with values ranging from -0.04 to 0.55. The findings indicate that non-
vegetated category (NDVI < 0.1) dominated, encompassing 12,240.98 hectares or approximately 43.98%,
whereas the dense vegetation class (NDVI 0.3-0.4) represents the smallest portion, covering only 3,009.70
hectares (10.81%) of the total area. Low NDV1 values are primarily concentrated in built-up zones, while high
NDVI values are restricted to river green belts. Rapid urbanization and anthropogenic activities have driven
a significant decline in dense vegetation cover. Consequently, this mapping provides a critical baseline for
evaluating spatial planning and sustainable green space policies, emphasizing the need for vegetation
intensification to preserve essential ecological, social, and aesthetic functions.
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