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A predictive model of urban vegetation cover is developed by integrating
remote sensing technology, cloud computing, and machine learning
algorithms. The study used the Normalized Difference Vegetation Index
(NDVI), calculated from Sentinel-2 satellite imagery and analyzed in Google

Accepted March 8, 2026 Earth Engine (GEE), to monitor vegetation conditions at a wide spatial scale.

The research approach uses quantitative methods, including spatial analysis

based on satellite imagery and predictive modeling with the Random Forest
algorithm. The research process includes acquiring Sentinel-2 Level-2A
images, pre-processing them with cloud masking and atmospheric correction,
calculating NDVI values, and developing vegetation prediction models using
machine learning methods. The results showed that the Random Forest
model predicted vegetation cover with high accuracy, as indicated by a
Coefficient of Determination (R?) of 0.85 and a Root Mean Square Error
(RMSE) of 0.045. The resulting vegetation distribution map shows
significant variations in vegetation density between natural vegetation areas,
agricultural land, and built-up areas. The findings of this study show that
integrating NDVI from Sentinel-2, Google Earth Engine, and the Random
Forest algorithm is an effective approach for monitoring and predicting urban
vegetation cover. The results of this study make a methodological
contribution to the development of remote sensing-based geospatial analysis
and provide a scientific basis for sustainable urban planning and green open
space management in urban areas.
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1. INTRODUCTION

The development of urbanization in the 21st century has become one of the most significant socio-
ecological transformation processes affecting spatial structures and environmental conditions across different
regions of the world. Rapid urban growth is often accompanied by the expansion of built-up areas,
infrastructure development, and the conversion of land that previously functioned as green open space or
natural vegetation. This phenomenon causes significant changes in land-cover structure and directly impacts
on the sustainability of urban ecosystems. Studies have shown that the loss of urban vegetation can increase
urban surface temperatures, reduce carbon sequestration capacity, and worsen the overall quality of the urban
environment [1], [2], [3]. Therefore, urban vegetation monitoring is an important component of sustainable
urban planning and urban environmental management. Urban vegetation not only serves as an aesthetic
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element in the urban landscape but also plays important ecological roles, such as regulating microclimates,
controlling air pollution, and protecting against soil degradation. In this context, the existence of urban green
space is an important indicator of the quality of the urban environment. However, the dynamics of vegetation
change are often difficult to monitor conventionally due to the large urban area and the rapid pace of change.
Therefore, approaches based on remote sensing technology and geospatial analysis are becoming
increasingly important alternatives for systematically and sustainably understanding vegetation change.

Remote sensing technology enables the observation of vegetation conditions at large scales and over
long periods through analysis of satellite imagery. One of the most widely used indicators in vegetation
monitoring is the Normalized Difference Vegetation Index (NDVI), which is calculated from the difference
in spectral reflectance between the red and near-infrared bands in satellite imagery. NDVI has been shown to
be able to effectively describe vegetation density and plant health in a variety of ecosystem conditions,
including urban ecosystems [3], [4], [S]. A high NDVI value usually indicates healthy, dense vegetation,
while a low value indicates sparse vegetation or non-vegetated areas such as buildings and roads. The
advantage of NDVI lies in its ability to detect vegetation changes quickly and consistently over time. In
various urban studies, NDVI is used to map the distribution of urban vegetation, analyze changes in land
cover, and evaluate vegetation health conditions on a wide spatial scale [1], [2]. In addition, NDVI can also
be combined with other vegetation indices, such as NDMI, to provide a more comprehensive interpretation of
vegetation conditions and plant moisture in urban environments [5]. Therefore, NDVI is the primary
indicator in research on vegetation dynamics and changes in urban ecosystems.

The development of satellite technology has significantly improved the quality of data used in
vegetation analysis. One of the satellite sensors widely used in vegetation research is Sentinel-2, developed
by the European Space Agency as part of the Copernicus program. Sentinel-2 provides multispectral imagery
with a spatial resolution of up to 10 meters and has a relatively high observation frequency thanks to its
configuration of two operational satellites. These advantages allow for the analysis of vegetation changes on
a more detailed scale compared to previous-generation satellite sensors [2]. With higher spatial resolution,
Sentinel-2 can identify vegetation variations at the scale of urban landscapes, including urban green spaces,
street vegetation, and small patches of vegetation scattered between buildings. Several studies have shown
that Sentinel-2 data is very effective for monitoring urban vegetation dynamics as well as detecting changes
in plant phenology in urban contexts [3], [6]. In addition, the combination of Sentinel-2 data with other
satellite data sources, such as Landsat or PlanetScope, allows for a more comprehensive temporal analysis of
changes in urban vegetation [1]. With these characteristics, Sentinel-2 is one of the primary data sources for
remote sensing research focused on monitoring vegetation and land-cover changes in urban areas.
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Figure 1. Key Data Source for Urban Vegetation Research

Although satellite data are increasingly abundant, a major challenge in remote sensing research lies
in efficiently processing and analyzing data at large scale. Satellite image analysis often involves large
volumes of data, especially when research is conducted over long periods or across large areas. In this
context, the availability of cloud computing platforms such as Google Earth Engine (GEE) is an important
innovation in geospatial analysis. GEE allows researchers to access global satellite data catalogs and perform
image processing directly through cloud computing infrastructure without the need for high-capacity
hardware. The platform provides a wide range of analytical tools for efficient image processing, vegetation
index calculation, land cover classification, and environmental change analysis [7]. Several studies show that
GEE can accelerate large-scale geospatial analysis and increase research reproducibility by enabling the
entire analysis to be carried out in an integrated manner within a single computing environment [8], [9]. In
the context of urban vegetation monitoring, GEE enables systematic analysis of NDVI time-series as well as
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facilitates the integration of various machine learning algorithms for remote sensing data-driven
environmental modeling.

In addition to advances in computing platforms, machine learning significantly improves the
accuracy of satellite image analysis. Machine learning algorithms allow the identification of complex patterns
in geospatial data that are difficult to detect using conventional statistical methods. One widely used
algorithm for land cover classification is Random Forest (RF). This method is an ensemble learning
algorithm that builds several decision trees and combines their predictions to produce more stable and
accurate predictions. Random Forest has the advantage of handling multiband data and can handle non-linear
relationships between variables, making it well-suited for high-dimensional satellite image analysis. Studies
have shown that Random Forest can achieve high accuracy in Sentinel-2 image-based land cover
classification, even reaching an AUC of around 0.89 in a LULC classification study in the Bhutan region
[10]. In addition, this algorithm is also used in various studies to predict vegetation index, plant biomass
estimation, as well as NDVI time-series reconstruction when optical imagery is disturbed by clouds [11],
[12], [13]. With this capability, Random Forest is among the most effective algorithms for machine-learning-
based remote sensing analysis.

Although various studies have demonstrated the effectiveness of using NDVI, Sentinel-2, Google
Earth Engine, and Random Forest for vegetation monitoring, most studies still focus on descriptive analyses
of land-cover change or static classification. Research that comprehensively integrates these four components
to build a predictive model of urban vegetation cover remains relatively limited, especially in urban areas of
developing countries. In addition, differences in urban environmental characteristics, such as building
density, vegetation variation, and local climatic conditions, often make vegetation analysis results context-
specific and cannot be generalized directly from one region to another [4], [5], [14]. Some studies have also
highlighted that NDVI threshold values for distinguishing vegetation from non-vegetation can vary across
regions, as they are influenced by vegetation types and local environmental conditions [14]. In addition,
differences in atmospheric correction methods during satellite image pre-processing can affect NDVI
calculations, so a consistent methodological approach is needed to ensure the reliability of the analysis results
[15]. These limitations suggest that further research is needed to develop a more robust, context-aware
vegetation analysis model for urban environments.

In this context, this study offers novelty by integrating remote sensing, cloud computing, and
machine learning to more accurately predict urban vegetation cover. In contrast to previous studies that
generally use NDVI as a static indicator, this study combines Sentinel-2-based NDVI analysis with the
Google Earth Engine platform and the Random Forest algorithm to develop a vegetation prediction model
using geospatial data. This integration enables vegetation analysis to be carried out more efficiently at a wide
spatial scale while producing predictive models that describe vegetation dynamics more comprehensively. In
addition, this study seeks to integrate vegetation analysis with an urban environmental systems approach that
emphasizes the relationship between vegetation change and land-use dynamics in urban areas. With this
approach, this research is expected to make a methodological contribution to the development of a remote
sensing-based urban vegetation monitoring model and make an empirical contribution in understanding
vegetation dynamics in the context of sustainable urban development. Based on the background description,
literature review, and identification of research gaps that have been presented, the main problem formulation
in this study is: how can the integration of Google Earth Engine, NDVI Sentinel-2, and the Random Forest
algorithm be used to accurately and effectively predict urban vegetation cover in support of monitoring urban
ecosystem dynamics? The formulation of this problem is the basis for developing a research methodology
that integrates remote sensing analysis with machine learning to produce vegetation prediction models that
support environmental planning and green open space management in urban areas. Thus, this research is
expected not only to make an academic contribution to remote sensing and geospatial analysis but also to
provide practical implications for sustainable urban planning and future urban environment management.

2. RESEARCH METHOD

This study adopts a positivist paradigm that emphasizes objective measurement, hypothesis testing,
and causal analysis through a quantitative approach grounded in empirical data. This paradigm assumes that
changes in urban vegetation cover are a reality that can be objectively measured using spatial and spectral
indicators derived from satellite imagery. With this approach, vegetation change is understood as an
ecological phenomenon that can be analyzed through mathematical and statistical models to generate
scientific generalizations regarding vegetation dynamics in urban areas. This study integrates remote sensing
technology, cloud computing, and machine learning to develop an NDVI-based model for predicting urban
vegetation cover using Sentinel-2 imagery processed in Google Earth Engine and analyzed with the Random
Forest algorithm. This approach allows research to be conducted systematically and measurably and can be
replicated by other researchers in different regional contexts with similar methodological procedures.
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Figure 2. NVDI-Based Urban Vegetation Prediction Approach

The type of research used is explanatory quantitative research with a spatial-predictive approach
based on remote sensing. Explanatory research was conducted to examine the relationship between
vegetation cover change and urban land-use dynamics using vegetation indicators derived from satellite
imagery. A spatial approach is used to map vegetation distribution and identify patterns of vegetation change
within a given area. Meanwhile, a predictive approach is used to build a model that projects vegetation cover
conditions based on patterns identified in remote sensing data. The analysis was carried out using Sentinel-2
Level-2A imagery, which has a spatial resolution of 10 meters and provides multispectral data for calculating
the NDVI vegetation index. The image data are accessed through the Google Earth Engine (GEE) platform,
which enables efficient processing of geospatial data at large scales. The use of GEE provides advantages in
terms of global access to satellite data and cloud-based image processing capabilities that can accelerate
remote sensing data analysis [7], [8], [9].
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Figure 3. Explanatory Quantitative Research with A Spatial-Predictive Approach Based on Remote Sensing

The research location is in urban areas experiencing urbanization pressure and significant land-use
changes that affect vegetation conditions. The research area was analyzed using official administrative
boundaries, which served as study areas for satellite image processing. The research object in this study is the
urban vegetation cover, identified using NDVI values derived from Sentinel-2 imagery. The main variables
in this study are NDVI, a dependent variable representing vegetation conditions, and several independent
variables derived from the spectral characteristics of Sentinel-2 imagery, such as red-band reflectance and
near-infrared (NIR). NDVI is calculated using the standard remote sensing formula, namely:

(NIR-Red) (1

NDVI =
(NIR+Red)
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NDVI values range from —1 to 1, where higher values indicate healthier, denser vegetation. The
vegetation classification is then carried out by dividing the NDVI into several vegetation-density categories
to facilitate the spatial interpretation of urban vegetation cover conditions.

The data used in this study included satellite imagery and supporting spatial data. The main data are
Sentinel-2 Level-2A imagery downloaded via Google Earth Engine and cover the observation period defined
in the study. The Sentinel-2 image was chosen because it has a sufficiently high spatial resolution for urban
vegetation analysis and has a relatively high frequency of observation that allows the analysis of vegetation
changes over a certain time span [2], [6]. In addition, this study also uses additional spatial data in the form
of administrative boundaries of the research area, which are used as clipping boundaries in the image analysis
process. All data is collected digitally through the Google Earth Engine platform, which provides direct
access to a wide range of global remote sensing datasets. The data collection technique comprises the stages
of satellite image acquisition, image selection based on the research period, and downloading datasets
relevant to the research objectives.
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Figure 4. Satellite Imagery Processing Procedure

The data processing procedure begins with pre-processing satellite imagery to ensure the quality of
the data used in the analysis. The first stage is the cloud masking process, which removes cloud-covered
pixels and their shadows, which can interfere with vegetation index calculations. This process is carried out
using the cloud mask function available in the Sentinel-2 dataset on Google Earth Engine. After the cloud
masking process is complete, the image is then subjected to atmospheric correction to ensure the spectral
reflectance values used in the NDVI calculation are corrected for atmospheric effects. The next stage is to
extract NDVI values from the red (Band 4) and near-infrared (Band 8) spectral bands. This process is carried
out automatically using programming scripts in Google Earth Engine to produce NDVI maps that represent
vegetation conditions in the research area. The NDVI results were then analyzed to assess vegetation
distribution and changes in vegetation density across the study area. The next stage of data analysis uses a
machine-learning approach with a Random Forest (RF) algorithm to build a vegetation-cover prediction
model. Random Forest was chosen because it is effective with multivariable data and can identify non-linear
relationships among variables in geospatial datasets. The model training process was carried out using
sample data obtained through visual interpretation of satellite imagery and reference to available field data.
The sample data were then divided into two groups: training and validation.

The Random Forest model was trained on the training data to study the relationships between
spectral variables from satellite imagery and vegetation cover conditions. After the training process is
complete, the model is used to predict NDVI values and classify vegetation cover within the study area. This
process produces a vegetation prediction map that can be used to analyze vegetation distribution spatially. To
ensure the reliability of the resulting model, this study evaluated its accuracy using several statistical metrics
commonly used in remote sensing and machine learning analyses. The model evaluation was conducted by
comparing the NDVI predictions generated by the Random Forest model with the available validation data.
Some of the evaluation metrics used include Coefficient of Determination (R*), Root Mean Square Error
(RMSE), and Confusion Matrix for classification analysis. The R? value is used to measure the strength of the
relationship between the predicted value and the observation value of the NDVI, while the RMSE is used to
measure the rate of model prediction error. A confusion matrix is used to evaluate vegetation cover
classification accuracy by comparing the model's classification results with reference data. Through this
evaluation process, the resulting prediction model can be assessed for its accuracy and ability to represent the
actual vegetation conditions. By following a systematic methodological procedure ranging from data
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acquisition, image pre-processing, NDVI calculation, Random Forest modeling, to model accuracy
evaluation, this study produces a methodological framework that can be replicated by other researchers in
different regional contexts. The integration of remote sensing technology, Google Earth Engine's cloud
computing platform, and machine learning algorithms provides an efficient and accurate analysis approach in
monitoring and predicting changes in urban vegetation cover. This approach not only makes a
methodological contribution to geospatial research but also provides a scientific basis for the development of
satellite data-based urban environmental monitoring systems that can support decision-making in sustainable
urban planning.

3.  RESULTS AND DISCUSSION
3.1. General Description of Research Locations and Data Informants

This research was carried out in an urban area in Batu Bara Regency, North Sumatra Province,
Indonesia, which is one of the coastal arecas with a high rate of urbanization in recent years. This area has
geographical characteristics as a coastal area directly adjacent to the Strait of Malacca, with a combination of
land cover comprising residential areas, industrial areas, agricultural land, and natural vegetation, such as
mangroves and other vegetation. Based on the administrative map of the research area shown in the source
article, the Batu Bara Regency comprises several sub-districts, with the administrative center in Lima Puluh
District. Spatial analysis of this region shows that development pressures are concentrated in coastal areas
and adjacent to economic centers and major transportation networks. The number of data informants in this
study was not human respondents but spatial data units, Sentinel-2 satellite image pixels, analyzed through
the Google Earth Engine platform. The main data analyzed came from the 2024 Sentinel-2A Level-2A image
with a spatial resolution of 10 meters. Each image pixel represents the spectral conditions of the Earth's
surface that are used to calculate the Normalized Difference Vegetation Index (NDVI) value. During the
analysis, the image pixels used as training and validation samples were selected through digital interpretation
of satellite imagery using spatial sampling procedures. Each pixel sample is then labeled as a vegetation class
based on its spectral characteristics, and the classification model is trained using the Random Forest
algorithm. Therefore, the unit of analysis in this study is vegetation-pixel data, which represents the condition
of land cover in the research area.

Based on satellite image processing, the study area exhibited significant variations in vegetation
cover across coastal, agricultural, and residential areas. Dense vegetation areas are generally located in
mangrove forests or natural vegetation, while areas with moderate vegetation are mostly found on
agricultural land and in urban green areas. Meanwhile, areas with low vegetation are dominated by built-up
areas such as settlements, industrial estates, and transportation infrastructure. This variation is clearly visible
in the NDVI map produced by processing Sentinel-2 imagery in Google Earth Engine.

3.2. Results of Satellite Image Processing and Vegetation Cover Identification

The initial stage of analysis was carried out using Sentinel-2 imagery acquired over the research
area. The results of the initial image acquisition showed that several areas were covered by clouds, thereby
affecting the quality of the imagery used in vegetation analysis. Therefore, a cloud-masking process is
applied to remove cloud-covered pixels and their shadows, which can cause errors in NDVI calculations.
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The results of this process produce cloud-free images that more clearly display the conditions of
Earth's surface. After the cloud masking process is completed, the next step is to calculate NDVI values using
the Sentinel-2 image's Band 8 (Near Infrared/NIR) and Band 4 (Red) spectral bands. The NDVI value is
calculated for each image pixel using the standard NDVI formula, resulting in a distribution of vegetation
values across the study area. The NDVI results are then visualized as a map showing variations in vegetation
density, with different colors indicating different vegetation densities. Areas with high NDVI values are
shown in green, indicating healthy, dense vegetation, while areas with low NDVI values are shown in red or
yellow, indicating sparse vegetation or non-vegetation. Based on the NDVTI analysis, vegetation index values
in the study area ranged from —1 to 1, with variations indicating different vegetation densities. To facilitate
interpretation of the results, NDVI values are classified into three main categories: low vegetation, medium
vegetation, and high vegetation. This classification is based on the NDVI interpretation standard commonly
used in remote sensing analysis.

Table 1. Classification of Vegetation Density Based on NDVI

Classes Rentang Nilai NDVI NDVI Value Range
1 —1 until 0.32 Low Vegetation
2 0.32 until 0.42 Temperate Vegetation
3 0.42 until 1 High Vegetation

The classification results showed that most urban areas in the study area were classified as low- to
medium-vegetation, especially those that had experienced land conversion to built-up areas. Areas with high
vegetation tend to be found in places with natural vegetation cover, such as mangrove areas or relatively
large green areas.

3.3. Results of Vegetation Prediction Modeling Using Random Forest

Once the NDVI map is obtained, the next step is to develop a vegetation cover prediction model
using the Random Forest algorithm. This model is trained in sample data derived from the interpretation of
satellite imagery and available reference datasets. During model training, several spectral variables from
Sentinel-2 imagery were used as inputs to predict NDVI values and vegetation classes. The model training
process produces a predictive model that identifies the relationships between the spectral variables of satellite
imagery and vegetation cover conditions in the research area. Once the model is trained, validation is
performed on the validation dataset to evaluate its accuracy. The evaluation results showed that the Random
Forest model produced NDVI predictions with high accuracy.

Table 2. Prediction Model Evaluation Results

Evaluation Parameters Value
Coefficient of Determination (R?) 0.85
Root Mean Square Error (RMSE) 0.045

An R? value of 0.85 indicates a strong relationship between the NDVI value predicted by the model
and the actual NDVI value obtained from satellite imagery data. Meanwhile, an RMSE value of 0.045
indicates that the model's prediction error rate is relatively low. These results show that the Random Forest
model used in this study has a good ability to predict vegetation cover from Sentinel-2 image data.

3.4. Spatial Distribution of Urban Vegetation

The resulting vegetation prediction map from the Random Forest model shows a pattern of
vegetation distribution that varies across the study area. Areas with high vegetation are concentrated in places
with natural vegetation cover or large green open spaces. On the other hand, areas with low vegetation are
generally in urban areas that have undergone intensive development. Some coastal areas show relatively
dense mangrove vegetation, as indicated by the high NDVI values on the vegetation map. Meanwhile, areas
with moderate NDVI values are generally associated with agricultural land or mixed vegetation with
moderate vegetation density. This distribution pattern indicates that vegetation conditions in the study area
are influenced by various factors, including land use, development activities, and the geographical
characteristics of coastal areas.

3.5. Documentation of Spatial Data Observation Results

Urban Vegetation Cover Prediction Using Sentinel-2 NDVI and Random Forest: A Brief Narrative Review
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During the data analysis process, visual documentation from satellite imagery showed different
conditions between images still covered by clouds and those processed into cloud-free images. The results of
this observation underscore the importance of image pre-processing to ensure the quality of the data used in
vegetation analysis. In addition, the NDVI map derived from Sentinel-2 image processing provides a clear
picture of vegetation distribution in the study area. The color variations on the NDVI map indicate
differences in vegetation density levels that can serve as a basis for further spatial analysis of urban
ecosystem conditions. Overall, the results of this study show that the Google Earth Engine-based approach,
NDVI from Sentinel-2, and the Random Forest algorithm can produce accurate vegetation cover maps and
provide important spatial information on urban vegetation conditions. The data generated from this analysis
provides an empirical picture of vegetation distribution and density in the study area. These results form the
basis for further analysis of urban vegetation dynamics and their implications for environmental management
and sustainable urban planning.

3.6. Discussion

The results show that integrating NDVI from Sentinel-2, Google Earth Engine (GEE), and the
Random Forest algorithm produces a predictive model of urban vegetation cover with high accuracy. The R?
= 0.85 and RMSE = 0.045 indicate that the developed model effectively represents the relationship between
the observed and predicted NDVI values. These findings suggest that a remote sensing approach combined
with machine learning methods can effectively monitor the dynamics of urban vegetation at broad spatial
scales. These results are consistent with previous studies confirming that NDVI is a highly sensitive indicator
of vegetation density and plant health across various ecosystems, including urban ecosystems [3], [4], [5].
The use of NDVI as a vegetation indicator enables rapid identification of changes in vegetation cover and
long-term monitoring through time-series analysis of satellite images. Therefore, the findings of this study
further strengthen the role of NDVI as a key indicator in remote sensing studies focusing on vegetation
dynamics in urban areas.

The spatial distribution of vegetation produced in this study shows that areas with high vegetation
cover are generally concentrated in areas with natural vegetation cover or large green open spaces. On the
other hand, areas with low vegetation are dominated by built-up areas such as settlements, industrial estates,
and transportation networks. This pattern is in line with the findings of various studies showing that urban
expansion often leads to a decrease in vegetation cover due to the conversion of land to built-up areas [1],
[2]. In this context, NDVI from the Sentinel-2 image was shown to detect vegetation characteristics in detail
in urban landscapes. The advantages of Sentinel-2, with a spatial resolution of 10 meters, allow the
identification of vegetation variations at finer scales than previous-generation satellite sensors. This enables a
more accurate analysis of vegetation distribution in urban environments, which generally have complex land-
cover mosaics. Thus, the use of Sentinel-2 data in this study contributes to improving the accuracy of urban
vegetation mapping and supporting more detailed analysis of land cover changes. The findings of this study
also show that the Google Earth Engine platform plays a very important role in facilitating large-scale
analysis of remote sensing data. GEE enables efficient processing of satellite imagery on cloud computing
infrastructure, allowing image analysis to be performed faster than with conventional approaches. This is in
line with the findings of previous research, which stated that GEE provides ease of access to various global
remote sensing datasets and provides various analysis tools that support environmental modeling based on
satellite imagery [7]. In addition, GEE has been widely used in urban vegetation research to monitor land-
cover changes and analyze the dynamics of urban ecosystems [8], [9]. In this study, the use of GEE enables
systematic processing of Sentinel-2 imagery from pre-processing through NDVI calculation and vegetation
prediction modeling. Thus, the platform not only improves analysis efficiency but also enhances
reproducibility, as the entire analysis process can be replicated using the same programming script.

From a methodological perspective, the Random Forest algorithm used in this study showed
excellent performance in predicting vegetation cover from satellite imagery. Random Forest is a machine
learning algorithm that can handle multidimensional data and non-linear relationships between variables.
This capability makes Random Forest very effective at analyzing high-spectral-complexity satellite imagery.
The results of this study are consistent with previous studies showing that Random Forest is among the most
accurate algorithms for classifying land cover from Sentinel-2 imagery [10]. In the study, Random Forest
achieved high accuracy in classifying LULC from satellite imagery. In addition, Random Forest is used in
various studies to predict vegetation indices and estimate plant biomass from remote sensing data [11], [12].
Thus, the use of Random Forest in this study further strengthens the empirical evidence of the algorithm's
effectiveness for analyzing vegetation from satellite imagery.

In addition to providing methodological contributions, the results of this study also have significant
implications for urban environmental management. Information on the distribution of urban vegetation
derived from NDVI analysis can serve as a basis for green open space planning and sustainable urban
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environmental management. Urban vegetation plays an important role in improving the quality of the urban
environment through various ecosystem functions, such as temperature regulation, air pollutant filtration, and
aesthetic enhancement. Therefore, information on vegetation distribution obtained through satellite image
analysis can serve as the basis for local governments in designing urban green space management policies. In
addition, regular monitoring of vegetation using satellite imagery enables early identification of vegetation
degradation that can affect the quality of the urban environment. This research also contributes to the
development of a remote sensing-based methodology for urban vegetation monitoring. The integration of
NDVI Sentinel-2, Google Earth Engine, and Random Forest demonstrates that a geospatial technology-based
approach can produce accurate and efficient vegetation prediction models. This approach enables vegetation
analysis at a large scale without the need for intensive field surveys. In addition, the use of cloud computing
platforms enables large-scale data processing, allowing vegetation analysis to be carried out more
systematically and sustainably. Thus, this research makes an important methodological contribution to the
development of an urban vegetation monitoring system based on remote sensing technology.

However, this study also has some limitations to consider. One of the main limitations is the reliance
on optical satellite imagery that is susceptible to cloud interference. Cloud conditions can cause the loss of
image data, affecting the continuity of vegetation analysis. Several previous studies have shown that a
combination of Sentinel-2 optical data and Sentinel-1 radar data can be used to address this problem through
a data fusion approach or machine learning-based NDVI reconstruction [11], [16], [17]. In addition, the use
of NDVI as a vegetation indicator is limited to very dense vegetation due to potential vegetation index
saturation. Therefore, further research may consider using additional vegetation indices, such as NDMI or
GRVI, to improve the accuracy of vegetation condition interpretation [4], [5]. In addition, this study still uses
satellite imagery as the main data source, so that more intensive field validation can provide additional
information on actual vegetation conditions in the field. Overall, the results of this study show that
integrating remote sensing technology, cloud computing, and machine learning provides an effective
approach to monitoring urban vegetation. This approach not only makes a methodological contribution to
geospatial research but also provides practical implications in the management of the urban environment.
With increasing pressures of urbanization in various regions of the world, monitoring urban vegetation is
becoming increasingly important to ensure the sustainability of the urban environment. Therefore, the
approach developed in this study can serve as the basis for a satellite-based urban vegetation monitoring
system for sustainable urban planning and future green open space management.

4. CONCLUSION (10 PT)

This study aims to analyze and predict urban vegetation cover through the integration of remote
sensing technology, cloud computing, and machine learning algorithms. Specifically, the study implemented
an approach that combines NDVI from Sentinel-2 imagery, the Google Earth Engine platform, as well as the
Random Forest algorithm to build a predictive model of urban vegetation cover. The results of the study
show that the integrative approach is able to produce accurate vegetation mapping and provide a clear picture
of the spatial distribution of vegetation in urban areas that experience urbanization pressure. The evaluation
values of the model obtained, namely the determination coefficient (R?) of 0.85 and the Root Mean Square
Error (RMSE) value of 0.045, showed that the developed model had a strong ability to predict the NDVI
value and vegetation conditions in the study area. The findings of this study also show that the distribution of
urban vegetation has a spatial pattern that is influenced by land use dynamics. Areas with high vegetation are
generally located in areas that still have natural vegetation cover or relatively large green open spaces, while
areas with low vegetation are dominated by built-up areas such as settlements, industrial estates, and
transportation infrastructure. Thus, Sentinel-2-based NDVI analysis is able to provide important information
about vegetation health conditions and vegetation density in urban environments. In addition, the use of the
Google Earth Engine platform has been proven to provide significant efficiency in the process of processing
satellite imagery on a large scale, allowing vegetation analysis to be carried out more quickly and
systematically. The main contribution of this research lies in the development of a methodological approach
that integrates remote sensing, cloud computing, and machine learning in urban vegetation monitoring. This
integration not only improves the accuracy of vegetation analysis but also allows for the development of
prediction models that can be used to understand vegetation dynamics over a longer period of time. Thus, this
research makes a scientific contribution in the field of remote sensing and geospatial analysis, especially in
the development of satellite data-based vegetation cover monitoring methods. In addition, the results of this
study also have practical implications for sustainable urban planning because information on vegetation
distribution can be used as a basis for the management of green open spaces and the control of urban
environmental degradation. Although this study shows promising results, some limitations still need to be
noted. Reliance on optical satellite imagery such as Sentinel-2 causes vegetation analysis to be susceptible to
cloud interference that can reduce data quality. In addition, the use of NDVI as the main indicator of
vegetation also has limitations in very dense vegetation conditions due to the potential saturation of
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vegetation index values. Therefore, further research is recommended to integrate data from radar sensors
such as Sentinel-1 or use additional vegetation indexes to improve the accuracy of vegetation analysis. Future
research can also expand the scope of analysis by utilizing longer time-series data and integrating field data
to improve the validation of remote sensing analysis results. With the development of a more comprehensive
methodology, geospatial technology-based urban vegetation monitoring is expected to make a greater
contribution in supporting environmental management and sustainable urban development.
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