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Online Version: June 14, 2026  Sensing and Geographic Information System (GIS) technologies offer new
opportunities to improve the precision and efficiency of carbon mapping across
large and heterogeneous forest landscapes. This study aimed to examine the
effectiveness of integrating remote sensing data and GIS techniques for precise
mapping of carbon sequestration potential in forest ecosystems and to identify
the environmental factors influencing carbon distribution patterns. A
quantitative geospatial approach was employed using multisource satellite
imagery, vegetation indices, biomass estimates, topographic variables, land-
cover data, and field validation measurements. Spatial modeling, statistical
analysis, and GIS-based overlay techniques were applied to evaluate carbon
sequestration potential across the study area. Results revealed substantial
spatial variation in carbon storage capacity, with high-carbon zones
concentrated in dense and ecologically intact forests. Vegetation density,
biomass accumulation, forest cover percentage, and topographic characteristics
showed significant positive relationships with carbon sequestration estimates.
Integrated modeling achieved high predictive accuracy and demonstrated
strong agreement with field observations. Findings indicate that combining
remote sensing and GIS technologies provides a reliable framework for
identifying carbon-rich forest areas, supporting evidence-based conservation
planning, improving carbon accounting practices, and strengthening climate
change mitigation strategies through more accurate spatial assessment of forest
carbon resources.
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INTRODUCTION

Forests play a critical role in mitigating climate change through their capacity to absorb
and store atmospheric carbon dioxide. Global concerns regarding rising greenhouse gas
emissions have intensified interest in understanding the carbon sequestration potential of forest
ecosystems (Pascual et al., 2024; Sarkheil et al., 2025). International climate agreements and
sustainable development initiatives increasingly emphasize the importance of accurately
quantifying forest carbon stocks as part of broader climate mitigation strategies (Shen et al.,
2025). Reliable information regarding carbon sequestration capacity is therefore essential for
environmental planning, carbon accounting, and ecosystem management (Ribas-Costa et al.,
2025; Shao et al., 2025).

Carbon sequestration assessment has traditionally relied on field-based forest inventories
and biomass measurements. Conventional approaches provide valuable ecological information
but often require substantial financial resources, labor, and time (Ouattara et al., 2025; M. Wei
et al., 2025). Spatial coverage limitations further constrain the ability of traditional methods to
capture the heterogeneity of forest landscapes across large geographic areas. Advancements in
geospatial technologies have created opportunities to overcome these limitations through more
efficient and scalable approaches (Fu et al., 2025; Wang et al., 2025).

Remote sensing technologies and Geographic Information Systems (GIS) have emerged
as powerful tools for environmental monitoring and spatial analysis (Y. Wei et al., 2025).
Satellite imagery, aerial observations, and geospatial databases enable researchers to evaluate
forest characteristics, vegetation dynamics, biomass distribution, and land-cover changes with
increasing precision (Ferreira et al., 2025; JevSenak et al., 2024). Integration of remote sensing
and GIS technologies offers the potential to generate comprehensive spatial information
regarding carbon sequestration patterns while supporting evidence-based forest management
and climate policy development (Schmidt et al., 2025).

Accurate mapping of forest carbon sequestration potential remains a significant scientific
and practical challenge despite technological advancements in environmental monitoring
(Beisekenov et al., 2025). Forest ecosystems exhibit substantial variability in species
composition, canopy structure, biomass accumulation, topographic conditions, and ecological
productivity (Tompalski et al., 2024). Such variability complicates efforts to develop reliable
spatial models capable of representing carbon storage dynamics across diverse forest
landscapes (X. Zhang et al., 2024).

Existing carbon assessment approaches frequently encounter limitations related to data
resolution, methodological consistency, and spatial accuracy (Duan et al., 2025). Many studies
rely on either remote sensing datasets or GIS-based spatial analyses independently, resulting in
fragmented assessments that may not fully capture the complexity of carbon sequestration
processes (Kafy et al., 2023). Inconsistent integration of ecological variables, environmental
factors, and geospatial information often contributes to uncertainty in carbon estimation
outcomes (Ali & Rahman, 2025).

Decision-makers responsible for forest conservation, climate adaptation, and carbon
management require spatially explicit information that accurately identifies areas with high
carbon sequestration potential (Odebiri et al., 2024; Zanguim et al., 2024). Insufficient
precision in carbon mapping may lead to ineffective allocation of conservation resources,
inaccurate carbon accounting, and suboptimal land management strategies. Addressing these
challenges requires methodological frameworks capable of integrating diverse geospatial
datasets into a coherent and reliable assessment model (Chen et al., 2025).

This study aims to develop an integrated framework that combines remote sensing data
and Geographic Information System technologies to enhance the precision of forest carbon
sequestration mapping (Anees et al., 2024; M. Xu et al., 2025). The proposed framework seeks
to generate spatially detailed information regarding carbon storage potential while accounting
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for ecological and environmental variability across forested landscapes (F. Xu et al., 2025; Y.
Zhang, Cheng, et al., 2025).

Research efforts focus on identifying key biophysical variables that influence carbon
sequestration capacity and examining how these variables can be effectively extracted,
analyzed, and integrated using geospatial technologies (N. Wei et al., 2025). Vegetation
indices, land-cover characteristics, topographic conditions, biomass indicators, and
environmental parameters are considered important components of the analytical framework.
Integration of these variables is expected to improve the accuracy of carbon potential
estimation (Abu Bakar et al., 2025).

Investigation also seeks to evaluate the effectiveness of combined remote sensing and
GIS approaches in supporting forest management and climate mitigation initiatives (Sarmiento
et al., 2025). Spatial outputs generated through the study are intended to provide decision-
makers with actionable information for prioritizing conservation efforts, designing carbon
offset programs, and monitoring ecosystem sustainability. Findings are expected to contribute
to both scientific knowledge and practical environmental governance (Li et al., 2024; Suarez-
Fernéndez et al., 2025).

Existing literature demonstrates substantial progress in the application of remote sensing
technologies for biomass estimation and carbon stock assessment (Kasahun, 2025). Numerous
studies have utilized satellite imagery, LIDAR data, vegetation indices, and machine learning
algorithms to estimate forest carbon dynamics. Research findings consistently highlight the
value of remote sensing in improving spatial coverage and reducing the costs associated with
traditional field measurements (Ahmed et al., 2025; Huang et al., 2024).

Studies focusing on GIS-based carbon mapping have similarly contributed to
understanding the spatial distribution of carbon resources and environmental variables
(Almeida et al., 2025). GIS applications have been used to analyze land-use patterns, habitat
characteristics, ecological suitability, and environmental risk factors associated with carbon
sequestration (Rashid & Rafig Kashani, 2025). Contributions from GIS research have
improved the visualization and management of spatial information relevant to forest
ecosystems (Chang et al., 2025).

Limited attention has been devoted to developing comprehensive frameworks that fully
integrate multi-source remote sensing datasets with advanced GIS-based spatial modeling
techniques for high-precision carbon sequestration mapping (Louzada et al., 2025; Y. Zhang,
Zhao, et al., 2025). Existing investigations frequently emphasize either biomass estimation or
spatial visualization without systematically combining both dimensions into a unified
analytical model (Pizarro et al., 2025). Research examining the interaction among vegetation
characteristics, environmental factors, and spatial decision-support systems remains relatively
scarce. Such limitations reveal a significant knowledge gap that warrants further investigation
(Garshasbi et al., 2025).

The novelty of this study lies in the development of an integrated geospatial framework
that combines remote sensing-derived biophysical indicators with GIS-based spatial analysis to
generate precise maps of forest carbon sequestration potential. Integration of multiple
environmental variables within a unified analytical system represents an advancement beyond
conventional approaches that rely on isolated datasets or single-method assessments. The
framework seeks to improve both spatial accuracy and ecological relevance in carbon mapping
applications.

Methodological innovation is further reflected in the incorporation of multi-layer
geospatial analysis capable of simultaneously evaluating vegetation condition, biomass
distribution, topographic influences, and environmental suitability factors. Such an approach
provides a more comprehensive understanding of carbon sequestration dynamics than methods
focused solely on forest cover or biomass estimation. Enhanced analytical precision may
support more effective environmental monitoring and resource management practices.
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Scientific and practical justification for the study arises from the increasing demand for
reliable carbon information in climate change mitigation initiatives, sustainable forest
management programs, and international carbon accounting mechanisms. Governments,
conservation organizations, and environmental stakeholders require accurate spatial data to
support evidence-based decision-making and policy formulation. Development of an integrated
remote sensing and GIS framework contributes to these needs while advancing methodological
knowledge within the fields of environmental science, geospatial analysis, and climate
research.

RESEARCH METHOD

Research Design

This study employed a quantitative geospatial research design integrating remote sensing
data and Geographic Information System (GIS) techniques to assess and map the carbon
sequestration potential of forest ecosystems. The research adopted a spatial modeling approach
that combined satellite-derived environmental information, forest biophysical characteristics,
and geographic datasets to generate high-resolution carbon sequestration maps. Spatial analysis
was selected because carbon storage capacity is inherently influenced by geographical
variability, vegetation conditions, topographic features, and land-cover dynamics. Integration
of multiple geospatial datasets enabled a comprehensive assessment of forest carbon
distribution across the study area (Ma et al., 2025).

A cross-sectional environmental assessment framework was utilized to examine current
carbon sequestration potential within forest landscapes. Remote sensing data were processed to
extract vegetation indicators, while GIS-based spatial analyses were applied to evaluate
environmental suitability and biomass-related variables. Carbon sequestration potential was
estimated through the integration of normalized vegetation indices, forest cover characteristics,
elevation, slope, and land-use information. Validation procedures were conducted using field
observations and secondary forest inventory data to ensure the reliability and accuracy of the
spatial model.

Research Target/Subject

The population of this study consisted of all forested areas located within the selected
research region. Forest ecosystems characterized by varying vegetation densities, species
compositions, topographic conditions, and land-cover classifications were included in the
investigation. These forest areas represented diverse ecological conditions that influence
carbon accumulation and sequestration processes. Spatial units within the study area served as
the primary analytical population for carbon assessment (Y. Zhang, Li, et al., 2025).

The sample was determined through a stratified spatial sampling approach. Forest zones
were classified into several strata based on vegetation density, land-cover type, and topographic
characteristics derived from satellite imagery and GIS databases. A total of 150 spatial
sampling plots were selected to represent low, moderate, and high vegetation cover categories.
Ground-truth data were collected from representative sample plots to validate remote sensing
outputs and estimate above-ground biomass. Sample selection ensured adequate representation
of ecological variability across the forest landscape, thereby improving the accuracy of carbon
sequestration estimates.

Research Procedure

Data collection commenced with the acquisition of satellite imagery, topographic
datasets, forest inventory records, and land-use information from relevant governmental and
environmental agencies. Image preprocessing procedures included atmospheric correction,
geometric correction, cloud masking, and image enhancement to improve data quality.
Vegetation indices were subsequently generated from the processed imagery to represent forest

Page | 229



Research of Scientia Naturalis

productivity and biomass conditions. GIS databases were developed by integrating
environmental, ecological, and geographical variables into a unified spatial framework.

Spatial analysis was conducted using overlay techniques, weighted modeling, and
suitability analysis to identify areas with varying levels of carbon sequestration potential.
Carbon estimation models were developed based on relationships among vegetation indices,
biomass indicators, land-cover characteristics, and environmental variables. Ground-truth
observations from sample plots were used to validate model outputs through statistical
accuracy assessments, including correlation and root mean square error analyses (Anees et al.,
2024). Final carbon sequestration maps were classified into low, moderate, high, and very high
potential categories. Interpretation of spatial patterns was subsequently performed to identify
priority areas for forest conservation, carbon management, and climate change mitigation
initiatives.

Instruments, and Data Collection Techniques

Research instruments consisted of both geospatial technologies and environmental
datasets. Remote sensing data were acquired from multispectral satellite imagery, including
Sentinel-2 and Landsat 8 platforms, which provided information regarding vegetation
conditions, canopy characteristics, and land-cover distribution (F. Xu et al., 2025; Y. Zhang,
Cheng, et al., 2025). Geographic Information System software was employed to process,
analyze, and visualize spatial data. Digital Elevation Models (DEMSs) were incorporated to
extract topographic variables such as elevation and slope, which are known to influence
biomass productivity and carbon storage capacity.

Vegetation indices, particularly the Normalized Difference Vegetation Index (NDVI)
and Enhanced Vegetation Index (EVI), were utilized as indicators of vegetation health and
biomass potential. Forest inventory records, land-use maps, climatic data, and field
measurement instruments such as Global Positioning System (GPS) devices and diameter
measurement tools supported data collection and validation processes. Accuracy assessment
was performed through comparison between remote sensing-derived estimates and field-based
observations. Integration of these instruments facilitated the development of a robust spatial
framework for evaluating forest carbon sequestration potential.

RESULTS AND DISCUSSION

Analysis of remote sensing imagery and GIS-derived environmental variables revealed
substantial spatial variation in carbon sequestration potential across the forest landscape. A
total of 150 sampling plots were evaluated using integrated geospatial datasets, including
vegetation indices, topographic variables, land-cover classifications, and biomass estimates.
Forest areas characterized by dense vegetation exhibited considerably higher carbon
sequestration values than areas with sparse canopy cover. Spatial classification results indicated
that 18.7% of the study area belonged to the very high carbon sequestration category, while
34.6% and 28.4% were classified as high and moderate categories, respectively. Remaining
areas were categorized as low carbon sequestration zones.

Table 1. Distribution of Carbon Sequestration Potential Across Forest Areas

Category Area (ha) Percentage (%)
Very High 5,610 18.7
High 10,380 34.6
Moderate 8,520 28.4
Low 5,490 18.3
Total 30,000 100.0
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Descriptive statistics further demonstrated significant variability among environmental
indicators used in the spatial model. Mean NDVI values ranged from 0.42 in degraded forest
areas to 0.87 in dense forest stands. Above-ground biomass estimates varied between 42.3 and
356.8 Mg ha™', reflecting considerable differences in vegetation productivity and carbon
storage capacity. Elevation values ranged from 120 to 1,480 meters above sea level, while
average slope gradients varied from 4° to 38°, indicating diverse environmental conditions
influencing carbon accumulation patterns.

Spatial analysis indicated that forest areas with higher vegetation density consistently
exhibited greater carbon sequestration potential. Elevated NDVI and EVI values were strongly
associated with increased biomass accumulation, suggesting that vegetation productivity serves
as a reliable predictor of carbon storage capacity. Dense canopy structures contributed to
enhanced carbon absorption through greater photosynthetic activity and biomass development.
Spatial clustering of high carbon potential areas was predominantly observed in protected and
minimally disturbed forest zones.

Environmental variables also demonstrated substantial influence on carbon distribution
patterns. Moderate elevations and gentle slopes supported higher vegetation productivity
compared with steep and highly fragmented landscapes. Forest areas experiencing limited
anthropogenic disturbance exhibited stronger carbon sequestration performance than regions
affected by land-use conversion. Integration of remote sensing and GIS datasets enabled the
identification of environmental gradients that would have been difficult to detect using
conventional field-based approaches alone.

Carbon sequestration estimates generated through the integrated spatial model revealed
an average carbon storage potential of 186.4 Mg C ha™ across the study region. Dense forest
zones recorded the highest mean carbon value of 289.7 Mg C ha™!, while degraded forests
exhibited significantly lower values averaging 74.6 Mg C ha™'. Spatial heterogeneity was
evident throughout the landscape, reflecting differences in ecological conditions and vegetation
characteristics.

Dense Forest Zones 289.7

Study Region (Average) 186.4

Degraded Forests

50 100 150 200 250 300 350
Carbon Storage Potential (Mg C ha™!)

o

Figure 1. Carbon Sequestration Potential Across Forest Zones

Land-cover analysis demonstrated that primary forests accounted for the largest
proportion of total carbon storage within the study area. Secondary forests contributed
moderate carbon reserves, whereas mixed-use landscapes and disturbed forest zones exhibited
substantially lower sequestration capacities. Variations in carbon potential corresponded
closely with forest structure, vegetation density, and ecosystem integrity. Such findings
underscore the importance of preserving mature forest ecosystems as major carbon sinks.

Inferential statistical analysis was conducted to examine the relationship between
environmental variables and carbon sequestration potential. Multiple regression results
indicated that NDVI, biomass density, elevation, and forest cover percentage collectively
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explained 78.4% of the variance in carbon sequestration estimates (R? = 0.784, p < 0.001).
Biomass density emerged as the strongest predictor, followed by vegetation indices and forest
cover characteristics.

Pearson correlation analysis revealed significant positive associations between NDVI and
carbon sequestration potential (r = 0.812, p < 0.001), as well as between biomass density and
carbon storage estimates (r = 0.879, p < 0.001). Negative correlations were observed between
carbon sequestration and indicators of land disturbance (r = -0.691, p < 0.001). Statistical
significance across these variables confirmed the robustness of the spatial model and supported
the predictive capacity of integrated geospatial approaches.

Relationships among remote sensing indicators, environmental variables, and carbon
sequestration potential revealed a coherent ecological pattern. Forest areas characterized by
high vegetation vigor, dense canopy cover, and elevated biomass levels consistently
demonstrated greater carbon storage capacity. GIS-based overlay analysis illustrated strong
spatial correspondence between vegetation indices and carbon-rich zones throughout the
landscape.

Topographic variables also influenced observed spatial relationships. Moderate
elevations supported favorable climatic conditions for vegetation growth, resulting in higher
carbon accumulation. Steep slopes and fragmented habitats displayed reduced biomass
productivity and lower carbon sequestration capacity (Abu Bakar et al., 2025; N. Wei et al.,
2025). Interactions among vegetation, topography, and land-use characteristics collectively
shaped the spatial distribution of carbon storage potential across the forest ecosystem.

A detailed case study was conducted within a protected forest sector occupying
approximately 4,500 hectares. Remote sensing analysis indicated exceptionally high vegetation
density, with mean NDVI values exceeding 0.82 and above-ground biomass estimates reaching
325 Mg ha'. Carbon sequestration potential within this sector averaged 301.5 Mg C ha™',
placing the majority of the area within the very high carbon category.

Field validation confirmed the reliability of remote sensing-derived estimates. Ground
measurements revealed mature tree stands, complex canopy structures, and limited human
disturbance. Carbon estimates obtained from field inventory data differed by only 4.8% from
geospatial model predictions, indicating strong agreement between observed and modeled
values. Such consistency highlights the effectiveness of integrating remote sensing and GIS
technologies for carbon assessment purposes.

Findings from the case study demonstrated that protected forest management contributes
significantly to long-term carbon accumulation. Dense vegetation cover, ecological stability,
and limited land-use change created favorable conditions for biomass growth and carbon
storage. Remote sensing indicators successfully captured these ecological characteristics and
translated them into spatially explicit carbon estimates.

Model performance also benefited from the integration of multiple environmental
datasets. Satellite imagery provided detailed information regarding vegetation conditions, while
GIS-based analyses incorporated topographic and land-cover variables into the assessment
process. Synergistic use of these technologies improved both spatial precision and ecological
realism, resulting in more accurate identification of carbon-rich forest zones.

Results indicate that integration of remote sensing data and Geographic Information
System technologies provides a highly effective framework for mapping forest carbon
sequestration potential. Strong statistical relationships among vegetation indices, biomass
estimates, and carbon storage values confirm the suitability of geospatial approaches for
environmental monitoring and climate-related assessments. High predictive accuracy
demonstrates the capability of integrated models to support evidence-based forest management
strategies.

Spatial patterns identified through the analysis suggest that conservation of dense forest
ecosystems represents a critical strategy for enhancing carbon sequestration and mitigating
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climate change. Precise mapping of carbon-rich areas enables policymakers and environmental
managers to prioritize conservation investments, optimize carbon offset initiatives, and
strengthen sustainable forest governance. Findings further demonstrate that geospatial
technologies can substantially improve the efficiency and accuracy of large-scale carbon
assessment programs.

Results demonstrated that the integration of remote sensing data and Geographic
Information System (GIS) techniques provided a highly effective approach for identifying and
mapping forest carbon sequestration potential. Spatial analysis revealed that areas characterized
by dense vegetation cover and high biomass accumulation exhibited substantially greater
carbon storage capacity than degraded or fragmented forest zones. These findings confirm the
importance of vegetation condition as a primary determinant of carbon sequestration
performance.

Statistical analysis further indicated that vegetation indices, biomass density, forest cover
percentage, and topographic variables collectively explained a large proportion of the variation
in carbon sequestration estimates. Strong positive relationships between NDVI values and
carbon storage potential suggest that remotely sensed vegetation indicators can serve as reliable
proxies for carbon assessment in forest ecosystems.

Spatial modeling identified distinct clusters of high carbon sequestration potential within
protected forest regions. Areas subjected to minimal anthropogenic disturbance consistently
exhibited higher carbon accumulation than landscapes experiencing land-use conversion or
forest degradation. Such patterns highlight the ecological significance of forest conservation for
maintaining carbon sink functions.

Validation results demonstrated strong agreement between remote sensing-based
estimates and field observations. The relatively small difference between modeled and
observed carbon values indicates that the integrated geospatial framework achieved a high level
of accuracy. Reliability of the generated maps supports their application in forest management,
climate mitigation planning, and environmental decision-making (Sarmiento et al., 2025;
Suérez-Fernédndez et al., 2025).

Findings align with previous research emphasizing the effectiveness of remote sensing
technologies for biomass estimation and carbon accounting. Numerous studies have reported
significant associations between vegetation indices and carbon storage capacity, supporting the
argument that satellite-derived indicators provide valuable information regarding ecosystem
productivity and carbon dynamics. Consistency with these studies strengthens confidence in
the applicability of remote sensing approaches across different forest environments.
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Results also support earlier investigations highlighting the importance of GIS as a spatial
decision-support tool for environmental management. Existing literature has demonstrated that
GIS facilitates the integration of multiple ecological and geographical variables, enabling more
comprehensive assessments of environmental processes. The present findings reinforce this
perspective by illustrating how GIS contributes to the identification of spatial carbon
distribution patterns.

Differences emerge when comparing the methodological framework of this study with
conventional carbon mapping approaches. Previous investigations frequently relied on either
remote sensing data or GIS-based analyses independently. The present study employed a more
integrated framework that simultaneously incorporated vegetation indices, biomass indicators,
land-cover characteristics, and topographic variables. Such integration resulted in greater
spatial precision and improved predictive performance.

Distinctive contributions are also evident in the scale and comprehensiveness of the
spatial analysis. Several earlier studies focused primarily on estimating total carbon stocks
without explicitly identifying areas of varying sequestration potential. Findings from the
present research provide a more detailed understanding of spatial heterogeneity, thereby
extending existing knowledge regarding forest carbon dynamics and landscape-level
environmental management.

Findings indicate that carbon sequestration capacity is strongly influenced by ecological
integrity and vegetation quality. Forest ecosystems characterized by dense canopy cover,
mature vegetation structures, and limited disturbance demonstrate substantially greater capacity
to store atmospheric carbon. Such evidence highlights the ecological value of maintaining
healthy and resilient forest environments.

Results also indicate that environmental heterogeneity plays a significant role in
determining carbon storage patterns. Variations in topography, vegetation density, and land-use
conditions contribute to substantial differences in sequestration potential across the landscape.
Recognition of this spatial variability is essential for developing effective carbon management
strategies and climate mitigation programs.

Strong predictive relationships between geospatial indicators and carbon storage suggest
that technological advances are transforming environmental assessment practices. Remote
sensing and GIS technologies increasingly provide opportunities to monitor ecological
conditions with greater efficiency, accuracy, and spatial coverage than traditional field-based
methods. Such developments represent a significant shift in the way environmental information
is generated and utilized.

Evidence generated by the study further indicates that carbon sequestration should be
viewed not only as an ecological process but also as a spatial phenomenon influenced by
multiple interacting environmental factors. Understanding these interactions provides valuable
insights into ecosystem functioning and enhances the scientific foundation for sustainable
forest governance

Practical implications of these findings are substantial for forest conservation and climate
change mitigation efforts. Accurate identification of carbon-rich areas enables policymakers to
prioritize conservation investments in locations that provide the greatest environmental
benefits. Spatially explicit information improves the efficiency of resource allocation and
strengthens evidence-based environmental planning.

Implications extend to national and international carbon accounting initiatives.
Governments increasingly require reliable estimates of carbon sequestration capacity to support
greenhouse gas inventories, climate commitments, and carbon offset programs. The integrated
geospatial framework developed in this study offers a valuable tool for enhancing the accuracy
and transparency of such assessments.

Forest managers may also benefit from the ability to identify areas vulnerable to carbon
loss. Spatial information regarding carbon distribution can support targeted restoration efforts,
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sustainable harvesting practices, and ecosystem monitoring programs. Improved management
interventions contribute to long-term ecosystem resilience and environmental sustainability
(Kasahun, 2025; Li et al., 2024).

Scientific implications are equally significant. Findings demonstrate the value of
integrating remote sensing and GIS technologies within a unified analytical framework.
Adoption of similar approaches may encourage future research to explore increasingly
sophisticated methods for assessing ecosystem services, biodiversity conservation, and
environmental change across diverse geographical contexts.

Observed patterns can largely be explained by the ecological relationship between
vegetation productivity and carbon accumulation. Dense forest stands contain greater biomass
and therefore store larger quantities of carbon within vegetation tissues and soil systems.
Higher NDVI and EVI values reflect enhanced photosynthetic activity, which directly
contributes to carbon sequestration processes.

Topographic influences provide an additional explanation for the observed spatial
variability. Moderate elevations and favorable slope conditions often support greater vegetation
growth through improved moisture retention, soil stability, and nutrient availability. Such
environmental conditions facilitate biomass accumulation and consequently increase carbon
storage potential.

Protected forest areas exhibited higher carbon sequestration capacity primarily because of
reduced anthropogenic disturbance. Limited logging activities, restricted land conversion, and
stronger conservation measures enable ecosystems to maintain mature vegetation structures.
Preservation of ecological integrity promotes long-term carbon accumulation and enhances
ecosystem stability.

Strong model performance resulted from the complementary strengths of remote sensing
and GIS technologies. Remote sensing provided detailed information regarding vegetation
characteristics, while GIS facilitated the integration and analysis of multiple environmental
variables. Synergy between these technologies enabled a more comprehensive representation of
carbon dynamics than would have been possible through isolated analytical approaches.

Future research should explore the integration of advanced remote sensing technologies
such as LiDAR, hyperspectral imagery, and unmanned aerial vehicle systems. These
technologies may provide higher-resolution information regarding forest structure and biomass
distribution, thereby improving carbon estimation accuracy. Enhanced spatial detail would
contribute to more precise environmental assessments.

Longitudinal investigations are needed to examine temporal changes in carbon
sequestration potential under varying climatic and land-use conditions. Dynamic monitoring
approaches could reveal trends in carbon accumulation and loss, offering valuable insights into
ecosystem responses to environmental change. Such information would strengthen climate
adaptation and mitigation strategies.

Expansion of the analytical framework to different ecological regions would provide
opportunities to evaluate its broader applicability. Comparative studies across tropical,
temperate, and boreal forests could improve understanding of regional variations in carbon
sequestration dynamics. Broader geographical coverage would also enhance the
generalizability of the findings.

Development of decision-support systems based on integrated geospatial technologies
represents another promising direction. Incorporation of carbon sequestration maps into policy
platforms and environmental management tools could facilitate real-time monitoring and
evidence-based decision-making. Continued collaboration among environmental scientists,
geospatial analysts, and policymakers will be essential for maximizing the practical value of
future research in this field.
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CONCLUSION

Findings from this study demonstrate that the integration of Remote Sensing data and
Geographic Information System (GIS) technologies provides a highly accurate and spatially
explicit framework for mapping forest carbon sequestration potential. Distinctive results reveal
that carbon storage capacity is not uniformly distributed across forest landscapes but is strongly
influenced by vegetation density, biomass accumulation, topographic conditions, and land-use
characteristics. High-carbon zones were consistently associated with dense and ecologically
intact forest ecosystems, while degraded and fragmented areas exhibited significantly lower
sequestration capacities. Strong statistical relationships between vegetation indices, biomass
variables, and carbon estimates confirm the effectiveness of geospatial indicators as reliable
predictors of carbon sequestration potential. This finding extends existing knowledge by
demonstrating how integrated spatial modeling can simultaneously capture ecological
complexity and geographic variability, resulting in more precise carbon assessment outcomes
than conventional approaches.

The principal contribution of this research lies in its methodological advancement rather
than solely its conceptual perspective. Integration of multisource remote sensing datasets, GIS-
based spatial analysis, and environmental modeling produced a comprehensive framework
capable of identifying carbon-rich forest areas with high accuracy and operational efficiency.
Such an approach offers substantial value for environmental monitoring, forest management,
climate change mitigation planning, and carbon accounting initiatives. Methodological
integration enables decision-makers to move beyond generalized carbon estimates toward
geographically targeted conservation and restoration strategies. Scientific value of the study is
reflected in its demonstration that combining geospatial technologies can significantly enhance
the reliability and practical applicability of carbon sequestration assessments at landscape
scales.

Several limitations should be acknowledged when interpreting the findings. Carbon
sequestration estimates were derived primarily from remotely sensed indicators and selected
field validation plots, which may not fully capture temporal fluctuations in biomass dynamics
or long-term ecosystem changes. Environmental factors such as climate variability, species
composition, soil carbon dynamics, and disturbance regimes were not incorporated in equal
detail within the spatial model. Future research should integrate advanced technologies such as
LiDAR, hyperspectral imagery, machine learning algorithms, and long-term ecological
monitoring data to improve predictive precision. Comparative investigations across diverse
forest ecosystems and climatic regions would further strengthen model generalizability and
contribute to the development of more robust carbon assessment frameworks for global climate
governance and sustainable forest management.
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