West Science Nature and Technology
Vol. 3, No. 01, March 2025, pp. 68~75

Utilizing AI and Satellite Technology to Measure the Effectiveness
of Carbon Trading in East Java Protected Forests

Haryono!, Arief Rahman?, Rifki Fahrial Zainal3, Bagus Teguh Santoso? Budi Endarto®

1234Universitas Bhayangkara Surabaya, Universitas Wijaya Putra Surabaya

Article Info

ABSTRACT

Article history:

Received March, 2025
Revised March, 2025
Accepted March, 2025

Keywords:

Carbon Trading,
Artificial Intelligence,
Protected Forests,
Sustainable Development

This study investigates the effectiveness of utilizing Artificial
Intelligence (AI) and Geographic Information Systems (GIS) for
measuring the impact of carbon trading initiatives on East Java's
protected forests. The research integrates satellite imagery, Al-driven
land-use classification, and carbon stock analysis to evaluate the
environmental, economic, and social outcomes of these programs. Key
findings indicate a significant reduction in deforestation and an
increase in carbon sequestration, driven by targeted reforestation
efforts and financial incentives from carbon trading. Socioeconomic
benefits, including enhanced community livelihoods and reduced
reliance on unsustainable practices, further underscore the program's
success. However, challenges such as leakage effects and data
inconsistencies highlight areas requiring improvement. The study
concludes that advanced technologies, when effectively integrated,
offer transformative potential for sustainable forest management and
carbon trading efficacy in Indonesia.
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1. INTRODUCTION

Carbon

(Mwambala, 2024) and ensuring credible

emission reductions through effective

have

trading programs
emerged as a promising strategy for forest
conservation and climate change mitigation,
particularly in regions like East Java,
Indonesia, by allowing stakeholders to offset
emissions  through forest preservation,
thereby promoting sustainable land use and
environmental stewardship. These programs
provide financial incentives to maintain forest
cover as carbon sinks [1] and can support
biodiversity conservation [2]. Their success in
East Java depends on integrating local socio-
economic and ecological conditions [3],
though challenges remain in balancing carbon
storage ~ with  biodiversity = protection

monitoring [4]. Community involvement and
land tenure are also key to local participation
[3]. Combining carbon trading with
technologies like BECCS [4] and strategies
such as afforestation can enhance carbon
sequestration and contribute to global climate

goals [1].

The integration of Geographic
Information System (GIS) technology,
Artificial Intelligence (Al), and satellite

imagery offers significant potential for
and forest
management practices in East Java's protected

forests. These technologies provide detailed

monitoring evaluating
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insights into land use and land cover changes,
which are crucial for assessing the success of
carbon trading initiatives aimed at conserving
these ecosystems. The use of satellite imagery,
such as Landsat, has demonstrated
effectiveness in tracking land use changes
over several decades, revealing shifts from
agricultural lands to urban and vegetated
areas [5], [6]. Studies utilizing Landsat images
from 1972 to 2021 have shown a 64% increase
in vegetated areas [6], and supervised
classification algorithms have achieved high
accuracy in mapping land cover changes,
essential for monitoring forest health [5]. Al
further enhances satellite data analysis by
providing predictions  and
assessments of land use changes and their
impacts on biodiversity (Botterill-James et al.,
2023), while predictive models support

accurate

conservation planning to mitigate
deforestation [7]. However, despite these
technological advancements, effective

conservation also depends on robust law
enforcement and addressing socio-economic
dependencies on illegal activities [8].
Moreover, land wuse changes have
significantly reduced biodiversity, with high-
intensity disturbances leading to a 34%
decline [9].

The integration of Al and satellite
technology enables real-time tracking of forest
cover changes, accurate carbon stock
estimation, and predictive modeling of land-
use trends. This study leverages these
advanced tools to evaluate the effectiveness of
carbon trading in East Java's protected forests,
focusing on their impact on forest
conservation and carbon sequestration. By
applying GIS-based analysis, this research
provides a comprehensive spatial perspective
on how carbon trading initiatives influence
forest health and contribute to climate change
mitigation goals.

The effectiveness of carbon trading
mechanisms in preserving FEast Java's
protected forests is a complex issue that
requires advanced evaluation methods, as
current approaches often lack the precision
needed to assess their real impact on forest
conservation.

Integrating innovative

technologies and sustainable management
practices is crucial to enhance the
effectiveness of carbon trading by leveraging
data-driven methods for more accurate
monitoring and evaluation of carbon
sequestration and emissions reduction. Forest
ecosystems, especially tropical forests, play a
vital role as carbon sinks, significantly
contributing to climate change mitigation
[10], [11], while deforestation and forest
degradation in Indonesia, including East Java,
remain major sources of greenhouse gas
emissions [12]. Traditional monitoring
methods are limited in precision and
scalability, hindering the effective assessment
of carbon trading outcomes [10], and
economic pressures like land conversion and
illegal logging continue to threaten forest
integrity [12]. To address these challenges,
advanced technologies such as remote
sensing, satellite imagery, and data analytics
can provide real-time data to support better
decision-making [10], while engineered
carbon sequestration solutions like Direct Air
Capture and Bioenergy with Carbon Capture
and Storage offer additional opportunities
despite their high costs and ecological risks
[4]. Complementary strategies, such as
sustainably managed rubber plantations,
present both economic viability and carbon
sequestration potential [11], and the REDD+
initiative in Indonesia has shown promise in
reducing deforestation through economic
incentives and capacity building, which could
be integrated with carbon trading for
enhanced impact [12]. This limitation results
in gaps in understanding how carbon trading
initiatives influence forest cover, carbon
stocks, and land-use patterns. Consequently,
policymakers and stakeholders lack the
necessary insights to optimize carbon trading
strategies for maximum environmental and
socio-economic benefits.

This study introduces an innovative
approach by integrating Artificial Intelligence
(AI) and satellite technology with Geographic
Information System (GIS) analysis to evaluate
the effectiveness of carbon trading in
protected forests. Unlike conventional
methods, the proposed approach leverages
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high-resolution satellite imagery and Al-
driven algorithms to provide real-time,
accurate, and spatially explicit data on forest
dynamics. This combination of cutting-edge
technologies represents a novel application in
the context of carbon trading and forest
management, offering a transformative
solution for monitoring and improving
conservation outcomes.

The primary objective of this study is
to assess the effectiveness of carbon trading in
East Java's protected forests using a
technologically advanced approach by
leveraging Al and satellite technology to
monitor changes in forest cover and carbon
sequestration, employing GIS analysis to map
spatial patterns and evaluate the impact of
carbon trading initiatives on forest
conservation, and providing actionable
insights  and
policymakers and stakeholders to enhance the
implementation and outcomes of carbon
trading programs.

recommendations for

2. LITERATURE REVIEW

2.1 Carbon Trading and Forest Conservation

Carbon trading, particularly in the
context of forestry, offers a promising
mechanism for reducing greenhouse gas
emissions by monetizing the carbon
sequestration capabilities of forests, thereby
incentivizing conservation and sustainable
practices through financial rewards for
maintaining and enhancing forest carbon
stocks. Carbon trading schemes provide
financial incentives by allowing entities to
earn credits for preserving forest carbon,
which can then be traded in carbon markets
[13], [14], helping to offset the costs of
sustainable forestry and making such
practices more appealing to landowners and
stakeholders [13]. However, the effectiveness
of these schemes depends on several critical
factors, including the risk of deforestation
leakage —where protection in one area may
trigger increased deforestation elsewhere—
thus compromising the integrity of carbon
credits [15]. The lack of reliable monitoring
systems further complicates efforts to verify
the actual conservation impact of carbon

trading [16]. Nonetheless, developing
economies can harness carbon trading to align
economic growth with environmental
sustainability = by  establishing  robust
regulatory frameworks and investing in
capacity-building [15]. Implementing best
practices such as equitable pricing
mechanisms, fostering public-private
partnerships, and enabling technological
transfer can significantly improve the
effectiveness of carbon trading in supporting
sustainable development [15].
2.2 Role of Geographic Information Systems
(GIS) in Forest Management

Geographic Information Systems
(GIS) are essential for monitoring and
managing forest resources by integrating
spatial data and analytical tools to map forest
cover, track land-use changes, and assess
environmental impacts—key elements for
sustainable forest management and carbon
trading. GIS improves the accuracy of forestry
cadastre and monitoring, enabling precise
boundary mapping and detection of illegal
logging, as seen in Uzbekistan [17]. Combined
with remote sensing, GIS supports continuous
surveillance and ecosystem modeling,
contributing to Sustainable Development
Goals [18]. Technologies like Lidar and
Sentinel-2 offer robust tools for estimating
carbon stock distribution, aiding restoration
efforts in subtropical regions [19]. Platforms
like Google Earth Engine help monitor land-
use changes and their impact on carbon
stocks, as demonstrated in Calabria, Italy [20].
In carbon trading, GIS-based studies link
carbon credit allocations to specific forest
areas, providing spatial insights for
evaluating the effectiveness and targeting of
conservation efforts [21]. Despite its potential,
the integration of GIS with advanced
technologies such as Al and satellite imagery
remains underexplored.
2.3 Artificial Intelligence and Satellite
Technology in Environmental Monitoring

Al and satellite technology are
revolutionizing environmental monitoring by
providing real-time data that enables the
assessment of forest cover, biomass, and land
use change with precision and on a large scale,
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providing insights for policy makers and
stakeholders. Al technologies such as
machine learning, deep learning, and
computer vision improve pattern analysis,
trend prediction, and anomaly detection in
forestry applications such as deforestation
monitoring, carbon stock estimation, and
forest degradation risk [22]. Models such as
CNN and LSTM improve the accuracy of land
cover classification and air quality prediction
[23], while Al-based innovations and IoT
sensor networks support real-time decision
making [22]. The integration of high-
resolution satellite imagery from Landsat and
Sentinel with Al also strengthens forest
monitoring [24]. However, challenges such as
the “black-box” nature of Al, the need for
high-quality data, and the complexity of
disaster management are still obstacles [25]. In
addition, the application of Al and satellite
technology in the evaluation of carbon trading
programs is still minimal, so further research
is needed to improve model interpretability
and data quality [23], [25].
2.4 Carbon Trading in East Java’s Protected
Forests

The integration of advanced
technologies such as GIS, AL and satellite
imagery into carbon trading initiatives in East
Java's protected forests offers a promising
approach to strengthen conservation efforts
and mitigate climate change. These
technologies provide precise data on carbon
stocks, deforestation rates, and biodiversity,
which are essential for effective carbon
trading and forest management. Carbon
trading itself is a key strategy for reducing
greenhouse gas emissions and promoting
ecological sustainability in Indonesia [26],
with the potential to enhance carbon and
energy-carbon performance critical to climate
mitigation plans [16]. GIS, Al, and satellite
imagery can significantly improve the
monitoring and assessment of carbon stocks
and flows in tropical forests by delivering
accurate and timely data to support carbon
trading initiatives [27]. They also help identify
and quantify synergies between climate
change mitigation and forest conservation
policies, thereby supporting multiple

Sustainable Development Goals (SDGs) [28].
In East Java, implementing these technologies
can support the protection and restoration of
forests, ensure the preservation of
biodiversity and ecosystem services [29], and
enable the development of effective forest
management strategies aligned with national
and global climate goals [27].
2.5 Literature Gaps

The reviewed literature highlights the
potential of carbon trading, GIS, Al and
satellite technology in promoting sustainable
forest management; however, significant gaps
remain, including the limited focus on the
combined application of GIS, Al and satellite
technology in evaluating carbon trading
programs, the lack of comprehensive
assessments of carbon trading effectiveness in
East Java's protected forests, and the
underdeveloped integration of real-time
monitoring tools for evaluating carbon
sequestration and land-use changes in
protected forest areas.

3. METHODS

3.1 Research Design

The study adopts a quantitative,
exploratory research design to analyze spatial
and temporal changes in forest cover, carbon
stock, and land-use patterns. It is structured to
achieve three main objectives: monitoring
forest cover changes over time using satellite
imagery, estimating carbon sequestration
rates based on forest biomass data, and
assessing the spatial distribution and
effectiveness of carbon trading initiatives.

Focusing on East Java's protected
forests, the research includes key
conservation areas such as Bromo Tengger
Semeru National Park, Meru Betiri National
Park, and Alas Purwo National Park. These
forests were chosen for their ecological
significance, high carbon sequestration
potential, and active carbon trading
initiatives. Covering approximately 2,000
square  kilometers, the study area
encompasses diverse forest types and land-
use patterns, providing a comprehensive
context for analysis.
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3.2 Data Collection

High-resolution satellite imagery
from sources such as Landsat 8 Sentinel-2,
and commercial satellites was used to provide
detailed information on forest cover, land-use
changes, and vegetation health, with images
selected for 2015, 2020, and 2025 to analyze
temporal changes. Carbon stock estimates
were obtained from global biomass datasets,
including those from the Global Forest Watch
and the Food and Agriculture Organization
(FAO), validated with field data from local
forestry agencies. Additionally, data on
carbon trading initiatives were gathered from
government reports, non-governmental
organizations, and private entities involved in
carbon offset projects in East Java.
3.3 Data Analysis

Geographic Information System (GIS)
analysis was employed to map and analyze
spatial data related to forest cover,
deforestation, and carbon sequestration,
involving steps such as preprocessing satellite
images to remove noise and standardize data,
overlaying spatial data on carbon trading
project locations, and identifying
deforestation hotspots and protected areas
with significant carbon trading activity.
Artificial Intelligence (AI)  algorithms,
including Random Forest and Convolutional
Neural Networks (CNNs), were used to
classify land cover types and detect patterns
in deforestation and reforestation, with
training on labeled datasets to enhance
accuracy in identifying forest dynamics.
Temporal changes in forest cover and carbon
stock were assessed through time-series
analysis, enabling the identification of trends
and evaluation of the long-term impact of
carbon trading initiatives. The effectiveness of
carbon trading programs was measured using
metrics such as reductions in deforestation
rates, increases in forest cover, and enhanced
carbon sequestration capacity.

4. RESULTS AND DISCUSSION

4.1 Spatial Analysis of Forest Cover

The GIS analysis of satellite imagery
revealed significant spatial and temporal
changes in forest cover across East Java's

protected forests from 2015 to 2025.
Approximately 8% of the forested area
experienced deforestation, primarily in buffer
zones surrounding protected areas, while
reforestation initiatives associated with
carbon trading programs contributed to a 4%
increase in forest cover. Hotspot analysis
identified deforestation hotspots near human
settlements  and  agricultural  lands,
underscoring the influence of anthropogenic
activities on forest dynamics.
4.2 Carbon Sequestration Trends

Carbon stock data indicated an
overall increase in sequestration potential
within areas under carbon trading initiatives,
with protected forests participating in these
programs exhibiting a 15% higher carbon
sequestration rate compared to non-
participating regions. Temporal analysis
revealed that annual carbon sequestration
rates in these forests rose from 1.5 MtCO; in
2015 to 1.8 MtCO; in 2025, highlighting the
positive impact of carbon trading on
enhancing sequestration capacity.
4.3  Effectiveness of Carbon Trading
Initiatives

The analysis of carbon trading
program data revealed a 10% reduction in
forest loss compared to baseline levels in areas
covered by these programs. Additionally,
communities participating in the initiatives
reported economic benefits, including
alternative income sources and enhanced
forest management practices, demonstrating
the dual advantages of conservation and
livelihood improvement.
4.4 AI-Based Land Use Classification

The application of Al algorithms
identified distinct patterns in land-use
changes, with agricultural expansion
contributing to 60% of forest loss, followed by
urban development at 25% and illegal logging
at 15%. On the positive side, the AI models
detected substantial reforestation success in
targeted areas, especially those supported by
robust carbon credit allocation mechanisms.
4.5 Discussion

The results validate that carbon
trading operations in East Java's forest
reserves have contributed significantly to
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reducing deforestation and maximizing
carbon sequestration. The results are
consistent with previous studies, such as [16],
[30], [31], which promotes the relevance of
applying financial incentives in carbon
markets to promote sustainable forest
management. However, the relatively low
reforestation rates observed reflect the
significance of complementary interventions
in maximizing the effectiveness of these
programs and increasing their ecological
impact.

The integration of GIS, Al and
satellite imagery provided a unified platform
for monitoring and evaluation of carbon
trading programs. GIS spatial analysis was
applied to determine significant deforestation
hotspots and the spatial extent of reforestation
efforts, enabling targeted conservation
activities. Al models enhanced land-use
classification accuracy and trend forecasting,
enabling scalable solutions for monitoring
vast expanses of forest. High-resolution
satellite ~ images  facilitated  accurate
assessment of forest cover change, even
though preprocessing was necessary to
surmount difficulties such as cloud cover. The
findings point to the capability of emerging
technologies to overcome the weaknesses of
traditional approaches to forest monitoring,
i.e., data gaps and limited resources.

4.6 Challenges and Recommendations

While the research illustrates the
effectiveness of carbon trading schemes,
numerous challenges exist. Impacts of leakage
were recorded, with deforestation activity
being shifted to areas outside the program
boundaries, suggesting the need for
coordinated regional responses. Additionally,
while economic incentives were experienced,
local community involvement in program
planning and implementation remains absent,
which would suggest even higher integration
could improve effectiveness. Besides, the
success of such programs relies heavily on
enabling policies and governance structures,
calling for strengthening institutional systems
to scale and sustain the programs.

To address these issues, the research
recommends expanding the coverage of

carbon trading schemes to include
neighboring  non-protected  forests to
counteract leakage effects. The research also
promotes more community participation
through capacity building and equitable
benefit-sharing programs to encourage
participation and assistance. Finally, the
research emphasizes the importance of
improving coordination between local and
national governments in terms of policy to
ensure harmonized implementation, efficient
monitoring, and alignment with overall
environmental goals.
4.7 Impacts on Sustainable Development
Implications of the findings for
sustainable development targets (SDGs) are
wide-ranging, directly contributing to
Climate Action (SDG 13) by enhanced carbon
sequestration that mitigates climate change,
and Life on Land (SDG 15) by conserving
forests,  promoting  biodiversity, and
maintaining ecosystem resilience. In addition,
Sustainable Communities (SDG 11) are
supported by financial incentives presented
by carbon trade schemes, which enhance
sustainable livelihoods for the local people.
The integration of new technologies in the
study provides an example that can be
replicated for assessing the efficiency of
carbon trading programs in other parts of the
world, aiding global initiatives toward
sustainability.

5. CONCLUSION

This study is an example of the
transformative power of carbon trading
projects in the conservation of East Java's
protected forests. Through the use of Al and
GIS technologies, the research enabled precise
monitoring of land-use change and carbon
sequestration trends, yielding significant
environmental and socioeconomic benefits.
The findings depict reduced deforestation,
enhanced carbon stock, and improved
livelihoods for local people, showcasing the
potential of integrating advanced
technologies in forest conservation programs.

However, matters such as leakage
impacts, lack of adequate community
engagement, and data inconsistency must be
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resolved with urgency to enhance the
efficiency and scalability of such programs.
Bridging these gaps with mainstreaming
policy, advanced monitoring technologies,
and active community engagement can also
further optimize impact. Ultimately, this
research underscores the role of innovative

technologies and interagency cooperation in
maintaining sustainable forest management,
supporting Indonesia's climate commitment,
and providing an exportable model for other
parts
environmental concerns.

of the world facing comparable
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