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ABSTRACT

Artificial Intelligence (Al) in sustainable forest management is
emerging as a powerful tool to address critical environmental
challenges. In Nigeria, where deforestation and forest degradation
pose significant threats to biodiversity, climate stability, and local
livelihoods, the integration of Al technologies holds the potential to
enhance conservation efforts. This paper explored how Al can
contribute to sustainable forest management in Nigeria. By analyzing
existing case studies and examining the opportunities and challenges of
implementing Al in Nigeria’s forestry sector, this study highlighted the
role of Al in improving decision-making processes and fostering long-
term sustainability. Additionally, it considered the socio-economic
implications of Al adoption, including the need for capacity building,
policy frameworks, and community engagement to ensure equitable and
effective outcomes. The research used an integrative review approach
to combine perspectives on Nigerian studies, aiming to create new
theoretical models rather than covering all published articles. Studies
conducted in Nigeria which is the geographic location met the inclusion
criteria and were included in the review. This paper showed that Al-
driven solutions, when appropriately tailored to local contexts, can
significantly contribute to preserving Nigeria’s forests and advancing
sustainable land management practices. Hence, the use of Al tools in
local communities should be promoted by providing training and
resources to forest-dependent communities, enabling them to contribute
to monitoring and conservation efforts. Furthermore, the Nigerian
government should support the integration of Al technology into its
national forest policy, ensuring that modern technologies are
prioritized as part of its strategy for sustainable management of forest
resources.

INTRODUCTION

Artificial intelligence (Al) is a domain of computer science that deals with the development of intelligent
computer systems, that are capable of perceiving, analyzing, and reacting accordingly to the inputs (Spector,
2006; Kamble, 2018). Artificial intelligence is one of the basic technologies of our generation, resulting in
significant changes in our day-to-day activities in our various societies (Kassens-Noor and Hintze, 2020). Al
has emerged as a transformative tool in addressing global environmental challenges. Its application in forest
management offers promising opportunities for enhancing monitoring, resource allocation, and decision-
making processes. Al technologies, such as machine learning, remote sensing, and data analytics, can provide
real-time insights, predict forest changes, and optimize strategies to achieve sustainable forest management
goals. The basic aim of Al is to provide more transparent, interpretable, and explainable systems that can
help to establish a better-equipped system used as an intelligent agent (Ghosh and Thirugnanam, 2021).
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Sustainable Forest Management (SFM) is the process of managing forests to achieve one or more clearly
specified objectives of management with regard to the production of a continuous flow of desired forest
products and services without undue reduction of its inherent values and future productivity as well as any
undesirable effects on the physical and social environment (ITTO, 2020). Forests provide essential ecosystem
services, such as carbon sequestration, biodiversity preservation, water regulation, and livelihoods for
millions of people. However, in Nigeria, rapid deforestation, illegal logging, and unsustainable agricultural
practices have posed significant challenges to maintaining forest ecosystems. These issues demand
innovative and technology-driven solutions. As such, sustainable forest management has long received views
from forest researchers who have been trying to understand the various forest management processes that
drive these changes and the impact of this forest management process on the forest environment (Chukwu et
al., 2022). This is due to the rise in the availability of large data and the development of modern technologies
such as artificial intelligence (Al) and machine learning (ML) that are capable of handling large data sets
which provides new opportunities to study these multiple and complex systems (Chukwu et al., 2022; Crisci
etal. 2012).

Hence, this review explored the role of artificial intelligence (Al) in promoting sustainable forest
management practices, current applications of Al in Sustainable Forest Management (SFM), the Challenges
and Barriers to Al adoption in SFM, policy and institutional framework for SFM, future direction and
opportunities in the use of Al for sustainable forest management in Nigeria.

The Role of Artificial Intelligence in Sustainable Forest Management in Nigeria

Acrtificial Intelligence emerges as a promising tool to enhance sustainable forest management (SFM)
practices. Al can facilitate data collection, analysis, and decision-making, improving forest monitoring and
governance processes in Nigeria. Artificial Intelligence, particularly machine learning (ML) and remote
sensing technologies, has revolutionized the way forests are monitored and managed. In Nigeria, where forest
monitoring is often hindered by limited human and technical resources, Al can automate the process of
tracking forest cover changes, detecting illegal activities like logging, and predicting forest health (Mackey
et al., 2021). Satellite imagery, when combined with Al algorithms, can identify and monitor deforestation
trends, enabling more accurate assessments of forest cover loss over time. For example, the use of Al in
analyzing high-resolution satellite images has been successfully implemented in other tropical countries to
detect illegal logging activities, and such methods are adaptable to Nigeria’s diverse forest ecosystems
(Lambin et al., 2018).

Al can enhance sustainable harvesting practices by providing better data on forest inventory and growth rates.
The traditional method of assessing timber resources in Nigeria often lacks precision, leading to over-
harvesting and unsustainable logging practices. Al tools can optimize the planning of timber extraction,
ensuring that harvests do not exceed the regeneration capacity of forests (Bastin et al., 2019). Machine
learning models can predict the best locations for selective logging, reducing environmental impact while
maintaining biodiversity. Moreover, Al can assist in monitoring forest management plans, evaluating their
effectiveness, and making real-time adjustments. This is crucial for Nigeria, where forest governance is often
challenged by weak enforcement of regulations (Adewumi and Ojo, 2020). Al-powered decision support
systems can improve the transparency and accountability of forest management by providing actionable
insights for policymakers and forest managers.

Application of Al in Sustainable Forest Management in Nigeria

Forest ecosystems cover more than 4.1 billion hectares of the earth’s surface contributing greatly to the global
carbon cycle and acting as carbon sequestration reservoirs (FAO, 2020). However, in Nigeria, forest
encroachment and exploitation, legal and illegal felling, collection of fuel wood and industrialization, etc.,
have rendered protected forests degraded resulting in several environmental challenges (Gbadebo et al.,
2022). Artificial Intelligence presents an innovative solution to address these challenges by providing tools
for better forest monitoring, management, and conservation efforts.

Artificial intelligence strives to improve computer-related functions such as thinking, learning, problem-
solving, belief, and language intelligence that are linked to human knowledge (Mahato, 2022). An essential
branch of Artificial Intelligence mainly used in building patterns, designs, and complex models applied to
sustainable forest management data-sets is machine learning (ML). The ML algorithms that are widely used
in sustainable forest management include the Decision tree modelling technique, Artificial Neural Network
(ANN), Support Vector Machine (SVM), and Logistic Regression (LR) (Chukwu et al., 2022).
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Al-powered satellite imagery and remote sensing are critical for monitoring forest cover and changes over
time. Satellite images, combined with machine learning algorithms, allow for accurate and timely mapping
of forest areas, detecting deforestation patterns, and predicting future forest loss (Li et al., 2021). This can
aid Nigerian authorities and conservationists in assessing deforestation rates and identifying high-risk areas.
Al-based image analysis tools can classify vegetation types, estimate biomass, and even detect the health
status of forest ecosystems (Kaufmann et al., 2020). For instance, the use of machine learning models for
analyzing remote sensing data from satellites, such as Landsat and Sentinel, can help track forest degradation
across the Nigerian landscape. Al can automate the processing of these large datasets, providing real-time
insights that would otherwise take human experts weeks or months to compile.

Forest fires are another major threat to forests in Nigeria, often exacerbated by climate change and human
activities such as agriculture. Al algorithms, especially deep learning models, can help predict the occurrence
of forest fires based on weather patterns, historical fire data, and vegetation conditions (Jiao et al., 2019). By
integrating Al with environmental data, forest managers can anticipate fire risks and take preventive
measures. Moreover, Al tools can optimize the allocation of resources for firefighting, improve early warning
systems, and aid in post-fire recovery and restoration efforts (Zhang et al., 2020).

Challenges and Barriers to Al adoption in forest management in Nigeria

Al has the potential to revolutionize forest management in Nigeria by improving monitoring, decision-
making, and resource management (Ogundele and Salami, 2021). However, its adoption faces several
challenges, including inadequate technological infrastructure, poor internet connectivity, and limited data
collection systems (Adeola and Adewumi, 2020). A shortage of skilled professionals in Al and digital literacy
further hampers implementation, while financial constraints make acquiring Al tools and training difficult
(Musa et al., 2022). Cultural resistance to technology, diverse forest ecosystems requiring specialized Al
models, and sustainability concerns, including long-term funding and maintenance, also pose significant
barriers. Addressing these challenges requires coordinated efforts from government and non-governmental
stakeholders to ensure effective and sustainable Al integration (Adegoke and Adepoju, 2021).

Policy and Institutional Framework for Al in Forest Management

Artificial Intelligence (Al) presents transformative opportunities for improving forest management practices,
ranging from monitoring forest health to optimizing resource allocation. This policy and institutional
framework outlines the strategies for integrating Al technologies into forest management in Nigeria to
enhance sustainable forest development and conservation. The policy framework for Al in forest
management in Nigeria should consider the following key principles:

e Sustainability: Ensure that Al-driven interventions are aligned with national and international
sustainability goals, particularly those related to climate change (e.g., Paris Agreement) and the
United Nations Sustainable Development Goals (SDGs) (UN, 2015).

e Data Accessibility and Transparency: Create policies that ensure open access to forest-related
data (satellite imagery, forest inventory data) to enable Al-driven decision-making while addressing
concerns about privacy and data security.

e Capacity Building and Skill Development: Train and build local expertise in Al technologies and
forest management to ensure that Al solutions are adopted effectively at all levels.

e Integration with Traditional Knowledge: Incorporate indigenous and local community
knowledge into Al models to ensure culturally appropriate and context-specific solutions
(UNESCO, 2019).

e Collaboration and Stakeholder Engagement: Promote partnerships among government agencies,
non-governmental organizations (NGOs), academia, private companies, and local communities in
developing and implementing Al-driven forest management policies.

However, the successful implementation of Al in forest management requires the active involvement of
various institutions. In Nigeria, these institutions include:

e Federal Ministry of Environment (FMEnv): The FMEnv oversees national forest policies and
regulations. It can play a key role in integrating Al into forest management strategies by aligning
Al initiatives with the broader goals of sustainable forest management and climate change mitigation
(FMEnv, 2022).
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National Forestry Research Institute of Nigeria (FRIN): FRIN conducts research on forest
resources and management practices. Partnering with Al research institutions could support the
development of tailored Al solutions for Nigerian forests.

Nigerian Space Research and Development Agency (NASRDA): As an agency involved in
satellite imaging and remote sensing, NASRDA can contribute to Al-driven forest monitoring
through the provision of high-quality geospatial data.

Private Sector and Start-ups: Collaboration with technology start-ups specializing in Al and
remote sensing technologies can help introduce innovative solutions for forest management.

Local Communities and Indigenous Knowledge Holders: Engaging local communities in forest
management decisions and Al tool development is critical for ensuring the success of Al
applications in forestry.

Future Directions and Opportunities

The intersection of Artificial Intelligence (Al) and Sustainable Forest Management (SFM) presents a
promising opportunity for transforming forest conservation practices in Nigeria. The future directions and
opportunities for leveraging Al to enhance SFM in Nigeria include:

Al-Powered Monitoring and Surveillance Systems: A key opportunity lies in utilizing Al-
powered remote sensing technologies to enhance forest monitoring. Machine learning algorithms
can analyze satellite imagery, drone data, and other remote sensing sources to detect illegal logging
activities, track forest cover changes, and identify areas vulnerable to deforestation. In Nigeria, with
its extensive forest cover and challenges in monitoring remote areas, Al can significantly improve
real-time detection of forest degradation and help enforce policies effectively. Future work could
focus on refining these systems to increase accuracy and reduce false positives (Kuwornu et al.,
2021).

Predictive Analytics for Forest Health and Biodiversity Conservation: Al can be leveraged to
develop predictive models that forecast changes in forest ecosystems, such as predicting pest
infestations, forest fires, or the spread of invasive species. By integrating climate data with Al
algorithms, these models can help forest managers in Nigeria anticipate and mitigate the impacts of
climate change on forest ecosystems. Additionally, Al could assist in monitoring biodiversity by
analyzing species population dynamics, offering actionable insights for conservation planning
(Meyer et al., 2020). Future developments could include the integration of Al with Internet of
Things (1oT) devices to provide real-time environmental monitoring.

Al in Forest Carbon Sequestration and Climate Change Mitigation: Al has the potential to
optimize carbon sequestration models and assess the effectiveness of reforestation and afforestation
projects in mitigating climate change. In Nigeria, Al can be applied to estimate carbon stocks in
forests, assess the potential for carbon credits, and monitor the success of restoration initiatives.
Additionally, Al can be used to optimize forest management practices for carbon capture, including
through precision forestry techniques that enhance forest productivity while minimizing
environmental impact (Li et al., 2022).

Enhanced Decision-Making and Policy Formulation: Al can assist policymakers in Nigeria by
providing data-driven insights to formulate better policies for forest conservation. Machine learning
models can be used to analyze large datasets, identify patterns in deforestation drivers, and predict
the outcomes of various policy interventions. This would empower the government to adopt
evidence-based decision-making, leading to more effective and sustainable forest management
policies (Cao et al., 2021). Moreover, Al could support the creation of transparent, inclusive
platforms for stakeholder participation in decision-making processes.

Al-Driven Community Engagement and Capacity Building: In Nigeria, involving local
communities in forest management is crucial for the success of SFM initiatives. Al-powered mobile
applications can be developed to enhance community participation by providing real-time
information on forest health, illegal activities, and available resources for sustainable practices. By
engaging communities through technology, Al can empower local people to take proactive roles in
forest protection (Eugene et al., 2021). Capacity-building programs that train local stakeholders to
utilize Al tools can foster a culture of sustainable forest stewardship.

International Collaboration and Research: Collaborative research initiatives between Nigerian
institutions, international organizations, and technology developers can promote the development
of Al solutions tailored to the specific needs of Nigerian forests. These partnerships can facilitate
knowledge exchange and resource sharing, accelerating the adoption of Al tools in SFM.
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Furthermore, Nigeria’s involvement in global forest conservation efforts and climate agreements
can be enhanced by integrating Al into national forest monitoring systems, supporting international
reporting standards (Kundu et al., 2021).

CONCLUSION

The impact of artificial intelligence on sustainable forest management in Nigeria holds tremendous potential
for addressing the nation’s pressing environmental challenges. The successful implementation of Al in SFM
requires collaboration between government agencies, technology developers, local communities, and
environmental organizations. Adequate investments in Al infrastructure, capacity building, and public
awareness are also essential to overcome potential barriers, such as limited technological access and data
privacy concerns. With the right policies and strategic partnerships in place, Al can serve as a transformative
tool that supports sustainable forest management, contributing to the long-term ecological and economic
well-being of Nigeria. The future of forest conservation in Nigeria, bolstered by the power of Al, is
promising, offering innovative solutions to safeguard the country’s rich natural heritage for generations to
come.

RECOMMENDATIONS

Al-powered satellite imagery analysis and remote sensing tools to monitor forest cover, track deforestation,
and assess forest health in real-time should be deployed. Al models to predict forest growth patterns,
biodiversity changes, and the impact of climate change on forest ecosystems should be developed. Systems
that integrate Al with existing data collection efforts by the government and local communities should be
established. The use of Al tools in local communities by providing training and resources to forest-dependent
communities, enabling them to contribute to monitoring and conservation efforts, should be promoted.
Awareness about the role of Al in forest management should be raised through educational campaigns
targeting local communities, environmental NGOs, and the general public. Additionally, the Nigerian
government should encourage the incorporation of Al technology into its national forest policy, ensuring that
innovative technologies are prioritized as part of the strategy for managing forest resources sustainably.
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