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A B S T R A C T   A R T I C L E   I N F O 

Artificial Intelligence (AI) has emerged as a transformative 
driver for sustainable agriculture and food engineering, 
offering innovative tools to mitigate climate risks and 
enhance productivity. This paper explores the role of AI in 
advancing climate-smart agriculture. Using a qualitative 
exploratory approach, the study synthesizes evidence from 
global and national reports, peer-reviewed research, and 
policy documents to evaluate AI applications across 
agriculture, renewable energy, and environmental 
monitoring. Findings revealed that AI-driven precision 
agriculture in Nigeria improved crop yields by 25% and 
reduced fertilizer use by 30%, contributing significantly to 
emission reduction in a sector responsible for one-third of 
national greenhouse gas emissions. AI-optimized solar 
microgrids also enhanced energy efficiency by 15%, while AI-
based forest surveillance reduced illegal deforestation by 
22%. However, challenges such as limited digital 
infrastructure, data fragmentation, and low AI literacy 
persisted. These findings underscored the potential of 
integrating AI within agri-tech ecosystems, renewable 
energy management, and policy frameworks aligned with 
sustainable development goals (SDGs). The paper 
recommends developing an wide strategy for AI-driven 
agricultural innovation to strengthen climate resilience and 
ensure sustainable food systems. 
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1. INTRODUCTION 
 

Agriculture remains one of the most climate-sensitive sectors globally, particularly in 
developing countries where smallholder farmers rely heavily on weather stability and natural 
resources for their livelihoods (Intergovernmental Panel on Climate Change; see 
https://doi.org/10.1017/9781009325844). Climate change has intensified droughts, floods, 
and irregular rainfall patterns, threatening food production, land productivity, and 
sustainable economic growth (Okonkwo & Demenongu, 2020). Nigeria, as a major agricultural 
economy in sub-Saharan Africa, faces severe vulnerability due to its dependence on rain-fed 
agriculture, limited irrigation systems, and insufficient technological capacity for adaptation. 
With a national temperature increase of 1.1°C and increasing climate instability, as reported 
by Nigerian Meteorological Agency [NiMet] in 2022, the need for intelligent and adaptive 
technological interventions has become urgent. 

Artificial Intelligence (AI) (which includes machine learning, computer vision, and 
predictive analytics) has demonstrated significant potential to address these agricultural 
challenges. By enabling precision farming, optimizing resource use, and improving predictive 
climate modeling, AI enhances agricultural productivity while reducing greenhouse gas 
emissions (Rolnick et al., 2019; Vinuesa et al., 2020). In Nigeria, AI-driven agricultural systems 
have increased crop yields by up to 25% and reduced fertilizer consumption by 30%, leading 
to emission reductions in a sector responsible for one-third of the country’s total greenhouse 
gases (Oyedepo et al., 2021). These advancements not only support national food security 
but also strengthen progress toward Sustainable Development Goals (SDGs), especially SDG 
2 (Zero Hunger), 9 (Industry, Innovation, and Infrastructure), and 13 (Climate Action) (see 
https://unstats.un.org/sdgs/report/2022/). 

Furthermore, AI-based renewable energy systems, such as solar-powered irrigation and 
smart grid optimization, have improved energy efficiency by 15%, supporting the transition 
to low-carbon agricultural production (Chukwu & Mahajan, 2022; see 
https://unfccc.int/sites/default/files/resource/Nigeria_LTS_2021.pdf). Similarly, AI-enabled 
forest and environmental monitoring has reduced illegal deforestation by 22%, protecting 
essential ecosystems that underpin agricultural resilience, as reported by Growth 
Enhancement and Monitoring System GEMS in 2022 and World Bank in 2022. Despite these 
promising outcomes, Nigeria’s adoption of AI technologies remains limited due to 
infrastructural constraints, fragmented data systems, low investment in research and 
development, and a shortage of skilled professionals, as reported in World Economic Forum 
in 2022. 

The novelty of this study lies in its integrated framework connecting artificial intelligence, 
climate-smart agriculture, and environmental sustainability within a developing economy. 
Unlike prior studies that discuss AI applications in isolated contexts, this paper critically 
examines how AI can serve as a holistic tool for agricultural transformation, emission 
reduction, and ecosystem management. The impact of this study is to provide an evidence-
based model for leveraging AI in agricultural and environmental engineering to accelerate 
climate change mitigation and strengthen national food system resilience. 
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2. METHODS 
 

This study employed a qualitative and exploratory research design to examine the role of 
AI in supporting climate-smart agriculture and sustainable food system development in 
Nigeria. Considering the emerging nature of AI applications in agriculture and environmental 
management, this design was chosen to allow an in-depth exploration of patterns, challenges, 
and opportunities. The study synthesized knowledge from scientific research, policy 
frameworks, and technical reports to assess how AI contributes to emission reduction, 
agricultural productivity, and environmental resilience. The analysis was based on secondary 
data drawn from diverse and credible sources, including international organizations such as 
the Intergovernmental Panel on Climate Change IPCC in 2022 (see 
https://doi.org/10.1017/9781009325844 and https://www.fao.org/faostat/en/#data/GT), 
and the World Bank in 2022, as well as national reports like the Federal Ministry of 
Environment FME in 2021 and Nigeria’s Long-Term Low Emission Vision 2050 (see 
https://unfccc.int/sites/default/files/resource/Nigeria_LTS_2021.pdf). In addition, peer-
reviewed studies focusing on AI-driven agricultural innovations were consulted to capture the 
breadth of technological integration and its impacts on sustainable development (Rolnick et 
al., 2019; Vinuesa et al., 2020; Chukwu & Mahajan, 2022). 

Data were collected through a systematic desk review using targeted keyword searches 
such as “AI in agriculture,” “climate-smart farming,” “precision agriculture,” and “AI for 
emission reduction in Nigeria” across databases like Scopus, Web of Science, and Google 
Scholar. Publications between 2018 and 2024 were prioritized to ensure recency, while 
foundational theoretical works were retained to strengthen conceptual understanding. The 
inclusion criteria required that each source explicitly address AI or climate change mitigation 
within agriculture, provide empirical or policy-based insights, and originate from reputable 
scientific or institutional authors. This process ensured the reliability and contextual relevance 
of the selected data (Bowen, 2009). 

The analysis followed a thematic content approach that organized findings into major 
domains, including AI for precision farming and resource optimization, AI for renewable 
energy management in agricultural systems, AI for environmental monitoring and forest 
conservation, and the barriers and enabling conditions for AI adoption (Braun & Clarke, 2019). 
Descriptive data such as yield improvement, input reduction, and emission decreases were 
integrated to support qualitative interpretations and highlight measurable outcomes. To 
maintain validity, the study employed triangulation by cross-verifying information from 
multiple independent sources. Since only secondary data were used, no human participants 
were involved, and ethical principles were upheld through accurate attribution and 
compliance with the Publication Manual of the American Psychological Association. This 
methodological framework ensures that the study provides a robust and credible assessment 
of how AI can accelerate agricultural transformation and climate change mitigation within 
developing contexts. 

3. RESULTS AND DISCUSSION 
 
AI is increasingly recognized as a transformative tool for addressing agricultural and 

environmental challenges in developing countries. In Nigeria, the integration of AI into 
agricultural systems has begun to demonstrate significant benefits in productivity 
enhancement, resource optimization, and emission reduction, though its large-scale adoption 
remains limited. Empirical evidence suggests that AI applications in Nigerian agriculture are 
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still in their early stages but are growing steadily, driven by both public initiatives and private 
innovation (Oyedepo et al., 2021). The use of AI in agriculture has introduced precision 
techniques that enable farmers to make data-driven decisions regarding planting schedules, 
irrigation cycles, pest management, and fertilizer use. Remote sensing, drone imaging, and 
machine learning algorithms have been particularly effective in monitoring soil fertility, 
predicting yield outcomes, and reducing post-harvest losses. Pilot implementations of AI-
based precision agriculture in Kaduna State led to a 25% increase in maize yields and a 30% 
reduction in fertilizer application over two growing seasons (Oyedepo et al., 2021). This 
improvement not only enhances productivity but also mitigates the environmental impacts 
associated with over-fertilization and greenhouse gas emissions from nitrogen-based 
fertilizers. 

AI-driven agricultural platforms such as FarmCrowdy and Hello Tractor have also begun 
integrating predictive analytics into their operations, allowing more efficient allocation of 
farming machinery, resource inputs, and logistics. While these platforms are not purely AI-
based, the incorporation of machine learning modules for operational prediction and 
resource optimization has reduced energy consumption and operational costs by 
approximately 18% (see https://www.farmcrowdy.com). These advancements demonstrate 
that even partial integration of AI components can produce measurable benefits across 
agricultural value chains. However, adoption remains low, with less than 5% of farmers using 
digital or AI-enhanced agricultural tools, most of whom are large-scale commercial producers 
(Akinola, 2021). The limited uptake is mainly due to the high cost of digital technologies, lack 
of technical literacy among smallholder farmers, and weak rural broadband infrastructure. 

AI’s impact extends beyond farm-level productivity to the optimization of energy use in 
agricultural production systems. Renewable energy integration has become central to 
achieving sustainable food systems, particularly in countries where energy access remains 
inconsistent. Nigeria’s ambitious target to achieve 30% renewable energy contribution by 
2030 has been supported by AI-based technologies that optimize energy generation, storage, 
and distribution (see https://unfccc.int/sites/default/files/resource/Nigeria_LTS_2021.pdf). 
In pilot projects located in rural areas of Bauchi and Katsina States, AI-optimized solar 
microgrids improved energy efficiency by approximately 15% compared to traditional grid 
management systems (Chukwu & Mahajan, 2022). Predictive algorithms were employed to 
forecast energy demand in real time, enabling system operators to adjust supply and reduce 
energy waste. This innovation has been especially beneficial for small and medium-sized agro-
industrial enterprises that depend on consistent power supply for processing and 
refrigeration. 

The application of AI in renewable energy management also supports broader agricultural 
sustainability goals. For instance, smart irrigation systems powered by AI-controlled solar 
energy have reduced water wastage and energy costs, while maintaining optimal soil 
moisture levels for crops (Rolnick et al., 2019). By aligning energy use with real-time 
agricultural data, these systems contribute to carbon emission reduction and enhance climate 
adaptation capacity. Moreover, AI’s predictive capabilities can be integrated into national 
energy databases to forecast agricultural power needs based on seasonal patterns, rainfall 
distribution, and regional temperature variation (Vinuesa et al., 2020). This represents a 
critical step toward creating climate-resilient agricultural energy systems that support the 
dual objectives of productivity and sustainability. 
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Another area where AI has shown substantial promise is in environmental monitoring and 
forest management, which are integral to the stability of agricultural ecosystems. 
Deforestation and land degradation remain among Nigeria’s most pressing environmental 
problems, with an estimated 400,000 hectares of forest lost annually, which is the highest 
rate in Africa, as reported by World Bank in 2022. Forest loss directly affects soil fertility, 
hydrological cycles, and biodiversity, all of which are essential for sustainable agriculture. The 
use of AI-driven satellite imaging and remote sensing technologies has enabled more accurate 
detection and monitoring of land-use changes. The GEMS and partnerships with AI companies 
such as Satelligence have demonstrated significant success in tracking illegal logging and 
predicting deforestation risks. In a pilot study conducted in Cross River State, AI-based forest 
surveillance reduced illegal deforestation by up to 22% in its first year of deployment, as 
reported by GEMS in 2022. This result illustrates the capacity of AI to strengthen 
environmental governance and enhance data-driven policy interventions. 

In addition to detection and monitoring, AI has been applied to develop early warning 
systems for forest fires, flooding, and land degradation hotspots, contributing to the proactive 
management of environmental risks. These systems utilize real-time data from 
meteorological and hydrological sources to predict extreme weather events, allowing 
authorities to implement mitigation strategies before disasters occur (NiMet, 2022; UNECA, 
2022). Such applications are essential for safeguarding agricultural productivity, as extreme 
weather events have devastating effects on crop yields and food security. The synergy 
between AI-enabled environmental surveillance and agricultural planning thus creates a more 
resilient food production system capable of adapting to climatic variability. 

Despite these technological advancements, several structural barriers continue to limit the 
widespread adoption of AI for agricultural and environmental applications in Nigeria. The first 
major challenge is inadequate digital infrastructure. Only 35% of Nigeria’s population has 
reliable internet access, and rural broadband penetration is below 15%, as reported in World 
Economic Forum in 2022. This restricts the capacity of smallholder farmers and agricultural 
cooperatives to utilize AI tools that rely on cloud-based platforms and real-time data 
processing. The second barrier is underinvestment in AI research and development, which 
remains below 0.2% of GDP, which is significantly lower than in other emerging economies 
such as South Africa (0.6%) and Kenya (0.4%). This funding gap hinders innovation, limits local 
capacity for algorithm development, and reduces opportunities for tailored AI solutions 
suited to Nigeria’s agricultural context. 

Data accessibility poses another significant limitation. The effectiveness of AI depends on 
large, high-quality, and interoperable datasets. However, Nigeria’s environmental and 
agricultural data systems are fragmented, outdated, and often inaccessible to researchers 
and private developers (Oyedepo et al., 2021). Less than 20% of national climate and 
agricultural datasets are available in machine-readable formats, and the absence of 
standardized data protocols weakens the accuracy of AI models. These limitations reduce the 
reliability of predictive models for yield estimation, climate forecasting, and pest 
management. In addition, limited data sharing between government agencies, universities, 
and private sectors prevents the formation of a cohesive digital ecosystem for agricultural 
innovation. 
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The human resource gap also constitutes a major obstacle. According to the World Bank in 
2022, Nigeria produces fewer than 2,000 AI-related graduates annually, a number far below 
the demand for skilled experts in data science, climate informatics, and precision agriculture. 
AI literacy among agricultural professionals, policymakers, and environmental managers 
remains low (Akinola, 2021). Furthermore, few universities offer interdisciplinary programs 
that integrate AI, climate science, and agricultural engineering. As a result, there is a lack of 
institutional capacity to design, implement, and maintain AI-driven agricultural systems. 
Bridging this gap requires long-term investments in education, research, and professional 
development to cultivate a new generation of experts who can lead the transformation of the 
agricultural sector. 

The combined impact of these infrastructural, financial, and human resource limitations 
has restricted AI adoption primarily to donor-funded pilot projects and private sector 
experiments. While these initiatives provide valuable insights into the potential of AI for 
climate-smart agriculture, they remain localized and fragmented. Without coordinated 
national strategies, Nigeria risks missing the opportunity to scale these innovations to the 
national level. A comprehensive approach that integrates AI into agricultural and 
environmental policy frameworks is therefore necessary. Such integration would require 
harmonizing data governance standards, expanding broadband infrastructure, increasing 
investment in AI R&D, and strengthening educational systems. 

A coordinated national framework would also enable the integration of AI with Nigeria’s 
climate action plans, such as the Nationally Determined Contributions (NDCs) and the Long-
Term Low Emission Vision 2050 (see 
https://unfccc.int/sites/default/files/resource/Nigeria_LTS_2021.pdf). Aligning AI initiatives 
with these policy instruments ensures that technological innovation directly supports 
emission reduction targets and sustainable food production systems. Policy coherence is 
critical to avoid the duplication of efforts and to promote synergies among different sectors 
such as agriculture, energy, and environmental management.  

The establishment of a dedicated National AI for Climate Strategy would provide an 
institutional platform for collaboration between government agencies, research institutions, 
and private enterprises. Such a framework would not only strengthen governance but also 
enhance transparency, accountability, and continuity in program implementation. 

Another essential step involves fostering public–private partnerships (PPPs) to scale up 
successful AI-driven projects. Many AI innovations in Nigeria remain donor-supported and 
end after pilot stages, primarily due to financial constraints and weak commercialization 
pathways. Through PPP models, private firms can invest in developing context-specific AI 
applications, while the government provides regulatory support, data infrastructure, and 
fiscal incentives such as tax breaks and innovation grants as reported in World Economic 
Forum in 2022. This partnership model has already shown effectiveness in other sectors, 
where technology companies collaborate with public institutions to deploy digital tools for 
governance and service delivery. Applying similar mechanisms in agriculture could catalyze 
large-scale AI integration across value chains, from crop production and irrigation to logistics, 
processing, and market forecasting. 

The creation of AI innovation hubs dedicated to agricultural and environmental 
applications could also accelerate technology transfer and knowledge diffusion. These hubs 
would serve as incubation centers for start-ups, researchers, and students to develop 
localized solutions tailored to Nigeria’s agro-ecological conditions. Regional collaboration 
through such hubs could support data pooling, algorithm co-development, and technical 
capacity building (Akinola, 2021). By localizing AI development, Nigeria could reduce 
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dependency on imported software systems that are often poorly adapted to local data and 
languages. In the long term, these initiatives can contribute to building a self-sustaining AI 
ecosystem that supports both national food security and economic diversification. 

Education remains a cornerstone of this transformation. To close the skills gap, Nigeria’s 
tertiary education system needs to integrate interdisciplinary programs that merge AI, data 
science, and agricultural engineering (Rolnick et al., 2019). Curricula should focus not only on 
algorithmic design but also on practical applications such as climate modeling, smart 
irrigation, and sustainable energy management. Continuous professional development 
programs for agricultural extension workers and policymakers are equally important to 
ensure that AI-based systems are properly utilized and maintained. Collaboration with global 
research institutions such as DeepMind, AI4Climate, and the United Nations University 
Institute for Environment and Human Security could provide valuable technical exchange and 
training opportunities. This academic-industry collaboration model is vital to create a new 
generation of professionals capable of designing and implementing AI systems for climate-
smart agriculture. 

Beyond education and infrastructure, data governance constitutes another pillar of 
successful AI adoption. Effective AI deployment depends on the availability of reliable, high-
quality data for model training and validation. Nigeria currently lacks a unified open-data 
framework for environmental and agricultural information (Oyedepo et al., 2021). 
Establishing a centralized data repository integrated with meteorological, hydrological, and 
agricultural datasets would enable real-time monitoring and predictive modeling. This open-
data policy should prioritize transparency, interoperability, and accessibility for both public 
and private stakeholders. Standardized data-sharing protocols would allow AI developers, 
universities, and research institutions to collaborate effectively, minimizing redundancy and 
increasing the precision of AI-based predictions (Bowen, 2009). 

AI can also contribute to climate risk modeling and disaster management, which are crucial 
for maintaining food security in the face of extreme weather events. Predictive analytics 
powered by AI can identify regions prone to droughts or floods, enabling early interventions 
and resource allocation. For example, integrating AI with meteorological models could 
forecast rainfall variability, giving farmers adequate time to plan irrigation or crop rotation 
schedules. Similarly, AI-driven flood prediction models can guide infrastructure planning, 
reducing agricultural losses in flood-prone regions. These proactive strategies represent a 
shift from reactive disaster response toward anticipatory adaptation, a hallmark of 
sustainable and intelligent agricultural management (Vinuesa et al., 2020). 

Another dimension of AI’s contribution lies in supply chain optimization and post-harvest 
management. Agriculture in Nigeria suffers substantial post-harvest losses due to inefficient 
logistics, poor storage, and unpredictable market access. AI algorithms integrated into 
logistics management platforms can analyze traffic, demand, and inventory data to 
streamline distribution routes and reduce spoilage (Wamba-Taguimdje et al., 2020). 
Predictive market analytics can further support farmers and agribusinesses in making data-
driven marketing decisions, ensuring better price stability and minimizing waste. By improving 
efficiency across the agricultural value chain, AI contributes not only to economic growth but 
also to the reduction of food waste—an indirect yet significant form of emission mitigation. 
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Although the technological foundation is gradually taking shape, the institutional 
dimension of AI governance requires further attention. Nigeria’s regulatory framework for AI 
remains underdeveloped, lacking clear standards for data protection, ethical AI use, and 
algorithmic transparency. As highlighted by the World Economic Forum in 2022, governance 
gaps in emerging economies can hinder innovation and erode public trust. Establishing a 
regulatory body or a national AI ethics council could ensure responsible innovation and 
protect against misuse of data and automation biases. Such governance measures are crucial 
for maintaining ethical integrity while expanding AI adoption in sectors that directly affect 
livelihoods, such as food production and natural resource management. 

The economic implications of scaling AI for climate-smart agriculture are also significant. 
Increased efficiency in input use and yield prediction can translate into substantial cost 
savings for farmers and agribusinesses. AI can help identify optimal planting windows and 
manage crop diseases before outbreaks occur, thereby reducing the need for costly 
interventions (Rolnick et al., 2019). Moreover, AI-supported market intelligence tools can 
improve access to financing by providing credit risk assessments based on farm-level data, 
thus fostering inclusive growth in rural economies. As more financial institutions adopt AI-
powered risk modeling, smallholder farmers could benefit from increased access to loans and 
insurance products. This integration of AI into the agricultural finance ecosystem can help 
unlock new opportunities for investment in sustainable agriculture (Vinuesa et al., 2020). 

From an environmental standpoint, AI’s potential to reduce emissions is both direct and 
indirect. Directly, AI helps monitor and control agricultural emissions through optimized 
fertilizer application, improved irrigation, and efficient land-use planning. Indirectly, AI 
contributes to forest conservation, renewable energy deployment, and sustainable waste 
management, all of which reduce the carbon footprint of the agricultural sector as reported 
in FAO in 2022 and GEMS in 2022. In the energy sector, predictive maintenance algorithms 
applied to solar panels and wind turbines can minimize equipment downtime and extend 
operational lifespans, thereby improving the return on renewable energy investments 
(Chukwu & Mahajan, 2022). These innovations align with Nigeria’s target of achieving net-
zero emissions by 2060 while advancing the broader Sustainable Development Goals (see 
https://unstats.un.org/sdgs/report/2022/). 

The evidence indicates that while Nigeria has achieved notable progress in piloting AI-
based agricultural and environmental systems, these efforts remain fragmented and small-
scale. To ensure long-term sustainability, AI must be integrated as a core component of 
agricultural policy and national development planning. This integration should not only focus 
on technological deployment but also on building institutional frameworks that encourage 
innovation and knowledge sharing. The success of AI in climate-smart agriculture depends on 
coordinated action across research, policy, education, and private sector engagement, as 
reported by FME in 2021 and UNECA in 2022. The transition from localized projects to 
nationwide strategies will require deliberate investments, multi-stakeholder participation, 
and strong leadership commitment. 

Ultimately, AI presents Nigeria with a unique opportunity to redefine its agricultural and 
environmental future. By bridging the gap between technology and sustainability, AI can 
transform traditional farming into a data-driven, efficient, and low-carbon system. The 
measurable outcomes (such as increased yields, reduced inputs, and improved resource 
efficiency) demonstrate AI’s potential to accelerate progress toward sustainable food security 
and climate resilience. However, realizing this potential will depend on Nigeria’s ability to 
invest strategically in infrastructure, research, education, and governance. The 
transformation envisioned by this study is not merely technological but systemic, requiring 
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integration of AI into the entire agricultural innovation ecosystem to ensure that food 
production becomes smarter, greener, and more sustainable. 

4. CONCLUSION 
 

AI has demonstrated transformative potential in advancing climate-smart agriculture and 
sustainable food systems in Nigeria. Empirical evidence confirms that AI improves crop yields, 
reduces resource waste, enhances renewable energy efficiency, and strengthens 
environmental monitoring. However, widespread adoption remains limited by infrastructural, 
institutional, and capacity constraints. To maximize AI’s impact, national strategies must 
prioritize investment in digital infrastructure, data governance, education, and public-private 
collaboration. Integrating AI into agricultural and environmental policy frameworks will not 
only accelerate progress toward emission reduction and food security but also establish a 
resilient foundation for sustainable national development. 
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