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Abstract. This study addresses the critical need for accessible and relevant climate information in
Ghana’s agricultural and food sectors, disproportionately affected by climate change. Utilizing a
participatory approach, we engage stakeholders such as policymakers and researchers to identify
specific climate information needs and co-produce actionable data. Advanced Al technologies,
including Large Language Models, are leveraged to analyze this localized information, fill gaps,
and enhance agricultural decision-making. Our research identifies AI’s promise and limitations in
providing high-quality yet locally tailored climate information. By marrying stakeholder input with
advanced technology, we aim to bolster agricultural resilience and sustainable food security in
Ghana. The study holds significant implications for policy formulation, resource allocation, and
adopting effective adaptation strategies, contributing to a climate-resilient agricultural ecosystem
and improved livelihoods for Ghana’s population.
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1 Introduction

Climate change poses substantial risks to agriculture and food security, most acutely felt in developing
countries such as Ghana (Intergovernmental Panel on Climate Change, 2014; Niang et al., 2014).
Despite contributing minimally to global greenhouse gas emissions, Ghana is vulnerable to climate
change's adverse effects, like increased temperatures, changing rainfall patterns, and extreme weather
events (EPA, 2015; Owusu & Waylen, 2009). These changes jeopardize the country's agricultural
sector, the backbone of its economy and a critical component of national food security (Awuni et al.,
2023). A significant barrier to overcoming these challenges is the lack of accessible, timely, and
relevant climate information for key stakeholders such as farmers, policymakers, and researchers
(Hansen et al., 2007; Vaughan & Dessai, 2014). Past efforts suggest that a tailored approach, co-
produced through participatory methods involving diverse stakeholders, leads to more effective climate
adaptation strategies (Jones et al., 2015; Roncoli et al., 2009; Dilling & Lemos, 2011).

Emerging research shows that Artificial Intelligence (Al), particularly Large Language Models, can
complement human expertise by filling information gaps with timely and localized climate predictions
(Ruiz-Real et al., 2020; Guthrie, 2019). Although nascent in Ghana, Al holds promise for significantly
enhancing climate resilience and adaptation strategies (Antwi-Agyei, Dougill, et al., 2021; Manteaw et
al., 2022). This study aims to bridge the climate information gap by identifying stakeholders' specific
needs and leveraging Al technologies for actionable strategies. We endeavor to fortify agricultural
resilience and contribute to sustainable food security in Ghana through an integrated approach,
blending stakeholder engagement with technological innovation. By doing so, we hope to provide
valuable insights that will inform policy development, resource allocation, and adaptation strategies,
ultimately contributing to a more climate-resilient Ghana.
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2 Literature Review

The impacts of climate change on agriculture and food security are well-documented, with numerous
studies highlighting the vulnerability of developing countries, particularly in Africa (Niang et al., 2014;
Sultan & Gaetani, 2016). In Ghana, climate change has led to increased temperatures, changing rainfall
patterns, and extreme weather events, which pose significant challenges to the agricultural sector and
food security (EPA, 2015; Owusu & Waylen, 2009).

The availability of accurate and timely climate information is essential for farmers and other
stakeholders in agriculture to make informed decisions on crop selection, planting times, pest control,
and resource management (Hansen et al., 2007). However, many developing countries, including
Ghana, face challenges accessing and utilizing climate information due to inadequate infrastructure,
limited awareness, and insufficient capacity among stakeholders (Vaughan & Dessai, 2014).

Several studies have highlighted the importance of tailoring climate information to the needs of
agricultural stakeholders to enhance its relevance and usefulness (Jones et al., 2015; Simelton et al.,
2013). Participatory approaches involving farmers, extension officers, researchers, and policymakers
have been identified as effective means of identifying climate information needs and improving
communication channels for information dissemination (Roncoli et al., 2009; Tall et al., 2013).

Additionally, research has shown that engaging stakeholders in the co-production of climate
information can lead to better adaptation strategies and increased agricultural resilience (Dilling &
Lemos, 2011; Lemos et al., 2012). This is particularly relevant for Ghana, where agriculture is a key
component of the economy, and climate change poses significant risks to food security and rural
livelihoods (EPA, 2015).

3 Methodology

The methodology for this study comprises a multi-stage approach, as capture in Figure 1 below,
designed to address the research questions and objectives, with a strong emphasis on stakeholder
engagement and participatory methods, as well as the incorporation of artificial intelligence (Al)
models for data analysis.

1. Stakeholder identification and recruitment: The study will begin by identifying key agricultural
stakeholders in Ghana, including farmers, extension officers, researchers, and policymakers. A
purposive sampling strategy will be employed to ensure representation from various regions,
agricultural sectors, and levels of decision-making (Palinkas et al., 2015).

2. Workshops and participatory methods: Stakeholders will be engaged in a series of workshops,
where they will participate in activities to identify their climate information needs and
preferences for data formats and communication channels. Participatory methods, such as focus
group discussions and ranking exercises, will facilitate stakeholder dialogue and consensus-
building (Morgan, 1996).

3. Co-production of climate information: Building on the insights gained from the workshops,
stakeholders will be involved in the co-production of climate information, using a participatory
approach inspired by the paper “Self-critiquing models for assisting human evaluators”
(Saunders et al., 2022). This process will involve developing, reviewing, and refining questions
and answers related to climate change and its impacts on agriculture.

4. Evaluation and Al-assisted analysis of climate information: The co-produced climate
information will be evaluated using human evaluators, who will assess the relevance,
understandability, and usability of the data for stakeholders (Saunders et al., 2022).
Subsequently, Al models will be employed to analyze the evaluated climate information,
identifying patterns and relationships that can further inform the study’s objectives and
outcomes.

5. Dissemination of tailored climate information: Finally, the tailored climate information,
enhanced by Al-assisted analysis, will be disseminated to stakeholders through appropriate
channels, such as workshops, extension services, and digital platforms, to improve its
accessibility and impact on agricultural resilience and food security in Ghana (Tall et al., 2013).

6. Global Trends Analysis: To provide a comparative global context to our local findings, we will
utilize Google Trends data on climate change-related search queries from 2020 to 2022 across
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G20 countries and Ghana. The search queries will be analyzed using language-agnostic BERT
(LaBSE embeddings) and Principal Component Analysis (PCA) to identify global patterns in
climate information needs.
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Fig. 1 Concept Framework of the methodology

4 Implementations: The Role of Al In Enhancing Climate Information
Accessibility in Ghana’s Agriculture Sector

The University of Ghana conducted an experimental study to explore the utility of Artificial
Intelligence, specifically Large Language Models (LLMs) like ChatGPT, in addressing climate-related
queries relevant to Ghana’s agriculture and food sector. We compared the responses generated by
ChatGPT to those from a panel of local experts from diverse sectors, including Forestry, Academia,
and Energy.

A compilation of 93 climate-related questions, focused on Ghana, were prepared. We formed panels
comprising 46 local experts with varying levels of self-assessed knowledge about climate change.
These experts were divided into four groups to write concise answers for the set questions.
Subsequently, another set of groups assessed the quality of these answers on a scale of ‘Low’ (4%),
‘Medium’ (56%), and ‘High’ (40%). Simultaneously, answers generated by ChatGPT were also
evaluated. Interestingly, ChatGPT scored ‘High’ (99%) in almost all questions, with one marked as
‘Medium.” However, the reason for this preference over human experts is yet to be fully understood.
We suspect that stylistic elements or narrative structures, possibly influenced by RLHF algorithms
(Ziegler et al., 2019), may account for this.
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Fig. 2 The Chart compares the quality of answer generated by ChatGPT and a panel of human experts to a set of
93 climate-related questions relevant to Ghana’s agricultural sector. Quality is assessed on a scale of ‘Low’,
‘Medium’, and ‘High.’

One possible limitation of our study is the constrained setting in which human experts operated,
leading to questions about how ChatGPT’s responses compare to detailed, unrestricted expert
responses. For instance, when ChatGPT was asked about the effects of climate change on agriculture in
Ghana, its well-framed answer was not as specific to Ghana as a comparable expert-written answer.
Moreover, ChatGPT itself recognized the expert answer as superior for its depth and relevance,
especially concerning key crops like cocoa.

While ChatGPT shows promise in generating answers in a time-sensitive environment, it
acknowledges the value of more specific and in-depth expert knowledge. Our findings point to the need
for further research to understand the contexts in which Al can be most useful for enhancing climate
information accessibility, particularly in sectors as crucial as agriculture in Ghana. The following
research questions and objectives are designed to address the identified gaps in climate information
accessibility and relevance for agricultural stakeholders in Ghana.

5 Conclusion

This research aimed to address the critical gaps in climate information accessibility, directly affecting
Ghana's agricultural resilience and sustainable food security. Utilizing a participatory approach and Al
analyses, the study provides insights that could significantly influence policy and resource allocation.
Notably, Large Language Models like ChatGPT offer quality, though generalized, answers to climate-
related queries, emphasizing the continued relevance of human expertise for nuanced understanding.

The study advocates for dedicating more resources to climate-specific content in local languages,
enhancing the utility of Al for communities most vulnerable to climate change. Through this holistic
approach that integrates stakeholder input and advanced Al, our research holds promise for not only
strengthening agricultural resilience but also for securing sustainable food systems. In summary, our
work highlights the vital role of accessible, relevant climate information in enhancing both agricultural
resilience and food security in Ghana.
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