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Climate variability and recurrent droughts continue to place substantial pressure on smallholder agriculture in Africa, where farming systems are largely rain-fed and highly sensitive to climatic conditions. In response, climate and drought early-warning information has increasingly been promoted as a means of supporting farmers’ adaptive decision-making. Although this emphasis, empirical evidence on how such information shapes farm-level decisions remains scattered and uneven across contexts. This study systematically reviews empirical research to examine the influence of climate and drought early-warning information on smallholder farmers’ decision-making in Africa. Using predefined inclusion criteria, 30 peer-reviewed empirical studies conducted across 19 African countries were identified and synthesized through a narrative thematic approach. The review focuses on the types of climate information provided, the channels through which farmers access this information, and the resulting decision-making outcomes. The findings show that seasonal climate forecasts and drought early-warning alerts frequently inform key agricultural decisions, particularly adjustments to planting dates, choices of crops and varieties, and diversification strategies. Access to information continues to rely heavily on traditional channels, especially radio and agricultural extension services, while the use of digital platforms remains uneven. And finally, the evidence indicates that climate and drought early-warning information plays a more prominent role in reducing production risk and strengthening resilience than in generating consistent yield gains. Its effectiveness largely depends on farmers’ economic and institutional capacity to respond.  so that these findings point to the importance of climate information services that are locally relevant and closely linked with extension support to enhance smallholder adaptation in Africa.
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1. Introduction 
Climate change has become one of the most critical challenges affecting agricultural production globally, particularly through rising temperatures and also increasing climate variability that disrupt crop production processes. (Lobell et al., 2011). As a result of these changes, crop yield stability has been reduced, and production risks for farming households across diverse agro-ecological regions have also increased. (Wheeler et al., 2013). Drought is considered one of the most severe climate-related hazards because it evolves slowly while generating prolonged impacts on agricultural productivity, water resources, and also food security (IPCC, 2022). In rain-fed agricultural systems, drought events often result in crop failure and increased livelihood vulnerability for farming households. (Cooper et al., 2008).
The increasing frequency and severity of climate risks have positioned climate and drought early-warning systems as vital tools for promoting adaptation in agriculture. so that Early warning systems are designed to integrate climate monitoring, forecasting, and communication functions to generate early information on impending hazards. (Hansen et al., 2011). Timely and also reliable provision of this information enhances the capacity of agricultural farmers to anticipate adverse conditions and undertake preventive actions. (Vaughan et al., 2019). Climate information services, which include weather forecasts, seasonal outlooks, and drought alerts, generally deliver early-warning systems across the agricultural sector. (Tall et al., 2018).
In Africa, where most crops are rain-fed and it is very sensitive to changes in rainfall, climate, and drought, early-warning information is very important. So that Smallholder farmers are a big part of Africa's food systems since they grow a lot of food and provide a lot of jobs in rural areas. (Morton et al., 2007). Smallholder farmers are important, but they typically don't have easy access to irrigation systems, funding, or contemporary technologies, which makes it hard for them to adapt. (Harvey et al., 2014). Because of these limits, drought shocks. Empirical research increasingly shows that access to climate and drought early-warning information influences how smallholder farmers make production-related decisions. Studies indicate that access to seasonal climate forecasts enables farmers to adjust planning dates in anticipation of rainfall variability. (Roudier et al., 2014). Other research indicates that drought alerts influence farmers' choices by encouraging the use of drought-tolerant varieties and greater crop diversification to manage risk. (Traoré et al., 2018). so that in highly sensitive agroecological environments these adaptive decisions are crucial, as small changes in timing and crop choice can substantially influence production outcomes. (Amegnaglo et al., 2017).
Despite growing attention to climate and drought early-warning systems, and also empirical evidence on their influence on smallholder farmer decision-making in Africa remains fragmented and also highly context-specific. so that Differences in geographic focus, time frames, and methodological approaches hinder cross-study comparison, while also mixed findings raise important questions about the accessibility, relevance, and practical usability of climate information for farmers. so that this lack of integrated evidence constrains efforts to design early-warning systems that effectively support informed decision-making and promote social inclusion. To address this gap, this systematic review synthesizes empirical research on climate and drought early-warning information and smallholder farmer decision-making in Africa, examining the types of information available, access pathways, and documented effects on agricultural decisions in order to inform the development of more effective and context-responsive climate information services.
2. Methodology 
This study a systematic review design was used to examine an empirical studies by assessing how climate and drought early-warning information influences agricultural decision-making among smallholder farmers in Africa. This approach enables the comparison of evidence across countries in a clear and systematic manner, while ensuring transparency and consistency throughout the review process. Relevant peer-reviewed studies were selected through by using searches of major academic databases, including Web of Science, Scopus, ScienceDirect, and Google Scholar. The search strategy was targeted studies examining climate or drought early-warning information, such as weather forecasts, seasonal climate outlooks, and drought alerts, and their influences on agricultural decision-making. Therefore, only studies focusing on smallholder farmers conducted in African countries were considered eligible for inclusion. While also the review included peer-reviewed empirical studies published in the English language. Studies were selected by using clear inclusion criteria, which was focused on primary empirical studies about how climate or drought information influences farm-level decisions and adaptive practices among smallholder farmers. After screening, 30 studies were finally included, covering evidence from these countries: Burkina Faso, Burundi, Cameroon, Ethiopia, Ghana, Kenya, Libya, Malawi, Mali, Niger, Nigeria, Rwanda, Senegal, Somalia, South Africa, South Sudan, Sudan, Tunisia, and Uganda. All countries were selected directly from individual studies rather than regional groupings. Therefore Key information was systematically extracted and synthesized using a narrative thematic approach to capture common patterns and country-specific factors shaping the use of early-warning information, allowing for a clear and comprehensive assessment of its role in supporting agricultural decision-making and adaptation in Africa. 
3. Results and Discussion
3.1 Study Coverage and Geographic Distribution
Table 1 was presented the geographic distribution of the empirical studies included in this review study. It shows that a clear concentration of research was conducted in the West and East Africa regions, where agriculture is largely rain-fed and particularly vulnerable to climate variability. This pattern highlights the practical importance of climate and drought early-warning information in areas that frequently experience rainfall uncertainty and drought-related risks. While also in contrast, North Africa and parts of Southern Africa are comparatively underrepresented, pointing to an uneven distribution of empirical evidence across the continent. So therefore, such these disparities may also limit the extent to which findings can be generalized to different agro-ecological and institutional settings. Broadening empirical research efforts in these underexplored regions would enhance the robustness and inclusiveness of future syntheses.
Table 1. Geographic Distribution of Reviewed Studies
	Region
	Countries Covered
	Main Focus

	West Africa
	Burkina Faso, Ghana, Mali, Niger, Nigeria, Senegal
	Seasonal climate forecasts

	East Africa
	Ethiopia, Kenya, Rwanda, Uganda, Somalia, South Sudan
	Drought early-warning information

	Southern Africa
	Malawi, South Africa
	Climate services and risk

	North Africa
	Libya, Tunisia, Sudan
	Limited empirical evidence



3.2 Types of Climate and Drought Early-Warning Information
Table 2 was presented the main types of climate and drought information obtained in the reviewed studies. Seasonal climate forecasts and drought early-warning alerts appear most frequently, highlighting their importance for strategic agricultural decision-making; therefore, these information types enable farmers to anticipate climatic risks before making critical production decisions. While also, short-term weather forecasts receive less emphasis, so likely due to their limited relevance for long-term planning. Therefore, the relatively low focus on probabilistic forecasts suggests challenges related to complexity and interpretation. Finally, the evidence indicates a preference for information that supports early and preventive responses.
Table 2. Types of Climate Information Examined
	Climate Information Type
	Frequency

	Seasonal climate forecasts
	Very High

	Drought early-warning alerts
	High

	Short-term weather forecasts
	Moderate

	Rainfall onset information
	Moderate

	Probabilistic forecasts
	Low Moderate



3.3 Climate Information Access Channels
Table 3 shows the main types of channels through which smallholder farmers access climate information. The radio show clearly shows that it is the most common channel, mainly because it is affordable and widely available in rural areas. National meteorological agencies are the primary channels of climate information, but farmers usually receive this information indirectly rather than from the agencies themselves. Agricultural extension services play a key bridging role by simplifying technical forecasts and translating them into advice that fits local farming practices. Although mobile phones and SMS-based services are also becoming more common, and their use is still limited by infrastructure constraints and literacy levels. Finally, the evidence suggests that reaching farmers effectively requires a balanced use of both traditional communication methods and newer digital platforms.
Table 3 Climate Information Access Channels. 
	Channel
	Level of Use

	Radio
	Very high

	National meteorological agencies
	High

	Agricultural extension services
	Moderate

	NGOs and development projects
	Context-specific

	Mobile and SMS platforms
	Emerging



3.4 Influence on Farm-Level Decision-Making
Table 4 shows that the main farm-level decision is influenced by the farmer's access to climate and drought early-warning information. among these adjustments in planting dates shows that as the most consistently reported response across the reviewed studies, shows that or highlighting the central role of rainfall timing in rain-fed agricultural systems, and also decisions related to crop and variety selection as well as diversification strategies, further indicate that farmers actively use climate information to reduce production risk, although the adoption of drought-tolerant varieties is observed, it is frequently limited by factors such as seed availabity and affordability, also changes in input use and the size of cultivated land appear to be less responsive to climate information, this method indicate that beyond information access economic and institutional constraints continue to shape and restrict farmer's adaptive capacity.

Table 4. Farm Decisions Influenced by Climate Information
	Decision Area
	Strength of Evidence

	Adjustment of planting dates
	Very Strong

	Crop and variety choice
	Strong

	Crop diversification
	Strong

	Adoption of drought-tolerant varieties
	Moderate Strong

	Input allocation
	Moderate

	Area cultivated
	Moderate



3.5 Adaptation Responses and Outcomes
Table 5 was presented the main adaptation responses adopted by smallholder farmers and also the outcomes associated with these strategies. So that the results indicates that most adaptation measures are aimed at reducing exposure to climate-related risks rather than directly maximizing crop yields. Therefore adjustments in planting schedules and increased crop diversification enable farmers to avoid severe losses under unfavorable climatic conditions. Although improvements in yields are occasionally reported, enhanced yield stability and reduced production losses emerge as more consistent outcomes across studies. And also For resource-constrained smallholder farmers, limiting downside risk is particularly critical. Finally, these findings underscore resilience building as a key benefit derived from the use of climate and drought early-warning information.
Table 5. Adaptation Actions and Observed Outcomes
	Adaptation Action
	Reported Outcome

	Adjusted planting schedules
	Reduced crop failure

	Crop diversification
	Improved resilience

	Use of drought-tolerant varieties
	Yield stability

	Reduced investment during risky seasons
	Loss minimization



3.6 Methodological Approaches in the Reviewed Studies
Table 6 presents the principal empirical methods that were employed in the reviewed studies. The dominance of econometric approaches shows a growing level of methodological sophistication within the literature. Regression-based models and discrete choice frameworks are extensively used to examine farmers’ adoption behavior and associated decision outcomes. And also, where longitudinal data are available, panel data techniques are applied to control for unobserved heterogeneity and to strengthen empirical inference. However, the comparatively limited use of experimental and quasi-experimental designs suggests that causal effects are not always rigorously identified. Addressing this methodological limitation would enhance both the internal validity and policy relevance of future research.
Table 6. Methodological Approaches in the Reviewed Studies
	Method
	Purpose

	Regression analysis
	Estimating impacts

	Logit/Probit models
	Adoption decisions

	Panel data methods
	Controlling heterogeneity

	Quasi-experimental designs
	Causal analysis


4. Conclusion
This systematic review examined empirical evidence on the role of climate and drought early-warning information in shaping smallholder farmer decision-making across Africa. so that the findings indicates that access to timely climate information, particularly seasonal forecasts and drought alerts, consistently influences key farm-level decisions, so that most notably planting data adjustments, crop and variety selection, and crop diversification, these decisions reflect farmers' efforts to manage climate-related risks rather than to maximize yields under uncertain conditions. Therefore, this systematic review further highlights that traditional dissemination channels, especially radio and extension services, while also remain central to information access, and also digital platforms are still emerging and unevenly adopted. Importantly, the evidence indicates that the main benefit of climate and drought early-warning information lies in enhancing resilience by reducing production losses and stabilizing outcomes, rather than delivering uniform yield gains. However, the effectiveness of climate information is constrained by economic, institutional, and capacity-related factors that limit farmers’ ability to act on available information. And finally, the findings underscore that climate information is most effective when it is timely and also understandable and supported by complementary institutional mechanisms.
5. Recommendations
Based on the main findings of this review, the following key recommendations are proposed:
1. Improve the usability of climate information: Climate and drought early-warning information should be clear, timely, and directly linked to farmers’ key decisions, especially planting dates and crop choices.
2. Strengthen extension support for climate information use: Extension services should play a stronger role in helping farmers understand and apply climate information in practical farm management.
3. Maintain radio as a core communication channel: Radio remains the most accessible source of climate information for smallholder farmers and should continue to be prioritized alongside new technologies.
4. Support farmers’ capacity to act on information: Access to inputs, credit, and institutional support is necessary to ensure that climate information leads to effective adaptation actions.
5. Encourage more rigorous future research: Future studies should use stronger empirical methods to better understand the long-term impacts of climate information on farmer outcomes.
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