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Introduction
Understanding the effectiveness of climate adaptation in agriculture hinges on causality. At its core, this requires asking: What happens after farmers use adaptation strategies? What changes, by how much, why, and for whom? In practice, this means confidently drawing linkages (or “arrows”) between adaptation rationales, strategies, their effects, and interacting factors (“boxes”). Causal understanding of adaptation effectiveness has practical significance; it empowers the design of robust, impact-driven adaptation investments and equips stakeholders with tools to build and test pathways for better outcomes.

Adaptation-focused evidence syntheses developed so far have offered valuable insights into implementation and outcomes1–8. Yet, in agriculture, they fail to systematically unpack cause-effect mechanisms of multiple strategies, leaving gaps in understanding how, when, and for whom adaptation succeeds or fails. Additionally, adaptation syntheses frequently frame adaptation solely as a response to climate risks, neglecting the interplay of non-climate drivers—such as socio-economic pressures or perceived benefits—that are equally critical in shaping strategies and outcomes. Furthermore, they disproportionately prioritize peer-reviewed, quantitative studies, overlooking grey literature and qualitative insights that capture local contexts and nuanced mechanisms. These limitations constrain the design of effective strategies and risk perpetuating inequities and inefficiencies in planning and implementation. 

Objectives
We address these gaps through a causal-chain systematic review of agricultural adaptation effectiveness in Africa. Our aim is to create a meta-model for adaptation, unpacking agricultural strategies and their effects through nested impact pathways. This meta-model shows causal relationships (“arrows") between adaptation rationales, strategies, effects, and underlying factors (“boxes”), assembling a framework for understanding agriculture adaptation dynamics.

Methodology
We systematically review a quarter-century of Africa-focused peer-reviewed and grey literature (2000-2025). We develop a protocol for collecting and analysing data on effectiveness and causal mechanisms drawing on causality theory9, evaluation10–12, adaptation13–15 and sustainability science16,17. We combine human-led with machine learning techniques to label, screen, and extract data. For each agricultural strategy (e.g., index insurance, agroforestry, etc.) we use network analysis to develop an impact pathway that maps structural relationships between rationales, strategies, effects, and factors. Using neural networks principles and graphical model techniques, we aggregate patterns across pathways and formalize causal connections, nesting them in a comprehensive meta-model. This meta-model joins and quantifies agricultural adaptation strategies and their effects, providing a unified “theory”18 of adaptation.

Findings
Preliminary findings highlight high-level effects and causal mechanisms. We discuss challenges with integrating diverse knowledge sources and lessons learned. We argue that integrating quantitative data–which provides the evidence– and qualitative data–which offers the context–is critical for a comprehensive picture on adaptation effectiveness. 

Significance of the work for policy and practice 
The meta-model and nested pathways have radically practical implications for project implementers and funders, enabling the design of effective causal chains and enhancing the investment targeting/implementation. Empirical evidence on effectiveness can inform funding criteria, policy design, and monitoring frameworks, ultimately contributing to more effective agriculture adaptation strategies. Ultimately, this work proves that “boxes” and “arrows” are valuable, as they help transform abstract causal models into actionable insights for building climate resilience.
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