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Abstract: 22 

E\ective climate adaptation in agrarian settings is critical for the billions of people whose 23 

livelihoods depend on agriculture, yet evidence on what adaptation actions actually reduce 24 

climate risk remains fragmented and di\icult to generalize. In this study we assess the 25 

e\ectiveness of agrarian adaptation using 403 empirical case studies published by CGIAR 26 

scientists and partners in peer-reviewed journals between 2012 and 2023. We constructed 27 

adaptation rationales connecting climate stressors to adaptation actions and resulting 28 

benefits, classifying benefits as reductions in exposure, reductions in sensitivity, or 29 

increases in adaptive capacity, consistent with the IPCC framework for climate risk 30 

reduction. We further distinguished between indigenous and local agrarian adaptation 31 

(ILAA) and planned adaptation, depending on who initiates and designs the action. Both 32 

categories addressed drought, flooding, and extreme weather as primary stressors. ILAA 33 

actions centered on crop selection, farming techniques, and land and water management, 34 

delivering roughly equal sensitivity and adaptive capacity benefits, with livelihood 35 

diversification producing the highest benefits per action despite being relatively 36 

infrequently implemented. Planned adaptation was dominated by climate-smart 37 

agriculture, land and water management, and education and behavioral change, and 38 

generated substantially more adaptive capacity benefits than sensitivity benefits. Neither 39 

adaptation type delivered meaningful exposure benefits. These patterns reflect a 40 

fundamental divergence in adaptation rationales: ILAA prioritizes near-term reduction of 41 

sensitivity within existing livelihoods structures, while planned adaptation emphasizes 42 
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longer-term capacity building. This divergence carries practical risks, as planned 43 

interventions focused on adaptive capacity may undermine the short-term sensitivity 44 

benefits communities depend on and face limited uptake when they challenge existing 45 

social arrangements. Bridging these divergent rationales by aligning planned adaptation 46 

with local livelihoods goals before pursuing transformative change o\ers a pathway toward 47 

more e\ective, locally led, and co-produced agrarian adaptation.  48 

 49 
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What Works in Agrarian Adaptation: A Systematic 51 

Assessment of CGIAR Climate Research Evidence 52 

1. Introduction 53 

Since the Paris Agreement, which included a commitment of the parties to track progress 54 

on adaptation to climate change, tracking and assessing the impact and outcomes of 55 

adaptation policy and action have received increasing attention [1–6]. However, di\erent 56 

perspectives on what aspect of adaptation should be measured and often 57 

incommensurable measurement approaches have limited assessments of adaptation’s 58 

e\ectiveness in reducing climate risk and vulnerability. The IPCC’s Sixth Assessment 59 

Report [7] included language reflecting the unclear and disjointed character of work on 60 

adaptation e\ectiveness, flagging it as a knowledge gap and area for further research. This 61 

issue is particularly pressing in agrarian settings, where the primary production focus of 62 

livelihoods renders people and assets particularly vulnerable to the impacts of climate 63 

change [8].  64 

In this paper, we argue that a great deal of evidence regarding e\ectiveness exists in the 65 

literature on agrarian adaptation, particularly in the Global South [9–11]. For example, a 66 

rich body of agrarian adaptation literature identifies adaptation outcomes, but not in ways 67 

that that identify and evaluate the logics of adaptation action that connect climate stresses 68 

to the actions taken to address those stresses and the benefits those actions deliver [12]. 69 

By articulating the pathways by which adaptation actions reduce climate risk and 70 

particularly vulnerability, we can rigorously capture lessons about what actions deliver 71 
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benefits in the context of di\erent climate stressors, what kinds of benefits are delivered 72 

when specific actions are taken to address di\erent stressors, and therefore what actions 73 

deliver the greatest return on the limited resources available.  74 

This preliminary e\ort to map agrarian adaptation e\ectiveness draws on a database of 75 

403 empirical studies of adaptation actions and their outcomes published by CGIAR 76 

scientists and partners in refereed journals between 2012 and 2023 [13]. Our analysis 77 

addresses a range of questions relevant to understanding agrarian adaptation and its 78 

e\ectiveness: what stressors are being addressed, what actions are being taken to address 79 

those stressors and what benefits have been delivered by those actions. Further, it 80 

identifies both di\erences and similarities in the stresses, actions, and benefits prioritized 81 

by formal adaptation planning (sometimes called planned adaptation) and indigenous and 82 

local agrarian adaptation (ILAA), also called autonomous adaptation. There are substantial 83 

similarities in the climate stressors emphasized by both planned adaptation and ILAA. 84 

However, the actions taken to address those stressors, and the number and types of 85 

adaptation benefits delivered by these actions, suggest these two adaptation arenas are 86 

characterized by divergent adaptation rationales. Clearly articulating this disconnect can 87 

support e\orts to bridge these arenas and support e\ective locally led adaptation, the co-88 

production of adaptation solutions, and steps toward transformative adaptation. 89 

1.1. Agrarian Adaptation 90 

Agrarian systems have long been a focus of adaptation research and practice, with the 91 

cascading and compounding impacts of climate change on agriculture giving them 92 
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heightened attention [14]. A vast literature considers the likely impacts of climate change 93 

on agricultural production and producers [8,15–19], e\orts of agrarian populations to adapt 94 

to climate variability and change [20–32], and formal programs and projects aimed at 95 

promoting agrarian adaptation [9,33]. Further, the challenges faced by people and 96 

production in such systems are a core part of global climate assessments such as the 97 

Intergovernmental Panel on Climate Change (IPCC) [8,15,34,35]. Adaptation is not the sole 98 

solution for agrarian challenges brought on by climate change. The existence of both soft 99 

limits (where options might exist but require substantial social, economic, or political 100 

transformation) and hard limits (where adaptation options lose their e\ectiveness at higher 101 

levels of warming or no actions can avoid impacts on human well-being) to adaptation 102 

means we cannot adapt endlessly [36–40].  103 

However, the continuing growth of the literature reflects the fact that e\ective adaptation is 104 

and will be critical if we are to address the consequences of a regime where the reduction 105 

of greenhouse gas emissions (i.e. mitigation) is happening far too slowly to avoid 106 

substantial impacts on agrarian populations and their well-being. For example, the IPCC’s 107 

Sixth Assessment Report concluded that crop yields, and fisheries and agriculture more 108 

broadly, were experiencing the highest risks of any sector from observed climate impacts 109 

[15,41]. This report also noted that in the Global South, the region of the world with the 110 

highest vulnerability to climate impacts, the impacts of climate change on crop production 111 

for nearly all crops are negative [8].  112 
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At the same time, there is little general discussion about what we know about adaptation 113 

e\ectiveness in agrarian contexts. The water chapter of the IPCC’s Working Group II report 114 

analyzed the e\ectiveness of adaptation to water related hazards and stressors, 115 

concluding that while there are several benefits of adaptation, its role in reducing climate 116 

and related risks is not well documented [34]. In the same report, the chapters on both 117 

poverty, livelihoods, and sustainable development [15] and food, fiber and other 118 

ecosystem products [8] do not o\er clear assessments of what actions have been taken 119 

with regard to adaptation for these issues, or the extent to which adaptation actions are 120 

meeting needs. 121 

In this paper, we o\er a preliminary assessment of agrarian adaptation e\ectiveness, 122 

demonstrating that it is possible to organize disparate cases into a coherent analysis 123 

illustrating broad lessons. This assessment draws on 11 years (2012 to 2023) of refereed, 124 

English-language journal articles on climate change adaptation published by CGIAR 125 

authors and their partners and retrieved from eight CGIAR repositories. The methods used 126 

for article retrieval is explained in Carr and Mukherji [13] and the full database of all CGIAR 127 

climate change related journal articles is available online [42].  128 

The CGIAR, the world’s largest publicly funded research and innovation organization, works 129 

on all aspects of the agri-food system from pre-production to markets and consumers, but 130 

with a greater focus on the production phase of the food systems. It has 14 research 131 

centers that covers research on crops, livestock, fisheries, forests/agroforestry, water, 132 

biodiversity and food-policy related issues in the Global South. The climate portfolio of the 133 
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CGIAR spans five major sub-topics, namely, impacts of climate change on agri-food 134 

systems and resulting adaptation interventions; impacts of agri-food systems on climate 135 

change and resulting mitigation interventions and methods and metrics for measuring 136 

impacts and e\ectiveness of both adaptation and mitigation. CGIAR scientists and 137 

partners have conducted extensive research into adaptation in the agrifood sector, 138 

including undertaking vulnerability analyses [43–45], developing tools to assist in planning 139 

for future climate conditions [46–48], policy analyses [49,50], and empirically analyzing the 140 

outcomes of adaptation actions. This last category of research presents an opportunity to 141 

learn what works in agrarian adaptation from CGIAR experience. While this is not a 142 

comprehensive sample of the agrarian adaptation literature, the climate 143 

shocks/stressors/impacts addressed and the actions emphasized to address those issues 144 

align with the emphases captured in the IPCC’s Sixth Assessment Report. This suggests 145 

that the patterns emerging from the analysis of this subset of the literature are likely to 146 

reflect patters in the wider agrarian adaptation literature. 147 

1.2. Adaptation Rationales and Benefits: A Foundation for Assessing 148 

Adaptation E:ectiveness 149 

Deriving broad lessons about what works in agrarian adaptation, and adaptation action 150 

more broadly, is a persistent challenge within the adaptation community of practice. Carr 151 

and Nalau [12] argue that the root of this challenge lies in a community of practice-level 152 

focus on the specific adaptation challenges and needs of di\erent socio-ecological 153 

contexts. This focus on specificity, while warranted at the project level, obscures larger 154 
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lessons from experience, such as which actions, under what conditions, are most e\ective 155 

for addressing a specific stressor.  156 

To learn from the experience of adaptation implementation requires organizing the 157 

information about adaptation actions in a manner that logically connects the problem (one 158 

or more climate stressors or risks), the actions taken to address those problems, and the 159 

outcomes of those actions – what Carr and Nalau [12] call adaptation rationales. They 160 

suggest such rationales require the measurement of outcomes against goals that apply 161 

beyond a project's specific context but are anchored in concrete risks/stressors, actions, 162 

and benefits. Carr and Nalau developed such goals by defining adaptation as an e\ort to 163 

reduce the vulnerability of people and places to the impacts of climate change while 164 

increasing people’s ability to take advantage of emerging opportunities. Following this 165 

definition, adaptation actions should deliver benefits that address one or more 166 

components of climate risk (lowering exposure) and vulnerability (reducing sensitivity 167 

and/or increasing adaptive capacity). Carr and Nalau [12] classify adaptation benefits into 168 

categories reflecting these broad adaptation goals: 169 

1) Exposure Benefits: An intervention, policy, or action provides an exposure benefit if 170 

it lowers the frequency and/or magnitude of impacts on a person, population, or 171 

system targeted by the project. 172 

2) Sensitivity Benefits: An intervention, policy, or action provides a sensitivity benefit if 173 

it reduces the consequences of a climate-related event on a person, population, or 174 

system. The event may still occur with the same/greater frequency and magnitude, 175 
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but the person, population, or system will not be as a\ected by the event as before 176 

the intervention. 177 

3) Adaptive Capacity Benefits: An intervention, policy, or action provides an adaptive 178 

capacity benefit if it increases the ability of a person, population, or system to 179 

manage climate impacts or realize an opportunity emerging from climate change, 180 

including by transforming how and where they live. This can happen even if that 181 

population, person, or resource remains exposed to and very sensitive to a climate 182 

impact, though typically increasing adaptive capacity facilitates productive e\orts 183 

to lower exposure and sensitivity. 184 

Defining the goal of adaptation as the delivery of one or more of these adaptation benefits 185 

fills the gap in adaptation rationales that has obstructed the development of general 186 

lessons about adaptation e\ectiveness. For example, measuring the number and kind of 187 

adaptation benefits delivered by di\erent actions allows us to assess which actions are 188 

most e\ective at delivering specific benefits under di\erent conditions. Even this simple 189 

measurement of adaptation, focused on the presence or absence of a benefit without 190 

evaluating its magnitude or impact, enables a comparative exploration of the outcomes of 191 

e\orts to address di\erent climate stressors at di\erent scales. This first step allows us to 192 

assess opportunities for meaningful generalization in adaptation action and e\ectiveness, 193 

supporting the development of evidence-based good practices. 194 

This e\ort also allows us to elaborate the adaptation rationales behind specific actions or 195 

sets of actions. Comparing the adaptation rationales associated with formally planned and 196 
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funded adaptation actions with those undertaken by Indigenous or local agrarian actors 197 

allows us to compare a) the climate stressors prioritized, b) the adaptation actions 198 

prioritized, and c) the types and number of benefits delivered by these actions across these 199 

two arenas of adaptation action. This comparison highlights gaps between the adaptation 200 

rationales that inform action in planned versus Indigenous and local adaptation, such as 201 

di\ering goals across di\erent adaptation actors and varying perceptions of what actions 202 

are most e\ective for addressing specific climate impacts or stresses. As we discuss 203 

below, such di\erences are manifestations of di\erent understandings of what it means to 204 

e\ectively address a climate stress or impact. This divergence, if unacknowledged and 205 

unaddressed, creates risks for project design and intervention uptake. Identifying such 206 

gaps can facilitate conversations that bridge gaps between ILAA and planned adaptation 207 

rationales, furthering e\orts to promote locally-led adaptation [51–53]  and the co-208 

production of adaptation actions [54–56]. 209 

2. Methods 210 

This review draws from a database of 2,652 articles on the topic of climate change 211 

published by CGIAR researchers between January 2012 to December 2023. This database 212 

was created through a bibliographic search of the CGSpace repository of published and 213 

peer reviewed journal articles with DOI, using “climate change” as the key word. Any article 214 

that mentioned the words “climate change” in its title, abstract or key words was included 215 

in the repository. 216 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 12  
 

Once the database was compiled, we employed a four-step process using a large language 217 

model (LLM), OpenAI 4o. At each step, prompts were developed through an iterative 218 

process of drafting, testing, assessing outcomes by reviewing a random sample of article 219 

analyses in the outputs, revising the prompts, and rerunning the analysis until error rates in 220 

a sample of the outputs dropped below 1%. In the end, the use of the LLM accelerated the 221 

assessment process but did not remove the need for careful expert cleaning and analysis. 222 

The final analysis in this paper relied heavily on expert cleaning of the data by the authors 223 

to ensure accuracy and quality. Our experience aligns with that of Buck, et al [57] in their 224 

study of the use of artificial intelligence to facilitate a scientific assessment in that the use 225 

of AI tools required many revision cycles at each step of the analysis described below (see 226 

Annex 1 for a list of prompts). 227 

In the first step, prompts were developed around inclusion/exclusion criteria that defined 228 

whether articles were about climate change adaptation or not. This step identified 981 229 

articles as relevant to climate change adaptation. In the second step, prompts were 230 

developed to identify the broad categories of adaptation research represented in these 231 

articles: empirical studies of adaptation, conceptual work on adaptation, studies of 232 

species (plant or animal) adaptation, studies of ecosystem adaptation, modeling and 233 

planning studies with implications for adaptation, vulnerability studies or analyses, or 234 

adaptation policy analysis. The most common were empirical studies of adaptation 235 

actions. There were also a substantial number of studies that reflected modeling or 236 

planning e\orts whose results might inform future adaptation decision-making, but which 237 
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were not themselves studies of adaptation actions. The remaining categories of research 238 

were much smaller parts of the database.  239 

In the third step, prompts were used to separate the articles classified as empirical studies 240 

of adaptation into either formally planned adaptation actions (i.e. government, donor, or 241 

other formal actor-funded and designed) or Indigenous and/or local agrarian adaptation 242 

(ILAA) actions. A final set of prompts described the adaptation actions defined in each 243 

article, categorized each action into one of 15 categories, identified the adaptation benefits 244 

intended by that action, and assessed whether the action delivered those benefits.  245 

Before final analysis, the outputs of the tool were manually reviewed and cleaned for 246 

accuracy. In that process, we used expert judgement to consolidate the 15 categories of 247 

action initially developed by the AI into eight categories of ILAA action and nine categories 248 

of planned adaptation action (Table 1). This consolidation addressed ambiguous cases 249 

where distinctions between categories did not reflect meaningful di\erences in intent, 250 

action, or outcome. 251 
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ILAA Category Examples illustrating the category   
Planned 
Adaptation 
Category 

Examples illustrating the category  

Crop selection 
and farming 
techniques 

Shifts in existing seed varieties [58–60]   
Climate-smart 
agriculture 

Introduction of no tillage techniques and crop residue 
retention [61–63]    

Changes in crops planted or animals raised [64,65]   Introduction of small-scale irrigation [66–68] 
Changes in planting times and crop calendars [69–71]   Introduction of new hybrid seeds [72–74] 

Community-
based 
adaptation 

Establishment of or use of village/community 
institutions to coordinate adaptation eMorts [75–77]   

Community-
based 
adaptation 

Establishment of community seed systems and banks 
[75–77] 

Community-level seed or farm product sharing and 
storage [78–80]   Formalization of traditional ecological knowledge 

[67,81,82] 

Disaster risk 
reduction 

Formation of local committees to facilitate disaster 
risk reduction [83,84]   

Development of participatory approaches to facilitate 
the co-development of adaptation responses with 
communities [85–87] 

Changes in home and infrastructure construction to 
manage flooding  [83,88]   

Disaster risk 
reduction 

Establishment of formal programs to mitigate floods and 
other hazards [89–91] 

Land, water, 
and resource 
management 

Tree planting and other indigenous agroforestry eMorts 
[70,92,93]    Development of/improving access to early warning 

systems [94–96] 
Shifts to land management strategies that promote 
ecosystem restoration [97,98]   

Land, water, and 
resource 
management 

Formal promotion of agroforestry to address soil and 
other issues [86,99,100] 

Developing local institutions for water management 
[101,102]   Formal planning of rainwater harvesting [85,95,103] 

Implementation of water conservation measures. 
[104–106]   Evaluation of soil quality under diMerent management 

scenarios to identify best practices [61,107,108] 

Education and 
behavioral 
change 

Mobilizing indigenous knowledge of biotic and abiotic 
indicators to predict rainfall patterns [109–111]   

Education and 
behavioral 
change 

Training programs to enhance farmers' understanding of 
technology adoption [112–114] 

Use of local ecological indicators to inform seasonal 
agricultural calendars  [71,109]   Training met service staM, middlemen, and farmers on 

the use of weather and climate data [115–117] 
Shifting perceptions of a changing climate and how to 
manage it [69,118,119]   Field demonstrations of crops and practices  [120–122] 

Livelihoods 
and income 
diversification 

Uptake of farming by pastoral groups [123,124]   
Gender and 
social inclusion 

Training women to improve their access to markets, 
seed, and other assets [125–127] 

Inclusion of nonfarm activities by farming households 
[124,128,129]   Implementing gender-sensitive adaptation interventions 

[130,131] 
Utilization of forest products to diversify farming 
livelihoods [132–134]   Encouragement of oM-farm income activities to support 

investment in needed farm equipment [135–137] 
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Technology 
and innovation  

Local introduction of improved crop varieties to 
address stresses on production [128,138,139]   

Livelihoods and 
income 
diversification 

Increasing access to credit [83,140] 

Local adoption of technologies like forecasts, 
mechanization, fertilizers, and pesticides [85,97,141]   

Technology and 
innovation 

Developing and testing seeds and animal breeds with 
the goal of fostering producer resilience. [87,142,143] 

Livestock 
adaptation 

Shifting herd composition to more drought-tolerant 
animals [64,144]   

Use of mobile devices and digital technologies to 
transmit information and inform farmer decision-
making. [145–147] 

Adjustments to feed production and selection [148–
150]   

Livestock 
adaptation 

Adoption of grazing management and zero-grazing 
practices to manage reduced pasture and water 
availability during dry seasons  [151–153] 

Promotion of livestock migration as an adaptation 
strategy  [109,154,155]   Training programs to improve animal management 

practices. [156,157]  
Table 1: Eight categories of ILAA action and nine categories of planned adaptation action 252 

 253 
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The set of empirical studies of adaptation that resulted from this process contained 403 254 

papers. Of these, 153 reported on ILAA and 302 reported on planned adaptation e\orts (52 255 

articles appear in both the ILAA and planned adaptation sets, as they reported on both). 256 

The cases were heavily focused in sub-Saharan Africa and Asia (Table 2). Specifically, the 257 

dataset reflects high levels of coverage throughout most parts of sub-Saharan Africa 258 

(though not Central Africa), along with South Asia, East Asia, and Southeast Asia. All other 259 

regions are lightly represented in the dataset. 260 

Region Planned ILAA 
Sub-Saharan Africa 197 100 
Asia 131 59 
South America 10 6 
Global 6 2 
Middle East and North Africa 7 1 
Table 2: Regional distribution of empirical adaptation cases in the CGSpace dataset. 261 

For both ILAA and Planned adaptation, the cases in the dataset focused on drought, 262 

flooding, and extreme weather, with general climate variability also a focus. Within planned 263 

adaptation, the largest sets of actions in the dataset were climate-smart agriculture, 264 

education and behavioral change, and land, water and resource management. For ILAA, 265 

the largest sets of actions were crop selection and farming techniques, land, water and 266 

resource management, and livelihood diversification (Figure 1). This dataset broadly aligns 267 

with the IPCC AR6 [158] assessment that “Droughts, pluvial, fluvial and coastal flooding 268 

are the most common hazards for which adaptation is being implemented.” Figure 1 also 269 

suggests that the CGIAR database is representative of broader understandings of agrarian 270 

adaptation captured by AR6 [158]: 271 
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Current adaptation in natural and managed ecosystems includes earlier planting 272 

and changes in crop varieties, soil improvement and water management for 273 

livestock and crops, aquaculture, restoration of coastal and hydrological processes, 274 

introduction of heat- and drought-adapted genotypes into high risk populations, 275 

increasing the size and connectivity of habitat patches, agroecological farming, 276 

agroforestry and managed relocations of high-risk species. 277 

More specifically, the stressors and responses represented in this database, when 278 

considering its geographic focus, strongly aligns with the IPCC assessment of adaptation 279 

focus [159] in these regions on drought, flood, variability, and extremes. 280 

 281 

Figure 1: The climate stress/adaptation action combinations most reported in the CGIAR 282 

adaptation dataset. Each cell represents the number of cases where a specific action 283 

(across the top of each grid) was used to address a specific climate stressor (the vertical 284 

axis of each grid). 285 

Planned Adaptation

Indigenous and Local
Agrarian Adaptation

Community-
Based 
Adaptation

Crop Selection 
and Farming 
Techniques

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

drought 50 103 7 30 102 56 19 29
flood 28 64 7 19 63 41 8 16
pests and diseases 4 6 0 2 5 5 0 1
climate variability 9 31 0 12 27 18 8 11
extreme weather 23 67 5 18 61 34 8 12
sea level rise 3 6 3 2 8 6 0 0
water scarcity 4 4 1 2 9 3 3 1

Climate-Smart 
Agriculture

Community-
Based 
Adaptation

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Gender and 
Social 
Inclusion

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

pests and diseases 8 5 0 6 2 6 0 0 3
drought 144 53 20 100 14 145 47 14 51
flood 73 27 13 51 6 74 28 5 21
extreme weather 90 26 16 60 7 71 27 7 27
water scarcity 14 3 2 6 1 26 4 2 4
climate variability 39 12 5 26 3 40 8 2 13
sea level rise 11 4 3 8 0 10 4 0 3
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3. Results 286 

3.1. Indigenous and local agrarian adaptation actions 287 

The 152 papers addressing ILAA reported 358 climate stressors. The most addressed 288 

stressor was drought (38.3%), followed by flood (22.6%), and various forms of extreme 289 

weather (20.7%). Climate variability made up 10.6% of all climate stressors addressed in 290 

the dataset, and all other stressors were less than 5% of those reported.   291 

These stressors were addressed by 497 adaptation actions. Globally, the most common 292 

ILAA actions were those related to crop selection and farming techniques (26.4% of all 293 

actions in the dataset), land, water, and resource management (25.8%), livelihoods 294 

diversification (15.3%), and community-based adaptation (11.4%)) (Figure 3).  295 

Of the 497 actions reported in the papers, 460 actions delivered 1856 adaptation benefits 296 

(Figure 3). The most common benefit delivered was a sensitivity benefit (48.9% of all 297 

benefits delivered), followed by an adaptive capacity benefit (48.7%). Very few actions 298 

delivered an exposure benefit (2.4%), reflecting the limited number of options available for 299 

indigenous and local actors to avoid exposure to a climate impact.  300 
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301 

Figure 3: A flow diagram of the overall ILAA adaptation rationales, connecting climate 302 

stressors on the left to climate actions (center) and the broad types of adaptation benefit 303 

that resulted from these actions. 304 

Disaggregating ILAA actions by the climate stress or risk they were meant to address 305 

highlights broad similarity in terms of the distribution of actions taken to address di\erent 306 

stressors and the ratio of benefit types delivered by those actions (Figure 4).  307 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 20  
 

 308 

309 

ILAA
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Figure 4: A visualization of the ILAA rationales associated with each climate stressor in the 310 

database. 311 

However, ILAA actions have di\erent levels of e\icacy as measured by the number and 312 

type of benefits they produce across stressor-specific adaptation rationales (Figure 5). 313 

3.1.1. ILAA and Exposure Benefits 314 

ILAA actions are not delivering many exposure benefits. The most benefits occur in the 315 

context of livestock adaptation actions taken to address climate variability. For example, 316 

Turner, et al [155], in a study of 32 villages across Niger and Mali, found that residents of 317 

these villages relied on extra-village mobility of livestock to manage an increasingly variable 318 

climate. However, they also noted a seasonality to the exposure benefits provided by this 319 

action, where residents counted more advantages than costs during the rainy season (in 320 

part because the movement of livestock reduced the risk of crop damage), and more 321 

evenly balanced benefits and costs during the dry season. Even in this specific 322 

stressor/action combination, only half of these actions return an exposure benefit. 323 

Between one quarter and one third of livestock adaptation actions taken to address 324 

flooding and drought yielded exposure benefits. Disaster risk reduction actions aimed at 325 

addressing drought, flooding, and extreme weather also return an exposure benefit 326 

between ¼ and 1/3 of the time. All other ILAA adaptation actions deliver few, if any, 327 

exposure benefits. 328 

3.1.2. ILAA and Sensitivity Benefits 329 
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ILAA actions produce many sensitivity benefits across actions and stressors. Actions 330 

focused on crop selection and farming techniques produce one or more sensitivity benefits 331 

per action regardless of the climate stressor they are intended to address. Livelihoods 332 

diversification also produces one or more sensitivity benefits per action (there were too few 333 

cases of livelihoods diversification applied to water scarcity to assess if sensitivity benefits 334 

were produced). Land, water, and resource management actions resulted in fewer 335 

sensitivity benefits per action than crop selection and farming techniques, but the 336 

di\erence in benefits delivered between these two sets of action is small and may not be 337 

meaningful. Livestock adaptation actions and education and behavioral change actions 338 

generate significant sensitivity benefits when addressing drought, flooding, extreme 339 

weather, and climate variability. There were too few cases of application of these actions to 340 

the other stressors to determine if they were delivering many sensitivity benefits. Disaster 341 

risk reduction, community-based adaptation, and technology and innovation actions 342 

delivered far fewer sensitivity benefits across the range of climate stressors considered.  343 
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  344 

Figure 5: ILAA e\ectiveness, as measured by the number and type of adaptation benefits 345 

delivered per adaptation action taken. Each cell represents the number of benefits 346 

ILAA Benefit Delivery

Exposure

Community-
Based 
Adaptation

Crop Selection 
and Farming 
Techniques

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

pests and diseases * 0.00 * * 0.00 0.00 * *
drought 0.00 0.01 0.29 0.00 0.04 0.07 0.32 0.00
flood 0.00 0.00 0.29 0.00 0.05 0.05 0.38 0.00
extreme weather 0.00 0.00 0.40 0.00 0.03 0.03 0.25 0.00
water scarcity 0.00 0.00 * * 0.11 * * *

climate variability 0.00 0.00 * 0.00 0.00 0.11 0.63 0.00
sea level rise * 0.00 * * 0.00 0.00 * *

Sensitivity

Community-
Based 
Adaptation

Crop Selection 
and Farming 
Techniques

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

pests and diseases * 1.33 * * 0.60 1.60 * *
drought 0.22 0.97 0.29 1.03 0.79 1.05 1.11 1.07
flood 0.21 1.05 0.29 0.68 0.76 1.17 1.00 1.19
extreme weather 0.17 1.01 0.20 1.17 0.69 1.03 0.88 1.17
water scarcity 0.00 1.50 * * 0.89 * * *

climate variability 0.11 0.87 * 1.00 0.93 0.94 1.38 1.18
sea level rise * 0.83 * * 0.88 0.83 * *

Adaptive Capacity

Community-
Based 
Adaptation

Crop Selection 
and Farming 
Techniques

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

pests and diseases * 1.50 * * 1.00 1.40 * *
drought 0.72 0.84 0.57 0.97 0.71 1.13 0.89 0.00
flood 0.93 0.92 0.43 0.68 0.67 1.17 0.63 1.19
extreme weather 0.61 0.87 0.60 1.11 0.62 1.09 0.63 1.08
water scarcity 0.50 1.25 * * 0.56 * * *

climate variability 0.67 0.77 * 0.83 0.67 1.00 1.13 1.27
sea level rise * 0.83 * * 0.25 0.83 * *

Total

Community-
Based 
Adaptation

Crop Selection 
and Farming 
Techniques

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Land, Water, 
and Resource 
Management

Livelihood 
Diversification

Livestock 
Adaptation

Technology & 
Innovation

pests and diseases * 2.83 * * 1.60 3.00 * *
drought 0.94 1.83 1.14 2.00 1.54 2.25 2.32 1.07
flood 1.14 1.97 1.00 1.37 1.48 2.39 2.00 2.38
extreme weather 0.78 1.88 1.20 2.28 1.34 2.15 1.75 2.25
water scarcity 0.50 2.75 * * 1.56 * * *

climate variability 0.78 1.65 * 1.83 1.59 2.06 3.13 2.45
sea level rise * 1.67 * * 1.13 1.67 * *
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delivered by a specific action (across the top of each grid) for a specific climate stressor 347 

(the vertical axis of each grid). Combinations for which there are fewer than five cases, 348 

marked by an asterisk in the cell, were excluded. 349 

3.1.3. ILAA and Adaptive Capacity Benefits 350 

ILAA actions focused on livelihoods diversification, crop selection and farming techniques, 351 

land, water, and resource management, and community-based adaptation produce 352 

adaptive capacity benefits across all or nearly all climate stressors (crop selection and 353 

farming techniques, when applied to water scarcity, is an exception). Education and 354 

behavioral change actions deliver the largest number of adaptive capacity benefits per 355 

action, but there are too few cases to assess the production of benefits when addressing 356 

pests and diseases, water scarcity, and sea level rise. Livestock adaptation actions 357 

delivered adaptive capacity benefits for drought, extreme weather, and climate variability 358 

but few benefits in the context of flooding. Technology and innovation, along with disaster 359 

risk reduction actions, delivered the lowest number of adaptive capacity benefits per 360 

action.  361 

3.1.4. ILAA and Adaptation Benefits Overall 362 

Overall, the ILAA actions that delivered the greatest number of adaptation benefits were 363 

livelihoods diversification, crop selection and farming techniques, land, water, and 364 

resource management, and livestock adaptation. Education and behavioral change actions 365 

also delivered significant benefits per adaptation action, but there are relatively few cases 366 

of these actions documented in the CGIAR database. Community-based adaptation is 367 
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marked by a large divergence between the sensitivity benefits delivered (low) and the 368 

adaptive capacity benefits delivered (on par with other e\ective categories of action, such 369 

as crop selection and farming techniques). Disaster risk reduction and technology and 370 

innovation delivered the least adaptation benefits across nearly all climate stressors. 371 

3.2. Planned agrarian adaptation actions 372 

The 302 papers addressing planned adaptation reported 650 climate stressors. The most 373 

addressed stressor was drought (40.5%), followed by extreme weather (21.2%), and floods 374 

(20.6%). All other stressors were less than 10% of those reported. These stressors were 375 

addressed by 1118 total adaptation actions. 376 

 Globally, the most common planned adaptation actions were climate-smart agriculture 377 

(25.3% of all actions in the dataset), ecosystem-based adaptation (25.2%), and education 378 

and behavioral change (13.5%), with all other actions each making up 10% or less of the 379 

total. Most of these actions were not designed with or by those they were intended to 380 

benefit. Instead, they were often introduced and incentivized as responses to challenges 381 

identified by actors outside the communities in which they were implemented. 382 

Of all planned adaptation actions captured in the dataset, 1043 (93.3%) delivered a total of 383 

2576 adaptation benefits (Figure 6). Adaptive capacity benefits were the most delivered 384 

(59.1%). Sensitivity benefits (39.9% of all benefits) were also delivered in significant 385 

numbers. Only 1% of all benefits derived from planned adaptation actions were exposure 386 

benefits. 387 

 388 
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389 

Figure 6: A flow diagram of the overall planned adaptation rationales, connecting climate 390 

stressors on the left to climate actions (center) and the broad types of adaptation benefit 391 

that resulted from these actions. 392 

The planned adaptation rationales associated with the seven climate stressors show 393 

greater variability in the selection of actions taken to address di\erent stressors than seen 394 

in ILAA adaptation rationales. These di\erent portfolios of action, however, produced 395 

remarkably consistent ratios of adaptation benefits (Figure 7). 396 
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397 

Figure 7: A visualization of the planned adaptation rationales associated with each climate 398 

Planned
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stressor in the database. 399 

As with ILAA actions, planned adaptation actions have di\erent levels of e\icacy as 400 

measured by the number and type of benefits they produce across stressor-specific 401 

adaptation rationales (Figure 8).  402 
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 403 

Figure 8: Planned adaptation e\ectiveness, as measured by the number and type of 404 

adaptation benefits delivered per adaptation action taken. Each cell represents the 405 

number of benefits delivered by a specific action (across the top of each grid) for a specific 406 

Planned Adaptation Benefit Delivery
Exposure

Climate-
Smart 
Agriculture

Community-
Based 
Adaptation

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Gender and 
Social 
Inclusion

Land, Water, 
and Resource 
Management

Livelihood 
Diversificatio
n

Livestock 
Adaptation

Technology 
& Innovation

pests and diseases 0.00 0.00 * 0.00 * 0.20 * * *
drought 0.02 0.00 0.06 0.00 0.00 0.02 0.04 0.14 0.02
flood 0.01 0.00 0.08 0.00 0.00 0.03 0.04 0.00 0.00
extreme weather 0.03 0.00 0.00 0.00 0.00 0.00 0.04 0.14 0.00
water scarcity 0.00 * * 0.00 * 0.05 * * *
climate variability 0.03 0.00 0.00 0.00 * 0.00 0.11 * 0.00
sea level rise 0.00 * * 0.00 * 0.18 * * *

Sensitivity

Climate-
Smart 
Agriculture

Community-
Based 
Adaptation

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Gender and 
Social 
Inclusion

Land, Water, 
and Resource 
Management

Livelihood 
Diversificatio
n

Livestock 
Adaptation

Technology 
& Innovation

pests and diseases 2.00 1.00 * 0.67 * 1.60 * * *
drought 1.02 0.45 0.78 0.32 0.57 0.98 0.51 1.29 0.71
flood 1.01 0.33 0.67 0.31 0.80 1.00 0.59 0.67 0.89
extreme weather 1.09 0.44 0.77 0.29 0.50 1.02 0.50 1.00 0.69
water scarcity 1.50 * * 0.00 * 1.11 * * *
climate variability 1.09 0.33 0.80 0.61 * 1.00 0.78 * 0.69
sea level rise 0.50 * * 0.14 * 0.64 * * *

Adaptive Capacity

Climate-
Smart 
Agriculture

Community-
Based 
Adaptation

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Gender and 
Social 
Inclusion

Land, Water, 
and Resource 
Management

Livelihood 
Diversificatio
n

Livestock 
Adaptation

Technology 
& Innovation

pests and diseases 3.67 2.33 * 2.33 * 1.60 * * *
drought 1.20 1.17 0.89 1.54 1.79 0.91 1.15 1.07 1.04
flood 1.23 1.15 0.92 1.50 2.20 0.97 1.19 0.33 0.67
extreme weather 1.22 1.04 0.62 1.61 1.67 0.95 1.11 0.86 0.81
water scarcity 1.80 * * 1.25 * 1.05 * * *
climate variability 1.44 1.08 0.80 1.78 * 0.69 1.00 * 1.46
sea level rise 0.90 * * 1.14 * 0.73 * * *

Total

Climate-
Smart 
Agriculture

Community-
Based 
Adaptation

Disaster Risk 
Reduction

Education & 
Behavioral 
Change

Gender and 
Social 
Inclusion

Land, Water, 
and Resource 
Management

Livelihood 
Diversificatio
n

Livestock 
Adaptation

Technology 
& Innovation

pests and diseases 5.67 3.33 * 3.00 * 3.40 * * *
drought 2.24 1.62 1.72 1.86 2.36 1.91 1.70 2.50 1.77
flood 2.26 1.48 1.67 1.81 3.00 2.00 1.81 1.00 1.56
extreme weather 2.34 1.48 1.38 1.89 2.17 1.97 1.64 2.00 1.50
water scarcity 3.30 * * 1.25 * 2.21 * * *
climate variability 2.56 1.42 1.60 2.39 * 1.69 1.89 * 2.15
sea level rise 1.40 * * 1.29 * 1.55 * * *
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climate stressor (the vertical axis of each grid). Combinations for which there are fewer 407 

than five cases, marked by an asterisk in the cell, were excluded. 408 

3.2.1. Planned Adaptation and Exposure Benefits 409 

Almost no planned adaptation actions captured in the CGIAR database delivered 410 

meaningful exposure benefits.  411 

3.2.2. Planned Adaptation and Sensitivity Benefits 412 

Overall, planned adaptation actions delivered a lower return of sensitivity benefits per 413 

action than seen in ILAA. Areas of strength for planned adaptation actions include land, 414 

water, and resource management actions and climate-smart agriculture actions, 415 

particularly in the context of flooding, extreme weather, water scarcity, and climate 416 

variability. Livestock adaptation delivered one or more sensitivity benefits when addressing 417 

drought and extreme weather. It delivered fewer benefits in the context of other stressors.  418 

All other actions delivered less than one adaptation benefit per action across all stressors. 419 

Education and behavioral change actions and community-based adaptation delivered less 420 

than one half of an adaptation benefit per action across all stressors. Livelihoods 421 

diversification, disaster risk reduction, and gender and social inclusion actions delivered 422 

slightly more benefits per action, but still well under one benefit per action across all 423 

stressors. 424 

3.2.3. Planned Adaptation and Adaptive Capacity Benefits 425 
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Relative to other types of adaptation benefits, planned adaptation actions overall delivered 426 

much higher numbers of adaptive capacity benefits. The most e\ective, in terms of 427 

benefits per action, were gender and social inclusion actions. However, there were only 428 

enough cases of these actions to enable evaluation for drought, flooding, and extreme 429 

weather. Climate smart agriculture actions, community-based adaptation actions, 430 

education and behavioral change actions, and livestock adaptation actions all delivered 431 

more than one adaptation benefit per action across all climate stressors for which there 432 

were more than five cases. The one exception was education and behavioral change e\orts 433 

applied to water scarcity, which delivered fewer than one benefit per action. Land, water, 434 

and resource management actions delivered close to one benefit per action across nearly 435 

all climate stressors, with the lone exception being climate variability. Technology and 436 

innovation delivered nearly 1.5 adaptive capacity benefits per action for water scarcity and 437 

climate vulnerability, and greater than one benefit per action for drought. Only disaster risk 438 

reduction actions delivered less than one benefit per action across stressors  439 

3.2.4. Planned Adaptation and Adaptation Benefits Overall 440 

Most planned adaptation actions, regardless of category or climate stressor, produced at 441 

least one adaptation benefit per action taken. As a portfolio, planned adaptation actions 442 

emphasized the delivery of adaptive capacity benefits over exposure and sensitivity 443 

benefits. The one category of action that is an exception is land, water and resource 444 

management actions, which deliver slightly more sensitivity benefits than adaptive 445 

capacity benefits across nearly all climate stressors. This suggests that planned agrarian 446 

adaptation, while responsive to the immediate needs of small producers under climate 447 
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change (and thus the delivery of sensitivity benefits), has a core focus on delivering 448 

adaptive capacity benefits that are most e\ective at addressing longer-term trends and 449 

concerns associated with each stressor.  450 

4. Discussion 451 

Assessments of climate impacts on agrarian systems and populations demonstrate the 452 

pressing need for e\ective agrarian adaptation, while the exposure of agrarian populations 453 

and livelihoods to further changes in precipitation and temperature promise to make this 454 

need an ongoing challenge. The assessment of agrarian adaptation e\ectiveness 455 

presented in this article demonstrates that studies of implemented adaptation contain 456 

lessons about what works when addressing di\erent climate stressors if, within each case, 457 

we can build meaningful adaptation rationales connection climate 458 

shocks/stressors/impacts, the actions taken to address them, and the adaptation benefits 459 

(if any) associated with those actions.  460 

Our assessment of the CGIAR database suggests that the IPCC’s assessment that “Most 461 

observed adaptation is fragmented, small in scale, incremental, sector-specific, designed 462 

to respond to current impacts or near-term risks, and focused more on planning rather than 463 

implementation” [7] is not fully accurate for agrarian adaptation. First, this assessment 464 

captures over 400 cases of implemented adaptation, and at least in the CGIAR database, 465 

the attention to implemented adaptation is greater than the attention to planning for 466 

adaptation (though planning is clearly a point of significant focus in the dataset). This may 467 
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be explained by the nature of CGIAR’s mission, which is to provide research and innovation 468 

support for implementation of agricultural development initiatives by national 469 

governments, donors or NGOs, and increasingly, those relate to climate change related 470 

adaptation.  Second, while a great deal of ILAA is small-scale and incremental, aimed at 471 

addressing near-term sensitivity to climate stressors, planned adaptation’s focus on 472 

adaptive capacity suggests a focus on longer-term stresses and outcomes. Our 473 

assessment supports the argument that most observed adaptation is incremental, but we 474 

explain below why this is the case in agrarian settings. 475 

Our assessment highlights critical divergences between ILAA and planned adaptation 476 

rationales that could stand in the way of the design and implementation of impactful 477 

adaptation actions. However, this assessment also suggests opportunities for research 478 

and practice that can increase the e\ectiveness and impact of adaptation action. 479 

4.1. Explaining Patterns of ILAA Benefits 480 

The form of these rationales and their outcomes reflect a broader logic of agrarian and 481 

small-producer livelihoods broadly characterized as a subsistence ethic [160–163], where 482 

that ethic informs a broader logic of livelihoods as a means of not only meeting material 483 

needs, but defining and reinforcing individual, household, and community structures of 484 

authority and power [164–166]. Therefore, we expect decision-makers, who are often heads 485 

of households, extended family production units, or communities, to prioritize actions that 486 

align with and reinforce existing roles and responsibilities. This expectation is borne out in 487 

the data.  488 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 34  
 

In the case of most stressors, more than half of all ILAA actions are focused on agricultural 489 

adaptations and ecosystem-based adaptations. This reflects a convergence of factors. 490 

First, these actions represent things that small producers can control through their own 491 

decision-making and often through the mobilization of existing or accessible assets. 492 

Second, these tend to be incremental adaptations that operate within existing livelihoods 493 

structures without disrupting the social order and its relations of authority and power.   494 

This logic explains the contrast between the most adopted ILAA actions across climate 495 

stressors and the actions that delivered the greatest number of adaptation benefits per 496 

action. In this dataset, crop selection and farming techniques, and land, water, and 497 

resource management, are the two most commonly implemented categories of action. 498 

However, they are not the categories of action that yield the greatest number of benefits per 499 

action. They deliver 80% of the benefits per action associated with more e\ective activities 500 

such as livestock adaptation, livelihoods diversification, and education and behavioral 501 

change. Those more e\ective activities make up only 4%, 15%, and 9% of all actions taken, 502 

respectively. This contrast reflects the fact that some of the actions delivering the greatest 503 

number of benefits are those that might also result in challenges to or transformations of 504 

the social order. Livelihoods diversification and education and behavioral change are two 505 

categories of activity likely to open opportunities for new roles and responsibilities within 506 

society and change the status-quo.  507 

The logic of agrarian livelihoods decision-making also explains the very close ratio of 508 

sensitivity benefits to adaptive capacity benefits seen in ILAA actions. The two dominant 509 

categories of ILAA action, crop selection and farming techniques and land, water, and 510 
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resource management, deliver slightly more sensitivity benefits than adaptive capacity 511 

benefits. These benefits are important for addressing the immediate, pressing needs of 512 

agrarian producers. While adaptive capacity benefits producers as well, those actions 513 

which generated a larger number of adaptive capacity benefits than sensitivity benefits, 514 

such as community-based adaptation actions (12% of the total), education and behavioral 515 

change actions (9% of the total), technology and innovation (6% of the total), and disaster 516 

risk reduction actions (2% of the total), were implemented less frequently than those 517 

providing a greater number of sensitivity benefits. This may be a product of resource 518 

constraints, as the resources needed for building adaptive capacities are likely to be higher 519 

than those needed for providing sensitivity benefits. However, this pattern may also reflect 520 

the fact that increased adaptive capacity is not necessarily a desirable outcome for ILAA 521 

decision-makers. First, building adaptive capacity often has fewer immediate benefits than 522 

decreasing sensitivity and exposure. Second, reluctance to invest in adaptive capacity in 523 

ILAA may also result from local leaders who perceive it as a threat to their existing 524 

privileges [165]. 525 

4.2. Explaining Patterns of Planned Adaptation Benefits 526 

Planned adaptation actions show e\icacy in delivering adaptation benefits across all 527 

domains, but most of these benefits accrue to adaptive capacity. Adaptive capacity, while 528 

important for addressing immediate challenges linked to climate change such as climate 529 

variability, also has potential to catalyze transformative change in agrarian systems 530 

experiencing climate stresses. Despite this potential, planned adaptation work focuses on 531 
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incremental changes in small producer systems. For example, there are few actions aimed 532 

at livelihoods diversification or gender and social inclusion in the planned adaptation 533 

dataset.  534 

While it is di\icult to know the exact reasons why planned adaptation results in a portfolio 535 

of relatively incremental actions without detailed, case-level evidence, there is strong 536 

circumstantial evidence to support the argument that this pattern of benefits emerges from 537 

the interplay of planned adaptation actions and the decision-making of individuals and 538 

communities who interact with and shape the uptake and impact of these actions. 539 

Specifically, as noted in the discussion of ILAA above, agrarian decision-makers lack 540 

incentives to adopt transformative actions. While this explains why ILAA actions tend to be 541 

incremental, planned adaptation actions are developed in formal contexts, often at some 542 

distance from the communities and individuals they are supposed to benefit. Therefore, we 543 

should expect that planned adaptation actions might have a greater emphasis on 544 

potentially transformative actions, if only because their designers operate without the 545 

disincentives that mark ILAA decision-making. Further, some of the actions that most 546 

e\ectively deliver adaptive capacity are those which have substantial potential for 547 

catalyzing and supporting transformative change. However, these are not the actions 548 

emphasized by planned adaptation. Instead, the focus of increasing adaptive capacity is 549 

on improving existing livelihoods decisions through the provision of information and 550 

training and improving the outcomes of agricultural livelihoods through the introduction of 551 

new technologies and farming techniques. Further, when potentially transformative 552 

planned adaptation actions are implemented, they tend to deliver few adaptation benefits. 553 
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For example, education and behavioral change actions, while the third most-implemented 554 

category of actions in planned adaptation e\orts, delivered relatively few adaptation 555 

benefits compared to climate smart agriculture and ecosystem-based adaptation.  556 

There may be several reasons for lack of adaptation actions of a more transformative 557 

nature. First, in low-income agrarian contexts, transformation often involves diversification 558 

of livelihoods away from agriculture. CGIAR’s focus is on agriculture, and its researchers 559 

are less likely to focus on non-agriculture-based livelihoods diversification, which may 560 

have more possibilities of transformation than agricultural investments alone. Second, 561 

transformative change within agricultural sector (e.g. entirely new crops, value chains, new 562 

markets) may require larger investments than many existing projects can make. The lack of 563 

transformative initiatives may reflect a lack of resources invested in this sector. Third, 564 

households and communities have actors who are invested in the status quo and therefore 565 

may have little interest in transformative actions that put their status and privileges at risk. 566 

4.3. What Works in Agrarian Adaptation: A Preliminary Assessment 567 

Broadly speaking, this assessment suggests the following preliminary lessons about 568 

agrarian adaptation e\ectiveness. 569 

1. There is little evidence that either planned or ILAA actions e\ectively deliver exposure 570 

benefits. Exposure is extremely challenging to address in agrarian contexts: farmers 571 

cannot simply move themselves and their farms to new locations. This is why the 572 

greatest benefits emerge in the context of livestock adaptation, which includes pastoral 573 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 38  
 

groups and others that can move animals to new locations where the climate stress is 574 

not present or is reduced. 575 

2. Both ILAA and planned agrarian adaptation are heavily focused on drought, flooding, 576 

and extreme weather. Less attention has been paid to climate variability. In the context 577 

of ILAA, this reporting may reflect limited evidence that farmers living with climate 578 

variability consider this part of their baseline situation to be addressed through 579 

everyday livelihoods decisions, rather than a challenge requiring specific adaptation 580 

actions [167–169]. Other stressors have very limited cases. We expect that this will 581 

change in the future, as extreme heat and heat stress are increasingly a\ecting 582 

agricultural production in many parts of the Global South. 583 

a. ILAA adaptation has historically been e\ective for delivering adaptation benefits 584 

in the context of drought, flooding, climate variability, changes in pests and 585 

diseases, and climate extremes through on-farm actions, changes in land, 586 

water, and resource management, and livelihoods diversification. ILAA livestock 587 

adaptation actions have also been quite e\ective in delivering adaptation 588 

benefits in the context of flooding, drought, extreme weather, and climate 589 

variability. ILAA actions tend to deliver a balanced mix of sensitivity and adaptive 590 

capacity benefits. 591 

b. Planned agrarian adaptation is broadly e\ective at delivering adaptation benefits 592 

across all stressors considered in this assessment. Planned land, water, and 593 

resource management actions, along with actions aimed at gender and social 594 

inclusion, are the most e\ective at delivering adaptation benefits. These actions 595 
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tend to deliver greater levels of adaptive capacity benefits than sensitivity 596 

benefits, though planned land, water, and resource management actions deliver 597 

slightly greater numbers of sensitivity benefits than adaptive capacity benefits.   598 

3. On-farm adaptation actions, whether indigenous and local decisions about variety 599 

selection or planned adaptation e\orts to introduce new seeds and farming 600 

techniques, deliver adaptation benefits. However, planned adaptation actions are most 601 

e\ective at delivering adaptive capacity benefits, while ILAA actions deliver a balance 602 

of sensitivity and adaptive capacity benefits.  603 

4. Community-based adaptation activities and education and behavioral change 604 

activities, whether from ILAA or planned adaptation sources, are more e\ective at 605 

delivering adaptive capacity benefits than sensitivity benefits.  606 

5. The choice of adaptation action is not entirely linked to e\icacy, at least as measured 607 

by the delivery of adaptation benefits. For example, for both ILAA and planned agrarian 608 

adaptation, livelihoods diversification is as e\ective or more e\ective at delivering 609 

sensitivity and adaptive capacity benefits than many on-farm or resource management 610 

actions. However, ILAA livelihoods diversification actions are implemented at only 60% 611 

of the rate of ILAA on-farm and resource management actions. Planned livelihoods 612 

diversification actions are implemented at only 30% of the rate of planned on-farm and 613 

resource management actions. This reflects the fact that the process of adaptation 614 

decision-making is not only about selecting actions that deliver the greatest number of 615 

benefits, but also selecting actions that e\ectively balance the need for adaptation 616 

benefits with decision-makers' priorities (e.g. CGIAR projects focus on agricultural 617 
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livelihoods and not necessarily on o\-farm diversification), resource availability 618 

(transformative change may need resources which are not readily available with 619 

communities or implementors) and the desire to maintain the existing social order on 620 

the part of powerful actors at the community and household levels.  621 

4.4. Diverging Agrarian Adaptation Rationales 622 

ILAA actions and planned adaptation actions address similar stressors at similar rates 623 

(Figures 4 and 7). In this dataset, both principally addressed drought, with flooding and 624 

extreme weather secondary concerns. This suggests a high level of alignment between 625 

ILAA needs and those identified by planned adaptation. Superficially, it also appears that 626 

ILAA and planned agrarian adaptation select similar actions to address these stressors and 627 

do so at similar rates with a few exceptions. For example, planned adaptation emphasizes 628 

education and behavioral change to a much greater extent than ILAA, while ILAA engages 629 

with livelihoods diversification much more often than planned adaptation. Planned 630 

adaptation focused more on formal agricultural interventions in the form of climate-smart 631 

agriculture and technology and innovation, while ILAA rests more heavily on local on-farm 632 

knowledge and practice.  633 

This superficial similarity is belied by the divergence in the adaptation benefits these two 634 

broad adaptation rationales deliver. As a global portfolio, ILAA actions deliver similar 635 

amounts of sensitivity and adaptive capacity benefits, while planned adaptation actions 636 

deliver more adaptive capacity benefits than sensitivity benefits. However, this di\erence 637 

in outcome is larger than a simple comparison of percentages of benefit might suggest. 638 
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Planned adaptation activities tend to focus more directly on adaptive capacity benefits, 639 

such as by delivering trainings or enhanced capabilities via agricultural extension. On the 640 

other hand, many adaptive capacity benefits associated with ILAA actions are incidental to 641 

realizing other benefits. For example, the reduction of the sensitivity of agricultural 642 

production to decreasing rainfall might involve adopting new land management techniques 643 

to maximize soil moisture. While these techniques directly reduce the sensitivity of 644 

agricultural production to this climate stressor, understanding why such interventions work 645 

creates adaptive capacity by introducing farmers to a broader logic of soil management 646 

that might be applied to other stressors in the future. Therefore, the number of adaptive 647 

capacity benefits generated by ILAA actions likely overstates the importance of adaptive 648 

capacity benefits in the adaptation rationales behind these actions.  649 

This divergence in outcomes reflects a fundamental divergence in the adaptation 650 

rationales that inform ILAA and planned agrarian adaptation. Where planned adaptation 651 

focuses on longer-term challenges and needs, ILAA emphasizes addressing current 652 

challenges. This means that while these two broad adaptation arenas are aligned in many 653 

ways, such as in their focus on implementing on-farm actions and resource management 654 

actions, these activities are means to di\erent ends. We cannot assume that climate-655 

smart agricultural interventions are necessarily complementary to ILAA shifts in crop 656 

selection and farming techniques. Instead, there is a risk that the long-term focus of many 657 

climate-smart agricultural interventions will negatively impact the short-term sensitivity 658 

benefits realized through ILAA actions. Understanding the di\erent adaptation rationales 659 

that inform the actions selected to address a given stressor, and the benefits derived from 660 
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that action, is critical to aligning planned and ILAA adaptation to avoid maladaptive 661 

outcomes. 662 

4.5. Opportunities for Convergence to Improve Agrarian Adaptation 663 

E:ectiveness 664 

The divergent adaptation rationales that inform ILAA and planned agrarian adaptation 665 

produce similar incremental outcomes because most planned adaptation does not 666 

consider the logics of the agrarian livelihoods that shape the outcomes of their e\orts. This 667 

demonstrates a lesson that is well-understood in both the development studies and 668 

development community of practice: designing and implementing interventions that 669 

impose actions, technologies, and goals on individuals and communities tends to result in 670 

low rates of adoption and even perverse outcomes. However, the assessment of agrarian 671 

adaptation e\ectiveness in this article highlights points of contact between ILAA and 672 

planned adaptation that can be mobilized to improve adaptation e\ectiveness and impact, 673 

while enabling the development of transformative pathways toward a more just and 674 

sustainable future. 675 

The characterization of ILAA that emerges from this assessment aligns closely with 676 

research on agrarian livelihoods which suggests that these livelihoods balance the need for 677 

material security with broader social goals [170–172], particularly the desire of decision-678 

makers to retain their privileged positions in households and communities [164]. This 679 

suggests that an uncritical approach to the valorization of locally led adaptation is unlikely 680 

to result in e\ective adaptation. Instead, adaptation actions developed by communities 681 
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that yield the largest number of sensitivity benefits, if not all adaptation benefits, are likely 682 

to be those whose greatest strength lies in one or two characteristics: their ability to 683 

reinforce existing social orders, rather than their ability to address the widest set of needs 684 

in the community, or their ability to be implemented with minimal resources.   685 

This assessment suggests that the key goal of ILAA rationales is to reduce the sensitivity of 686 

existing activities (and their attendant social orders) to climate stressors. This is an 687 

inherently incremental approach to adaptation ill-suited to contexts of rapid change in 688 

climate variability or other conditions or where conditions are departing the historical 689 

biophysical basis of production. Such systems will require transformation to ensure the 690 

viability of both people and production in the future. Imposing transformative change on 691 

these systems is unlikely to generate lasting change, as agrarian livelihoods are very 692 

resilient to externally imposed change [166]. However, by aligning planned adaptation 693 

actions with a longer-term transformative goal with the goals of agrarian livelihoods 694 

through an initial emphasis on sensitivity benefits is likely to generate the levels of material 695 

and social security that allow for the emergence of pathways marked by the uptake of new 696 

practices, activities, and eventually roles and social structures. All contexts are marked by 697 

innovators who understand how to introduce new practices or activities in a manner 698 

acceptable to the households and communities in which they live [166]. Identifying and 699 

learning from these innovators to better understand what sorts of sensitivity-focused 700 

interventions might address key vulnerabilities such that increasing adaptive capacity and 701 

changing social structures are no longer threats to be managed, but opportunities to be 702 

realized, appears to be a key component of e\ective co-production. 703 
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At the same time, the dataset assessed in this article suggests that there are individuals in 704 

indigenous and local contexts who can implement activities, such as those associated 705 

with education and behavioral change, in a manner that is socially acceptable and which 706 

delivers adaptation benefits. The often-limited number of these actions relative to others 707 

which deliver fewer adaptation benefits per adaptation action, and which are likely to result 708 

in incremental changes that support the perpetuation of existing social structures, o\ers 709 

an opportunity for mutual benefit. Planned adaptation practitioners can learn how to 710 

design and present e\ective but potentially threatening adaptation actions to decision-711 

makers in a manner that renders these actions acceptable. Local actors might benefit from 712 

leveraging the greater resources and networks of planned adaptation practitioners to 713 

implement and scale up their chosen actions. For example, while there are relatively few 714 

ILAA behavioral change and education e\orts, those that exist tend to deliver many 715 

benefits. Farmers and others who develop such initiatives within agrarian communities and 716 

households do so with an understanding of what e\orts can generate value without 717 

creating concerns among decision-makers that limit uptake. This suggests that the co-718 

production of planned adaptation actions aimed at behavioral change and education with 719 

communities is likely to inform project and activity design in a manner that increases 720 

uptake and delivers greater benefits. Similarly, planned adaptation e\orts aimed at 721 

livelihoods diversification risk low uptake if they overtly threaten changes to the existing 722 

social order. However, the presence of livelihoods diversification e\orts in ILAA suggests it 723 

is possible to present such actions in a way that does not threaten decision-makers such 724 

that uptake is limited.  725 
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5. Future Directions 726 

If agrarian adaptation is to meet the needs of those living in and dependent upon agrarian 727 

systems – and much of the world’s population is either directly or indirectly dependent on 728 

these systems – it must not only understand what actions appear to reduce exposure, 729 

lower sensitivity, or increase adaptive capacity, but also why particular actions do or do not 730 

produce these results. This initial assessment of agrarian adaptation e\ectiveness, by 731 

suggesting preliminary adaptation rationales for ILAA and planned agrarian adaptation 732 

takes a substantial step in this direction. In so doing, it opens a number of questions for 733 

future research that will further our understanding of what works in agrarian adaptation. 734 

First, the strong convergence of ILAA and planned adaptation around on-farm actions and 735 

resource management presents opportunities for detailed case studies where existing ILAA 736 

actions overlap with implemented planned agrarian adaptation actions. Such cases can 737 

evaluate the extent to which the ILAA and planned actions complement or compromise 738 

one another and why. While the longer-term focus of planned adaptation might present 739 

challenges to shorter-term ILAA goals, it is also possible that these two arenas of 740 

adaptation action and their goals might be aligned to meet both short- and longer-term 741 

needs where they are implemented. 742 

Second, this assessment rests on a simple presence/absence measure of adaptation 743 

benefits resulting from adaptation actions. However, such measures might misinform 744 

policy if, for example, those which deliver the greatest number of benefits per action do so 745 

to very small numbers of people. Developing meaningful measures of the value of 746 
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adaptation benefits, whether that be in economic terms, in terms of the number of people 747 

benefiting, or some other metric, is critical for deepening our understanding of adaptation 748 

e\ectiveness. Future research will provide substantial nuance for the broad, coarse picture 749 

of e\ectiveness presented in this assessment, and may change some ideas about what 750 

works in agrarian adaptation. 751 

Third, where adaptation benefits are delivered, who receives these benefits? The 752 

distribution of benefits is as important as their presence or absence when evaluating their 753 

impact and e\ectiveness. For example, if education and behavioral change actions 754 

produce many benefits, but those are only realized by existing decision-makers and 755 

authority figures, the impact of these actions might be limited. Further, understanding the 756 

distributional aspects of adaptation benefits will deepen our understanding of how the 757 

logics of agrarian livelihoods inform adaptation action. While the evidence in this 758 

assessment strongly suggests that ILAA actions reflect these logics, greater nuance in 759 

terms of who benefits from di\erent adaptation actions will either confirm or challenge this 760 

initial explanation for the patterns of adaptation e\ectiveness described in this article.  761 

Finally, as this assessment has demonstrated, there are many combinations of adaptation 762 

action and climate stressor – in both ILAA and planned agrarian adaptation – for which we 763 

our dataset had either no cases, or too few cases to make reliable claims about 764 

e\ectiveness. In particular, we have little evidence for what works to address pests and 765 

diseases, water scarcity, and sea level rise. Whether such cases exist and simply need to 766 

be documented in the literature, or if case study research is needed, filling these gaps will 767 

help deepen our understanding of agrarian adaptation e\ectiveness.  768 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 47  
 

References 769 

1.  Berrang-Ford L, Siders AR, Lesnikowski A, Fischer AP, Callaghan MW, Haddaway NR, 770 
et al. A systematic global stocktake of evidence on human adaptation to climate 771 
change. Nat Clim Chang. 2021;11: 989–1000. doi:10.1038/s41558-021-01170-y 772 

2.  Leiter T, Olho\ A, Al Azar R, Barmby V, Bours D, Climent VWC, et al. Adaptation 773 
metrics current landscape and evolving practices. Rotterdam and Groningen: Global 774 
Commission on Adaptation Background Paper; 2019 p. 51.  775 

3.  Lesnikowski AC, Ford JD, Berrang-Ford L, Barrera M, Heymann J. How are we adapting 776 
to climate change? A global assessment. Mitig Adapt Strateg Glob Change. 2015;20: 777 
277–293. doi:10.1007/s11027-013-9491-x 778 

4.  Nalau J, Gilmore E, Howden M. Improving adaptation assessment in the IPCC. npj 779 
Clim Action. 2024;3: 76. doi:10.1038/s44168-024-00155-9 780 

5.  Owen G. What makes climate change adaptation e\ective? A systematic review of the 781 
literature. Global Environmental Change. 2020;62: 102071. 782 
doi:10.1016/j.gloenvcha.2020.102071 783 

6.  Singh C, Ford J, Ley D, Bazaz A, Revi A. Assessing the feasibility of adaptation options: 784 
methodological advancements and directions for climate adaptation research and 785 
practice. Climatic Change [in press]. 2020.  786 

7.  IPCC. Summary for Policymakers. In: Pörtner HO, Roberts DC, Tignor M, Poloczanska 787 
ES, Mintenbeck K, Alegría A, et al., editors. Climate Change 2022: Impacts, 788 
Adaptation and Vulnerability Contribution of Working Group II to the Sixth 789 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, 790 
England: Cambridge University Press; 2022. pp. 3–33. 791 
doi:10.1017/CBO9781139177245.003 792 

8.  Bezner Kerr R, Hasegawa T, Lasco R, Bhatt ID, Deryng D, Farrell AD, et al. Food, Fibre 793 
and Other Ecosystem Products. Climate Change 2022: Impacts, Adaptation, and 794 
Vulnerability Contribution of Working Group II to the Sixth Assessment Report of the 795 
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University 796 
Press; 2022. pp. 713–906.  797 

9.  Muchuru S, Nhamo G. A review of climate change adaptation measures in the African 798 
crop sector. Climate and Development. 2019;11: 873–885. 799 
doi:10.1080/17565529.2019.1585319 800 

10.  N R L, Shah R, Srinivasan V, Mukherji A. Hits and misses: water-based climate change 801 
adaptation interventions for agriculture in South Asia. Mitig Adapt Strateg Glob 802 
Change. 2025;30: 19. doi:10.1007/s11027-025-10206-z 803 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 48  
 

11.  Vincent K, Cundill G. The evolution of empirical adaptation research in the global 804 
South from 2010 to 2020. Climate and Development. 2022;14: 25–38. 805 
doi:10.1080/17565529.2021.1877104 806 

12.  Carr ER, Nalau J. Adaptation rationales and benefits: A foundation for understanding 807 
adaptation impact. Climate Risk Management. 2023;39: 100479. 808 
doi:10.1016/j.crm.2023.100479 809 

13.  Carr ER, Mukherji A. Learning from Practice: A protocol for measuring adaptation 810 
outcomes in the CGIAR climate change research portfolio, 2012-2023. Montpellier, 811 
France: Climate Impact Platform, CGIAR; 2024.  812 

14.  Paprocki K, McCarthy J. The agrarian question of climate change. Progress in Human 813 
Geography. 2024;48: 691–715. doi:10.1177/03091325241269701 814 

15.  Birkmann J, Liwenga ET, Pandey R, Boyd E, Djalante R, Gemenne F, et al. Poverty, 815 
Livelihoods and Sustainable Development. In: Pörtner HO, Roberts DC, Tignor M, 816 
Poloczanska ES, Mintenbeck K, Alegría A, et al., editors. Climate Change 2022: 817 
Impacts, Adaptation and Vulnerability Contribution of Working Group II to the Sixth 818 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge: 819 
Cambridge University Press; 2022. p. 114.  820 

16.  Meza I, Siebert S, Döll P, Kusche J, Herbert C, Eyshi Rezaei E, et al. Global-scale 821 
drought risk assessment for agricultural systems. Nat Hazards Earth Syst Sci. 822 
2020;20: 695–712. doi:10.5194/nhess-20-695-2020 823 

17.  Ortiz-Bobea A, Ault TR, Carrillo CM, Chambers RG, Lobell DB. Anthropogenic climate 824 
change has slowed global agricultural productivity growth. Nat Clim Chang. 2021;11: 825 
306–312. doi:10.1038/s41558-021-01000-1 826 

18.  Parkes B, Defrance D, Sultan B, Ciais P, Wang X. Projected changes in crop yield mean 827 
and variability over West Africa in a world 1.5 K warmer than the pre-industrial era. 828 
Earth Syst Dynam. 2018;9: 119–134. doi:10.5194/esd-9-119-2018 829 

19.  Sultan B, Defrance D, Iizumi T. Evidence of crop production losses in West Africa due 830 
to historical global warming in two crop models. Sci Rep. 2019;9: 12834. 831 
doi:10.1038/s41598-019-49167-0 832 

20.  Adger WN. Social Vulnerability to Climate Change and Extremes in Coastal Vietnam. 833 
World Development. 1999;27: 249–269.  834 

21.  Antwi-Agyei P, Dougill AJ, Stringer LC, Codjoe SNA. Adaptation opportunities and 835 
maladaptive outcomes in climate vulnerability hotspots of northern Ghana. Climate 836 
Risk Management. 2018;19: 83–93. doi:10.1016/j.crm.2017.11.003 837 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 49  
 

22.  Campbell D. Response to Drought Among Farmers and Herders in Southern Kajiado 838 
District, Kenya: A Comparison of 1972-1976 and 1994-1995. Human Ecology. 839 
1999;27: 377–416.  840 

23.  Carr ER. Between structure and agency: Livelihoods and adaptation in Ghana’s 841 
Central Region. Global Environmental Change. 2008;18: 689–699.  842 

24.  Cohn AS, Newton P, Gil JDB, Kuhl L, Samberg L, Ricciardi V, et al. Smallholder 843 
Agriculture and Climate Change. Annual Review of Environment and Resources. 844 
2017;42: 347–375. doi:10.1146/annurev-environ-102016-060946 845 

25.  Galvin KA. Transformational adaptation in drylands. Current Opinion in Environmental 846 
Sustainability. 2021;50: 64–71. doi:10.1016/j.cosust.2021.03.003 847 

26.  Harvey CA, Rakotobe ZL, Rao NS, Dave R, Razafimahatratra H, Rabarijohn RH, et al. 848 
Extreme vulnerability of smallholder farmers to agricultural risks and climate change 849 
in Madagascar. Philosophical Transactions of the Royal Society B: Biological 850 
Sciences. 2014;369. doi:10.1098/rstb.2013.0089 851 

27.  Kyazze FB, Owoyesigire B, Kristjanson P, Chaudhury M. Using a gender lens to explore 852 
farmers’ adaptation options in the face of climate change: Results of a pilot study in 853 
Uganda. Copenhagen: CGIAR Research Program on Climate Change, Agriculture and 854 
Food Security (CCAFS); 2012.  855 

28.  Morton JF. The impact of climate change on smallholder and subsistence agriculture. 856 
Proceedings of the National Academy of Sciences of the United States of America. 857 
2007;104: 19680–19685. doi:10.1073/pnas.0701855104 858 

29.  Naab JB, Koranteng H. Using a gender lens to explore farmers’ adaptation options in 859 
the face of climate change: Results of a pilot study in Ghana. Copenhagen: CGIAR 860 
Research Program on Climate Change, Agriculture and Food Security (CCAFS); 2012.  861 

30.  Reid P, Vogel C. Living and responding to multiple stressors in South Africa—Glimpses 862 
from KwaZulu-Natal. Global Environmental Change. 2006;16: 195–206.  863 

31.  Thoai TQ, Rañola RF, Camacho LD, Simelton E. Determinants of farmers’ adaptation to 864 
climate change in agricultural production in the central region of Vietnam. Land Use 865 
Policy. 2018;70: 224–231. doi:10.1016/j.landusepol.2017.10.023 866 

32.  Thornton PK, Loboguerrero AM, Campbell BM, Mercado L, Shackleton S, Kavikumar 867 
KS. Rural Livelihoods, food security and rural transformation under climate change. 868 
Rotterdam and Groningen: Global Commission on Adaptation Working Paper; 2019 869 
p. 48.  870 

33.  Dinesh D, Campbell BM, Bonilla-Findji O, Richards M. 10 best bet innovations for  871 
adaptation in agriculture: A supplement to the UNFCCC NAP Technical Guidelines. 872 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 50  
 

Wageningen, The Netherlands: CGIAR Research Program on Climate Change, 873 
Agriculture and Food Security (CCAFS); 2017. Report No.: Paper #215.  874 

34.  Caretta MA, Mukherji A, Arfanuzzaman M, Betts RA, Gelfan A, Hirabayashi Y, et al. 875 
Water. 1st ed. Climate Change 2022 – Impacts, Adaptation and Vulnerability: Working 876 
Group II Contribution to the Sixth Assessment Report of the Intergovernmental Panel 877 
on Climate Change. 1st ed. Cambridge: Cambridge University Press; 2022. pp. 551–878 
712. doi:10.1017/9781009325844 879 

35.  Trisos CH, Adelekan IO, Totin E, Ayanlade A, Efitre J, Gemeda A, et al. Africa. 1st ed. 880 
Climate Change 2022 – Impacts, Adaptation and Vulnerability: Working Group II 881 
Contribution to the Sixth Assessment Report of the Intergovernmental Panel on 882 
Climate Change. 1st ed. Cambridge: Cambridge University Press; 2022. pp. 1285–883 
1455. doi:10.1017/9781009325844 884 

36.  Dow K, Berkhout F, Preston BL, Klein RJT, Midgley G, Shaw MR. Limits to adaptation. 885 
Nature Climate Change. 2013;3: 305–307. doi:10.1038/nclimate1847 886 

37.  Klein RJT, Midgley GF, Preston BL, Alam M, Berkhout FGH, Dow K, et al. Adaptation 887 
opportunities, constraints, and limits. Climate Change 2014: Impacts, Adaptation 888 
and Vulnerability: Part A: Global and Sectoral Aspects. Cambridge, England: 889 
Cambridge University Press; 2015. pp. 899–944. 890 
doi:10.1017/CBO9781107415379.021 891 

38.  Lissner TK, Möller T, Caretta MA, Mukherji A. E\ectiveness of water-related adaptation 892 
decreases with increasing warming. One Earth. 2024;7: 444–454. 893 
doi:10.1016/j.oneear.2024.02.004 894 

39.  Martin MA, Boakye EA, Boyd E, Broadgate W, Bustamante M, Canadell JG, et al. Ten 895 
new insights in climate science 2022. Glob Sustain. 2022;5: e20. 896 
doi:10.1017/sus.2022.17 897 

40.  Thomas A, Theokrito\ E, Lesnikowski A, Reckien D, Jagannathan K, Cremades R, et al. 898 
Global evidence of constraints and limits to human adaptation. Reg Environ Change. 899 
2021;21: 85. doi:10.1007/s10113-021-01808-9 900 

41.  IPCC. IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working 901 
Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on 902 
Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, 903 
Switzerland. First. Intergovernmental Panel on Climate Change (IPCC); 2023. 904 
doi:10.59327/IPCC/AR6-9789291691647 905 

42.  Orth A, Bosire CK, Rabago L, Vaidya S, Rajbhandari S, Pradhan P, et al. A 906 
Comprehensive Database of CGIAR Climate-Related Journal Articles (2012–2023). 907 
2024. Available: https://hdl.handle.net/10568/163158 908 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 51  
 

43.  Nkem JN, Somorin OA, Jum C, Idinoba ME, Bele YM, Sonwa DJ. Profiling climate 909 
change vulnerability of forest indigenous communities in the Congo Basin. Mitig 910 
Adapt Strateg Glob Change. 2013;18: 513–533. doi:10.1007/s11027-012-9372-8 911 

44.  Olayide OE, Alabi T. Between rainfall and food poverty: Assessing vulnerability to 912 
climate change in an agricultural economy. Journal of Cleaner Production. 2018;198: 913 
1–10. doi:10.1016/j.jclepro.2018.06.221 914 

45.  Parker L, Bourgoin C, Martinez-Valle A, Läderach P. Vulnerability of the agricultural 915 
sector to climate change: The development of a pan-tropical Climate Risk 916 
Vulnerability Assessment to inform sub-national decision making. Mushtaq S, editor. 917 
PLoS ONE. 2019;14: e0213641. doi:10.1371/journal.pone.0213641 918 

46.  Arndt C, Asante F, Thurlow J. Implications of Climate Change for Ghana’s Economy. 919 
Sustainability. 2015;7: 7214–7231. doi:10.3390/su7067214 920 

47.  Calzadilla A, Zhu T, Rehdanz K, Tol RSJ, Ringler C. Economywide impacts of climate 921 
change on agriculture in Sub-Saharan Africa. Ecological Economics. 2013;93: 150–922 
165. doi:10.1016/j.ecolecon.2013.05.006 923 

48.  Tran N, Chan CY, Aung YM, Bailey C, Akester M, Cao QL, et al. Foresighting future 924 
climate change impacts on fisheries and aquaculture in vietnam. Front Sustain Food 925 
Syst. 2022;6: 829157. doi:10.3389/fsufs.2022.829157 926 

49.  Paudyal BR, Chanana N, Khatri-Chhetri A, Sherpa L, Kadariya I, Aggarwal P. Gender 927 
Integration in Climate Change and Agricultural Policies: The Case of Nepal. Front 928 
Sustain Food Syst. 2019;3: 66. doi:10.3389/fsufs.2019.00066 929 

50.  Thuy P, Moeliono M, Locatelli B, Brockhaus M, Gregorio M, Mardiah S. Integration of 930 
Adaptation and Mitigation in Climate Change and Forest Policies in Indonesia and 931 
Vietnam. Forests. 2014;5: 2016–2036. doi:10.3390/f5082016 932 

51.  Rahman MF, Falzon D, Robinson S, Kuhl L, Westoby R, Omukuti J, et al. Locally led 933 
adaptation: Promise, pitfalls, and possibilities. Ambio. 2023. doi:10.1007/s13280-934 
023-01884-7 935 

52.  Vincent K. Development geography II: Community-based adaptation and locally-led 936 
adaptation. Progress in Human Geography. 2023;47: 604–612. 937 
doi:10.1177/03091325231166076 938 

53.  Westoby R, Clissold R, McNamara KE, Ahmed I, Resurrección BP, Fernando N, et al. 939 
Locally led adaptation: drivers for appropriate grassroots initiatives. Local 940 
Environment. 2021;26: 313–319. doi:10.1080/13549839.2021.1884669 941 

54.  Jagannathan K, Arnott JC, Wyborn C, Klenk N, Mach KJ, Moss RH, et al. Great 942 
expectations? Reconciling the aspiration, outcome, and possibility of co-production. 943 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 52  
 

Current Opinion in Environmental Sustainability. 2020;42: 22–29. 944 
doi:10.1016/j.cosust.2019.11.010 945 

55.  Vincent K. Development geography I: Co-production. Progress in Human Geography. 946 
2022;46: 890–897. doi:10.1177/03091325221079054 947 

56.  Vincent K, Daly M, Scannell C, Leathes B. What can climate services learn from theory 948 
and practice of co-production? Climate Services. 2018;12: 48–58. 949 
doi:10.1016/j.cliser.2018.11.001 950 

57.  Buck C, Caesar L, Huebscher MC, Ciaramita M, Fischer EM, Hausfather Z, et al. AI-951 
Assisted Scientific Assessment: A Case Study on Climate Change. arXiv; 2026. 952 
doi:10.48550/arXiv.2602.09723 953 

58.  Lunduka RW, Mateva KI, Magorokosho C, Manjeru P. Impact of adoption of drought-954 
tolerant maize varieties on total maize production in south Eastern Zimbabwe. 955 
Climate and Development. 2019;11: 35–46. doi:10.1080/17565529.2017.1372269 956 

59.  Makate C, Wang R, Makate M, Mango N. Impact of drought tolerant maize adoption on 957 
maize productivity, sales and consumption in rural Zimbabwe. Agrekon. 2017;56: 67–958 
81. doi:10.1080/03031853.2017.1283241 959 

60.  Ouédraogo M, Zougmoré R, Moussa AS, Partey ST, Thornton PK, Kristjanson P, et al. 960 
Markets and climate are driving rapid change in farming practices in Savannah West 961 
Africa. Reg Environ Change. 2017;17: 437–449. doi:10.1007/s10113-016-1029-9 962 

61.  Datta A, Choudhary M, Jat HS, Sharma PC, Kakraliya SK, Dixit B, et al. Climate smart 963 
agriculture influences soil enzymes activity under cereal-based systems of north-964 
West India. Journal of the Indian Society of Soil Science. 2021;69: 86–95. 965 
doi:10.5958/0974-0228.2021.00024.4 966 

62.  Komarek AM, Thierfelder C, Steward PR. Conservation agriculture improves adaptive 967 
capacity of cropping systems to climate stress in Malawi. Agricultural Systems. 968 
2021;190: 103117. doi:10.1016/j.agsy.2021.103117 969 

63.  Sapkota TB, Jat ML, Aryal JP, Jat RK, Khatri-Chhetri A. Climate change adaptation, 970 
greenhouse gas mitigation and economic profitability of conservation agriculture: 971 
Some examples from cereal systems of Indo-Gangetic Plains. Journal of Integrative 972 
Agriculture. 2015;14: 1524–1533. doi:10.1016/S2095-3119(15)61093-0 973 

64.  Ng’ang’a SK, Van Wijk MT, Rufino MC, Giller KE. Adaptation of agriculture to climate 974 
change in semi-arid Borena, Ethiopia. Reg Environ Change. 2016;16: 2317–2330. 975 
doi:10.1007/s10113-016-0940-4 976 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 53  
 

65.  Sujakhu NM, Ranjitkar S, Su Y, He J, Xu J. A gendered perspective on climate change 977 
adaptation strategies: a case study from Yunnan, China. Local Environment. 978 
2023;28: 117–133. doi:10.1080/13549839.2022.2130883 979 

66.  Ali H, Menza M, Hagos F, Haileslassie A. Impact of climate smart agriculture on 980 
households’ resilience and vulnerability: An example from Central Rift Valley, 981 
Ethiopia. Climate Resilience. 2023;2: e254. doi:10.1002/cli2.54 982 

67.  Balana BB, Bizimana J-C, Richardson JW, Lefore N, Adimassu Z, Herbst BK. Economic 983 
and food security e\ects of small-scale irrigation technologies in northern Ghana. 984 
Water Resources and Economics. 2020;29: 100141. doi:10.1016/j.wre.2019.03.001 985 

68.  Sisay T, Tesfaye K, Ketema M, Dechassa N, Getnet M. Climate-Smart Agriculture 986 
Technologies and Determinants of Farmers’ Adoption Decisions in the Great Rift 987 
Valley of Ethiopia. Sustainability. 2023;15: 3471. doi:10.3390/su15043471 988 

69.  Mafongoya P JO. Smallholder Farmer Perceptions on Climate Change and Variability: 989 
A Predisposition for their Subsequent Adaptation Strategies. J Earth Sci Clim Change. 990 
2015;06. doi:10.4172/2157-7617.1000277 991 

70.  Tambo JA, Abdoulaye T. Smallholder farmers’ perceptions of and adaptations to 992 
climate change in the Nigerian savanna. Reg Environ Change. 2013;13: 375–388. 993 
doi:10.1007/s10113-012-0351-0 994 

71.  Yang H, Ranjitkar S, Xu W, Han L, Yang J, Wu L, et al. Crop-climate model in support of 995 
adjusting local ecological calendar in the Taxkorgan, eastern Pamir Plateau. Climatic 996 
Change. 2021;167: 56. doi:10.1007/s10584-021-03204-y 997 

72.  Akinyi DP, Ng’ang’a SK, Ngigi M, Mathenge M, Girvetz E. Cost-benefit analysis of 998 
prioritized climate-smart agricultural practices among smallholder farmers: 999 
evidence from selected value chains across sub-Saharan Africa. Heliyon. 2022;8: 1000 
e09228. doi:10.1016/j.heliyon.2022.e09228 1001 

73.  Obunyali CO, Karanja J, Oikeh SO, Omanya GO, Mugo S, Beyene Y, et al. On-farm 1002 
Performance and Farmers’ Perceptions of DroughtTEGO -Climate-Smart Maize 1003 
Hybrids in Kenya. Agronomy Journal. 2019;111: 2754–2768. 1004 
doi:10.2134/agronj2019.08.0600 1005 

74.  Otieno G, Ogola RJO, Recha T, Mohammed JN, Fadda C. Climate Change and Seed 1006 
System Interventions Impact on Food Security and Incomes in East Africa. 1007 
Sustainability. 2022;14: 6519. doi:10.3390/su14116519 1008 

75.  Bastakoti RC, Gupta J, Babel MS, Van Dijk MP. Climate risks and adaptation strategies 1009 
in the Lower Mekong River basin. Reg Environ Change. 2014;14: 207–219. 1010 
doi:10.1007/s10113-013-0485-8 1011 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 54  
 

76.  Goulden MC, Adger WN, Allison EH, Conway D. Limits to Resilience from Livelihood 1012 
Diversification and Social Capital in Lake Social–Ecological Systems. Annals of the 1013 
Association of American Geographers. 2013;103: 906–924. 1014 
doi:10.1080/00045608.2013.765771 1015 

77.  Sila W, Gachuiri CK, Recha JW, Audho J, Ojango JMK. Adaptation and Returns from 1016 
Improved Indigenous Small Ruminants in Climatically Challenged Smallholder 1017 
Systems of Kenya. Sustainability. 2021;13: 9629. doi:10.3390/su13179629 1018 

78.  Makunde GS, Andrade MI, Menomussanga J, Grüneberg W. Adapting sweetpotato 1019 
production to changing climate in Mozambique. Open Agriculture. 2018;3: 122–130. 1020 
doi:10.1515/opag-2018-0012 1021 

79.  Meldrum G, Mijatović D, Rojas W, Flores J, Pinto M, Mamani G, et al. Climate change 1022 
and crop diversity: farmers’ perceptions and adaptation on the Bolivian Altiplano. 1023 
Environ Dev Sustain. 2018;20: 703–730. doi:10.1007/s10668-016-9906-4 1024 

80.  Bullock RM, Miriti P, DuttaGupta T. Young women’s and men’s climate adaptation 1025 
practices and capacities in Kenya livestock production systems. Front Sustain Food 1026 
Syst. 2023;7: 1197965. doi:10.3389/fsufs.2023.1197965 1027 

81.  Moutouama FT, Tepa-Yotto GT, Agboton C, Gbaguidi B, Sekabira H, Tamò M. Farmers’ 1028 
Perception of Climate Change and Climate-Smart Agriculture in Northern Benin, 1029 
West Africa. Agronomy. 2022;12: 1348. doi:10.3390/agronomy12061348 1030 

82.  Argumedo A, Song Y, Khoury CK, Hunter D, Dempewolf H, Guarino L, et al. Biocultural 1031 
Diversity for Food System Transformation Under Global Environmental Change. Front 1032 
Sustain Food Syst. 2021;5: 685299. doi:10.3389/fsufs.2021.685299 1033 

83.  Thorn J, Thornton TF, Helfgott A. Autonomous adaptation to global environmental 1034 
change in peri-urban settlements: Evidence of a growing culture of innovation and 1035 
revitalisation in Mathare Valley Slums, Nairobi. Global Environmental Change. 1036 
2015;31: 121–131. doi:10.1016/j.gloenvcha.2014.12.009 1037 

84.  Adhikari S, Baral H, Nitschke C. Adaptation to Climate Change in Panchase Mountain 1038 
Ecological Regions of Nepal. Environments. 2018;5: 42. 1039 
doi:10.3390/environments5030042 1040 

85.  Khatri-Chhetri A, Aggarwal PK, Joshi PK, Vyas S. Farmers’ prioritization of climate-1041 
smart agriculture (CSA) technologies. Agricultural Systems. 2017;151: 184–191. 1042 
doi:10.1016/j.agsy.2016.10.005 1043 

86.  Salvini G, Van Paassen A, Ligtenberg A, Carrero GC, Bregt AK. A role-playing game as a 1044 
tool to facilitate social learning and collective action towards Climate Smart 1045 
Agriculture: Lessons learned from Apuí, Brazil. Environmental Science & Policy. 1046 
2016;63: 113–121. doi:10.1016/j.envsci.2016.05.016 1047 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 55  
 

87.  Shaw A, Kristjanson P. A Catalyst toward Sustainability? Exploring Social Learning and 1048 
Social Di\erentiation Approaches with the Agricultural Poor. Sustainability. 2014;6: 1049 
2685–2717. doi:10.3390/su6052685 1050 

88.  Morand P, Kodio A, Andrew N, Sinaba F, Lemoalle J, Béné C. Vulnerability and 1051 
adaptation of African rural populations to hydro-climate change: experience from 1052 
fishing communities in the Inner Niger Delta (Mali). Climatic Change. 2012;115: 463–1053 
483. doi:10.1007/s10584-012-0492-7 1054 

89.  Heikkila T, Gerlak AK, Bell AR, Schmeier S. Adaptation in a transboundary river basin: 1055 
Linking stressors and adaptive capacity within the Mekong River Commission. 1056 
Environmental Science & Policy. 2013;25: 73–82. doi:10.1016/j.envsci.2012.09.013 1057 

90.  Pandey VP, Sharma A, Dhaubanjar S, Bharati L, Joshi IR. Climate Shocks and 1058 
Responses in Karnali-Mahakali Basins, Western Nepal. Climate. 2019;7: 92. 1059 
doi:10.3390/cli7070092 1060 

91.  Torhan S, Grady CA, Ajibade I, Galappaththi EK, Hernandez RR, Musah-Surugu JI, et al. 1061 
Tradeo\s and Synergies Across Global Climate Change Adaptations in the Food-1062 
Energy-Water Nexus. Earth’s Future. 2022;10: e2021EF002201. 1063 
doi:10.1029/2021EF002201 1064 

92.  Adamseged ME, Kebede SW. Are farmers’ climate change adaptation strategies 1065 
understated? Evidence from two communities in Northern Ethiopian Highlands. 1066 
Climate Services. 2023;30: 100369. doi:10.1016/j.cliser.2023.100369 1067 

93.  Fuchs LE, Orero L, Ngoima S, Kuyah S, Neufeldt H. Asset-Based Adaptation Project 1068 
Promotes Tree and Shrub Diversity and Above-Ground Carbon Stocks in Smallholder 1069 
Agroforestry Systems in Western Kenya. Front For Glob Change. 2022;4: 773170. 1070 
doi:10.3389/\gc.2021.773170 1071 

94.  Chiputwa B, Blundo-Canto G, Steward P, Andrieu N, Ndiaye O. Co-production, uptake 1072 
of weather and climate services, and welfare impacts on farmers in Senegal: A panel 1073 
data approach. Agricultural Systems. 2022;195: 103309. 1074 
doi:10.1016/j.agsy.2021.103309 1075 

95.  Mpandeli S, Nhamo L, Moeletsi M, Masupha T, Magidi J, Tshikolomo K, et al. Assessing 1076 
climate change and adaptive capacity at local scale using observed and remotely 1077 
sensed data. Weather and Climate Extremes. 2019;26: 100240. 1078 
doi:10.1016/j.wace.2019.100240 1079 

96.  Wright H, Vermeulen S, Laganda G, Olupot M, Ampaire E, Jat ML. Farmers, food and 1080 
climate change: ensuring community-based adaptation is mainstreamed into 1081 
agricultural programmes. Climate and Development. 2014;6: 318–328. 1082 
doi:10.1080/17565529.2014.965654 1083 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 56  
 

97.  Bagagnan AR, Ouedraogo I, Fonta WM. Perceived Climate Variability and Farm Level 1084 
Adaptation in the Central River Region of The Gambia. Atmosphere. 2019;10: 423. 1085 
doi:10.3390/atmos10070423 1086 

98.  Kichamu-Wachira E, Xu Z, Reardon-Smith K, Winowiecki LA, Ayele G, Biggs D, et al. 1087 
E\ects of planting basins and farmyard manure addition on soil carbon and nitrogen 1088 
pools under on-farm conditions in Makueni county of Kenya. Soil Use and 1089 
Management. 2024;40: e13008. doi:10.1111/sum.13008 1090 

99.  Brown HCP, Smit B, Somorin OA, Sonwa DJ, Nkem JN. Climate Change and Forest 1091 
Communities: Prospects for Building Institutional Adaptive Capacity in the Congo 1092 
Basin Forests. AMBIO. 2014;43: 759–769. doi:10.1007/s13280-014-0493-z 1093 

100.  Simelton E, Dao TT. Scaling Climate-smart Agriculture in North-central Vietnam.  1094 

101.  Bastakoti RC, Bharati L, Bhattarai U, Wahid SM. Agriculture under changing climate 1095 
conditions and adaptation options in the Koshi Basin. Climate and Development. 1096 
2017;9: 634–648. doi:10.1080/17565529.2016.1223594 1097 

102.  Bastakoti RC, Prathapar SA, Okwany RO. Community pond rehabilitation to deal with 1098 
climate variability: A case study in Nepal Terai. Water Resources and Rural 1099 
Development. 2016;7: 20–35. doi:10.1016/j.wrr.2016.01.001 1100 

103.  Sieber S, Jha S, Tharayil Shereef A-B, Bringe F, Crewett W, Uckert G, et al. Integrated 1101 
assessment of sustainable agricultural practices to enhance climate resilience in 1102 
Morogoro, Tanzania. Reg Environ Change. 2015;15: 1281–1292. doi:10.1007/s10113-1103 
015-0810-5 1104 

104.  Akyala A, Ayanlade A, Adeyeye O, Oluwatimilehin IA. Gender-responsive approaches 1105 
to rapid climate warming among smallholder farmers. Current Research in 1106 
Environmental Sustainability. 2023;5: 100219. doi:10.1016/j.crsust.2023.100219 1107 

105.  Lacombe G, Polthanee A, Trébuil G. Long-term change in rainfall distribution in 1108 
Northeast Thailand: will cropping systems be able to adapt? Cah Agric. 2017;26: 1109 
25001. doi:10.1051/cagri/2017006 1110 

106.  Nkurunziza L, Kuyah S, Nyawira S, Ng’ang’a SK, Musei S, Chirinda N, et al. Reducing 1111 
Climate Risks by Improving Food Production and Value Chains: A Case of Sandy Soils 1112 
in Semi-arid Kenya. Front Clim. 2022;3: 766583. doi:10.3389/fclim.2021.766583 1113 

107.  Jat HS, Datta A, Choudhary M, Yadav AK, Choudhary V, Sharma PC, et al. E\ects of 1114 
tillage, crop establishment and diversification on soil organic carbon, aggregation, 1115 
aggregate associated carbon and productivity in cereal systems of semi-arid 1116 
Northwest India. Soil and Tillage Research. 2019;190: 128–138. 1117 
doi:10.1016/j.still.2019.03.005 1118 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 57  
 

108.  Qadir M, Noble AD, Chartres C. ADAPTING TO CLIMATE CHANGE BY IMPROVING 1119 
WATER PRODUCTIVITY OF SOILS IN DRY AREAS. Land Degrad Dev. 2013;24: 12–21. 1120 
doi:10.1002/ldr.1091 1121 

109.  Yang H, Ranjitkar S, Zhai D, Zhong M, Goldberg SD, Salim MA, et al. Role of Traditional 1122 
Ecological Knowledge and Seasonal Calendars in the Context of Climate Change: A 1123 
Case Study from China. Sustainability. 2019;11: 3243. doi:10.3390/su11123243 1124 

110.  Nkuba MR, Chanda R, Mmopelwa G, Mangheni MN, Lesolle D, Kato E. Indigenous 1125 
Knowledge Systems and Indicators of Rain: Evidence from Rwenzori Region, Western 1126 
Uganda. Weather, Climate, and Society. 2020;12: 213–234. doi:10.1175/WCAS-D-19-1127 
0027.1 1128 

111.  Camacho-Villa TC, Martinez-Cruz TE, Ramírez-López A, Hoil-Tzuc M, Terán-Contreras 1129 
S. Mayan Traditional Knowledge on Weather Forecasting: Who Contributes to Whom 1130 
in Coping With Climate Change? Front Sustain Food Syst. 2021;5: 618453. 1131 
doi:10.3389/fsufs.2021.618453 1132 

112.  Aryal JP, Jat ML, Sapkota TB, Khatri-Chhetri A, Kassie M, Rahut DB, et al. Adoption of 1133 
multiple climate-smart agricultural practices in the Gangetic plains of Bihar, India. 1134 
IJCCSM. 2018;10: 407–427. doi:10.1108/IJCCSM-02-2017-0025 1135 

113.  Eastwood RJ, Tambam BB, Aboagye LM, Akparov ZI, Aladele SE, Allen R, et al. 1136 
Adapting Agriculture to Climate Change: A Synopsis of Coordinated National Crop 1137 
Wild Relative Seed Collecting Programs across Five Continents. Plants. 2022;11: 1138 
1840. doi:10.3390/plants11141840 1139 

114.  Lasram A, Dellagi H, Dessalegn B, Dhehibi B, Ben Mechlia N. Farmers’ willingness to 1140 
adapt to climate change for sustainable water resources management: a case study 1141 
of Tunisia. Journal of Water and Climate Change. 2018;9: 598–610. 1142 
doi:10.2166/wcc.2018.171 1143 

115.  Bayala J, Ky-Dembele C, Dayamba SD, Somda J, Ouédraogo M, Diakite A, et al. Multi-1144 
Actors’ Co-Implementation of Climate-Smart Village Approach in West Africa: 1145 
Achievements and Lessons Learnt. Front Sustain Food Syst. 2021;5: 637007. 1146 
doi:10.3389/fsufs.2021.637007 1147 

116.  Belay A, Oludhe C, Mirzabaev A, Recha JW, Berhane Z, Osano PM, et al. Knowledge of 1148 
climate change and adaptation by smallholder farmers: evidence from southern 1149 
Ethiopia. Heliyon. 2022;8: e12089. doi:10.1016/j.heliyon.2022.e12089 1150 

117.  Ouedraogo I, Diouf NS, Ablouka G, Zougmoré RB, Whitbread A. Utility and Triggers in 1151 
Uptake of Agricultural Weather and Climate Information Services in Senegal, West 1152 
Africa. Atmosphere. 2021;12: 1515. doi:10.3390/atmos12111515 1153 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 58  
 

118.  Yu Q, Wu W, Liu Z, Verburg PH, Xia T, Yang P, et al. Interpretation of Climate Change 1154 
and Agricultural Adaptations by Local Household Farmers: a Case Study at Bin 1155 
County, Northeast China. Journal of Integrative Agriculture. 2014;13: 1599–1608. 1156 
doi:10.1016/S2095-3119(14)60805-4 1157 

119.  Makate C, Makate M, Mango N. Smallholder Farmers’ Perceptions on Climate 1158 
Change and the Use of Sustainable Agricultural Practices in the Chinyanja Triangle, 1159 
Southern Africa. Social Sciences. 2017;6: 30. doi:10.3390/socsci6010030 1160 

120.  Corales AM, Santos RC, Banayo NMC, Bueno CS, Johnson DE, Kato Y. Dissemination 1161 
pathways for drought-tolerant rice cultivars: A farmer-participatory evaluation in the 1162 
Philippines. World Development Perspectives. 2019;15: 100131. 1163 
doi:10.1016/j.wdp.2019.100131 1164 

121.  Kamara AY, Oyinbo O, Manda J, Kamara A, Idowu EO, Mbavai JJ. Beyond average: are 1165 
the yield and income impacts of adopting drought-tolerant maize varieties 1166 
heterogeneous? Climate and Development. 2024;16: 67–76. 1167 
doi:10.1080/17565529.2023.2178840 1168 

122.  Osorio-García AM, Paz L, Howland F, Ortega LA, Acosta-Alba I, Arenas L, et al. Can an 1169 
innovation platform support a local process of climate-smart agriculture 1170 
implementation? A case study in Cauca, Colombia. Agroecology and Sustainable 1171 
Food Systems. 2020;44: 378–411. doi:10.1080/21683565.2019.1629373 1172 

123.  Gautier D, Locatelli B, Corniaux C, Alary V. Global changes, livestock and 1173 
vulnerability: the social construction of markets as an adaptive strategy. 1174 
Geographical Journal. 2016;182: 153–164. doi:10.1111/geoj.12115 1175 

124.  Marty E, Bullock R, Cashmore M, Crane T, Eriksen S. Adapting to climate change 1176 
among transitioning Maasai pastoralists in southern Kenya: an intersectional 1177 
analysis of di\erentiated abilities to benefit from diversification processes. The 1178 
Journal of Peasant Studies. 2023;50: 136–161. doi:10.1080/03066150.2022.2121918 1179 

125.  Agarwal T, Goel PA, Gartaula H, Rai M, Bijarniya D, Rahut DB, et al. Gendered impacts 1180 
of climate-smart agriculture on household food security and labor migration: insights 1181 
from Bihar, India. IJCCSM. 2022;14: 1–19. doi:10.1108/IJCCSM-01-2020-0004 1182 

126.  Diarra FB, Ouédraogo M, Zougmoré RB, Partey ST, Houessionon P, Mensah A. Are 1183 
perception and adaptation to climate variability and change of cowpea growers in 1184 
Mali gender di\erentiated? Environ Dev Sustain. 2021;23: 13854–13870. 1185 
doi:10.1007/s10668-021-01242-1 1186 

127.  Otieno G, Zebrowski WM, Recha J, Reynolds TW. Gender and Social Seed Networks 1187 
for Climate Change Adaptation: Evidence from Bean, Finger Millet, and Sorghum 1188 
Seed Systems in East Africa. Sustainability. 2021;13: 2074. doi:10.3390/su13042074 1189 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 59  
 

128.  Sujakhu NM, Ranjitkar S, Yang H, Su Y, Xu J, He J. Quantifying farmers’ climate change 1190 
adaptation strategies and the strategy determinants in Southwest China. IJCCSM. 1191 
2020;12: 511–532. doi:10.1108/IJCCSM-12-2019-0073 1192 

129.  Yang H, He J, Su Y, Xu J. Adaptation to climate change: ethnic groups in Southwest 1193 
China. Environmental Hazards. 2022;21: 117–136. 1194 
doi:10.1080/17477891.2021.1926216 1195 

130.  De Pinto A, Seymour G, Bryan E, Bhandari P. Women’s empowerment and farmland 1196 
allocations in Bangladesh: evidence of a possible pathway to crop diversification. 1197 
Climatic Change. 2020;163: 1025–1043. doi:10.1007/s10584-020-02925-w 1198 

131.  Khatri-Chhetri A, Regmi PP, Chanana N, Aggarwal PK. Potential of climate-smart 1199 
agriculture in reducing women farmers’ drudgery in high climatic risk areas. Climatic 1200 
Change. 2020;158: 29–42. doi:10.1007/s10584-018-2350-8 1201 

132.  Ko\i CK, Djoudi H, Gautier D. Landscape diversity and associated coping strategies 1202 
during food shortage periods: evidence from the Sudano-Sahelian region of Burkina 1203 
Faso. Reg Environ Change. 2017;17: 1369–1380. doi:10.1007/s10113-016-0945-z 1204 

133.  Woittiez LS, Rufino MC, Giller KE, Mapfumo P. The Use of Woodland Products to 1205 
Cope with Climate Variability in Communal Areas in Zimbabwe. E&S. 2013;18: art24. 1206 
doi:10.5751/ES-05705-180424 1207 

134.  Wunder S, Noack F, Angelsen A. Climate, crops, and forests: a pan-tropical analysis 1208 
of household income generation. Envir Dev Econ. 2018;23: 279–297. 1209 
doi:10.1017/S1355770X18000116 1210 

135.  Amare M, Balana B. Climate change, income sources, crop mix, and input use 1211 
decisions: Evidence from Nigeria. Ecological Economics. 2023;211: 107892. 1212 
doi:10.1016/j.ecolecon.2023.107892 1213 

136.  Josephine N, John B, John G, George NK, Lia W. Income mobility in diversified CSA 1214 
households of Nyando Basin, South Western Kenya. Afr J Agric Res. 2021;17: 780–1215 
793. doi:10.5897/AJAR2020.15310 1216 

137.  Tanimonure VA, Naziri D. Impact of climate adaptation strategies on the net farm 1217 
revenue of underutilised indigenous vegetables’ (UIVs) production in Southwest 1218 
Nigeria. Resources, Environment and Sustainability. 2021;5: 100029. 1219 
doi:10.1016/j.resenv.2021.100029 1220 

138.  Mekonnen Z, Kassa H. Living with Climate Change: Assessment of the Adaptive 1221 
Capacities of Smallholders in Central Rift Valley, Ethiopia. AJCC. 2019;08: 205–227. 1222 
doi:10.4236/ajcc.2019.82012 1223 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 60  
 

139.  Teshome H, Tesfaye K, Dechassa N, Tana T, Huber M. Smallholder Farmers’ 1224 
Perceptions of Climate Change and Adaptation Practices for Maize Production in 1225 
Eastern Ethiopia. Sustainability. 2021;13: 9622. doi:10.3390/su13179622 1226 

140.  Tambo JA, Abdoulaye T. Climate change and agricultural technology adoption: the 1227 
case of drought tolerant maize in rural Nigeria. Mitig Adapt Strateg Glob Change. 1228 
2012;17: 277–292. doi:10.1007/s11027-011-9325-7 1229 

141.  Ahmed Z, Shew AM, Mondal MK, Yadav S, Jagadish SVK, Prasad PVV, et al. Climate 1230 
risk perceptions and perceived yield loss increases agricultural technology adoption 1231 
in the polder areas of Bangladesh. Journal of Rural Studies. 2022;94: 274–286. 1232 
doi:10.1016/j.jrurstud.2022.06.008 1233 

142.  Karrou M. Tillage system and genotype e\ects on early vigor and water use in bread 1234 
wheat in the Mediterranean region. African Journal of Agricultural Research. 2013;8.  1235 

143.  Vom Brocke K, Trouche G, Weltzien E, Kondombo-Barro CP, Sidibé A, Zougmoré R, et 1236 
al. HELPING FARMERS ADAPT TO CLIMATE AND CROPPING SYSTEM CHANGE 1237 
THROUGH INCREASED ACCESS TO SORGHUM GENETIC RESOURCES ADAPTED TO 1238 
PREVALENT SORGHUM CROPPING SYSTEMS IN BURKINA FASO. Ex Agric. 2014;50: 1239 
284–305. doi:10.1017/S0014479713000616 1240 

144.  Rahimi J, Fillol E, Mutua JY, Cinardi G, Robinson TP, Notenbaert AMO, et al. A shift 1241 
from cattle to camel and goat farming can sustain milk production with lower inputs 1242 
and emissions in north sub-Saharan Africa’s drylands. Nat Food. 2022;3: 523–531. 1243 
doi:10.1038/s43016-022-00543-6 1244 

145.  Mittal S, Hariharan VK. Mobile-based climate services impact on farmers risk 1245 
management ability in India. Climate Risk Management. 2018;22: 42–51. 1246 
doi:10.1016/j.crm.2018.08.003 1247 

146.  Rai M, Chand P, Kalvaniya KC, Jat HS, Agarwal T, Sharma PC, et al. How profitable 1248 
climate smart agricultural practices are? Voice of farmers from rice-wheat ecologies. 1249 
Indian J Agri Sci. 2020;90: 1271–1276. doi:10.56093/ijas.v90i7.105578 1250 

147.  Ravera F, Martín-López B, Pascual U, Drucker A. The diversity of gendered adaptation 1251 
strategies to climate change of Indian farmers: A feminist intersectional approach. 1252 
Ambio. 2016;45: 335–351. doi:10.1007/s13280-016-0833-2 1253 

148.  Louhaichi M, Hamdeni I, Slim S, Sawsan H, Harbegue L, Gouhis F. Economic 1254 
valuation of cactus pear production in semi-arid regions of Tunisia. Acta Hortic. 1255 
2022; 97–102. doi:10.17660/ActaHortic.2022.1343.13 1256 

149.  Rahut DB, Ali A. Impact of climate-change risk-coping strategies on livestock 1257 
productivity and household welfare: empirical evidence from Pakistan. Heliyon. 1258 
2018;4: e00797. doi:10.1016/j.heliyon.2018.e00797 1259 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 61  
 

150.  Silvestri S, Bryan E, Ringler C, Herrero M, Okoba B. Climate change perception and 1260 
adaptation of agro-pastoral communities in Kenya. Reg Environ Change. 2012;12: 1261 
791–802. doi:10.1007/s10113-012-0293-6 1262 

151.  Bedelian C, Ogutu JO. Trade-o\s for climate-resilient pastoral livelihoods in wildlife 1263 
conservancies in the Mara ecosystem, Kenya. Pastoralism. 2017;7: 10. 1264 
doi:10.1186/s13570-017-0085-1 1265 

152.  Tadesse M, Simane B, Abera W, Tamene L, Ambaw G, Recha JW, et al. The E\ect of 1266 
Climate-Smart Agriculture on Soil Fertility, Crop Yield, and Soil Carbon in Southern 1267 
Ethiopia. Sustainability. 2021;13: 4515. doi:10.3390/su13084515 1268 

153.  Zampaligré N, Fuchs LE. Determinants of Adoption of Multiple Climate-Smart 1269 
Adaptation Practices in Sudano-Sahelian Pastoral and Agro-Pastoral Production 1270 
Systems. Sustainability. 2019;11: 4831. doi:10.3390/su11184831 1271 

154.  Ng’ang’a TW, Coulibaly JY, Crane TA, Gachene CK, Kironchi G. Propensity to adapt to 1272 
climate change: insights from pastoralist and agro-pastoralist households of Laikipia 1273 
County, Kenya. Climatic Change. 2020;161: 393–413. doi:10.1007/s10584-020-1274 
02696-4 1275 

155.  Turner MD, McPeak JG, Ayantunde A. The Role of Livestock Mobility in the Livelihood 1276 
Strategies of Rural Peoples in Semi-Arid West Africa. Hum Ecol. 2014;42: 231–247. 1277 
doi:10.1007/s10745-013-9636-2 1278 

156.  Ojango JMK, Gitau J, Ndiwa N, Recha JW, Gachora J, Muigai AWT. Integration and 1279 
adoption of climate resilient management practices for enhanced productivity of 1280 
sheep and goats in pastoral communities of Northern Kenya. Pastoralism. 2023;13: 1281 
14. doi:10.1186/s13570-023-00277-5 1282 

157.  Ojango JMK, Audho J, Oyieng E, Recha J, Okeyo AM, Kinyangi J, et al. System 1283 
characteristics and management practices for small ruminant production in 1284 
“Climate Smart Villages” of Kenya. Anim Genet Resour. 2016;58: 101–110. 1285 
doi:10.1017/S2078633615000417 1286 

158.  Pörtner H-O, Roberts DC, Adams H, Adelekan I, Adler C, Adrian R, et al. Technical 1287 
Summary. In: Pörtner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, 1288 
Alegría A, et al., editors. Working Group II contribution to the Sixth Assessment 1289 
Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge 1290 
University Press; 2022. pp. 35–118.  1291 

159.  O’Neill, Brian, van Aalst, Maarten, Ibrahim, Zelina Zaiton, Berrang Ford, Lea, Suruchi 1292 
Bhadwal, Buhaug, Halvard, et al. Key Risks across Sectors and Regions. In: Pörtner 1293 
HO, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegría A, et al., editors. 1294 
Climate Change 2022: Impacts, Adaptation and Vulnerability Contribution of Working 1295 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 62  
 

Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate 1296 
Change. Cambridge University Press; 2022. pp. 2411–2538.  1297 

160.  Becker LC. Garden money buys grain: Food procurement patterns in a Malian Village. 1298 
Human Ecology. 2000;28: 219–250. doi:10.1023/A:1007020104053 1299 

161.  Chayanov AV. The Theory of Peasant Economy. Madison, Wisconsin: University of 1300 
Wisconsin Press; 1986.  1301 

162.  Grigsby WJ. Subsistence and land tenure in the Sahel. Agriculture and Human 1302 
Values. 2002;19: 151–164.  1303 

163.  Scott JC. The Moral Economy of the Peasant: Rebellion and Subsistence in Southeast 1304 
Asia. New Haven, CT: Yale University Press; 1976.  1305 

164.  Carr ER. Livelihoods as Intimate Government: Reframing the logic of livelihoods for 1306 
development. Third World Quarterly. 2013;34: 77–108.  1307 

165.  Carr ER. Properties and projects: Reconciling resilience and transformation for 1308 
adaptation and development. World Development. 2019;122: 70–84. 1309 
doi:10.1016/j.worlddev.2019.05.011 1310 

166.  Carr ER. Resilient livelihoods in an era of global transformation. Global 1311 
Environmental Change. 2020;64: 102155. doi:10.1016/j.gloenvcha.2020.102155 1312 

167.  Carr ER, Rosko H, Onzere SN, Goble R, Kalala T. Senegal’s Multidisciplinary Working 1313 
Group CIS Model: A Qualitative Assessment of CIS Users and their Needs. 1314 
Washington, D.C., United States Agency for International Development: United 1315 
States Agency for International Development; 2019 p. 75 + v.  1316 

168.  Carr ER, Onzere S, Kalala T, Owusu-Daaku KN, Rosko H. Assessing Mali’s l’Agence 1317 
Nationale de la Météorologie’s (Mali Meteo) Agrometeorological Advisory Program: 1318 
Final Report on the Farmer Use of Advisories and the Implications for Climate 1319 
Service Design. USAID. Washington, DC: USAID; 2015 p. 167.  1320 

169.  Carr ER, Fleming G, Kalala T. Assessing Climate Service Needs in Ka\rine, Senegal: 1321 
Livelihoods, Identity, and Vulnerability to Climate Variability and Change. 1322 
Washington, DC: USAID; 2015.  1323 

170.  Bebbington A. Capitals and Capabilities: A Framework for Analyzing Peasant Viability, 1324 
Rural Livelihoods and Poverty. World Development. 1999;27: 2021–2044.  1325 

171.  Jakimow T. Serious Games in Livelihood Analysis : Reflections from the Case of 1326 
Agricultural Wage Labourers in Andhra Pradesh. Journal of Development Studies. 1327 
2012;48: 1274–1287.  1328 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


   
 

 63  
 

172.  Sakdapolrak P. Livelihoods as social practices - re-energising livelihoods research 1329 
with Bourdieu’s theory of practice. Geographica Helvetica. 2014;69: 19–28. 1330 
doi:10.5194/gh-69-19-2014 1331 

 1332 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/

