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Rethinking Resilient Agriculture: From Climate-Smart Agriculture to 

Vulnerable-Smart Agriculture 

Abstract 

Climate-Smart Agriculture (CSA) is seeking to overcome the food security problem and 

develop rural livelihoods while minimizing negative impacts on the environment. However, 

when such synergies exist, the situation of small-scale farmers is often overlooked, and they 

are unable to implement new practices and technologies. Therefore, the main aim of this study 

is to improve CSA by adding the neglected but very important element “small-scale farmer”, 

and introduce Vulnerable-Smart Agriculture (VSA) as a complete version of CSA. VSA 

indicates, based on the results of this study, that none of the decisions made by policymakers 

can be realistic and functional as long as the voice of the farmers influenced by their decisions 

is not heard. Therefore, to identify different levels for possible interventions and develop VSA 

monitoring indicators, a new conceptual framework needs to be developed. This study 

proposed such a framework consisting of five elements: prediction of critical incidents by 

farmers, measuring the consequences of incidents, identifying farmers’ coping strategies, 

assessing farmers’ livelihood capital when facing an incident, and adapting to climate 

incidents. The primary focus of this study is on farmers’ learning and operational preparation 

to deal with tension and disasters at farm level. Understanding the implications of threats from 

climate change and the recognition of coping mechanisms will contribute to an increase in 

understanding sustainable management. 

Keywords: Vulnerability; Sustainable livelihood; Food security; Climate change; Small-scale 

farming. 

1. Introduction  

Climate change affects agriculture by, for example, higher temperatures, more variable 

precipitation, and extreme climatic events including heat waves, floods, and droughts (Amaru, 
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2013). Agriculture is directly responsible for approximately 14% of the global greenhouse 

gases (GHG) emissions, and indirectly contributes to emissions through changes in land use, 

especially deforestation (i.e., agricultural expansion), which accounts for an additional 17% of 

the total GHG emissions (Seebauer, 2014). IPCC (2007) reports that developing countries 

account for approximately 70% of the agricultural climate change mitigation potential.   

Sub-Saharan Africa is a region where rural households depend heavily on agriculture and 

where farming systems are highly sensitive to volatile climatic conditions (Rudi et al., 2012). 

By 2080, global agricultural productivity will decline by 3 to 16%. The loss in Africa could be 

even higher with 17 to 28% (FAO, 2011). Less developed countries continue to insist that 

significant reductions in GHG emissions are a precondition for the effectiveness of climate 

change adaptation initiatives (Rudi et al., 2012). African countries still desperately need to 

improve their agricultural production systems and tackle the threats of climate change and 

uncertainty, given the limited progress made within the United Nations Framework Convention 

(Ramirez et al., 2011). Given that agriculture is the leader in most low-income developing 

countries, the resilience of farming systems in adapting to climate change is crucial (Conant, 

2009). Improvements in farm production systems also provide a major mitigation source by 

increasing carbon stocks in terrestrial systems and reducing emissions by increasing efficiency 

(Mahendra et al., 2011) 

However, the maintenance and strengthening of food security mean that farm production 

systems need to adapt to increase productivity (Woolf et al., 2018) and, ultimately, lower output 

volatility in the face of important weather events (Azadi et al., 2011a). Production systems need 

to become more robust, i.e., better able to perform well in the face of vital stressful conditions 

and farming accidents, and to sustain farm and revenue. Greater production and resilience in 

agriculture require a transformation in natural resource management (such as soil, water, 

nutrients of land, and genetic resources). Moving to those systems could also lead, by 
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increasing carbon sinks, to significant mitigation benefits and reduction in emissions per unit 

of agricultural product (Azadi et al., 2011b).  

Climate-Smart Agriculture’s (CSA) primary goal is modern agricultural technology and 

advances, such as inorganic fertilizers, pesticides, foodstuffs, food supplements, high yield 

varieties, land management, and irrigation techniques, leading to high yields and resilient 

systems (Mwongera et al., 2017). This was critical to fulfill an increasing population's food 

requirements and stimulate the economic growth required to alleviate poverty. According to a 

study by Mathews et al. (2018), in order to successfully and efficiently enhance the welfare of 

small-scale farmers in both short- and long-term initiatives, it is necessary to understand the 

costs and benefits of potential CSA options. Hellin and Fisher’s (2019) study showed that, as 

part of climate change adaptation and mitigation activities, agricultural researchers have 

developed a variety of agricultural technologies and methods, collectively known as CSA.  

Ineffective CSA targeting thus lacks the distinct livelihood transition capacities of small-

scale farming families, which are related to the possibilities and constraints afforded by various 

livelihood paths, both agricultural and non-agricultural. Climate-smart approaches would also 

entail a wider and more ambitious agenda, including funding for the capacity of farm 

households to create livelihoods that are not dependent on agriculture. Studies by Sarkar et al. 

(2019) also indicate that the notion of CSA has arisen as a solution that can lead to improved 

agricultural productivity and poor household incomes in the face of global environmental 

change. In order to achieve global food and nutritional stability, this paper discusses the 

suitability of implementing CSA activities to support sustainable agriculture. It also discusses 

the connections between the CSA (productivity, adaptation, and mitigation) components and 

their commitment to achieving the objective of sustainable agricultural production. Despite the 

ability of CSA to achieve sustainable agriculture, there are weak relations between the field-
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level components of CSA. More significantly, the principle is often poorly grasped by different 

stakeholder levels.  

In a study by Totin et al. (2018), they expressed that although three pillars (productivity, 

adaptation, and mitigation) are included in the CSA definition, the literature has hardly 

discussed them in an integrated manner. It also seems that the construction status of the study 

sites determines which pillars are supported. The building status of research sites also appears 

to decide which pillars are funded. The CSA literature has had a gradual focus on structural 

issues (Mazhar et al., 2020). It has concentrated primarily on the architecture of information, 

business structure, and complicated institutional environments (Parente et al., 2019). Less 

attention has been paid to understanding investments in physical infrastructure and the 

engagement of actors, or how the implementation of CSA alternatives will affect the historical, 

political, and social context. Rethinking CSA approach will create potential avenues for scaling 

of CSA alternatives by combining application packages and structural supporting conditions 

(Mazhar et al., 2020). 

Vulnerable-Smart Agriculture (VSA) starts with small-scale farmers and aims to 

understand the barriers they face in improving their livelihoods, followed by the “participatory” 

design of intervention programs that help farmers with overcoming these barriers. Yet, CSA in 

lower income countries is not capable of recognizing the poverty and reflecting the lack of 

capabilities and assets and fails to move out of poverty (Mathews et al., 2018). Accordingly, 

the main assumption of VSA is that approaching sustainable livelihoods is the main pre-

requisite for increasing food production, adapting to climate change, and mitigating GHG 

emissions (Kanamaru and Fujisawa, 2018). 

Hence, VSA can be considered as an improved tool within the context of changes in 

climate. Thus, for all stakeholders, it is necessary to design region-appropriate VSA strategies 

using available assets (Kanamaru and Fujisawa, 2018). This includes material assets for 
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productive activities such as land access, other natural resources, financial and credit capital, 

tools, and inputs.  It also represents human capacity (family expertise and skills) and social and 

political influences, such as the ability to negotiate equal and sufficient outcomes in the market 

chains where people buy and sell goods and services (IISD, 2011).  

Climate change also has a major impact on livelihoods, particularly the livelihoods that are 

primarily oriented towards natural resources (Vincent et al., 2017). Crop production, livestock 

production, and fishery are largely affected by changing climate. Climate change can also 

minimize the opportunities for new livelihoods. For example, the damage of physical capital 

(such as infrastructure) due to frequent natural disasters could limit the opportunity of agro-

ecological tourism, which could work as an additional sustainable livelihood opportunity for 

the poor rural people (Singh et al., 2017). Around the world, small-scale farmers play a 

significant role in agricultural production (Ajayi and Catacutan, 2012). However, they are 

considered as marginalized and socially excluded rural communities and the majority of them 

are suffering from poverty and food insecurity (Oxfam, 2014). Simply put, the CSA 

assumptions and objectives need to be adjusted to VSA that not only mitigates the changes in 

climate and addresses food security but also places small-scale farmers and their livelihoods at 

the heart of any agricultural activity. As a result, the system can be smart enough to be resilient 

to climate change and assure a sustainable livelihood for these farmers. Climate risk 

management options affecting the transition of both agricultural and non-agricultural 

livelihoods by means of livelihoods would involve concerted cross-disciplinary research and 

development spanning a larger variety of disciplines than have been the case so far in the 

framework of CSA to VSA. It is also important to disseminate CSA and VSA methods at field 

level in order to create a better future by using them in university syllabuses, conferences, 

symposiums, and analyses. The consequences of not knowing and using these strategies on the 

economy, environment, and society will also be assessed. For this purpose, literature, 
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definitions, and differences regarding the framework of sustainable livelihood, CSA, and VSA 

have been studied.  

Accordingly, the main aim of this study is to improve CSA by adding the neglected but 

very important element “small-scale farmer”, and introduce VSA as a complete version of 

CSA. Appreciating small-scale farmers as the heart of a resilient agricultural system, this paper 

proposes major changes needed in the CSA set-up by building up a conceptual framework at a 

farmer level.  

2. Theoretical background and literature review  

2.1. Climate-smart agriculture  

Farmers have changed their agricultural practices to adapt to changing climate conditions 

and other challenges, particularly in developing countries (Nyasimi et al., 2017). Agricultural 

practices are changing to target both livestock and crop productions, including improved fodder 

production, using new crop varieties and animal breeds, water conservation technologies and 

soil and land management practices (Sattar et al., 2017). In resource-poor small-scale farming 

systems, these technologies (referred to as CSA technologies) and practices are anticipated to 

enhance adaptive capacity, food security, and make a contribution to climate change mitigation 

(Hellin and Fisher, 2019). Implementing CSA practices and technologies individually or in 

combination can significantly reduce the negative impact of climatic variability on agriculture 

(Ali and Erenstein, 2017). 

CSA is also defined as a modern agricultural system which is capable of: i) increasing 

yields, ii) dealing with climatic extremes, and iii) contributing to climate change solutions 

(Table 1). CSA systems are designed to optimize the use of inputs and effective management 

practices after harvest (Chandra et al., 2018). With an emphasis on modern agricultural 

techniques, CSA is a system that aims to increase productivity, adaptability, and, conversely, 

reduces (mitigates) GHG emissions (World Bank, 2011). Furthermore, CSA differs from 



 

7 

 

"business-as-usual" approaches in that it helps to strengthen the coordination of activities by 

farmers, researchers, the private sector, civil society, and policymakers to improve farmers' 

adaptive capacity as well as agricultural production system adaption and resource use 

efficiency (Lipper et al., 2014). When it comes to the three pillars of CSA, adaptation and food 

security are widely seen as apparent goals for agricultural development in the face of climate 

change (Rosenstock et al., 2016). Some critics, however, have questioned the rationale for CSA 

mitigation targets for small-scale farmers, prompting more in-depth discussions about 

mitigation's role within a broader CSA approach (Lipper et al., 2014).  

 

Fig. 1. A model of end-to-end engagement in smart farming between different stakeholders. 

Source: Gupta et al. (2020) 

Fig. 1 suggests an end-to-end relationship with different individuals engaged in the 

environment of smart farming. In the sector, physical sensors and livestock produce data and 

receive command operations from user apps. In terms of security and data privacy, these on-

farm devices are linked to gateway-supported edge nodes that allow connectivity between in-

farm devices, filtering sensor data, and real-time agronomy analytics.  

Extensive studies on stable devices used in intelligent agriculture, such as drones currently 

available for field spraying, may help expand the smart agricultural ecosystem and combat 
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climate change. However, research on these innovations is done much of the time without 

taking into account the environment in which they are used. The complex, smart farming 

ecosystem has specific aspects that are affected by environmental factors, such as farm 

machinery, labor sharing, and organizational decisions. Domain-specific issues like location, 

user ability set, insider attacks, and generated data necessitate smart farming-specific protection 

mechanisms. As a result, more research is needed before smart farm technology is widely 

accepted in the community (Gupta et al., 2020).  

2.2. Vulnerable-smart agriculture  

VSA is defined as a resilient system that puts small-scale farming at the heart of any 

intervention program. VSA is considered to be a smart system because it has the potential to i) 

predict critical (climate and farming) incidents in agriculture, ii) measure the consequences of 

these incidents, iii) assess farmers’ livelihood assets, and iv) identify their coping strategies to 

face such incidents. The ultimate goal of VSA is to empower small-scale farmers in such a way 

that they can raise their voice and actively contribute, not only to climate change mitigation 

but also to other critical farming incidents that may cause significant yield loss in agricultural 

production and food security.  

Indeed, CSA practices at the national level are associated with a number of issues that, if 

not addressed properly, have the potential to undermine the legitimacy and quality of decisions 

made. First and foremost, relevant stakeholder groups should contribute to expert knowledge 

and decision-making (Brandt et al., 2017). Second, the large number of criteria that must be 

considered when selecting and prioritizing CSA practices in specific locations can lead to a 

great deal of complexity and uncertainty (Greene et al., 2011). Third, reliable quantitative and 

spatially explicit data are required to identify regions suitable for targeting specific CSA 

practices (FAO, 2013). For example, the database should include social, economic and 

biophysical determinants of small-scale farmers' agricultural vulnerability to climate change, 
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allowing for a demand-based approach like VSA (Fellmann, 2012). There is a need for a 

framework that incorporates information and opinions from a wide variety of expert 

stakeholders, and evaluates those views with spatially explicit datasets on vulnerability 

practices to support robust decision-making on CSA outcomes (Brandt et al., 2017). 

In this context, VSA is proposed to be an effective extension of CSA that addresses climate 

change and food security by integrating adaptation and mitigation measures at farmer level. Its 

goal is to reduce small-scale farmers' vulnerability to climate change by improving agricultural 

systems' adaptive capacity to climate stress and, as a result, ensuring food security while 

lowering GHG emissions from climate-changing agricultural practices and land uses 

(Campbell et al., 2014). As a result, as a complement to CSA, the VSA concept includes both 

a short-term (adaptation) and long-term (mitigation) insight, which should be taken into 

consideration in proper planning processes for small-scale farmers. 

A demand-based perspective, as proposed by VSA, should be adopted by explicitly 

incorporating the vulnerability concept into CSA, implying that regions more vulnerable to 

climate change needs more urgent interventions to enhance their adaptive capacity (Abson et 

al., 2012). As a result, information about relevant social (e.g., education), economic (e.g., 

market access) and biophysical (e.g., climate) dimensions should be considered when 

determining where specific VSA practices are appropriate. Table 1 shows the main components 

of CSA and VSA as discussed above. 

Table 1 

The main components of CSA and VSA 

Approach Components/references  

 Productivity  Mitigation  Adaptation  Services to farmers Land 

management 

options 

 

CSA 

Increases yields 

as a modern 

agricultural 

system. 

Addresses the 

climate change 

impacts (GHG 

emission 

reduction) 

mainly at large 

and/or global 

scale. 

Optimizes the use 

of inputs through 

modern 

technologies.  

 

 

Seeks changes in 

policymakers’ 

agenda based on 

increased yields.  

Provides 

sustainable soil 

and land 

management for 

increased crop 

productivity. 
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 Amin et al. 

(2015)  

FAO (2017) Makate et al. 

(2016) 

Steenwerth et al. 

(2014) 

Mwongera et al. 

(2017) 

 

VSA 

Puts small-scale 

farming at the 

heart of any 

intervention 

programs as a 

resilient 

agriculture 

system. 

Measures the 

consequences of 

climate change 

incidents; 

reduces GHG 

emissions from 

agricultural 

practices and 

land uses that 

contribute to 

climate change 

at farm level. 

Identifies small-

scale farmers’ 

coping strategies 

and provides 

them with 

resilient farming 

system 

alternatives.  

Believes only when 

small-scale farmers 

are active in 

formulating and 

regulating the 

agenda, the 

substantial changes 

can be made. 

Focuses on 

socio-cultural 

properties of 

small-scale 

farmers dealing 

with crop yields 

and land 

management 

practices. 

 Abegunde et al. 

(2019) 

Hussain et al. 

(2020) 

Fadina and 

Barjolle (2018) 

FAO (2017) Yengoh (2012) 

 

CSA is supposed to achieve the three dimensions of sustainable development (economic, 

social, and environmental) by acknowledging food security and climate challenges in 

agricultural development through the development of technical, policy, and investment 

conditions (FAO, 2013). CSA practices do not have to be novel; in fact, any agricultural method 

or technique that leads to the effectiveness of the three pillars can be considered climate-smart. 

The various CSA techniques frequently differ significantly across the components, and as a 

result, they must be coupled as part of the overall approach to enhance the effectiveness (FAO, 

2017).  

VSA is an extension of CSA due to the feedback linked to the short-term planning in small-

scale agriculture. Furthermore, because VSA provides a fast and direct return on investment, it 

is more likely to motivate individual producers (Thornton and Comberti, 2013). VSA, on the 

one hand, can produce complementarities in mitigation and on the other hand, it can result in 

synergistic co-benefits. As a result, small-scale farmers can play a role in climate change 

mitigation, as evidenced by farm-level implementation of agroforestry or crop-livestock 

systems (Rakotovao et al., 2017). In fact, adaptation frequently occurs at the local level and 

serves as an entry point to address the direct needs of small-scale farmers, who are incorporated 

in a variety of social networks that connect both institutions and individuals. Martinez-Baron 

et al. (2018) argued that small-scale farmers' contributions to climate change adaptation and 
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mitigation are required through the application of copying strategies. Small-scale farmers could 

become more resilient to climate change in the future by adopting low-carbon adaptations, 

thereby contributing to global mitigation efforts. However, most small-scale farmers will need 

to implement VSA options widely and quickly in order to achieve this. When designing and 

implementing VSA at a national scale, explicit recognition of how social capital and networks 

operate in relation to climate challenges has the potential to be a critical ingredient. As such, it 

can be concluded that VSA as an extension of CSA can be used as a feasible tool to reduce 

GHG emissions from agricultural practices. 

2.3. Research gap 

Agricultural practitioners must invest in research and development of technologies and 

good practices in order to implement and scale up CSA. The role of public finance in providing 

the necessary support and incentives for farmers to make necessary investments is also critical. 

As a result, farmers should be regarded as the most important source of human capital (FAO, 

2013). Several studies (e.g., Long et al., 2019) showed that a trade-off between maximizing 

agricultural production and environmental protection is unavoidable. In the long-term, the cost 

of undermining natural assets cannot lead to sustainable farm production (IFAD, 2012). 

However, small-scale farmers, who are operating near or below the poverty line might not 

always have the assets and encouragement to prioritize sustainable approaches due to lack of 

necessary government supports (IFAD, 2012). Social and environmental systems are critical if 

communities, particularly in the developing countries, are adapted to future challenges (Adger 

et al., 2003). While climate change adaptation and adaptive capacity building are promoted as 

essentials to sustainable agriculture, as long as small-scale farmers' sustainable livelihoods are 

neglected, all of such capacity building will be at risk (Jamshidi et al., 2020). In fact, climate 

change adaptation strategies should address the complex situation of small-scale farmers, who 

are the most vulnerable group to the effects of climate change (Commission for Africa, 2005). 
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In order to minimize the vulnerability of small-scale farmers, such adaptation strategies require 

a system that is sensitive and proactive to climate change consequences.  

In the current study, the main attempt is to review different components of CSA to develop 

a VSA conceptual framework in order to better understand the need for trade-offs and synergies 

between the three pillars of CSA. We argue that, because the buzzword CSA is solely focused 

on climate change, the concept of VSA is a more comprehensive term and more effective effort 

because it resonates with and highlights the role of small-scale farmers. This study therefore 

underlines that a more farmers-friendly of the climate smartness of agricultural production 

systems will require a completed version of CSA concept -called VSA.  

A review on the CSA literature shows that despite many studies that have been conducted 

on CSA, low-income poor countries with small-scale subsistence farmers have not yet been 

able to move out of poverty and improve the livelihoods of these farmers. More importantly, 

very few studies on CSA seek to increase participatory-rural projects and improve small-scale 

farmers' livelihoods in rural areas. As a result, despite previous studies (e.g., Andrieu et al., 

2019), there is still a research gap on current and future rural living conditions that must be 

addressed by CSA interventions in order to enhance small-scale farming opportunities (e.g., 

benefit of timely yields). To fill this gap and to identify different levels of possible 

interventions, as well as the development of VSA elements, this study contributes to designing 

a conceptual framework which consists of the five main elements: i) predicting and responding 

to climate incidents, ii) measuring the consequences, iii) identifying small-scale farmers’ 

coping strategies, iv) assessing small-scale farmers’ livelihood capitals, and) adapting to 

climate change incidents. 

3. Conceptual framework 

Today, the literature is continuing to grow on collaborative procedures designed to support 

climate change policy planning, with certain strategies specifically aimed at supporting CSA 
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nationally or locally (Mwongera et al., 2016). There are not, however, several methodological 

methods for modeling VSA structures with an explicit focus on vulnerable small-scale farmers. 

In order to design a comprehensive and effective VSA conceptual framework, it is necessary 

to identify small-scale farmers’ livelihood capital and their coping strategies to climate 

incidents. Accordingly, this paper proposes a conceptual framework (Fig. 2) that will enable a 

holistic perspective of various factors that together explain how small-scale farmers can most 

effectively face climate change incidents. Climate vulnerability is a diverse and nuanced policy 

issue that interacts with global, regional, national, local, social, political, economic, and 

ecological variables (Rahman and Hickey, 2020). Consequently, the understanding of climate 

risk varies from sector to context (Jurgilevich et al., 2017). Despite the complex nature of 

climate vulnerability, governments and communities are taking steps to promote climate 

adaptation, defined by the IPCC as the phase of adaptation to and impacts of real or anticipated 

climate (IPCC, 2014). The Fifth Assessment Report of the IPCC Working Group II stated that 

different regions respond to the consequences of climate change in various ways by climate-

sensitive decision-making (Rahman and Hickey, 2020). This reflects the increasing awareness 

in different contexts of climate uncertainty, the types of tools required for various actions, and 

socio-political complexities.  

Extreme poverty, social discrimination, and a strong dependency on natural resources also 

define the livelihoods in rural areas of the developed countries. Natural resource-dependent 

and environment-sensitive subsistence practices may become particularly at risk in the face of 

climate change-related stresses. This scenario poses two main science and policy challenges: 

first, local resource usage and delivery patterns (Adger et al., 2006), and second, the degree of 

ambiguity regarding livelihoods related to climate variability (Rahman and Hickey, 2020). 

When environmental effects on geographically relevant socio-economic and social-ecological 

environments are analyzed together, each of these large issues can be better understood (Cohen 
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et al., 2016). However, the awareness of various circumstances in a given region is likely to 

vary with political agendas, widely noticeable climate effects (e.g., extreme loss of life and 

property), and media attention (IPCC, 2014).  

It has been suggested that climate change and its pressures would both limit the potential 

of a state to offer jobs and resources for people affected, cutting the capacity of rural 

communities to adapt to the impacts of climate change (Rahman and Hickey, 2020). 

Furthermore, lack of awareness and information flows will contribute to an unequal allocation 

of scarce resources leading to conflict and social insecurity (Grasso et al., 2014). In emerging 

areas where expertise and technology have not yet been adequately established, this possible 

situation is especially important (Rahman and Hickey, 2020). 

Small-scale climate change adaptation decisions for farmers demonstrate that numerous 

stressors accelerate adaptation (Burnham and Ma, 2016). Small-scale farmers' climate change 

adaptation decisions indicate that adaptation is motivated by several stressors. Decisions on 

climate change adaptation rely on the views of adopters and qualitative factors such as 

community, schooling, ethnicity, age, capital, and structural variables (Prager and Posthumus, 

2010).  

Previous research on small-scale farm capability suggests that adaptive capacity 

components can be considered as deciding factors (Burnham and Ma, 2017). Small-scale 

agricultural systems now provide hundreds of millions of the poorest households worldwide 

with livelihoods and food. These processes are being changed by both climate change and the 

strategies designed to respond to it. With potentially significant consequences for economic 

growth, human wellbeing, stability, natural resource conservation, protection, and eventually 

the achievement of the Sustainable Development Goals, these impacts can be expected to 

continue and escalate SDGs. Other stressors, including infectious diseases, nutritional 

shortages, natural resource depletion, and unstable land tenure, could interact with the 
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development risks presented by climate shocks to compound risks to small-scale livelihoods. 

At the same time, there are countless adaptation capacities for small-scale farmers, including 

awareness, networks, and management processes that have long made it possible for small-

scale systems to deal with environmental and socio-economic change in a changing 

world.   

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The proposed VSA conceptual framework. 

In general, the evaluation of livelihood vulnerability considers human and ecological 

environments as two intertwined systems (Rahman and Hickey, 2020) and considers 

vulnerability to be the product of not just evolving climate properties but also of social, 

economic, structural, political, environmental, and technical processes (Debortoli et al., 2017). 

Focusing on a household's ability to predict and react to the impacts of climate change, the 

CSA and VSA strategies suggest that inadequate storage of assets (at present) restricts a 

household's ability to respond to future climate impacts (Sitaula et al., 2020). VSA as a resilient 

system puts small-scale farming at the heart of any intervention program, predicts critical 
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(climate and farming) incidents in agriculture, measures the consequences of these incidents, 

assesses farmers’ livelihood assets, and identifies their coping strategies to face such incidents 

(Boon et al., 2012). This system helps empower small-scale farmers and seeks a solution with 

poor farmers, not only to climate change mitigation but also to other critical farming incidents 

that may cause significant yield loss in agricultural production and food security. VSA strongly 

assumes that only when farmers are active in formulating and regulating the agenda, the 

substantial changes could be made (Debortoli et al., 2017). 

Climate change brings both social and natural capital processes uncertain and dramatic 

changes, and its effects are adversely felt as it reduces the ability of a household to expand and 

evolve (Zougmoré et al., 2016). The insecurity of households relies on the existence of 

properties over which a household has complete access. Assets buffer danger, boost recovery, 

and produce unequal results for households in a group depending on the degree of ownership 

(Islam and Hyakumura, 2019). Poorer areas of society are more likely to slip into poverty pits 

because of frequent incidents of climate stress that restrict their ability to preserve livelihoods, 

rendering them the worst victims of climate change (Etzold and Mallick, 2016).  

In particular, access and right to assets are regulated by structural mechanisms that go 

beyond those of the national government and its legislative frameworks; therefore, wealth 

allocation is closely related to social structures and local political regimes (Okediji, 2019). In 

a socially and economically segregated country, because of their lack of social networks and 

low political influence, disadvantaged people tend to have minimal levels of involvement in 

both local and national institutional structures (Okediji, 2019). Therefore, it is also argued that 

minimizing vulnerability can be improved by maintaining social justice for disadvantaged 

communities and their economic integration (Siders, 2019). Vulnerability thus highlights the 

importance of deliberative policy-making that supports and encourages citizen engagement in 

the creation of CSA and VSA driven adaptation strategies. (Mersha and van Laerhoven, 2019). 
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Vulnerability is defined as negative (and sometimes positive) impacts on poor people’s 

capitals and livelihood choices (Jome Poor and Kioomars, 2012). Vulnerability has two 

aspects: external factors include shocks, seasonality, and trends, and internal factors associated 

with carelessness are instigated by inability and incompetence to deal with these factors (Asian 

Development Bank, 2017). Shocks such as droughts, cold and frosts, storms, floods, soil 

salinity, pests, and diseases (Asian Development Bank, 2017) can directly destroy individuals' 

capital and cause people to abandon their homes and properties (such as land) as coping 

strategies when damage to the poor is pronounced (Asian Development Bank, 2017). Trends 

include population changes, environmental changes, government and governance, economics, 

and technology (Asian Development Bank, 2017). When they are predictable, such trends may 

(or may not) be safe, but they have particular impacts on the economic return rate and the 

choice of adaptation strategies. In the context of sustainable livelihoods, small-scale farmers 

have different access to livelihood capitals, and the goal is to extend their well-being. The types 

of capital that small-scale farmers need for their livelihood choices and coping strategies’ 

development to face climate change incidents (Asian Development Bank, 2017) are as follows:  

Human capital: This capital reflects knowledge and skills, job potential, adaptive capacity 

(Asian Development Bank, 2017), and health, which enable farmers to follow and achieve their 

livelihood goals. In addition, at the household level, there is a factor in the quantity and quality 

of available labor that varies according to household size, ability level, leadership capacity, and 

health status. Furthermore, human capital development facilitates the transition to more 

sustainable and climate-smart agricultural productivity. 

Physical capital: The basic resources and commodities needed to sustain farmers’ 

livelihoods include physical material. The infrastructure includes physical condition 

improvements that help individuals fulfill their basic needs and make them more efficient. 

More specifically, physical capital includes farm buildings and different types of facilities and 
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equipment used in agricultural production that help farmers measure the expected profits and/or 

the extent of climate change incident (Brandt et al., 2017) 

Social capital: Social capital refers to networks and unions, social tools gained by 

individuals to achieve their livelihood goals (Asian Development Bank, 2017). Social capital 

can improve the individual confidence and capacity to work together and extend their access 

to larger structures, such as political or civil institutions, that are inclusive. Social capital brings 

about membership in more formal groups, often requiring compliance with laws, norms, and 

penalties by mutual agreement. Mutual confidence and transactions that promote collaboration 

and reduce transaction costs will provide an informal framework for poor people's protection.  

Financial capital: This capital refers to the supply of funds and financial services that cause 

various adaptation strategies to be followed by farmers and involves two primary sources: (1) 

cash, bank deposits, or cashable properties, such as livestock and jewels, that are available 

commodities; lack of associated debt; and independence from third parties, and (2) regular cash 

inflows, including income from work, retirements, or other official transfers and remittance 

that are highly dependent and reliable (Campbell et al., 2014). 

Natural capital: Natural capital signifies resources such as land and production resources, 

water resources, animals, habitats, natural products and plants, and environmental facilities 

(Asian Development Bank, 2017) in terms of how these resources and services are used for 

people’s livelihood. Natural cycles and events that damage natural resources (such as forest 

fires, flooding, and earthquakes that devastate farmland) are many of the shocks derived by the 

seasonal changes in the valuation of natural capital. 

Therefore, considering the main capital of a sustainable livelihood framework, the VSA 

conceptual framework has been developed in this study. The analytical basis for the 

implementation of VSA consists of five elements as described below:  
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 Elements 1: tries to understand how small-scale farmers predict climate change 

incidents. This mainly focuses on understanding the thoughts and perceptions of small-

scale farmers about the incidents and their predictive tools and indicators. Therefore, 

the main coping strategy that could be practiced by farmers is to predict the up-coming 

climate change incidents through modern technologies such as early-warning systems. 

 Element 2: seeks to understand how the impact of incidents is measured by small-scale 

farmers. It aims to ask them about the various consequences of an incident. Taking into 

account the dimensions of sustainability, this element emphasizes on the social, 

economic, and environmental impacts of an incident. Understanding the extent of 

incident is a major step to cope with it. Therefore, by an accurate measurement, we can 

mitigate climate change effects on small-scale farmers’ livelihoods. 

 Element 3: tries to understand how small-scale farmers identify their coping strategies. 

Small-scale farmers are using various coping strategies to address the vulnerable 

incident situation. Choosing the best coping strategy based on the extent of an incident 

and available financial capital is of high importance. By doing so, despite the 

constraints hindering small-scale farmers, they will be able to develop both indigenous 

and modern coping strategies to reduce the effects of climate change on their source of 

livelihoods. 

 Element 4: addresses how small-scale farmers assess their livelihood capital when 

facing an incident. Taking into account the small-scale farmers' sustainable livelihood 

capitals, this element focuses on addressing their livelihood’s requirements in the event 

of incidents. The coping strategy here is to target both the extension agent and the 

advisory services that enhance complementing the use of indigenous and modern 

coping strategies. 
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 Element 5: ultimately discovers how the farmers can adapt to climate change incidents 

using resilient farming system by focusing on the contribution of natural capital such 

as land and production resources, water resources, animals, etc. The coping strategy 

here is to practice resilient farming system to implement appropriate interventions. 

In order to review different conceptual formwork in similar previous studies, Ouedraogo et 

al. (2018) examined the experiences and lessons learned in Senegal where different climate 

information services have been implemented using participatory approaches (field 

presentations, stakeholder meetings, training workshop interviews, etc.) in order to actively 

engage manufacturers, technicians, politicians, and goods. Andrieu et al. (2019) in another 

study present a methodological framework to co-design CSA systems with local stakeholders 

(farmers, scientists, and NGOs) in order to achieve major changes. Seven stages of the CSA's 

co-design process were used, and for each stage, different methods and methodologies were 

applied, including the evaluation of focus groups, social network research, growth cycle 

evaluation, and on-farm experiments.  

 

5. Discussion 

5.1. The main features of designing VSA systems  

This section draws on our research to help strengthen the theoretical basis of future 

resilience tools and frameworks to evaluate agricultural systems (especially small-scale 

agriculture) vulnerability and resilience. As stated above, there is a need to rethink the existing 

CSA assumptions and objectives and move towards a VSA that seeks to address food security 

and climate change, define all vulnerable aspects of small-scale farming, and underline the role 

of small-scale farmers and their livelihoods in all farming activities. VSA begins with small-

scale farmers attempting to understand the obstacles they face in promoting their livelihoods. 

This action is followed by (participatory) designing those intervention programs that 
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farmers can most adapt to overcome these obstacles. Based on the findings of this study, VSA 

demonstrates that none of the decisions made by policymakers can be realistic and functional 

as long as the voice of the farmers influenced by their decisions is not heard.  Therefore, this 

study proposed a framework consisting of five elements: predicting critical incidents by 

farmers, measuring the consequences of incidents, identifying farmers’ coping strategies, 

assessing farmers’ livelihood assets when facing an incident, and adapting to climate incidents. 

Depending on the availability of know-how on designing a system (Meynard et al., 2012), 

the adaptive or disruptive features of these systems, and the presence and utilization of farmers' 

modeling methods, there are different approaches to design innovative agricultural systems. In 

this analysis, the philosophical structure is intended to discuss the coherence of the CSA 

systems design process. Such coherence lies primarily in the need to acknowledge the five key 

elements of the VSA conceptual framework suggested by this study. Such acknowledgment 

may occur at the stage of the farm when prioritizing the practice of the CSA system 

(Torquebiau et al., 2018). Particularly in our study, we indicated that VSA strongly believes 

that significant changes can be made only if farmers are actively involved in the design and 

regulation of the agenda. Thus, incorporating agricultural programs to the natural hazards’ 

mitigation programs, along with index drought insurance, will maximize the resilience of 

farmers to financial impacts related to climate change to provide long-term farming and 

community safety to support VSA. Therefore, by developing information strategies, the 

reduction of farmers' uncertainty about their impact on climate change helps design robust risk 

management policies and limits excessive financial costs (Antón et al., 2013).  

5.2. Farmers' decision-making towards the adoption of CSA practices 

The results obtained indicate how well innovation models are applied to all climate 

behaviors, in particular, given the fact that national and international governance regimes have 

a significant impact on the actions of farmers (Reed et al., 2013). The spread of the innovation 
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model can provide critical insight into decision-making. This model follows a succession of 

steps: knowledge, convincing, decision-making, implementation, and validation (Arbuckle et 

al., 2013). In this model, innovation is adopted; farmers are communicated with extension 

agents’ innovations generated by agricultural research. It can emphasize too much traditional 

socio-economic variables and ignore the implications that other social factors (e.g., networks, 

gender, social standards, values, and attitudes to climate change) and uncertainty may have on 

the practices that are ostensibly compatible with CSA priorities (e.g., new cultivars and farm 

crops or changes in N fertilization) (Vervoort et al., 2014). 

This study has shown that effective outreach strategies will provide farmers with a better 

understanding of their climate change perceptions and willingness to respond through 

mitigation and adaptation. We know little about the willingness of the farmers and their 

advisers to use tools, their data on climate change, or their capacity in the existing decision-

making processes to incorporate this knowledge (Khatri-Chhetri et al., 2017). Consequently, 

farmers who consider that climate change takes place mainly due to human activity are more 

likely to support both mitigation and adaptation steps. 

5.3. Strengths and limitation of the suggested conceptual framework 

This study attempts to address major changes needed in the CSA concept by designing a 

conceptual framework for VSA at the farm level. The main goal of this study is to improve 

CSA by adding the neglected but very important element “small-scale farmer”, and to introduce 

VSA as an extension of CSA. The mechanisms and studies designed for components 1–4 (on-

farm or modeling tools) are simulated spaces that support the existing niches of innovation. 

Based on the findings, the implementation of a monitoring system is an essential aspect of the 

VSA procedure, which helped determine whether the process is along the right lines and 

whether adaptations were necessary for the work. The results also help to determine if the 

process of farming participation must be conducted in a monitoring system. Nonetheless, in 
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situations where farmers and even regional stakeholders are unable to track and report what 

they are doing, the monitoring system may be strong in terms of quantity and diversity data 

collection (agronomic, environmental, and social data). Despite improving the knowledge, 

attitude, and skills of farmers, this study did not clearly specify the threshold used to decide on 

participation. To prevent frustration, such a threshold must be explained to the platform 

participants from the outset of the CSA design process, as proposed by Vall et al. (2016). 

5.4. Prospect future 

As seen in previous parts of this article, VSA is part of tackling climate change. It is crucial 

to realize that governments need to prioritize developing capabilities and capacity, both as a 

short-term and long-term initiative such as VSA, as the realities of climate change begin to 

unfold. Sufficient services need to be made available in order to increase the effectiveness of 

organizations responsible for raising public consciousness and informing all aspects of society 

about climate change. In addition, disadvantaged and marginalized groups in rural 

communities, such as women (Goli et al., 2020) and small-scale farmers (Burnham and Ma, 

2017) are more vulnerable to climate change and have special needs for adaptation, and thus 

VSA strategies need to consider various problems affecting different groups and can be adapted 

to specific needs (Zamasiya et al., 2017).  

Adaptation at all stages must be grasped and perceived within the parameters of the local 

context. In order to help farmers with less education and science expertise, the enforcement of 

agricultural extension institutions is also necessary to successfully implement the suggested 

VSA adaptation strategies. Every developed country tends to have government extension 

programs to help small-scale farmers in particular, but due to a variety of reasons, they usually 

fail to have an impact. Any of the fields requiring intensive VSA enhancement to supplement 

government extension programs are as follows:  

• Proper VSA training and new strategy training provided to small-scale farmers should 
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be appropriate and expected to overcome the real challenges.  

• The productivity of the government agriculturalist extension agent should be able to 

grasp the production system of target farmers and be able to take advantage of VSA's 

large baseline study results, placing it in a particular sense that better fits adaptation 

requirements in unique climate locations. 

• Participatory approach-farmers need to be active in all efforts to find solutions to their 

agricultural challenges, so VSA targets need to be driven by farmers themselves, and 

most VSA methods need to be checked at farmers' sites.  

• Availability-extension facilities should always be available to small-scale farmers when 

they need them, adequate numbers of farmers should concentrate on specific areas, and 

farmers should always be visited for observations and guidance on the VAS approach.  

In general, due to limited capital and information power, small-scale farmers in developed 

countries are less successful in adapting their farming strategies in response to climate change.   

Given the present and potential developments in climate change, rising soil loss, and socio-

economic pressure, in order to achieve sustainable farming, all countries around the world need 

to break ground in the CSA and VSA practice and contribute to mitigating global climate 

change. It is also strongly encouraged to use VSA techniques, proposals, and viewpoints that 

define synergies and trade-offs between food security, adaptation, and mitigation as a 

framework for advising and reorienting climate change response policies.  

6. Conclusion 

In this study, an innovative conceptual framework was introduced including five main 

elements based on the small-scale farmers’ livelihood capitals. The study demonstrated the 

vulnerable status of small-scale farmers, their high-risk exposure, and the immediate need to 

reduce their existing and potential risk vulnerability. The research findings also indicate some 

possible fields to be explored by policymakers that could help raise agricultural production and 
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strengthen livelihoods using VSA concept in the short-term.   

First, there is an immediate need to recognize the important role of small-scale farmers in 

order to provide technical knowledge and training on best management practices for planting, 

harvesting, and crop storage, as well as enabling farmer-to-farmer learning. It has been seen 

that strengthening small-scale farmers is vital when persuading them to adopt agricultural 

practices in response to climate change. Careful screening of these strategies and participatory 

action-oriented research with farmers should be recognized in order to collectively define and 

incorporate adaptation solutions that are feasible and efficient, and to ensure that these 

alternatives have no negative or unintended impacts on farmers' livelihoods.  

Second, small-scale infrastructure investments, such as improved irrigation systems or seed 

storage facilities, are a low-cost incentive for policymakers and donors to assist farmers in 

increasing productivity and better securing their harvests. Small-scale farmers are very keen 

on developing local infrastructure, but seldom have the resources required to support these 

operations. Such small-scale infrastructure can be further supported by the governments and 

organizations operating in rural areas through the creation and accessibility of micro credits 

and subsidies to farmers or local farmers' associations. VSA proposes to start implementing 

project results with farmers’ advisory programs to introduce smart technology and innovation 

models based on sensors and data sources which highly rely on farmers’ knowledge. VSA will 

seek to involve agriculturalists (especially agricultural economists), geographers, 

environmentalists, meteorologists, and anthropologists in the implementation of the advisory 

component of this program, according to their specific expertise and program needs. It should 

be noted that the major contribution of this study is to enrich CSA concept by adding the 

neglected but very important element “human factor”; i.e., “small-scale farmers”. Accordingly, 

there is an urgent need to involve socio-economists and policy analysists who are active in 

climate change, environmental, and agri-rural issues when designing a VSA system. Many 
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farmers currently rely on informal assistance from families and friends in these extreme 

circumstances, as formal protection networks are lacking.  

Third, in order to ensure that farmers could be supported properly, it is important to promote 

farmers' access to financial resources. New services, such as mobile payment systems, which 

work efficiently even in rural areas, provide families and friends with a significant new, 

affordable, and safe means of exchanging money even though they are not geographically close 

to each other. VSA, as a more feasible, strongly believes that only if small-scale farmers are 

active in setting the agenda, fundamental changes can be made, so farmers would make a 

significant contribution to their financial betterment.  

Fourth, the government and policymakers should be able to make a clear distinction 

between the goals and capacities of small- and large-scale farmers. Therefore, in order to 

improve the future prospect, more focus is needed on new techniques and technologies which 

address the issue of “farmers’ scale” and increase their participation in the use of these 

technologies in order to develop the initial paradigm of CSA and provide a more complete 

version; called VSA. Therefore, the key results of this study can be used to improve future 

methods and mechanisms for resilience evaluation and provide a potential starting point for 

further quantitative and qualitative farming resilience studies. Overall, it is necessary to 

reconsider how to build a resilient farming system by emphasizing the status and livelihood of 

small-scale farmers. 

References 

Abegunde, V.O., Sibanda, M., Obi, A., 2019. The Dynamics of Climate Change Adaptation in 

Sub-Saharan Africa: A Review of Climate-Smart Agriculture among Small-Scale Farmers. 

Climate, 7, 132. 

Abson, D.J., Dougill, A.J., Stringer, L.C., 2012. Using principal component analysis 

forinformation-rich socio-ecological vulnerability mapping in Southern Africa. Appl. 



 

27 

 

Geogr, 35, 515–524. 

Adger, W.N., 2003. Adaptation to climate change in the developing world. Progress in 

Development Studies, 3, 179–195. 

Adger, W.N., 2006. Vulnerability. Glob Environ Change. 16, 268–281. 

Ajayi, O.C., Catacutan, D. 2012. Role of externality in the adoption of smallholder 

agroforestry: Case studies from Southern Africa and Southeast Asia. In Externality: 

Economics, Management and Outcomes; Sunderasan, S., Ed.; Nova Science Publishers, 

Inc.: New York, NY, USA, pp.167–188. 

Ali, A., Erenstein, O., 2017. Assessing farmer use of climate change adaptation practices and 

impacts on food security and poverty in Pakistan. Clim. Risk Manag. 16, 183–194. 

Amaru, S., Chhetri, N.B., 2013. Climate adaptation: Institutional response to environmental 

constraints, and the need for increased flexibility, participation, and integration of 

approaches. Appl Geogr. 39, 128–139. 

Amin, A., Mubeen, M., Hammad, H.M., Jatoi, W.N., 2015. Climate Smart Agriculture: an 

approach for sustainable food security. Agric. Res. Commun. 2(3), 13-21.   

Andrieu, N., Howland, F., Acosta-Alba, I., Le Coq, J.F., Osorio-Garcia, A.M.,Martinez-Baron, 

D., Gamba-Trimiño, C., Loboguerrero, A.M., Chia, E., 2019. Co-designing Climate-Smart 

Farming Systems with Local Stakeholders: A Methodological Framework for Achieving 

Large-Scale Change. Frontiers Sustain Food Sys. doi: 10.3389/fsufs.2019.00037 

Antón, J., Cattaneo, A., Kimura, S., Lankoski, J., 2013. Agricultural risk management policies 

under climate uncertainty. Glob Environ Change. 23, 1726–1736. 

Arbuckle, J. G., Prokopy, L. S., Haigh, T., Hobbs. J., Knoot, T., Knutson, C., Loy, A., Mase, 

A. S., McGuire, J., Morton, L. W., Tyndall, J., Widhalm, M., 2013. Climate change beliefs, 

concerns, and attitudes toward adaptation and mitigation among farmers in the Midwestern 

United States. Climate Change. 117, 943–950. 



 

28 

 

Asian Development Bank., 2017. Climate-Smart Agriculture in Pakistan. CSA Country 

Profiles for Asia Series. International Center for Tropical Agriculture (CIAT); The World 

Bank: Washington, DC, USA, 2017; 28p, Available online: 

http://hdl.handle.net/10568/83340 (accessed on 21 December 2017). 

Azadi, H., Talsma, N., Ho, P., Zarafshani, K., 2011b. GM crops in Ethiopia: A realistic way to 

increase agricultural performance? Trends Biotechnol. 29(1), 6-8.  

Azadi, H., Van Acker, V., Zarafshani, K., Witlox, F., 2012. Food systems: New-Ruralism vs. 

New-Urbanism. J. Sci. Food Agric. 92, 2224–2226.  

Azadi, H., Verheijke, G., Witlox, F., 2011a. Pollute first, clean up later? Glob Planet Change, 

78, 77-82. 

Boon, H.J., Cottrell, A., King, D. et al. Bronfenbrenner’s bioecological theory for modelling 

community resilience to natural disasters. Nat Hazards 60, 381–408 (2012). 

https://doi.org/10.1007/s11069-011-0021-4 

Brandt, P., Kvakić, M., Butterbach-Bahl, K., Rufino, M.C., 2017. How to target climate-smart 

agriculture? Concept and application of the consensus-driven decision support framework 

“targetCSA”. Agri. Sys. 151, 234-245.  

Burnham, M., Ma, Z. 2017. Climate change adaptation: factors influencing Chinese 

smallholder farmers’ perceived self-efficacy and adaptation intent. Reg Environ Change 

17, 171–186. 

Campbell, B. M., P. Thornton, R. Zougmoré, P. van Asten, P. Lipper., 2014. Sustainable 

intensification: what is its role in climate smart agriculture? Curr Opin Env Sust. 8, 39-43.  

Chandra, A., McNamara, K.E., Paul Dargusch, P., 2018. Climate-smart agriculture: 

perspectives and framings. Climate Policy. 18(4), 526-541. 

Cohen, P.J., Lawless, S., Dyer, M. et al. 2016. Understanding adaptive capacity and capacity 

to innovate in social–ecological systems: Applying a gender lens. Ambio 45, 309–321. 



 

29 

 

Commission for Africa., 2005. Our common interest. Available on: 

http://www.commissionforafrica.info/wp-content/uploads/2005-report/11-03-

05_cr_report.pdf 

Conant, R.T., 2009. Rebuilding resilience: sustainable land management for climate mitigation 

and adaptation. Technical Report on Land and Climate Change. Rome: Italy. 

Debortoli, N.S., Camarinha, P.I.M., Marengo, J.A. et al. 2017. An index of Brazil’s 

vulnerability to expected increases in natural flash flooding and landslide disasters in the 

context of climate change. Nat Hazards 86, 557–582. 

Etzold, B., Mallick, B. 2016. Moving Beyond the Focus on Environmental Migration Towards 

Recognizing the Normality of Translocal Lives: Insights from Bangladesh. In: Milan A., 

Schraven B., Warner K., Cascone N. (eds) Migration, Risk Management and Climate 

Change: Evidence and Policy Responses. Global Migration Issues, vol 6. Springer, Cham. 

https://doi.org/10.1007/978-3-319-42922-9_6 

Fadina, A.M.R., Barjolle, D., 2018. Farmers’ Adaptation Strategies to Climate Change and 

Their Implications in the Zou Department of South Benin. Environments, 5, 15 

FAO. 2017. Climate-smart Agriculture Sourcebook. 2017. second ed. Food and Agriculture 

Organization of the United Nations, Rome, Italy Retrieved 4 February 2018 from. 

http://www.fao.org/ climate-smart-agriculture-sourcebook/about/en/ 

FAO., 2011. Energy-Smart Food for People and Climate. Food and Agriculture Organization 

of the United Nations (FAO), Rome, Italy, 66 pp. Available at: 

http://www.fao.org/docrep/014/i2454e/i2454e00.pdf  

FAO., 2013. Climate Smart Agriculture Source Book. 

http://www.fao.org/docrep/018/i3325e/i3325e.pdf. (Accessed 23 August 2016). 

Fellmann, T., 2012. The assessment of climate change-related vulnerability in the agricultural 

sector: reviewing conceptual frameworks. In: Meybeck, A., Lankoski, J., Redfern, S., 

http://www.commissionforafrica.info/wp-content/uploads/2005-report/11-03-05_cr_report.pdf
http://www.commissionforafrica.info/wp-content/uploads/2005-report/11-03-05_cr_report.pdf
https://doi.org/10.1007/978-3-319-42922-9_6
http://www.fao.org/
http://www.fao.org/docrep/018/i3325e/i3325e.pdf


 

30 

 

Azzu, N., Gitz, V. (Eds.), Building Resilience for Adaptation to Climate Change in 

theAgriculture Sector, Proceedings of a Joint FAO/OECD Workshop. FAO/OECD, Rome 

(Italy), pp. 37–61. 

Goli, I., Omidi Najafabadi, M., Lashgarara, F., 2020. Where are We Standing and Where 

Should We Be Going? Gender and Climate Change Adaptation Behavior. J Agric Environ 

Ethics 33, 187–218. 

Grainger-Jones, E., 2012. Climate-Smart Smallholder Agriculture: What's Different? (No.3), 

IFAD Occasional Paper (Rome). 

Greene, R., Devillers, R., Luther, J.E., Eddy, B.G., 2011. GIS-based multiple-criteria 

decisionanalysis. Geogr. Compass 5, 412–432. 

Gupta, M., Abdelsalam, M., Khorsandroo, S., Mittal, S., 2020. Security and Privacy in Smart 

Farming: Challenges and Opportunities. IEEE Access, DOI:10.1109/ACCESS.2020.297 

5142.   

Hellin, J., Fisher, E. 2019. Climate-Smart Agriculture and Non-Agricultural Livelihood 

Transformation. Climate, 7, 48. 

IFAD., 2012. Sustainable smallholder agriculture: feeding the world, protecting the planet. 

Available on: http://www.ifad.org/events/gc/35/doc/proceeding.pdf   

IISD., 2011. Integrating mitigation and adaptation in the agriculture sector. Available on: 

http://www.iisd.org/pdf/2011/food_security_agri_mitigation.pdf  

IPCC., 2007. Climate change 2007: impacts, adaptation and vulnerability. Contribution of 

Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change. Cambridge, UK: Cambridge University Press. 

IPCC., 2014. Climate change 2014: synthesis report. In: Core Writing Team, Pachauri, R.K., 

Meyer, L.A. (Eds.), Contribution of Working Groups I, II and III to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva, Switzerland, 

https://www.researchgate.net/profile/Maanak_Gupta?_sg%5B0%5D=b8IYeZha1hS14Fqqnaw3W0p8ZN0_nC5_3tu9yjO6rNt3WUZHp5PPw5hdcejvF8SXsMackfU.mXoOHe2VLWZtQM0dCFhFvRVgXXQ2ImdMsW3ywiXJhBmbXXl1UWEdsiUmrRxCqChj1Y0bxyg0wvPDLjKivxLNww&_sg%5B1%5D=T1byq8tLyuT_uetUgW6_jbvVfRuaaqsqD3K8CMNS6jSnBHJit4rrgIrQ3jCBzDFOny8vewg.4JGiE7wAmTvFzQAiFWga_J4VW5iP7QC-P2fz5gGLiH_DTdCKSPwNJE4jAzfm8wZ4k0A-JdiP2nUrln8u-J4Mig
http://www.ifad.org/events/gc/35/doc/proceeding.pdf


 

31 

 

pp. 151. 

Islam, K.K., Hyakumura, K. 2019. Forestland Concession, Land Rights, and Livelihood 

Changes of Ethnic Minorities: The Case of the Madhupur Sal Forest, Bangladesh. Forests 

10, 288. 

Jamshidi., O., Asadi, A., Kalantari, Kh., Moghaddam, S.M., Dadrass Javan, F., Azadi, H., Van 

Passel, S., Witlox, F., 2020. Adaptive capacity of smallholder farmers toward climate 

change: Evidence from Hamadan province in Iran. Climate and Development. 

https://doi.org/10.1080/17565529.2019.1710097 

Jurgilevich, A., Räsänen, A., Groundstroem, F., Juhola, S. 2017. A systematic review of 

dynamics in climate risk and vulnerability assessments. Environ. Res. Lett, 12, 013002.  

Kanamaru, H., Fujisawa, M., 2018. Climate risks and vulnerability assessment tools in support 

of policy planning and climate smart agriculture. Food and agriculture organization of the 

united nations. 

Khatri-Chhetri, A., Aggarwal, P. K., Joshi, P. K., Vyas, S., 2017. Farmers' prioritization of 

climate-smart agriculture (CSA) technologies. Agric Syst. 151, 184-191. 

Lipper, L., Thornton, P., Campbell, B.M., Baedeker, T., Braimoh, A., Bwalya, M., Caron, P., 

Cattaneo, A., Garrity, D., Henry, K., Hottle, R., Jackson, L., Jarvis, A., Kossam, F., Mann, 

W., McCarthy, N., Meybeck, A., Neufeldt, H., Remington, T., Sen, P.T., Sessa, R., Shula, 

R., Tibu, A., Torquebiau, E.F., 2014. Climate-smart agriculture for food security. Nature 

Climate Change. 4, 1068–1072. 

Long, Th.B., Blok, V., Coninx, I., 2019. The diffusion of climate-smart agricultural 

innovations: Systems level factors that inhibit sustainable entrepreneurial action. J Clean 

Product. 232, 993-1004. 

Mahendra, Dev., S., 2011. Climate Change, Rural Livelihoods and Agriculture (focus on Food 

Security) in Asia-Pacific Region. Indira Gandhi Institute of Development Research, 

https://doi.org/10.1080/17565529.2019.1710097


 

32 

 

Mumbai. http://www.igidr.ac.in/pdf/publication/WP-2011-014.pdf 

Makate, C., 2019. Effective scaling of climate smart agriculture innovations in African 

smallholder agriculture: A review of approaches, policy and institutional strategy needs. 

Environ. Sci. Policy. 96, 37–51. 

Makate, C., Wang, R., Makate, M. et al. 2016. Crop diversification and livelihoods of 

smallholder farmers in Zimbabwe: adaptive management for environmental change. 

SpringerPlus 5, 1135. 

Martinez-Baron, D., Orjuela, G., Renzoni, G., Loboguerrero Rodríguez, A. M., Prager, S., 

2018. Small-scale farmers in a 1.5oC future: the importance of local social dynamics as an 

enabling factor for implementation and scaling of climate-smart agriculture. Curr Opin Env 

Sust. 31, 112–119.  

Mathews, J.A., Kruger, L., Wentink, G.J., 2018. Climate-smart agriculture for sustainable 

agricultural sectors: The case of Mooifontein. Jamba. 10(1), 492.  

Mazhar, R., Ghafoor, A., Xuehao, B., Wei, Z., 2020. Fostering sustainable agriculture: Do 

institutional factors impact the adoption of multiple climate-smart agricultural practices 

among new entry organic farmers in Pakistan? J Clean Product, e124620. 

McCarthy, N., Lipper, L., Branca, G., 2011. Climate-smart agriculture: smallholder adoption 

and implications for climate change adaptation and mitigation. Rome, Italy. 

Mersha, A.A., van Laerhoven, F. Gender and climate policy: a discursive institutional analysis 

of Ethiopia’s climate resilient strategy. Reg Environ Change 19, 429–440 (2019). 

https://doi.org/10.1007/s10113-018-1413-8 

Meynard, J.-M., Dedieu, B., Bos, A.-P., 2012. Re-design and co-design of farming systems: an 

overview of methods and practices. Farming Systems Research into the 21st Century: The 

New Dynamic, eds I. Darnhofer, D. Gibbon, and B. Dedieu (Springer), 407–432. 

Mwongera, C., Shikuku, K. M., Twyman, J., Läderach, P., Ampaire, E., Van Asten, P., 

http://www.igidr.ac.in/pdf/publication/WP-2011-014.pdf


 

33 

 

Twomlow, S., Winowiecki, L., 2017. Climate smart agriculture rapid appraisal (CSA-RA): 

A tool for prioritizing context-specific climate smart agriculture technologies. Agric Syst. 

151, 192–203. 

Nyasimi, M., Kimeli, P., Sayula, G., Radeny, M., Kinyangi, J., Mungai, C., 2017. Adoption 

and Dissemination Pathways for Climate-Smart Agriculture Technologies and Practices for 

Climate-Resilient Livelihoods in Lushoto, Northeast Tanzania. Climate, 5(63). 

Okediji R. L. 2019. Traditional Knowledge and the Public Domain in Intellectual Property. In: 

Correa C., Seuba X. (eds) Intellectual Property and Development: Understanding the 

Interfaces. Springer, Singapore. https://doi.org/10.1007/978-981-13-2856-5_12   

Ouedraogo, I., Seynabou Diouf, N., Ouédraogo, M., Ndiaye, O., Zougmoré, R.B., 2018. 

Closing the Gap between Climate Information Producers and Users: Assessment of Needs 

and Uptake in Senegal. Climate, 6, 13. 

Parente, R., Rong, K., Geleilate, JM.G. et al. 2019. Adapting and sustaining operations in weak 

institutional environments: A business ecosystem assessment of a Chinese MNE in Central 

Africa. J Int Bus Stud 50, 275–291. 

Rahman, H.T., Hickey, G.M. 2020. An Analytical Framework for Assessing Context-Specific 

Rural Livelihood Vulnerability. Sustainability, 12, 5654. 

Rakotovao, N.H., Razafimbelo, T.M., Rakotosamimanana, S., Randrianasolo, Z., 

Randriamalala, J.R., Albrecht. A., 2017.  Carbon footprint of smallholder farms in Central 

Madagascar: the integration of agroecological practices. J Clean Prod, 140, 1165-1175 

Ramirez, J., Jarvis, A., Läderach, P., 2013. Empirical approaches for assessing impacts of 

climate change on agriculture: The Eco Crop model and a case study with grain sorghum. 

Agric. For. Meteorol. 170, 67-78. 

Reed, M. S., Podesta, G., Fazey, I., Geeson, N., Hessel, R., Hubacek, K., Letson, D., 

Nainggolan, D., Prell, C., Rickenbach, M. G., 2013. Combining analytical frameworks to 



 

34 

 

assess livelihood vulnerability to climate change and analyze adaptation options. Ecol 

Econom. 94, 66–77. 

Rosenstock, T.S., Lamanna, C., Chesterman, S., Bell, P., Arslan, A., Richards, M., Riou, J., 

Akinleye, A.O., Champalle, C., Cheng, Z., Corner-Dolloff, C., Dohn, J., English, W., 

Eyrich, A.S., Girvetz, E.H., Kerr, A., Lizarazo, M., Madalinska, A., McFatridge, S., Morris, 

K.S., Namoi, N., Poultouchidou, N., Ravina da Silva, M., Rayess, S., Ström, H., Tully, 

K.L., Zhou, W., 2016. The Scientific Basis of Climate-Smart Agriculture: A Systematic 

Review Protocol. CCAFS Working Paper No. 138. Copenhagen., Denmark. CGIAR 

Research Program on Climate Change., Agriculture and Food Security (CCAFS). 

Rudi, L.M., Azadi, H., Witlox, F., 2012. Reconcilability of socio-economic development 

enhancement and environmental improvement in the context of Sub-Saharan Africa. Glob 

Planet Change, 86-87, 1-10.  

Saj, S., Torquebiau, E., Hainzelin, E., Pages, J., Maraux, F., 2017. The way forward: An 

agroecological perspective for Climate-Smart Agriculture. Agr Ecosyst Environ. 250, 20–

24. 

Sattar, R.A., Wang, S., Muqadas, M., Ashraf, M.F., Tahir, M.N., 2017. Qualitative and 

quantitative approaches to study adoption of sustainable agricultural practices: A research-

note on mixed method approach. Int. J. Agric. Ext. Rural Dev. 5, 539-544. 

Seebauer, M., 2014. Whole farm quantification of GHG emissions within smallholder farms in 

developing countries. Environ Res Letters, https://doi.org/10.1088/1748-9326/9/3/035006.  

Siders, A.R. 2019. Social justice implications of US managed retreat buyout programs. Clim 

Change, 152, 239–257 https://doi.org/10.1007/s10584-018-2272-5 

Singh, C., Daron, J., Bazaz, A., Ziervogel, G., Spear, D., Krishnaswamy, J., Zaroug, M., Kituyi, 

E., 2017. The utility of weather and climate information for adaptation decision-making: 

Current uses and future prospects in Africa and India. Climate Dev. 10, 5. 

https://doi.org/10.1088/1748-9326/9/3/035006


 

35 

 

Sitaula B.K., Žurovec O., Luitel B.C., Parker A., Lal R. 2020. Need for Personal 

Transformations in a Changing Climate: Reflections on Environmental Change and 

Climate-Smart Agriculture in Africa. In: Singh B., Safalaoh A., Amuri N., Eik L., Sitaula 

B., Lal R. (eds) Climate Impacts on Agricultural and Natural Resource Sustainability in 

Africa. Springer, Cham. https://doi.org/10.1007/978-3-030-37537-9_21 

Steenwerth, K.L., Hodson, A.K., Bloom, A.J. et al., 2014. Climate-smart agriculture global 

research agenda: scientific basis for action. Agric & Food Secur 3, 11. 

Thornton, P.K., Friedmann, M., Kilcline, K., Keating, B., Nangia, V., West, P.C., Howden, M., 

Cairns, J., Baethgen, W., Claessens, L., et al., 2018. A framework for priority-setting in 

climate smart agriculture research. Agric. Syst. 167, 161–175. 

Thornton, P.K., M. Herrero., 2010. Potential for reduced methane and carbon dioxide 

emissions from livestock and pasture management in the tropics. PNAS USA. 107(46), 

19667–19672. 

Thornton, T.F., Comberti. C., 2013. Synergies and trade-offs between adaptation, mitigation 

and development. Clim Change, 10.1007/s10584-013-0884-3 

Torquebiau, E., Rosenzweig, C., Chatrchyan, A. M., Andrieu, N., Khosla, R., 2018. Identifying 

climate-smart agriculture research needs. Cah Agric. 27, 26001.  

Totin, E., Segnon, A.C., Schut, M., Affognon, H., Zougmoré, R.B., Rosenstock, T., Thornton, 

P.K. 2018. Institutional Perspectives of Climate-Smart Agriculture: A Systematic 

Literature Review. Sustainability, 10, 1990.  

Tripathi, A., Tripathi, D.K., Chauhan, D.K., Kumar, N., Singh, G.S., 2016. Paradigms of 

climate change impacts on some major food sources of the world: A review on current 

knowledge and future prospects. Agr Ecosyst Environ.216, 356-373. 

Vall, E., Chia, E., Blanchard, M., Koutou, M., Coulibaly, K., Andrieu, N. 2016., La co-

conception en partenariat de systèmes agricoles innovants. Cah. Agric. 25,15001. 



 

36 

 

Vervoort, J. M., Thornton, P. K., Kristjanson, P., Förch, W., Ericksen, P. J., Kok, K., et al., 

2014. Challenges to scenario-guided adaptive action on food security under climate change. 

Glob. Environ. Chang. 28, 383–394.  

Vincent, K., Dougill, A.J., Dixon, J.L., Stringer, L.C., Cull, T., 2017. Identifying climate 

services needs for national planning: Insights from Malawi. Climate Policy. 17, 189–202 

Woolf, D., Solomon, D., Lehmann, J., 2018. Land restoration in food security programmes: 

synergies with climate change mitigation. Climate Policy. 18 (10), 1260-1270. 

World Bank., 2011. Climate-Smart Agriculture: Increased Productivity and Food Security, 

Enhanced Resilience and Reduced Carbon Emissions for Sustainable Development - 

Opportunities and Challenges for a Converging Agenda: Country Examples. Washington, 

DC: World Bank; 2011.  

World Bank., 2017. Options for Increased Private Sector Participation in Resilience Investment 

Focus on Agriculture. Available at: 

http://documents.worldbank.org/curated/en/969921521805628254/pdf/INVESTING-IN-

RESILIENCE-FOCUS-ON-AGRICULTURE.pdf 

Yengoh, G.T., 2012. Determinants of yield differences in small scale food crop farming 

systems in Cameroon. Agric. Food Secur, 1. 

Zamasiya, B., Nyikahadzoi, K., Mukamuri, B.B., 2017. Factors influencing smallholder 

farmers' behavioural intention towards adaptation to climate change in transitional climatic 

zones: A case study of Hwedza District in Zimbabwe. J. Environ. Manage. 198(1), 233-

239.  

Zougmoré, R., Partey, S., Ouédraogo, M. et al. 2016. Toward climate-smart agriculture in West 

Africa: a review of climate change impacts, adaptation strategies and policy developments 

for the livestock, fishery and crop production sectors. Agric & Food Secur, 5, 26. 

 

http://documents.worldbank.org/curated/en/969921521805628254/pdf/INVESTING-IN-RESILIENCE-FOCUS-ON-AGRICULTURE.pdf
http://documents.worldbank.org/curated/en/969921521805628254/pdf/INVESTING-IN-RESILIENCE-FOCUS-ON-AGRICULTURE.pdf

