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Abstract

Livelihood capitals are referred to as renewable and non-renewable resources, which can
improve the adaptive capacity and contribute to climate-smart agriculture (CSA). The CSA
approach includes implementing farmers’ technical knowledge and investing in different
resources and technologies for the improvement of the farming system. The aim of this study
is to examine the impact of livelihood capital on the main elements of the CSA approach
through meta-analysis. Therefore, in this study, a meta-analysis is conducted to combine the
results of 53 original articles conducted from 1980 to 2021. This study uses weighted meta-
regressions to synthesize the global effects of livelihood capitals on climate-smart agriculture
(CSA) technology adoption. It quantitatively assesses whether causal links identified in
original articles hold true across a wider range of literature. The results show that the
combination of natural, financial, social, and human capital affects crop genetic modification,
while natural capital solely affects all elements of the CSA. The weighted meta-regression
results further indicate that the CSA approach can be globally affected by climatic hazards.

Among the spatiotemporal effects of improving livelihood capitals, the greatest impacts were
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linked to implementing the farmers’ technical knowledge in the African countries for the spatial
effect. To enhance farmers’ resource-based knowledge, policymakers should consider a
multilateral approach that explicitly promotes adaptation strategies like crop diversification.
Furthermore, workshops and training sessions can improve farmers’ climate perceptions and
resilience to climate change effects, based on the results of current study. It is vital to address
the challenges in the current livelihood style and explore how the CSA can contribute to
improving the situation. Furthermore, livelihood capitals are increasingly appreciated as a
necessary element in achieving overall sustainable livelihoods by reducing the destructive

effects of climate change.

Keywords: Farmers’ technical knowledge; Genetic modification of products; Land use

management; Changing crop season; Pest management.

1. Introduction

Climate change negatively impacts agricultural productivity in both developed and
developing regions (Chhogyel and Kumar, 2018; Kogo et al., 2021). While farmers are
adapting, the effects of climate change may exceed their adaptive capacities and threaten their
livelihoods (Dapilah et al., 2019; Fagariba et al., 2018; Schipper, 2020). To this end, farmers
should develop adaptation strategies and mitigate the destructive effects of climate change
(Dutta et al., 2020; Gebru et al., 2020; Mashizha, 2019). The goals of sustainable development
to end poverty and improve the environment are to promote smart farming practices with the
climate (Aryal et al., 2018; Aryal et al., 2020; Moya-Clemente et al., 2019). Such practices
seek to improve global livelihoods, increase farmers’ climate change adaptation and
greenhouse gas emission reduction (Abegunde et al., 2019; Maja and Ayano, 2021; Owen,
2020). Climate-smart agriculture (CSA) not only attempts to pursue several development goals,
including zero hunger, but also increases agricultural productivity without adversely affecting
the environment (Ladha et al., 2020; Zhou et al., 2021).

The CSA can be flexible to achieve the objective of sustainable livelihood by reorienting
agricultural development under the real conditions of climate change (Andrieu et al., 2017;
Loboguerrero et al., 2019; Mango et al., 2018). Scaling this approach faces challenges such as
identifying a set of climate-smart farming options and financial or institutional mechanisms
that affect farmers’ acceptance and less attention to the local context of the study areas (Adego
et al., 2018; Gosnell et al., 2019; Prestele and Verburg, 2019). There is a wrong belief that the
CSA can eradicate poverty directly (Hammond et al., 2017; Ho and Shimada, 2019). In fact,
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adapting to climate change in a way that leads to greater prosperity and escapes from poverty
may not be possible for a group of farmers through the CSA (Bhatt et al., 2019; Kongsager,
2017; Oyebola et al., 2021).

However, CSA leads to greater flexibility and sustainability for rural livelihoods (Makate et
al., 2019; Sardar et al., 2021). A climate-resistant farming system poses a greater risk to food
security and welfare than non-agricultural livelihood strategies, while there are still farmers
whose livelihoods are based on high-risk agriculture (Lee, 2021; Odusola, 2021; G. Hermans
etal., 2020; Yiridomoh ey al., 2025). Unfavorable current and future rural livelihood conditions
make it difficult for some farmers to accept any living opportunity that can be associated with
a positive change (Busck and Schmidt, 2020; Coérdoba Vargas et al., 2019). Therefore, the term
climate-smart may denote focusing on measures to support non-agricultural livelihoods (Azadi
et al., 2021; Hellin and Fisher, 2019). If such a livelihood change is positive, providing the
necessary conditions for non-agricultural livelihoods needs support (Ma et al., 2018; Wang et
al., 2019). In addition, livelihood change should be done in a way that increases household
income and security, thus avoiding adverse coping strategies (Azadi et al., 2018; Hellin and
Fisher, 2019). In this way, it is vital to address the challenges in the current livelihood style
and explore how the CSA can contribute to improving the situation. Furthermore, livelihood
capitals are increasingly appreciated as a necessary element in achieving overall sustainable
livelihoods by reducing the destructive effects of climate change (Kabonga et al., 2021).
Accordingly, livelihood capitals can influence adaptive capacity. Hence, it is imperative to
understand the CSA that may occur when improving livelihood capitals (e.g., financial, natural,
social, human capitals, and physical ) (Azadi et al., 2021). No study has so far quantitatively
evaluated the world’s climate-smart livelihood capitals. This meta-analysis in this study
synthesizes 53 studies from various countries to quantitatively evaluate the impact of livelihood
capitals on climate-smart agriculture (CSA) at a global level. The findings can inform
agricultural policymakers' decisions on options like investing in crop genetic modification or
land use management. This study examines the role of livelihood capitals in Climate-Smart
Agriculture (CSA). In this regard, the original articles were critically reviewed regarding the
effects of livelihood capitals on the main elements of the CSA (i.e., implementing farmers’
technical knowledge, investing in genetic modification of products, progressing land use
management, changing crop season, and applying efficient pest management). Hence, this
study addresses the following research questions:

I) How do livelihood capitals impact farmers’ technical knowledge?



IT) How can improving livelihood capitals affect genetic modification of products and crop
season?

II) What impacts can livelihood capitals have on land use management and pest
management?

IV) What are the spatiotemporal effects of improving livelihood capitals?

Overall, this study develops a theoretical framework on the main elements of the CSA by
demonstrating the effects of improving livelihood capitals. Thus, the second section defines
the CSA and its elements. The third section describes sustainable livelihoods. The methods
section discusses the approaches used to collect and synthesize 53 original articles. The result
section reviews the main findings in three categories, including descriptive statistics, weighted
meta-regressions, and the CSA and sustainable livelihoods. In the discussion section, the
scholarly implications of the main findings are underlined and compared with those of similar
studies at the global level. In the end, the conclusion section highlights the key take-home

messages for a broader readership with the policy implications of the results.

2. Theoretical background

2.1. Definition of climate-smart agriculture

According to scientific research (e.g., Hasegawa et al., 2018; Karimi et al., 2018; Yoon and
Choti, 2019), temperatures are rising due to global climate change, and this is likely to have a
negative effect on agricultural production (Makate, 2019; Taylor, 2017; Zougmore et al., 2018).
Climate-smart agriculture (CSA) addresses climate change and food security by
simultaneously increasing productivity and resilience while reducing greenhouse gas emissions
(Bhattacharyya et al., 2020; Mishra et al., 2021). The need for policymaking on the CSA
requires increasing food efficiency, sustainable livelihoods of the growing population,
mobilizing investment for farmers, and reducing greenhouse gas emissions (Chandra et al.,
2017; De Pinto et al., 2020; Heeb et al., 2019). Agriculture is the dominant economic sector in
several countries and is vital to meet the livelithood needs of most low-income groups (Gassner
et al., 2019; Nhemachena et al., 2018; Rigg et al., 2018). Therefore, the three bases of CSA,
including adaptation, mitigation, and food security, can have significant outcomes for low-
income farmers (Azadi et al., 2021; Mishra et al., 2021).

In fact, the need for the CSA goes beyond participation in local sustainable development
goals, as it has a wider range of influence (Dinesh et al., 2018; Schaafsma et al., 2019; Thornton
et al.,, 2018). Therefore, climate-smart is recognized worldwide as a way to protect the

agricultural sector. The effectiveness of climate-smart agricultural policy is limited for a variety
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of reasons. For example, there are institutional barriers to the adoption and promotion of
climate-smart practices in agriculture (Blaser et al., 2018; Totin et al., 2018; Westermann et
al., 2018). Climate-smart agricultural interventions need a lot of knowledge, specific location,
and significant capacity development (Khatri-Chhetri et al., 2019; Makate, 2020; Partey et al.,
2018). Thus, researchers offer that increasing community-based participatory approaches to
sustainable agriculture can bring about fair transformation in agriculture (Andreotti et al., 2020;
Ioannis et al., 2019). Sustainable farming practices such as conservation agriculture, small-
scale irrigation, and soil/water conservation have been implemented for a long time (Findlater
et al., 2019; Kassam et al., 2018; Rodenburg et al., 2020; Eze et al., 2022). In general, there are
differences of opinion and discussion on the CSA in terms of perception in the world (Amadu

et al., 2020; Chandra et al., 2017; Saj et al., 2017).

2.2. Main elements

2.2.1. Implementing farmers’ technical knowledge

Most farmers, especially in Asia and Africa, are very poor with limited resources and have
been experiencing environmental changes for years (Bezner Kerr et al., 2019; Florini and Pauli,
2018). Farmers have a variety of specialties with a number of practices used to manage the
weaknesses of the environment (Giuliani et al., 2017; Rodriguez-Ortega et al., 2018). Such
specialties are necessary to address modern needs (i.e., harvest automation, autonomous
tractors, and seeding and weeding). Indigenous environmental knowledge of people can offer
various ideas and possible options against environmental dangers (Berkes, 2017). Indigenous
people have made great strides in the face of natural disasters such as landslides and famines,
so they have devised ways to reduce the effects of these disasters (Burson et al., 2018).

2.2.2. Investment in genetic modification of products

Genetic modification is the CSA approach that leads to increasing crop productivity (Singh
et al., 2017; Venkatramanan and Shah, 2019). Some beneficial effects of genetic modification
in agriculture include reducing food or drug production costs and pesticide requirements,
increasing yields, nutrient composition and resistance to pests, and more food quality and food
security (Gaitan-Espitia and Hobday, 2020). There is usually a major revolution in agricultural
research every 25 years that almost doubles the productivity to feed the growing global
population through genetic modification of products (Raman, 2017; Reardon et al., 2018).
Genetic modification methods can reduce the risks of environmental conditions by providing
new types of plants resistant to heat and salinity stress (Raza et al., 2019). Modified seeds are

key elements in protecting plants from pests and environmental threats. Thus, to reduce the

5



incremental risks to plants, it is necessary to develop resistant crop varieties (Devos et al., 2018;
Zhang et al., 2018a).

2.2.3. Progressing land use management

Land use management can mitigate climate change effects like floods, droughts, water
shortages, and heat stress, while also protecting soil nutrients (Costanza et al., 2020).
Appropriate planning of land use such as fixing the production site of plants and animals,
changing the concentration of plant foods, and using insect sprays can help decrease the risks
of global warming to agriculture (Heeb et al., 2019; Sarker et al., 2019). Improving farmers’
activities (i.e., changing irrigation periods or using other elements such as plant nutrients), can
ensure soil quality (Chojnacka et al., 2020; Cox et al., 2018).

2.2.4. Changing crop season

Improved agricultural systems include the cultivation of high-yielding varieties, increasing
agricultural intensity, and adaptation to different hydrological conditions (Acharjee et al., 2019;
Nguyen et al., 2018). The growing season can be adjusted to decrease infertility due to high
temperatures, which can match the flowering interval with the last period. Changes in plants or
planting time to prevent severe weather events in a year can help reduce the side effects of
climate change that are common in semi-arid and arid regions (Waldman et al., 2019; Xu et al.,
2020). A longer growing season, resulting from combined spring and late fall conditions, can
help mitigate climate change by reducing atmospheric CO2 accumulation (Hou et al., 2021).

2.2.5. Efficient pest management

Agricultural pest management has traditionally been very averse to the environment (Heeb
etal., 2019; Sarker et al., 2019). Exterminating pests using chemicals is harmful to humans and
other ecosystem organisms (Costa et al., 2019; Van den Brink et al., 2021). Although some
countries have banned the use of chemicals (e.g., insecticides, herbicides, and herbal
medicines), there are almost no environmentally friendly pesticides. Thus, farmers are forced
to apply harmful chemicals to control pests. The CSA provides an opportunity to use
environmentally friendly pest management measures such as integrated pest management
(Heeb et al., 2019; Santos et al., 2021; Sharifzadeh et al., 2018). Integrated pest management
combines biological, cultural, and chemical methods for agricultural pest control. The purpose
of this management approach in the context of climate change includes reducing crop losses
due to pests, increasing ecosystem services, reducing the intensity of greenhouse gas emissions,

and strengthening the resilience of agricultural systems (Heeb et al., 2019).



2.3. Definition of sustainable livelihoods

In recent decades, research on livelihoods to address poverty and improve income
internationally has been of particular importance (Agyeman et al., 2019; Feurer et al., 2018).
Livelihood refers to a way of earning a living based on capabilities, livelihood capital (i.e.,
resources, claims, and rights), and activities (Andrews, 2018; Liu et al., 2020). Livelihood
capitals include natural capital (i.e., land and garden), physical capital (e.g., agricultural
implements), financial capital (i.e., income), social capital (i.e., membership in social
institutions), and human capital (e.g., education and training course) (Lin and He, 2021;
Mengistu and Assefa, 2020). The set of activities that households select to use livelihood
capitals for achieving livelihood goals is called a livelihood strategy (Berchoux et al., 2019;
Liu et al., 2020; Xu et al., 2020). Various analytical frameworks have been presented on the
subject of livelihood, among which the sustainable livelihood framework is more common
(Aazami and Shanazi, 2020; Pasanchay and Schott, 2021; Zhang et al., 2019). In the sense of
sustainable livelihoods, households have five types of livelihood capitals, and they are in line
with livelihood strategies (choice of agricultural and non-agricultural activities), agricultural
policies (subsidies and preferential and low-interest loan policies), and vulnerability context
(climatic, economic, and political shocks) (Senapati, 2019; Wang et al., 2019; Zhang et al.,
2018b). Five types of livelihood capitals are expected to influence the adoption of livelihood
strategies, which ultimately lead to different livelihood outcomes such as increased income,
food security, welfare, reduced vulnerability to natural disasters, and environmental
improvement (Shinbrot et al., 2019; Zeng et al., 2021). In addition, livelihood outcomes have
a greater impact on livelihood capitals (Aazami and Shanazi, 2020).

Livelihood capitals can play a role in taking the appropriate measure to deal with the
phenomenon of climate change (Cauchi et al., 2020; Hossain et al., 2020; Islam and Nursey-
Bray, 2017). This article examines how livelihood capitals (natural, financial, physical, human,
and social) function as adaptive capacities that influence the adoption of Climate-Smart
Agriculture (CSA).

2.4. Main elements

2.4.1. Natural capital

Natural capital is a capital that in its role provides natural resources and environmental
services for economic production (Ahmed et al., 2020; Keith et al., 2017; Merino-Saum et al.,
2018). Some of these capitals provide free goods and services to humans (e.g., rangelands),
which are called ecosystem services (Chaudhary et al., 2018). Thus, this capital is the way of

thinking about nature as a stock that supplies the benefit flow to the people and the economy.
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In general, natural capital consists of three main categories: natural resource stocks, land, and
ecosystem (Bateman and Mace, 2020; Leach et al., 2019).

2.4.2. Physical capitals

Physical capital includes tangible objects that are either invested in or applied to produce
goods (Levy, 2017). Physical capital items (i.e., manufacturing tools), are also in the fixed
capital class, meaning that they are reusable and are not consumed during the production
process (Brecher et al., 2018; Franciosi et al., 2020). This capital is the input that is applied at
various steps of the production of goods and services. Real property, equipment, and inventory
are examples of physical capital (Ronchini et al., 2021).

2.4.3. Financial capitals

Financial capital refers to economic resources that investors use to buy the products they
need or provide services to the economy on which their performance is based, such as retail,
corporate, investment banking, and etc. (Hota and Mitra, 2021; Khan et al., 2018). Investors
use financial capitals to grow, which helps increase their income (Corbet et al., 2018; Davis,
2017). Additional capital is intended to add labor productivity by making companies more
productive and efficient. Together with more efficient labor, this leads to economic growth
(Zhan and Du, 2020).

2.4.4. Social capitals

Social capital is the network of relations between people who live and work in a specific
community and enable the community to function efficiently (King et al., 2019; Masud-All-
Kamal and Monirul Hassan, 2018). In this definition, networks can be thought of as real links
between groups or individuals. Social capitals can create or destroy a business by strengthening
or weakening relationships between members of an association. Social capital is a desire for
development, because building and cultivating relationships takes time, and social capital
creates a store of generosity in society (Ghahtarani et al., 2019). Creating a wide range of
relations can create the conditions for people to progress because they can do things more
effectively and efficiently (Cohen, 2018; Nirino et al., 2020).

2.4.5. Human capitals

Human capital is a new term in the economic literature that refers to the academic
achievement, knowledge, experience, and skills of the labor force (Flores et al., 2020; Ozkeser,
2019). In this way, this capital allows people to perform their duties more productively (Miiller
et al., 2018; Nisar et al., 2018). Education is one of the most important sources of the human
capital constitution. Investing in education leads to economic development and productivity

and therefore generates more income for people (Psacharopoulos and Patrinos, 2018).
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3. Methodology

This research used weighted meta-analysis to synthesize the effects of livelihood capitals
on climate-smart agriculture (CSA) technology adoption worldwide. Meta-analysis, a
statistical approach that synthesizes results from original articles to address new research
questions (Pigott and Polanin, 2020), was employed to pool data and quantitatively assess the
validity of causal links across a broad range of literature. Meta-regression was then used to

explore these links, utilizing the dependent and independent variables detailed in Tables 1 and
2.



Table 1

Dependent variables defined

Dependent variable Definition

Implementing farmers’ technical knowledge The actual knowledge of farmers that reflects tradition-based experiences and includes newer experiences with modern
technologies.

Investing in genetic modification of products Modification of plant DNA using genetic engineering methods.

Progressing land use management Focus on the land and how to use it for production, protection, or aesthetic reasons.

Changing crop season Season change to cultivate specific crops.

Efficient pest management Process to reduce the number of pests to an acceptable threshold.

(<) I O T~ N O]

Source: Florini and Pauli (2018), Sarker et al. (2019), and Venkatramanan and Shah (2019)

Table 2

Main independent variables coded from the original articles and included in the meta-regression.

Factor Variable Description
Livelihood Livelihood capitals Dummy variable: If the article focuses on livelihood capitals, including natural, physical, financial, social, and human capitals.
Shock Climate change Dummy variable: On climate change.
Political Dummy variable: Considering political shocks.
Economic Dummy variable: "Addresses economic shocks."
Time Data gathering year Continuous variable: Data were collected from 1980 to 2021.
Space Africa Dummy variable: If the article focuses on Africa.
America Dummy variable: If the article’s regional focus is on America.
Asia Dummy variable: If the article’s regional focus is on Asia.
Europe Dummy variable: If the article’s regional focus is on Europe.
Type of article ISI publication Dummy variable: Published in an ISI Journal.
Methodology applied Appropriate method Dummy variable: Captured unobserved heterogeneity.

Source: Meemken (2020) and Pigott and Polanin (2020)
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20
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22
23
24
25
26
27
28
29
30
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32
33
34
35
36
37
38

The meta-analysis followed a five-step methodology (Fig. 1), informed by Vesco et al.
(2020) and Woodcock et al. (2014): searching, applying inclusion/exclusion criteria,
evaluation, data extraction, and synthesis.

3.1. Searching

TurkeS et al. (2021) propose that effective searches for original articles should be
comprehensive, systematic, and transparent. Following this framework, this study
comprehensively searched IST Web of Science, Elsevier Science, Springer, ProQuest, Oxford
University Press, and SID databases for original articles published between 1980 and 2021.
Furthermore, the main keyword used to obtain the data was ‘livelihood capitals’ along with
other relevant concepts including ‘natural capital’, ‘physical capital’, ‘financial capital’, ‘social
capital’, and ‘human capital’. These keywords were then combined with ‘climate-smart
agriculture’, ‘technical knowledge’, ‘product genetic modification’, ‘land use management’,
‘changing crop season’, and ‘pest management’. Our initial search resulted in about 7,430

original articles.

3.2. Inclusion and exclusion criteria

Following an initial comprehensive search yielding numerous articles, this study established
inclusion and exclusion criteria to determine eligibility for our meta-analysis. Clear definition
of these criteria is crucial, as it impacts the meta-analysis results. Consistent with best practices
for transparency (Pigott and Polanin, 2020), this study applied specific inclusion and exclusion
criteria. Articles focusing on the effects of livelihood capitals on CSA technology adoption
were extracted based on titles and abstracts. In this meta-analysis, dependent variables included
farmers' technical knowledge, investment in genetic modification, land use management, crop
season changes, and pest management (Table 1). After excluding articles focusing on the
inverse impact of CSA on sustainable livelihoods, 136 journal articles remained. Then, the
“data availability” criterion was applied, and articles that reported effect sizes as percentage
differences between adopters and non-adopters of climate smart technology on various CSA
dimensions were selected. Percentage probabilities offer two benefits: ease of interpretation
and calculation without variance measures, which are often missing from original articles.
Consequently, the number of main articles (Appendix A) decreased because quantitative effect

size data became available for variables related to 53 articles.
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39
40

41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Searching 7,430 Articles

* Literature databases: ISI Web of Science, Elsevier Science, Springer, ProQuest, Oxford University Press, and SID

*Main keywords: ‘Livelihood capitals’, ‘natural capital’, ‘physical capital’, ‘financial capital’, ‘social capital’,
‘human capital’, ‘climate-smart agriculture’, ‘technical knowledge’, ‘genetic modification’, ‘land use management’,
‘changing crop season’, ‘pest management’, etc.

Inclusion/exclusion
criteria 53 Articles
* Included: Titles and abstracts on the effects of livelihood capitals on the technology adoption of the CSA
* Excluded: The inverse impact of the CSA on sustainable livelihoods
* Data availability: Different dimensions of technology adoption of the CSA

Evaluation

Data extraction

* Procedure of extracting data: Livelihood, shock, time and space cover, type of article, and methodology applied

Synthesis

Fig. 1. The flowchart of research methodology steps.
Source: Study findings

3.3. Evaluation

Original articles varied methodologically (Meemken, 2020; Vesco et al., 2020). This meta-
analysis assessed the methodological quality of the original articles using an explanatory
variable (Table 2). To ensure uniform effect sizes and address potential heterogeneity,
percentage differences were used for dependent variables in the meta-regression. Average
effect sizes were calculated using sample-size weighted results from original articles
(Meemken, 2020). In this analysis, explanatory variables in meta-analysis are weighted based
on the number of significant occurrences in the total relationships, and their degree of

importance is determined (Neves et al., 2024).

3.4. Data extraction

Variations in data quantity and quality across original articles addressing the same issue can
significantly impact meta-analysis findings. Therefore, a clearly defined and consistent data
extraction procedure is crucial (Pigott and Polanin, 2020; Vesco et al., 2020). To standardize
effect sizes, percentage differences in livelihood capitals between adopters and non-adopters
were calculated for all dependent variables, using data extracted from 53 selected articles and

following the methods of Kliimper and Qaim (2014) and Meemken (2020). This approach
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61
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

offers two key advantages: ease of interpretation and applicability even when original articles
lack variance measures. Independent variables, based on Pigott and Polanin (2020),
encompassed livelihood, shock, time and space cover, article type, and methodology (Table 2).
Qualitative data for each factor were aggregated and represented as continuous or dummy
variables, with dummy variables coded as 1 if the article addressed the feature and 0 otherwise.

3.5. Synthesis

This meta-analysis synthesizes the effect of livelihood capital adoption on key elements of
climate-smart agriculture (CSA), following best practices to minimize measurement bias
(Klimper & Qaim, 2014; Meemken, 2020). This meta-regression used English-language peer-
reviewed articles in international journals to estimate the mean effects and quantitative
composite of median effects. These articles examined the climate change impacts of smart
agriculture through the adoption of livelihood capital.

Meta-regressions were run using Stata version 17 (Stata Corp, College Station, TX, USA).

Table 3 indicates the statistical description of the studied variables in the meta-analysis. On
average, livelihood capitals accounted for 41%, while the impacts of various shocks (i.e.,
climate change, political, and economic) averaged 27%, 28%, and 47%, respectively (Table 3).
According to Table 3, around 41% of original articles were positioned in the Americas, and the
year of implementation of studies has an average of 2017. Finally, nearly 91% of the original
articles were published in an ISI journal, and 3% of the original articles addressed the
heterogeneity in their methodology. Hence, these studies were considered unbiased

(Wooldridge, 2009).
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Table 3

Statistical description of variables in the meta-analysis

Variable Description Mean Std. dev Min Max
Livelihood

Livelihood capitals Equal to one when the livelihood capitals are analyzed 0.413 0.578 0 1
Shock

Climate change Equal to one when the climate change is analyzed 0.269 0.437 0 1
Political Equal to one when the political is analyzed 0.283 0.179

Economic Equal to one when the economic is analyzed 0.468 0.472 0 1
Time

Data gathering year The time of the implementation of paper 2017 7.56 1980 2021
Space

Africa Equal to one when the article position is located in Africa 0.273 0.369 0 1
Americas Equal to one when the article position is located in the Americas 0.413 0.598 0 1
Asia Equal to one when the article position is located in Asia 0.144 0.211 0 1
Europe Equal to one when the article position is located in Europe 0.284 0.369 0 1
Effectiveness

Publication type Equal to one when the publication type deals with an ISI Journal 0.914 0.961 0 1
Methodology type Equal to one when the method is concerned with the identification of heterogeneity 0.031 0.145 0 1

Source: study findings
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4. Results

Figure 2 shows the distribution of original articles on livelihood capitals and external shocks
from 1980 to 2021. The number of articles varied annually, peaking in 2020. The fewest articles
were published between 1980 and 2000, while the most were published between 2009 and
2021. Data related to livelihood capitals and external shock began to grow following the
perception of climate change in the world after 2000, with an increasing rate for original

articles.
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Fig. 2. The Distribution of original articles over the years (1980-2021) regarding the effects of livelihood capitals and
external shock on the CSA.

Source: Study findings

Figure 3 shows the proportion of livelihood capitals and external shocks across various
continents. As shown in Figure 3, the highest proportion of livelihood capitals and external
shocks was investigated in Asia, which reports around 36% of all ones, followed by Europe
(28%) and the Americas (19%). The lowest proportion of livelihood capitals and external shock

was obtained in Africa, which reported 17%.
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Fig. 3. Proportion of livelihood capitals and external shocks considered across various continents.

Source: Study findings

Table 4 offers five livelihood capitals applied for meta-analysis. The class with the highest
number of observations included human capital (85 observations). Then, financial capital with
79 observations and natural capital with 54 observations were ranked. Hence, these classes of

livelihood capitals were studied more in the world.

Table 4
Classes of livelihood capitals under meta-analysis
Class Number of observations
Human capital 85
Financial capital 79
Natural capital 54
Physical capital 48
Social capital 43

Source: Study findings

The original articles focused on various external shocks, including climate change and
political and economic shocks (Table 5). The reviewed articles, which dealt with the effects of
climate variables, have been classified in a group called climate change (including 28 articles),
while other impacts are grouped as political and economic shocks (consisting of 14 and 11

articles, respectively).
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Table 5

Overview of original articles due to external shock.

Shock Number of original articles Percentage of original articles
Climate change 28 52.8
Political shock 14 26.4
Economic shock 11 20.8

Source: Study findings

Figure 4 illustrates the proportion of original articles that noted indicators across the CSA.

Figure 4 indicates diverse aspects of the CSA being researched, with some getting more

attention than others. Specifically, the type with the highest proportion of original articles is

rated for changing crop season, accounting for 30% of the studies. Other types with

considerable review proportions include progressing land use management and efficient pest

management, representing 23% and 19% of the total studies, respectively.
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Fig. 4. The proportion of original articles noting the aspects of the CSA.
Source: Study findings

4.2. Meta-regressions

As shown in Table 6, the R? values range from 0.89 (first column) to 0.99 (third and fourth

columns), indicating that the explanatory variables in the meta-regressions explain a substantial
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share of the variance in CSA impact. Based on the results, the main variable of livelihood
capital has significant effects on the main elements of the CSA. Those effects include investing
in genetic modification of products (mean effect: 0.15, P < 0.10), progressing land use
management (mean effect: 0.12, P <0.05), changing crop season (mean effect: 0.11, P <0.05),
and efficient pest management (mean effect: -0.16, P <0.05). In addition, climate change shock
has significantly negative impacts on the main elements of the CSA. Those effects include
progressing land use management (mean effect: -0.09, P < 0.10), changing crop season (mean
effect: -0.11, P < 0.05), and efficient pest management (mean effect: -0.11, P < 0.10).
Moreover, political shocks significantly decrease factors such as implementing farmers’
technical knowledge (mean effect: -0.21, P < 0.05), progressing land use management (mean
effect: -0.11, P <0.05), changing crop season (mean effect: -0.14, P < 0.01), and efficient pest
management (mean effect: -0.14, P < 0.05). However, economic shock has significantly
decreased the progress of land use management (mean effect: -0.09, P < 0.05) and changing
crop season (mean effect: -0.12, P <0.01).

The data collection year significantly affects key aspects of the CSA. Those effects include
implementing farmers’ technical knowledge (mean effect: 0.01, P <0.10), investing in genetic
modification of products (mean effect: 0.02, P < 0.05), progressing land use management
(mean effect: 0.02, P < 0.05), changing crop season (mean effect: 0.02, P <0.05), and efficient
pest management (mean effect: 0.01, P < 0.01). It means that if the original article used initial
data in the recent decade, livelihood capitals cause an increase of about 1%, 2%, 2%, 2%, and
1% in implementing farmers’ technical knowledge, investing in genetic modification of
products, progressing land use management, changing crop season, and efficient pest
management, respectively.

For spatial effects, different continents have a significant influence on various climate-smart
agricultural impacts of improving livelihood capitals. Studies in Africa and the Americas
demonstrate that CSA implementation impacts farmers' technical knowledge (mean effect:
0.23, P <0.01 and mean effect: -0.19, P < 0.05), investing in genetic modification of products
(mean effect: 0.21, P < 0.01 and mean effect: -0.15, P < 0.05), progressing land use
management (mean effect: 0.21, P < 0.01 and mean effect: -0.14, P < 0.01), changing crop
season (mean effect: 0.22, P < 0.01 and mean effect: -0.16, P < 0.05), and efficient pest
management (mean effect: 0.18, P < 0.01 and mean effect: -0.16, P < 0.05). This means that if
the original article was performed in Africa, livelihood capitals cause an increase of about 23%,
21%, 21%, 22%, and 18% in implementing farmers’ technical knowledge, investing in genetic

modification of products, progressing land use management, changing crop season, and

18



169
170
171
172
173
174
175
176
177

efficient pest management, respectively. In the Americas, livelihood capitals cause a decrease
of about 19%, 15%, 14%, 16%, and 16% in implementing farmers’ technical knowledge,
investing in genetic modification of products, progressing land use management, changing crop
season, and efficient pest management, respectively.

In general, the type of methodology affects implementing farmers’ technical knowledge
(84%), investing in genetic modification of products (74%), progressing land use management
(65%), changing crop season (67%), and managing pest efficiently management (75%) (Table
6). Additionally, the statistically insignificant coefficients for publication type in Table 6
suggest that original articles published in ISI journals do not significantly impact CSA.
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Table 6
Effective factors in weighted meta-regressions
Factor Variable The main elements of the CSA
Implementing Investing in Progressing Changing Efficient
farmers’ technical knowledge genetic modification of products  land use management crop season pest management
Livelihood Livelihood capitals -0.02 0.15" 0.12" 0.11* -0.16™
(0.13) (0.08) (0.06) (0.05) (0.07)
Shock Climate change 0.17 0.06 -0.09" -0.11™ -0.11*
(0.11) (0.07) (0.05) (0.05) (0.06)
Political -0.21™ 0.09 -0.11™ -0.14™* -0.14™
(0.09) (0.08) (0.05) (0.05) (0.07)
Economic 0.12 0.06 -0.09™ -0.12"* 0.07
(0.08) (0.07) (0.04) (0.04) (0.06)
Time Data gathering year 0.01" 0.02™ 0.02" 0.02" 0.01""
(0.01) (0.01) (0.01) (0.01) (0.01)
Space Africa 0.23*" 0.21™* 0.21™* 0.22"" 0.18""
(0.09) (0.06) (0.04) (0.04) (0.05)
America -0.19™ -0.15™ -0.14™* -0.16™ -0.16™
(0.09) (0.06) (0.05) (0.05) (0.06)
Asia -0.10 -0.03 0.01 -0.01 -0.06
(0.08) (0.04) (0.03) (0.03) (0.03)
Europe -0.11 -0.22™ -0.19"™ -0.17° -0.17"
(0.08) (0.09) (0.06) (0.06) (0.08)
Effectiveness Publication type -0.13 -0.08 -0.06 -0.05 -0.10
(0.37) (0.25) (0.20) (0.20) (0.23)
Methodology type 0.84"" 0.74™* 0.65™" 0.67"" 0.75™"
(0.10) (0.06) (0.04) (0.04) (0.05)
Constant -23.47 -21.35™ -15.48™ -16.20™ -19.90™
(14.79) (10.97) (6.79) (6.45) (8.83)
R? 0.89 0.95 0.99 0.99 0.96
Number of observations 57 117 182 184 154

Note: The standard errors are shown in parentheses
*P<0.10

** P <0.05

*¥** P <0.01

Source: Study findings
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4.3. Climate-smart agriculture and sustainable livelihoods

The mean effects of improving livelihood capitals on the main elements of the CSA are
indicated in Table 6. Improving livelihoods has a positive and significant effect on the average
investment in crop genetic improvement (mean effect: 0.15, P < 0.10) (Table 6). This means
that the modification of plant DNA by improving livelihood capitals is increased by about 15%.
Furthermore, improving livelihood capitals seems to have a significant effect on the mean of
progressing land use management (mean effect: 0.12, P < 0.05) (Table 6). Thus, natural and
non-natural capitals can significantly improve land use for production, protection, or aesthetic
reasons. As shown in Table 6, improving livelihood capitals shows a significantly positive
effect on the mean of changing crop season (mean effect: 0.11, P < 0.05). Thus, livelihood
capitals cause an increase of about 11% in the season change to cultivate specific crops.
Furthermore, the improvement of the livelihood capitals has a significant positive impact on
pest management (mean effect: -0.16, P < 0.05) (Table 6), which means that efficient pest
management could be achieved with improved livelihood capitals by about 16%. In other
words, increasing the livelihood capitals causes a decrease in the number of pests to an
acceptable threshold.

4.3.1. Climate-smart agriculture and natural capital

Figure 5 shows the average impact of improving natural capital on the main elements of the
CSA. Those effects include implementing farmers’ technical knowledge (median effect: 4.3, P
< 0.05), investing in genetic modification of products (median effect: 6.8, P < 0.10),
progressing land use management (median effect: 25.6, P < 0.05), changing crop season
(median effect: 22.2, P < 0.01), and efficient pest management (median effect: 8.9, P < 0.10).
Thus, improving natural capital causes an increase of about 4%, 7%, 26%, 22%, and 9% in
implementing farmers’ technical knowledge, investing in genetic modification of products,
progressing land use management, changing crop season, and efficient pest management,
respectively. Therefore, by increasing these key elements, it will be possible to achieve the
CSA. It can be concluded that the improvement of natural capital can promote adaptation to
climate change. These figures support the meta-regression findings (Table 6) and indicate that
improving livelihood capital enhances CSA. According to Figure 5, the average percentage of
progressive user management difference between the natural capital of the owner and non-
owner was calculated to be 25.6%. The median percentage differences of other elements were
obtained lower (Fig. 5). Furthermore, the median effect of improving natural capital on

progressing land use management is about 83%, 73%, 13%, and 65% higher than the median
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effects on implementing farmers’ technical knowledge, investing in genetic modification of

products, changing crop season, and efficient pest management, respectively.
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Fig. 5. The median effects of improving natural capital on the main elements of the CSA.
Note: The median percentage differences between owning and not owning natural capital are shown.
* *%_and *** show significance at P <0.10, P <0.05, and P < 0.01, respectively.

Source: Study findings

4.3.2. Climate-smart agriculture and physical capital

Figure 6 shows the average impact of improving physical capital on changing crop season
(median effect: 16.7, P < 0.01) and efficient pest management (median effect: 7.2, P < 0.10).
As the results show, improving physical capital can change the median crop season and boost
the median pest management, which confirms the results of the weighted meta-regression. The
average percentage difference between crop season changes and efficient pest management
between owner and non-owner physical capital was about 17% and 7%, respectively (Fig. 6).
Furthermore, as shown in Figure 6, the median effect of improving the physical capital on those

variables is significant.
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Fig. 6. The median effects of improving physical capital on the main elements of the CSA.
Note: The median percentage differences between owning and not owning physical capital are shown.
* and *** show significance at P < 0.10, and P < 0.01, respectively.

Source: Study findings

4.3.3. Climate-smart agriculture and financial capital

The median effects of improving financial capital on investing in genetic modification of
products (median effect: 13.4; P <0.05), progressing land use management (median effect: 9.3,
P < 0.10), and changing crop season (median effect: 13.2, P < 0.05) are significant (Fig. 7).
Consistent with the weighted meta-regression (Table 6), these results indicate that improving
livelihood capital affects the main elements of CSA, with the most significant effect observed
in investments related to the genetic modification of products (Fig. 7). The average percentage
difference of investment in genetic modification of products between owned and non-owned
financial capital was 13.4%. Also, the average percentage difference between land use
management progress and crop season change between owner and non-owner financial capital

was 9.3% and 13.2%, respectively.
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Fig. 7. The median effects of improving financial capital on the main elements of the CSA.
Note: The median percentage differences between owning and not owning financial capital are shown.
* and ** show significance at P < 0.10, and P < 0.05, respectively.

Source: Study findings

4.3.4. Climate-smart agriculture and social capital

Figure 8 shows the average impact of improving social capital on implementing farmers’
technical knowledge (median effect: 15.2, P < 0.01), investing in genetic modification of
products (median effect: 12.3, P <0.01), and progressing land use management (median effect:
10.8, P <0.01). As the results show, improving social capital can change the average technical
knowledge of farmers, increase the average investment in genetic modification of crops, and
improve the average progress in land use management, which confirms the results of regression
(Table 6). The average percentage difference between the implementation of farmers' technical
knowledge, investment in genetic modification of crops and the promotion of land use
management between ownership and non-ownership of social capital was about 15, 12 and 11
percent, respectively (Fig. 8). Furthermore, as shown in Figure 8, the median effect of

improving the social capital on those variables is significant.
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Fig. 8. The median effects of improving social capital on the main elements of the CSA.
Note: The median percentage differences between owning and not owning social capital are shown.
* and *** show significance at P < 0.10, and P < 0.01, respectively.

Source: Study findings

4.3.5. Climate-smart agriculture and human capital

The median effects of improving human capital on implementing farmers’ technical
knowledge (median effect: 18.2, P < 0.01), investing in genetic modification of products
(median effect: 15.3, P < 0.05), and changing crop season (median effect: 17.6, P < 0.10) are
significant (Fig. 9). Consistent with the weighted meta-regression (Table 6), these results
demonstrate that improving livelihood capitals significantly impacts CSA elements, with the
greatest effect observed in implementing farmers' technical knowledge (Fig. 9). The average
difference in the implementation of farmers' technical knowledge between owner and non-
owner human capital was calculated to be 18.2%. In addition, the average percentage of
investment difference in genetic modification of crops and change of crop season between

owner and non-owner human capital was 15.3% and 17.6%, respectively.
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Fig. 9. The median effects of improving human capital on the main elements of the CSA.
Note: The median percentage differences between owning and not owning human capital are shown.
* %% and *** show significance at P <0.10, P <0.05, and P < 0.01, respectively.

Source: Study findings

5. Discussion

As the findings of this study show, climate change and political shocks have significant
effects on the main elements of CSA. Climate change can decrease the mean of progressing
land use management, changing crop season, and managing pests efficiently by about 9%, 11%,
and 11%, respectively. Political shocks reduce the four elements of implementing farmers’
technical knowledge, progressing land use management, changing crop season, and efficient
pest management by approximately 21%, 11%, 14%, and 14%, respectively. However,
economic shocks just decrease the progress in land use management and changing crop season
by nearly 9%, and 12%, respectively. The temporal effects are significant in the main elements
of the CSA. Moreover, African countries show the largest spatial effects on the main elements
of the CSA (e.g., implementing farmers’ technical knowledge, investing in genetic
modification of products, progressing land use management, changing crop season, and
efficient pest management). The results of the contribution of livelihood capitals to the main

elements of the CSA are discussed in detail in the following sections.

5.1. Farmers’ technical knowledge
The results indicated that natural, social, and human capitals can contribute to the median

of farmers’ technical knowledge, by 4.3%, 15.2%, and 18.2%, respectively. Therefore,
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livelihood capitals in the form of natural, social, and human capitals can improve farmers’
technical knowledge. Hence, due to the large standard error, the average impact of owning
physical capital and financial capital on farmers’ technical knowledge is negligible compared
to not owning those capitals. The results of other studies such as Van den Berg et al. (2020)
and Yang et al. (2018) are in line with the findings of the current study. This result is consistent
with the results of Van den Berg et al. (2020). Van den Berg et al. (2020) conducted a study on
the farmer field school approach in order to train farmers to make decisions in a variety of
changing conditions. This school showed its potential to increase the human, social, natural,
and financial capitals of rural societies.

The results showed that in order to clarify the interactions between livelihood capitals and
the impact of policies and institutional and external environments, in-depth case studies are
needed to adjust school interventions to optimize their impact. Ultimately, these types of
schools can be effective in achieving the goals of sustainable development. Yang et al. (2018)
found that traditional culture and information technology, in relation to livelihood capitals, play
a key role in agricultural livelihoods. Their study of Chinese rice terrace systems revealed that
traditional agricultural knowledge discourages farming households from becoming part-time,
suggesting that strengthening cultural capital—specifically farmers' understanding of this
knowledge—is crucial for the continued preservation of these systems.

5.2. Genetic modification of products and changing crop season

The results showed that natural, financial, social, and human capitals can affect the median
of genetic modification of products, by 6.8%, 13.4%, 12.3%, and 15.3%, respectively.
Therefore, natural and non-natural capitals can increase the modification of plant DNA using
genetic engineering methods. Furthermore, natural, physical, financial, and human capitals can
change the median of crop season, by 22.2%, 16.7%, 13.2%, and 17.6%, respectively.
However, due to the large standard error, the average effects of owning physical and social
capital on investing in genetically modified crops and changing the growing season are
negligible compared to the non-acceptance of such capital. Weighted meta-regression analysis
indicates that enhancing livelihood capital positively influences investment in product genetic
modification and crop season changes. However, the mean effects of improving livelihood
capital are lower than the median effects of owning such capital. This suggests that livelihood
platforms can significantly contribute to crop genetic modification and seasonal adaptation for
specialized cultivation. The findings on the impact of improving livelihood capitals on genetic
modification of products and crop scheduling can be confirmed by Kuang et al. (2020) and
Shinbrot et al. (2019). Kuang et al. (2020) showed that the main livelihood risks in agricultural
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production in China include natural and market risks. The results of Shinbrot et al. (2019) on
the adaptation strategies by farmers in Mexico showed that diversity of crop species and
changing planting dates are among the most common climate-smart strategies. Natural capital
in the form of agricultural land ownership, physical capital including farm equipment, and
social capital in terms of group membership affect farmers' adaptation to climate change. In
addition, better understanding of climate variables by farmers affects their likelihood of

adaptation.

5.3. Land use management and pest management

The results showed that natural, financial, and social capitals can affect the median of land
use management, by 25.6%, 9.3%, and 10.8%, respectively. Therefore, the livelihood platform
can improve land use for production, protection, or aesthetic reasons. Furthermore, natural and
physical capitals can control the number of pests to an acceptable threshold, by 8.9%, and 7.2%,
respectively. Weighted meta-regression results indicate that improving livelihood capitals
positively impacts both land use and pest management. The greater mean effects compared to
median effects suggest that actively improving livelihood capitals has a more substantial
impact than simply possessing them. Overall, livelihood capitals are crucial for advancing land
use management and efficient pest management. The findings on the impact of improving
livelihood assets on land use management and pest management can be consistent with the
results of studies by Kuang et al. (2019) and Zeveld et al. (2000), who examined the
relationship between livelihood assets and farmers' adaptation strategies to climate change in
China. Livelihood capital in the form of natural and unnatural capitals has played an important
role in adopting adaptation strategies. Zeweld et al. (2000) showed that human capital (in the
form of education, labor supply, agricultural extension, risk reduction attitudes, and agricultural
experience), natural capital (in the form of soil conditions), and social capital are factors that
influence farmers' decisions in adopting adaptation methods. Climate-smart strategies are
adopted individually or jointly from sustainable integrated practices that increase crop

production, household revenue, and capitals.

6. Conclusion

The effects of climate change can be reduced by the application of the CSA approach such
as improving land use management, following new agricultural technologies, and applying
effective management techniques. Therefore, following the perspective of CSA, sustainable

agriculture is based on integrated management by agricultural agents. Livelihood capitals can
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significantly improve farmers' technical knowledge, facilitating the adoption of climate-smart
technologies. Furthermore, these capitals significantly influence genetic modification of
products and changes in crop seasons. While the combination of natural, financial, social, and
human capitals affects genetic crop modification, owning them affects the change of crop
season. To address the third research question, the results showed that the livelihood platform
has a positive and significant impact on land use management and pest management. Thus, the
livelihood base can improve land use management and pest control practices. The fourth
question of this research examined the spatial-temporal effects of the ownership of livelihood
assets. Among the temporal effects of capital improvements, the most positive effect is on
farmers' technical knowledge implementation. According to the results, European countries
have the greatest positive impact of capital, while Asian countries may feel the least positive
effect of capital on investment in crop genetic improvement. Finally, the findings of this study
indicate that improving livelihood assets can be effective for the main elements of CSA.

Furthermore, climate change and political shocks can be unfavorable to achieve perfect
adaptation to climate change in the world. Policy-makers should consider the global
perspectives of the livelihood platform based on the benefits. Probably the most beneficial
effect of livelihood capitals is that it improves land use for farmers in the face of climate
change. In addition, livelihood capitals enable the achievement of sustainable goals and enable
farmers to engage in activities that will increase resilience to climate change in the future.
Finally, changing the growing season and increasing the length of the growing season reduce
the risk of flooding and crop destruction. In addition, the CSA enables development and food
security by increasing productivity and incomes and enhancing the resilience of livelihoods.
Based on the findings of this study, it is recommended that policymakers enhance farmers'
climate knowledge and adaptation by explicitly promoting adaptation strategies through
climate training workshops. A multifaceted approach to improving farmers' resources is also
recommended by implementing programs such as crop diversification. Therefore, it is
recommended that future studies focus on land use of natural capital and examine resilience
enhancement through adaptation strategies. In addition, various cost reduction methods,
including fixed and variable costs, should be considered to promote future livelihood capitals.
A limitation of this study was its focus on English-language articles, which may have included

articles on climate-smart agriculture for sustainable livelihoods in other languages.

29



409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442

Reference

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(11), 132. d0i:10.3390/cli7110132.

Acharjee, T.K., van Halsema, G., Ludwig, F., Hellegers, P., Supit, 1., 2019. Shifting planting
date of Boro rice as a climate change adaptation strategy to reduce water use. Agricultural
Systems, 168, 131-143. doi:10.1016/j. agsy.2018.11.006.

Adego, T., Simane, B., Woldie, G.A., 2018. Sustainability, institutional arrangement and
challenges of community based climate smart practices in northwest Ethiopia. Agriculture
& Food Security, 7, 56. doi:10.1186/s40066-018-0206-0.

Agyeman, Y.B., Yeboah, A.O., Ashie, E., 2019. Protected areas and poverty reduction: The
role of ecotourism livelihood in local communities in Ghana. Community Development, 1—
19. doi:10.1080/15575330.2019.1572635.

Ahmed, Z., Asghar, M.M., Malik, M.N., Nawaz, K., 2020. Moving towards a sustainable
environment: The dynamic linkage between natural resources, human capital, urbanization,
economic growth, and ecological footprint in China. Resources Policy, 67, 101677.
doi:10.1016/j. resourpol.2020.1016.

Amadu, F.O., McNamara, P.E., Miller, D.C., 2020. Understanding the adoption of climate-
smart agriculture: A farm-level typology with empirical evidence from southern Malawi.
World Development. 126, 104692. doi:10.1016/j.worlddev.2019.10469.

Andreotti, F., Speelman, E.N., Van den Meersche, K., Allinne, C., 2020. Combining
participatory games and backcasting to support collective scenario evaluation: an action
research approach for sustainable agroforestry landscape management. Sustainability
Science. 15, 1383-1399. https://doi.org/10.1007/s11625-020-00829-3.

Andrews, N., 2018. Land versus livelithoods: Community perspectives on dispossession and
marginalization in Ghana’s mining sector. Resources Policy.
doi:10.1016/j.resourpol.2018.05.0.

Andrieu, N., Sogoba, B., Zougmore, R., Howland, F., Samake, O., Bonilla-Findji, O., Corner-
Dolloff, C., 2017. Prioritizing investments for climate-smart agriculture: Lessons learned
from Mali. Agricultural Systems,154, 13-24. doi:10.1016/j.agsy.2017.02.008.

Aryal, J.P., Jat, M.L., Sapkota, T.B., Khatri-Chhetri, A., Kassie, M., Rahut, D.B., Maharjan,
S., 2018. Adoption of multiple climate-smart agricultural practices in the Gangetic plains of
Bihar, India, International Journal of Climate Change Strategies and Management, 10(3),

407-427. doi:10.1108/IJCCSM-02-2017-0025.

30



443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475

Aryal, J.P., Sapkota, T.B., Rahut, D.B., Jat, M.L., 2020. Agricultural sustainability under
emerging climatic variability: the role of climate-smart agriculture and relevant policies in
India. International Journal of Innovation and Sustainable Development. 14(2), 219.
doi:10.1504/1jisd.2020.106243.

Azadi, H., Keramati, P., Taheri, F., Rafiaani, P., Teklemariam, D., Gebrehiwot, K., Witlox, F.,
2018. Agricultural land conversion: Reviewing drought impacts and coping strategies.
International Journal of Disaster Risk Reduction, 31, 184-195.
doi:10.1016/;.1jdrr.2018.05.003.

Azadi, H., Movahhed Moghaddam, S., Burkart, S., Mahmoudi, H., Van Passel, S., Kurban, A.,
Lopez-Carr, D., 2021. Rethinking resilient agriculture: From Climate-Smart Agriculture to
Vulnerable-Smart ~ Agriculture.  Journal of  Cleaner  Production,  128602.
doi:10.1016/j.jclepro.2021.128602.

Aazami, M., Shanazi, K., 2020. Tourism wetlands and rural sustainable livelihood: The case
from Iran. Journal of Outdoor Recreation and Tourism, 30, 100284. doi:10.1016/j.jort.
2020.100284

Bateman, 1.J., Mace, G.M., 2020. The natural capital framework for sustainably efficient and
equitable decision making. Nature Sustainability, 3, 776—783. doi:10.1038/s41893-020-
0552-3.

Berchoux, T., Watmough, G.R., Hutton, C.W., Atkinson, P.M., 2019. Agricultural shocks and
drivers of livelihood precariousness across Indian rural communities. Landscape and Urban
Planning, 189, 307-319. doi:10.1016/j.landurbplan.2019.04.

Berkes, F., 2017. Environmental Governance for the Anthropocene? Social-Ecological
Systems, Resilience, and Collaborative Learning. Sustainability, 9(7), 1232.
doi:10.3390/su9071232.

Bezner Kerr, R., Kangmennaang, J., Dakishoni, L., Nyantakyi-Frimpong, H., Lupafya, E.,
Shumba, L., Luginaah, 1., 2019. Participatory agroecological research on climate change
adaptation improves smallholder farmer household food security and dietary diversity in
Malawi. Agriculture, Ecosystems & Environment, 279, 109-121.
doi:10.1016/j.agee.2019.04.004.

Bhatt, R., Kaur, R., Ghosh, A., 2019. Strategies to Practice Climate-Smart Agriculture to
Improve the Livelihoods Under the Rice-Wheat Cropping System in South Asia. In: Meena
R., Kumar S., Bohra J., Jat M. (eds) Sustainable Management of Soil and Environment.

Springer, Singapore. doi:10.1007/978-981-13-8832-3 2.

31



476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507

Bhattacharyya, P., Pathak, H., Pal, S., 2020. Livestock and Aquaculture Management for
Climate-Smart Agriculture. In: Climate Smart Agriculture. International Journal of Green
Energy, Springer, Singapore. doi:10.1007/978-981-15-9132-7 8.

Blaser, W.J., Oppong, J., Hart, S.P., Landolt, J., Yeboah, E., Six, J., 2018. Climate-smart
sustainable agriculture in low-to-intermediate shade agroforests. Nature Sustainability, 1(5),
234-239. doi:10.1038/s41893-018-0062-8.

Brecher, C., Kusmenko, E., Lindt, A., Rumpe, B., Storms, S., Wein, S., Wortmann, A., 2018.
Multi-Level Modeling Framework for Machine as a Service Applications Based on Product
Process Resource Models. Proceedings of the 2nd International Symposium on Computer
Science and Intelligent Control - ISCSIC ’18. doi:10.1145/3284557.3284714.

Burson, B., Kilin, W., McAdam, J., Weerasinghe, S., 2018. The Duty to Move People Out of
Harm’s Way in the Context of Climate Change and Disasters. Refugee Survey Quarterly,
37(4),379-407. doi:10.1093/rsq/hdy015.

Busck, O., Schmidt, J.D., 2020. Development, Ecology and Climate Change: Resistance by the
Peasantry. Journal of Development Policy and Practice, 245513332090991.
doi:10.1177/2455133320909912.

Cauchi, J.P., Moncada, S., Bambrick, H., Correa-Velez, 1., 2020. Coping with environmental
hazards and shocks in Kiribati: Experiences of climate change by atoll communities in the
Equatorial Pacific. Environmental Development, 100549.
doi:10.1016/j.envdev.2020.100549.

Chandra, A., McNamara, K.E., Dargusch, P., 2017. Climate-smart agriculture: perspectives
and framings. Climate Policy, 18(4), 526—-541. doi:10.1080/14693062.2017.1316968.

Chaudhary, S., McGregor, A., Houston, D., Chettri, N., 2018. Environmental justice and
ecosystem services: A disaggregated analysis of community access to forest benefits in
Nepal. Ecosystem Services, 29, Part A, 99-115. doi:10.1016/j.ecoser.2017.10.020.

Chhogyel, N., Kumar, L., 2018. Climate change and potential impacts on agriculture in Bhutan:
a discussion of pertinent issues. Agriculture & Food Security, 7, 79. doi:10.1186/s40066-
018-0229-6.

Chojnacka, K., Witek-Krowiak, A., Moustakas, K., Skrzypczak, D., Mikula, K., Loizidou, M.,
2020. A transition from conventional irrigation to fertigation with reclaimed wastewater:
Prospects and challenges. Renewable and Sustainable Energy Reviews. 130, 109959.
doi:10.1016/j.rser.2020.109959.

32



508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541

Cohen, J.R., 2018. The behavioral and cognitive relevance of time-varying, dynamic changes
in functional connectivity. Neurolmage. 180, 515-525.
doi:10.1016/j.neuroimage.2017.09.036.

Corbet, S., Meegan, A., Larkin, C., Lucey, B., Yarovaya, L., 2018. Exploring the dynamic
relationships between cryptocurrencies and other financial assets. Economics Letters. 165,
28-34. doi:10.1016/j.econlet.2018.01.004.

Cordoba Vargas, C.A., Hortia Romero, S., Ledn Sicard, T., 2019. Key points of resilience to
climate change: a necessary debate from agroecological systems. Climate and Development.
1-11. doi:10.1080/17565529.2019.1664376.

Costa, C.A., Guiné, R.P.F., Costa, D.V.T.A., Correia, H.E., Nave, A., 2019. Pest Control in
Organic Farming. Organic Farming, 41-90. doi:10.1016/b978-0-12-813272-2.00003-3.
Costanza, J. K., Watling, J., Sutherland, R., Belyea, C., Dilkina, B., Cayton, H., Haddad, N.M.,
2020. Preserving connectivity under climate and land-use change: No one-size-fits-all
approach for focal species in similar habitats. Conservation Physiology, 248, 108678.

doi:10.1016/j.biocon.2020.108678.

Cox, C., Jin, L., Ganjegunte, G., Borrok, D., Lougheed, V., Ma, L., 2018. Soil quality changes
due to flood irrigation in agricultural fields along the Rio Grande in western Texas. Applied
Geochemistry, 90, 87-100. doi:10.1016/j.apgeochem.2017.12.019.

Dapilah, F., Nielsen, J.9., Friis, C., 2019. The role of social networks in building adaptive
capacity and resilience to climate change: a case study from northern Ghana. Climate and
Development, 1-15. doi:10.1080/17565529.2019.1596063.

Davis, L.E., 2017. FINANCIALIZATION AND INVESTMENT: A SURVEY OF THE
EMPIRICAL LITERATURE. Journal of Economic Surveys, 31(5), 1332-1358.
doi:10.1111/joes.12242.

De Pinto, A., Cenacchi, N., Kwon, H.-Y., Koo, J., Dunston, S., 2020. Climate smart agriculture
and  global  food-crop  production. = PLOS  ONE, 15(4), €0231764.
doi:10.1371/journal.pone.0231764.

Devos, Y., Ortiz-Garcia, S., Hokanson, K.E., Raybould, A., 2018. Teosinte and
maize X teosinte hybrid plants in Europe—Environmental risk assessment and management
implications for genetically modified maize. Agriculture, Ecosystems & Environment, 259,
19.

Dinesh, D., Zougmore, R., Vervoort, J., Totin, E., Thornton, P., Solomon, D., Campbell, B.,
2018. Facilitating Change for Climate-Smart Agriculture through Science-Policy
Engagement. Sustainability, 10(8), 2616. doi:10.3390/su10082616.

33



542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575

Doucouliagos, C., 2016. Meta-regression analysis: Producing credible estimates from diverse
evidence, IZA World of Labor, ISSN 2054-9571, Institute for the Study of Labor (IZA),
Bonn, Iss. 320. doi:10.15185/izawol.320.

Dutta, S., Maiti, S., Garai, S., Abrar, F., Jha, S.K., Bhakat, M., Mandal, S., Kadian, K.S., 2020.
Analyzing adaptation strategies to climate change followed by the farming community of
the Indian Sunderbans using Analytical Hierarchy Process. Journal of Coastal Conservation,
24(5), 61. doi:10.1007/s11852-020-00779-z.

Eze, S., Dougill, A. J., Banwart, S. A., Sallu, S. M., Mgohele, R. N., & Senkoro, C. J. 2022.
Assessing soil system changes under climate-smart agriculture via farmers' observations and
conventional soil testing. Land Degradation & Development, 33(14), 2635-2646.
https://doi.org/10.1002/1dr.4339

Fagariba, C., Song, S., Soule Baoro, S., 2018. Climate Change Adaptation Strategies and
Constraints in Northern Ghana: Evidence of Farmers in Sissala West District. Sustainability,
10(5), 1484. doi:10.3390/sul0051484.

Feurer, M., Gritten, D., Than, M., 2018. Community Forestry for Livelihoods: Benefiting from
Myanmar’s Mangroves. Forests, 9(3), 150. doi:10.3390/f9030150.

Findlater, K.M., Kandlikar, M., Satterfield, T., 2019. Misunderstanding conservation
agriculture: Challenges in promoting, monitoring and evaluating sustainable farming.
Environmental Science & Policy, 100, 47-54. doi:10.1016/j.envsci.2019.05.027.

Flores, E., Xu, X., Lu, Y., 2020. Human Capital 4.0: a workforce competence typology for
Industry 4.0, Journal of Manufacturing Technology Management. 31(4), 687-703.
doi:10.1108/JIMTM-08-2019-0309.

Florini, A., Pauli, M., 2018. Collaborative governance for the Sustainable Development Goals.
Asia & the Pacific Policy Studies. doi:10.1002/app5.252.

Franciosi, C., Voisin, A., Miranda, S., Riemma, S., lung, B., 2020. Measuring maintenance
impacts on sustainability of manufacturing industries: from a systematic literature review to
a framework proposal. Journal of  Cleaner Production, 121065.
doi:10.1016/j.jclepro.2020.121065.

G. Hermans, T. D., Whitfield, S., Dougill, A. J., & Thierfelder, C. 2021. Why we should rethink
‘adoption’ in agricultural innovation: Empirical insights from Malawi. Land Degradation &
Development, 32(4), 1809-1820. https://doi.org/10.1002/1dr.3833

Gaitan-Espitia, J.D., Hobday, A.J., 2020. Evolutionary principles and genetic considerations
for guiding conservation interventions under climate change. Global Change Biology, 27(3),

475-488. doi:10.1111/gcb.15359.

34



576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609

Gassner, A., Harris, D., Mausch, K., Terheggen, A., Lopes, C., Finlayson, R., Dobie, P., 2019.
Poverty eradication and food security through agriculture in Africa: Rethinking objectives
and entry points. Outlook on Agriculture. 003072701988851.
doi:10.1177/0030727019888513.

Gebru, G.W., Ichoku, H.E., Phil-Eze, P.O., 2020. Determinants of smallholder farmers’
adoption of adaptation strategies to climate change in Eastern Tigray National Regional
State of Ethiopia. Heliyon. 6(7), €04356. doi:10.1016/j.heliyon.2020.e04356.

Ghahtarani, A., Sheikhmohammady, M., Rostami, M., 2019. The impact of social capital and
social interaction on customers’ purchase intention, considering knowledge sharing in social
commerce context. Journal of Innovation & Knowledge. doi:10.1016/j.jik.2019.08.004.

Giuliani, E., Ciravegna, L., Vezzulli, A., Kilian, B., 2017. Decoupling Standards from Practice:
The Impact of In-House Certifications on Coffee Farms’ Environmental and Social
Conduct. World Development. 96, 294-314. doi:10.1016/j.worlddev.2017.03.01.

Gosnell, H., Gill, N., Voyer, M., 2019. Transformational adaptation on the farm: Processes of
change and persistence in transitions to “climate-smart” regenerative agriculture. Global
Environmental Change, 59, 101965. doi:10.1016/j.gloenvcha.2019.1019.

Hammond, J., Fraval, S., van Etten, J., Suchini, J.G., Mercado, L., Pagella, T., van Wijk, M.T.,
2017. The Rural Household Multi-Indicator Survey (RHoMIS) for rapid characterisation of
households to inform climate smart agriculture interventions: Description and applications
in East Africa and Central America. Agricultural Systems, 151, 225-233.
doi:10.1016/j.agsy.2016.05.003.

Hasegawa, T., Fujimori, S., Havlik, P., Valin, H., Bodirsky, B.L., Doelman, J.C., Witzke, P.,
2018. Risk of increased food insecurity under stringent global climate change mitigation
policy. Nature Climate Change. 8(8), 699—703. doi:10.1038/s41558-018-0230-x

Heeb, L., Jenner, E., Cock, M.J.W., 2019. Climate-smart pest management: building resilience
of farms and landscapes to changing pest threats. Journal of Pest Science, 92, 951-969.
doi:10.1007/s10340-019-01083-y.

Hellin, J., Fisher, E., 2019. Climate-Smart Agriculture and Non-Agricultural Livelihood
Transformation. Climate. 7(4), 48. doi:10.3390/c1i7040048.

Ho, T.T., Shimada, K., 2019. The Effects of Climate Smart Agriculture and Climate Change
Adaptation on the Technical Efficiency of Rice Farming—An Empirical Study in the
Mekong Delta of Vietnam. Agriculture. 9(5), 99. doi:10.3390/agriculture9050099.

Hossain, B., Sohel, M.S., Ryakitimbo, C.M., 2020. Climate change induced extreme flood

disaster in Bangladesh: Implications on people’s livelihoods in the Char Village and their

35



610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643

coping mechanisms. Progress in Disaster Science. 6, 100079.
doi:10.1016/j.pdisas.2020.100079.

Hota, P.K., Mitra, S., 2021. Leveraging the Power of Sharing: The Case of a Social Enterprise
at the Base of the Pyramid. In: Qureshi L., Bhatt B., Shukla D.M. (eds) Sharing Economy at
the Base of the Pyramid. Springer, Singapore. doi:10.1007/978-981-16-2414-8 7.

Hou, P., Liu, Y., Liu, W., Yang, H., Xie, R., Wang, K., Ming, B., Liu, G., Xue, J., Wang, Y.,
Zhao, R., Zhang, W., Wang, Y., Bian, S., Ren, H., Zhao, X., Liu, P., Chang, J., Zhang, G.,
Liu, J., Yuan, L., Zhao, H., Shi, L., Zhang, L., Yu, L., Gao, J., Yu, X., Wang, Z., Shen, L.,
Ji, P., Yang, S., Zhang, Z., Xue, J., Ma, X., Wang, X., Lu, T., Dong, B., Li, B., Ma, B., Li,
J., Deng, X., Liu, Y., Yang, Q., Jia, C., Chen, X., Fu, H., Li, S., 2021. Quantifying maize
grain yield losses caused by climate change based on extensive field data across China.
Resources, Conservation and Recycling. 174, 105811.
doi:10.1016/j.resconrec.2021.105811.

loannis, M., George, M., Socrates, M., 2019. A Community-Based Agro-Food Hub Model for
Sustainable Farming. Sustainability. 11(4), 1017. doi:10.3390/sul1041017.

Islam, M.T., Nursey-Bray, M., 2017. Adaptation to climate change in agriculture in
Bangladesh: The role of formal institutions. Journal of Environmental Management, 200,
347-358. doi:10.1016/j.jenvman.2017.05.092.

Kabonga, I., Mhembwe, S., Dziva, C., 2021. The Reconstruction of Livelihoods by Survivors
of Cyclone Idai in the Chimanimani District of Zimbabwe. In: Nhamo G., Chikodzi D. (eds)
Cyclones in Southern Africa. Sustainable Development Goals Series. Springer, Cham.
doi:10.1007/978-3-030-74303-1_10.

Karimi, V., Karami, E., Keshavarz, M., 2018. Climate change and agriculture: Impacts and
adaptive responses in Iran. Journal of Integrative Agriculture, 17(1), 1-15.
doi:10.1016/s2095-3119(17)61794-5.

Kassam, A., Friedrich, T., Derpsch, R., 2018. Global spread of Conservation Agriculture.
International Journal of Environmental Studies, 1-23.
doi:10.1080/00207233.2018.1494927.

Keith, H., Vardon, M., Stein, J.A., Stein, J.L., Lindenmayer, D., 2017. Ecosystem accounts
define explicit and spatial trade-offs for managing natural resources. Nature Ecology &
Evolution, 1(11), 1683-1692. doi:10.1038/s41559-017-0309-1.

Khan, S.Z., Yang, Q., Waheed, A., 2018. Investment in intangible resources and capabilities
spurs sustainable competitive advantage and firm performance. Corporate Social

Responsibility and Environmental Management. doi:10.1002/csr.1678.

36



644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675

Khatri-Chhetri, A., Pant, A., Aggarwal, P.K., Vasireddy, V.V., Yadav, A., 2019. Stakeholders
prioritization of climate-smart agriculture interventions: Evaluation of a framework.
Agricultural Systems, 174, 23-31. doi:10.1016/j.agsy.2019.03.002.

King, B., Fielke, S., Bayne, K., Klerkx, L., Nettle, R., 2019. Navigating shades of social capital
and trust to leverage opportunities for rural innovation. Journal of Rural Studies.
doi:10.1016/j.jrurstud.2019.02.003.

Kliimper, W., Qaim, M., 2014. A meta-analysis of the impacts of genetically modified crops.
PloS One 9, e111629. Doi:10.1371/journal.pone.0111629.

Kogo, B.K., Kumar, L., Koech, R., 2021. Climate change and variability in Kenya: a review of
impacts on agriculture and food security. Environment, Development and Sustainability. 23,
23-43. doi:10.1007/s10668-020-00589-1.

Kongsager, R., 2017. Barriers to the Adoption of Alley Cropping as a Climate-Smart
Agriculture Practice: Lessons from Maize Cultivation among the Maya in Southern Belize.
Forests, 8(7), 260. doi:10.3390/f8070260.

Kuang, F., Jin, J., He, R., Wan, X., Ning, J., 2019. Influence of livelihood capital on adaptation
strategies: Evidence from rural households in Wushen Banner, China. Land Use Policy, 89,
104228. doi:10.1016/j.1andusepol.2019.104228.

Kuang, F., Jin, J., He, R., Ning, J., Wan, X., 2020. Farmers’ livelihood risks, livelihood assets
and adaptation strategies in Rugao City, China. Journal of Environmental Management, 264,
110463. doi:10.1016/j.jenvman.2020.110463.

Ladha, J.K., Jat, M.L., Stirling, C.M., Chakraborty, D., Pradhan, P., Krupnik, T.J., Gerard, B.,
2020. Achieving the sustainable development goals in agriculture: The crucial role of
nitrogen in cereal-based systems. Advances in Agronomy.
doi:10.1016/bs.agron.2020.05.006.

Leach, K., Grigg, A., O’Connor, B., Brown, C., Vause, J., Gheyssens, J., Jones, M., 2019. A
common framework of natural capital assets for use in public and private sector decision
making. Ecosystem Services, 36, 100899. doi:10.1016/j.ecoser.2019.100899.

Lee, S., 2021. In the Era of Climate Change: Moving Beyond Conventional Agriculture in
Thailand. Asian Journal of Agriculture and Development, 18(1), 1-14.
doi:10.22004/ag.econ.311397.

Levy, J., 2017. Capital as Process and the History of Capitalism. Business History Review,
91(03), 483-510. doi:10.1017/s0007680517001064.

37



676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709

Loboguerrero, A.M., Campbell, B., Cooper, P., Hansen, J., Rosenstock, T., Wollenberg, E.,
2019. Food and Earth Systems: Priorities for Climate Change Adaptation and Mitigation for
Agriculture and Food Systems. Sustainability, 11(5), 1372. doi:10.3390/sul1051372.

Lin, Y., He, C., 2021. Evaluation of Livelihood Sustainability in the Context of Natural Forest
Land Degradation Vulnerability: A Case Study of Five Counties in China. Sustainability,
13, 6580. doi:10.3390/su13126580.

Liu, W, Li, J.,, Ren, L., Xu, J,, Li, C., Li, S., 2020. Exploring Livelihood Resilience and Its
Impact on Livelihood Strategy in Rural China. Social Indicators Research.
doi:10.1007/s11205-020-02347-2.

Ma, L., Liu, S., Niu, Y., Chen, M., 2018. Village-Scale Livelihood Change and the Response
of Rural Settlement Land Use: Sihe Village of Tongwei County in Mid-Gansu Loess Hilly
Region as an Example. International Journal of Environmental Research and Public Health,
15(9), 1801. doi:10.3390/ijerph15091801.

Maja, M.M., Ayano, S.F., 2021. The Impact of Population Growth on Natural Resources and
Farmers’ Capacity to Adapt to Climate Change in Low-Income Countries. Earth Systems
and Environment, 5, 271-283. doi:10.1007/s41748-021-00209-6.

Makate, C., 2019. Effective scaling of climate smart agriculture innovations in Aftrican
smallholder agriculture: A review of approaches, policy and institutional strategy needs.
Environmental Science & Policy, 96, 37-51. doi:10.1016/j.envsci1.2019.01.014.

Makate, C., Makate, M., Mango, N., Siziba, S., 2019. Increasing resilience of smallholder
farmers to climate change through multiple adoption of proven climate-smart agriculture
innovations. Lessons from Southern Africa. Journal of Environmental Management, 231,
858-868. doi:10.1016/j.jenvman.2018.10.069.

Makate, C., 2020. Local institutions and indigenous knowledge in adoption and scaling of
climate-smart agricultural innovations among sub-Saharan smallholder farmers.
International Journal of Climate Change Strategies and Management, 12(2), 270-287.
doi:10.1108/IJCCSM-07-2018-0055.

Mango, N., Makate, C., Tamene, L., Mponela, P., Ndengu, G., 2018. Adoption of Small-Scale
Irrigation Farming as a Climate-Smart Agriculture Practice and Its Influence on Household
Income in the Chinyanja Triangle, Southern Africa. Land, 7(2), 49.
doi:10.3390/1and7020049.

Mashizha, T.M., 2019. Adapting to climate change: Reflections of peasant farmers in
Mashonaland West Province of Zimbabwe. Jamba Journal of Disaster Risk Studies. 11(1).
doi:10.4102/jamba.v11i1.571.

38



710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742

Masud-All-Kamal, M., Monirul Hassan, S.M., 2018. The link between social capital and
disaster recovery: evidence from coastal communities in Bangladesh. Natural Hazards, 93,
1547-1564. doi:10.1007/s11069-018-3367-z.

Meemken, E.-M., 2020. Do smallholder farmers benefit from sustainability standards? A
systematic review and meta-analysis. Global Food Security, 26, 100373.
doi:10.1016/j.gf5.2020.100373.

Mengistu, F., Assefa, E., 2020. Enhancing livelihood assets of households through watershed
management intervention program: case of upper Gibe basin, Southwest Ethiopia.
Environment, Development and Sustainability, 22, 7515-7546.doi:10.1007/s10668-019-
00534-x.

Merino-Saum, A., Baldi, M.G., Gunderson, 1., Oberle, B., 2018. Articulating natural resources
and sustainable development goals through green economy indicators: A systematic
analysis. Resources, Conservation and Recycling, 139, 90-103.
doi:10.1016/j.resconrec.2018.07.6.

Mishra, A., Ketelaar, J.W., Uphoff, N., Whitten, M., 2021. Food security and climate-smart
agriculture in the lower Mekong basin of Southeast Asia: evaluating impacts of system of
rice intensification with special reference to rainfed agriculture. International Journal of
Agricultural Sustainability, 19(2), 152-174. doi:10.1080/14735903.2020.1866852.

Moya-Clemente, I., Ribes-Giner, G., Pantoja-Diaz, O., 2019. Configurations of sustainable
development goals that promote sustainable entrepreneurship over time. Sustainable
Development. doi:10.1002/sd.2009.

Miiller, O., Fay, M., vom Brocke, J., 2018. The Effect of Big Data and Analytics on Firm
Performance: An Econometric Analysis Considering Industry Characteristics. Journal of
Management Information Systems, 35(2), 488-509. doi:10.1080/07421222.2018.1451955.

Narayanan, S., Chaniotakis, E., Antoniou, C., 2020. Shared autonomous vehicle services: A
comprehensive review. Transportation Research Part C: Emerging Technologies. 111, 255—
293. doi:10.1016/j.trc.2019.12.008.

Neves, C., Oliveira, T., & Santini, F. 2024. Citizen participation in local energy communities:
a meta and weight analysis. Sustainability: Science, Practice and Policy, 20(1), 2366628.
Nguyen, M.T., Renaud, F.G., Sebesvari, Z., 2018. Drivers of change and adaptation pathways
of agricultural systems facing increased salinity intrusion in coastal areas of the Mekong
and Red River deltas in Vietnam. Environmental Science & Policy,

doi:10.1016/j.envsci.2018.10.016.

39



743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

Nhemachena, C., Matchaya, G., Nhemachena, C., Karuaihe, S., Muchara, B., Nhlengethwa, S.,
2018. Measuring Baseline Agriculture-Related Sustainable Development Goals Index for
Southern Africa. Sustainability, 10(3), 849. doi:10.3390/su10030849.

Nirino, N., Ferraris, A., Miglietta, N., Invernizzi, A.C., 2020. Intellectual capital: the missing
link in the corporate social responsibility—financial performance relationship. Journal of
Intellectual Capital, ahead-of-print(ahead-of-print). doi:10.1108/jic-02-2020-0038.

Nisar, T. M., Prabhakar, G., Strakova, L., 2018. Social media information benefits, knowledge
management and  smart organizations. Journal of Business  Research,
doi:10.1016/j.jbusres.2018.05.005.

Odusola, A., 2021. Agriculture as the Fulcrum of Inclusive Development in Africa. In: Africa's
Agricultural Renaissance. Palgrave Macmillan, Cham. doi:10.1007/978-3-030-65748-2 2.

Owen, G., 2020. What makes climate change adaptation effective? A systematic review of the
literature. Global Environmental Change, 62, 102071. doi:10.1016/j.gloenvcha.2020.1020.

Oyebola, O.0., Efitre, J., Musinguzi, L., Augustine, E.F., 2021. Potential adaptation strategies
for climate change impact among flood-prone fish farmers in climate hotspot Uganda.
Environment, Development and Sustainability, 23, 12761-12790. doi:10.1007/s10668-020-
01183-1.

Ozkeser, B., 2019. Impact of training on employee motivation in human resources
management. Procedia Computer Science, 158, 802—810. doi:10.1016/j.procs.2019.09.117.

Partey, S.T., Zougmoré¢, R.B., Ouédraogo, M., Campbell, B.M., 2018. Developing climate-
smart agriculture to face climate variability in West Africa: Challenges and lessons learnt.
Journal of Cleaner Production, 187, 285-295. doi:10.1016/j.jclepro.2018.03.199.

Pasanchay, K., Schott, C., 2021. Community-based tourism homestays’ capacity to advance
the Sustainable Development Goals: A holistic sustainable livelihood perspective. Tourism
Management Perspectives, 37, 100784. doi:10.1016/j.tmp.2020.100784.

Pigott, T.D., Polanin, J.R., 2020. Methodological Guidance Papers: High-Quality Meta-
Analysis in a Systematic Review. Review of Educational Research, 90(1), 24-46.
doi:10.3102/0034654319877153.

Prestele, R., Verburg, P.H., 2019. The overlooked spatial dimension of climate-smart
agriculture. Global Change Biology, 26(3), 1045-1054. doi:10.1111/gcb.14940.

Psacharopoulos, G., Patrinos, H.A., 2018. Returns to investment in education: a decennial
review of the global literature. Education Economics, 26(5), 445-458.
doi:10.1080/09645292.2018.1484426.

40



776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809

Raman, R., 2017. The impact of Genetically Modified (GM) crops in modern agriculture: A
review. GM Crops & Food, 8(4), 195-208. doi:10.1080/21645698.2017.1413522.

Raza, A.,Razzaq, A., Mehmood, S., Zou, X., Zhang, X., Lv, Y., Xu, J., 2019. Impact of Climate
Change on Crops Adaptation and Strategies to Tackle Its Outcome: A Review. Plants, 8(2),
34. doi:10.3390/plants8020034.

Reardon, T., Echeverria, R., Berdegué, J., Minten, B., Liverpool-Tasie, S., Tschirley, D.,
Zilberman, D., 2018. Rapid transformation of food systems in developing regions:
Highlighting the role of agricultural research & innovations. Agricultural Systems,
doi:10.1016/j.agsy.2018.01.022.

Rigg, J., Salamanca, A., Phongsiri, M., Sripun, M., 2018. More farmers, less farming?
Understanding the truncated agrarian transition in Thailand. World Development, 107, 327—
337. doi:10.1016/j.worlddev.2018.03.00.

Rodenburg, J., Biichi, L., Haggar, J., 2020. Adoption by adaptation: moving from Conservation
Agriculture to conservation practices. International Journal of Agricultural Sustainability,
1-19. doi:10.1080/14735903.2020.1785734.

Rodriguez-Ortega, T., Olaizola, A.M., Bernués, A., 2018. A novel management-based system
of payments for ecosystem services for targeted agri-environmental policy. Ecosystem
Services, 34, 74-84. doi:10.1016/j.ecoser.2018.09.007.

Ronchini, A., Moretto, A., Caniato, F., 2021. A decision framework for inventory- and
equipment-based supply chain finance solutions. Journal of Purchasing and Supply
Management, 27(4), 100712. doi:10.1016/j.pursup.2021.100712.

Saj, S., Torquebiau, E., Hainzelin, E., Pages, J., Maraux, F., 2017. The way forward: An
agroecological perspective for Climate-Smart Agriculture. Agriculture, Ecosystems &
Environment, 250, 20-24. doi:10.1016/j.agee.2017.09.003.

Sardar, A., Kiani, A.K., Kuslu, Y., 2021. Does adoption of climate-smart agriculture (CSA)
practices improve farmers’ crop income? Assessing the determinants and its impacts in
Punjab province, Pakistan. Environment, Development and Sustainability, 23, 10119—
10140. doi:10.1007/s10668-020-01049-6.

Sarker, M.N.L., Wu, M., Alam, G.M.M., Islam, M.S., 2019. Role of climate smart agriculture
in promoting sustainable agriculture: a systematic literature review. International Journal of
Agricultural Resources, Governance and Ecology, 15(4), 323.
doi:10.1504/ijarge.2019.104199.

Santos, M.S., Rodrigues, T.F., Nogueira, M.A., Hungria, M., 2021. The Challenge of
Combining High Yields with Environmentally Friendly Bioproducts: A Review on the

41



810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841

Compatibility of Pesticides with Microbial Inoculants. Agronomy, 11, 870.
doi:10.3390/agronomy11050870.

Schaafsma, M., Ferrini, S., Turner, R.K., 2019. Assessing smallholder preferences for
incentivised climate-smart agriculture using a discrete choice experiment. Land Use Policy,
88, 104153. doi:10.1016/j.1andusepol.2019.104.

Schipper, E.L.F., 2020. Maladaptation: When Adaptation to Climate Change Goes Very
Wrong. One Earth, 3(4), 409-414. doi:10.1016/j.oneear.2020.09.014.

Senapati, A.K., 2019. Insuring against climatic shocks: Evidence on farm households’
willingness to pay for rainfall insurance product in rural India. International Journal of
Disaster Risk Reduction, 101351. doi:10.1016/}.1jdrr.2019.101351.

Sharifzadeh, M., Abdollahzadeh, G., Damalas, C., Rezaei, R., 2018. Farmers’ Criteria for
Pesticide Selection and Use in the Pest Control Process. Agriculture, 8(2), 24.
doi:10.3390/agriculture8020024.

Shinbrot, X.A., Jones, K.W., Rivera-Castafieda, A., Lopez-Baez, W., Ojima, D.S., 2019.
Smallholder Farmer Adoption of Climate-Related Adaptation Strategies: The Importance of
Vulnerability Context, Livelihood Assets, and Climate Perceptions. Environmental
Management. 63, 583-595. doi:10.1007/s00267-019-01152-z.

Singh, P., Boote, K.J., Kadiyala, M.D.M., Nedumaran, S., Gupta, S.K., Srinivas, K., Bantilan,
M.C.S., 2017. An assessment of yield gains under climate change due to genetic
modification of pearl millet. Science of The Total Environment, 601-602, 1226—1237.
doi:10.1016/j.scitotenv.2017.06.002.

Taylor, M., 2017. Climate-smart agriculture: what is it good for? The Journal of Peasant
Studies, 45(1), 89—107. doi:10.1080/03066150.2017.1312355.

Thornton, P.K., Whitbread, A., Baedeker, T., Cairns, J., Claessens, L., Baethgen, W., Keating,
B., 2018. A framework for priority-setting in climate smart agriculture research.
Agricultural Systems, 167, 161-175. doi:10.1016/j.agsy.2018.09.009.

Totin, E., Segnon, A., Schut, M., Affognon, H., Zougmoré¢, R., Rosenstock, T., Thornton, P.,
2018. Institutional Perspectives of Climate-Smart Agriculture: A Systematic Literature
Review. Sustainability, 10(6), 1990. doi:10.3390/su10061990.

Turkes, R., Sorensen, K., Hvattum, L.M., 2021. Meta-analysis of Metaheuristics: Quantifying
the Effect of Adaptiveness in Adaptive Large Neighborhood Search. European Journal of
Operational Research, 292(2), 423-442. doi:10.1016/j.ej0r.2020.10.045.

42



842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875

Van den Berg, H., Phillips, S., Dicke, M., Fredrix, M., 2020. Impacts of farmer field schools
in the human, social, natural and financial domain: a qualitative review. Food Security.
doi:10.1007/s12571-020-01046-7.

Van den Brink, P.J., Alix, A., Thorbek, P., Baveco, H., Agatz, A., Faber, J.H., Brown, A.R.,
Marshall, S., Maltby, L., 2021. The use of ecological models to assess the effects of a plant
protection product on ecosystem services provided by an orchard. Science of The Total
Environment, 798, 149329. doi:10.1016/j.scitotenv.2021.149329.

Venkatramanan, V., Shah, S., 2019. Climate Smart Agriculture Technologies for
Environmental Management: The Intersection of Sustainability, Resilience, Wellbeing and
Development. In: Shah S., Venkatramanan V., Prasad R. (eds) Sustainable Green
Technologies for Environmental Management. Springer, Singapore. doi:10.1007/978-981-
13-2772-8 2.

Vesco, P., Dasgupta, S., De Cian, E., Carraro, C., 2020. Natural resources and conflict: A meta-
analysis of the empirical literature. Ecological Economics, 172, 106633.
doi:10.1016/j.ecolecon.2020.106633.

Waldman, K.B., Attari, S.Z., Gower, D.B., Giroux, S.A., Caylor, K.K., Evans, T.P., 2019. The
salience of climate change in farmer decision-making within smallholder semi-arid
agroecosystems. Climatic Change. doi:10.1007/s10584-019-02498-3.

Wang, X., Peng, L., Xu, D., Wang, X., 2019. Sensitivity of Rural Households’ Livelihood
Strategies to Livelihood Capital in Poor Mountainous Areas: An Empirical Analysis in the
Upper Reaches of the Min River, China. Sustainability, 11(8), 2193.
doi:10.3390/su11082193.

Wang, P., Yan, J., Hua, X., Yang, L., 2019. Determinants of livelihood choice and implications
for targeted poverty reduction policies: A case study in the YNL river region, Tibetan
Plateau. Ecological Indicators, 101, 1055-1063. doi:10.1016/j.ecolind.2019.02.007.

Westermann, O., Férch, W., Thornton, P., Korner, J., Cramer, L., Campbell, B., 2018. Scaling
up agricultural interventions: Case studies of climate-smart agriculture. Agricultural
Systems, 165, 283-293. doi:10.1016/j.agsy.2018.07.007.

Woodcock, P., Pullin, A.S., Kaiser, M.J., 2014. Evaluating and improving the reliability of
evidence syntheses in conservation and environmental science: A methodology.
Conservation Physiology, 176, 54-62. doi:10.1016/j.biocon.2014.04.020.

Wooldridge, J.M., 2009. Econometrics: Panel Data Methods. In: Meyers R. (eds) Encyclopedia
of Complexity and Systems Science. Springer, New York, NY. doi:10.1007/978-0-387-
30440-3 167.

43



876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908

Xu, J., Henry, A., Sreenivasulu, N., 2020. Rice yield formation under high day and night
temperatures — a prerequisite to ensure future food security. Plant, Cell & Environment.
doi:10.1111/pce.13748.

Xu, X., Wang, L., Sun, M., Fu, C., Bai, Y., Li, C., Zhang, L., 2020. Climate change
vulnerability assessment for smallholder farmers in China: An extended framework. Journal
of Environmental Management, 276, 111315. doi:10.1016/j.jenvman.2020.111315.

Yang, L., Liu, M., Lun, F., Min, Q., Zhang, C., Li, H., 2018. Livelihood Assets and Strategies
among Rural Households: Comparative Analysis of Rice and Dryland Terrace Systems in
China. Sustainability, 10(7), 2525. doi:10.3390/su10072525.

Yiridomoh, G. Y., Bonye, S. Z., Ahmed, A., Aasoglenang, T. A., & Derbile, E. K. 2025.
Climate-Smart Agriculture Adoption and Food Security in Sub-Saharan Africa: A
Systematic Review. Climate Resilience and Sustainability, 4(2), ¢70017.
https://doi.org/10.1002/cli2.70017

Yoon, P.R., Choi, J-Y., 2019. Effects of shift in growing season due to climate change on rice
yield and crop water requirements. Paddy and Water Environment, 18, 291-307.
doi:10.1007/s10333-019-00782-7.

Zeng, X., Guo, S., Deng, X., Zhou, W., Xu, D., 2021. Livelihood risk and adaptation strategies
of farmers in earthquake hazard threatened areas: Evidence from sichuan province, China.
International Journal of Disaster Risk Reduction, 53, 101971.
doi:10.1016/}.1jdrr.2020.101971.

Zeweld, W., Van Huylenbroeck, G., Tesfay, G., Azadi, H., Speelman, S., 2019. Sustainable
agricultural practices, environmental risk mitigation and livelithood improvements:
Empirical evidence from Northern FEthiopia. Land Use Policy. 103799.
doi:10.1016/j.1andusepol.2019.01.002.

Zhang, H., Li, Y., Zhu, J.K., 2018a. Developing naturally stress-resistant crops for a sustainable
agriculture. Nature Plants. 4, 989-996. doi:10.1038/s41477-018-0309-4.

Zhang, Q., Xue, H., Zhao, X., Tang, H., 2018b. Linking livelihood assets of smallholder
households to risk management strategies: an empirical study in China. Environmental
Hazards. 1-21. doi:10.1080/17477891.2018.1538866.

Zhang, D., Du, P., 2020. How China “Going green” impacts corporate performance? Journal
of Cleaner Production. 258, 120604. doi:10.1016/j.jclepro.2020.120604.

Zhang, C., Fang, Y., Chen, X., Congshan, T., 2019. Bibliometric Analysis of Trends in Global
Sustainable Livelihood Research. Sustainability, 11(4). doi:10.3390/sul1041150.

44



909
910
911
912
913
914
915
916

Zhou, D., Meinke, H., Wilson, M., Marcelis, L. F.M., Heuvelink, E.P., 2021. Towards
delivering on the sustainable development goals in greenhouse production systems,
Resources, Conservation and Recycling. 169, 105379.
doi:10.1016/j.resconrec.2020.105379.

Zougmore, R.B., Partey, S.T., Ouedraogo, M., Torquebiau, E., Campbell, B.M., 2018. Facing
climate variability in sub-Saharan Africa: analysis of climate-smart agriculture

opportunities to manage climate-related risks. Cahiers Agricultures. (TSI), 27(3), 1-9.

45



917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949

Appendix A

1.

Akrofi-Atitianti, F., Ifejika Speranza, C., Bockel, L., Asare, R. (2018). Assessing Climate
Smart Agriculture and Its Determinants of Practice in Ghana: A Case of the Cocoa

Production System. Land, 7(1), 30. doi:10.3390/1and7010030

. Akudugu, M.A. (2011). Rural banks’ financial capital and livelihoods development of

women farmers in Ghana. Journal of Enterprising Communities: People and Places in the
Global Economy, 5(4), 248-264. doi:10.1108/17506201111177307

Alemaw, B.F., Simalenga, T. (2015). Climate Change Impacts and Adaptation in Rainfed
Farming Systems: A Modeling Framework for Scaling-Out Climate Smart Agriculture in

Sub-Saharan Africa. American Journal of Climate Change, 4(4), 58825.

. Ali, A., Abdulai, A. (2010). The Adoption of Genetically Modified Cotton and Poverty

Reduction in Pakistan. Journal of Agricultural Economics, 61(1), 175-192.
do0i:10.1111/j.1477-9552.2009.00227.x

. Asrat, P., Simane, B. (2017). Adaptation Benefits of Climate-Smart Agricultural Practices

in the Blue Nile Basin: Empirical Evidence from North-West Ethiopia. In: Leal Filho, W.,
Belay, S., Kalangu, J., Menas, W., Munishi, P., Musiyiwa, K. (eds) Climate Change
Adaptation in Africa. Climate Change Management. Springer, Cham. doi:10.1007/978-3-
319-49520-0 4

. Berchoux, T., Watmough, G.R., Hutton, C.W., Atkinson, P.M. (2019). Agricultural shocks

and drivers of livelihood precariousness across Indian rural communities. Landsc Urban

Plan.189, 307-319. doi:10.1016/j.landurbplan.2019.04.014

. Bhandari, P.B. (2013). Rural livelihood change? Household capital, community resources

and livelihood transition. J Rural Stud. 32, 126-136. doi:10.1016/j.jrurstud.2013.05.001
Bhatt, R., Hossain, A., Singh, P. (2019). Scientific Interventions to Improve Land and Water
Productivity for Climate-Smart Agriculture in South Asia. In: Hasanuzzaman, M. (eds)

Agronomic Crops. Springer, Singapore. doi:10.1007/978-981-32-9783-8 24

. Bhatt, R., Kaur, R., Ghosh, A. (2019). Strategies to Practice Climate-Smart Agriculture to

Improve the Livelihoods Under the Rice-Wheat Cropping System in South Asia. In: Meena,
R., Kumar, S., Bohra, J., Jat, M. (eds) Sustainable Management of Soil and Environment.

Springer, Singapore. doi:10.1007/978-981-13-8832-3 2

10.Bhattacharyya, P., Pathak, H., Pal, S. (2020). Livestock and Aquaculture Management for

Climate-Smart Agriculture. In: Climate Smart Agriculture. Green Energy and Technology.
Springer, Singapore. doi:10.1007/978-981-15-9132-7 8

46



950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981

11.Bisseleua, D.H.B., Idrissou, L., Olurotimi, P., Ogunniyi, A., Mignouna, D., Bamire, S.A.
(2017). Multi-stakeholder process strengthens agricultural innovations and sustainable
livelihoods of farmers in Southern Nigeria. The Journal of Agricultural Education and
Extension, 24(1), 29—49. doi:10.1080/1389224x.2017.1392992

12.Branca, G., Braimoh, A., Zhao, Y., Ratii, M., Likoetla, P. (2020). Are there opportunities
for climate-smart agriculture? Assessing costs and benefits of sustainability investments and
planning  policies in  Southern  Africa. J  Clean  Prod. 123847.
doi:10.1016/j.jclepro.2020.123847

13.Cavanagh, C.J., Chemarum, A.K., Vedeld, P.O., Petursson, J.G. (2017). Old wine, new
bottles? Investigating the differential adoption of “climate-smart” agricultural practices in
western Kenya. J Rural Stud.56, 114—123. doi:10.1016/j.jrurstud.2017.09.010

14.Chaminuka, P., Udo, H.M.J., Eilers, K.C.H.A.M., van der Zijpp, A. (2014). Livelihood roles
of cattle and prospects for alternative land uses at the wildlife/livestock interface in South
Africa. Land Use Policy, 38, 80-90. doi:10.1016/j.Jandusepol.2013.10.007

15.Fentie, A., Beyene, A. D. (2019). Climate-smart agricultural practices and welfare of rural
smallholders in Ethiopia: Does planting method matter? Land Use Policy, 85, 387-396.
doi:10.1016/j.landusepol.2019.04.020

16.Guo, S., Lin, L., Liu, S., Wei, Y., Xu, D., Li, Q., Su, S. (2019). Interactions between
sustainable livelihood of rural household and agricultural land transfer in the mountainous
and hilly regions of Sichuan, China. Sustainable Development. doi1:10.1002/sd.1937

17.Heeb, L., Jenner, E., Cock, M.J.W. (2019). Climate-smart pest management: building
resilience of farms and landscapes to changing pest threats. Journal of Pest Science.
doi:10.1007/s10340-019-01083-y

18.Katung, E., Akankwasa, K. (2010). COMMUNITY-BASED ORGANIZATIONS AND
THEIR EFFECT ON THE ADOPTION OF AGRICULTURAL TECHNOLOGIES IN
UGANDA: A STUDY OF BANANA (MUSA SPP.) PEST MANAGEMENT
TECHNOLOGY. Acta Horticulturae, (879), 719-726.
doi:10.17660/actahortic.2010.879.77

19.Kiani, A.K., Sardar, A., Khan, W.U., He, Y., Bilgic, A., Kuslu, Y., Raja, M.A.Z. (2021).
Role of Agricultural Diversification in Improving Resilience to Climate Change: An
Empirical ~ Analysis  with ~ Gaussian  Paradigm.  Sustainability, 13, 9539.
doi:10.3390/su13179539

47



982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014

20.Kuang, F., Jin, J., He, R., Wan, X., Ning, J. (2019). Influence of livelihood capital on
adaptation strategies: Evidence from rural households in Wushen Banner, China. Land Use
Policy, 89, 104228. doi:10.1016/j.landusepol.2019.104228

21.Li, M., Huo, X., Peng, C., Qiu, H., Shangguan, Z., Chang, C., Huai, J. (2017).
Complementary livelihood capital as a means to enhance adaptive capacity: A case of the
Loess Plateau, China. Glob Environ Change. 47, 143-152.
doi:10.1016/j.gloenvcha.2017.10.004

22.Liu, H., Hao, H., Hu, X., Du, L., Zhang, Z., Li, Y. (2020). Livelihood Diversification of
Farm Households and Its Impact on Cultivated Land Utilization in Agro-pastoral
Ecologically-vulnerable Areas in the Northern China. Chinese Geographical Science, 30,
279-293. doi:10.1007/s11769-020-1111-6

23.Lopez-Ridaura, S., Frelat, R., van Wijk, M.T., Valbuena, D., Krupnik, T.J., Jat, M.L. (2018).
Climate smart agriculture, farm household typologies and food security. Agricultural
Systems, 159, 57-68. doi:10.1016/j.agsy.2017.09.007

24.Luu, T.D. (2020). Factors Influencing Farmers’ Adoption of Climate-Smart Agriculture in
Rice Production in Vietnam’s Mekong Delta. Asian Journal of Agriculture and
Development, 17(1), 110-124. doi:10.22004/ag.econ.303787

25.Makate, C., Makate, M., Mango, N., Siziba, S. (2019). Increasing resilience of smallholder
farmers to climate change through multiple adoption of proven climate-smart agriculture
innovations. Lessons from Southern Africa. Journal of Environmental Management, 231,
858-868. doi:10.1016/j.jenvman.2018.10.069

26.Makate, M., Nelson, N., Makate, C. (2018). Farm household typology and adoption of
climate-smart agriculture practices in smallholder farming systems of southern Africa,
Journal of Science, Technology, Innovation and Development, 10, 4.

27 Makate, C., Makate, M., Mutenje, M., Mango, N., Siziba, S. (2019). Synergistic impacts of
agricultural credit and extension on adoption of climate-smart agricultural technologies in
southern Africa. Environmental Development, 100458. doi:10.1016/j.envdev.2019.100458

28.Mango, N., Makate, C., Tamene, L., Mponela, P., Ndengu, G. (2018). Adoption of Small-
Scale Irrigation Farming as a Climate-Smart Agriculture Practice and Its Influence on
Household Income in the Chinyanja Triangle, Southern Africa. Land, 7(2), 49.
doi:10.3390/1and7020049

29.MANCINI, F., VAN BRUGGEN, A.H.C., JIGGINS, J.L.S. (2007). EVALUATING
COTTON INTEGRATED PEST MANAGEMENT (IPM) FARMER FIELD SCHOOL

48



1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048

OUTCOMES USING THE SUSTAINABLE LIVELIHOODS APPROACH IN INDIA.
Experimental Agriculture, 43(01), 97. doi:10.1017/s001447970600425x

30.McCusker, B., Carr, E.R. (2006). The co-production of livelihoods and land use change:
Case studies from South Africa and Ghana. Geoforum, 37(5), 790-804.
doi:10.1016/j.geoforum.2005.09.007

31.McLennan, B., Garvin, T. (2012). Intra-regional variation in land use and livelihood change
during a forest transition in Costa Rica’s dry North West. Land Use Policy, 29(1), 119-130.
doi:10.1016/j.1andusepol.2011.05.011

32.Morse, S., Bennett, R., Ismael, Y. (2006). Environmental impact of genetically modified
cotton in  South  Africa. Agric  Ecosyst Environ. 117(4), 277-2809.
doi:10.1016/j.agee.2006.04.009

33.Morse, S., Bennett, R. (2008). Impact of Bt cotton on farmer livelihoods in South Africa.
International Journal of Biotechnology, 10(2-3), 224-239.

34 Mujeyi, A., Mudhara, M., Mutenje, M.J. (2021). Adoption patterns of Climate-Smart
Agriculture in integrated crop-livestock smallholder farming systems of Zimbabwe, Climate
and Development, DOI: 10.1080/17565529.2021.1930507

35.Murray, U., Gebremedhin, Z., Brychkova, G., Spillane, C. (2016). Smallholder Farmers and
Climate Smart Agriculture: Technology and Labor-productivity Constraints amongst
Women Smallholders in Malawi. Gender, Technology and Development, 20(2), 117-148.
doi:10.1177/0971852416640639

36.Nguyen, Q., Kim, D.-C. (2020). Reconsidering rural land use and livelihood transition under
the pressure of urbanization in Vietnam: A case study of Hanoi. Land Use Policy, 99,
104896. doi:10.1016/j.1andusepol.2020.104896

37 Nsubuga, F.N.W., Mearns, K.F., Davis, N.C. Kalumba, A.M., Komen, K. (2021). Exploring
the influence of climate change and capital assets on livelihood formations in central region
of Uganda. Environ Dev Sustain. 23, 9223-9242. doi:10.1007/s10668-020-01020-5

38.0gada, M.J., Radeny, M., Recha, J., Solomon, D. (2020). Adoption of climate-smart
agricultural technologies in Lushoto Climate-Smart Villages in north-eastern Tanzania.
CCAFS Working paper, 325. Wageningen, the Netherlands: CGIAR Research Program on
Climate Change, Agriculture and Food Security (CCAFS).

39.0gada, M.J., Rao, E.J.O., Radeny, M., Recha, J.W., Solomon, D. (2020). Climate-smart
agriculture, household income and asset accumulation among smallholder farmers in the
Nyando basin of Kenya. World Development Perspectives, 100203.
doi:10.1016/j.wdp.2020.100203

49



1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080

40.Qin, Y., Shi, X., Li, X., Yan, J. (2021). Geographical indication agricultural products,
livelihood capital, and resilience to meteorological disasters: evidence from kiwifruit
farmers in China. Environmental Science and Pollution Research, 28, 65832-65847.
doi:10.1007/s11356-021-15547-1

41.Rana, J., Kamruzzaman, M., Oliver, M.H., Akhi, K. (2021). Influencing factors of adopting
solar irrigation technology and its impact on farmers’ livelihood. A case study in
Bangladesh. Future of Food: Journal on Food, Agriculture and Society, 9(5).

42.Saha, M K., Biswas, A.A.A., Faisal, M., Meandad, J., Ahmed, R., Prokash, J., Sakib, F.M.
(2019). Factors Affecting to Adoption of Climate-smart Agriculture Practices by Coastal
Farmers’ in Bangladesh, American Journal of Environment and Sustainable Development,
4(4), 113-121.

43.Sain, G., Loboguerrero, A.M., Corner-Dolloff, C., Lizarazo, M., Nowak, A., Martinez-
Baroén, D., Andrieu, N. (2017). Costs and benefits of climate-smart agriculture: The case of
the Dry Corridor in Guatemala. Agricultural Systems, 151, 163-173.
doi:10.1016/j.agsy.2016.05.004

44 Sardar, A., Kiani, A.K., Kuslu, Y. (2020). Does adoption of climate-smart agriculture (CSA)
practices improve farmers’ crop income? Assessing the determinants and its impacts in
Punjab province, Pakistan. Environment, Development and Sustainability, 23(7), 10119—
10140. doi:10.1007/s10668-020-01049-6

45.Tran, N.L.D., Rafola,, R.F., Ole Sander, B., Reiner, W., Nguyen, D.T., Nong, N.K.N.
(2019). Determinants of adoption of climate-smart agriculture technologies in rice
production in Vietnam. Int J Clim Chang Strateg Manag. 12(2), 238-256.
doi:10.1108/ijccsm-01-2019-0003

46.Uddin, M.E., Pervez, A.K.M.K., Gao, Q. (2020). Effect of voluntary cooperativisation on
livelihood capital of smallholder dairy farmers in the southwest of Bangladesh. GeoJournal.
doi:10.1007/s10708-020-10218-z

47.Van den Berg, H., Jiggins, J. (2007). Investing in Farmers—The Impacts of Farmer Field
Schools in Relation to Integrated Pest Management. World Development, 35(4), 663—686.
doi:10.1016/j.worlddev.2006.05.004

48.Wang, W., Lan, Y., Wang, X. (2021). Impact of livelihood capital endowment on poverty
alleviation of households under rural land consolidation. Land Use Policy, 109, 105608.

doi:10.1016/j.1andusepol.2021.105608

50



1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097

49.Wang, W., Gong, J., Wang, Y., Shen, Y. (2021). Exploring the effects of rural site
conditions and household livelihood capitals on agricultural land transfers in China. Land
Use Policy, 108, 105523. doi:10.1016/j.1landusepol.2021.105523

50.Yang, H., Huang, K., Deng, X., Xu, D. (2021). Livelihood Capital and Land Transfer of
Different Types of Farmers: Evidence from Panel Data in Sichuan Province, China. Land
2021, 10, 532. doi:10.3390/1and 10050532

51.Zakaria, A., Azumah, S.B., Appiah-Twumasi, M., Dagunga, G. (2020). Adoption of
climate-smart agricultural practices among farm households in Trans-Volta Togoland,
Ghana: The role of farmer participation in training programmes. Technology in Society,
101338. doi:10.1016/j.techsoc.2020.101338

52.Zakaria, A., Alhassan, S.I., Kuwornu, J. K.M., Azumah, S.B., Derkyi, M.A.A. (2020).
Factors Influencing the Adoption of Climate-Smart Agricultural Technologies Among Rice
Farmers in Northern Ghana. Earth Syst Environ. doi:10.1007/s41748-020-00146-w

53.Zougmor¢, R.B., Liderach, P., Campbell, B.M. (2021). Transforming Food Systems in
Africa under Climate Change Pressure: Role of Climate-Smart Agriculture. Sustainability,

13,4305. doi:10.3390/su13084305

51



