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ABSTRACT

Climate change poses significant challenges to agricultural productivity, food security, and rural livelihoods, particularly
in emerging economies where agriculture remains highly dependent on climate-sensitive resources. Increasing
temperatures, erratic rainfall patterns, and extreme weather events have intensified the vulnerability of farming systems
and rural communities. This review examines climate-resilient agricultural policies and rural development strategies that
support sustainable livelihoods in emerging economies. An extensive review of the literature was conducted to synthesize
evidence on climate change impacts, climate-resilient agricultural practices, policy interventions, rural development
approaches, technological innovations, and implementation challenges. Relevant studies, policy reports, and scholarly
publications were analyzed to identify key trends and strategies for enhancing agricultural resilience. Climate-smart
agriculture, conservation agriculture, agroforestry, efficient water management, and climate-resilient crop varieties were
identified as important adaptation measures. Effective policy frameworks, agricultural insurance, sustainable resource
governance, financial inclusion, capacity building, and community-based adaptation contribute significantly to resilience
building. Technological innovations, including digital agriculture, climate information systems, remote sensing, and
artificial intelligence, further enhance adaptive capacity and productivity. However, financial constraints, institutional
weaknesses, technological barriers, and social inequalities continue to limit implementation. Strengthening climate-
resilient policies, promoting sustainable agricultural innovation, expanding climate finance, and enhancing rural
development initiatives are essential for achieving resilient agricultural systems and sustainable livelihoods in emerging
economies.

KEYWORDS: Climate-resilient agriculture; Sustainable livelihoods; Rural development; Climate change adaptation;
Emerging economies.

1. INTRODUCTION

Climate change is now among the biggest threats to the sustainability of agriculture globally. Higher temperatures, changes
in rainfall patterns, increased carbon concentration in the atmosphere, and occurrence of climatic shocks such as drought,
flood, heatwaves, and storms are having significant impacts on agriculture in all countries. These climatic changes have
severe effects on food production, resource management, and rural livelihoods. Agriculture is among the sectors that is
highly vulnerable to the adverse impact of climate change because the sector uses climatic resources such as land, water,
biodiversity, and weather conditions. Emerging economies are vulnerable to climate change because agriculture continues
to play a vital role in economic activities, and it is responsible for employment creation. Technological constraints, lack
of adequate infrastructure and institutional support, and lack of adaptability to climate change make agriculture even more
vulnerable. Therefore, climate change is a challenge to the sustainable future of agriculture and rural development [1].
Agriculture is a key component in the socio-economic development of developing nations and acts as the main source of
livelihood for a large number of people. The rural families largely rely on farming and other such activities in generating
income, creating employment opportunities, and meeting their food demands. Small farmers, who form the major portion
of agriculture production in developing nations, work under circumstances of resource scarcity and uncertainty in
environment. Being highly dependent on climatically sensitive resources, they become vulnerable to changes in weather
conditions and climatic factors. Losses due to crop failure, reduced productivity, depletion of natural resources, and
livestock production can result in reduction in incomes, shortage of food supply, and increased poverty among the rural
populace. Moreover, the climate disruptions often result in rural migration, indebtedness, and social unrest in rural areas.
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Thus, the sustainable development of livelihood involves taking an integrated approach that promotes both agricultural
productivity and adaptability to the changes. The studies of climate resilient agriculture have shown the need for an
integrated approach for improving the three together [2].

Climate change and its repercussions have further increased the need for policies and programs in support of climate
resilient agriculture and rural development. Climate resilient agriculture involves many different ways of increasing
productivity, building adaptability, decreasing the vulnerability of climatic risks, and supporting sustainable use of
resources. Unlike traditional agricultural systems, which concentrate exclusively on increasing production, climate-
resilient strategies attempt to balance the objectives of productivity with sustainability and resilience objectives. These
involve, among other things, climate smart agriculture, conservation agriculture, agroforestry, integrated farming systems,
efficient water management practices, and climate tolerant varieties of crops. There is empirical evidence from several
developing countries showing that the adoption of climate resilient agricultural practices can greatly contribute to
enhancing food security, generating income for farmers, efficient use of resources, and building up adaptability of farming
communities [3].

In addition to fostering sustainable agriculture, there has been increased emphasis on developing strong family farming
systems as part of strategies that promote sustainable and climate-resilient food systems. Family farms are important in
the production of food, creation of jobs in rural areas, conservation of biodiversity, and management of natural resources
in many emerging economies. Family farms not only ensure food availability but also contribute towards economic
activities and the preservation of traditional agriculture knowledge. The development of family farms through access to
technology, market information, and finances can increase the sustainability of agriculture and strengthen the livelihoods
of rural people. Hence, family farming has gained recognition as an integral element of achieving food security and
sustainable development [4].

Climate-resilient agriculture depends on supportive policies and institutions. Policies are necessary in creating the enabling
environment to encourage the adoption of resilience building actions in the agricultural sector. Climate resilience can be
fostered through improved access to extension services, climate information systems, agricultural credit and insurance,
and technology. Research and development, investments in rural infrastructure and capacity building can improve the
capacity of the farmers to tackle the impacts of climate change. In addition, the development of the climate-resilient
agriculture is important towards sustainable development since it integrates adaptation and mitigation approaches within
the agricultural process. This is in turn ensures environmental sustainability, while promoting economic development and
welfare [5].

From experiences of different nations from all around the Global South, it is quite clear that building any resilience will
demand collaborative action between the government, scientific institutes, development organizations, private sectors, and
local communities. Collaboration will be helpful to share information, pool resources, innovate technologies, and
coordinate policies, thus making the adaptation programs more effective. The collaborative effort is very much necessary
since climate change poses challenges in the many aspects of agriculture, such as production, natural resources, market,
and livelihoods. Hence, it becomes necessary to have an integrated response to climate change [6].

In addition to productivity in agriculture and the economy, resilience in agricultural-dependent communities needs to be
developed for livelihood sustainability. Livelihood resilience means the ability of individuals and households to adapt,
anticipate, withstand, cope, and recover from climate and socioeconomic risks while retaining their wellbeing and
productive capabilities. The establishment of resilient livelihoods demands multifaceted efforts that include agricultural
adaptation, livelihood diversification, financial inclusion, social protection, and community resource management. This
will lower vulnerability, enhance the stability of households, and promote sustainable development results in climate-
vulnerable areas. Therefore, the development of livelihood resilience is very important for ensuring the sustainability of
livelihoods in the face of climate-related risks [7].

This review highlights climate resilient agricultural policies and rural development initiatives for achieving sustainable
livelihoods in developing countries. This review compiles existing knowledge on the effects of climate change on
agriculture and rural areas, assesses climate resilient agricultural practices and policies, and rural development approaches
that improve adaptive capacity and sustainability of livelihoods. The review further highlights challenges, opportunities,
and future directions towards improving climate resilience of agriculture and sustainable rural development in the face of
climate change.

2. Climate Change Impacts on Agriculture and Rural Livelihoods

2.1 Effects on Crop Productivity and Food Security

The impacts of climate change on crop productivity have been substantial due to higher temperatures, unpredictable
rainfall, and increased incidence of droughts and severe weather events. These climate shocks decrease crop yields, change
growing periods, and make crops more vulnerable to pest attacks and diseases. In the developing world, where agriculture
may rely largely on rain-fed farming and limited resources, decreased productivity becomes a challenge to food supply
and nutrition security. Improving resilience to climate change in the agricultural sector becomes very important for
sustainable food production and food security [8].

2.2 Impacts on Livestock and Natural Resources

Livestock production and natural resources are extremely sensitive to climate variability and environmental degradation.
Heat stress, water shortage, lower quality forage and diseases all negatively impact the performance of livestock. At the
same time, global warming contributes to soil degradation, loss of biodiversity and exhaustion of water supplies, thus
decreasing the sustainability of agricultural production. Climate resilient agriculture techniques, which improve resource
management and adaptive farming, may prove effective not only in protecting the environment but also in maintaining
productive and sustainable livelihoods of agricultural and livestock production-based communities [9].
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2.3 Socioeconomic Consequences for Rural Communities

The effects of climate change not only have repercussions on agriculture but also play a very important role in influencing
the economic status of people living in rural areas. Lower farm income, job insecurity, migration, and greater economic
vulnerability are some of the problems associated with climate-related disturbances. Small-scale farmers are most affected
by such issues because of their poor economic conditions. Climate-resilient development paths for food systems can
improve the economy of such vulnerable communities and also help in achieving social welfare in developing countries
and Sub-Saharan Africa [10].

2.4 Implications for Poverty and Livelihood Sustainability

There are significant threats posed by climate change on poverty alleviation and sustainability of rural livelihoods.
Repeated climate change can make farming less profitable, pose more risks in farming, and affect the availability of
livelihood options. It is important to implement appropriate policy measures that enhance the practice of climate-resilient
agriculture in order to build adaptive capacities and decrease vulnerability [11]. Evaluations of climate-resilient agriculture
show that there is an opportunity to enhance livelihood security and resource sustainability through resilience building
measures [12]. It is therefore important to have a balance between productivity and sustainability in order to enhance
climate-resilience [13].
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Figure 1. Climate Change Impacts on Agriculture and Rural Livelihoods

Figure 1 shows how the effect of climate change in agriculture and rural areas is like a chain reaction. Climate stresses
negatively impact the production of crops and livestock, creating issues related to food insecurity and socio-economic
problems for people in rural areas. Figure 1 also emphasizes the importance of climate-resilient interventions in
overcoming these effects.

3. Climate-Resilient Agricultural Practices

3.1 Climate-Smart Agriculture (CSA)

The Climate-Smart Agriculture (CSA) concept is an integrated strategy that seeks to improve agriculture productivity,
facilitate adaptation to climate change impacts, and reduce greenhouse gas emissions wherever feasible. The CSA
advocates for better crop management practices, climate-smart technologies, and resource management practices to
improve agricultural sustainability. Climate-smart technologies have been proven to lessen the impact of droughts and
climate variability on farm revenues, especially in the dry lands where the agriculture sector is highly susceptible to the
impact of environmental stresses [14].
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3.2 Conservation Agriculture and Sustainable Land Management

Conservation Agriculture emphasizes the sustenance of healthy soils, biodiversity conservation, and efficient resource
utilization through methods like reduced tilling, crop rotation, and retention of residues. These methods improve soil
fertility, reduce erosion, and increase water retention capacity, making the system resilient to climate-related shocks. The
sustainable management of lands helps in ensuring the continued sustainability of agriculture and food security without
degrading the environment. This makes climate resilient agriculture an important aspect of sustainable livelihoods and
food security [15].

3.3 Agroforestry and Integrated Farming Systems

Agroforestry and integrated farming systems increase agricultural resilience through diversification and improved
ecosystem functions. The combination of different enterprises such as tree planting, crop growing, livestock, and others
leads to effective nutrient cycles, soil conservation, and biodiversity creation. This approach reduces farmers' dependence
on one form of revenue and increases protection from the uncertainties of the weather. The assessment of climate-resilient
agricultural activities proves that diversified farming systems play an important role in the development of sustainable
agriculture [16].

3.4 Water Resource Management and Efficient Irrigation

Water shortage is one of the biggest threats to sustainable agriculture in the era of climate change. Irrigation, harvesting
of rainwater, watershed management, and other water conservation practices have an important part to play in making
agriculture more resilient. Sustainable water management can increase the efficiency of water usage and crop yield as well
as decrease the susceptibility to drought. Water conservation and agriculture in the context of climate change have become
essential for producing food in water-scarce areas [17].

3.5 Climate-Resilient Crop Varieties and Diversification

The development and use of climate-resilient crops is an important aspect in order to maintain agricultural production in
the face of changing climatic trends. Drought resistant, heat resistant and flood tolerant crops enable farmers to withstand
stress factors and continue to achieve stable production levels. Diversified crops are another way of increasing resilience
through risk reduction and efficient resource management. Climate-resilient agricultural production is supported by
sustainability approaches based on agro-ecosystems that recognize the need for diverse and flexible production systems
[18]. This also plays a role in achieving climate-resilient development [19].

Table 1. Climate-Resilient Agricultural Practices and Benefits

Practice Key Benefit Reference
Climate-Smart Agriculture (CSA) Improves productivity and climate adaptation [14]
Conservation Agriculture Enhances soil health and resource conservation [15]
Water Resource Management Increases water-use efficiency and drought resilience | [16]

Agroforestry and Integrated Farming Systems | Diversifies income and strengthens ecosystem services | [17]

Climate-Resilient Crop Varieties Maintains yields under climate stress [18]

Crop Diversification Reduces production risks and improves resilience [19]

The climate-resilient practices in agriculture and their respective benefits are summarized in Table 1. Such climate-resilient
practices in agriculture increase productivity, improve the efficiency of resource utilization, adapt to climate change, and
minimize risks in agriculture. These practices can be vital in ensuring food security, environmental sustainability, and
resilient livelihoods in developing countries.

4. Agricultural Policies for Climate Resilience

4.1 Policy Frameworks Supporting Climate Adaptation

It is necessary to have effective policy frameworks that will aid in increasing resilience to climate change among
agricultural systems. Governments of developing countries are increasingly adopting climate resilience into their
agriculture through adaptive governance systems, sustainability projects, and investments in climate. The framework helps
in implementing resilient agriculture practices and improves resource management in addition to sustainable agriculture.
Sustainable finance policies are important in mobilizing investments that increase resilience and achieve sustainable
development [20].

Climate-resilient agricultural policies require coordinated interventions across governance, risk management, resource
conservation, and institutional support systems. Figure 2 illustrates the key components of climate-resilient agricultural
policy that support adaptation, resilience, and sustainable agricultural development.
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Figure 2. Core Components of Climate-Resilient Agricultural Policy.

Figure 2 shows the policy dimensions that will enhance agricultural resilience to climate change, which include adaptive
approaches, risk management, sustainable governance of land and water resources, and institutional arrangements.
Collectively, these elements enhance adaptive capacity, encourage sustainable resource management, and foster resilient
agricultural development in developing nations.

4.2 Risk Management and Agricultural Insurance

Risk management strategies enable farmers to manage risks arising out of climatic uncertainties and production risks.
Various insurance strategies including agricultural insurance, weather-based insurance mechanisms, disaster preparedness
initiatives, and climate risk assessment instruments offer financial protection for adverse weather conditions. These
practices decrease risks and also ensure investments in robust agricultural technologies. Research done in developing
nations reveals that robust agricultural technologies not only enhance productivity in farms but also aid in sustainable
development goals [21].

4.3 Sustainable Land and Water Governance

Effective land and water governance is one of the key aspects of climate resilient agricultural policies. Efficient use of
natural resources is necessary in order to ensure agricultural production with minimum negative impacts on the
environment. Policies supporting sustainable practices of soil protection, watersheds management, irrigation, and
ecological rehabilitation increase resilience through resource efficiency and reduction of vulnerability to climatic risks.
Link between climate change, sustainable agriculture and rural livelihoods explains the importance of governance systems
aimed at balancing productivity and sustainability [22].

4.4 Institutional Support and Extension Services

The support systems provided by institutions and agricultural extension services are of utmost importance in ensuring
climate resilient agricultural development within communities. The extension services help in ensuring the exchange of
climate information and innovation along with climate-smart agriculture techniques. It is important that an inclusive
framework be adopted to tackle social inequities and ensure equal distribution of resources and information. There is a
growing recognition of gender responsive approaches for climate resilient development [23].

4.5 Policy Successes and Lessons from Emerging Economies

Experience gained in developing countries shows that climate-resilient agriculture is possible only if an integrated
approach to the problem is used. Development through systems approach that integrates agricultural adaptation measures,
livelihood diversification and involvement of communities has already brought positive results in improving resilience
and sustainability of the economy. Experiences of vulnerable areas show that coordinated interventions in different sectors
contribute to building up the adaptive capacity and livelihood security [24]. In addition, climate-resilient development
strategies work best in combination with good governance and local participation in vulnerable areas [25].

5. Rural Development Strategies for Sustainable Livelihoods

5.1 Livelihood Diversification and Income Generation

Livelihood diversification plays a vital role in enhancing the resilience of rural families to climatic hazards. Through the
use of different forms of income sources ranging from agricultural to non-agricultural, farmers will be in a position to
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ensure that they do not depend on one business. This has led to the development of agroforestry, where farmers gain
income from timber, fruit, fodder, and environmental services. Such a combination of systems increases their adaptive
capacity towards climatic change [26].

5.2 Rural Infrastructure and Market Access

The presence of good rural infrastructure and better market linkage is important for increasing agricultural efficiency and
livelihood security. Infrastructure developments such as the provision of transport links, storage, irrigation and
communication services help to minimize post-harvest losses and ensure market linkages. Rural infrastructure can also aid
in facilitating access to climate information, agricultural inputs and value chain activities. Rural development efforts that
are community-led have always been keen on developing the local infrastructure [27].

5.3 Financial Inclusion and Access to Credit

Climate-resilient livelihoods are dependent upon the concept of financial inclusion, which helps farmers make investments
into technology that allows adaptation and sustainable agricultural practices. Availability of credit, insurance, savings, and
climate finance improves resistance towards climate stress and improves the capacity for recovering after the negative
occurrence. Financial inclusion contributes to increasing the resilience of rural families and provides sustainable
transformation in agriculture-reliant areas with environmental and economic problems [28].

5.4 Capacity Building and Farmer Education

Farmer training and education is an integral part of sustainable rural development. Training activities, extension programs,
and knowledge sharing will equip farmers with information about the impacts of climate change as well as new farming
techniques. Improved technical knowledge can positively impact decision-making skills and resource utilization
capabilities for individual farmers. In light of climate-smart agriculture practices, it is essential to emphasize the role of
human capital development and learning in institutions [29].

5.5 Community-Based Adaptation and Social Protection

Community-based adaptation and social protection interventions are necessary in order to build resilience within
vulnerable rural communities. Through participatory approaches, integration of local knowledge, and collective action,
communities will be better equipped to cope with the climate change-induced risks. Several evaluations of climate-resilient
agriculture have shown that it is possible to achieve positive results from such adaptation interventions when the balance
between adaptation gains and socio-economic and environmental factors is taken into account [30]. Furthermore, social
protection interventions, climate finance, and livelihood options strengthen household resilience to climate change [31].

Table 2. Rural Development Strategies for Sustainable Livelihoods

Strategy Key Contribution Reference
Livelihood Diversification Reduces income risk through multiple livelihood sources | [26]

Rural Infrastructure and Market Access Improves market connectivity and agricultural efficiency | [27]
Financial Inclusion and Access to Credit Enhances investment capacity and resilience to shocks | [28]
Capacity Building and Farmer Education Strengthens skills, knowledge, and adaptive capacity [29]
Commgnlty-Based Adaptation and - Social Improves local resilience and livelihood security [30]
Protection

Climate Finance and Livelihood Support Sgpports long-term ~ adaptation and recovery  from [31]

climate impacts

Table 2 gives an overview of the main rural development approaches that facilitate sustainable livelihoods in developing
countries. Such approaches ensure economic resilience, resource/service availability, adaptive capacity, and livelihood
security for a long period of time, thus helping rural communities adapt to climate change.

6. Technology and Innovation for Agricultural Resilience

6.1 Digital Agriculture and Precision Farming

Modern agricultural production is changing through digital agriculture and precision farming technologies, which allow
farmers to make evidence-based decisions on using natural resources efficiently. Modern technologies, including sensors,
drones, automated equipment, and data analysis, allow efficient use of water, fertilizers, and pesticides along with
increased efficiency of crop production. This leads to enhanced capacity of farmers for adapting to climatic variations and
managing production risks. A comparative analysis shows that climate-smart agricultural production through technology-
based innovations provides more economic opportunities than traditional agricultural production methods [32].

6.2 Climate Information and Early Warning Systems

The information service and early warning systems relating to the climate are instrumental in making agriculture more
resilient through provision of reliable and accurate information about the climatic and weather conditions. Through
forecasts, farmers can be able to make wise choices when it comes to the planting schedule and irrigation, among other
things. Having access to climatic information can help farmers to prepare better for adverse weather occurrences and thus
minimize losses. Development programs have begun realizing the importance of information dissemination systems in
creating sustainable livelihoods [33].

6.3 Remote Sensing and Geographic Information Systems (GIS)

The technology of remote sensing and Geographic Information System (GIS) has been instrumental in understanding the
state of agricultural landscapes, risk assessment in relation to climatic variability, and sustainable management of
resources. Through these technologies, it becomes easy to collect spatial data on land use, soil conditions, plant life, and
water availability. Decision-support systems based on geographic information system enable the decision-makers to
determine the vulnerable areas and plan adaptation actions accordingly. Equitable access to technological and
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informational resources is important for ensuring that the advantages of climate change resilience are equally shared by
all segments of society [34].

6.4 Emerging Technologies for Sustainable Agriculture

The introduction of emerging technologies such as artificial intelligence, machine learning, smart irrigation techniques,
biotechnology, and climate resilient agroforestry systems is providing new avenues towards sustainable agricultural
development. Such technologies help increase efficiency and sustainability while promoting environmental conservation.
Resilient farming methods combined with advanced technology have been used to reduce climate risks and promote
sustainability [35]. Resilient agroforestry systems also help improve efficiency in land use as well as livelihood
sustainability [36]. The effective application of these technologies will lead to resilient and sustainable development in the
Global South [37].
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Figure 3. Technology and innovation framework for agricultural resilience.

Figure 3 represents the manner in which digital agriculture, climate information system, remote sensing and GIS, and
innovative technologies in combination enhance agricultural resilience and help achieve food security, livelihood
resilience, and environmental sustainability.

7. Challenges and Barriers to Implementation

7.1 Financial and Investment Constraints

Lack of finances is one of the major factors that still pose a great challenge for the implementation of climate-resilient
agriculture practices. For instance, many farmers in developing countries lack access to financing mechanisms such as
credit facilities, insurance and investments that could help them embrace resilient technologies and sustainable farming
methods. Financial constrains in the form of lack of government funding and absence of private sector involvement in
adaptation also contribute to this problem. This challenge has been highlighted in the Ethiopian Climate Resilient Green
Economy project [38].

7.2 Policy and Institutional Gaps

The adoption of climate resilient agriculture practices is hindered by fragmented policies, weak institutions, and lack of
consistency in implementing strategies. There have been numerous difficulties experienced by developing nations in
integrating climate adaptation goals within their agricultural and rural development policies. Weak governance structures
and inadequate service provisions may make it difficult for farmers to access the needed resources and technologies.
Research conducted in India and South Africa reveals that the need for coherent policies and institutional support is crucial
in encouraging climate smart agricultural practices [39].

7.3 Technological and Knowledge Barriers

While there are numerous chances for adaptation presented by new technologies, their application is still limited by lack
of technical skills, extension services and lack of information. For example, small farmers may face problems when
applying innovative technologies in agriculture because of financial and educational constraints. For sustainable
implementation of agricultural practices, there should be an ongoing process of transferring skills and knowledge. This
issue needs to be solved for improving adaptation capacity, ensuring food security and sustainability of agricultural
practices [40].

7.4 Social and Economic Inequalities

Social and economic inequalities play a key role in shaping the adaptive capacity of rural areas in response to climate
change. Groups of people who are marginalized, such as women, landless workers, and poor farmers, may be particularly
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vulnerable to climate-induced risks because of their lack of resources, education, and participation in decision making.
Hence, inclusion-based economic growth and development are critical in increasing climate resilience and decreasing
vulnerability [41]. In addition, encouraging climate-resilient business and investments can help generate income sources
and alleviate poverty [42]. Solving these issues is crucial for ensuring resilient rural development in the face of climate
change [43].

Table 3. Major Challenges and Barriers to Climate-Resilient Agriculture

Challenge Key Implication Reference

Financial and Investment Constraints Limited adoption of resilient technologies and adaptation [38]
measures

Policy and Institutional Gaps Weak implementation and inadequate governance support [39]

Technological and Knowledge Barriers | Low technology adoption and limited adaptive capacity [40]

Social and Economic Inequalities Increased vulnerability among marginalized populations [41]

Limited . Climate-Resilient Reduced livelihood and investment opportunities [42]

Entrepreneurship

Barriers o Inclusive Rural Slower progress toward resilient and sustainable development | [43]

Transformation

Table 3 shows some of the important constraints faced in the implementation of resilient agriculture and rural development.
Constraints like financial, institutional, technological, and social ones hamper efforts to build resilience in adaptation
efforts. Overcoming such constraints is very important for the sustainable transformation of rural areas.

8. Future Directions and Policy Recommendations

8.1 Strengthening Climate-Resilient Policy Integration

Going forward, future agricultural policies should give greater emphasis to climate resilience within the context of national
development and food security. Policymakers should ensure that there is a harmonized strategy through which adaptation,
mitigation, and sustainable use of resources are all considered together. Policy integration will enable resilient farming
systems to be adopted, with a resultant improvement in environmental sustainability and agricultural productivity.
Sustainable agricultural management practices like conservation practices and efficient resource use should form an
integral part of the agriculture policy [44].

8.2 Promoting Sustainable Agricultural Innovation

Innovation plays a vital role in boosting the resilience of agricultural systems. Innovations in areas such as research, climate
smart technologies, digital agriculture, and sustainable agriculture can boost the productivity of agriculture while making
it less vulnerable to climatic shocks. Agroecology has much to offer in terms of making food systems resilient through an
integration of ecology and agriculture. Innovations in agroecology not only help conserve biodiversity but also promote
efficient use of resources and sustainability [45].

8.3 Enhancing Rural Livelihood Resilience

The increase in resilience of rural livelihoods calls for measures that will lead to adaptive capacity, increased sources of
income, and reduction of vulnerability to climate extremes. The literature shows that the use of resilient livelihood practices
increases household stability and recovery capacity during adverse times among rural people that have been subjected to
recurrent climate shock [46]. Sustaino-resilient agroforestry systems present another option for increasing food security,
rejuvenation of degraded land, and rural incomes from diversified production systems [47]. Mitigating the effects of
climate change on agricultural productivity and rural livelihoods is important in future rural development policy planning
[48].

8.4 Scaling Up Climate Finance and Partnerships

Climate finance expansion and partnership are key to speeding up the process of achieving climate-resilient agriculture
and rural development. More investments are required to fund adaptation technology, ecosystems restoration, and
resilience building. Climate resilient ecosystem-based approaches will increase the capacity to adapt to the adverse impacts
of climate change and provide socio-economic gains for marginalized communities [49]. Also, partnerships among
governments, research institutions, businesses and local actors are required in order to create climate-resilient value chains
and adaptation solutions, especially in sensitive and resource-poor areas [50].

9. CONCLUSION

Climate change continues to be a challenge to agricultural productivity, food security, and rural livelihoods, especially in
emerging economies where agriculture forms the main means of livelihood. It is thus imperative that resilience is fostered
in the agricultural sector in order to ensure sustainable development and livelihoods. Resilient agriculture practices such
as climate-smart agriculture, conservation agriculture, agroforestry, efficient water management, and crop diversification
among others have shown great promise in building adaptability without compromising on productivity and environmental
sustainability. In this review, emphasis is put on the importance of a favorable policy framework, good governance,
institutional support, and rural development policies in fostering resilience in the agricultural sector. Infrastructure
investment, financial inclusion, capacity building, technological innovations, and community-based adaptation are some
ways in which resilience could be built within the vulnerable communities. Nevertheless, challenges such as financial
limitations, policy gaps, technology gaps, and social inequalities have continued to affect their success. In future, attention
needs to be paid to incorporation of resilience into agricultural and rural development policies, sustainable innovations,
climate finance, and multi-stakeholder collaboration. Strengthening of climate-resilient value chains and ecosystem-based
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approaches would improve the results of adaptation. Therefore, a holistic approach that considers all aspects of policy
support, technology, and participation from the community side is vital for sustainable livelihoods, resilient food systems,
and climate-resilient rural development in developing countries.
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