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Abstract

Climate-smart agriculture (CSA) is a conceptual framework that is aimed at transforming and re-oriented
agricultural systems towards the new realities of climate change by providing their food security. Change
of rain patterns and temperature increase is being observed all over the world and this poses a threat to
agricultural production thereby subjecting people reliant on agriculture to greater exposure, particularly the
world's poor. These weather changes also affect food markets, and this has had a universal threat to food
supply. CSA is linked with the measure of containing these risks through the development of the adaptive
abilities of the farmers and resiliency and enhancing resource-use efficiency of the agricultural production
mechanisms. It promotes administration of efforts that comprise various stakeholders in it such as the
farmers, researchers, the private, civil, the policymakers to develop climate resilient means. This strategy
has four key areas of action, creating a more pressing evidence foundation to make decisions. Increasing
the workability of local institutions. Enhancing climate-similarity with agricultural policy. Linking
agriculture finance and climate. Contrary to conventional farming practice, CSA lays both stress on context
and the specific solutions to be flexible that is mentioned with the help of new policy and finance
mechanisms. This guarantees the contribution of agricultural development towards food security and
climate resilience as opposed to the agricultural development taking the role of increasing climate change
impacts.

Keywords: Climate-Smart Agriculture (CSA), food security, climate change adaptation, mitigation,
resilience

Introduction

One of the critical solutions to changing and reorganizing agricultural systems to provide
security against the challenges of climate change is introduced > 2 as climate-smart agriculture
(CSA). The proposed systematic review protocol is expected to combine evidence-based
findings on the interventions which can foster CSA specifically empowerment and resilience of
women farmers in low and middle-income nations (LMICs) [2l. The effects of climate change are
enormous to agricultural production and the negative impacts exceed the positive impacts
eminently as compared to the developing nations [¥l. There are extreme weather phenomena, the
existence of drought effects, extreme rainfalls, extreme temperatures, and so on increasing and
the end result is threatening the entire population with the lack of food because of population-
based risks 1. CSA is important since it tries to minimize these hazards through enhanced
adaptive capacity of farmers and higher level of resilience and efficiency in the utilization of
resources in agricultural production structures . Unless there is change in attitude toward the
agricultural planning and investment, there is a danger to misuse resources thereby providing
agricultural systems that cannot support food security and lead to further climate change [,
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Sustainability The idea of CSA is described as one that will raise
productivity, strengthen, drop greenhouse gases (GHG), and
accelerate the accomplishment of national food security and
growth targets [ 51, It incorporates the issue of global warming
into the design and execution of sustainable agricultural policies
M. This goal is to facilitate equitable growth in agricultural
productivity and release with a view to bolstering equitable
growth in food security and developments, on a sustainable basis
(61, Resilience to and adaptation to climate change deals with
measures taken at the farm down to national levels as one of the
ways to adapt to the impact of climate changes ¥l This goal is
seriously oriented towards the reduction of greenhouse gas
(GHG) emissions by enabling opportunities to lower the GHG
emissions of agriculture in comparison with the past trend 61,
Since CSA has the purpose to fulfill all three goals, it does not
mean that all practices in every single place will be associated
with triple wins. Nevertheless, alternative synergies and trade-
offs vary with regard to the relative priority of each objective,
different locations, and circumstances [,

Rationale for Food Bridging (Linking Production, Supply
Chains, and Consumption to Resilience and Sustainability)
The concept of CSA inherently links production, supply chains,
and consumption to resilience and sustainability by addressing
food security, adaptation, and mitigation simultaneously M. It
promotes coordinated actions among various stakeholders,
Encompassing farmers, researchers, the private sector, the civil
society and policymakers, to come up with climate-resilient
pathways M. This integrative strategy will ensure that even the
practices to increase productivity generates the resiliency and
emission elimination, yet contribute to the overall sustainability
of food system [ 81, The synergistic nature of these is a necessity
because climatic change influences the food supply of rural and
urban populations by compromising the agricultural production
and income, increasing the risks, and merging markets [,

Research Gaps and Purpose of the Review

There is an inadequate evidence base to support effective
decision-making, with much of the existing information being
inaccessible to decision-makers at national and local levels [,
The significant gaps in research are the identification of
adoption barriers. We have to comprehend the obstacles to the
adoption of climate responsive agricultural practices with
particular reference to vulnerable populations such as small
holders, women, the poor, “marginalized population among
others %, The extent of adoption of potentially useful practices
is frequently low [%, Learning context-specific efficacy, power-
driven research will be required to enhance notions of what is
agro-ecologically and farming system-specifically engaging and
deficient in disclosing what surpasses agro-ecological and socio-
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economic contexts of being climate smart 1%, To work around
uncertainties in climate models, spatial and temporal scales of
current climate impact studies may fail to fit the national and
local-level planning requirements because of uncertainties in
climate model outputs and less information regarding future
changes in climate variability .

This systematic review protocol aims to synthesize the available
evidence regarding interventions that can be used to promote
CSA. To be more specific, it will seek to know how such
interventions can empower women farmers and can make them
resilient and will increase their agricultural performance in
LMICs [, CSA represents an important platform of controlling
the dynamics of the climate change and food insecurity. It is a
major to the building of reliable food systems through the
combined thought to the emphasis on productivity, adjustment,
and mitigation. The systematic reviews on addressing the
existing research gaps will furnish the missing evidence to
upscale effective CSA interventions around the world.

Climate-Smart Agriculture: Pillars, Food Security, and
Global Integration

Climate-smart agriculture (CSA) is expounded as a very urgent
way of transforming and reinventing agricultural systems to
sustain food security in the environment of climatic change
issues [, It attempts to increase productivity sustainably,
increase their resilience, lower the green house gases (GHG) and
augment the national food security, and development targets 2
131, The Three Pillars of Climate-Smart Agriculture: Sustainably
Increasing Agricultural Productivity and Incomes. This pillar
aims at delivery of equitable growth on food security outcomes
and development outcomes. It entails embracing policies which
increase the output and economic gains to the farmer in order to
ensure there is a stable and adequate food supply to the ever-
increasing global population [ %31, Preparing and Strengthening
against Climate Change. This objective reacts to the need of the
agricultural systems to operate with the impact of climate
change that have been outlined under the frequency and intensity
of extreme weather circumstances, drought, heavy rains, and
high temperatures ['6 71, [t entails activity both in smaller-scale
operations, such as in single farms, and in global measures,
aimed at increasing the adaptability of farmers and making
wheat use more efficient !4 171, |t is likely that the pillar of
Reducing Greenhouse Gas (GHG) Emissions would establish
opportunities of crushing the rates of GHG emissions in farming
of the agriculture in comparison to the trends in previously”.
Agriculture alone contributes a significant portion of GHG i.e.
about 11 percent of all anthropogenic GHG emission (only land
use change) [, The CSA practices are directed at reducing its

emissions, which are industrial to the global climate aspirations
[14, 19]

Food Bridging: Linking Agricultural Practices to Food
Security and Nutrition Outcomes

CSA intrinsically introduces production, supply chains, and
consumption to the resilience and sustainability through
focusing on the food security adaptation and mitigation in
tandem 9. It encourages co-ordinated efforts between the
various stakeholders which include the farmers, the researchers,
the private industry, the civil society, and the policymakers to
come up with climate resilient ways 2, Large cultivation of
CSA would yield output in the agro-based sector, which would
lead to lowering of world prices of staple food, including wheat,
maize, and rice in case of unfavorable weather later 2!, This
will reduce the cost of goods hence food products will be more
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affordable thus reducing the population of hungry people and
underniourished children 21, Creation of CSA is also considered
type of adaptation to the new climatic conditions and thus CSA
practices render crop production more resilient 221, The acquired
benefits of practices of CSA have the potential to compensate
the adverse effects of climate change on production of maize
and rice and prevent the emergence of subsequent price upsurge
(231 While not explicitly detailed in the provided text, the focus
on increasing food security and reducing undernourishment
implies a direct positive impact on nutrition outcomes. The
bigger picture encapsulated by climate change influencing food
availability to the people in the rural areas, and the urban areas,
includes the decreasing agricultural productivity and agricultural
revenues, and destabilizing markets; all this worth the
applicability of CSA, as the potentials of sustainability
agricultural practices toward enhancing nutritional performance
(20 It encompasses agricultural systems that result into
sustainable and equitable agricultural productivity upgrade and
food system earnings, enhanced adaptation in food system as
well as food system resilience and minimization of GHG
emissions 24, Such a holistic view also guarantees that the
success or result of trying to boost productivity can provide
resilience and lower the amount of emissions which may be a
part of the sustainability of the entire food system [2°,

Position within Global Frameworks

United Nations Framework Convention on Climate Change
(UNFCCC) and Paris Agreement. Weights on the stimulators to
decrease GHG emissions have done a resurgence in need
following the recent developments in the negotiations
concerning UNFCCC, such as the Paris Agreement (2015) and
the Koronivia joint work on agriculture . CSA directly aligns
with the mitigation goals of these agreements by focusing on
reducing agricultural GHG emissions !4 19, Intergovernmental
Panel on Climate Change (IPCC)The IPCC's special reports also
emphasize the need for agricultural changes to address climate
change 1, CSA's objectives are consistent with IPCC
recommendations for climate action within the agricultural
sector. CSA of Food and Agriculture Organization (FAO).
According to the FAO, CSA is a strategy that gains a reliable
boost of productivity, resilience, alleviates greenhouse gas
emission, and elevates the attainment of the national objectives
of food security and developments [*> 3 This definition is
directly adopted and referenced, positioning the concept within a
globally recognized framework for sustainable agriculture.
Sustainable Development Goals (SDGs). Although it is
unnamed, the triple goals set by CSA have a direct impact on a
number of SDGs, especially SDG 2 (Zero Hunger) with its
enhanced productivity and food security, SDG 13 (Climate
Action) through adaptation and mitigation, and SDG 5 (Gender
Equality) by paying more attention to the empowerment of
women farmers. CSA also offers an integrated solution process
to the challenge of the complexity of interlinked problems of
climate change and food insecurity. Its multi-dimensional
aspect, which entails the productivity, adaptation, and
mitigation, makes it an important plan in the building of robust
and viable food systems in the world in accordance with high
standards of international climate and development.

CSA Practices and Their Role In Adaptation & Mitigation

The concept of climate-smart agriculture (CSA) involves a
broad assortment of approaches of reinforcing agricultural
production, resistance and lessening of greenhouse gas (ghg)
emissions in a sustainable manner, which makes its role in the
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food security and development procedures on the national scale
126, 271 The reason is that such practices are twofold as they
would facilitate it easier to respond to the impacts of climate
change, but then again, they diminish the impacts of agriculture
in global warming.

Crop Management

The CSA crop management activities aim at ensuring that crop
grows and yields optimal growth as well as production in
addition to maintaining resilience and reducing adverse
consequences of plant manufacture on environment. The
implementation of enhanced crop varieties modified to the
environmental strains like the use of drought-resistant bean and
maize, can help immensely in improving the yield, income level
of farmers as well as food security %81, These varieties enhance
adaptation by maintaining productivity under adverse climatic
conditions. While the provided text does not explicitly detail
their mitigation benefits, stress-tolerant varieties can indirectly
contribute to mitigation by stabilizing yields, reducing the need
for expanding agricultural land (which can lead to deforestation
and GHG emissions), and potentially improving nutrient use
efficiency. Given that agricultural systems may be diversified,
crop yields, stability, profitability, and other livelihood benefits
increase . Menus such as rice-maize and rice-sunflower
double cropping have been referred to as an example which has
recorded high yields [°l, The rice rotation with wheat and rice-
potato-sesame rotation can be used, which may bring more
political impact to agricultural farms, and the GHG emissions
decrease [*%, This practice enhances adaptation by creating more
resilient and stable food systems, less susceptible to single crop
failures. For mitigation, crop diversification and optimized
patterns can lead to increased carbon sequestration in soils and
reduced GHG emissions through improved nutrient cycling and
reduced reliance on synthetic inputs. Precision Farming,
although not explicitly detailed for crop management in terms of
dual benefits, precision agriculture, often enabled by
technological interventions, allows for optimized resource use.
This can lead to increased productivity and reduced waste,
indirectly supporting both adaptation by making systems more
efficient and mitigation by reducing input-related emissions.

Soil & Water Management

Effective management of soil and water resources is
fundamental to CSA, providing direct benefits for both
adaptation and mitigation.

It can enhance the biological activity of the soil, water use
efficiency, and physical properties of soils through the
application of practices like no-tillage, crop rotation, and straw
returning to the field B4, These practices enhance adaptation by
improving soil health, making it more resilient to drought and
erosion, and increasing water retention. For mitigation,
conservation agriculture is highly effective in reducing GHG
emissions, particularly CO2, by increasing soil organic carbon
and improving nitrogen utilization efficiency [ 33, Irrigation
water management technologies, including well digging, pipe
wells, rainwater collection, and drip irrigation, are crucial for
solving drought issues and improving water utilization
efficiency 4. These methods are key for adaptation, ensuring
water availability in regions prone to water scarcity. While
primarily an adaptation strategy, efficient water use can
indirectly contribute to mitigation and by limiting the amount of
energy used in pumping and distributing water, so as to limit
GHG emissions. The ongoing agro forestry intercropping of
primary fertility species and systematic agro forestry fallow,
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where there is rapid leguminous tree or shrubs, enhances soil
fixation of nitrogen and improves the soil nutrient status (1,
This practice enhances adaptation by diversifying farm income,
improving soil fertility, and providing shade, which can reduce
heat stress for crops and livestock. For mitigation, agroforestry
significantly slows down the emission of GHGs like CO2 and
N20 by increasing carbon sequestration in biomass and soils [,

Livestock & Fisheries

While the provided text focuses primarily on crop-based
agriculture, the principles of CSA extend to livestock and
fisheries, aiming for sustainable production with reduced
environmental impact. Although not explicitly detailed in the
provided text, improving livestock breeds for higher
productivity and enhancing feed efficiency are common CSA
strategies. These practices contribute to adaptation by making
livestock systems more resilient and productive under changing
conditions. For mitigation, improved feed efficiency can reduce
methane emissions per unit of product, as animals require less
feed for the same output. Better manure management practices
(e.g., biogas digesters) can also capture methane, further
contributing to mitigation. The text mentions hydroponic
cultivation and mushroom planting as part of adaptation
measures in Namibia °1. While not directly related to livestock
or fisheries, these are alternative food production methods that
can be more resilient to climate variability. In a broader CSA
context, climate-resilient aquaculture involves practices that can
withstand climate shocks (adaptation) and reduce environmental
impacts, such as minimizing water pollution and GHG emissions
from feed production or energy use (mitigation).

Technological Interventions

The use of modern technologies plays an important role in
facilitating and empowering CSA practices that provide
monitoring tools, decision-making instruments, and resource
optimization. The use of Internet of Things (IoT) is aimed at
obtaining the data of the environment and crops parameters
through a series of sensors to make remote sensing and
monitoring possible B7. Artificial intelligence (Al) has the
ability to process and combine data to achieve recognition of the
plant, prediction of weeds, prediction of crop yields, forecasting
of GHG emissions, and pest control 8. These technologies also
make them more adaptive as they offer real-time information
and predictive authority to enable farmers make informed
decisions in a timely manner to address the variability of the
climate. Through mitigation, Al will enable themost resource
utilization (e.g. fertilizers, pesticide, irrigation), therefore,
resulting in the decrease in input-based GHG emissions, and,
arguably, forecasting. GHG emission in agriculture 8. The real
time, macro, fast and wide view aiming at crop development,
planting area and yield, and data on agricultural disasters can be
produced using remote sensing technology of using the satellites
or unmanned aerial vehicles [ 41, This is vital in to adaptation
that may allow greater planning and control of agricultural
production in specific spheres of climate change 9. To alleviate
it, should land usage change, remote sensing may be employed
in order to monitor the carbon sequestration potential change,
and find out how mitigation exercise was influenced on a broad
basal base. These will be precision agriculture and superior
decision making in the ever changing weather, aspects brought
by the combination of agricultural models and satellite data as
well as remote sensing *°1. Such systems play a crucial role in
adjustment as they make a farmer allocate his time purposes and
save money in investments and adapt to climate change [,

https://www.agronomyjournals.com

They are mitigation agents as a way of rationalizing their
resources that might result in a lower GHG emission rate. CSA
is practiced as a compound act that presents a synergistic
strategy to solve climate change and food insecurity. Sustainable
crop, soil, water, livestock and technological management by
itself accomplish resiliency and food security (adaptation) as
well as actively reduce the carbon footprint of agriculture
(mitigation), a more sustainable and climate-resilient agenda is
set.

Food Bridging Dimension

The climate smart grid includes agriculture (CSA) which is a
planning plan to modify the components of agricultural systems
in order to guarantee food security amidst worst climatic
conditions ™, It seeks to record sustainable growth in food
output, boost resilience, minimize greenhouse gas, GHG
emissions, and support food security and growth targets of
nations [ 121,

CSA's Role in Ensuring Food Security and Nutrition

The core idea of CSA is that it reduces food insecurity and
climate change through encouraging agriculture, livelihoods
without damaging natural resources and important ecosystems
(13 The technique promotes corporate resilience and climate
change adaptation and, at the same time, diminishes GHG
emission (3, This large-scale application of CSA can be listed in
increased agricultural production, which has been projected to
drive the prices and agricultural products of the planet in the
form of wheat, maize, and rice crops to decline, specifically in
inhospitable climatic conditions in the future [4. This
discounting of prices brings the food products closer to the
hands of its citizens, hence reducing the population of those who
can be susceptible to hunger, obese children 4, The destination
of CSA towards sustainability in terms of increasing agricultural
production and incomes engaged directly in estimating equitable
gains on food security 12, CSA practices can be seen as a type
of adjusting to new weather conditions, which make crop
production stronger [*51. The CSA would result in the payment of
the adverse climate change production effects on the staple crops
production like maize and rice and counter the resultant rise in
prices %, The resiliency brings a more stable supply of food
quantity which is key to food security. Although, the given text
does not directly describe the nutrition consequences, emphasis
on enhancing food security and decreasing the portion of the
undernourished populace suggests that nutrition will have a
direct, positive effect. Climate change also affects the access to
food by rural and urban communities by negatively affecting
agricultural output, earnings, and markets and the relevance of
CSA to protect dietary health in this regard.

Bridging Gaps: Production, Markets, and Consumer Access
CSA inherently links production, supply chains, and
consumption to resilience and sustainability by simultaneously
addressing food security, adaptation, and mitigation (11, It
emphasizes coordinated actions among various stakeholders,
including farmers, researchers, the private sector, civil society,
and policymakers, to establish climate-resilient pathways [71. By
focusing on sustainably increasing agricultural productivity,
CSA ensures a more consistent and higher volume of produce
available for markets ', Practices like improved crop varieties
and efficient resource management contribute to stable yields,
even under climate stress, thus securing the supply side.CSA
also includes ‘institutional/market-smart' approaches, which
involve financial services, market information, and off-farm risk
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management 81, These interventions help farmers connect to
markets more effectively, ensuring that increased production
translates into available food for consumers. The projected lower
world prices for staple crops due to CSA adoption would make
food more affordable and accessible to a wider population,
thereby improving consumer access 4,

These include water harvesting and water management
techniques, community management of water resources, and
solar pumps 1. They play a vital role in addressing drought
issues and enhancing the efficiency of water utilization that
directly affects the availability of food due to regular growth of
crops. The initiation of high yield varieties and seed load that is
stress tolerant is one of the factors 'l In one of the examples,
the output of crops such as drought resistant beans and maize
which is classified as a better strain has been reported to yield
higher crop quality, the income of the farmers, and food security
[20 Clean technologies in such areas as composting, cover,
conservation agriculture, optimal application of fertilizers, no-
till and minimum tillage, livestock and fisheries management
practices fall under this category 9. Such practices improve the
health and fertility of the soil which results to improved yields
and production of food in a sustainable manner. As an example,
the topic of conservation agriculture becomes more biological,
efficient in the use of water and soil physical properties to reach
a more stable and high production 211, These are the financial
services, market information and off-farm risk management [81,
These types of interventions help farmers to address the risks,
and access to the resources, which are instrumental in the further
production and involvement in markets, which, at a certain
point, will lead to food with regards to its affordability and
availability.

Trade-offs: Balancing Productivity Gains with Climate and
Environmental Goals

CSA is aiming to strike equilibrium between the achievement of
its three macro ramifications: economically and agriculturally, to
raise were well as to usher into the realm of greater system
adaptations and reactive and to reduce GHG emissions 2, This
implies that it will need management trade-offs and exploitative
synergies 2, Numerous practices of CSA have two advantages.
An illustrative example of conservation agriculture, that
although such strategies help to boost productive capacity and
soil health (adaption), diminish GHG emissions by enhancing
soil organic carbon content as well as the efficiency of the
nitrogen utilizing system (mitigation) Y. On the same note,
agro forestry improves soil fertility and diversification of
income (adaptation) and capturing carbon (mitigation).
According to the reading, CSA is a framework which
completely takes into consideration trade-offs and synergies [,
Although they do not outline particular negative trade-offs, the
requirement of the balanced approach means that sometimes
having one pillar as a priority (e.g., productivity) may force a
person to pay close attention to another pillar (e.g.,
environmental goals) to avoid causing any harm to a third one
(e.g., innovation). By way of example, the yield of some
varieties could be high, meaning that it needed more inputs
which could cause emissions when not under the sustainable
management approach. Nevertheless, the higher priority of CSA
is to seek measures that will optimize the three pillars in a
unison. CSA is a holistic approach through which diverse
agricultural practices and technologies are combined to promote
food security and nutrition by improving production, enhancing
resiliency and adaptation to climate change. With production-to-
consumer access improved practice and market-sensitive
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solutions, CSA focuses on building sustainable and equitable
food systems but by treading the handling of the inherent trade-
offs to arrive at the desired climate and environmental objective.

Challenges and Limitations in Climate-Smart Agriculture
Adoption

There are multiple challenges involved with the implementation
of Climate-Smart Agriculture (CSA), which are socio-economic,
institutional and policy gaps, data and knowledge and issues of
farmers perception and access. They are some of the limitations
that need to be addressed in order to ensure the successful
incorporation of CSA in national agricultural plans.

Socio-economic Factors: Cost, Awareness, and Adoption
Constraints

Although the advantages of such practices are promising, the
rate at which agricultural practices like CSA get adopted are also
poor [, The above implies that there are massive obstacles that
entrepreneurs cannot use to effect such practices. As an
example, adoption of better facilities of livestock feeding is
rarely more than 1 percent annually, although it can greatly
boost its productivity and income . However, although
particular CSA practices may provide mitigation co- benefits,
the process to achieve it may become additional costly 1. These
are the costs that are to be identified particularly to the low-
emission development strategies equivalence to the traditional
high-emission trajectories to associate agricultural development
endeavors with climate finance . One of these barriers is the
absence of strong research that enhances knowledge of the issue
of what works, where, and why in various agro-ecologies and
production systems [N, This is a weakness of lacking context-
specific evidence to create wisdom and informed decisions
among farmers and policymakers.

Institutional and Policy Gaps

The major impediments to sustainable land management
practices that can help in increasing resilience are institutional
gaps and institutional weaknesses [?. The attempt at contracting
the private sector in the risk management effectively, e.g.
requires it to be good and practical regulation . Formulation of
enabling policy and regulatory environments would presuppose
stronger interrelation of policy on agriculture/climate
change/environmental and food systems [l These include
harmonising policies in various fields, and creating discussions
among pertinent ministries, to tackle tradeoffs, gaps, and
overlaps Bl The international assistance to national activities
must also have coordinated strategies in climate change,
agricultural, and food security policy sectors [l Although
agricultural development strategies have put great emphasis on
institutional development, this has been associated only with
mixed-success because of poor design or funding ). The
extension and information dissemination processing needs
popularization, the positive spillovers should be coordinated, the
whole process of risk management strategy must be developed,
and access to inputs must be ensured U],

Data and Knowledge Limitations

The existing evidence base does not ensure successful decision-
making and even at the national and local levels is mostly
inaccessible I, It is especially necessary to have serious studies
that will explain what is meant by climate smartness in different
contexts M. A great part of the climate change impact on
agriculture is not suited to national and local-level planning
because of uncertainty in climate models, technical
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complications in downscaling, and lack of information on future
climate variability and its effects [®l. “Evaluation of the ability of
various policies and technology to adapt or mitigate the impact
of climate change, how to enhance resilience, and alternatives
and expenses of reducing the growth of the emissions would
require tools (€1,

Farmers' Perceptions and Access to Resources

Climate change is more disastrous to poor producers, the
landless, and marginalized ethnic groups which are the most
vulnerable categories ¥, These are the groups which are usually
the most hit by the effects of climate change yet have had the
least contribution to the climate change 1. Some of the inputs
required by the use of CSA include tree seedlings, seeds or
fertilizers, and this limitation on availing an input in time can
limit their use on large scale basis 1%, The access to fertilizer, in
a good time, in particular, can determine the productivity and
stressed higher resource use, yet they are often not available [,
This variability already exists among farmers but climate change
introduces even greater uncertainty and requires greater
flexibility and response ability. The resilience to be established
through construction of resilience entails minimizing
vulnerability of falling into the food-insecure category and
enhance capacity of adapting to the risks.

Future Directions and Research Agenda for Climate-Smart
Agriculture

The prospect of Climate-Smart Agriculture (CSA) will be to
capitalize on new technologies, develop concentrate policy, and
consolidate collaboration in worldwide issues; that is, food
security and climatic changes problem. These directions are
directed at the expansion of productive drills, including the
application of digital tools, investing in climate, and disciplinary
collaboration.

Scaling CSA through Policies and Incentives

Data formation of enabling regulatory and policy mechanisms is
the greatest factor in accomplishing high levels of CSA
adoption. This will imply increased coordination of the
agricultural, climate change/ environmental and food system
policies. Policies in these areas need to be streamlined and
dialogue between concerned ministries encouraged to resolve
the trade-offs, gaps, and overlaps 2. International support is
also needed for national efforts, coordinating approaches across
climate change, agricultural, and food security policy areas [6],
Public support is necessary for extension services, information
dissemination, and comprehensive risk management strategies.
This includes ensuring reliable access to inputs for farmers 271,
Effective engagement of the private sector in risk management
also requires transparent, efficient, and enforceable
regulations [?8],

While the document does not explicitly detail carbon markets, it
notes that realizing mitigation co-benefits from CSA practices
may involve additional costs. Identifying these costs, especially
for low-emission growth strategies, is important to link
agricultural development efforts with climate finance 9. This
implies a need for financial mechanisms to support the transition
to more sustainable, low-emission agricultural practices.

Role of Digital Agriculture (Al, 10T, Remote Sensing)

Advanced internet technology is considered a main direction for
the future development of CSA, particularly for ensuring
agricultural information security and improving agricultural
services %, Remote sensing technology is widely used due to its
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fast, macro, real-time, dynamic, and large-area observation
capabilities Y, Continuous improvements in temporal, spatial,
and spectral resolutions, along with enhanced inversion
algorithms, make remote feeling that it is a key instrument in
regional scale CSA B, It is applicable in the exact management
of crops, tracking of the growth of crops, planting land, crop
yield, as well as agricultural calamity details % 331, The next step
will be the combination of multi-source remote sensing to
achieve more accurate and precise dynamic variations in crop
development B4, 10T refers to inter-linked computing devices,
sensors and machines that measure data on environmental and
crop factors such as temperature, humidity and pH B4, In the
case of CSA, the development of the loT in the future must
enhance its high flexibility and customization to the local
conditions., ensure efficient deployment, reliable network
connections, and implement robust security strategies for
valuable agricultural data %, Al applications in agriculture are
expanding, capable of analyzing and integrating data from
various areas to achieve plant recognition, weed prediction, crop
yield prediction, GHG emissions forecasting, climate prediction,
and pest control (11, Al will be able to enhance crop productivity
by predicting the best sowing/harvesting date and crop status, as
well as reducing the input expenses . Future directions include
strengthening data collection and analysis from diverse sources
(soil, climate, diseases, pests) and extending deep learning
methods to improve accuracy in plant identification and yield
prediction “1.CSA requires coordinated actions among various
stakeholders, including farmers, researchers, the private sector,
civil society, and policymakers, to establish climate-resilient
pathways 4, This interdisciplinary approach is essential for
addressing the complex challenges of food security and climate
change comprehensively.

Pathways to Integrate Adaptation, Mitigation, and Food
Systems Resilience

CSA is a process of transforming agricultural systems to become
food security in new climatic conditions 31, Some of its local
objectives are to improve agricultural productivity and incomes
in a sustainable way, to enable agricultural systems to provide
and meet climate change demands, and to reduce or even
eliminate GHG emissions 1“4, The aim of this is to reap a triple
win-win of production, gain in stress resistance and reduction in
GHG emissions [, The future development of CSA will drive
sustainable agricultural development to a higher level through
the enhancement of the cropping patterns and management
methods 1, It comprises of multiple cropping”, crop
diversification, zero till farming, application of organic
improvers and biochar in order to improve the quality of soil and
minimize GHG emissions 8. Insuring agricultural weather
index is regarded a promising direction of CSA in the future 71,
It applies agrometeorological indicators to lead to the
compensation in order to reduce or remove the adverse impact
of natural risks on agricultural production and it offers a novel
method of risk transfer to agricultural producers [“8l. Evaluation
methods and indicator systems of this insurance are undergone
to need more investigations 1,

Conclusion

Climate-Smart Agriculture (CSA) acts as pivotal stratum
between ensure that food security, adjusting the transformations
of climate, and preventing its changes and reactions. It is an
integrated methodology that aims at transforming the
agricultural systems in such a way that abates the 21 st century
challenges by increasing productivity in a sustainable way,
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developing elasticity and reducing green lives [43-44],

A combination of strong policies, science, and action by the
farmers are the ingredients of a successful implementation of
CSA. These involve the creation of enabling policy and
regulatory systems, the exploitation of the latest digital
agricultural technologies, such as the Al, the Internet of Things,
and the remote sensing, and the attainment of climate capital
funding. Also, interdisciplinary cooperation between various
stakeholders is the most important in order to promote holistic
solutions. Increasingly adopting CSA is not just a wish but a
must to design resilient and sustainable food systems that would
fulfill security of and climate goals in the world confronting
constant change in climate.
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