www.ijcrt.org © 2026 1JCRT | Volume 14, Issue 8 August 2026 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

é 0 ) INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
i

An International Open Access, Peer-reviewed, Refereed Journal

Community-Led Agro-Ecological Restructuring
for Climate Resilience: Multi-Criteria Decision
Analysis of Crop Diversification Strategies

Prof Rampriti Mani Tripathi, Professor, Agriculture Extension, BRD P.G. College, Deoria

Abstract: Climate change has created one of the biggest challenges to global agricultural sustainability,
with increasing negative impacts on livelihoods and food security. The continued alteration of global
climate and weather systems, as well as the ongoing reduction in global levels of agricultural diversity, has
adversely affected world agricultural production systems. The challenge of modern-day agriculture has led
to a renewed focus on community-based agricultural production systems. The greatest potential for positive
adaptation to the threats of climate change is through the adoption of agro-ecological practices. Agro-
ecology is the application of ecological principles to agricultural systems. Within the context of sustainable
development, agro-ecology uses ecological knowledge, principles and agricultural systems to sustainably
transform the world's agricultural production systems. Restructuring world agricultural production systems
to make them more ecologically stable requires the adaptation of agricultural systems to reduce
environmental degradation and to enhance the productivity of agricultural systems. The greatest bearing on
the future of the world's agriculture is the restoration of the world's agricultural production systems to make
them ecologically sustainable.

Keywords: Agro-ecology, Climate resilience, Crop diversification, Community participation, Multi-
Criteria Decision Analysis, Sustainable agriculture.

1.1 Introduction

Agriculture is the foundation of many rural economies. It provides food and jobs at all levels of the global
economy. Even so, the effects of climate change continue to translate into an increased vulnerability of
agricultural systems. This manifests as the unexpected and prolonged occurrence of droughts, flooding,
heat waves, as well as outbreaks of pests, especially during off seasons. Traditional monoculture systems
have become increasingly vulnerable to climatic changes. Agro-Ecological Restructuring, on the other
hand, is an alternative approach, which adopts ecological principles, and itself is an ecologically based
system, to mitigate the effects of climate change [1]. Community-based agro-Ecological Restructuring, is
the process through which Local communities are in charge of redesigning agricultural systems, in order to
promote and sustain Biodiversity, Ecosystem services, and Climate resilience. Crop diversification is
among the most effective adaptation strategies within agro-Ecological Restructuring. It entails the
cultivation of various crop species, varieties and cropping systems to reduce risks and enhance resilience.
Diversification practices include mixed cropping, intercropping, crop rotation, agroforestry, and integrated
farming systems. Considerations such as profitability, efficiency in water usage, soil fertility, social
acceptability, biodiversity conservation, and productivity are numerous and sometimes at odds with one
another when it comes to choosing suitable diversification options [2]. An analytical framework for
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comparing potential courses of action according to several criteria at once is provided by Multi-Criteria
Decision Analysis (MCDA). Decisions based on MCDA, climate resilience, crop diversification, and agro-
ecological restructuring are the topics that this review article intends to investigate.

1.2 Objectives of the Study
1. To examine the concept of community-led agro-ecological restructuring.

2. To analyze the role of crop diversification in climate resilience.
3. To explore the application of Multi-Criteria Decision Analysis in agricultural decision-making.
4. To identify key challenges and opportunities in implementing diversification strategies.

5. To propose a conceptual framework for sustainable agricultural transformation.

Adaptive Strategies to Climate Change
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Figure 1: Relationship among climate change, community participation, agro-ecological
restructuring, crop diversification, and climate resilience.
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1.3 Methodology of Review
This review paper is based on secondary data collected from:
o Peer-reviewed journal articles.

« Government reports.

e FAO publications.

e |PCC reports.

o Research databases such as Scopus, Web of Science, and Google Scholar.

« International organizations working on sustainable agriculture.
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The literature was reviewed using thematic analysis and synthesis methods.
Table 1: Sources of Literature Review

Source Focus Area
Research journals Agro-ecology and diversification
FAOQ reports Sustainable agriculture
IPCC reports Climate resilience
Government documents Agricultural policies
Case studies Community participation

1.4 Agro-Ecological Restructuring: Concept and Principles

Agro-ecology uses agricultural and ecological production science and technology. Balancing the
components of the environment with the needs of agriculture and society is the basis of Agro-Ecology [3].
The following are the main principles of Agro-Ecology.

4.1. Biodiversity Conservation

The conservation of biodiversity is one of the basic ecological principles of agro-ecology and focuses on
the protection and promotion of the diversity of plants, animals, microorganisms and ecosystems, existing
within agricultural ecosystems. Agro-ecological systems promote participation, Conservation Reserve
restorative agroforestry practices, crop diversification, mixed farming, and the preservation of indigenous
species to maintain ecological balance [4]. Biodiversity improves soil fertility, enhances pollination,
controls pests naturally, and increases the adaptability of farming systems to environmental changes.

4.2. Recycling of Nutrients

Agro-ecology focuses on the efficient recycling of nutrients within farming systems. The goal is to reduce
the use of external chemical inputs. The soil becomes more fertile and the soil structure, along with the
microbial and nutrient activity in the soil, improves from nutrient recycling. Improved soil structure
reduces soil erosion and the leaching of nutrients within the soil. Recycling nutrients improves soil
structure and the soil's ability to hold and provide moisture and nutrients [5]. The base of a closed system is
a recycled nutrient supply. Within this closed system, the output of improved agricultural productivity
creates a significant reduction in waste, while keeping the cost of production low.

4.3. Efficient Use of Natural Resources

With agro-ecology, we are concerned about the integrated use and management of land, water, energy, and
biological resources, especially in the maintenance of ecological functions and the services that are derived
from ecosystems and the environment. Agro-ecological methods such as conservation agriculture and
cultivation; integrated pest control systems; and the application of precision irrigation, if used properly, will
optimize resource usage and minimize waste [6]. Agro-ecological management balances resource
consumption and ecosystem functions and reduces the emission of greenhouse gases.

4.4. Integration of Crops and Livestock

When crops are grown in combination with livestock, it can produce an agriculturally viable output that
enhances sustainability and productivity in the agricultural field. Manure produced by livestock is an
important source of nutrients for the soil, and the residues of crops serve as livestock feed. Diversified
farming systems serve to minimize the risks of farming and enhance the amount and quality of output
available to the farmers [7]. Such systems further help in improving the resilience of the farm as it helps to
produce synergistic effects of the different components of farming.
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4.5. Community Participation

Participation within the community is vital to agro-ecology. Local farmers understand local conditions and
can draw upon traditional knowledge. Agron-ecoological methods and techniques advocate for
participatory learning and action (PLA). This involves farmers, researchers and policymakers working
together [8]. Agro-ecology reinforces social networks, which in turn enhances innovation and produces
positive, long- term effects, as determined by sustainable agricultural methods.

4.6. Social Equity

Social equity in agro-ecology emphasizes fairness, inclusiveness, and equal access to resources,
opportunities, and benefits for all members of society. Agro-ecological systems seek to reduce inequalities
related to land ownership, income distribution, gender, and access to agricultural inputs and markets. By
empowering small-scale farmers, women, and marginalized communities, agro-ecology contributes to
poverty reduction, food security, and rural development [9]. Social equity ensures that the benefits of
sustainable agriculture are shared fairly across different social groups.

4.7. Ecological Resilience

Ecological resilience is the ability for an agricultural system to withstand and recover from any kind of
environmental disturbances. Resilient agricultural systems possess the capacity to maintain their
agricultural productivity in the face of any environmental degradation. Ecological resilience has to be
increased if agriculture has to be made capable of meeting the long-term challenges of food security and
the sustainable development of any society, even in the presence of simultaneous global changes to the
environment [10]. Community-led agro-ecological restructuring involves active participation by local
farmers, cooperatives, women's groups, and indigenous communities in designing sustainable agricultural
systems.

1.5. Climate Change and Agricultural Vulnerability

Climate change adversely affects agriculture in many ways. These effects create many challenges for food
production and rural livelihoods. There are sequential changes in climate. The most noticeable of those
changes are floods and droughts. Floods and droughts create uncertain conditions for agricultural
production. There is the loss of soil health and degraded agricultural production due to soil degradation and
loss of soil health. The changing climate adversely affects agricultural production and creates adverse
agricultural production conditions. Climate change affects the resilience of agricultural production systems.

Table 2: Climate Risks and Agricultural Impacts

Climate Risk Agricultural Impact
Drought Crop failure
Flood Soil erosion
Heat waves Yield reduction
Uncertain rainfall Delayed sowing
Pest infestation Economic losses
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Figure 2: Major Climate Risks Affecting’Agri(‘:uIturé

1.6. Crop Diversification as a Climate Adaptation Strategy
Crop diversification reduces dependence on a single crop and enhances ecosystem stability. Major Crop
Diversification Strategies shown by figure 3.

e Intercropping

e Crop Rotation

Agroforestry

e Mixed Farming

e Integrated Farming Systems

) CCC

Fig 3: Major Crop Diversification Strategies

1. Intercropping -Cultivating two or more crops simultaneously.

2. Crop Rotation-Changing crop species across seasons.

3. Agroforestry-Combining trees with crops.

4. Mixed Farming-Integration of crops and livestock.

5. Integrated Farming Systems-Combining agriculture, livestock, fisheries, and forestry.

Table 3: Benefits of Crop Diversification

Dimension Benefits
Environmental Soil conservation
Economic Risk reduction
Social Employment generation
Ecological Biodiversity enhancement
Nutritional Food diversity
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1.7. Community Participation in Agro Ecological Restructuring-
Community participation plays a crucial role in climate adaptation. Key Stakeholders in Community-Led
Agro-Ecological Restructuring

Farmers: Scaling up agro-ecological restructuring and adaptation rests primarily on farmers’ ability and
willingness to adopt climate smart agricultural practices and implement ecosystem-based adaptation.
Traditional knowledge and local experiences of farmers have a considerable role in foreseeing various
opportunities and challenges that the local ecosystem presents. These various local opportunities are best
utilized through the implementation of sustainable agriculture [11]. Farmers are active professionals and
stakeholders in the process of crop diversification, soil and water conservation, and various strategies to
adapt to climate change.

Cooperatives: Farmers must procure financial resources, agricultural inputs, marketing channels and
resources, and technical assistance. Together, these components facilitate collective action more efficiently.
They help to minimize the cost of production through the combinational use of resources. Cooperatives
engage rural communities in adopting modern, innovative and economical methods and approaches to food
and agricultural production. They integrate farmers into the process of achieving the improvement of
agricultural and food systems in rural communities.

Local Governments: Local administrations have key functions in formulating policies, allocating
resources, and providing a supportive environment for agro-ecological initiatives. Local governments
increase the surrounding infrastructure, offer subsidies and incentives, and organize and participate in
climate change adaptation programs.

Non-Governmental Organizations (NGOs): NGOs offer a multitude of services including offering
technical help and building training programs to offering financial help and building capacities. They link
up local communities with governmental and research organizations and networks. NGOs help create
consciousness regarding resilient farming and environmental preservation and conservation which helps in
the active involvement of the community in agriculturally related ecological transformations.

Women's Groups: Women’s groups are important stakeholders. Women are usually responsible for a
large part of the agricultural work and the improvement of food both at the household and at the
community level and the management of natural resources. Bringing women on board brings about greater
inclusiveness and the right agricultural policies [12]. Women’s groups are directly involved in seed
conservation and the diversification of agricultural activities at the household level, as well as decision
making that is based on the community, all of which helps to strengthen the economic and social resilience
of the community.

Researchers: Researchers and scholarly organizations convey applied knowledge and inventive
technologies, and provide evidence-based suggestions for the pursuit of sustainable agriculture. They
undertake studies on climate change, health soil; crop; resource productivity and management.
Additionally, researchers build decision-support systems such as multi-criteria decision analysis models, so
that communities can select the optimal range of application adaptation strategies and assess their long-
term effects.

1.8 Benefits of Community Participation

Local Knowledge Integration: Participation by the community helps locally and indigenous knowledge to
fuse with scientific research. Knowledge of the farmers is of great importance to understanding the local
ecosystem and the weather, and to understanding the local farming systems. The fusion of this knowledge
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with the modern approaches of farming generates the more innovative and location specific practices of
climate change adaptation.

Collective Action: Participation by the members of the community results in collective action. Because of
all of this collective action, people are able to work together in order to deal with problems such as the
scarcity of water, the degradation of soil, and the variability of climate [13]. Collective action results in the
ability of the community to implement systems of sustainable practices, and to be able to respond to the
changes that happen in the environment.

Resource Sharing: Community-based approaches are likely to promote the sharing of resources (e.g.
labor, seeds, machinery, irrigation facilities, etc.). Financial resources can be included among the resources
mentioned above. Resource sharing reduces production costs, enhances overall productivity, and improves
the accessibility of agricultural inputs, especially for small and marginal farmers.

Better Decision-Making: Participatory processes ensure that diverse perspectives are Seen in the planning
and implementation processes. It is important for the chosen few to involve all stakeholders who wish to
exercise their right for participation. Including all stakeholders leads to effective and efficient policies that
satisfy the needs and priorities of a community.

Enhanced Social Capital: Community participation creates trust in cooperation and in the social network.
Cooperative social relationships enhance communication, and the supportive relationships facilitate
knowledge exchange [14]. Social capital provides the basis for a community's resilience and supports the
development of sustainable agriculture in a community.
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Figure 4: Community Participation in Sustainable Agriculture

1.9 Multi-Criteria Decision Analysis (MCDA): Concept and Importance

MCDA is a decision-making tool used to evaluate alternatives based on multiple criteria.

Components of MCDA

Multiple criteria are considered in a methodical way in Multi-Criteria Decision Analysis (MCDA). The
decision-making possibilities are first narrowed down by cataloguing all of the potential alternatives. The
study's aims and needs will inform the selection of suitable criteria. Each criterion is given a weight based
on their relative value after they have been chosen. The next step is to use quantitative or qualitative
metrics to rank the options according to the predetermined criteria. The alternatives are ranked from most
suitable to least suitable using these scores. To ensure the decision-making process is strong and reliable,
sensitivity analysis is performed to assess how changes in criterion weights or scores effect the final
ranking.
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Table 4: Criteria Used in MCDA for Crop Diversification

Criterion Indicator
Productivity Yield
Profitability Net income

Water efficiency Water requirement

Soil health Organic carbon

Biodiversity Species richness
Social acceptance Farmer preference
Market access Price stability

1.10 MCDA Techniques in Agricultural Planning

Several MCDA methods are used in agricultural decision-making.
Table 5: Major MCDA Techniques

Technique Description
AHP Analytical Hierarchy Process
TOPSIS Technique for Order Preference
PROMETHEE Preference Ranking Method
ELECTRE Elimination Method
Weighted Sum Model Score aggregation

Analytical Hierarchy Process (AHP)

AHP decomposes complex decisions into hierarchical structures and assigns weights to criteria.
TOPSIS TOPSIS ranks alternatives according to their distance from ideal solutions.
PROMETHEE PROMETHEE evaluates preferences among alternatives.

1.11. Crop Diversification Alternatives and MCDA Evaluation

Suppose a farming community evaluates four alternatives:

e Rice-Wheat system.
e Millet—Pulse system.
o Agroforestry system.

o Integrated farming.

Table 6: MCDA-Based Evaluation Matrix

Criteria Rice-Wheat
Yield 8
Water efficiency 3
Soil health 4
Profitability 7
Biodiversity 2
Climate resilience 4
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Figure 5: Comparative Crop Diversification Systems

1.12 Literature Review

Altieri (2018) Altieri emphasized that agro-ecological farming systems enhance resilience through
biodiversity conservation, improved nutrient cycling, and reduced dependence on external inputs [15].
FAO (2019) The report highlighted crop diversification as an essential strategy for mitigating climate risks
and improving food security [16].

IPCC (2022) The IPCC identified agro-ecology and diversified farming systems as effective adaptation
measures against climate variability [17].

Gliessman (2015) Gliessman argued that agro-ecological transitions require social participation,
institutional support, and ecological redesign [18].

Pretty et al. (2018) The study demonstrated that diversified agricultural systems increase productivity
while reducing environmental degradation [19].

Kremen and Miles (2012) The authors found that diversified systems improve ecosystem services and
increase resilience to climatic shocks [20].

Tittonell (2014) Tittonell emphasized the importance of local knowledge and participatory approaches in
agricultural adaptation [21].

Mottaleb et al. (2017) The research revealed that crop diversification significantly reduces risks associated
with climate uncertainty [22].

Bezner Kerr et al. (2019) The study highlighted that community-based adaptation strengthens local
resilience and food security [23].

Table 7: Summary of Literature

Author Major Findings
Altieri Biodiversity improves resilience
Gliessman Agro-ecological transition
FAO Diversification reduces risk
IPCC Climate adaptation
Kremen Ecosystem services
Bezner Kerr Community resilience
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1.13. Challenges in Implementing Crop Diversification
Several constraints hinder diversification efforts:
« Limited financial resources.

o Lack of technical knowledge.
o Market uncertainty.

« Inadequate infrastructure.

e Policy barriers.

e Land fragmentation.

e Poor institutional support.

Table 8: Challenges and Solutions

Challenge Solution
Financial constraints Credit support
Knowledge gap Farmer training
Market risk Value-chain development
Water scarcity Efficient irrigation
Policy limitations Policy reforms

1.14. Policy Implications
Governments should:
e Promote farmer cooperatives.

e Support participatory planning.

o Encourage climate-smart agriculture.

« Provide subsidies for diversification.

o Develop resilient value chains.

« Strengthen agricultural extension services.
o Integrate MCDA tools into policymaking.

1.15. Proposed Framework for Community-Based MCDA
The framework consists of:
1. Community consultation.

2. Identification of alternatives.
3. Selection of criteria.

4. Weight assignment.

5. MCDA analysis.

6. Validation.

7. Implementation.

8. Monitoring.
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Table 9: Framework Components

Stage Activity
Planning Community consultation
Analysis MCDA

Evaluation Ranking
Implementation Adoption
Monitoring Feedback

1.16. Research Gap
Existing studies have largely focused on climate-smart agriculture and crop diversification separately.
Limited research integrates community-led agro-ecological restructuring with MCDA frameworks. Future
research should examine:

o Region-specific diversification models.

o Participatory MCDA approaches.

« Indigenous knowledge integration.

o Gender-inclusive adaptation strategies.
e Long-term ecological impacts.

1.17. Conclusion

Community-led agro-ecological restructuring is a new, transformative, and simulation-based approach to
the development of resilient and sustainable agriculture. Encouraging the diversification of crops supports
the increase of biodiversity, soil health, water and economic sustainability, while decreasing the
sustainability of the coincident climatic shocks. The engagement of communities enhances local ownership
and improves the results of adaptation. Integrated Multi-Criteria Decision Analysis is a robust decision-
support framework that integrates the ecological, economic, and social criteria into agricultural planning.
The synthesis of agro-ecological principles with participatory multi-criteria decision-making analysis
strengthens sustainability and facilitates the transformation of agriculture to adapt to climate change. Future
policies aimed at enhancing resilience and sustainability shall be focused on community engagement,
institutional support, and evidence-based decision-making.
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