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Abstract: Because of the complex interrelationships among soil health, climate change, and ecosystem 

resilience, extensive research and management techniques are required. This research assesses the effects 

of five different methods on soil health and ecosystem resilience in the context of climate change: 

conservation agriculture, conventional tillage, agroforestry, no-till farming, and urban green 

infrastructure. The performance of each alternative is evaluated using four parameters: Crop Yield, Soil 

Erosion, Soil Microbial Diversity, and Soil Organic Carbon. The options are ranked using the VIKOR 

approach according to their general appropriateness. The critical need to lessen climate change's 

detrimental impacts on soil health and ecosystem resilience is addressed in this study. Stakeholders may 

support sustainable land management practices by analyzing various techniques and measuring their 

effectiveness across multiple parameters and making informed judgments. Policymakers, academics, and 

land managers looking to improve soil health and ecosystem resilience in the face of climate change 

concerns may learn a lot from the findings. The comparison study shows that the other methodologies 

perform differently. The results show that agroforestry is the most preferred option, followed by no-till 

farming and conservation agriculture. These substitutes have positive effects on ecosystem resilience and 

soil health, underscoring the need of sustainable land management techniques. On the other hand, 

Conventional Tillage and Urban Green Infrastructure are less suitable, suggesting that there may be 

difficulties in reducing the effects of climate change on ecosystem functioning and soil health. The results 

emphasize how important it is to take a comprehensive strategy to addressing the intricate interactions 

among soil health, climate change, and ecosystem resilience. 
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1. INTRODUCTION 

 
The complex interrelationships among soil health, climate change, and ecosystem resilience highlight the urgent 

need for thorough investigation and proactive management approaches to effectively address the obstacles presented 

by changing climatic conditions. Indicators of soil health function as a barometer, capturing the intricate interactions 

between physical, chemical, and biological characteristics shaped by factors related to climate change as well as 

human activity. The main factors influencing how soil operates include rising atmospheric CO2 levels, higher 

temperatures, changed precipitation patterns, and nitrogen deposition. As a result, specific management approaches 

that take land use, soil characteristics, and intended ecosystem services into consideration are 

required.Understanding the elements of soil health is essential to sustainable land management. To support soil 

performance, physical attributes like texture, structure, and drainage combine with chemical qualities like pH and 

nutrient stores, as well as biological elements like microbial activity and biodiversity. Together, these elements 

affect soil resilience and its ability to sustain essential ecological functions.Beyond just harming soil quality, climate 

change has an influence on crop productivity and ripples across agricultural systems. The delicate balance between 
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crops, pests, and diseases is upset by fluctuations in climatic conditions, which presents serious obstacles to 

agricultural output and food security. Furthermore, these difficulties are made worse by changes in temperature and 

precipitation patterns brought on by climate change, which emphasizes the critical need for adaptive management 

strategies. The process of nitrogen fixation, which transforms atmospheric nitrogen into forms that are useful for 

plant development, is essential to agricultural output. Climate change, however, has the potential to interfere with 

this vital process, changing the dynamics of ecosystems and the availability of nutrients. In particular, elevated CO2 

levels provide difficult problems because they affect nutrient intake, plant development, and the symbiotic 

interactions that plants have with mycorrhizal fungus.The soil microbiome, which is made up of a wide variety of 

microorganisms, is essential to the sustainability of an ecosystem. Disturbances brought on by climate change have 

the potential to undermine the resilience and functionality of soil microbiomes. Preserving soil health and 

maintaining the integrity of ecosystems requires an understanding of the dynamics of soil microbial populations and 

how they respond to environmental stresses. A key idea in addressing the effects of climate change on soil and 

ecosystems is ecological resilience. Metrics measuring resistance, resilience, and stability provide important 

information on how well soil and ecosystems can tolerate shocks and bounce back. Researchers can more accurately 

forecast and lessen the effects of climate change on soil health and ecosystem functioning by clarifying this 

processes.The interdependence of environmental systems is highlighted by the worldwide effects of climate change 

on soil carbon storage, plant dynamics, and precipitation patterns. The consequences of climate change are felt at 

many geographical and temporal dimensions, impacting everything from urban ecosystems to rural agricultural 

landscapes, and they provide significant obstacles to both human welfare and the health of the planet.In summary, a 

multimodal strategy that incorporates scientific research, adaptive management techniques, and stakeholder 

involvement is needed to address the intricate interactions among soil health, climate change, and ecosystem 

resilience. Through the advancement of soil science, the promotion of ecosystem resilience, and the use of 

sustainable land management techniques, we can lessen the negative effects of climate change and ensure the 

fertility and health of the earth's soils for coming generations. It is critical to dive further into the many possibilities 

and challenges that lie ahead in order to navigate the complex web of relationships between soil health, climate 

change, and ecosystem resilience. Indicators of soil health are essential diagnostic instruments that provide 

information about the functioning of the soil at the moment and how vulnerable it is to external stresses. These 

indicators, which include physical, chemical, and biological characteristics, offer a thorough framework for 

determining the current state of soil health and directing management actions.The processes and functions of soil are 

significantly impacted by the causes of climate change, which include rising atmospheric CO2 levels, changing 

temperature regimes, modified precipitation patterns, and nitrogen deposition. Sustainable land management faces 

difficult obstacles as a result of these changes, which are frequently exacerbated by human activity. Furthermore, a 

wide range of ecosystems, including urban settings and agricultural landscapes, react differently to changes in the 

climate, calling for the development of context-specific adaptation plans. Each landscape has a unique set of land 

uses, soil characteristics, and ecosystem services that need to be taken into account when developing effective 

management plans. In order to improve soil health resilience and lessen the effects of climate change, customized 

strategies that take into consideration regional circumstances and stakeholder requirements are crucial. The 

integration of contemporary scientific research with traditional knowledge systems has the potential to improve the 

effectiveness of management interventions, hence promoting synergies between socio-economic growth and 

ecological sustainability.The ability to adjust to shifting environmental conditions while preserving ecosystem 

integrity and productivity is the foundation of agricultural resilience. Crop diversification, agroforestry, and 

conservation tillage are a few examples of climate-smart agricultural techniques that provide promising ways to 

improve soil resilience and health. By improving soil fertility, water retention, and insect resistance via the use of 

natural ecological processes, these methods lessen the need for outside inputs and increase the ability of agricultural 

systems to respond.The process of nitrogen fixation is essential for maintaining plant growth and production, and it 

is especially susceptible to the effects of climate change. In order to maximize nutrient cycling and improve 

agricultural sustainability, it is crucial to comprehend the complex relationships that exist between mycorrhizal 

fungus, nitrogen-fixing bacteria, and substrate plants. Furthermore, cutting-edge methods like precision farming and 

biofertilizers show potential for raising nitrogen usage effectiveness and lowering environmental effects.The 

enormous assortment of bacteria, fungus, and other microorganisms that make up the soil microbiome is essential to 

controlling ecosystem functioning and soil health. Drought, floods, and temperature extremes are examples of 

climate-induced disturbances that can upset microbial communities and have a domino effect on soil structure, 

nutrient cycling, and interactions between plants and microbes. Enhancing soil health and fostering ecosystem 

resilience in the face of climate change can be achieved by using the resilience of soil microbiomes through 

ecosystem-based techniques like organic farming and habitat restoration.The intricate problems brought about by 
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climate change call for an all-encompassing strategy that incorporates traditional wisdom, scientific research, and 

stakeholder involvement. We can preserve the fertility and health of our soils for future generations by promoting 

the interrelationships between soil health, climate resilience, and sustainable land management. We can create 

resilient agricultural systems that flourish in a changing climate while maintaining the ecological integrity of our 

land by working together and being innovative.planet's soils. 

 

2. MATERIALS AND METHOD 

 
Alternative Parameters: 

 

1.Conservation Agriculture 

2.Conventional Tillage 

3.Agroforestry 

4.No-Till Farming 

5.Urban Green Infrastructure 

 

Evaluation Parameters 

 

Benefit Parameters: 

Soil Organic Carbon 

Crop Yield 

Non-Benefit Parameters: 

Soil Erosion 

Soil Microbial Diversity 

 

Five separate techniques stand out as viable answers when understanding how climate change affects ecosystem 

resilience and soil health: Agroforestry, Conservation Agriculture, Conventional Tillage, No-Till Farming, and 

Urban Green Infrastructure.The first option, conservation agriculture, places a higher priority on crop rotation, 

minimal soil disturbance, and permanent soil cover to improve soil health. In an effort to decrease erosion, raise soil 

organic carbon levels, and increase water retention, it encourages techniques like cover crops, no-till farming, and 

varied crop rotations. Conservation Agriculture contributes to the preservation of soil structure and microbial 

diversity, which are essential for maintaining ecosystem resilience, by reducing soil disturbance. The second option, 

Conventional Tillage, on the other hand, entails extensive soil disturbance by mechanical tillage and plowing. 

Conventional tillage techniques can help with weed management and seedbed preparation, but they also cause soil 

erosion, loss of organic matter, and disturbance of the microbial populations in the soil. These negative 

consequences may weaken ecosystems' ability to withstand the effects of climate change and jeopardize the health 

of the soil.The third option, agroforestry, incorporates trees and shrubs into agricultural landscapes to offer a number 

of advantages, such as improved biodiversity, nutrient cycling, and soil conservation. Agroforestry systems provide 

potential to enhance soil structure, augment organic matter inputs, and foster habitat variety by fusing farmed crops 

with woody perennials. Improved soil health and ecosystem resilience are benefits of this integrated strategy, 

especially in regions that are susceptible to climate fluctuation.The fourth option, known as "No-Till Farming," is 

planting crops straight into tilled soil using specialized machinery without first disturbing the soil. No-till farming 

contributes to long-term soil health and ecosystem stability by reducing soil erosion and maintaining soil organic 

carbon levels and microbial activity. Additionally, by lowering the greenhouse gas emissions linked to traditional 

tillage methods, this strategy aids in the fight against climate change.The fifth option, Urban Green Infrastructure, 

includes various green areas including parks, green roofs, and urban gardens that are incorporated into urban settings 

to improve climate change resistance and offer ecosystem services. These green areas support biodiversity 

conservation, enhance the quality of the air and water, and lessen the impacts of urban heat islands. Furthermore, 

urban green infrastructure may be extremely important for preserving and restoring soil, resulting in healthy urban 

soils that can sustain a variety of plants and ecosystem services.In conclusion, every one of these options presents a 

different approach to mitigating the effects of climate change on ecosystem resilience and soil health. Preservation 

No-till farming, urban green infrastructure, agroforestry, and agriculture all place a high priority on sustainable land 

management techniques that protect biodiversity, conserve soil, and reduce climate risk. Conventional Tillage, on 

the other hand, is a more traditional method that can provide problems for ecosystem resilience and soil health in the 

face of climate change impacts.Four important assessment parameters which may be divided into benefit and non-
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benefit criteria emerge when evaluating how climate change affects soil health and ecosystem resilience. The benefit 

criteria are represented by Soil Organic Carbon (SOC) and Crop Yield, which are indices of agricultural production 

and soil health, respectively. Because organic carbon concentration affects soil fertility, water retention, and 

microbial activity, higher SOC levels indicate healthier soil. Higher Crop Yield values also indicate increased 

agricultural production, which is crucial for both economic sustainability and food security in the face of climatic 

unpredictability. The two requirements are related because SOC enrichment improves soil structure and nutrient 

availability, which in turn increases crop growth and yield potential.On the other hand, non-benefit criteria like soil 

erosion and soil microbial diversity emphasize elements that are essential to soil health and ecosystem resilience. 

The integrity of the soil and the stability of ecosystems are seriously threatened by soil erosion, especially in light of 

changing climatic circumstances marked by more intense rainfall and harsh weather. Reduced soil loss, preservation 

of soil structure, fertility, and nutrient retention capacity are indicated by lower soil erosion values. Conversely, the 

richness and functional variety of soil microbial communities which are crucial for the breakdown of organic matter, 

the cycling of nutrients, and the interactions between plants and microbes are reflected in soil microbial diversity. A 

better soil microbiome is indicated by higher microbial diversity values, which support improved soil fertility, 

disease prevention, and ecosystem health.The intricate processes influencing soil health and ecosystem resilience in 

the context of climate change are highlighted by the interaction between these benefit and non-benefit criteria. 

Higher SOC and Crop Yield values are indicative of better soil health and agricultural output, but they must be 

weighed against initiatives to reduce soil erosion and increase soil microbial diversity. To mitigate the negative 

effects of climate change on soil ecosystems, sustainable land management approaches that prioritize soil protection, 

organic matter enrichment, and biodiversity conservation are crucial. Decision-making procedures targeted at 

fostering soil health, agricultural sustainability, and ecosystem resilience in the face of climate change problems can 

be informed by including these criteria into comprehensive evaluation frameworks.  

 
VIKOR method: In situations when compromise is acceptable for resolving conflicts, Multi-Criteria Decision 

Making (MCDM) problems with conflicting and noncommensurable criteria are addressed using the VIKOR 

technique. It looks for answers that, taking into account all predetermined parameters, are closest to the ideal. By 

rating and choosing options according to how near the ideal answer they are, VIKOR suggests solutions that 

compromise through mutual concessions. Using non-commensurable and conflicting criteria, this method assesses 

options within a finite set and creates a multi-criteria ranking index by calculating how close each option is to the 

best option. The approach finds a compromise solution that strikes a balance between being close to the positive 

ideal and being far from the negative ideal by defining positive and negative ideal points in the solution space. In 

order to accommodate varying units of criteria functions, VIKOR and TOPSIS provide different normalizing 

approaches and use aggregating functions to rank alternatives according to how close they are to the ideal. When 

determining the precise values of a property is difficult, it is more appropriate to treat them as interval numbers. This 

VIKOR addon efficiently combines quantitative approaches and qualitative analysis to address MADM situations 

with interval numbers. The method's adaptability has been shown in a number of applications, including staff 

training selection, land subdivision categorization, and planning for water resources. By combining maximal group 

utility with individual opponent regret, decision-makers may use the VIKOR technique to calculate final rankings, 

which can result in compromise solutions that satisfy a variety of decision-making objectives. Okay, so here's a 

condensed version: 
 

1. Criteria Identification: To begin the decision-making process, it's crucial to identify the relevant criteria that will 

be used to assess the alternatives. These criteria can vary in nature, ranging from quantitative to qualitative, and may 

have different units of measurement. 

 

2. Ideal and Anti-Ideal Solutions Definition: The VIKOR method necessitates establishing both the ideal solution 

(which maximizes the benefits of all criteria) and the anti-ideal solution (which minimizes the benefits of all 

criteria). These points serve as benchmarks for evaluating the alternatives. 

 

3. Normalization: Before proceeding, it's essential to normalize the criteria values to ensure they are comparable. 

This typically involves transforming the raw data into a common scale, often ranging from 0 to 1, where 0 signifies 

the poorest performance and 1 represents the best. 
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4. S-Ratio Calculation: Each alternative's S-Ratio, also known as the "closeness coefficient," is calculated to 

determine its proximity to the ideal solution while considering its distance from the anti-ideal solution. This ratio 

takes into account both distances through a specific formula. 

 

5. R-Ratio Calculation: Alongside the S-Ratio, the VIKOR method computes the R-Ratio, or "individual regret," 

for each alternative. This metric measures the maximum deviation of an alternative from the ideal solution across all 

criteria. 

 

6. Comprehensive Evaluation Index Determination: The comprehensive evaluation index combines the S-Ratio 

and R-Ratio, aiding in the ranking of alternatives based on their overall performance and potential for compromise. 

 

7. Ranking and Selection: Finally, the alternatives are ranked based on their comprehensive evaluation index. The 

alternative with the highest index is deemed the most favorable compromise solution, striking a balance between 

proximity to the ideal solution and minimal regret. 

 

3. ANALYSIS AND DISCUSSION 

 
TABLE 1. Climate Change on Soil Health and Ecosystem Resilience 

Alternative Soil Organic 

Carbon (Benefit) 

Crop Yield 

(Benefit) 

Soil Erosion 

(Non-benefit) 

Soil Microbial Diversity 

(Non-benefit) 

Conservation Agriculture 30 tons/ha 4 tons/ha 5 tons/ha 80 species/100 g of soil 

Conventional Tillage 20 tons/ha 3 tons/ha 8 tons/ha 60 species/100 g of soil 

Agroforestry 35 tons/ha 5 tons/ha 3 tons/ha 90 species/100 g of soil 

No-Till Farming 32 tons/ha 5 tons/ha 4 tons/ha 70 species/100 g of soil 

Urban Green Infrastructure 28 tons/ha 2 tons/ha 10 tons/ha 50 species/100 g of soil 

 

A comparative examination of five different strategies for reducing the negative effects of climate change on 

ecosystem resilience and soil health is shown in Table 1. Urban green infrastructure, conservation agriculture, 

conventional tillage, agroforestry, and no-till farming are among the solutions that were looked at. Four major 

criteria are used to assess each option: crop yield, soil erosion, soil microbial diversity, and soil organic carbon 

(SOC).With the maximum SOC level of 30 tons per hectare, which indicates enhanced soil organic matter content 

and increased soil health, conservation agriculture stands out as a viable substitute. It also shows a commendable 

Crop Yield of 4 tons per hectare, indicating agriculture a productivity that is sustainable. However, 5 tons of soil 

erosion per hectare is also recorded by conservation agriculture, suggesting a moderate amount of soil erosion and 

the need for additional erosion control measures. However, its notable Soil Microbial Diversity of 80 species per 

100 grams of soil underscores its capacity to sustain a variety of microbial communities that are essential to 

ecosystem performance. Conventional tillage maintains a reasonable Crop Yield of 3 tons per hectare, although 

displaying a lower SOC level of 20 tons per hectare when compared to Conservation Agriculture. It does, however, 

show significantly lower soil microbial diversity (60 species per 100 grams of soil) and greater levels of soil erosion 

(8 tons per hectare), which may indicate decreased microbial activity and possible deterioration of the soil With the 

greatest SOC level of 35 tons per hectare and the highest Crop Yield of 5 tons per hectare among the options 

assessed, agroforestry stands out as a beneficial option. With 3 tons of soil erosion per hectare, it also has the lowest 

degree of soil erosion, demonstrating successful soil conservation techniques. Additionally, with 90 species of soil 

microbes per 100 grams of soil, agroforestry has the largest soil microbiome diversity, a crucial component of 

ecosystem resilience. Comparable to agroforestry, no-till farming has an impressive Crop Yield of 5 tons per hectare 

and a SOC level of 32 tons per hectare. Additionally, it exhibits moderate levels of both soil microbial diversity and 

soil erosion, which may be advantageous for microbial activity and soil conservation. Among the alternatives 

considered, Urban Green Infrastructure has the lowest Crop Yield (2 tons per hectare) with a moderate SOC level of 

28 tons per hectare. With 10 tons per hectare, it also records the highest degree of soil erosion, indicating a 

substantial potential for soil degradation. In addition, compared to other options, Urban Green Infrastructure has a 

comparatively lower Soil Microbial Diversity of 50 species per 100 grams of soil, indicating lesser microbial 

activity. Overall, the comparative analysis emphasizes how different strategies differ in their ability to lessen the 

effects of climate change on ecosystem resilience and soil health, highlighting the significance of implementing 

sustainable land management techniques to support microbial diversity, agricultural productivity, and soil 

conservation. 
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FIGURE 1. Climate Change on Soil Health and Ecosystem Resilience 

 

A comparative examination of five different strategies for reducing the negative effects of climate change on 

ecosystem resilience and soil health is shown in Figure 1. Urban green infrastructure, conservation agriculture, 

conventional tillage, agroforestry, and no-till farming are among the solutions that were looked at. Four major 

criteria are used to assess each option: crop yield, soil erosion, soil microbial diversity, and soil organic carbon 

(SOC).One viable substitute is conservation agriculture. Overall, the comparative analysis emphasizes how different 

strategies differ in their ability to lessen the effects of climate change on ecosystem resilience and soil health, 

highlighting the significance of implementing sustainable land management techniques to support microbial 

diversity, agricultural productivity, and soil conservation. 

 
TABLE 2. Computation Sj and Rj 

Alternative         Sj Rj 

Conservation Agriculture 0.166667 0.083333 0.178571 0.1875 0.616071 0.1875 

Conventional Tillage 0 0.166667 0.071429 0.0625 0.300595 0.166667 

Agroforestry 0.25 0 0.25 0.25 0.75 0.25 

No-Till Farming 0.2 0 0.214286 0.125 0.539286 0.214286 

Urban Green Infrastructure 0.133333 0.25 0 0 0.383333 0.25 

 

In multi-criteria decision-making procedures, the computation of the Sj and Rj values for each choice is 

presented in Table 2. These numbers make it easier to choose which choice is best by quantifying how well it 

performs in relation to certain criteria.The Sj scores for conservation agriculture fall between 0.1666667 and 

0.616071, suggesting moderate to good performance according to all assessed parameters. The matching Rj values, 

which show the relative weights assigned to each criterion in calculating the final result, span from 0.083333 to 

0.1875.Sj ratings for conventional tillage range from 0 to 0.300595, which indicates somewhat poor to moderate 

performance across the criteria. The conventional tillage range's Rj values, which show the weights given to each 

criteria, are 0.0625 to 0.166667.Agroforestry performs well consistently across all analyzed parameters, as seen by 

its relatively high Sj values, which range from 0.25 to 0.75. The accompanying Rj values, which are all 0.25, 

highlight how equally weighted each criterion is in assessing total performance.With Sj values ranging from 0.2 to 

0.539286, No-Till Farming exhibits moderate to excellent performance across all categories. The accompanying Rj 

values, which vary in value from 0 to 0.214286, show how different criteria are in terms of how important they are 

in deciding total performance.With Sj scores ranging from 0.133333 to 0.383333, Urban Green Infrastructure 

exhibits moderate to excellent performance across the criteria. The related Rj values, which vary from 0 to 0.25, 

show how different criteria are in terms of how important they are in deciding total performance.To summarise, the 

method of computing Sj and Rj values provide significant understanding of how well each alternative performs 

across several parameters, which aids in making well-informed decisions. By allowing stakeholders to choose the 
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best choice based on their own preferences and objectives, these values eventually aid in the acceptance of long-

term and practical solutions. 

 

 
 

FIGURE 2. Calculation Sj and Rj 

 

The computations of Sj and Rj, which are the total of all normalized values from Table 1 and are obtained by 

determining the greatest and lowest value, are displayed in Figure 2.  

 

TABLE 3. Final Result of Calculation Qj 

Alternative Sj Rj Qj 

Conservation Agriculture 0.991071 0.616071 0.671241 

Conventional Tillage 0.529762 0.300595 0 

Agroforestry 1.25 0.75 1 

No-Till Farming 0.878571 0.539286 0.507712 

Urban Green Infrastructure 0.633333 0.383333 0.163954 

S+ R+ 0.529762 0.300595 

 
S- R- 1.25 0.75 

  

The final result of the computation for the Qj values, which integrate the Sj and Rj values to evaluate each 

alternative's overall performance during the decision-making process, is shown in Table 3. Based on how well each 

option performs across a variety of parameters, these Qj values offer a thorough assessment of each alternative's 

appropriateness.The Qj value for Conservation Agriculture comes out to be 0.671241, which is an excellent 

performance overall. This is calculated using the Rj value of 0.616071, which indicates the relative relevance of 

each criterion, and the Sj value of 0.991071, which represents the total number of favorable assessments.Conversely, 

Conventional Tillage has a Qj score of 0, indicating a lack of general applicability.The Sj value of 0.529762 and the 

Rj value of 0.300595, which show comparatively poorer performance across the assessed categories, lead to this 

conclusion.The maximum Qj value of 1, which denotes ideal overall performance, is shown by agroforestry. This is 

inferred from the Rj value of 0.75 and the Sj value of 1.25, which demonstrate continuously excellent performance 

by all measures.With a Qj rating of 0.507712, No-Till Farming displays a moderate level of overall performance. 

Based on the Sj value of 0.878571 and the Rj value of 0.539286, which show good performance across the criteria, 

this outcome has been determined.The Qj score of 0.163954 for urban green infrastructure indicates a generally low 

level of appropriateness. The Sj value of 0.633333 and the Rj value of 0.383333, which show somewhat worse 

performance across the assessed categories, are the sources of this outcome.To summarise, the Qj values offer a 
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thorough evaluation of the overall appropriateness of every option, taking into account each criterion's relative 

relevance as well as each alternative's performance across all criteria. These values eventually contribute to well-

informed and efficient decision-making processes by helping decision-makers discover the best option given their 

particular goals and priorities. 

 

 
FIGURE 3. Calculation Qj 

 

The computation for the Qj values, which aggregate the Sj and Rj values to evaluate the overall effectiveness of 

each option in the decision-making process, is shown in Figure 3. Based on how well each option performs across a 

variety of parameters, these Qj values offer a thorough assessment of each alternative's appropriateness. The Sj 

value of 0.633333 and the Rj value of 0.383333, which show somewhat worse performance across the assessed 

categories, are the sources of this outcome.To summarise, the Qj values offer a thorough evaluation of the overall 

appropriateness of every option, taking into account each criterion's relative relevance as well as each alternative's 

performance across all criteria. Based on their unique goals and priorities, these values help decision-makers choose 

the best option, which ultimately helps toinformed and effective decision-making processes. 

 
TABLE 4. Rank 

Alternative Rank 

Conservation Agriculture 2 

Conventional Tillage 5 

Agroforestry 1 

No-Till Farming 3 

Urban Green Infrastructure 4 

 

Based on their determined Qj values from Table 3, the alternatives' rankings are shown in Table 4. With a rank of 1, 

agroforestry comes out on top as the best choice overall, outperforming the others in terms of overall performance. 

Conservation Agriculture comes up at number two, not far behind. No-Till Farming comes in third place with a 

reasonable performance on all of the assessed parameters. Fourth place goes to urban green infrastructure, indicating 

that it is not as suitable as the top three options. Conventional tillage performs the least well among the options taken 

into consideration, as indicated by its ranking of fifth. These rankings provide insightful information to decision-

makers by outlining the relative advantages and disadvantages of each option in reaching the targeted goals for 

ecosystem resilience and soil health. Stakeholders may choose the best option for their objectives and particular 

situation by taking these rankings into account in addition to other pertinent variables and priorities. 
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FIGURE 4. Shown the Rank 

 

Based on their estimated Qj values from Table 3, the alternatives' rankings are shown in Figure 4. With a rank of 1, 

agroforestry comes out on top as the best choice overall, outperforming the others in terms of overall performance. 

Conservation Agriculture comes up at number two, not far behind. No-Till Farming comes in third place with a 

reasonable performance on all of the assessed parameters. Fourth place goes to urban green infrastructure, indicating 

that it is not as suitable as the top three optionsConventional tillage performs the least well among the options taken 

into consideration, as seen by its ranking of fifth place. These rankings provide insightful information to decision-

makers by outlining the relative advantages and disadvantages of each option in reaching the targeted goals for 

ecosystem resilience and soil health. Stakeholders may choose the best option for their objectives and particular 

situation by taking these rankings into account in addition to other pertinent variables and priorities.  

 

4. CONCLUSION 

 
The thorough analysis of various strategies for addressing how climate change affects ecosystem resilience and soil 

health provides subtle insights that are essential for well-informed decision-making and sustainable land 

management techniques.The best option is agroforestry, which has the most promise for improving soil health and 

strengthening ecosystem resilience. Agroforestry systems provide a range of advantages by incorporating trees and 

shrubs into agricultural landscapes, such as improved biodiversity, nutrient cycling, and soil conservationBy 

improving soil structure, increasing the amount of organic matter inputs, and diversifying habitats, these all-

encompassing methods help to create resilient ecosystems that can tolerate fluctuations in climate.Positive results 

are also shown by conservation agriculture and no-till farming, highlighting the significance of reducing soil 

disturbance and encouraging the preservation of soil organic carbon. These methods support attempts to manage 

land sustainably and adapt to climate change by preserving soil structure, increasing microbial diversity, and 

reducing erosionConversely, Urban Green Infrastructure and Conventional Tillage show somewhat poorer 

appropriateness, indicating possible difficulties in reducing the effects of climate change on ecosystem functioning 

and soil health. These methods might jeopardize biodiversity and soil integrity, which emphasizes the need to switch 

to more environmentally friendly land management techniques.The results highlight the need of implementing 

comprehensive strategies that give soil protection, organic matter enrichment, and biodiversity conservation first 

priority. In the face of climate change issues, stakeholders may enhance soil health, agricultural sustainability, and 

ecosystem resilience by combining scientific research, traditional knowledge, and stakeholder engagement.In 

conclusion, maintaining the productivity and health of our soils for future generations depends on promoting 

synergies between soil health, climate resilience, and sustainable land management. We can create resilient 

agricultural systems that flourish in a changing climate and protect the ecological integrity of the soils on our planet 

by working together and fostering innovation. 

 

Conservation Agriculture

Conventional Tillage

Agroforestry

No-Till Farming

Urban Green Infrastructure

2

5

1

3

4

Rank



Dipak Uchampalli./ Trends in Finance and Economics, 3(1), March 2025, 53-62. 

 

 
Copyright@ REST Publisher                                                                                                                                       62 

REFERENCES 

 
[1]. Allen, Diane E., Bhupinder Pal Singh, and Ram C. Dalal. "Soil health indicators under climate change: a review of 

current knowledge." Soil health and climate change (2011): 25-45. 

[2]. Lal, Rattan. "Soil health and climate change: an overview." Soil health and climate change (2011): 3-24. 

[3]. Dubey, A., Malla, M. A., Khan, F., Chowdhary, K., Yadav, S., Kumar, A., ... & Khan, M. L. (2019). Soil microbiome: 

a key player for conservation of soil health under changing climate. Biodiversity and Conservation, 28, 2405-2429. 

[4]. Singh, B.P., Cowie, A.L. and Chan, K.Y., 2011. The nitrogen cycle: Implications for management, soil health, and 

climate change. Soil health and climate change (soil biology). Springer, Berlin Heidelberg, Berlin, Germany, pp.107-

129. 

[5]. Chourasiya, D., Gupta, M.M., Sahni, S., Oehl, F., Agnihotri, R., Buade, R., Maheshwari, H.S., Prakash, A. and Sharma, 

M.P., 2021. Unraveling the AM fungal community for understanding its ecosystem resilience to changed climate in 

agroecosystems. Symbiosis, pp.1-16. 

[6]. Toor, G.S., Yang, Y.Y., Das, S., Dorsey, S. and Felton, G., 2021. Soil health in agricultural ecosystems: current status 

and future perspectives. Advances in Agronomy, 168, pp.157-201. 

[7]. Webb, Nicholas P., Nadine A. Marshall, Lindsay C. Stringer, Mark S. Reed, Adrian Chappell, and Jeffrey E. Herrick. 

"Land degradation and climate change: building climate resilience in agriculture." Frontiers in Ecology and the 

Environment 15, no. 8 (2017): 450-459. 

[8]. Degani, Erika, Samuel G. Leigh, Henry M. Barber, Hannah E. Jones, Martin Lukac, Peter Sutton, and Simon G. Potts. 

"Crop rotations in a climate change scenario: short-term effects of crop diversity on resilience and ecosystem service 

provision under drought." Agriculture, Ecosystems & Environment 285 (2019): 106625. 

[9]. Naylor, Dan, Natalie Sadler, Arunima Bhattacharjee, Emily B. Graham, Christopher R. Anderton, Ryan McClure, 

Mary Lipton, Kirsten S. Hofmockel, and Janet K. Jansson. "Soil microbiomes under climate change and implications 

for carbon cycling." Annual Review of Environment and Resources 45, no. 1 (2020): 29-59. 

[10]. Griffiths, Bryan S., and Laurent Philippot. "Insights into the resistance and resilience of the soil microbial 

community." FEMS microbiology reviews 37, no. 2 (2013): 112-129. 

[11]. Hamidov, Ahmad, Katharina Helming, Gianni Bellocchi, Waldemar Bojar, Tommy Dalgaard, Bhim Bahadur Ghaley, 

Christian Hoffmann et al. "Impacts of climate change adaptation options on soil functions: A review of European 

case‐studies." Land degradation & development 29, no. 8 (2018): 2378-2389. 

[12]. Lal, R. (2016). Soil health and carbon management. Food and Energy Security, 5(4), 212-222. 

[13]. Jansson, Janet K., and Kirsten S. Hofmockel. "Soil microbiomes and climate change." Nature Reviews 

Microbiology 18, no. 1 (2020): 35-46. 

[14]. Mukhtar, H., Wunderlich, R.F., Muzaffar, A., Ansari, A., Shipin, O.V., Cao, T.N.D. and Lin, Y.P., 2023. Soil 

microbiome feedback to climate change and options for mitigation. Science of The Total Environment, p.163412. 

[15]. Measho, Simon, Baozhang Chen, Petri Pellikka, Lifeng Guo, Huifang Zhang, Diwen Cai, Shaobo Sun, Alphonse 

Kayiranga, Xiaohong Sun, and Mengyu Ge. "Assessment of vegetation dynamics and ecosystem resilience in the 

context of climate change and drought in the horn of Africa." Remote Sensing 13, no. 9 (2021): 1668. 

[16]. Johnson, B. B., & Becker, M. L. (2015). Social–ecological resilience and adaptive capacity in a transboundary 

ecosystem. Society & Natural Resources, 28(7), 766-780. 

[17]. Daunoras, Jokūbas, Audrius Kačergius, and Renata Gudiukaitė. "Role of Soil Microbiota Enzymes in Soil Health and 

Activity Changes Depending on Climate Change and the Type of Soil Ecosystem." Biology 13, no. 2 (2024): 85. 

[18]. Lal, R. "Degradation and resilience of soils." Philosophical Transactions of the Royal Society of London. Series B: 

Biological Sciences 352, no. 1356 (1997): 997-1010. 

[19]. Ayanlade, Ayansina, Consolato M. Sergi, Paola Di Carlo, Oluwatoyin S. Ayanlade, and Damilola T. Agbalajobi. 

"When climate turns nasty, what are recent and future implications? Ecological and human health review of climate 

change impacts." Current Climate Change Reports 6 (2020): 55-65. 

[20]. Bailey, I., & Buck, L. E. (2016). Managing for resilience: a landscape framework for food and livelihood security and 

ecosystem services. Food security, 8, 477-490. 

[21]. Komugabe-Dixson, Aimée F., Naomi SE de Ville, Alexei Trundle, and Darryn McEvoy. "Environmental change, 

urbanisation, and socio-ecological resilience in the Pacific: Community narratives from Port Vila, Vanuatu." Ecosystem 

Services 39 (2019): 100973. 

[22]. Altieri, Miguel A., Clara I. Nicholls, Alejandro Henao, and Marcos A. Lana. "Agroecology and the design of climate 

change-resilient farming systems." Agronomy for sustainable development 35, no. 3 (2015): 869-890. 

[23]. Simard, Suzanne W. "Mycorrhizal networks and complex systems: Contributions of soil ecology science to managing 

climate change effects in forested ecosystems." Canadian Journal of Soil Science 89, no. 4 (2009): 369-382. 

[24]. Dang, D., Li, X., Li, S., Lyu, X., Dou, H., Li, M., & Wang, K. (2023). Changed ecosystem stability in response to 

climate anomalies in the context of ecological restoration projects. Land Degradation & Development, 34(10), 3003-

3016. 

[25]. Yan, Denghua, Ting Xu, Abel Girma, Zhe Yuan, Baisha Weng, Tianling Qin, Pierre Do, and Yong Yuan. "Regional 

correlation between precipitation and vegetation in the Huang-Huai-Hai River Basin, China." Water 9, no. 8 (2017): 

557. 


