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Abstract: In the current scenario, climatic adversities and a growing population are adding woes
to the concerns of food safety and security. Furthermore, with the implementation of Sustainable
Development Goal (SDG) 12 by the United Nations (UN), focusing on sustainable production–
consumption, climatic vulnerabilities need to be addressed. Hence, in order to map the sustainable
production–consumption avenues, agricultural practices need to be investigated for practices like
Climate-Smart Agriculture (CSA). A need has arisen to align the existing agricultural practices in
the developing nation towards the avenues of CSA, in order to counter the abrupt climatic changes.
Addressing the same, a relation hierarchical model is developed which clusters the various governing
criteria and their allied attributes dedicated towards the adoption of CSA practices. Furthermore, the
developed model is contemplated for securing the primacies of promising practices for the enactment
of CSA using the duo of the Analytical Hierarchical Process (AHP) and Fuzzy AHP (FAHP). The
outcomes result in the substantial sequencing of the key attributes acting as a roadmap toward the
CSA. This emphasizes the adoption of knowledge-based smart practices, which leaps from the current
agricultural practices toward the CSA. Furthermore, by intensifying the utilization of the improved
and resilient seed varieties and implying the fundamentals of agroforestry, we secure primacy to
counter the adversities of the climate.

Keywords: climate change; climate smart agriculture; sustainability; AHP; FAHP; developing economy

1. Introduction

The agriculture sector is highly impacted by the various vulnerabilities allied to
the volatile climatic conditions [1]. Extensive dependency on traditional agricultural
practices, the consumption of inorganic fertilizers, and the intensive usage of water for
irrigation have put the scenarios of the utilization of natural resources, consumer health,
and the environment under great risk [2]. Furthermore, the increased severity of the
various climatic changes has added woes that directly affect the agricultural practices in
India [3]. These changes include the decrease in the productivity of land, the irregular
pattern of rainfall, and the increase in the average temperature, etc., which affect mainly
the poor population [4]. In order to nurture the exponential growth of the population,
avenues of production–consumption need to be reexamined for sustainability. Owing to the
extremities bundled with the abruptness of climatic changes and their impact on responsible
production–consumption patterns, they were enlisted in the Sustainable Development Goal
(SDG) by the United Nations (UN) in the year 2015 [5]. They were enlisted as SDG12, which
solely focuses on responsible production–consumption.

It is a fact that India’s agricultural activities share nearly 18 percent of the total emission
of greenhouse gases (GHG). In continuation of the same, it is predicted that by the year
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2030, GHG emission is going to climb to 515 megatons of CO2 equivalent (MtCO2e) per
year [6]. An inference can be grounded on the mentioned fact that places that are currently
less prone to climatic susceptibilities are going to be vulnerable in the future. In response
to the same, India has aimed to reduce the emission of GHG to half by 2050 [7], and by
adopting various smart mitigation practices there is a potential to reduce emissions by
85.5 MtCO2e per year [6].

In order to achieve the goals of the sustainable development programs, sustainable
production–consumption needs to be incorporated with the various agricultural prac-
tices [8]. This bundles the notions allied with the sustainability-based production of the
various agricultural practices having strong compliances with the economic, social, and
societal perspectives [9]. In place of the same, consumption patterns also need to be
ramped with sustainability, in order to ensure food safety and security. Consequently,
various environmental abruptions, economic distress, and societal disparities have slack-
ened the production–consumption patterns [10]. In order to bridge the same, various
agricultural practices need to be upgraded with the various field advancements, shifting
agricultural production and its consumption towards sustainability [11]. Agricultural
production should be smart enough to counteract the external vulnerabilities; similarly, the
consumption volume should be reliable enough to nurture every section of society.

Even the government of India is keen to upscale the income of the farmers and other
people who are allied with its supply chain in the journey from farm to fork. Along with
this, it is consistently focusing on upscaling living standards, emphasizing the sustainable
use of land, water, and other resources, keeping in view the needs of future generations [12].
Hence, various transformative actions need to be ramped up in the agriculture sector
in order to meet SDG 13, which focuses entirely on combatting the climatic changes
and their impact by enacting the issue within national policy and strategic development
frameworks [13].

Nowadays, with the advancement in the domain of information and technology,
agricultural practices need to be aligned with the goals of Industry 4.0 in order to tackle
such climatic vulnerabilities. Among them, opting for Climate-Smart Agriculture (CSA) is
widely seen to achieve these targets. It is a strategy that aims to increase the productivity
of land, and the income of farmers, by reducing the emission of greenhouse gases and
making crops more climate-resilient [14]. CSA has the potential to step closer to the
avenues allied with the SDGs of the UN, especially those associated with food security
and climate change [15]. As per the Food and Agriculture Organization (FAO), CSA is
not a set of completely new practices but an innovative and integrated approach to tackle
challenges such as food security, the increasing global average temperature, the reduction
of the productivity of land, the depletion of resources, and the unpredictable nature of
the monsoon because of climate change. However, there are a few constraints on the
adoption of CSA technologies, some of which are a lack of knowledge, insufficient finance
opportunities, and a lack of policies to push its implementation. There is a need for different
practices which may be suitable for different kinds of soil, and climatic conditions which
are also economically viable [16]. For India, which has so much diversity when it comes
to soil types and climatic conditions, not one model of development can be suitable for
all regions. There is a need to identify a set of suitable techniques that will yield results
in specific conditions regarding which innovation and technology should be promoted in
agriculture. The following research queries (RQs) are under consideration:

RQ1: How does the adoption of CSA practices turn the Sustainable Development Goals
(SDG 12 and 13) of the United Nation from agenda to reality?

RQ2: How should the CSA-based interventions be enacted in diversified geographical
regimes for sustainable production–consumption?

RQ3: How should we secure the primacy of the various smart adoptions in order to move
CSA adoption in sustainable avenues?
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The presented work aims to answer the mentioned RQs by considering insights
gained from the geographical region of Bundelkhand situated in India. The region under
consideration is extensively involved in the various agricultural practices.

2. Literature Insights

CSA comprises a set of interventions that help farmers to adjust their farming system
towards the mitigation of the effects of extreme climatic events whilst also increasing
their income and the productivity of their land [17]. It can be seen that through the
implementation of CSA practices, the overall content of organic carbon stock, microbial
population, and soil enzymes have increased, thereby increasing the soil fertility and
enhancing the production of cereal systems [18]. Imran et al. [14] explored the various
adopters of CSA practices allied with the cotton crop in the region of Pakistan. Pal et al. [19]
reviewed the avenues for the deployment of the CSA practices in the drought-prone regions
of India. Tong et al. [20] discussed the role of CSA practices in mitigating the effect of
climate change on the production of rice in China. Khatri-Chhetri et al. [21] detailed
the various techniques which are preferred by local farmers in different rainfall zones to
combat uncertainty due to climate change. Imran et al. [22] found that access to credit,
a good quality of groundwater, awareness about CSA practices, and the ownership of
tube wells are some of the factors that improve resource-use efficiency. Raile et al. [23]
theoretically reviewed the instances of the adoption of CSA practices in the region of Senegal
by exploring the public and political perspectives bundled with them. Agricultural practices
such as crop rotation and conservation tillage enhance the crop yield and tackle climatic
interventions [14]. Jarial [24] assessed the various challenges allied with the deployment
of the Internet of Things for the grounding of CSA-based practices. Jat et al. [18] assessed
the various perspectives on the bundling of the CSA and sustainability in the region of the
Indo-Gangetic region, which is majorly engaged in the production of rice and wheat.

Imran et al. [14] assessed the impact of CSA practices as an alternative to promote the
sustainable production of the cotton crop. Hajimirzajan et al. [25] developed an integrated
framework that blends the sustainability principles with the CSA practices for the ground-
ing of the various strategies of the large-scale planning of crops. Abegunde et al. [26]
reviewed the CSA practices based on production as the enabler of food security in South
Africa. Jiskani et al. [27] evaluated the various factors acting as hurdles for the adoption of
CSA practices toward sustainable production–consumption avenues. Hoek et al. [28] de-
tailed the sustainable food systems and their allied factors governing sustainable production–
consumption. García-Oliveira et al. [29] ramped up various solutions to promote sustain-
able production–consumption-based agri-food systems. Liu et al. [30] assessed the various
barriers associated with sustainable food production–consumption in China by leveraging
them towards the circular economy perspective. Cooreman-Algoed et al. [31] reviewed the
customer perception of environmental sustainability-based production–consumption by
considering a case study on chicken meat. Tidåker et al. [32] focused on the sustainable
consumption of legumes. For the same, their environmental impact was considered in the
journey from origin to market. Potter et al. [33] revealed the effects of the environmental
sustainability labels on consumer choices, and posed them as an enabler of sustainable
consumption. Hötzel and Vandresen [34] reviewed the Brazilian meat industry for the
assessment of the various measures governing sustainable production–consumption.

Lipper et al. [35] reviewed the CSA as one of the enablers of food security. Chandra et al. [36]
performed a systematic analysis which aimed to reveal the scenarios associated with the adoption
of CSA practices in the context of developing nations. Westermann et al. [37] clustered the
insights of the various case studies towards the deployment of CSA procedurals. Arslan et al. [38]
detailed the adoption-based implication of the CSA in the agri-practices of Zambia. Totin et al. [39]
unearthed the various institutional perspectives allied with the enactment of CSA practices.
Partey et al. [40] modeled a CSA framework which aimed to overcome climate variability in West
Africa, along with its adoption challenges. Shilomboleni et al. [41] reviewed the various political
and economic challenges allied with the adoption of CSA practices in Africa. Sain et al. [42]
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exercised a probabilistic cost and benefit analysis of CSA practices allied with the maize–bean-
based production system. Kurgat et al. [43] explored the technological advancements befitting
the CSA practices in Tanzania. Khatri-Chhetri et al. [20] developed a framework posing CSA
adoption as the enabler of sustainability in agri-practices. Thornton et al. [44] secured the priorities
of the CSA by incorporating spatially and temporally based timescales. Onyeneke et al. [45]
reviewed the adoption perspectives in the farming activities of southeast Nigeria. Makate et al. [46]
detailed the small farmer’s perceptions of the CSA for making farming resilient with the help of
climatic vulnerabilities. Sharma et al. [47] reviewed the various market disruptions allied with the
production–consumption of agriproducts. Ouédraogo et al. [48] evaluated the actual and potential
adoption rates of climate-smart agricultural technologies in developed infrastructure.

Agroforestry in CSA has the potential to enhance agricultural yields among small-
holder farmers in the face of climate change [49]. It has been seen that by incorporating
agroforestry within the Climate Smart Agriculture Project, the yield of maize crops in the
drought-hit year increased by 20% for CSA program participation and 2% for the intensity
of agroforestry fertilizer trees. Furthermore, it is recognizable that farmers with diverse
income options, such as in the case of agroforestry, are less likely to be affected by changing
weather patterns [50]. Taylor and Bhasme [51] reviewed the economic perspectives allied
with the incorporation of agroforestry regarding the accomplishment of climate resilience.
Partey et al. [52] assessed the technological impact of climate-smart agroforestry in the
Sub-Saharan Africa region. Kimrao et al. [53] unfolded the multi-dimensional perspec-
tives bundled with climate-smartness by relating the field advancements in the domain
of agroforestry. Zerssa et al. [54] detailed the various challenges allied with the adoption
of climate-smart agroforestry techniques by considering the concerns of small farmers
in Ethiopia.

Motivational Traits

A plethora of the research literature findings heavily focused on the conceptual per-
spectives of the adoption of CSA-based agricultural practices. For the same, various
studies incorporated regional diversities, widely clustered the deployment challenges, and
reviewed the status of their implementation, etc. [54,55]. Among them, studies with theo-
retical working approaches are on the leading edge in comparison to empirical studies [56].
Insights from the research literature revealed that exploration of the adoption of CSA
practices towards the avenues of sustainable production–consumption needs to be ramped
up [57]. In continuation of the same, the presented work has seeded the development of
the relation hierarchical model, which was further analyzed for pairwise comparison and
internal consistency [58].

3. Model Development

In order to bridge the gap in the research literature, the presented work enacts the
development of the hierarchical model which classifies the various governing perspectives
of the CSA. The developed model seeds the insights gained from the research literature
as well as from field practitioners. It comprises the five criteria which govern the twenty
distinct attributes, which are further categorized based upon their compliance with the
criteria under consideration. The considered criteria and their allied attributes are referred
to the research literature, which is detailed further in Table 1. Furthermore, for the ease of
understanding of the development, Figure 1 is developed.
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Table 1. Details of the criteria and alternatives.

Criteria Description Attributes Description

1. Soil smart (C1)

It is an approach to
developing an optimized
environment for the crop
to grow in soil that has
ample access to water,
nutrients, and oxygen [59].

1.1 Crop Rotation (C11)
Method of growing crops in succession
to enhance nutrient efficiency and
control diseases [60].

1.2 Bio-Fertilizers (C12) Helps in maintaining soil health along
with enhancing soil biodiversity [61].

1.3 Conservation Tillage (C13)
Method to reduce degradation of soil
while maintaining ecosystem
stability [62].

1.4 Drainage
Management (C14)

Helps in achieving leaching
requirements and increases irrigation
water efficiencies [63].

2. Water smart (C2)

It focuses on enhancing
the perspectives of water
management in rain-fed
and various irrigated
agricultural systems [64].

2.1 Drip Irrigation (C21)
Reduces usage of water by minimizing
the rate of evaporation and reduces
leaching [65].

2.2 Sprinkler Irrigation (C22)
Reduces water loss and increases yield of
water uses per unit or irrigation
efficiency [66].

2.3 Rainwater
Harvesting (C23)

Potential to mitigate the exploitation of
groundwater and prevent water and
food crises [67].

2.4 Check Dams (C24) Improves moisture, and reduces erosion
activities [68].

3. Knowledge Smart (C3)

It bundles the perspectives
allied with the sharing
practices, technologies,
and other filed
advancements towards
the enactment of CSA [69].

3.1 Livestock and Crop
Insurance (C31)

An effective way to overcome the
uncertainties of environmental and
financial risk [70].

3.2 Improved and Resilient
Seeds (C32)

Ensures food security and adaptability to
fight climate change [71].

3.3 Seed and Fodder
Banks (C33)

Preserve surplus fodder and seeds thus
helping during times of food
scarcity [72].

3.4 Weather Based Crop Agro
Advisory (C34)

Help farmers via the use of technology to
prevent the loss of crops at times of
abnormal weather conditions [73].

4. Livestock smart (C4)

It details the importance
of various adaptation as
well as mitigation
strategies based on
practices along the
production–consumption
supply chains [74].

4.1 Improved Feed for
Animals on farm (C41)

Balanced nutrition increases livestock
productivity and greenhouse
emission [75].

4.2 Promoting
Hybridization (C42)

Ensures different species can adapt to
different extreme conditions [76].

4.3 Stocking Rate
Management (C43)

Important to manage to ensure no soil
erosion and water pollution [77].

4.4 Disease Management
among Animals (C44)

Ensures no loss of income, productivity,
and effect on human health [78].

5. Carbon Smart (C5)

It is an approach to
reducing greenhouse gas
emissions from
agricultural practices [79].

5.1 Agroforestry (C51) Provides various environmental and
financial services to the farmers [80].

5.2 Fodder
Management (C52)

The quality of forage directly impacts the
net emission of GHG from farms [81].

5.3 Digester for Bio Gas and
manure (C53)

Potential to counteract the GHG emission
due to the cultivation of crops [82].

5.4 Custom Hiring
Centre-Mechanization (C54)

Bring down the cost of cultivation and
improve the quality of products while
also reducing the carbon footprint [83].
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4. Research Methodology

The current study applies dual research methodologies, namely AHP and Fuzzy
AHP (FAHP). The proposed methodology of the AHP outperforms in structured problems
systematically by distinctly evaluating the weights of criteria and alternatives, and securing
their primacy [84]. The implication of the AHP carves its way through problems structured
hierarchically, from goal to alternatives [85]. Hierarchy glimpses the complexity allied
with the inherent relationships, assessing its levels and comparing the elements. Owing
to its versatility and consistency with the judgmental points, it is used in a wide range of
multidisciplinary problems [86–93].

Firstly, a hierarchical model was developed using five broad criteria and twenty
attributes. Initially, the gathered assessments were statistically validated for the dimensions
of reliability and robustness by evaluating the Cronbach’s alpha coefficient. Furthermore,
in order to enrich the outcomes, a separate analysis for the criteria, sub-criteria, and
attributes is exercised and detailed in Tables 2 and 3. For ease of understanding, the
research methodology chosen in the presented work is diagrammed in Figure 2.

Table 2. Statistics for the criteria.

Ci Criterion Mean SD

C1 Economic 3.13 0.571

C2 Environmental 4.13 0.730

C3 Social 2.03 0.765

C4 Human 2.80 0.887
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Table 3. Statistics for the sub-criteria.

Criterion Sub Criterion Mean SD

Ec
on

om
ic

Timber Produce 4.03 0.809

Non-Timber Produce 3.00 0.947

Energy Saving 2.73 0.583

Farm Income 3.77 0.679

Tourism and
Recreation 2.50 0.820

En
vi

ro
nm

en
t

Soil Conservation 3.17 0.986

Watershed Protection 3.90 0.845

Carbon Sequestration 3.73 0.828

Biodiversity
Protection 2.70 1.088

Air Quality 2.87 0.681

So
ci

al

Poverty Alleviation 3.47 0.819

Shading Benefits 1.93 0.828

Crop Failure 2.93 0.640

Animal Husbandry 3.73 0.868

Farm Output 3.37 0.718

H
um

an

Employment
Generation 3.72 0.841

Organic Farming 2.07 0.923

Food Security 3.28 0.960

Living Standard 3.10 0.939

Migration 3.41 0.907

Initially, the collected assessments were checked for the mean and standard deviation
separately, to ensure that none of the criteria involved a redundant response. The same
clustered assessments were statistically analyzed by the SPSS software. Its equivalent
outputs are glimpsed in Table 2. It is important to check the collected responses for
the mean and standard deviation values prior to their evaluation for the dimensions of
reliability and robustness.

From Table 2, it can be deduced that the mean of the collected data for criteria C2 is
the highest, which implies that the role of maintaining the ecological balance in any system
is paramount to making it sustainable. Criterion C1 has the second-highest mean, which
signifies the role economics plays in any system that is beneficial for everyone involved in
the system. Other criteria—namely social and human—have lower means, with values of
2.03 and 2.80, respectively.

The value of Cronbach’s alpha was evaluated using IBM SPSS software and checked
with standard acceptable values in order to check if the data is consistent. The generally
accepted value of Cronbach’s alpha lies in the range of 0.7 < α < 0.95 [94]. The results of the
calculated Cronbach’s alpha values for the criteria and sub-criteria are shown in Table 4.



Sustainability 2022, 14, 8410 8 of 24Sustainability 2022, 14, 8410 7 of 24 
 

 

Figure 2. Research methodology. 

Initially, the collected assessments were checked for the mean and standard devia-
tion separately, to ensure that none of the criteria involved a redundant response. The 
same clustered assessments were statistically analyzed by the SPSS software. Its equiva-
lent outputs are glimpsed in Table 2. It is important to check the collected responses for 
the mean and standard deviation values prior to their evaluation for the dimensions of 
reliability and robustness. 

Table 2. Statistics for the criteria. 

Ci Criterion Mean SD 
C1 Economic 3.13 0.571 
C2 Environmental 4.13 0.730 

Figure 2. Research methodology.



Sustainability 2022, 14, 8410 9 of 24

Table 4. Reliability analysis of the criteria and cub-criteria of the proposed framework.

Criterion Cronbach’s Alpha Sub Criterion Cronbach’s Alpha

Ec
on

om
ic

0.
76

8

Timber Produce

0.87

Non-Timber Produce

Energy Saving

Farm Income

Tourism and
Recreation

En
vi

ro
nm

en
t

Soil Conservation

0.872

Watershed Protection

Carbon Sequestration

Biodiversity
Protection

Air Quality

So
ci

al

Poverty Alleviation

0.856

Shading Benefits

Crop Failure

Animal Husbandry

Farm Output

H
um

an

Employment
Generation

0.844
Organic Farming

Food Security

Living Standard

Migration

Hence, an inference can be made that the obtained value of the Cronbach’s alpha
coefficient is robust and reliable enough.

4.1. Analytic Hierarchy Process (AHP)

AHP is a multi-criteria decision-making tool that helps us to solve various complex
problems by reducing them to a series of pairwise combinations and producing a result [94].
It ranks the alternatives and helps in selecting the most crucial alternative when the decision-
maker has many alternatives to choose from. It is widely applied in hierarchical model
analysis [95] to obtain a unidirectional relationship between different levels [96]. It can be
used to deal with both qualitative and quantitative evaluation, and it can transform it into
a multi-criteria ranking. It also incorporates a technique that can help in the checking of
the consistency of decision-maker evaluation, and thus reduces the probability of bias in
the decision-making process [97].

Initially, a hierarchical model was developed which comprises the set of criteria, sub-
criteria, and alternatives relative to the goal under consideration. Furthermore, pairwise
comparisons are constructed between the criteria, sub-criteria, and alternatives, respectively,
based upon the rating values clustered in Table 5. A pairwise comparison among ‘n’ criteria
was performed, and an n × n dimension matrix, A, was formulated: A =

(
aij
)

n x n where
each element, aij (i, j = 1, 2, 3 . . . n), represents the pairwise comparison value of the ith

element relative to the jth element. The formula n(n− 1)/2 gives the total number of
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pairwise comparisons when n criteria are considered. The matrix of pairwise comparison is
represented in Equation (1).

A =

a11 · · · a1n
...

. . .
...

an1 · · · ann

 aii = 1 for i = j, aji =
1
aij

and aij 6= 0. (1)

Table 5. Rating values.

Equivalence Rating Value

The comparison seems to be equally important 1

The comparison seems to be moderately more important 3

The comparison perceives to be very strongly important 5

The comparison poses a strong importance 7

The comparison is extremely important 9

Intermediaries 2, 4, 6, 8

In order to obtain the normalized pairwise comparison matrix, ‘Anorm′ can be obtained
by making the sum of entries of each column equal to 1. Each entry of Anorm can be
computed as shown in Equation (2).

aij =
aij

∑n
l=1 al j

(2)

The final criteria weight is calculated by taking the average of all of the rows of Anorm,
applying Equation (3):

wj =
∑n

l=1 ajl

n
, wj is the n− dimensional column vector (3)

At each stage, the consistency needs to be checked, as it is a very important fac-
tor. It requires the calculation of the largest eigenvalue of the matrix, λmax, as shown in
Equations (4) and (5), respectively:

λmax =
1
n ∑n

i=1
(Aw)i

wi
(4)

CI =
λmax − n

n− 1
(5)

The acceptable consistency ratio (CR) value is used to check the consistency degree by
applying the formula detailed in Equation (6):

CR =
CI
RI

(6)

where CI is the consistency index and RI is the random index of which the value depends
upon the dimension of matrix A. If CR < 0.1, then the inconsistency degree for Matrix
A is accepted, and the normalized weight wj vector can be accepted as the weight of
the elements.

4.2. Fuzzy Analytic Hierarchy Process (FAHP)

FAHP is an extension of Saaty’s AHP in which fuzzy set theory is used. Extending
the fundamentals of the fuzzy sets incorporates the vagueness and uncertainty allied with
human judgment [98,99]. Hence, in order to tackle the decisional uncertainties, FAHP is
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implied in the proposed model for the assessment of the CSA practices. For the same thing,
a triangular form of the membership function is given for each rating value, as shown in
Figure 3 and Table 6.
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Table 6. Linguistic variables and TFN for the criteria and sub-criteria ratings.

Fuzzy Number Linguistic Variables TFN

9 Extreme importance (8, 9, 10)

8 Very strong to Extreme importance (7, 8, 9)

7 Very strong importance (6, 7, 8)

6 Strong to very strong importance (5, 6, 7)

5 Strong importance (4, 5, 6)

4 Moderate to strong importance (3, 4, 5)

3 Moderate importance (2, 3, 4)

2 Equal to moderate importance (1, 2, 3)

1 Equal importance (1, 1, 1)

For the fuzzy set Ã in a universe of discourse X with a set of elements, x is represented
by a membership function µÃ (x) in which each element ‘x’ in ‘X’ is mapped to a real
number in the interval [0, 1]. If ã is a triangular fuzzy number (TFN) then it is represented
in fuzzy theory by a triplet (l, m, u). The membership function can be defined as shown in
Equation (7) and visualized in Figure 4.

µÃ (x) =


0, x < l

x−l
m−l , l ≤ x ≤ m,
u−x
u−m , m ≤ x ≤ u

0, x > u

(7)
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The opinions of various field experts, collected in linguistic terms, are converted into
the corresponding TFN. Assuming ‘n’ elements, the pairwise comparison of element i
with element j gives an n× n fuzzy matrix containing fuzzy numbers ã ij. The developed
decision matrix is shown in Equation (8):

A =

A11 · · · A1n
...

. . .
...

An1 · · · Ann


where Aij denotes the importance of the ith element with regard to the jth element and

ã ij(1, 1, 1) f or i = j and ã ij =
1

ã ji
f or i 6= j (8)

The geometric mean of the fuzzy comparison value is calculated for each criterion I,
and each criterion is evaluated by the opting methodology shown in Equation (9).

r̃i = ã i1 × . . . . . . . . .× ã in
1
n (9)

where ã in is a fuzzy value of the pairwise comparison of criterion i to n. Furthermore, the
weights allied with the fuzzy numbers are evaluated by normalization. For the particular i
criterion, its fuzzy weight is evaluated by applying the formula shown in Equation (10):

wi= r̃i × (r̃1 + · · ·+ r̃n)
−1 where r̃i = ã i1 × . . . . . . . . .× ã in

1
n (10)

It is necessary to check the CR. For this, the obtained fuzzy weights are converted
into crisp numbers by using the graded mean integration method. According to this
approach, a fuzzy no. Ã = (l, m, u) can be transformed into a crisp value by using the
following equation:

P
(

Ã
)
= A =

l + 4m + u
6

(11)

After obtaining the matrix in the crisp form, the CR can be checked.

4.3. Numerical Illustration

The developed hierarchical framework is analyzed by the methodologies of AHP
and FAHP. Assessments are gained by using the nine-point rating scale, which seeds the
development of the pairwise comparison matrix, as shown in Table 7. Furthermore, the pre-
sented work is enumerated with insights into the agriculture-rich area of the Bundelkhand
region of India.
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Table 7. Pairwise comparison matrix for the criteria.

Soil Smart Water Smart Knowledge Smart Livestock Smart Carbon Smart

Soil Smart 1 1/3 1/5 2 1/3

Water Smart 3 1 2 2 2

Knowledge Smart 5 1/2 1 5 3

Livestock Smart 1/2 1/2 1/5 1 1/4

Carbon Smart 3 1/2 1/3 2 1

Because the gained assessments are subjective, their consistency is checked distinctly
with the AHP and FAHP, based upon which the weights are evaluated and finalized. The
matrix for pairwise comparison for the sub-attributes of the criteria Soil Smart (C1), Water
Smart (C2), Knowledge Smart (C3), Livestock Smart (C4), and Carbon Smart (C5) is shown
in Tables 8–12, respectively.

Table 8. Criterion 1-based comparisons.

C11 C12 C13 C14

C11 1 3 5 1

C12 1/3 1 4 1/3

C13 1/5 1/4 1 1/3

C14 1 3 3 1

Table 9. Criterion 2-based comparisons.

C21 C22 C23 C24

C21 1 5 3 7

C22 1/5 1 1/3 2

C23 1/3 3 1 6

C24 1/7 1/2 1/6 1

Table 10. Criterion 3-based comparisons.

C31 C32 C33 C34

C31 1 1/5 4 1/2

C32 5 1 6 3

C33 1/4 1/6 1 1/5

C34 2 1/3 5 1

Table 11. Criterion 4-based comparisons.

C41 C42 C43 C44

C41 1 3 4 2

C42 1/3 1 1 1/3

C43 1/4 1 1 1/5

C44 1/2 3 5 1
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Table 12. Criterion 5-based comparisons.

C51 C52 C53 C54

C51 1 5 6 3

C52 1/5 1 3 1/3

C53 1/6 1/3 1 1/4

C54 1/3 3 4 1

Based on the pairwise comparison matrix, local and global weights depicting the
importance of the criteria and sub-attributes are calculated by the methodology of AHP.

Determination of Weight Using FAHP

In order to compare the weights of criteria obtained via AHP with FAHP, and to
remove the vagueness generated due to human judgments, the evaluation of the weights is
performed by FAHP, for which the questionnaire was prepared using the fuzzy linguistic
scale as shown in Table 4. After that, a pairwise comparison matrix for the criteria was
established by summarizing the data into corresponding TFN, which are shown in Table 13.

Table 13. TFN-based pairwise comparison matrix for the criteria.

Soil Smart Water Smart Knowledge Smart Livestock Smart Carbon Smart

Soil (1, 1, 1) (1/4, 1/3, 1/2) (1/6, 1/5, 1/4) (1, 2, 3) (1/4, 1/3, 1/2)

Water (2, 3, 4) (1, 1, 1) (1/3, 1/2, 1) (1, 2, 3) (1, 2, 3)

Knowledge (4, 5, 6) (1, 2, 3) (1, 1, 1) (3, 4, 5) (2, 3, 4)

Livestock (1/3, 1/2, 1) (1/3, 1/2, 1) (1/5, 1/4, 1/3) (1, 1, 1) (1/3, 1/2, 1)

Carbon (2, 3, 4) (1/3, 1/2, 1) (1/4, 1/3, 1/2) (1, 2, 3) (1, 1, 1)

Matrix for the pairwise comparison of the sub-attributes of five criteria: Soil Smart
(C1), Water Smart (C2), Knowledge Smart (C3), Livestock Smart (C4), and Carbon Smart
(C5) is shown in Tables 14–18.

Table 14. Pairwise comparison matrix of alternatives for criterion C1.

C11 C12 C13 C14

C11 (1, 1, 1) (2, 3, 4) (4, 5, 6) (1, 1, 1)

C12 (1/4, 1/3, 1/2) (1, 1, 1) (3, 4, 5) (1/4, 1/3, 1/2)

C13 (1/6, 1/5, 1/4) (1/5, 1/4, 1/3) (1, 1, 1) (1/4, 1/3, 1/2)

C14 (1, 1, 1) (2, 3, 4) (2, 3, 4) (1, 1, 1)

Table 15. Pairwise comparison matrix of alternatives for criterion C2.

C21 C22 C23 C24

C21 (1, 1, 1) (4, 5, 6) (2, 3, 4) (6, 7, 8)

C22 (1/6, 1/5, 1/4) (1, 1, 1) (1/6, 1/5, 1/4) (1, 2, 3)

C23 (1/4, 1/3, 1/2) (2, 3, 4) (1, 1, 1) (5, 6, 7)

C24 (1/8, 1/7, 1/6) (1/3, 1/2, 1) (1/6, 1/6, 1/5) (1, 1, 1)



Sustainability 2022, 14, 8410 15 of 24

Table 16. Pairwise comparison matrix of alternatives for criterion C3.

C31 C32 C33 C34

C31 (1, 1, 1) (1/6, 1/5, 1/4) (3, 4, 5) (1/3, 1/2, 1)

C32 (4, 5, 6) (1, 1, 1) (5, 6, 7) (2, 3, 4)

C33 (1/5, 1/4, 1/3) (1/7, 1/6, 1/5) (1, 1, 1) (1/6, 1/5, 1/4)

C34 (1, 2, 3) (1/4, 1/3, 1/2) (4, 5, 6) (1, 1, 1)

Table 17. Pairwise comparison matrix of alternatives for criterion C4.

C41 C42 C43 C44

C41 (1, 1, 1) (2, 3, 4) (3, 4, 5) (1, 2, 3)

C42 (1/4, 1/3, 1/2) (1, 1, 1) (1, 1, 1) (1/4, 1/3, 1/2)

C43 (1/5, 1/4, 1/3) (1, 1, 1) (1, 1, 1) (1/6, 1/5, 1/4)

C44 (1/3, 1/2, 1) (2, 3, 4) (4, 5, 6) (1, 1, 1)

Table 18. Pairwise comparison matrix of alternatives for criterion C5.

C51 C52 C53 C54

C51 (1, 1, 1) (4, 5, 6) (5, 6, 7) (2, 3, 4)

C52 (1/6, 1/5, 1/4) (1, 1, 1) (2, 3, 4) (1/4, 1/3, 1/2)

C53 (1/7, 1/6, 1/5) (1/4, 1/3, 1/2) (1, 1, 1) (1/5, 1/4, 1/3)

C54 (1/4, 1/3, 1/2) (2, 3, 4) (3, 4, 5) (1, 1, 1)

Based upon the pairwise comparison rendered distinctly for the criteria and alterna-
tives, FAHP is implied for the evaluation of the weights by implying a set of formulations
detailed in Equations (7)–(11).

5. Results and Discussion

In this study, a comparative analysis of the AHP and FAHP was used to determine the
key parameters and practices for achieving the goal of CSA. Using AHP, the local weight
(LW) and global weight (GW) of the criteria were calculated, and are shown in Table 19.

Table 19. Summary of the evaluation of the AHP criterion weight.

Attribute LW Sub Attribute LW GW

Soil Smart

Crop Rotation 0.3920 0.0367

0.0937 Vermicomposting and Mulching 0.1755 0.0164

Conservation Tillage 0.0788 0.0073

Drainage Management 0.3535 0.0331

Water Smart

Drip Irrigation 0.5567 0.1781

0.3198 Check Dams 0.1059 0.0338

Sprinkler Irrigation 0.2779 0.0889

Rainwater Harvesting 0.0593 0.0189
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Table 19. Cont.

Attribute LW Sub Attribute LW GW

Knowledge Smart

Livestock and Crop insurance 0.1488 0.0511

0.3433 Improved and resilient seeds varieties 0.5519 0.1895

Seed and Fodder Banks 0.0583 0.0200

Weather-Based Crop-Agro Advisory 0.2409 0.0189

Livestock Smart

Improved Feed for Animals on the farm 0.4462 0.0349

0.0782 Promoting Hybridization 0.1175 0.0092

Stocking Rate Management 0.0981 0.0076

Disease Management among Animals 0.3381 0.0265

Carbon Smart

Agroforestry 0.5517 0.0909

0.1648 Fodder Management 0.1279 0.0210

Digester for Bio Gas and manure 0.0649 0.0107

Custom Hiring Centre- Mechanization 0.2553 0.0421

Furthermore, in order to enrich the analysis and capture the various uncertainties in
the decision-making process, the developed model is assessed using the methodology of
FAHP, which yields the evaluation of the local and global weight of the various attributes
of the CSA-based adoptions. The outcomes of the FAHP are summarized in Table 20.

Table 20. Summary of the evaluation of the FAHP criterion weight.

Attribute LW Sub Attribute LW GW

Soil Smart 0.0886

Crop Rotation 0.4090 0.0362

Vermicomposting and Mulching 0.1742 0.0154

Conservation Tillage 0.0764 0.0067

Drainage Management 0.3601 0.0319

Water Smart 0.3080

Drip Irrigation 0.5725 0.1763

Check Dams 0.1098 0.0338

Sprinkler Irrigation 0.2833 0.0872

Rainwater Harvesting 0.0607 0.0187

Knowledge Smart 0.3404

Livestock and Crop insurance 0.1515 0.0516

Improved and resilient seeds varieties 0.5693 0.1938

Seed and Fodder Banks 0.0564 0.0192

Weather-Based Crop-Agro Advisory 0.2529 0.0861

Livestock Smart 0.0709

Improved Feed for Animals on the farm 0.4648 0.0330

Promoting Hybridization 0.1228 0.0087

Stocking Rate Management 0.0992 0.0070

Disease Management among Animals 0.3562 0.0252

Carbon Smart 0.1918

Agroforestry 0.5708 0.1095

Fodder Management 0.1259 0.0241

Digester for Bio Gas and manure 0.0648 0.0124

Custom Hiring Centre- Mechanization 0.2655 0.0509
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For a better understanding of the distinct outcomes of the proposed methodology, a
plot is provided in Figure 5, which compares the weights of the sub-attributes of the CSA-
based adoption regarding the promotion of sustainable production–consumption patterns.
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An inference can be made from the developed plots of the sub-attributes that improved
and resilient seed varieties empower the enactment of the CSA-based practices. Using
the improved seed varieties ensures the remarkable production volumes that are reliable
enough to nurture the consumption needs of the masses. Improved seeds have better
yields and less water and fertiliser utilization, which safeguards the natural resources
and brings us a step closer to sustainability. Furthermore, implying drip irrigation for
agricultural practices evokes the optimum utility of the water resources, rather than the
direct pumping of groundwater. Such initiatives bring us a step closer to the avenues of
sustainable production. The effective management of the land and water resources can be
achieved by using agro forestry-based practices. These use the agricultural land cultivation
of the trees and shrubs into the crop, and develop animal farming for social, economic, and
environmental benefits. They incorporate financial flexibility and diversity, underpinning
the notions of sustainable production–consumption.

Most agricultural practices are susceptible to weather vulnerabilities and pest attacks,
which distort the mapping of the supply and demand patterns. Often, instances come into
light when the low yield of the crops results in the high pricing of its constituent products
and hampers their availability in the market. Hence, the mechanism allied with the weather-
based crop-agro advisory should be strengthened. It is intended to reduce the pre- and
post-harvest losses and curtail the wastage of manpower, materials, and allied resources.
Furthermore, in order to cope with the same, the insurance of the crops and livestock needs
to be ensured, which provides the necessary assistance and secures the dimension of food
safety. In order to cater to the needs of the spawning population, traditional agricultural
practices need to be enveloped by CSA-based activities. This ensures the mechanization of
the existing practices and aligns them with the various field advancements of information
technology. Such initiatives are necessary in order to balance production–consumption
volumes and facilitate better traceability across the agri-food supply chains.
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In order to manage soil fertility and prevent the depletion of its nutrient value, crop
rotation patterns should be induced as part of CSA. This intervenes in the intentional
combination of the various crops to be sown throughout the year, ensuring the financial
benefits after a regular short interval of time, and fixes the nutrients in the soil. It promotes
the optimum usage of the land, water, and other allied resources, advancing toward
sustainable production–consumption. Furthermore, strengthening the irrigation means and
ensuring drain management, improving the feeds for livestock, setting up the fodder banks,
promoting the hybridization of the agricultural activities, and enhancing the CSA measures
are also crucial for revamping the CSA measures. It can be inferred that CSA deployment
is key to the promotion of sustainable production–consumption in the journey from farm
to fork. The presented work enacted the duo of AHP and FAHP for the assessment of
the attributes and sub-attributes of CSA adoption for the leveraging of the benefits of
sustainable production–consumption. A distinct assessment of the criteria weights allied
with the developed model is detailed in Table 21, and for greater understanding, the same
plots are provided in Figure 6.

Table 21. Comparison of the AHP and FAHP results.

Methodology C1 C2 C3 C4 C5

AHP 0.0937 0.3198 0.3433 0.0782 0.1648

FAHP 0.0886 0.3080 0.3404 0.0709 0.1918
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An inference can be made that among all of the criteria, the Knowledge Smart (C3)
criterion has been given the utmost importance, followed by Water Smart, Carbon Smart,
Soil Smart, and Livestock Smart. Because, in recent times, the characteristics of the decision-
maker, information, and probable deviation is integrated into the decision-making process,
a comparison of the results obtained via the AHP with FAHP becomes necessary. It can
be seen that although the trend is the same in both AHP and FAHP, the criterion weights
obtained are different. The maximum deviation is seen for the criterion Carbon Smart.

The most weighted criterion is Knowledge Smart, which clearly shows that, in the
future, information technology is going to play a vital role. The second-most important
criterion is Water Smart, which shows the concern of experts and farmers regarding the
judicious use of water. Water scarcity is prevalent in many parts of the world, and is
going to worsen even more in the coming future. Therefore, drip irrigation technology,
which makes the most efficient use of the water available, has been given high importance.
The rainwater harvesting method—in which the water is stored in man-made ponds or
tanks—has also been given high importance, and can help farmers cope with the changing
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monsoon patterns. This will also promote production–consumption in the tough times of
water scarcity.

Agroforestry is chosen above all else because it can help in facing climate change in
multidimensional ways. It has the potential to enhance soil fertility by supplementing
organic content in the soil in the form of plant litter, increasing the rainwater holding
capacity, minimizing the erosion of soil by reducing runoff, and most importantly, prolif-
erating the farmer’s income. Other carbon-smart practices such as custom hiring centers
can help reduce the carbon footprint and also help farmers to use modern equipment
and technologies in their field. This can help play a revolutionary role in transforming
agriculture from traditional to modern sustainable agriculture, emphasizing sustainable
and responsible production–consumption.

The criteria Carbon Smart and Livestock Smart—in which crop rotation and improved
feed for farm animals have been given utmost priority, respectively—have their environ-
mental benefits. Crop rotation can help the soil recover its lost nutrients, and is critical for
maintaining the health of the soil. Improvements in feed for animals on the farm can help
reduce the emission of GHG, as the diet of animals is directly linked to the greenhouse
gases they emit. This is even more important because a quarter of all GHG emissions occur
because of food production–consumption.

6. Conclusions

The presented study aimed to move traditional agricultural practices toward the
advancements of climate-smart agriculture. Various climatic abruptions and prevailing
weather uncertainties due to the large scale of globalization and industrialization have
posed a threat to the nurturing of the spawning populations across the globe. Hence,
the need has arisen for a shift toward sustainable production–consumption patterns and
an upgrade of the existing agricultural activities close to CSA. For the same, a relational
hierarchical model was developed in this work, which was further analyzed for the various
pairwise comparisons and internal consistency by the methodology of the AHP, and
validated by FAHP. The contemplation of the proposed model resulted in the securing of
the primacy of the various attributes and sub-attributes of the CSA.

It is evident from the obtained results for enacting the CSA-based practices that im-
proved seed varieties featuring resilience should be utilized, and more emphasis should be
placed on the knowledge-based smart practices mentioned in the developed framework.
Using the improved seed varieties improves the utility of the land, promises crop yields,
and strengthens the economic, social, and societal perspectives responsible for the sustain-
able production–consumption patterns. Furthermore, opting for the various water-smart
adoptions and rendering the measures for promoting drip irrigation, ensuring proper drain
management, and regulating the water for irrigation by creating check dams would be
wise. Agricultural activities extensively utilize groundwater, but its replenishment rate is
quite low in comparison to its consumption rate. Hence, in order to safeguard the interests
of society and promote equity, sustainable production–consumption measures need to
be taken.

Furthermore, the developed framework revealed that some of the ideas—like seed
and fodder banks and custom hiring center mechanization—were identified to have the
potential to bring about a significant change in the rural economy of the country while also
ensuring the country meets its SDGs. In a continuation of this, the same agroforestry-based
practices should be ramped up towards the adoption of the CSA protocols in agricultural
practices. Agroforestry is seen as a promising alternative for aggregating and sustaining
production in the agricultural sector while also ameliorating the deleterious effects of
food production—consumption on the environment. Sustainable development via the
adoption of scientific agroforestry interventions has tremendous potential to meet several
objectives of the SDGs. Furthermore, adopting the agroforestry-based CSA is an enabler of
carbon smart-based interventions. These interventions aim to reduce the carbon footprint
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generated from the various agricultural activities and the allied course of the production–
consumption volumes.

Agroforestry and fodder management have the potential to meet the demands of
raw materials that are currently imported, with examples being timber and medicinal
herbs. Without transforming agriculture, it is impossible to preserve the biodiversity on
this planet, and climate-smart interventions could prove to be the transformation that the
agriculture sector desperately needs. The outcome of the study points out some effective
techniques which can be useful for decision-makers at various levels. Based on this study,
policy-makers, district agricultural departments, agricultural research institutions, and
non-government organizations can determine appropriate investment decisions on high-
weighted techniques that will have a constructive impact on the current and future context
of social, economic, and environmental development in the agriculture sector, stepping
closer towards sustainable production–consumption.
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