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ABSTRACT
Aim: To study the sustainability of Western Maharashtra region in order to know the suitability of the region for agriculture.
Place and Duration of the study: The present study assesses the agricultural sustainability of western Maharashtra using the Sustainable Livelihood Security Index (SLSI), a composite measure integrating ecological, economic, and social dimensions of sustainability. The SLSI was computed for ten districts—Ahmednagar, Pune, Solapur, Satara, Sangli, Kolhapur, Nashik, Jalgaon, Dhule, and Nandurbar—for the years 1961, 1981, 2001, and 2021. 
Methodology: The methodology involved constructing three sub-indices: The Ecological Security Index (ESI), Economic Efficiency Index (EEI), and Social Equity Index (SEI), each derived from standardized district-level indicators. These included variables such as population pressure, forest area, cropping intensity, crop yield, irrigation, literacy, sex ratio, and health infrastructure.
Results: Results revealed a gradual improvement in regional agricultural sustainability, with the overall SLSI increasing from 0.3729 in 1961 to 0.4833 in 2021, reflecting progress in ecological management, economic productivity, and social welfare. However, significant inter-district disparities were observed. Satara district maintained the highest sustainability levels up to 2001 (maximum SLSI = 0.6161) but showed a declining trend thereafter (0.5223 in 2021). In contrast, Pune rose to the top position in 2021 (0.5519), supported by strong economic and social indicators despite poor ecological security. Districts like Nashik, Sangli, Jalgaon, and Nandurbar exhibited steady progress, while Dhule and Ahmednagar lagged due to low economic efficiency and persistent social inequalities.
Conclusion: At the component level, ecological conditions fluctuated across decades, economic efficiency improved steadily, and social equity showed consistent upward trends. The findings highlight that while agricultural sustainability in western Maharashtra has improved overall, regional imbalances persist. Strengthening ecological resilience, enhancing farm productivity, and promoting social inclusion through district-specific strategies are essential to achieving balanced and sustainable agricultural development in the region.
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1. INTRODUCTION
Agricultural sustainability is essential for maintaining food security, protecting the environment, and ensuring economic stability (Umesha et al., 2018). It encompasses farming methods that support the long-term productivity of agricultural systems, preserve natural resources, and strengthen rural communities.
The major elements of agricultural sustainability include environmental management, which aims to protect soil, water, and biodiversity through measures such as crop diversification, organic cultivation, and the efficient use of irrigation (Kremsa, 2021). Economic sustainability ensures stable and profitable livelihoods for farmers by promoting fair trade, income diversification, and value-added production. Additionally, social responsibility emphasizes the welfare of rural populations, encouraging equitable labor practices and better living standards.
Sustainable farming offers numerous advantages—such as higher and more stable crop yields, healthier ecosystems, climate resilience, water efficiency, and improved farmer earnings. Adopting sustainable agricultural approaches contributes to a secure food supply, robust natural systems, and a cleaner environment. In essence, sustainable agriculture is the foundation for achieving a balanced and enduring global food system.
2. METHODOLOGY
2.1 Construction of Sustainable Livelihood Security Index
Let Xijk and SLSIijk represent the value of ith variable, jth component and kth district and index for ith variable representing the jth component of the SLSI of kth district, respectively. Then, for positive implication equation (1) was used and for negative implication equation (2) was used 
Xijk– MinkXijk
SLSIijk= ——————— ...............…….. (1)
MaxkXijk– MinkXijk

MaxkXijk– Xijk
SLSIijk= ——————— ...............…….. (2)
MaxkXijk– MinkXijk

                        I
               ∑SLSIijk
                          I=1
SLSIijk= ————— ...............…….......... (3)
                 I  
Where,
i = variables (1,2,3………. i)
j = components (1,2,3………. j)
k = district (1,2,3………. k)
The numerator in equation (1) and (2) shows that, it measures the extent by which the kth district did better in the ith variable representing the jth components of SLSI as compared to the district showing the worst performance in that component, and the denominator indicates the range (i.e., the difference between the maximum and the minimum values of the variable representing a given component).
The equation (3) exhibited that three component indices of SLSI, viz., ESI, EEI and SEI were calculated for all variables, taking simple mean by assigning equal weights to the indices of their respective variables. The SLSI has range of 0 to 1 in which a value closer to zero shows low level of sustainability and value near to 1 denotes high level of sustainability.
2.2 Selection of variables
Variables for indices were selected as follows:
Table 1. SLSI indicators
	Sr. No.
	Indicator
	
	Parameter
	Variable

	1
	Ecological Security Index
	A
	Ecological burden
	Total population (-ve)

	
	
	B
	Land use
	Cropping intensity (+ve)

	
	
	C
	Soil fertility
	Forest Area (+ve)

	2
	Economic Efficiency Index
	A
	Food security
	Food grains yield (+ve)

	
	
	B
	Farmers income
	Sugarcane yield (+ve)

	
	
	C
	Water availability
	Irrigated area (+ve)

	3
	Social Security Index
	A
	Education status
	Literacy (+ve)

	
	
	B
	Gender equity
	Sex ratio (+ve)

	
	
	C
	Health services
	Health facility (+ve)


(Note: signs in parentheses indicates the relationship of variables with the sustainability) 
3 RESULTS AND DISCUSSION
Agricultural Sustainability in Western Maharashtra
Agricultural sustainability in Western Maharashtra was studied using the Sustainable Livelihood Security Index (SLSI) to assess district-level sustainability. This method has been used by various studies to analyze agricultural sustainability, proving useful in reducing regional disparities and promoting sustainable growth. The study aimed to ensure food security, environmental conservation and climate resilience.
3.1 Ecological Security Index
Ecological security, a key component of the Sustainable Livelihood Security Index (SLSI), ensures the long-term sustainability of agriculture by maintaining ecological balance. District-wise Ecological Security Indices (ESI) were estimated to assess changes from 1961 to 2021.
Districts such as Ahmednagar, Solapur, Sangli, Kolhapur, Jalgaon, and Nandurbar showed improved ESI values in 2021, while Pune, Satara, Nashik, and Dhule experienced ecological decline.
Dhule ranked first in 1961 (ESI = 0.9938) and 1981 (0.8925) due to high forest cover and low population density but declined sharply in 2001 (0.4818) after its division to form Nandurbar. However, it recovered slightly in 2021 (0.6571, rank 2). Nandurbar, the new district, ranked first in 2001 (0.6667) and 2021 (0.9729) owing to low population density, large forest area, and improved cropping intensity.
Kolhapur was the most ecologically stressed district in 1961 and 1981 with very low ESI values (0.1311 and 0.1290) due to dense population and poor cropping intensity but showed gradual improvement by 2021 (0.3178). Pune’s ESI declined continuously from 0.4882 (1961) to 0.1133 (2001), slightly rising to 0.2464 in 2021, mainly due to urbanization and reduced forest cover. According to the study of Jain et al. (2022) over-exploitation of natural resources and population explosion (Kumar and Issac, 2018) are the major threats to agricultural sustainability. 
Overall, the western Maharashtra region showed slight improvement in ecological security in 2021 (0.4637) compared to 1961 (0.4572), though the index fluctuated over the decades, peaking in 1981 (0.5039).
3.2 Economic Efficiency Index 
Economic efficiency in agriculture drives growth, productivity, food sufficiency, and rural employment. District-wise Economic Efficiency Indices (EEI) were calculated based on food grain yield, sugarcane yield, and irrigation intensity, key indicators influencing agricultural performance (Mane & Gaikwad, 2019).
Except for Ahmednagar, all districts showed improvement in 2021 over 1961. Ahmednagar’s EEI declined from 0.6085 (rank 2, 1961) to 0.4054 (rank 8, 2021) due to poor performance across all variables.
Kolhapur led in 1961 (0.6720), 1981 (0.8018), and 2001 but dropped to second in 2021 (0.6964). Pune rose to first place in 2021 (0.7425) because of its highest sugarcane yield and cropping intensity. Dhule remained the least efficient from 1961 to 2001 (0.0503–0.0313), showing slight improvement by 2021 (0.1733, rank 9). Nandurbar also performed poorly in 2021 (0.1114).
Nashik showed the most consistent progress, with EEI increasing from 0.1642 (1961) to 0.6350 (2021) due to substantial gains in crop yields. Sangli and Jalgaon also improved notably, reaching EEI values of 0.6724 and 0.5071, respectively, by 2021.



At the regional level, western Maharashtra’s EEI steadily increased from 0.3728 (1961) to 0.5016 (2021), indicating overall progress in agricultural economic efficiency across the decades.



Table 2. District-wise ecological security indices
	District
	Ecological burden index
	Soil fertility index
	Land use index
	Ecological Security Index (ESI)

	
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	Rank
	1981
	Rank
	2001
	Rank
	2021
	Rank

	Ahmednagar
	1.00
	0.98
	0.92
	1.00
	0.23
	0.21
	0.13
	0.12
	0.25
	0.40
	0.35
	0.40
	0.4930
	3
	0.5291
	4
	0.4664
	4
	0.5091
	3

	Pune
	0.40
	0.29
	0.00
	0.00
	0.25
	0.23
	0.17
	0.16
	0.82
	0.60
	0.17
	0.58
	0.4882
	4
	0.3747
	7
	0.1133
	10
	0.2464
	10

	Solapur
	0.80
	0.88
	0.84
	0.94
	0.00
	0.00
	0.00
	0.00
	0.04
	0.58
	0.01
	0.17
	0.2784
	7
	0.4876
	6
	0.2834
	9
	0.3701
	6

	Satara
	0.64
	0.75
	0.81
	0.94
	0.30
	0.29
	0.21
	0.19
	0.52
	1.00
	0.19
	0.00
	0.4876
	5
	0.6806
	2
	0.4022
	6
	0.3771
	5

	Sangli
	0.57
	0.63
	0.66
	0.82
	0.08
	0.08
	0.05
	0.04
	0.13
	0.24
	0.25
	0.10
	0.2627
	8
	0.3158
	8
	0.3241
	8
	0.32
	9

	Kolhapur
	0.00
	0.00
	0.02
	0.29
	0.39
	0.39
	0.31
	0.28
	0.00
	0.00
	1.00
	0.39
	0.1311
	9
	0.129
	9
	0.4428
	5
	0.3178
	8

	Nashik
	0.85
	0.76
	0.58
	0.58
	0.48
	0.47
	0.33
	0.29
	0.43
	0.62
	0.00
	0.22
	0.5867
	2
	0.6183
	3
	0.305
	7
	0.3635
	7

	Jalgaon
	0.44
	0.57
	0.62
	0.74
	0.33
	0.28
	0.20
	0.18
	0.41
	0.66
	0.73
	0.59
	0.3934
	6
	0.5071
	5
	0.5163
	2
	0.5027
	4

	Dhule
	0.98
	1.00
	0.93
	0.95
	1.00
	1.00
	0.50
	0.42
	1.00
	0.68
	0.01
	0.61
	0.9938
	1
	0.8925
	1
	0.4818
	3
	0.6571
	2

	Nandurbar
	-
	-
	1.00
	0.92
	-
	-
	1.00
	1.00
	-
	-
	0.00
	1.00
	-
	-
	-
	-
	0.6667
	1
	0.9729
	1

	Western Maharashtra
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.4572
	-
	0.5039
	-
	0.4002
	-
	0.4637
	-


Table 3. District-wise economic efficiency indices
	District
	Food security index
	Famers income index
	Water availability index
	Economic Efficiency Index (EEI)

	
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	Rank
	1981
	Rank
	2001
	Rank
	2021
	Rank

	Ahmednagar
	0.00
	0.14
	0.05
	0.13
	1.00
	0.23
	0.35
	0.88
	0.83
	1.00
	0.71
	0.21
	0.6085
	2
	0.4575
	3
	0.3709
	7
	0.4054
	8

	Pune
	0.12
	0.20
	0.10
	0.23
	0.59
	0.38
	0.90
	1.00
	0.65
	0.64
	0.77
	1.00
	0.4526
	4
	0.4047
	5
	0.5898
	4
	0.7425
	1

	Solapur
	0.03
	0.00
	0.04
	0.00
	0.48
	0.66
	0.84
	0.79
	0.66
	0.19
	0.72
	0.65
	0.3903
	5
	0.2806
	8
	0.532
	6
	0.4781
	7

	Satara
	0.17
	0.36
	0.32
	0.26
	0.34
	0.77
	0.82
	0.92
	1.00
	0.74
	1.00
	0.61
	0.5019
	3
	0.6246
	2
	0.714
	2
	0.5946
	5

	Sangli
	0.39
	0.21
	0.29
	0.24
	0.43
	0.44
	1.00
	0.93
	0.26
	0.32
	0.52
	0.85
	0.3622
	6
	0.3244
	7
	0.6037
	3
	0.6724
	3

	Kolhapur
	1.00
	1.00
	1.00
	1.00
	0.54
	1.00
	0.80
	0.48
	0.47
	0.41
	0.39
	0.61
	0.672
	1
	0.8018
	1
	0.7313
	1
	0.6964
	2

	Nashik
	0.01
	0.27
	0.11
	0.81
	0.31
	0.78
	0.81
	0.99
	0.16
	0.29
	0.70
	0.10
	0.1642
	7
	0.4466
	4
	0.5377
	5
	0.635
	4

	Jalgaon
	0.39
	0.40
	0.25
	0.54
	0.07
	0.32
	0.50
	0.92
	0.00
	0.30
	0.15
	0.07
	0.1529
	8
	0.341
	6
	0.2992
	8
	0.5071
	6

	Dhule
	0.15
	0.20
	0.01
	0.21
	0.00
	0.00
	0.08
	0.31
	0.00
	0.00
	0.00
	0.00
	0.0503
	9
	0.0676
	9
	0.0313
	10
	0.1733
	9

	Nandurbar
	-
	-
	0.00
	0.29
	-
	-
	0.00
	0.00
	-
	-
	0.27
	0.05
	-
	-
	-
	-
	0.0889
	9
	0.1114
	10

	Western Maharashtra
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.3728
	-
	0.4165
	-
	0.4499
	-
	0.5016
	



Table 4. District-wise social equity indices
	District
	Gender equity index
	Health service index
	Education status index
	Social Equity Index (SEI)

	
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	1981
	2001
	2021
	1961
	Rank
	1981
	Rank
	2001
	Rank
	2021
	Rank

	Ahmednagar
	0.23
	0.18
	0.28
	0.26
	0.11
	0.12
	0.37
	0.43
	0.16
	0.34
	0.35
	0.50
	0.1663
	5
	0.2122
	6
	0.33
	8
	0.3965
	8

	Pune
	0.08
	0.00
	0.00
	0.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.6919
	1
	0.6667
	1
	0.6667
	2
	0.6667
	1

	Solapur
	0.00
	0.03
	0.21
	0.33
	0.16
	0.25
	0.70
	0.36
	0.00
	0.21
	0.62
	0.64
	0.0546
	9
	0.1649
	8
	0.5088
	5
	0.4422
	6

	Satara
	1.00
	1.00
	1.00
	0.78
	0.10
	0.04
	0.13
	0.11
	0.97
	0.58
	0.91
	0.93
	0.6869
	2
	0.5428
	2
	0.679
	1
	0.6042
	2

	Sangli
	0.12
	0.24
	0.50
	0.67
	0.14
	0.12
	0.25
	0.07
	0.33
	0.57
	0.85
	0.88
	0.1945
	4
	0.3096
	3
	0.5336
	4
	0.5391
	5

	Kolhapur
	0.28
	0.24
	0.41
	0.46
	0.07
	0.09
	0.38
	0.33
	0.14
	0.48
	0.86
	0.97
	0.1621
	6
	0.2689
	4
	0.5499
	3
	0.588
	3

	Nashik
	0.09
	0.00
	0.11
	0.30
	0.05
	0.10
	0.66
	0.49
	0.20
	0.42
	0.74
	0.95
	0.1145
	7
	0.1713
	7
	0.5038
	6
	0.58
	4

	Jalgaon
	0.19
	0.11
	0.19
	0.14
	0.12
	0.04
	0.30
	0.17
	0.97
	0.64
	0.80
	0.63
	0.4266
	3
	0.2646
	5
	0.4285
	7
	0.3145
	9

	Dhule
	0.28
	0.23
	0.76
	1.00
	0.00
	0.00
	0.14
	0.07
	0.02
	0.00
	0.00
	0.24
	0.1003
	8
	0.0782
	9
	0.3019
	9
	0.4369
	7

	Nandurbar
	-
	-
	0.76
	0.84
	-
	-
	0.00
	0.00
	-
	-
	0.00
	0.00
	-
	-
	-
	-
	0.2545
	10
	0.2793
	10

	Western Maharashtra
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.2886
	-
	0.2977
	-
	0.4757
	-
	0.4847
	-
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Figure 1 Radar chart showing the District wise Ecological Security Indices
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Figure 2 Radar chart showing the District wise Economic Efficiency Indices
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[bookmark: _17ayr2d055py]Figure 3 Radar chart showing the District wise Social Equity Indices
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Figure 4 Radar chart showing the District wise Sustainable Livelihood Security Indices
3.3 Social Equity Index
Farmers are the core of agriculture, and their social well-being—encompassing health, education, and gender equality—is essential for sustainable rural development. To assess this, district-wise Social Equity Indices (SEI) were calculated.
Pune consistently ranked first in 1961, 1981, and 2021, though its SEI slightly declined from 0.6919 to 0.6667 due to a worsening sex ratio. Strong health and education facilities kept it in the lead.
Ahmednagar, Sangli, Kolhapur, Nashik, and Nandurbar showed steady progress, with notable gains in Kolhapur (from 0.1621, rank 6 in 1961 to 0.5880, rank 3 in 2021) and Nashik (from 0.1145, rank 7 to 0.5800, rank 4).
Solapur improved from 0.0546 (1961) to 0.5088 (2001) but declined slightly to 0.4422 (2021), lowering its rank from fifth to sixth. Satara and Jalgaon displayed fluctuations—Satara peaked in 2001 (0.6790), while Jalgaon fell from third to ninth by 2021 despite a minor SEI decrease.
Nandurbar ranked lowest in 2001 (0.2545) and 2021 (0.2793), while Dhule showed modest improvement after its lowest SEI in 1981 (0.0782).
Regionally, western Maharashtra’s SEI rose consistently from 0.2886 (1961) to 0.4847 (2021), reflecting gradual advancement in social equity and rural well-being.
3.4 Sustainable Livelihood Security Index
The Sustainable Livelihood Security Index (SLSI), derived from the Ecological Security Index (ESI), Economic Efficiency Index (EEI), and Social Equity Index (SEI), was used to assess agricultural sustainability across western Maharashtra.
Satara led in 1961 (0.5588), 1981 (0.6161), and 2001 (0.5984)—the highest value among all districts and periods—but declined by 2021 (0.5223, rank 4), indicating reduced sustainability (Deshmukh&Patil, 2020).
Most other districts recorded higher SLSI values in 2021. Pune, ranking first in 2021 (0.5519), showed strong economic and social performance despite weak ecological conditions. Ahmednagar displayed marginal improvement (0.4226 → 0.4370) but dropped from third to eighth place due to slower progress.
Table 5. District-wise sustainable livelihood security indices
	District
	SLSI (1961)
	Rank
	SLSI (1981)
	Rank
	SLSI (2001)
	Rank
	SLSI (2021)
	Rank

	Ahmednagar
	0.4226
	3
	0.3996
	5
	0.3891
	8
	0.4370
	8

	Pune
	0.5442
	2
	0.4820
	2
	0.4566
	4
	0.5519
	1

	Solapur
	0.2411
	9
	0.3111
	9
	0.4414
	6
	0.4301
	9

	Satara
	0.5588
	1
	0.6160
	1
	0.5984
	1
	0.5253
	4

	Sangli
	0.2731
	8
	0.3166
	8
	0.4871
	3
	0.5105
	5

	Kolhapur
	0.3217
	6
	0.3999
	4
	0.5747
	2
	0.5340
	2

	Nashik
	0.2884
	7
	0.4121
	3
	0.4488
	5
	0.5262
	2

	Jalgaon
	0.3243
	5
	0.3709
	6
	0.4147
	7
	0.4414
	7

	Dhule
	0.3815
	4
	0.3461
	7
	0.2717
	10
	0.4224
	10

	Nandurbar
	-
	-
	-
	-
	0.3367
	9
	0.4545
	6

	Western Maharashtra
	0.3729
	-
	0.4060
	-
	0.4419
	-
	0.4833
	-



Nashik, Sangli, Jalgaon, and Nandurbar showed steady improvement; Nashik rose from rank 7 (0.2884, 1961) to rank 2 (0.5340, 2021). While Nashik and Sangli faced ecological challenges, Jalgaon and Nandurbar suffered from social inequalities—though Nandurbar remained ecologically strong but economically weak.
Dhule was least sustainable in 2001 (0.2717) and 2021 (0.4224) due to low economic efficiency and persistent inequality, despite moderate ecological security. Kolhapur and Solapur peaked in 2001 (0.5747 and 0.4414) but declined in 2021 because of reduced ecological and social performance.
At the regional level, western Maharashtra’s agricultural sustainability improved consistently from 0.3729 (1961) to 0.4833 (2021). Strengthening ecological balance, economic efficiency, and social equity through district-specific strategies is essential for balanced and inclusive agricultural development (Pani& Mishra, 2022; Das et al., 2024; Saritha et al., 2024).

4. CONCLUSIONS
The Sustainable Livelihood Security Index (SLSI) assessment shows that agricultural sustainability in Western Maharashtra improved gradually from 0.3729 in 1961 to 0.4833 in 2021. District-wise analysis reveals spatial disparities—Satara, once the most sustainable, declined over time, while Pune, Kolhapur, Nashik, and Sangli showed notable progress due to stronger economic and social performance. However, ecological stress from urbanization remains a concern, especially in Pune and Nashik.
Dhule and Nandurbar continued to lag due to weak economic and social conditions despite ecological advantages. Overall, although regional sustainability improved, growth remains uneven. Strengthening ecological conservation, equitable resource use, and livelihood diversification is vital for balanced and resilient agricultural development across Western Maharashtra.
5. Recommendation
The sustainable livelihood security in underperforming districts can be improved through technological advancements, improved infrastructure, and financial support, highlighting the need for district-specific, systematic, and proactive approach for balanced development in Western Maharashtra.
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