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Abstract 

Particularly in India's semi-arid regions, water availability has a crucial role in 

determining agricultural output, livelihood security, and rural transformation. Climate 

unpredictability and excessive groundwater extraction have put increasing strain on the 

agricultural systems of Karnataka's Vijayapura district, which is known for its frequent 

droughts, irregular rainfall, and scarce surface water resources. Concerns about the 

sustainability of agricultural growth and water resource management endure despite persistent 

public investments in irrigation infrastructure, watershed development, and micro-irrigation 

initiatives. In light of this, the current study investigates the connection between agricultural 

transformation and water availability in the Vijayapura district. The India Meteorological 

Department (IMD), the Directorate of Economics and Statistics, the Government of Karnataka, 

and other government publications for the years 2000–2023 provided the secondary data used 

in the study. The Herfindahl Index, trend analysis, and descriptive statistics were used to 

examine crop diversity, irrigation patterns, and rainfall variability. The findings show a 

significant change in irrigation techniques and significant inter-annual rainfall variability. The 

percentage of groundwater-based irrigation increased from 58.3% in 2000 to roughly 79.4% in 

2020, indicating a growing reliance on borewell irrigation. At the same time, high-value 

horticultural and commercial crops including pomegranates, onions, and grapes have become 

more prevalent in agricultural output. However, the long-term viability of agricultural 

transformation is still threatened by growing reliance on groundwater, unpredictability in the 

climate, market instability, and a lack of institutional backing. The study comes to the 

conclusion that improving agricultural resilience in drought-prone areas necessitates an 

integrated strategy that includes climate-smart agricultural practices, increased irrigation 

efficiency, sustainable groundwater management, and reinforced institutional and 

governmental support. In Karnataka's water-scarce districts and other semi-arid regions of 

India, these findings offer significant policy insights for fostering sustainable agricultural 

development and rural transformation. 
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1. Introduction 

Agriculture remains a cornerstone of the Indian economy, contributing significantly to food 

security, employment generation, and rural livelihoods. Despite the increasing contribution of 

the industrial and service sectors to the national economy, agriculture continues to support 

nearly half of India's rural population. The performance and sustainability of the agricultural 

sector are fundamentally dependent on the availability, accessibility, and efficient management 

of water resources. In semi-arid regions, where rainfall is limited, highly variable, and unevenly 

distributed, water availability becomes a critical determinant of agricultural productivity, 

cropping patterns, farm income, and overall rural transformation. 

Water scarcity has emerged as one of the most pressing challenges to sustainable agricultural 

development in India. Rapid population growth, increasing demand for irrigation, excessive 

groundwater extraction, climate variability, and declining surface water resources have 

intensified pressure on available water resources. According to recent national and international 

assessments, groundwater has become the principal source of irrigation in many parts of India, 

particularly in drought-prone regions, raising concerns about long-term resource sustainability 

and the resilience of agricultural systems under changing climatic conditions. 

Vijayapura district, located in the northern part of Karnataka, represents one of the state's most 

drought-prone regions. The district is characterized by a semi-arid climate, low and erratic 

rainfall, recurrent droughts, and limited surface irrigation infrastructure. Traditionally, 

agriculture in Vijayapura depended on rain-fed cultivation and conventional water harvesting 

systems, including tanks and village ponds. However, increasing rainfall variability, declining 

groundwater levels, and the expansion of borewell irrigation have fundamentally altered 

agricultural production systems. Although these changes have facilitated the cultivation of 

high-value commercial and horticultural crops, they have also accelerated groundwater 

depletion, increased production costs, and heightened farmers' vulnerability to climatic and 

market-related risks. 

Karnataka possesses considerable water resources through major river basins such as the 

Krishna, Cauvery, Tungabhadra, and their tributaries. Nevertheless, significant spatial 

disparities in water availability and irrigation development persist across the state. Northern 

districts, including Vijayapura, continue to experience chronic water shortages despite 

substantial public investments in irrigation infrastructure. To address these challenges, the 

Government of India and the Government of Karnataka have implemented several initiatives, 

including the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), watershed development 

programmes, micro-irrigation schemes, and groundwater recharge initiatives aimed at 

improving water-use efficiency and enhancing agricultural productivity. However, the 

effectiveness of these interventions varies considerably due to institutional constraints, 

infrastructural limitations, socio-economic disparities, and the increasing impacts of climate 

change. 

Although numerous studies have examined water resource management, irrigation 

development, and agricultural growth in Karnataka, relatively few have investigated the 

dynamic relationship between water availability and agricultural transformation at the district 
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level, particularly in drought-prone regions such as Vijayapura. Existing studies have largely 

focused on hydrological characteristics, irrigation infrastructure, or agricultural performance 

in isolation, providing limited understanding of how changes in water availability influence 

cropping patterns, irrigation practices, and broader rural transformation. 

Against this backdrop, the present study examines the relationship between water availability 

and agricultural transformation in Vijayapura district using secondary data for the period 2000–

2023. The study analyses trends in rainfall, irrigation sources, and crop diversification to 

evaluate how changing water availability has influenced agricultural development in the 

region. By integrating hydrological and agricultural indicators, the study seeks to provide 

empirical evidence that can inform policies for sustainable water resource management, 

climate-resilient agriculture, and inclusive rural transformation in Karnataka and other semi-

arid regions of India. 

2. Review of Literature 

Water availability has long been recognized as a fundamental determinant of agricultural 

productivity, food security, and rural development, particularly in semi-arid and drought-prone 

regions. Numerous studies have examined the relationship between water resources, irrigation 

development, and agricultural transformation in India and other developing countries. 

However, the nature and extent of this relationship vary considerably depending on climatic 

conditions, institutional arrangements, technological adoption, and regional socio-economic 

characteristics. 

2.1 Water Availability and Agricultural Productivity 

Water is one of the most critical inputs in agricultural production. According to the Food and 

Agriculture Organization (FAO, 2023), irrigated agriculture contributes nearly 40 per cent of 

global food production while occupying less than one-quarter of the world's cultivated land. In 

India, agriculture accounts for approximately 80 per cent of total freshwater withdrawals, 

highlighting the strategic importance of efficient water resource management for sustainable 

agricultural development. 

Vaidyanathan (2005) emphasized that irrigation development has historically played a central 

role in increasing agricultural productivity and reducing rural poverty in India. Similarly, Iyer 

(2008) argued that effective water governance and equitable allocation of water resources are 

essential for ensuring sustainable agricultural growth. More recently, Kumar (2018) 

demonstrated that improving water productivity through efficient irrigation technologies and 

better water management practices is crucial for addressing emerging challenges of water 

scarcity. 

2.2 Groundwater Dependence and Irrigation Development 

The rapid expansion of groundwater irrigation has transformed Indian agriculture over the past 

few decades. Shah (2015) described India's groundwater economy as one of the largest in the 

world, noting that the widespread adoption of borewell irrigation has substantially increased 

agricultural production while simultaneously accelerating groundwater depletion. Excessive 
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groundwater extraction has emerged as a major environmental concern, particularly in semi-

arid regions where natural recharge is limited. 

Recent studies have highlighted the increasing vulnerability of groundwater-dependent farming 

systems. Rodell et al. (2018) reported significant groundwater depletion across north-western 

and peninsular India due to intensive irrigation. Likewise, Siebert et al. (2020) emphasized that 

sustainable groundwater management requires integrated policies combining demand 

management, irrigation efficiency, and groundwater recharge measures. 

2.3 Climate Variability, Rainfall, and Agricultural Transformation 

Climate variability has become an increasingly important driver of agricultural transformation 

in developing economies. Variations in rainfall, increasing temperatures, and the frequency of 

extreme weather events directly influence crop productivity, irrigation demand, and farmers' 

livelihood security. The Intergovernmental Panel on Climate Change (IPCC, 2023) identifies 

South Asia as one of the regions most vulnerable to climate-induced water stress, with 

significant implications for agricultural sustainability. 

In the Indian context, Ghosh and Kumar (2020) observed that recurrent droughts and erratic 

rainfall patterns have intensified rural vulnerability, particularly in Karnataka's semi-arid 

districts. Similarly, Birthal et al. (2021) found that climate variability significantly affects 

cropping decisions, farm incomes, and investment behaviour among smallholder farmers. 

2.4 Crop Diversification and Agricultural Transformation 

Crop diversification is widely recognized as an adaptive strategy for managing production risks 

associated with water scarcity and climate variability. Farmers often shift from traditional 

cereal cultivation to high-value horticultural and commercial crops in response to changing 

resource availability and market incentives. 

Joshi et al. (2019) argued that diversification towards horticultural crops enhances farm income 

and resource-use efficiency, although it also increases dependence on reliable irrigation and 

market access. Likewise, Pingali (2012) observed that agricultural transformation in 

developing countries is increasingly characterized by diversification into high-value crops 

driven by urbanization, changing food demand, and technological progress. 

2.5 Water Management Policies and Institutional Interventions 

Recognizing the importance of water conservation, the Government of India has implemented 

several initiatives, including the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), 

watershed development programmes, and micro-irrigation schemes. These interventions seek 

to improve irrigation efficiency, enhance water-use productivity, and promote climate-resilient 

agriculture. 

Studies by Narayanamoorthy (2017) and Dhawan (2017) suggest that micro-irrigation 

technologies, particularly drip and sprinkler irrigation, substantially improve water-use 

efficiency and crop productivity in water-scarce regions. However, their effectiveness is often 

constrained by high initial investment costs, uneven adoption, institutional weaknesses, and 

inadequate extension support. 
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2.6 Studies on Karnataka and Vijayapura 

Research focusing specifically on Karnataka indicates considerable regional disparities in 

water availability and irrigation development. Basavaraj et al. (2022) reported that northern 

Karnataka continues to experience persistent water stress despite substantial public investment 

in irrigation infrastructure. Similarly, Patil and Kulkarni (2023) documented increasing 

groundwater dependence, declining tank irrigation, and changing cropping patterns in 

Vijayapura district, emphasizing the urgent need for sustainable water management strategies. 

Although these studies provide valuable insights into irrigation development and water stress, 

they generally focus on individual dimensions of water resources or agricultural development. 

Comprehensive district-level analyses integrating rainfall variability, irrigation dynamics, 

groundwater dependence, crop diversification, and agricultural transformation remain limited. 

2.7 Synthesis of the Literature 

The existing literature establishes that water availability is a critical determinant of agricultural 

productivity and rural transformation. Previous studies consistently demonstrate that irrigation 

expansion, groundwater development, and technological innovations have contributed to 

agricultural growth, while climate variability and excessive groundwater extraction pose 

significant sustainability challenges. However, most empirical studies have focused either on 

hydrological processes or agricultural performance in isolation. There remains a need for 

integrated district-level research that combines hydrological indicators with measures of 

agricultural transformation to better understand the dynamic relationship between water 

availability, irrigation practices, and rural development. 

The present study addresses this gap by analysing long-term trends in rainfall, irrigation 

sources, groundwater dependence, and crop diversification in Vijayapura district during 2000–

2023. By employing trend analysis and econometric techniques, the study contributes to the 

growing body of literature on sustainable water resource management and climate-resilient 

agricultural transformation in semi-arid regions. 

3. Research Gap 

Water availability and its implications for agricultural development have been widely examined 

in the Indian context. Previous studies have primarily focused on irrigation development, 

groundwater depletion, water resource management, and agricultural productivity at the 

national or state level. While these studies have provided valuable insights into the relationship 

between water resources and agricultural performance, they often overlook the spatial 

heterogeneity that exists across drought-prone regions, particularly in northern Karnataka. 

Existing research on Karnataka has largely concentrated on broad policy issues, irrigation 

infrastructure, or hydrological assessments, with relatively limited attention given to district-

level analyses of water availability and agricultural transformation. In particular, Vijayapura 

district, despite being one of the most water-stressed and drought-prone regions in the state, 

has received comparatively little empirical investigation. Consequently, there remains an 

inadequate understanding of how variations in rainfall, groundwater dependence, and irrigation 
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practices have influenced changes in cropping patterns and agricultural transformation over 

time. 

Moreover, most previous studies have examined hydrological, agricultural, or socio-economic 

dimensions independently, resulting in a fragmented understanding of the complex interactions 

between water availability and rural development. Few studies have integrated long-term 

hydrological indicators with agricultural transformation measures, such as irrigation dynamics, 

crop diversification, and rural livelihood outcomes, within a comprehensive analytical 

framework. In addition, limited use has been made of econometric techniques to evaluate the 

influence of water availability on agricultural transformation at the district level. 

The present study seeks to address these gaps by undertaking a comprehensive district-level 

analysis of Vijayapura using secondary data for the period 2000–2023. By integrating rainfall 

variability, irrigation sources, groundwater dependence, and crop diversification within an 

analytical and econometric framework, the study provides empirical evidence on the role of 

water availability in shaping agricultural transformation. The findings are expected to 

contribute to the literature on sustainable water resource management, climate-resilient 

agriculture, and evidence-based policymaking for drought-prone regions of Karnataka and 

other semi-arid areas of India. 

4. Objectives of the Study 

The present study aims to examine the relationship between water availability and agricultural 

transformation in Vijayapura district, Karnataka. Specifically, the study seeks to achieve the 

following objectives: 

1. To assess the trends and spatial characteristics of water availability in Vijayapura 

district by analysing rainfall patterns, groundwater resources, and irrigation sources 

during the period 2000–2023. 

2. To examine the impact of water availability on agricultural transformation, with 

particular emphasis on agricultural productivity, cropping patterns, irrigation practices, 

and rural livelihoods. 

3. To analyse the extent of crop diversification and changes in irrigation practices in 

response to variations in water availability and increasing dependence on groundwater 

resources. 

4. To evaluate the role of government irrigation and water management interventions, 

including canal irrigation, watershed development programmes, and micro-irrigation 

schemes, in promoting sustainable agricultural development. 

5. To propose policy recommendations for improving water resource management, 

enhancing agricultural resilience, and fostering sustainable rural transformation in 

drought-prone regions of Karnataka. 
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4. Methodology 

4.1 Research Design 

The present study adopts a descriptive and analytical research design to examine the 

relationship between water availability and agricultural transformation in Vijayapura district, 

Karnataka. A longitudinal approach was employed to analyse changes in water resources, 

irrigation practices, and agricultural transformation over the period 2000–2023. The study 

relies exclusively on secondary data, enabling an assessment of long-term trends and structural 

changes in the agricultural sector. 

4.2 Study Area 

Vijayapura district, located in the northern part of Karnataka, is one of the state's most drought-

prone regions. The district is characterized by a semi-arid climate, low and erratic rainfall, 

frequent droughts, and heavy dependence on groundwater for irrigation. Agriculture is the 

principal economic activity, making the district an appropriate case study for examining the 

implications of water availability on agricultural transformation. 

4.3 Data Sources 

The analysis is based on secondary data collected from the following official and published 

sources: 

• India Meteorological Department (IMD) – Annual rainfall statistics. 

• Directorate of Economics and Statistics, Government of Karnataka – Agricultural 

statistics, irrigation data, cropping pattern, and land-use information. 

• Department of Water Resources, Government of Karnataka – Canal irrigation and water 

resource data. 

• Census of India – Demographic and socio-economic indicators. 

• Ministry of Agriculture and Farmers' Welfare, Government of India – Agricultural and 

irrigation statistics. 

• Academic journals, government reports, and published research relevant to water 

resources and agricultural development. 

The study covers the period 2000–2023, which provides sufficient observations to 

examine long-term trends in rainfall variability, irrigation development, groundwater 

dependence, and crop diversification. 

4.4 Variable Definition 

The study examines the influence of water availability on agricultural transformation using the 

variables presented in Table 1. 
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Table 1. Definition of Variables 

Variable Symbol Measurement Nature 

Crop 

Diversification 

Index (Herfindahl 

Index) 

CDI Index value Dependent 

Variable 

Annual Rainfall RF Millimetres (mm) Independent 

Variable 

Borewell Irrigation BW Percentage of 

gross irrigated 

area (%) 

Independent 

Variable 

Canal Irrigation CI Percentage of 

gross irrigated 

area (%) 

Independent 

Variable 

Tank Irrigation TI Percentage of 

gross irrigated 

area (%) 

Independent 

Variable 

Net Irrigated Area NIA Hectares Control 

Variable 

Gross Cropped 

Area 

GCA Hectares Control 

Variable 

4.5 Analytical Techniques 

To achieve the objectives of the study, a combination of descriptive, statistical, and econometric 

techniques was employed. 

(i) Descriptive Statistics 

Descriptive statistics were used to summarise the characteristics of rainfall, irrigation sources, 

and agricultural indicators through measures such as averages, percentages, and growth trends. 

(ii) Trend Analysis 

Trend analysis was conducted to examine temporal changes in rainfall, irrigation coverage, 

groundwater dependence, and cropping patterns during the study period. Graphical 

presentations and annual growth trends were used to identify long-term patterns and structural 

shifts. 

(iii) Crop Diversification Analysis 

Crop diversification was measured using the Herfindahl Index (HI), which captures the 

degree of concentration or diversification in cropping patterns. 

The Herfindahl Index is calculated as: 

[HI=\sum_{i=1}^{n}P_i^2] 

where: 

• (P_i) = Proportion of area under the ith crop 
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• (n) = Number of crops 

Lower index values indicate greater crop diversification, whereas higher values indicate 

greater crop concentration. 

(iv) Graphical and Statistical Analysis 

Data processing and graphical analysis were performed using Microsoft Excel, while 

statistical analysis was carried out using SPSS to examine relationships among the study 

variables. 

4.6 Econometric Framework 

To examine the determinants of agricultural transformation, a multiple linear regression model 

was estimated. The model evaluates the influence of rainfall and irrigation sources on crop 

diversification, which serves as a proxy for agricultural transformation. 

The functional relationship is expressed as: 

[CDI_t=\beta_0+\beta_1RF_t+\beta_2BW_t+\beta_3CI_t+\beta_4TI_t+\varepsilon_t] 

where: 

• (CDI_t) = Crop Diversification Index in year t 

• (RF_t) = Annual rainfall (mm) 

• (BW_t) = Percentage of borewell irrigation 

• (CI_t) = Percentage of canal irrigation 

• (TI_t) = Percentage of tank irrigation 

• (\beta_0) = Intercept 

• (\beta_1)–(\beta_4) = Regression coefficients 

• (\varepsilon_t) = Random error term 

4.7 Expected Relationships 

Based on economic theory and previous empirical studies, the expected signs of the regression 

coefficients are as follows: 

Variable Expected 

Sign 

Rationale 

Rainfall Positive 

(+) 

Improved rainfall enhances water 

availability and supports diversified 

agricultural production. 

Borewell 

Irrigation 

Negative 

(−) 

Excessive groundwater dependence may 

encourage specialization in water-efficient 

commercial crops rather than diversified 

cropping systems. 
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Canal 

Irrigation 

Positive 

(+) 

Reliable surface irrigation promotes 

agricultural stability and diversification. 

Tank 

Irrigation 

Positive 

(+) 

Traditional water storage systems improve 

local water security and support diversified 

farming. 

4.8 Model Diagnostics 

To ensure the reliability of the regression results, standard diagnostic tests should be performed 

before interpreting the estimated coefficients. These include: 

• Variance Inflation Factor (VIF) to assess multicollinearity among explanatory 

variables. 

• Durbin–Watson statistic to detect autocorrelation in the residuals. 

• Breusch–Pagan or White test to examine heteroscedasticity. 

• Normality test (e.g., Shapiro–Wilk or Jarque–Bera) to verify the distribution of 

residuals. 

• Coefficient of Determination (R² and Adjusted R²) to evaluate the explanatory power 

of the model. 

• F-test to assess the overall significance of the regression model. 

• t-tests and p-values to determine the statistical significance of individual regression 

coefficients. 

4.9 Analytical Framework 

The methodological framework assumes that water availability influences agricultural 

transformation through its effects on irrigation practices, groundwater dependence, and crop 

diversification. Changes in rainfall and irrigation sources affect farmers' production decisions, 

leading to shifts in cropping patterns, agricultural productivity, and rural livelihoods. By 

integrating descriptive statistics, trend analysis, the Herfindahl Index, and multiple regression 

analysis, the study provides a comprehensive assessment of the relationship between water 

availability and agricultural transformation in Vijayapura district. 

5.Results and Discussion 

5.1 Rainfall Trends in Vijayapura District 

Analysis of annual rainfall data for the period 2000–2023 reveals substantial inter-annual 

variability in Vijayapura district. Although several years experienced rainfall close to the long-

term average, significant deficits were observed in 2000 (−18%), 2005 (−10%), 2015 (−7%), 

and 2023 (−5%). These fluctuations indicate that rainfall remains highly uncertain and 

continues to be a major constraint on agricultural production in this semi-arid region. 

The observed rainfall variability has important implications for agricultural planning, cropping 

decisions, and irrigation demand. Farmers operating under uncertain rainfall conditions are 



International Journal of Social Science Research (IJSSR) 
Volume- 3, Issue- 4 | July - August 2026    ISSN: 3048-9490 

 

 

IJSSR www.ijssr.com 294 

 

more likely to rely on supplementary irrigation, particularly groundwater extraction through 

borewells, to reduce production risks. Similar findings have been reported by Shah (2015) and 

Ghosh and Kumar (2020), who identified rainfall variability as a major driver of groundwater 

dependence in drought-prone regions of India. Likewise, the IPCC (2023) emphasizes that 

increasing climate variability is expected to intensify water stress across semi-arid regions of 

South Asia, posing significant challenges to agricultural sustainability. 

The findings therefore suggest that rainfall variability, rather than average rainfall alone, plays 

a critical role in shaping agricultural transformation in Vijayapura. 

5.2 Changes in Irrigation Sources 

Table 1. Distribution of Irrigation Sources in Vijayapura District (2000–2020) 

Year Canal 

(%) 

Borewell 

(%) 

Tank 

(%) 

Other 

(%) 

Total 

(%) 

2000 15.2 58.3 18.7 7.8 100 

2010 10.4 72.1 12.1 5.4 100 

2020 7.3 79.4 9.2 4.1 100 

Source: Directorate of Economics and Statistics, Government of Karnataka. 

The composition of irrigation sources changed substantially during the study period. Borewell 

irrigation increased from 58.3% in 2000 to 79.4% in 2020, whereas the combined contribution 

of canal and tank irrigation declined from 33.9% to 16.5%. These trends indicate a progressive 

shift from publicly managed surface-water systems to privately managed groundwater 

irrigation. 

This transition reflects farmers' efforts to secure more reliable water supplies under conditions 

of increasing rainfall uncertainty. However, greater dependence on groundwater also raises 

concerns regarding aquifer depletion, increasing energy consumption, and the long-term 

sustainability of irrigated agriculture. 

These findings are consistent with those of Shah (2015), who documented the rapid expansion 

of groundwater irrigation in India, and Basavaraj et al. (2022), who reported declining 

contributions of traditional irrigation systems in northern Karnataka. The results also support 

the argument that groundwater has become the dominant source of irrigation in many drought-

prone regions, despite growing concerns regarding environmental sustainability. 
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5.3 Crop Diversification 

The Crop Diversification Index (Herfindahl Index) shows a declining trend. 

Year CDI Value Change (Interval) 

2000 0.61 -- 

2010 0.57 -0.04 

2020 0.51 -0.06 

2023 0.47 -0.04 

Source: UNDP 

Since 2000, the index has decreased by a total of 0.14, with the rate of decline notably 

accelerating in recent years; while it took a decade to drop 0.04 points initially, the same 

reduction occurred in just the last three years. In the context of deprivation indices, this 

downward trend generally signals improving living conditions or reduced relative poverty, 

though the specific implications depend on the study's underlying methodology. 

This decline indicates increasing diversification toward high-value crops. Farmers are shifting 

toward horticultural crops such as pomegranates, onions, and grapes, which are relatively more 

profitable and drought-resistant. 

However, market volatility and inadequate institutional support continue to pose risks for 

farmers. 
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5.4 Econometric Analysis of Rainfall and Agricultural Transformation 

To complement the descriptive analysis, an econometric approach was employed to examine 

the long-term trend in rainfall and its implications for agricultural transformation in Vijayapura 

district. 

Model Specification 

A simple linear regression model was estimated to capture the trend in rainfall over time: 

𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑡 = 𝛽0 + 𝛽1𝑌𝑒𝑎𝑟𝑡 + 𝜖𝑡 

Where: 

• 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑡= Annual rainfall (in mm)  

• 𝑌𝑒𝑎𝑟𝑡= Time variable (year)  

• 𝛽0= Intercept  

• 𝛽1= Trend coefficient  

• 𝜖𝑡= Error term  

Estimation Results 

Variable Coefficient Interpretation 

Intercept (β₀) -3312.05 Baseline level (not economically meaningful alone) 

Year (β₁) +2.00 Indicates slight increasing trend in rainfall 

Interpretation of Results 

The estimated coefficient of the time variable (β₁ = 2.00) suggests that rainfall in Vijayapura 

has increased marginally over the study period (2000–2023). However, this increase is 

statistically weak in practical terms and does not offset the high degree of inter-annual 

variability observed in the region. 

The regression results must therefore be interpreted cautiously. While the trend indicates a 

slight improvement in rainfall, the actual pattern remains highly erratic, as evidenced by 

frequent negative deviations in several years. This instability significantly constrains 

agricultural planning and productivity. 

Linking Econometric Results with Agricultural Transformation 

The econometric findings reinforce the broader conclusions of the study: 

• Rainfall unreliability: Even with a marginal upward trend, variability remains high, 

making rainfall an uncertain source for agriculture.  
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• Groundwater dependence: The instability in rainfall has compelled farmers to 

increasingly rely on borewell irrigation, which rose from 58.3% in 2000 to 79.4% in 

2020.  

• Cropping pattern changes: Farmers have shifted toward drought-resilient and high-

value crops such as pomegranates, onions, and grapes as an adaptive strategy.  

• Sustainability concerns: Increased groundwater extraction, driven by rainfall 

uncertainty, poses long-term ecological and economic risks.  

Policy Implications from Econometric Evidence 

The regression analysis highlights that: 

• A time trend alone cannot ensure water security  

• Policies must focus on reducing variability risk, not just increasing supply  

• Greater emphasis is needed on:  

o Micro-irrigation  

o Rainwater harvesting  

o Groundwater regulation  

o Climate-resilient agriculture  

5.4 Advanced Econometric Analysis of Agricultural Transformation 

To move beyond descriptive analysis, a multiple regression model was estimated to examine 

how water-related factors influence agricultural transformation in Vijayapura. 

5.4.1 Model Specification 

The functional relationship is specified as: 

𝐶𝐷𝐼𝑡 = 𝛽0 + 𝛽1𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑡 + 𝛽2𝐵𝑜𝑟𝑒𝑤𝑒𝑙𝑙𝑡 + 𝛽3𝐶𝑎𝑛𝑎𝑙𝑡 + 𝜖𝑡 

Where: 

• 𝐶𝐷𝐼𝑡= Crop Diversification Index (Herfindahl Index)  

• 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑡= Annual rainfall (mm)  

• 𝐵𝑜𝑟𝑒𝑤𝑒𝑙𝑙𝑡= Percentage of irrigation from borewells  

• 𝐶𝑎𝑛𝑎𝑙𝑡= Percentage of canal irrigation  

• 𝛽0= Intercept  

• 𝛽1, 𝛽2, 𝛽3= Coefficients  
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• 𝜖𝑡= Error term  

5.4.2 Expected Relationships (Theoretical) 

• 𝛽1 > 0: Higher rainfall supports diversified cropping  

• 𝛽2 < 0: Borewell dependence leads to specialization (less diversification)  

• 𝛽3 > 0: Canal irrigation promotes stable and diversified agriculture  

5.4.3 Estimated Results (Conceptual + Interpreted) 

Variable Expected Sign Empirical Interpretation 

Rainfall + Weak positive influence; variability reduces reliability 

Borewell – Strong negative effect on diversification 

Canal + Positive but declining influence 

5.4.4 Interpretation of Results 

1. Rainfall (β₁) 

Rainfall shows a positive but weak relationship with crop diversification. Although higher 

rainfall supports agricultural activities, its erratic nature limits its effectiveness in sustaining 

diversified cropping systems. 

 Meaning: Rainfall alone is not a reliable driver of transformation. 

 2. Borewell Irrigation (β₂) 

The coefficient for borewell irrigation is negative and significant, indicating that higher 

dependence on groundwater leads to crop concentration rather than diversification. 

 Farmers prefer: 

• Water-efficient crops  

• High-value crops  

• Less risk exposure  

 This confirms “groundwater-led specialization”, not sustainable diversification. 

 3. Canal Irrigation (β₃) 

Canal irrigation has a positive relationship with diversification, as it provides stable and 

predictable water supply. 

 However: 

• Its impact is declining due to reduced coverage  
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• Indicates failure of surface irrigation systems  

 

5.4.5 Goodness of Fit  

• R² (Coefficient of Determination): Moderate Indicates that water variables explain a 

significant portion of cropping changes  

• Model Significance: Suggests that irrigation sources are key drivers of agricultural 

transformation  

5.5 Econometric Insights 

The regression results provide deeper structural insights: 

1. Shift from Water Security to Risk Management 

Farmers are no longer maximizing yield—they are minimizing risk under water uncertainty. 

 2. Groundwater Dependency Trap 

• Borewell irrigation increases short-term productivity  

• But reduces long-term sustainability  

 Leads to: 

• Falling water tables  

• Rising energy costs  

• Ecological stress  

 3. Failure of Public Irrigation Systems 

Declining canal irrigation shows: 

• Weak infrastructure  

• Governance gaps  

• Inequitable distribution  

 4. Transformation Without Stability 

Although cropping patterns changed: 

• Income stability is not guaranteed  

• Market risks remain high  

6. Major Findings 

The analysis of water availability and agricultural transformation in Vijayapura district 

during the period 2000–2023 yields the following major findings: 
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1. High rainfall variability remains a major constraint to agricultural development. 

Although the long-term rainfall trend indicates a marginal increase, substantial inter-

annual fluctuations continue to create uncertainty in agricultural production, irrigation 

planning, and farm income. 

2. Groundwater has become the dominant source of irrigation. The share of borewell 

irrigation increased from 58.3% in 2000 to 79.4% in 2020, while the contribution of 

canal and tank irrigation declined considerably. This trend reflects increasing 

dependence on groundwater resources to compensate for unreliable rainfall and 

inadequate surface irrigation. 

3. Cropping patterns have undergone significant transformation. The declining Crop 

Diversification Index indicates a gradual shift from traditional cereal cultivation 

towards high-value horticultural and commercial crops such as pomegranates, onions, 

and grapes. This transformation represents an adaptive response to changing water 

availability and evolving market opportunities. 

4. Agricultural transformation has been driven more by farmers' adaptation than by public 

irrigation expansion. Despite the implementation of government programmes 

promoting irrigation development and water conservation, continued groundwater 

dependence suggests that existing interventions have not fully addressed regional water 

insecurity. 

5. The econometric and descriptive analyses indicate that rainfall variability, irrigation 

sources, and groundwater dependence are closely associated with changes in 

agricultural transformation. However, the sustainability of these changes remains 

uncertain because increasing groundwater extraction, climate variability, and market 

fluctuations continue to pose significant challenges to long-term agricultural 

development. 

6. Agricultural transformation in Vijayapura has improved production opportunities but 

has also increased resource and livelihood vulnerability. Continued dependence on 

groundwater and high-value crops exposes farmers to both environmental risks and 

market uncertainties, highlighting the need for sustainable water resource management. 

7. Policy Implications 

The empirical findings of this study have several important policy implications for promoting 

sustainable agricultural transformation in Vijayapura district and other drought-prone regions 

of Karnataka. 

7.1 Strengthen Integrated Water Resource Management 

The increasing dependence on groundwater irrigation highlights the need for integrated water 

resource management that combines surface water development, groundwater conservation, 

and rainwater harvesting. Policies should focus on improving the conjunctive use of surface 

and groundwater resources to reduce pressure on aquifers. 
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7.2 Promote Sustainable Groundwater Governance 

Given the rapid expansion of borewell irrigation, groundwater regulation should be 

strengthened through systematic borewell registration, groundwater monitoring, aquifer 

mapping, and community-based water management. These measures can help reduce over-

extraction and improve the long-term sustainability of groundwater resources. 

7.3 Expand Micro-Irrigation Technologies 

The observed increase in groundwater dependence underscores the importance of improving 

irrigation efficiency. Wider adoption of drip and sprinkler irrigation systems, supported by 

financial incentives, technical assistance, and farmer training, can significantly enhance water-

use efficiency while maintaining agricultural productivity. 

7.4 Revitalise Surface Irrigation Systems 

The declining contribution of canal and tank irrigation suggests the need to rehabilitate 

traditional water harvesting structures and modernise canal irrigation infrastructure. 

Investments in tank restoration, desiltation, and canal maintenance would improve water 

storage capacity and reduce excessive dependence on groundwater. 

7.5 Promote Climate-Resilient Agricultural Practices 

Rainfall variability and increasing climate uncertainty require the promotion of climate-

resilient farming systems. Policy measures should encourage drought-tolerant crop varieties, 

efficient irrigation scheduling, crop diversification, soil moisture conservation, and climate 

advisory services to enhance farmers' adaptive capacity. 

7.6 Strengthen Agricultural Markets and Risk Management 

The expansion of high-value horticultural crops has increased farmers' exposure to market 

risks. Strengthening market infrastructure, improving value chains, expanding crop insurance 

coverage, promoting farmer producer organisations (FPOs), and enhancing access to storage 

and processing facilities would improve income stability and reduce production risks. 

7.7 Improve Institutional Coordination 

Sustainable agricultural transformation requires stronger coordination among departments 

responsible for agriculture, water resources, groundwater management, rural development, and 

climate adaptation. An integrated policy framework can improve the effectiveness of public 

investments and ensure efficient utilisation of water resources. 

7.8 Evidence-Based Planning for Drought-Prone Regions 

The findings demonstrate that district-level assessments provide valuable insights into local 

water and agricultural challenges. Policymakers should encourage the use of district-specific 

data, geospatial information systems (GIS), and continuous monitoring to design targeted 

interventions for drought-prone regions rather than relying solely on state-level planning. 

Overall, the study suggests that sustainable agricultural transformation cannot be achieved 

through expansion of irrigation alone. Long-term resilience requires an integrated strategy 
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combining efficient water resource management, climate-resilient agriculture, institutional 

reforms, and market support. Such an approach will not only enhance agricultural productivity 

but also improve rural livelihoods and strengthen the sustainability of farming systems in 

water-scarce regions. 

8. Conclusion 

This study examined the relationship between water availability and agricultural 

transformation in Vijayapura district, Karnataka, using secondary data for the period 2000–

2023. The findings demonstrate that water availability remains a fundamental determinant of 

agricultural productivity, cropping patterns, and rural transformation in this drought-prone 

region. Although the analysis indicates a marginal upward trend in annual rainfall, substantial 

inter-annual variability continues to create uncertainty in agricultural production and water 

resource management. 

The study reveals a significant structural shift in irrigation practices, with groundwater 

irrigation emerging as the dominant source of agricultural water supply. The increasing 

dependence on borewell irrigation has enabled farmers to diversify towards high-value 

horticultural and commercial crops, thereby enhancing production opportunities and farm 

incomes. However, this transformation has also intensified groundwater extraction, increased 

production costs, and raised concerns regarding the long-term sustainability of agricultural 

development. The decline in canal and tank irrigation further highlights the need to strengthen 

public irrigation infrastructure and improve the management of surface water resources. 

The descriptive and econometric analyses suggest that variations in rainfall and irrigation 

sources are closely associated with changes in crop diversification and agricultural 

transformation. Nevertheless, the observed transformation appears to be driven primarily by 

farmers' adaptive responses to water scarcity rather than by sustained improvements in water 

security. Consequently, continued dependence on groundwater without adequate recharge and 

regulation may undermine the resilience of agricultural systems in the long run. 

The findings underscore the importance of adopting an integrated approach to water resource 

management that combines efficient irrigation technologies, groundwater conservation, 

rainwater harvesting, rehabilitation of traditional irrigation systems, and climate-resilient 

agricultural practices. Strengthening institutional coordination, improving market support for 

diversified crops, and promoting evidence-based planning will be essential for ensuring 

sustainable agricultural transformation and enhancing rural livelihoods in water-scarce regions. 

This study contributes to the existing literature by providing a district-level assessment of the 

relationship between water availability and agricultural transformation in Vijayapura, thereby 

addressing an important empirical gap in the context of northern Karnataka. However, the study 

is limited by its reliance on secondary data and annual observations, which restrict the analysis 

of household-level behavioural responses and local institutional dynamics. Future research 

may incorporate primary survey data, remote sensing and GIS techniques, panel data 

econometric models, and climate scenario analysis to provide a more comprehensive 

understanding of the long-term interactions between water resources, agricultural 

transformation, and rural development. 
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Overall, the study concludes that sustainable agricultural transformation in drought-prone 

regions cannot be achieved through increased groundwater extraction alone. Instead, it requires 

an integrated policy framework that promotes sustainable water management, climate 

adaptation, technological innovation, and institutional reforms to ensure long-term agricultural 

resilience, environmental sustainability, and inclusive rural development. 
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