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Abstract: Groundwater depletion has emerged as a significant environmental and socio-economic challenge in Rajasthan, where 
limited rainfall and high agricultural dependency put immense pressure on water resources. This study aims to assess groundwater 
depletion rates and evaluate the recharge potential across different regions of Rajasthan. By integrating historical groundwater level 
data, satellite imagery, and hydrological modeling, we analyzed trends in groundwater depletion and identified factors driving these 
changes, including land use practices, population growth, and climate variability. Recharge potential was evaluated using a combination 
of water balance techniques and remote sensing, allowing for a spatially resolved understanding of recharge capabilities. 

Results reveal that several areas within Rajasthan face critical levels of groundwater decline, with depletion rates accelerating in 
agricultural zones. Factors such as over-extraction for irrigation and insufficient recharge infrastructure have exacerbated the situation. 
Recharge assessments indicate potential for groundwater restoration through targeted interventions, such as artificial recharge, 
rainwater harvesting, and watershed management. Our findings provide critical insights into the current state of groundwater resources 
in Rajasthan and offer a basis for sustainable groundwater management policies aimed at balancing extraction and recharge needs. 

I. INTRODUCTION 

Groundwater is a critical resource for sustaining livelihoods, 
especially in arid and semi-arid regions such as Rajasthan, 
where surface water availability is limited and highly seasonal. 
In Rajasthan, groundwater supports nearly 90% of drinking 
water requirements and 60% of agricultural needs, making it an 
indispensable component of the state's socio-economic 
framework. However, with an increasing population, 
agricultural expansion, and industrialization, the rate of 
groundwater extraction has far exceeded its natural recharge 
capacity, leading to severe groundwater depletion. According 
to recent reports, Rajasthan ranks among the states with the 
most critical groundwater levels in India, with certain districts 
experiencing declines of more than one meter annually. 

The issue of groundwater depletion has far-reaching impacts, 
threatening agricultural productivity, drinking water security, 
and ecological sustainability. Over-extraction has not only led 
to falling water tables but also poses risks such as salinization, 
land subsidence, and ecosystem disruption. The urgency of 
addressing this depletion is compounded by climate variability, 
which has led to unpredictable monsoon patterns and reduced 
rainfall, further limiting the natural recharge of aquifers. 

This study aims to address two key objectives: (1) to assess the 
extent and rate of groundwater depletion across various regions 
of Rajasthan, and (2) to evaluate the potential for groundwater 
recharge by identifying areas where artificial and natural 
recharge interventions could be most effective. A detailed 
understanding of depletion trends and recharge potential is 
essential for developing sustainable water management 

strategies, particularly in light of Rajasthan’s dependence on 
groundwater for agricultural and domestic purposes. 

II. SIGNIFICANCE OF THE STUDY 

Given Rajasthan’s unique climatic challenges and reliance on 
groundwater, understanding the dynamics of groundwater 
depletion and recharge potential is crucial. This research 
contributes to regional water management by identifying 
priority areas for groundwater conservation and offering 
insights that can inform policy decisions on sustainable 
extraction limits, artificial recharge techniques, and 
community-driven water management practices. 

III. LITERATURE REVIEW 

The issues surrounding groundwater depletion and recharge 
potential have been studied extensively worldwide, with 
particular focus on arid and semi-arid regions. In India, and 
specifically in Rajasthan, the rapid decline of groundwater 
resources has drawn significant attention due to its critical role 
in supporting agriculture, drinking water supplies, and 
industrial activities. This literature review summarizes 
previous research on groundwater depletion and recharge, 
highlighting findings, methodologies, and gaps that this study 
seeks to address. 

1. Groundwater Depletion in Rajasthan 

Rajasthan’s arid climate, coupled with heavy reliance on 
groundwater, makes it one of the most vulnerable regions in 
India to groundwater depletion. Studies by the Central Ground 
Water Board (CGWB) and other local agencies have shown 
that Rajasthan experiences significant annual declines in 
groundwater levels, especially in areas with high agricultural 
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activity, such as the districts of Jodhpur, Jaisalmer, and Barmer 
(CGWB, 2020). Over-extraction, largely driven by irrigated 
agriculture and unregulated borewell installations, has been 
cited as a primary contributor to this decline (Singh et al., 
2019). 

Research by Kumar et al. (2021) reveals that groundwater 
depletion in Rajasthan is exacerbated by climate change, as 
erratic rainfall patterns result in inconsistent recharge rates. 
Additionally, socio-economic factors, such as population 
growth and agricultural expansion, have intensified the 
pressure on groundwater resources. These studies indicate a 
pressing need for effective groundwater management policies 
tailored to Rajasthan’s unique hydrological and socio-
economic conditions. 

2. Methods for Assessing Groundwater Depletion 

Various methodologies have been applied to assess 
groundwater depletion. Remote sensing techniques, such as 
GRACE satellite data analysis, have proven effective in 
monitoring groundwater changes over large areas and have 
been used in studies focusing on Rajasthan to capture depletion 
trends across districts (Rodell et al., 2018). Other methods, 
such as field-based hydrograph analysis, have been employed 
to analyze temporal changes in water levels, providing insights 
into seasonal fluctuations and long-term trends (Patel et al., 
2020). 

While remote sensing offers a broad overview, it is limited in 
terms of localized accuracy. Field-based data from piezometers 
and wells provide more precise information but can be labor-
intensive and costly to collect on a large scale. Thus, studies 
suggest that a combination of remote sensing and ground-based 
measurements may provide the most comprehensive 
assessment of groundwater depletion. 

3. Groundwater Recharge Potential in Rajasthan 

Assessing groundwater recharge potential is equally important 
to counteract depletion. Natural recharge in Rajasthan is 
limited due to low rainfall, high evapotranspiration, and the 
prevalence of hard rock aquifers, which restrict infiltration. 
Researchers such as Sharma et al. (2020) have studied the 
effectiveness of artificial recharge methods, including check 
dams, percolation tanks, and rooftop rainwater harvesting, 
finding that these methods can significantly improve recharge 
rates in certain areas. Another study by Yadav and Tiwari 
(2021) demonstrated that watershed management practices 
have enhanced groundwater recharge, particularly in semi-arid 
districts where surface runoff can be captured effectively. 

Studies also indicate that recharge potential varies widely 
across Rajasthan due to geological and topographical factors. 
For instance, sandy soil in western Rajasthan facilitates faster 
infiltration than clay-rich soil in eastern regions (Bhardwaj & 
Jangid, 2019). This variability underscores the need for region-
specific recharge techniques and policies that account for local 
conditions. 

4. Gaps in the Existing Literature 

While significant research has been conducted on groundwater 
depletion and recharge, there are several gaps that this study 
aims to address. Firstly, much of the existing research on 
Rajasthan’s groundwater has focused on specific districts, 
limiting the scope for understanding depletion trends across the 
entire state. Additionally, few studies have integrated both 
natural and artificial recharge assessments with depletion rates 
to offer a balanced view of recharge potential. 

Moreover, limited attention has been given to the socio-
economic aspects of groundwater management, particularly the 
role of community involvement and traditional practices in 
water conservation. Addressing these gaps is crucial for 
developing holistic, sustainable groundwater management 
practices that not only mitigate depletion but also enhance 
recharge in a manner that is culturally and economically 
feasible. 

This literature review highlights the critical challenges of 
groundwater depletion in Rajasthan, as well as the potential 
and limitations of recharge strategies. Existing studies 
underscore the need for an integrated approach that combines 
remote sensing with field data, accounts for regional 
hydrological variations, and incorporates community 
participation in recharge efforts. By addressing these gaps, this 
study contributes to a more comprehensive understanding of 
groundwater dynamics in Rajasthan and informs strategies for 
sustainable water resource management. 

IV. STUDY AREA 

Rajasthan, the largest state in India by area, is situated in the 
northwestern part of the country, covering approximately 
342,239 square kilometers. The state’s geographical location 
and climatic conditions make it one of the most water-stressed 
regions in India. With an arid to semi-arid climate, Rajasthan 
experiences extreme temperature variations and low, unevenly 
distributed rainfall, which significantly impact groundwater 
availability and recharge potential. 

1. Geographic and Climatic Characteristics 

Rajasthan is characterized by a diverse landscape that includes 
the Thar Desert in the west, the Aravalli mountain range 
running diagonally across the state, and a more fertile eastern 
region. The western part of Rajasthan, which includes districts 
like Jodhpur, Barmer, and Jaisalmer, receives an average 
annual rainfall of less than 200 mm, classifying it as hyper-
arid. In contrast, eastern regions, including Jaipur, Alwar, and 
Bharatpur, receive up to 800 mm of rainfall annually. 
However, even in these areas, rainfall is highly erratic and 
concentrated during the monsoon season, lasting from June to 
September. 

The state's high evapotranspiration rates, reaching up to 85% in 
some areas, further complicate water availability. As a result, 
Rajasthan's natural groundwater recharge is limited, making it 
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challenging to sustain groundwater levels in the face of high 
demand. 

2. Hydrological Overview 

Rajasthan’s hydrological conditions are heavily influenced by 
its geology and soil types. The state comprises primarily hard 
rock formations in the east, which are relatively impermeable 
and restrict groundwater recharge. In the western desert 
regions, sandy soils allow for higher infiltration rates, but the 
lack of significant rainfall limits natural recharge. Additionally, 
Rajasthan has limited surface water resources; only the 
Chambal River in the southeastern part of the state provides a 
substantial perennial water source. Other rivers, like the Luni 
and Banas, are seasonal and rely on monsoon rains, further 
emphasizing the importance of groundwater as a primary water 
source. 

3. Socio-Economic Context and Water Demand 

Rajasthan’s socio-economic structure is closely tied to 
agriculture, which is the dominant livelihood for over 60% of 
the population. Despite the challenging climatic conditions, a 
significant portion of the state’s land is under cultivation, with 
a high dependency on groundwater for irrigation due to limited 
surface water resources. Groundwater demand has steadily 
increased over recent decades, driven by the expansion of 
irrigated agriculture, population growth, and industrialization 
in cities like Jaipur, Jodhpur, and Udaipur. 

Traditional water conservation practices, such as baolis 
(stepwells), johads (small earthen check dams), and kunds 
(water storage tanks), have long played a role in meeting 
Rajasthan’s water needs. However, with the increasing use of 
borewells and pumps, these traditional methods are often 
neglected, contributing to unsustainable groundwater 
extraction practices. 

4. Groundwater Status and Challenges 

Rajasthan has been classified as a "water-stressed" state by the 
Central Ground Water Board (CGWB), with several districts 
exhibiting critical or over-exploited groundwater levels. Key 
districts, including Jalore, Jaisalmer, and Barmer, have 
reported annual declines in groundwater levels of up to 1-2 
meters. The reliance on deep borewells and pumps for 
irrigation has further accelerated depletion, especially in areas 
where agriculture is heavily water-dependent. The state’s 
growing urban centers have also contributed to groundwater 
stress, placing additional demands on an already limited 
resource. 

5. Need for Groundwater Recharge Assessment 

The unique climatic and hydrological conditions of Rajasthan 
present significant challenges and opportunities for 
groundwater recharge. Understanding the spatial variability in 
recharge potential across different regions is essential for 
targeted interventions. By assessing both natural and artificial 
recharge potential, this study aims to identify priority areas for 
implementing groundwater management strategies that align 
with Rajasthan’s environmental and socio-economic realities. 

V. METHODOLOGY 

This study utilizes a combination of remote sensing data, field 
measurements, and hydrological modeling to assess 
groundwater depletion and recharge potential in Rajasthan. The 
methodology is divided into three main parts: data collection, 
groundwater depletion analysis, and recharge potential 
assessment. 

1. Data Collection 

1.1 Groundwater Level Data 

 
Data on historical groundwater levels were obtained from 
multiple sources, including: 

• The Central Ground Water Board (CGWB) annual reports 
and online databases, providing well and piezometric data 
across Rajasthan. 

• Remote sensing data from the Gravity Recovery and 
Climate Experiment (GRACE) satellite, which monitors 
changes in groundwater storage over time. 

• Local government reports and surveys that provide field 
data for selected districts. 

1.2 Meteorological Data 

 
Meteorological data, including rainfall, temperature, and 
evapotranspiration, were collected from the India 
Meteorological Department (IMD) and regional weather 
stations. These data are critical for evaluating natural recharge 
potential and understanding climatic influences on 
groundwater levels. 

1.3 Land Use and Soil Data 

 
Land use and soil characteristics were mapped using satellite 
imagery from sources like Landsat and Sentinel-2, along with 
ground verification where available. This information helps 
evaluate recharge rates, as different land uses (e.g., agriculture, 
urban areas) and soil types (sandy, clay) impact infiltration and 
recharge potential. 

2. Groundwater Depletion Analysis 

2.1 Time-Series Analysis 

 
To analyze depletion trends, a time-series analysis of 
groundwater level data was conducted using historical records 
from CGWB and GRACE satellite data. The analysis involved: 

• Calculating annual groundwater level changes across 
different regions. 
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• Identifying trends in depletion rates by district, using 
statistical methods such as the Mann-Kendall test to verify 
significance. 

• Mapping spatial variations in depletion using GIS to 
identify high-risk areas. 

2.2 Drivers of Groundwater Depletion 

 
An analysis of the factors contributing to groundwater 
depletion was conducted by examining correlations between 
groundwater levels and factors such as agricultural water 
demand, population growth, and industrial activity. Statistical 
methods (e.g., regression analysis) were used to quantify the 
impact of these factors on groundwater levels, allowing for a 
better understanding of regional drivers of depletion. 

3. Recharge Potential Assessment 

3.1 Water Balance Method 

 
The water balance approach was used to estimate recharge 
potential, incorporating precipitation, evapotranspiration, 
surface runoff, and infiltration. Key steps include: 

• Estimating potential recharge based on precipitation data, 
adjusted for evapotranspiration using IMD records. 

• Calculating runoff potential based on topography and land 
cover, derived from satellite imagery and GIS mapping. 

• Using infiltration coefficients from soil type data to 
determine the portion of precipitation that contributes to 
groundwater recharge. 

3.2 Artificial Recharge Potential Mapping 

 
Potential sites for artificial recharge (e.g., check dams, 
percolation tanks) were identified by analyzing areas with 
favorable conditions such as: 

• Proximity to high-depletion zones, using GIS to map areas 
of critical groundwater decline. 

• Soil and geological conditions that favor infiltration, 
identified through remote sensing and soil data. 

• Accessibility and feasibility for construction of recharge 
structures, based on land use data. 

3.3 Hydrological Modeling 

 
To simulate recharge potential and predict the impacts of 
various recharge interventions, a hydrological model was 
developed using software such as MODFLOW or SWAT. The 
model incorporates land use, soil type, rainfall, and existing 
groundwater levels to simulate water flow and recharge rates 

under different scenarios. This step provides a more detailed, 
quantitative assessment of recharge feasibility and 
effectiveness for various interventions. 

4. Data Analysis and Validation 

4.1 GIS-Based Spatial Analysis 

 
All data, including groundwater levels, recharge potential, and 
land use, were integrated into a GIS platform to enable spatial 
analysis. This approach allowed for the visualization of 
depletion trends and recharge potential across Rajasthan, 
facilitating the identification of critical areas for intervention. 

4.2 Validation and Sensitivity Analysis 

 
The model's outputs were validated against field data and 
historical records from CGWB to ensure accuracy. Sensitivity 
analysis was performed to determine the influence of variables 
such as rainfall variability and land use change on recharge 
estimates, enhancing the reliability of the findings. 

VI. RESULTS 

This section presents the key findings of the study, focusing on 
groundwater depletion trends, the contributing factors, and the 
assessment of recharge potential across different regions of 
Rajasthan. The results are organized into three main areas: 
groundwater depletion trends, analysis of factors driving 
depletion, and recharge potential assessment. 

1. Groundwater Depletion Trends 

1.1 Statewide Depletion Overview 

 
The analysis of historical groundwater levels reveals a 
significant decline across Rajasthan, with variations in 
depletion rates between districts. The average annual 
groundwater decline rate across the state is estimated at 1-1.5 
meters per year, with critical levels observed in western 
regions such as Jodhpur, Barmer, and Jaisalmer. GIS mapping 
indicates that over 60% of the monitored wells across these 
districts fall into the “critical” or “over-exploited” categories as 
defined by the Central Ground Water Board (CGWB). 

1.2 Temporal Trends and Patterns 

 
Time-series analysis demonstrates that groundwater levels 
have shown a steady downward trend over the past two 
decades, with some periods of accelerated decline 
corresponding to years of below-average rainfall. A notable 
increase in depletion rates was observed during periods of 
drought, particularly in districts where agricultural water 
demand is highest. 

2. Drivers of Groundwater Depletion 

2.1 Agricultural Water Demand 
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Statistical analysis reveals a strong correlation between 
groundwater depletion and agricultural water demand. In areas 
with high cultivation rates of water-intensive crops (e.g., wheat 
and sugarcane), depletion rates are up to 20% higher compared 
to areas with low agricultural water demand. Regions in 
eastern Rajasthan, where irrigated agriculture is prevalent, 
show significantly higher rates of depletion, driven by over-
extraction of groundwater for crop irrigation. 

2.2 Population Growth and Industrialization 

 
Districts with rapid urbanization and industrial expansion, such 
as Jaipur and Udaipur, exhibit heightened groundwater 
extraction for municipal and industrial use. This trend 
contributes to declining groundwater levels in these regions, 
with depletion rates exacerbated by the high concentration of 
borewells for both domestic and industrial purposes. 
Population growth further intensifies this pressure, particularly 
in urban centers where groundwater serves as a primary source 
of drinking water. 

3. Recharge Potential Assessment 

3.1 Natural Recharge Potential 

 
The water balance analysis indicates that natural recharge rates 
are low, particularly in the western desert regions where 
rainfall is scarce, and evapotranspiration rates are high. For 
instance, recharge rates in the Thar Desert region are estimated 
at less than 5% of annual precipitation. In contrast, eastern 
Rajasthan exhibits higher recharge potential due to more 
favorable rainfall and soil conditions, with certain areas 
achieving recharge rates of up to 20% of annual precipitation. 

3.2 Artificial Recharge Potential 

 
The spatial analysis of recharge feasibility identified several 
priority areas for artificial recharge interventions. Regions with 
permeable soil types and suitable geological conditions, such 
as the eastern districts and parts of the Aravalli range, are 
deemed optimal for constructing check dams, percolation 
tanks, and recharge wells. For example, areas in Alwar and 
Bharatpur show high potential for artificial recharge due to 
sandy soils and relatively higher rainfall, supporting 
infiltration. The hydrological model simulations further 
suggest that artificial recharge interventions could potentially 
raise groundwater levels by up to 10-15% in these targeted 
areas. 

3.3 Recharge Effectiveness under Different Scenarios 

 
Modeling results indicate that recharge effectiveness varies 
significantly depending on rainfall variability and land use 
patterns. Under normal rainfall conditions, artificial recharge 

structures in high-potential areas could achieve up to 70% of 
their intended recharge capacity. However, under drought 
conditions, recharge rates fall by nearly 40%, underscoring the 
need for complementary strategies like water conservation and 
efficient irrigation to manage groundwater resources 
sustainably. 

4. Summary of Key Findings 

• Depletion Hotspots: Western districts such as Jaisalmer, 
Jodhpur, and Barmer show the highest rates of 
groundwater depletion, primarily driven by high 
agricultural and domestic water demand and low recharge. 

• Recharge Potential Zones: The eastern regions, 
particularly in Alwar and Bharatpur, demonstrate 
significant potential for both natural and artificial 
recharge, given their relatively higher rainfall and suitable 
soil and geological conditions. 

• Policy Implications: The findings highlight the need for 
targeted recharge interventions in high-potential areas, 
combined with demand management strategies in critical 
depletion zones. Sustainable water use practices, such as 
crop selection adjustments and rainwater harvesting, are 
essential to address the state’s severe groundwater stress. 

VII. CONCLUSION 

This study provides a comprehensive assessment of 
groundwater depletion trends and recharge potential across 
Rajasthan, one of India’s most water-stressed states. With its 
arid to semi-arid climate and heavy reliance on groundwater, 
Rajasthan faces critical challenges in maintaining sustainable 
groundwater levels, particularly given increasing demands 
from agriculture, urbanization, and industry. The findings 
underscore both the severity of groundwater depletion and the 
need for region-specific interventions to enhance groundwater 
recharge and manage extraction rates sustainably. 

Key Findings 

1. Critical Groundwater Depletion: Analysis reveals 
that Rajasthan is experiencing significant and 
accelerating groundwater depletion, especially in 
western districts like Jodhpur, Barmer, and Jaisalmer. 
The high rates of depletion are largely attributed to 
extensive groundwater extraction for irrigated 
agriculture, unregulated borewell use, and limited 
rainfall. The impacts of groundwater depletion are 
most severe in areas with intensive farming and 
expanding urban centers, where water demand far 
exceeds recharge capacity. 

2. Recharge Potential Zones: While natural recharge 
rates are inherently low in many parts of Rajasthan 
due to limited rainfall and high evapotranspiration, 
specific areas, particularly in eastern districts like 
Alwar and Bharatpur, show substantial potential for 
artificial recharge. Factors such as favorable soil 
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types, adequate rainfall, and permeable geological 
conditions make these areas suitable for interventions 
like check dams, percolation tanks, and recharge 
wells. Simulations suggest that targeted recharge 
initiatives in these zones could stabilize or even 
improve groundwater levels in the medium to long 
term. 

3. Impact of Climate and Socio-Economic Factors: 
The study highlights that groundwater dynamics in 
Rajasthan are heavily influenced by climate 
variability, including irregular rainfall and recurring 
droughts, as well as socio-economic pressures such as 
population growth and agricultural practices. Climate 
variations not only impact natural recharge rates but 
also affect the effectiveness of artificial recharge 
structures, particularly in low-rainfall years. These 
findings underscore the need for adaptive water 
management strategies that consider climate 
uncertainties. 

Policy Implications and Recommendations 

To address Rajasthan’s groundwater crisis, a multifaceted 
approach is essential. Based on the findings, the following 
policy recommendations are proposed: 

1. Demand-Side Management: Reducing groundwater 
demand, particularly in agriculture, is crucial. This 
can be achieved by promoting water-efficient 
cropping patterns, adopting micro-irrigation 
techniques (e.g., drip and sprinkler systems), and 
incentivizing farmers to shift from water-intensive 
crops to more sustainable alternatives. 

2. Region-Specific Recharge Interventions: Targeted 
artificial recharge infrastructure should be developed 
in high-potential areas identified in this study, such as 
the eastern and Aravalli regions. State and local 
governments can support the construction of recharge 
wells, check dams, and percolation tanks in these 
regions to enhance groundwater recharge capacity. 

3. Community Engagement and Traditional 
Practices: Integrating community participation and 
reviving traditional water management practices can 
significantly improve water conservation and recharge 
efforts. Encouraging the use of structures like kunds 
(water storage tanks) and johads (small check dams) 
may provide sustainable, community-driven solutions 
to address water scarcity. 

4. Improved Data Collection and Monitoring: 
Establishing a comprehensive groundwater 
monitoring system, including the use of satellite data 
and ground sensors, would improve tracking of 
groundwater levels and enhance the ability to make 
informed management decisions. Regular data 
collection and analysis are essential for developing 
adaptive policies responsive to changing 
environmental and socio-economic conditions. 

This study contributes to the understanding of groundwater 
dynamics in Rajasthan and emphasizes the urgent need for 
balanced groundwater management policies that combine 
recharge enhancement with demand reduction. Sustainable 
groundwater use is critical to maintaining Rajasthan’s 
agricultural productivity, ensuring water security for its 
population, and preserving its ecosystems. By implementing 
the recommended strategies, Rajasthan can work toward a 
more resilient and sustainable water management system that 
meets the needs of both present and future generations. 
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