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Abstract - The Groundwater Surveys and Development
Agency (GSDA), Solapur plays a pivotal role in managing and
conserving groundwater resources in the drought-prone region
of Maharashtra. However, traditional approaches to
groundwater monitoring, site selection, and recharge planning
are often limited by delayed data processing and lack of
predictive  capabilities. This research explores the
transformative potential of Artificial Intelligence (Al) in
enhancing the efficiency and accuracy of groundwater
management by GSDA. It discusses the integration of Al
technologies—such as machine learning, deep learning,
Internet of Things (10T), and remote sensing—for applications
including groundwater level prediction, dug well and borewell
site selection, water quality monitoring, artificial recharge
planning, and decision support systems. Drawing upon global
and Indian case studies, the paper illustrates how Al can
overcome critical challenges such as data scarcity, over-
extraction, and declining water quality. Limitations and
implementation barriers are also analyzed, with a set of future
recommendations for strategic Al adoption. The study
concludes that Al can significantly advance sustainable
groundwater management in Solapur and serve as a model for
similar regions across India.

Key Words: Al, Groundwater, GSDA, loT (Internet of
Things), Solapur

1.INTRODUCTION

Groundwater plays a critical role in the socio-economic
development of India, particularly in semi-arid and drought-
prone regions such as Solapur district in Maharashtra. The
district receives an average annual rainfall of around 488 mm,
which is not only erratic but also insufficient to meet the year-
round water demand for agriculture, domestic use, and industry
[1]. In this context, the GSDA, a premier government body
under the Water Supply and Sanitation Department,
Government of Maharashtra, plays a vital role. Its mandate
includes assessing, monitoring, and managing the groundwater
resources of the state. The GSDA Solapur unit actively engages
in hydrogeological mapping, artificial recharge planning, and
capacity building to ensure sustainable groundwater usage in the
Solapur district [2]. Despite the dedicated efforts of GSDA,
traditional groundwater monitoring methods face significant
limitations. Manual data collection is time-consuming, lacks
spatial granularity, and often results in delayed decision-
making. Static assessments are insufficient to capture dynamic
changes in groundwater systems, particularly under the
influence of climate variability, changing land-use patterns, and

increasing  extraction pressures. Moreover, predictive
capabilities under traditional approaches are limited, making it
difficult to plan proactive interventions. This is where Acrtificial
Intelligence (Al) emerges as a transformative tool. Across the
globe, Al is increasingly being integrated into environmental
governance, offering data-driven, real-time, and adaptive
solutions [3]. From water resource forecasting in California
using NASA satellite data [4] to Estimation of groundwater
recharge using simulation-optimization model and cascade
forward ANN at East Nile Delta aquifer, Egypt [5] [Table 2].

For GSDA Solapur, the integration of Al can significantly
shift the approach from reactive problem-solving to proactive
management [6]. Al can enable predictive analytics for
groundwater levels, identify high-potential recharge zones using
machine learning models, and automate the monitoring of water
quality through sensor networks. This not only enhances
operational efficiency but also ensures informed policy-making
and long-term sustainability. By adopting Al, GSDA can
become a model institution demonstrating how advanced
technologies can be effectively used for natural resource
governance in data-scarce, climate-sensitive regions like
Solapur [7].

2. Overview of GSDA and Its Core Functions
2.1 Organizational Structure and Jurisdiction

The GSDA functions under the Water Supply and Sanitation
Department of the Government of Maharashtra. At the state
level, GSDA is headed by a Commissioner based in Pune,
supported by Regional Deputy Directors at 6 regional divisional
centres like Amravati, Konkan, Nagpur, Nashik, Pune and
Sambhajinagar region. The organization operates through
regional offices in each district, including GSDA Solapur,
which falls under the jurisdiction of the Pune Division. GSDA
has the mandate to manage groundwater resources in all 34
districts of Maharashtra, except Greater Mumbai and Mumbai
sub urban districts, covering tasks from surveying and
assessment to recharge and conservation planning. Each district-
level unit, such as GSDA Solapur, is staffed by hydrogeologists,
engineers, and GIS staff, account staff and administration staff.

2.2 Operational Setup of GSDA Solapur

The GSDA office at Solapur operates under a well-defined
technical and administrative framework to facilitate effective
groundwater resource management. At the apex of this structure
is the District Senior Geologist, who is responsible for
supervising and coordinating all scientific and technical
operations pertaining to groundwater assessment, monitoring,
and development strategies. Supporting the Senior Geologist are
a team of Assistant and Junior Geologists, along with Technical
Officer, who provide analytical support and field-level technical
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execution. These personnel are instrumental in conducting
hydrogeological surveys, aquifer characterization studies, and
groundwater recharge planning.

The field operations are managed by specialized technical
staff, including surveyors and drilling personnel, who carry out
borewell site surveys, water level measurements, hydro-
fracturing for aquifer enhancement, and periodic groundwater
quality sampling. Their work forms the empirical backbone of
aquifer evaluation and management. To support geospatial
analysis and record maintenance, the office houses a dedicated
GIS Cell. This unit is responsible for preparation of
hydrogeological and thematic maps, digitization of well
inventory data, and long-term archival of hydrogeological
records. Furthermore, a Technical Officer facilitates
interdepartmental collaboration with irrigation departments,
agricultural universities, water user associations, and rural
development agencies, ensuring a multidisciplinary and
participatory approach to groundwater governance. This
integrated organizational framework enables the GSDA Solapur
office to implement evidence-based, technically sound, and
sustainable groundwater management practices in the region.

2.3 Core Functions and Current Workflows
a) Dugwell and Borewell Site Selection

The selection of groundwater extraction sites usually
involves hydrogeological surveys that assess topography,
lithology, and fracture zones, using geological maps, VES data,
and dugwell & borewell records [8]. This conventional method
has limitations, including subjectivity and a high dugwell &
borewell failure rate of 30-40%. Additionally, there is little
integration of data, and site validation is often labor-intensive
and slow.

To overcome these challenges, this study proposes the
incorporation of artificial intelligence (Al) techniques,
particularly machine learning classifiers such as Random Forest
and Support Vector Machine (SVM), trained on historical
dugwell & borewell success and failure data to enhance the
accuracy of site selection [9]. The proposed methodology also
emphasizes the integration of remote sensing data, Digital
Elevation Models (DEMSs), and geophysical indicators to
provide an objective, data-driven framework for recommending
high-potential groundwater zones. This Al-assisted approach is
expected to significantly improve prediction accuracy, reduce
failure rates, and streamline the decision-making process [10].

b) Groundwater Monitoring (Levels and Quality)

Groundwater monitoring is typically done by taking manual
measurements with water level recorders in observation wells,
collecting data quarterly. Water quality is checked by collecting
groundwater samples twice in year for lab analysis [16]. This
method has limitations, including delays in data collection, no
real-time alerts for contamination or water level drops, and
sparse spatial coverage [11]. To address these constraints, this
study advocates for the deployment of Internet of Things (1oT)-
enabled sensor networks for continuous, real-time monitoring of
groundwater levels and water quality parameters [12] [40]. The
integration of Al-driven anomaly detection models would
enable early identification of abnormal trends, such as sudden
spikes in contaminant concentrations (e.g., nitrates).
Furthermore, advanced spatial interpolation techniques
powered by artificial intelligence can be employed to generate
continuous groundwater surface models in data-scarce regions,
thereby enhancing the spatial resolution and utility of

groundwater datasets. This Al-enhanced framework is
anticipated to transform groundwater monitoring from a
reactive to a proactive system, facilitating improved resource
management and timely decision-making [13].

c) Artificial Recharge Planning

The identification of artificial groundwater recharge sites is
based on evaluating runoff potential, soil type, and land slope.
This often uses coarse-resolution datasets and field checks,
including historical rainfall and soil infiltration tests [14].
However, the method has shortcomings, including subjective
decision-making and the lack of dynamic modeling for
variability and subsurface differences [17].
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Fig -1: Al Integration in groundwater management

To overcome these limitations, the study proposes the
integration of Geographic Information System (GIS)-based
hydrological modeling with machine learning (ML) techniques
to enhance the spatial optimization of groundwater recharge
zones [15]. The application of genetic algorithms and multi-
criteria decision analysis (MCDA) can support the identification
of sites with the highest potential for groundwater recharge [18].
Moreover, scenario-based simulations incorporating projected
variations in rainfall patterns can be utilized to evaluate the
long-term sustainability and efficiency of proposed recharge
interventions. This Al-enhanced framework enables evidence-
based, data-driven site selection that maximizes recharge
efficiency while ensuring adaptability under changing climatic
conditions [Fig. 1].

Cost Efficiency

d) Aquifer Management and Mapping

The GSDA Solapur office conducts aquifer characterization
through field investigations, such as hydrogeological mapping
geophysical investigations and groundwater level monitoring.
However, challenges exist, including unintegrated data silos that
hinder real-time tracking and long gaps between data updates
that reduce the effectiveness of aquifer management strategies.
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To address these limitations, the integration of artificial
intelligence (Al) offers transformative potential [19]. Al-driven
geostatistical algorithms can be deployed for automated
modeling of aquifer geometry, enabling high-resolution spatial
visualization of subsurface hydrological features. Additionally,
time-series analysis coupled with machine learning techniques
can facilitate predictive modeling of aquifer responses under
various anthropogenic and climatic stress scenarios. The
development of interactive dashboard-based Decision Support
Systems (DSS) can improve aquifer management with real-time
visualization, scenario simulations, and evidence-based tools.
This combines hydrogeological science with Al tools for better
groundwater resource management [20] [Fig. 2].
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Fig -2: Architecture of Al based decision support system
e) Capacity Building and Community Engagement

The current outreach framework for groundwater awareness
in GSDA Solapur primarily uses traditional methods like
campaigns, training programs, and printed materials [21]. While
these methods help spread groundwater knowledge, they often
employ a generic communication model. This limits individual
engagement and the relevance of information, leading to low
retention, especially among smallholder farmers. Artificial
Intelligence (Al) offers a way to improve communication. Al-
driven chatbots in regional languages can provide real-time
answers to farmer questions. Mobile apps can give tailored
water-saving advice based on location and crop type.
Additionally, Al can analyze user interactions to enhance
content delivery. This can transform outreach programs into
dynamic, user-focused systems [22].

3. Current Challenges in Groundwater

Management in Solapur
3.1 Over-Extraction of Groundwater

Groundwater over-extraction in Solapur district poses a
serious environmental problem due to reliance on agriculture,
climate issues, and weak regulations. The economy relies on
water-heavy crops like sugarcane, leading to excessive
groundwater use for irrigation. The semi-arid climate further
restricts surface water, making groundwater the main freshwater
source [2]. The situation is made worse by many unregulated
borewells. Without proper licensing and monitoring, unchecked
drilling has led to aquifer depletion in many areas. The Central
Ground Water Board (CGWB) reports that groundwater
development in Solapur district is at 78. 23%, with Malshiras
taluka exceeding sustainable limits and marked as 'Over-
Exploited’ at 101.53% [42]. Over-extraction of water has led to
lower groundwater levels, making many wells unusable in
summer and increasing energy costs for farmers. Reduced water
availability threatens crop productivity and farmer incomes in
agriculture. Falling water tables affect drinking water quality
and availability [2]. Over-extraction risks long-term
groundwater security and ecosystem resilience. The use of
Artificial Intelligence (Al) can help improve groundwater
management. Al can analyze past usage and conditions to
predict future groundwater levels, allowing for timely policy
actions. Combining Al with smart irrigation systems can reduce
water waste and increase efficiency. This approach promises
better water management in Solapur district [23].

3.2 Groundwater Quality Issues

Groundwater quality degradation in Solapur district is a
rising issue caused by human and natural factors. Agricultural
runoff, particularly from nitrogen fertilizers, raises nitrate
levels, while natural geology adds TDS and salinity.
Groundwater monitoring in Solapur shows that about 40% of
samples had too much nitrate, and nearly 20% had high salinity.
TDS levels are also above safe limits in many areas.
Contamination has various effects. High nitrate levels can harm
health, causing “blue baby syndrome” in infants. Saline water
damages soil, reducing its permeability and agricultural
productivity.  Water quality issues affect public health,
agriculture, and the economy. Contaminated drinking water
raises disease rates and healthcare costs [24]. Poor irrigation
water harms crops and farming communities, worsening land
degradation [25]. To address quality concerns, Artificial
Intelligence (Al) offers tools for detecting and preventing issues.
Al-integrated sensor networks monitor water quality in real-
time, identifying contamination patterns by analyzing
parameters like nitrate, fluoride, salinity, TDS and pH. Machine
learning models can analyze historical water quality data to find
areas at risk of contamination, enabling targeted strategies like
wellhead protection, source substitution, or localized
remediation efforts. The integration of Al in water quality
management can improve groundwater governance in Solapur
by providing early warnings and evidence-based planning [26].

3.3 Seasonal Water Scarcity and Climate Variability

The Solapur district in Maharashtra faces serious water
challenges due to unpredictable rainfall and climate change. The
average annual rainfall is about 488 mm, but its distribution is
inconsistent, leading to more frequent and intense droughts in
recent years. This inconsistency harms groundwater recharge,
reducing water availability and causing severe seasonal
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shortages. Agriculture, especially irrigation-dependent farming,
is under stress and often leads to crop failures. This water
scarcity threatens food production and causes socio-economic
issues, prompting rural people to move to cities [27] [28].
Artificial Intelligence (Al) offers solutions by modeling drought
scenarios based on past weather and land use. Al can help plan
for droughts and manage water resources effectively across
different needs. Al technologies can enhance climate resilience
in Solapur by improving warning systems, planning, and water
distribution.

3.4 Inadequate Groundwater Monitoring Infrastructure

Efficient groundwater management relies on high-quality,
continuous, and spatially representative hydrological data. In
Solapur district, significant limitations exist in data acquisition
systems. The limited number of observation wells restricts
groundwater monitoring, leading to incomplete datasets that do
not fully reflect aquifer dynamics. Additionally, relying on
manual data collection methods causes delays and increases
human error, affecting the accuracy and timeliness of
groundwater assessments. As a result, data gaps hinder effective
groundwater management strategies, slowing responses to
issues like droughts or contamination. These shortcomings
impact both policy and operations, resulting in poor water
resource allocation, affecting agriculture and drinking water
availability. Al offers a solution by enabling automated data
collection and processing, improving dataset accuracy and
supporting  better  decision-making  for  groundwater
management, ensuring long-term water security [29].

4. Role of Artificial Intelligence in

Addressing Groundwater Challenges

4.1 Machine Learning (ML) Applications in
Groundwater Analysis

Machine Learning (ML) includes algorithms that learn from
past data to make predictions and classifications. In
groundwater science, ML is used for forecasting groundwater
levels, assessing drought risks, and mapping recharge potentials.
Supervised learning models like Random Forests, SVM,
Decision Trees, and Linear Regression are popular for these
tasks. Unsupervised methods, such as K-means Clustering and
PCA, find hidden patterns, while reinforcement learning aids
decision-making. Classifiers help identify drought-prone areas,
and recharge zoning uses diverse inputs to pinpoint high
recharge regions [30]. Tools like Scikit-learn, TensorFlow, and
Google Earth Engine are commonly used for these purposes

[Fig. 3].

4.2 Deep Learning (DL) for Groundwater Pattern
Recognition

Deep Learning, a part of Machine Learning (ML), uses
multilayered Artificial Neural Networks (ANNS) to understand
complex relationships in large datasets. In groundwater studies,
Convolutional Neural Networks (CNNs) analyze spatial data,
while Recurrent Neural Networks (RNNs) focus on temporal
data. CNNs extract features from remote sensing images for
land cover monitoring and can identify aquifer boundaries.
RNNs, especially Long Short-Term Memory (LSTM) networks,
are used to predict groundwater levels based on long-term data.
These methods utilize frameworks like TensorFlow, Keras, and
PyTorch and can connect with spatial tools like QGIS through

plugins [31].

4.3 Internet of Things (10T) in Real-Time Groundwater
Monitoring

The Internet of Things (1oT) allows for the use of connected
sensor networks to continuously and remotely monitor
groundwater. These systems have sensors that measure pH,
electrical conductivity, water level, temperature, and nitrate
levels. They send data using protocols like LoRaWAN and
MQTT to centralized platforms. 10T piezometers are used in
groundwater networks for real-time data across India. Smart
pumping systems adjust water extraction based on aquifer health
and crop needs, and water quality is monitored for
contaminants. Tools like ThingsBoard and AWS loT Core
provide interfaces for this monitoring and analysis [32].

4.4 Remote Sensing (RS) for Groundwater Assessment
and Planning

Remote sensing uses satellite or airborne sensor data to
assess groundwater-related surface phenomena on a large scale.
It utilizes various spectral bands from tools like Landsat and
Sentinel to aid hydrological modeling. Key indices such as
NDVI, NDWI, TWI, and SAVI help determine surface moisture
and vegetation health. Applications include identifying recharge
zones and detecting land use changes. Remote sensing also
tracks surface water and groundwater interactions, especially
during extreme weather, and platforms like Google Earth
Engine and ArcGIS support detailed analysis [33].

Several pioneering initiatives in India and worldwide show
how artificial intelligence (Al), machine learning (ML), and
geospatial technologies can effectively manage groundwater.
The Central Ground Water Board (CGWB) created the
AquaMAP platform, an Al-based system that uses machine
learning and remote sensing data to identify over-exploited
groundwater areas in India. In Gujarat, the Water and Sanitation
Management Organisation (WASMO) set up a village
groundwater monitoring system with 10T sensors and GIS to
track water levels and quality in real-time. Internationally,
HydrogeoAl in the U. S. models aquifer characteristics using
Al. The World Bank’s Smart Watershed Projects in Africa and
Asia also use deep learning and loT to improve watershed
recharge efforts and monitor water levels [34] [Table 1].

Table -1: Integration of all technology in groundwater projects
Al Groundwater
Key Use Tool/Platform Application
Technology E
xample
Machine Prediction & | Scikit-learn, Predicting
- P water table
Learning classification | TensorFlow .
fluctuation
Dee Image & Mapping
- time-series PyTorch, Keras | aquifer
Learning - .
analysis boundaries
Realtime | LoRawAN, | Monitoring
loT . groundwater
data ThingsBoard -
quality
. Identifying
ggr?;?r;[e ﬁ’%at'?ln GEE, QGIS recharge
g pping potential zones
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5. Al Applications in GSDA Functions

Al and machine learning are being used to improve
groundwater assessments by the GSDA. Key datasets for these
models include rainfall data, temperature, evapotranspiration
records, soil moisture indices, land use data, historical water
table depths, crop distribution, and groundwater extraction
records. The Random Forest (RF) algorithm is effective for
short-term groundwater level predictions due to its accuracy
with non-linear relationships. For long-term forecasting, Long
Short-Term Memory (LSTM) networks are useful. These
frameworks aid in groundwater management and real-time
governance.

Table -2: Comparison of Al vs Traditional Models

Traditional
Parameter Models (e.q., ﬁéTMl)\/lodels (RF,
MODFLOW)
Data Requires phy?‘ipe;: Handles
Requirement parameters, hig noisy/incomplete data
calibration
g;ﬂg'“ty & Rc;”ir:je—consummg, Fast training, adaptive
Accuracy in | Moderate (in | High  (with  rich
Prediction complex terrains) | datasets)
Real-Time Limited Enabled with cloud +
Capability loT

() DATA COLLECTION

loT Sensors in

Wells
4 v 8) A\
pH Sensor TDS Sensor Water Level
Sensor
T
Edge Device
q DATA TRANSMISSION

Sy

LoRaWAN Cellular Satellite
Network Network Network
L - ) hY
A
(> CLOUD PLATFORM
= &) A
AWS Cloud Blynk Cloud J Azure Cloud
\ 1\
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= 2]
Visualization
Dashboard Alerts System

Fig -4: 10T based real time water monitoring system

The integration of Internet of Things (10T) sensor networks
with Long Short-Term Memory (LSTM) models helps predict
groundwater levels in vulnerable areas. Using data from sensors,
LSTM systems provide quick insights into groundwater
changes, aiding organizations like the GSDA in managing water
resources. This allows for planning groundwater actions based
on seasonal needs. It is suggested to use cloud platforms like
AWS Lambda or Google Cloud for these models, along with
external data for better predictions. Connecting this system with
QGIS-based dashboards helps local authorities make informed
decisions on groundwater management [Fig. 4] [35].

© 2025, ISJEM (All Rights Reserved) | www.isjem.com

| Page 5



f “A
L" 2

]
\Z 1S JEM {', International Scientific Journal of Engineering and Management (ISJEM)

<L U2 Volume: 04 Issue: 05 | May - 2025

ﬁ 22036129
> 4

ISSN: 2583-6129
DOI: 10.55041/ISJEM03791

An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

The use of artificial intelligence (Al) in choosing dug well
and borewell sites combines various data types, including
geological, geophysical, and satellite data. Important factors
include lineament and fracture density, soil characteristics,
electrical resistivity from surveys, and topographical elements
like slope and land use. The modeling process starts with
identifying key recharge factors, followed by using labeled data
from successful and unsuccessful borewells to train supervised
learning models like Random Forest and Support Vector
Machines (SVM). Successful case studies show that Al can
reduce borewell failure rates significantly. This approach helps
lower costs and makes groundwater resource development more
efficient [Table 3].

Water quality monitoring uses various physical and chemical
sensors to measure pH, electrical conductivity, total dissolved
solids, turbidity, and concentrations of substances like nitrate
and arsenic. loT sensors in groundwater wells allow for
continuous data collection, sending information to cloud
platforms for processing. Al algorithms analyze this data, using
methods like Isolation Forests to find unusual spikes in
measurements. Clustering algorithms categorize wells, while
classification models assess water safety. LoRaWAN sensors
provide updates every 15 to 30 minutes, alerting the GSDA
when quality exceeds standards. Data is managed through
platforms like ThingsBoard and AWS loT Core, enabling
effective groundwater management and protecting public
health.

Remote sensing technologies provide essential spatial data
to identify and assess groundwater recharge potential in various
terrains [38]. Important geospatial data from satellite and
elevation models include the Normalized Difference Vegetation
Index (NDVI), slope and aspect from Digital Elevation Models
(DEM), soil texture, infiltration rate, drainage patterns, and
Land Use and Land Cover (LULC) classifications. These serve
as key layers for analyzing groundwater recharge suitability.
Machine Learning (ML) models like Random Forest and
Gradient Boosting classifiers are used to examine these
geospatial datasets, classifying land parcels into high, moderate,
or low recharge potential based on historical data and ground-
truth information from well studies. This classification improves
accuracy in identifying recharge zones.

To enhance decision-making, optimization algorithms are
added to the analysis framework. The Analytic Hierarchy
Process (AHP) assigns weights to factors like slope, soil
permeability, and rainfall. Genetic Algorithms (GAs) identify
the best locations for artificial recharge structures, optimizing
effectiveness and cost. These Al-enhanced methods provide
significant advantages to agencies like the GSDA [35] [36]
[39], facilitating better prioritization and funding for Natural
Resource Management (NRM) efforts and supporting site-
specific recharge structures [Fig. 5].

The Al-based Decision Support Systems (DSS) include four
components: data ingestion, processing, model inference, and
visualization. Various data sources are integrated, analyzed with
machine learning for tasks like groundwater level forecasting,
and presented in user-friendly formats. Microsoft Power Bl is
used for dashboards, while custom GIS portals provide
geospatial visualizations. The DSS supports various users, from
field engineers to state officers and the public, enhancing
transparency and community participation in  water
management. This framework enables comprehensive
groundwater resource planning and decision-making.

Table -3: Al Integration in GSDA Functions

Function Al/ML Technologies | Outcome for
Area Role Used GSDA
Groundwate LSTM, Python, Seasonal
 Prediction Random TensorFlow, | groundwater
Forest Cloud APIs | forecasts
Borewell SVM, RF, | QGIS, Reduced
Site GIS ArcGIS, drilling
Selection integration | GEE, Keras | failures
Water K-Means, loT Sensors, | Real-time
: SVM, . o
Quality ThingsBoard | contaminatio
) Anomaly
Monitoring , Grafana n alerts
Models
RF, AHP, Optimized
Acrtificial Genetic QGIS, GEE, recharge
. Python
Recharge Algorithm L structure
Optimization
s placement
Decision End-to-end | Power  BI, Infqrmed
decisions  at
Support model GeoServer, policy  and
System integration | PostgreSQL field level
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[ DESIGN AND PLANNING

Design of
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Fig -5: Artificial recharge planning with Al

7. Limitations of Al in Groundwater

Management

A key challenge in using artificial intelligence (Al) for
groundwater management is the lack of data, especially in semi-
arid and rural areas like Solapur district, Maharashtra. Al
models need consistent and long-term historical data, such as
groundwater levels, precipitation, soil moisture, temperature,
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and water quality. However, many parts of Solapur have limited
observational infrastructure, resulting in incomplete and
irregular data. Important seasonal groundwater level variations
are often missing due to infrequent measurements or equipment
issues. Similarly, temperature and evapotranspiration data can
be absent, making models less reliable. To address these
challenges, techniques like spatiotemporal interpolation and
collaboration with agencies and local groups can help gather
better data. Establishing open-access groundwater databases
and standardized data collection methods is also crucial for
effective Al use in groundwater management.

The integration of artificial intelligence (Al) into
groundwater management requires various skills, including
machine learning (ML), Python programming, and knowledge
of Geographic Information Systems (GIS) like ArcGIS and
QGIS. A major challenge for public groundwater organizations,
like the GSDA in Solapur district, is the lack of technical skills.
While there is strong expertise in hydrology and geology, many
employees are not familiar with modern Al models,
programming languages, or data handling in GIS. This skills gap
limits the effective use of data for predictive analytics, such as
groundwater forecasting and water quality detection. To address
these issues, targeted training programs should be developed,
including workshops on Al, Python, GIS software, and
partnerships with academic and technical institutions.
Encouraging teamwork between hydrological and technical
experts is also essential for successful Al implementation.

The use of artificial intelligence (Al) for managing
groundwater relies heavily on strong infrastructure, which
includes a stable power supply, good internet connection, and
sufficient data storage. In rural areas like Solapur district, these
necessary supports are often lacking, creating problems for
gathering real-time data and operating Al models. Power
outages and unstable internet in Solapur disrupt data flow from
10T sensors in borewells and recharge structures, negatively
impacting the transfer of hydrological data to cloud platforms
needed for Al processing and analysis. This unreliability can
lead to incomplete datasets, affecting the accuracy of Al-driven
groundwater monitoring. To address these issues, solutions like
edge computing can store data locally and solar-powered
systems can provide reliable energy. Using technologies like
LoRaWAN can improve data transmission across large areas,
enhancing network stability.

Integrating artificial intelligence (Al) in groundwater
management requires significant financial investment in various
areas like infrastructure, monitoring systems, data gathering,
model development, and training. In rural areas like Solapur
district, funding for tech innovations is often limited, focusing
instead on traditional water management. The GSDA has a
fixed budget mainly for construction of recharge shafts for
source sustainability, leaving no fund for advanced technologies
like Al. This financial limitation slows the adoption of Al
solutions, hindering modernization and efficiency. To address
these issues, strategies such as securing government funding,
obtaining international grants, and forming public-private
partnerships are needed [37]. Additionally, smaller pilot
projects can showcase the benefits of Al, leading to larger
investments in groundwater management systems. Artificial
intelligence (Al) models, especially deep learning and ensemble
methods, are often seen as "black-box" systems. This means
their complex inner workings make it hard to understand how
they make predictions. While these models can effectively help
with groundwater management, such as selecting dugwell and
borewell sites and predicting water quality, their lack of
transparency creates issues for policy and regulation, where
clarity is crucial. For example, a model might suggest a drilling

location but can't explain the factors behind that choice,
lowering trust among stakeholders like GSDA officials. To
solve this, Explainable Al (XAIl) methods like SHAP and LIME
can help clarify model behavior. Using transparent models,
creating audit trails, and visualizations can improve
understanding and acceptance, which is essential for effective
groundwater management.

8. Future Recommendations for Al

Integration in GSDA Solapur
8.1 Digitization of Historical Reports

The digitization of historical groundwater reports and
related water resource data is essential to build a centralized,
structured database that enhances accessibility and data
integrity. Implementation involves scanning all legacy
documents, applying optical character recognition (OCR) to
extract textual data, and integrating the information within
Geographic Information Systems (GIS) and database
management platforms. Rigorous data validation procedures are
required to ensure accuracy and consistency. This approach is
expected to facilitate faster retrieval of historical data, support
advanced Al model training, and improve data-driven decision-
making processes. Key stakeholders include GSDA Solapur for
initial data acquisition and scanning, IT departments for
database structuring, and private technology firms for OCR and
system integration.

8.2 Capacity Building and Training on Al/ML

Enhancing the technical competencies of GSDA personnel
in artificial intelligence (Al), machine learning (ML), and data
science is critical for effective Al adoption. This can be achieved
through the development and delivery of specialized training
modules targeting hydrogeologists and technical staff, in
collaboration with premier academic institutions such as 1ITs
and NITs. Training should encompass practical workshops,
online courses, and hands-on sessions focusing on programming
languages like Python, GIS tools such as QGIS, and ML
frameworks including TensorFlow. These capacity-building
initiatives are anticipated to increase Al literacy, reduce reliance
on external consultants, and empower staff to develop and
implement Al models effectively. Responsibility for this lies
with GSDA Solapur to coordinate training efforts, academic
partners for curriculum development, and private companies for
technical instruction.

8.3 Partnerships with Research Institutions and Private
Startups

Establishing strategic partnerships between GSDA Solapur,
research institutions (e.g., 1ITs, National Informatics Centre),
and private startups is recommended to foster collaborative
innovation in Al-driven groundwater management. Joint pilot
projects should be pursued to test and optimize Al applications
such as predictive hydrological modeling, real-time monitoring,
and water quality assessment. These collaborations can facilitate
access to cutting-edge technologies and external funding
sources, including government grants and international
development programs. Expected benefits include accelerated
Al solution deployment, scalability of successful pilots across
Maharashtra, and enhanced synergy among government,
academia, and industry. GSDA is advised to lead partnership
development, while research and private sector entities
contribute expertise and technology, supported by funding
agencies.
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8.4 Real-time Monitoring through 10T Deployment

The integration of Internet of Things (IoT) sensor networks
in groundwater wells and water bodies is essential for real-time
monitoring of parameters such as water level, pH, total
dissolved solids (TDS), and temperature. The implementation
strategy includes installation of robust I0T sensors with reliable
data logging and cloud-based transmission capabilities,
alongside alert systems to notify stakeholders of critical changes
in groundwater status. Real-time data acquisition enables
prompt decision-making, prevents resource over-exploitation,
and enhances contamination management. GSDA Solapur
should oversee site identification and project execution, with
private 10T providers responsible for hardware installation and
cloud integration. Community stakeholders, including farmers,
play a vital role in data validation and response.

8.5 Development of Integrated Al Platforms

Developing a centralized Al-powered groundwater
management platform is imperative to consolidate
heterogeneous data streams—such as loT sensor outputs,
meteorological inputs, and satellite imagery—into a unified
decision-support system. This platform should offer advanced
data visualization, Al modeling tools, and real-time dashboards
tailored for GSDA officers and policymakers to facilitate
evidence-based water resource governance. The expected
outcome includes enhanced operational efficiency, predictive
analytics for water table fluctuations and contamination risks,
and informed policy formulation. GSDA Solapur is tasked with
project coordination and requirements definition, while
specialized Al software developers execute platform design and
implementation, supported by governmental infrastructure and
funding.

8.6 Policy Support for Al Integration

Institutionalizing Al  adoption  within  groundwater
management requires explicit policy endorsement and dedicated
budgetary allocations. It is recommended that the Maharashtra
State Water Policy incorporate provisions for Al, 10T, and data-
driven technology deployment to ensure sustained financial and
regulatory support. Advocacy for policy reforms should
emphasize the integration of Al solutions into long-term water
sustainability strategies. Expected benefits include enhanced
funding availability, incentivized technology adoption, and
alignment of groundwater governance with modern digital
innovations. GSDA Solapur should advocate for these reforms,
with the Maharashtra State Government and water resource
planning bodies facilitating policy updates and financial
provisions.

8.7 Community Engagement and Awareness

Active engagement of local communities and end-users is
critical for the success of Al-enabled groundwater management
initiatives. Implementing Al-driven communication channels—
such as SMS alerts and web-based dashboards—can
disseminate timely information regarding groundwater trends
and quality. Educational programs focusing on water
conservation, artificial recharge techniques, and Al tool
utilization should be conducted through workshops and field
outreach. Incorporating community feedback into Al model
refinement ensures contextual relevance and local acceptance.
This approach promotes participatory water management,
improves conservation outcomes, and enhances the social
sustainability of technological interventions. GSDA Solapur
should coordinate awareness campaigns [41], telecom providers

manage communication infrastructure, and communities
participate actively in data sharing and adoption [Fig. 6].
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Fig -6: Future Roadmap for Al Integration in GSDA Solapur
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