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Abstract—Growing global pressure on water supplies
underscores the necessity for sophisticated, data-drive
technologies to facilitate sustainable water resource
management. This review assesses the deployment of
integrated frameworks combining Artificial Intelligence
(AD) and Geographical Information System (GIS), with a
focus on their joint capacity to improve monitoring,
analysis, and decision-making in water management. Al
methods, including machine learning, deep learning, and
expert systems, are being increasingly employed to
enhance the accuracy of hydrological modelling,
groundwater prediction, flood forecasting, and water
quality evaluation. These approaches, when combined
with GIS technology, facilitate the spatially explicit
analysis and visualisation of intricate hydrological
processes. This paper integrates existing research on Al-
GIS integration, assesses the benefits and drawbacks of
current applications, and highlights the primary
technological developments driving progress in the water
sector. The review concludes that GIS platforms enabled
by AI have the potential to significantly enhance real-
time water management, improve resource allocation,
and support climate-resilient planning. Despite progress,
issues persist with data access, model transparency and
the requirement for cross-disciplinary team work.
Future research should concentrate on creating AI-GIS
solutions that are scalable, transparent, and user-
oriented, in order to support sustainable and equitable
management of water resources.

Index Terms—Artificial intelligence (AI), Remote
Sensing, Geographical Information System (GIS),
Planning, Application.

[. INTRODUCTION

Artificial intelligence (Al) is a technology that allows
machines to perform tasks traditionally requiring
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human intelligence, such as learning, reasoning,
problem-solving, and decision-making. Artificial
intelligence is defined as the science of making
machines do things that would require intelligence if
done by men (Minsky, 1968). Al is a branch of
computer science, the use of Al in remote sensing and
GIS has simplified complex processes. This has made
data more accurate, which is helping in planning in
various sectors. This has created a new power in
various sectors such as environmental, urban, disaster
management. It is also being used for land cover
mapping, change detection, object recognition,
predictive modelling for future environmental
conditions, and image classification for data fusion to
combine diverse datasets. Al integration with
geographic information systems and remote sensing
(collectively known as GeoAl) technologies provides
deeper  insights, decision-making
capabilities, and increases operational efficiency

improves

across numerous industries. Remote Sensing (RS) is a
technology that collects information about the Earth's
surface from a distance, such as through images taken
by satellites or aircraft. GIS (Geographic Information
System) is a system used to store, analyze, and display
geographic data. Artificial Intelligence (AI) is
increasingly being used in both these fields, making
data analysis more accurate, faster, and automated. Al
makes it possible to process large amounts of data,
such as detecting or predicting changes from satellite
images. This report examines the applications of Al in
remote sensing and GIS in detail, including key
applications, examples, challenges, and future
directions.
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The paper undertakes a critical overview of the current
trends in the use of Al in tandem with GIS technology.
It covers the applications of GIS technology with Al
for water resources management and also highlights
the prospects of AI-GIS technology for sustainable
water resources development. Current research on
water availability should focus more on identifying
areas of water stress and development of strategies to
manage water resources more effectively.

II. OBJECTIVE

The study of this research is theoretical and the main
objective of this research is to study how Artificial
Intelligence (Al) is used in Remote Sensing and GIS
technology.

1. METHODOLOGY

This research method uses secondary data. This study
used a review method in which some previous work in
the research field was reviewed. Important issues were
raised for the benefit of Al in remote sensing and GIS
as well as for the benefit of the public. A review
research method was used to gain a comprehensive
understanding of the research and to identify research
gaps.

Application Of Al in Remote Sensing

In remote sensing, Al is mainly used for image
analysis, data processing and decision making.
Information is extracted from satellite or aerial images
using Al algorithms such as convolutional neural
networks (CNNs), deep learning and machine learning
models. The main applications are given below:
Image Classification

With the help of Al, pixels in remote sensing images
are classified, such as identifying land cover. For
example, areas such as forest, agriculture, city etc. are
identified using CNNs and Random Forest algorithms.
This is useful for environmental monitoring in earth
sciences.
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Objects such as buildings, roads, vehicles or trees are
identified in images using models such as YOLO (You
Only Look Once) and Faster R-CNN. This is useful for
identifying pests in agriculture or in urban planning.
Example identifying road cracks from satellite images.
Change Detection

Al algorithms compare images from different periods
to identify changes, such as deforestation, urban
sprawl, or natural disasters. Models like transformers
and LSTM (Long Short-Term Memory) are used for
this, which helps in environmental monitoring and
disaster management.
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Fig no 01: Image Classification

Feature pre-processing

Hyperspectral band selection  Artificial DNA coding

Importance of Water Resources Planning and

Management

Planning for water resources effectively is essential for

several reasons:

» Sustainability: It ensures that freshwater is used
sustainably, which is crucial for the preservation of
biodiversity and ecosystems (Poff, 2019)

» Economic Stability: Planning effectively lowers
the danger of water scarcity, which can hinder
businesses, agriculture, energy production (UN
Water, 2018)

» Social Equity: Equitable water allocation is
essential to help address the need of people that are
vulnerable and to ensure social justice (Srinivasan,
2012)

» Environmental Protection: Water
planning involve efforts to safeguard aquatic

resources

ecosystems, ensure species survival, and deliver
ecosystem services.
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IV. ROLE OF ARTIFICIAL INTELLIGENCE (AI)
AND GIS IN WATER RESOURCES
MANAGEMENT

1. Data Collection & Integration

e  GIS collects spatial data from satellites, drones,
sensors, and maps.

e Al integrates large datasets (rainfall, river flow,
groundwater levels, water quality).

2. Rainfall & Flood Prediction

e Al models (Machine Learning, Neural Networks)
predict rainfall intensity and flood risk.

e  GIS maps flood-prone areas and flood extents for
early warning systems.

3. Groundwater Assessment

e  GIS analyzes aquifer maps, recharge zones, and
well locations.

e Al predicts groundwater availability and
depletion trends.

4. Water Demand Forecasting

e Al forecasts future water demand based on
population, climate, and usage patterns.

e GIS visualizes demand distribution across
regions.

5. Water Quality Monitoring

e Al detects pollution patterns and anomalies in
water quality data.

e GIS maps contamination sources and affected
water bodies.

6. Irrigation & Agricultural Water Management

e Al optimizes irrigation schedules to reduce water
wastage.

e GIS identifies crop water requirements and
suitable irrigation zones.

7. Climate Change Impact Analysis

e Al simulates climate change scenarios on water
availability.

e  GIS displays spatial impacts like drought-affected
and vulnerable regions.
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8. Decision Support Systems (DSS)

e Al + GIS provide intelligent decision-making
tools for policymakers and planners.

e Helps in sustainable and efficient water resource
planning.

V. LIMITATIONS OF AI-GIS TECHNOLOGIES
IN WATER RESOURCES MANAGEMENT

1. Data quality and availability — AI-GIS models
depend heavily on accurate, high-resolution spatial
and temporal data, which are often incomplete,
outdated, or inconsistent in many regions.

2. High cost and technical complexity — Advanced
software, hardware, skilled professionals, and
maintenance make implementation expensive and
difficult, especially for developing areas.

3. Model uncertainty and lack of transparency — Al
models can act as “black boxes,” making it hard to
interpret results, validate predictions, or justify
decisions to policymakers.

4. Limited adaptability to local conditions — Models
trained on one region may not perform well elsewhere
due to differences in climate, hydrology, land use, and
human activities.

5. Integration challenges — Combining AI-GIS
outputs with existing water management systems,
policies, and institutional frameworks can be complex.

6. Computational and infrastructure constraints —
Large datasets and real-time analysis require strong
computing power and reliable internet, which may be
lacking.

7. Ethical and governance issues — Data privacy,
ownership, and biased decision-making can affect fair
and sustainable water resource management.

Tackling the Limitation of AI-GIS Solutions in Water

Resources Management

In addressing the above limitations ongoing research

and development efforts should be focused on:

» Improving  interoperability  of  AI-GIS
technologies

»  Enhancement of model interpretability
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»  Mitigation of biases and uncertainties in data and
algorithms

»  Ensuring collaboration between experts, data
scientists, GIS specialists and stakeholders in
advancing the effective use of AI-GIS integration

»  Encouraging interdisciplinary  collaboration
between water experts, data scientists,
policymakers, and stakeholders to develop Al-
GIS solutions that are robust, transparent, and
socially responsible.

VI. THE FUTURE OF AI AND GIS IN WATER
RESOURCES MANAGEMENT

Flood Forecasting and Early Warning Systems

Al models can analyze historical rainfall, topography
(via GIS), and real-time sensor data to predict floods
with higher accuracy and lead time. This improves
early warnings and emergency planning.

Water Quality Monitoring

Combining satellite imagery, sensor networks, and Al
detects anomalies in water quality across rivers and
lakes.

Optimization of Water Distribution

Al optimizes distribution in urban and agricultural
systems based on usage patterns, demand forecasts,
and GIS-mapped infrastructure.

Drought Prediction and Management

ML models analyze climate data and watershed maps
to forecast drought conditions, helping planners
allocate water and enact conservation strategies
proactively.

Groundwater Modeling

Al enhances traditional hydrogeological models by
learning complex relationships between recharge
rates, extraction volumes, and subsurface geology
mapped in GIS.

Increased Automation: -AI-GIS technologies will be
deployed to automate all tasks leaving tasks such as
strategic management alone to policy makers.

VII. CONCLUSION

Water resources management is becoming an
increasingly important part of human life. Artificial
intelligence (AI) and Geographic Information System
(GIS) technologies offer powerful tool for managing
our water resources. By combining Al and GIS
technologies, the cost of water management, the
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efficiency of water distribution systems and making
smarter decision about how to protect water resources
for future generation may be efficiently addressed the
review discusses the application of AI and GIS
specially in managing water resources in the area of
water availability, water losses management, water use
by various stakeholders.
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