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ABSTRACT -

Ganga River—the lifeline for millions of people—has faced a major problem of pollution which needs urgent consideration. To help address the issue, we present
Al-driven DSS, Ganga River Water Quality Analysis, to predict real-time water quality by aggregating data from satellite imagery, 10T sensors, weather forecasts,
and hydrological models. From daily data pertaining to temperature, precipitation, and water quality, this project can make predictions about the water conditions
for 3-5 days. The system, accessible through a cloud platform, provides users-from policymakers to environmental agencies-a simple interface to track water quality,
set alerts, and run predictions for future conditions. It also sends critical alerts for high levels of nitrates and combined sewer overflows, enabling prompt responses.
It further aids the regulatory authorities in validating the data of water monitoring and pollution across the river. This system is able to make the river health
management better with the help of real-time information and early warning that supports not only immediate action but also long-term environmental decision-
making.
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I.LINTRODUCTION

The Ganga River is a sacred river, and millions of people depend on it as a source of water. For decades, it has been suffering from severe water quality
issues. Untreated sewage, industrial waste, and agricultural runoff have all affected the health of the river. Given the ecological and social importance of
the river, ensuring its water quality is an urgent need. With the advance in technology, today it has been possible to know the real time water quality of
Ganga so the problems arise they can be instantly addressed. This is perhaps the most precious weapon in the use of this cause, as data has been regularly
compiled on such vital parameters like temperature, turbidity, and pH levels. Detection of early pollutions is easily accomplished with such information,
hence instantaneous intervention could take place [1], [10]. Another additional application is predicting future water conditions from machine learning
and artificial intelligence with predictive models on water-quality trends. According to historical trends, ANNs offer the models from which accurate
perceptions towards water conditions have been derived: risk mitigation has come into their view, including health management toward better river
effectiveness [2], [17]. The efforts are further complemented by satellite imagery, which helps identify hotspots of pollution in remote regions. When
combined with machine learning, it offers more accurate and timely predictions [5], [7].

New information about the Ganga's water quality was brought by the COVID-19 lockdown. Improvements would be more visible along such stretches
due to the reduction of human activity, so this was used to explain how sensitive the river's condition is to the action of humans. As such, there is a
potential that real-time data and predictive models can further help in enhancing the management of water quality and will make it possible to predict
changes, taking action proactively [3], [8]. By combining the use of loT, machine learning, and satellite monitoring, it empowers us not only to track the
contemporary state of Ganga but also ensure its future safety [9], [11].

1. LITERATURE REVIEW

Monitoring and forecasting of water quality in rivers, especially major ones like the Ganga, have become essential for ensuring environmental
sustainability. Researchers have explored various innovative technologies, including the Internet of Things (loT), machine learning (ML), and remote
sensing, to improve the precision and real-time tracking of water Conditions in such rivers. Singh et al. (2022) proposed a method that integrated 10T
sensors for monitoring water quality parameters along the Ganga River. Their experiment showed how live data collection together with analytical
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systems can provide direct insights into the state of water in the river. This monitoring of key parameters such as temperature and turbidity allowed for
the effective decision and timely intervention concerning pollution [1].
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Fig 1: Block diagram of Extraction of IOT Data from Ganga River [1].

Similar to the above, Bisht et al. (2019) used ANNSs for predicting the Ganga's water quality. This study was concerned with the application of historical
data to predict the changes in water quality in the future. The work has been found to be very promising in terms of accuracy. This model demonstrates
the potential of neural networks to handle complex nonlinear systems like water quality forecasting where environmental changes may be unpredictable

[21.

Mishra et al. (2024) mapped the water quality of the Ganga by using remote sensing technologies and identified the areas vulnerable to contamination.
Combining such data with machine learning models could identify the critical hotspots that require monitoring in terms of water quality. This illustrates
how remote sensing can be combined with advanced analytics to tackle environmental challenges in real time [5]. In recent times, time series analysis
also finds increasing relevance in water quality forecasting. For instance, temperature and turbidity variations in the Ganga River that are affected by
global climate change were predicted for long-term trends using time series models by Das et al. (2022). This has enabled them to predict future variations
in water quality, which will be important for the sustainable management of the river [6].

Kogekar et al. (2021) demonstrated the potential of univariate time-series models in terms of predicting variability in water quality through predictive
models that can predict seasonal and environmental variability [4]. The scope of machine learning algorithms has a huge scope with regard to enhancing
the accuracy of water quality prediction. Singh et al. (2023) used machine learning algorithms in the context of water quality monitoring during the
COVID-19 pandemic. Their model was tracking real-time parameters about water with predictive capabilities, so they could predict future conditions of
water quality and evaluate possible risks to the public health index [3]. Rajee et al. in 2020 went an extra step to combine Al techniques to predict water
quality to a greater degree of precision, showing the potential by hybrid models in outperforming traditional forecasting methods [20].

Ganga Pollution

|
/N

Reasons Causes

Raped Industrali zation Water borne diseases like |

.
o Urbanization Pot| | Now-pount cholera, hepattis, typhoid.,
o Exponcutial popalation growth [ amoebic dysentery and gall
o Rising standards of living o Run-off from bladder diseases
rural setthement
Municipal |® Fertilizers and
s pesticides from

Indusinal waste agncultural field
o Open defecation
Organic, |* Disposal of dead
nutrients and|  bodies
coliform |® Florl offenings
o Solid waste

Industnal effluent contams
cyamde, HCL, Pesticides,
ammonsium sulphide
bleaches and dyes, heavy

o Mass bathing
metals and salts

Fig 2: Shows the sources of pollution in the river Ganga [3].

In order to mitigate imbalanced datasets that can otherwise jeopardize the predicting models, Vieira et al. (2024) used the approach of a CNN in the
application of the Ganga River to improve better handling of the imbalance and achieve accurate anomaly detection as well as increased robustness of
the model against unevenly distributed data [14].

Generally, the need for real-time monitoring systems is generally accepted. For instance, Patro et al. (2023) used non-linear data analytics to monitor
water quality in Ganga and particularly how the sudden changes in water parameters could be monitored and analyzed very rapidly. It brought out the
urgency for the implementation of rapid and efficient monitoring technologies to maintain the quality of water in very sensitive places such as Ganga
River [10].

Summing up, studies on Ganga River water quality monitoring and forecasting have adopted some technological innovations such as loT, machine
learning, remote sensing, and time series analysis. These methods together provide some powerful tools to enhance real-time water quality management
so that Ganga remains an essential and sustainable source of water for the people who depend on it.

Model Description Reported Accuracy

Water Quality Index model Achieved 85% accuracy

Neural Network Model for WQ Reported accuracy of 99.5%
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Multivariate-Statistical model Specific accuracy not reported
Real-time water quality monitoring system Accuracy details not explicitly mentioned
Riverbank Erosion prediction model Specific figures not provided

I11. GAP ANALYSIS

While previous studies on water quality monitoring and forecasting of the Ganga River have contributed much, some of them have not gone far enough
to address the following aspects. In fact, one major limitation lies in the lack of real-time monitoring systems. Most of the existing studies are based on
episodic data collection, mostly from satellite observations, meaning the information is delayed and not perfect for giving on-the-spot updates or responses
to urgent changes in water quality [1][3]. In contrast, this project focuses on using loT sensors to capture real-time data to give immediate feedback,
expanding the responsiveness of the system as a whole. Another critical gap in this field is related to the accuracy of prediction models. Some of these
models fail to put into account extreme weather events or unexpected changes in water quality. Existing models tend to be less accurate in the face of
such irregularities, thus rendering less reliable forecasts [2][5]. To fill this gap, my approach involves the use of hybrid Al models, such as a combination
of recurrent neural networks (RNNs) with deep learning, which are designed to be more robust and adaptive to such outliers, therefore improving the
accuracy of water quality forecasts under various conditions. Most studies focus on predicting individual water quality parameters, failing to provide an
overall holistic view of the health of the river. This is one of the critical gaps in current research since it significantly limits the potential to make
comprehensive decisions regarding water management. My project is designed otherwise, to simultaneously assess multiple parameters to give a more
integrated and thorough analysis of the water quality of the river [4][6].

Furthermore, an important challenge associated with previous research is the handling and processing of multi-source data. The data that are derived from
10T sensors, satellite images, and weather stations normally involve complex preprocessing steps, and many of the models developed in the past do not
deal sufficiently with how to effectively handle and integrate sources of such diverse data [8][10].

Advanced data fusion techniques are integrated into my approach to allow better integration and preprocessing capabilities, ultimately leading to better
reliability and accuracy of the predictions. Lastly, a critical problem that most real-time forecasting systems face is high computational cost. Advanced
algorithms and large datasets usually result in slow processing time and high hardware costs. To overcome this challenge, my project adopts edge
computing techniques that allow for the processing of data directly at the sensor level, thus reducing the overall computational load and latency, making
the system faster and more cost-efficient [7][9]. In conclusion, my project will contribute toward filling up these existing gaps in the real-time monitoring
and prediction accuracy of the water quality systems of the Ganga River, thereby offering an effective solution to environmental management by
significantly improving operational efficiency.

IV. REVIEW OF METHODOLOGIES

The need for water quality monitoring and forecasting is very relevant for the better management of a river, particularly large and ecologically important
rivers like Ganga. Fresh clean water is important both for human use and the sustenance of good environmental health. Various novel methodologies
have evolved over time for the monitoring and precise prediction of water quality in real time. Prediction and monitoring have become quite feasible due
to new technologies in the realm of loT-based sensors, satellite data, and machine learning. This review highlights the various methodologies that have
been put into operation with regard to the Ganga River, especially on real-time monitoring, models of forecasting, and how machine learning fits into
prediction.

l.  Real-time Water Quality Monitoring System

Real-time monitoring is of immense importance in water quality assessment, mainly in rivers like the Ganga, which constantly receives new industrial
pollution, sewage, and agricultural runoff. Recent studies have used loT-based sensor networks that serve to collect crucial water quality data in real time
[1][4]. To monitor parameters such as turbidity, dissolved oxygen, biochemical oxygen demand, and ammonia levels, researchers are embedding sensors
into the riverbanks. The generated data goes to a centralized system for analysis, which serves as the basis for immediate action in case of any change in
Water quality.

In addition to IoT, remote sensing techniques are also used for large-scale monitoring. For example, satellite imagery provides the capability to obtain
broad and high-resolution images of the river, which can give information on water quality in different regions [5]. Combining this satellite data with
real-time data from 10T sensors can help researchers and policymakers understand water quality more comprehensively. Such integration of technologies
would help identify pollution hotspots, thus being proactive in solving potential sources of contamination. Together, these methodologies create a strong
framework for real-time monitoring of the water quality of the river [1]. The continuity of data flow allows timely intervention, while the integration of
technologies brings a more holistic view of the health of the Ganga.

Il.  Water Quality Forecasting Models

Equally important, effective water quality forecasting provides the means for the prediction of water quality conditions that will obtain in the near future.
This allows authorities to take preventive measures before serious issues can set in. One important approach used for water quality forecasting is machine
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learning, specifically artificial neural networks (ANNSs), which depend on past records to establish the relationship between inputs and outputs. They
predict future values of water quality parameters on the basis of identified patterns. For example, Bisht et al. [2] applied ANNSs for the forecasting of
water quality parameters in the Ganga River. They predicted key pollutants such as ammonia and nitrate concentrations, crucial in pointing to the health
condition of the river, by feeding the developed model with historical data. The accuracy of the prediction allowed the concerned river authorities to plan
interventions to make sure acceptable levels of water quality were maintained.

The other approach, which has been in wide use, is time-series forecasting based on the trend of individual water quality parameters with time. Kogekar
et al. [4] applied univariate time-series models to parameters such as temperature, pH levels, and turbidity. These models work on the temporal patterns
seen in water quality data to project future values. This comes in handy for parameters showing seasonal changes or variations due to some events such
as rainfall or discharge from industries. In predicting such variations, the time-series model assists in preparing for the expected changes and reduces
their

Consequences on the river ecosystem. Integrating machine learning algorithms in the form of ANNs and time-series models with real-time data collection
systems makes the forecasts of water quality both accurate and actionable. These forecasting models not only help in predicting water quality levels but
also guide proactive decision-making, enabling river authorities to take preventive actions before the water quality deteriorates significantly.

V. CHALLENGES

Ensuring accurate real-time water quality data remains a big challenge due to problems such as missing, inconsistent, or inaccurate sensor readings.
Seasonal changes and regional differences in water pollution complicate the modeling efforts since the pollution patterns may vary significantly depending
on the location and time of the year. Advanced machine learning models, including random forest and decision trees, are powerful in identifying temporal
and spatial patterns but are often computationally expensive to be deployed in real-time in a resource-constrained setting. Moreover, models developed
for a specific region often fail to generalize well to new locations owing to differences in pollution sources, hydrological behavior, and climatic conditions.
Integration of diverse data sources, including loT sensors, satellite data, and hydrological simulations, adds to the complexity, requiring seamless
integration and synchronization to generate accurate forecasts. Finally, to make the system impactful, intuitive tools and mobile applications need to be
developed to ensure that the water quality insights are accessible with ease to decision-makers, local authorities, and the public for timely action [1].

VI. FUTURE SCOPE

Future developments of water quality monitoring of the Ganga River will strongly benefit from integrating machine learning and loT technologies.
Building upon recent developments [1], [3], [16], new approaches such as integrating artificial neural networks with recurrent neural networks could
provide improved forecasts of water quality parameters [22]. Satellite data, especially vegetation indices [14] and discharge estimation based on altimeter
measurements [7], hold immense promise for generating accurate hydrological predictions. Thereafter, models of explainable Al can also further empower
the decision-makers to act on the actionable insights concerning effective water resources management [16], [20]. Addressing the impacts that climate
change induces, such as changes in the temperature of the streams and the turbidity therein, will further require robust multivariate models that are
dedicated to these concerns [6], [12]. As taken together, these developments will help pave a way toward the wiser, more sustainable undertaking of river
ecosystem conservation.

VII. CONCLUSION

This review discusses the tremendous strides made and current challenges in using machine learning to monitor water quality in Ganga River. In the case
of short-term forecasting, Random Forest models have commonly been used for quick prediction. However, such strengths come with the cost that the
Random Forest models cannot sustain temporal context. This necessitates a very promising direction, which is with hybrid models: combining the best
features of various algorithms to work on spatial as well as temporal dependencies of water data.

By merging real-time sensor readings with satellite data and even more detailed metrics for pollution, we are now able to achieve much greater accuracy
and flexibility within these predictive models. Further, scaling up the model for broader access, such as through mobile apps and web platforms, would
allow for broad-scale use and benefit not only researchers but stakeholders. In the final analysis, if machine learning can offer more responsive and data-
driven ways of preserving the environment, then that is where the success of machine learning in transforming the management of water quality in the
Ganga River lies.
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