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1. Introduction and
Information

Background

Sustainable water management is a pressing concern for
the world today. Rainwater harvesting has been our only
attempt to use save water, and these methods need to be
changed. With increases in technology and productivity,
newer, and more efficient techniques can be implemented
to save water. Sustainable water management is a
multidimensional concept that encompasses a range of
strategies and practices aimed at ensuring the long-term
availability and quality of water resources while
minimizing environmental impact. It involves the
integration of various principles and approaches to
achieve efficient water use, conservation, and equitable
distribution.

One key aspect of sustainable water management is the
adoption of water-efficient technologies and practices.
This includes the implementation of water-saving devices,
such as low-flow fixtures and efficient irrigation systems,
as well as the promotion of water-conscious behavior
among individuals, communities, and industries. By
optimizing water use and reducing wastage, sustainable
water management helps to alleviate the pressures on
water supplies, particularly in water-stressed regions.

Another critical component of sustainable water
management is the protection and preservation of water
ecosystems. This entails maintaining the ecological
balance and health of aquatic ecosystems, including rivers,
lakes, wetlands, and coastal areas. By safeguarding these
ecosystems, we can ensure the provision of vital
ecosystem services, such as water purification, flood
regulation, and habitat preservation.

Integrated water resources management (IWRM) is an
essential approach in sustainable water management.
IWRM emphasizes the holistic management of water
resources, taking into account the interconnectedness of
water systems, land use, socio-economic factors, and
environmental considerations. It promotes collaboration

and coordination among various stakeholders, including
government agencies, communities, industries, and NGOs,
to develop and implement effective water management
plans and policies.

Furthermore, sustainable water management necessitates a
focus on water quality. It involves monitoring and
controlling  pollutant sources to prevent water
contamination and safeguard human and ecological health.
Treatment technologies, such as advanced filtration and
disinfection methods, are employed to ensure the
provision of safe and clean drinking water.

In the context of climate change, sustainable water
management also involves adaptation and resilience-
building measures. This includes developing strategies to
mitigate the impacts of changing precipitation patterns,
rising temperatures, and increased water scarcity. It may
involve the implementation of water harvesting
techniques, the promotion of drought-tolerant crops, or the
establishment of water reuse and recycling systems.

Overall, sustainable water management requires a
comprehensive and integrated approach that considers
environmental, social, and economic factors. It calls for
the adoption of innovative technologies, informed
decision-making processes, and the active engagement of
stakeholders at various levels to address the complex
challenges associated with water resource management
and ensures a sustainable future for generations to come.

2. Discussions and Evaluations

We can start off by analyzing the paper titled “Water
management as a vital factor for a sustainable school”.
There are multiple water management strategies discussed
in this paper, however, these strategies make several
examples and are highly generalized to a particular kind of
school, and schools in general who are not equipped with
such facilities are not taken into account. If the school
cannot contact or connect with local authorities due to
lack of paperwork, or political conflict within the region,
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it would not be possible for that particular educational
institute to implement this strategy.

Training and raising awareness is possible in every
institute and hence this is a good strategy, and as Nelson
Mandela rightly said, “Education is the most powerful
weapon you can use to change the world”.

However, this is not a very powerful strategy, as it is
merely a very small step forward in this very deep
problem. Repairing and reducing can be effective, but
only in the short run. They may be able to slightly reduce
the problem of water management, but they will certainly
not be able to eradicate it.

They have also mentioned harvesting rainwater and
setting up appropriate irrigation pipelines for proper
utilization of water. As | mentioned earlier, our
technological advancements allow us to develop more and
better techniques to manage water.

The Introduction of “water displacement devices” is a
very innovative concept that can be explored further in the
coming years. What they could have added in their paper
is a device that needs to be attached to the tap, and this
device will only let out 50-60 % of water, which will
solve half of the problem instantly. We use excess water
for small jobs that don’t require such large amounts; hence
this technique will appropriately reduce the water that
comes out of the tap and therefore help reduce the water
management dilemma.

All inclusive, this research paper analyzes gives the reader
a much generalized idea of what schools (and by schools
they do not mean all schools, but schools who have the
particular facilities like ample property space etc) can do
to better address the issue of sustainable water
management. If it had included different strategies for
different kinds of schools depending on location, budget
etc, then it would have been a more efficient and valuable
resource to society.

Now we can move on to the second write up which we
will be considering in this review paper. This is titled
“Pathways to water sustainability? A global study
assessing the benefits of integrated water resources
management”. This research paper mainly focuses on one
strategy rather than multiple ones. Here it talks about
integrated water resource management (IWRM). Then it
later breaks down this wide concept into four sub
categories, which are Enabling Environment, Institutions
and participations, Management instruments and
financing. They have defined this term as, “TWRM is a
process which promotes the coordinated development and
management of water, land, and related resources, in order
to maximize the resultant economic and social welfare in
an equitable manner without compromising the
sustainability of vital ecosystems. ”

To summarize their results, between 2017 and 2020, there
was a 42% increase in the number of countries with
medium-high, high, and very high levels of Integrated
Water Resources Management (IWRM) implementation

(SDG 6.5.1). However, 87 countries still have low or
medium-low implementation levels, with 107 countries
not on track to achieve the SDG target. The global average
SDG 6.5.1 indicator score rose from 49 to 54%. Financing
had the lowest average score at 46, while other
dimensions scored above 55. More countries showed
higher levels in Enabling environment, Institutions and
participation, and Management instruments, with a
significant difference seen in the Institutions and
participation dimension at 47%.

This study looks into the connection between SDG 6's
KPIs for water-related environmental sustainability and
the use of integrated water resources management
(IWRM). The results show a favourable correlation
between the level of IWRM implementation and different
environmental sustainability measures, including access to
sanitation, treated wastewater, water-use efficiency, water
stress, and trophic status. Water quality and turbidity
indicators, however, showed no real correlations. The
paper encourages additional research utilizing qualitative
approaches and longitudinal analysis because it admits
limits in determining causality on a global scale. In future
research, validation and case-specific investigations are
required due to the potential constraints of data quality
and the subjective character of self-assessment surveys.

After analyzing this particular piece of literature and
understanding the limitations | can now address the
limitations outlined in the study. There are several
plausible approaches that can be adopted. Firstly, to
unravel the causal pathways between IWRM
implementation and  water-related  environmental
sustainability indicators, future research can employ
qualitative methodologies such as comparative in-depth
case studies. By focusing on specific regions or countries,
these studies can delve into the socio-ecological
complexities and contextual factors that influence the
relationship between IWRM and sustainability indicators.
Qualitative methods offer a deeper understanding of the
mechanisms and nuances involved.

Secondly, to account for potential lagged effects and
changes over time, researchers can explore the availability
of longitudinal datasets containing observations spanning
multiple time periods. Longitudinal analyses and time
series data can shed light on the temporal dynamics and
provide insights into the relationships between IWRM-
related variables and other SDG 6 indicators. This would
require comprehensive data collection efforts and the
establishment of robust monitoring systems to track
changes over time accurately.

Lastly, to address data limitations and enhance the quality
of assessments, efforts should be made to improve the
objectivity, transparency, and comparability of data. Self-
assessment survey approaches, such as the one used for
SDG 6.5.1, can benefit from greater stakeholder
engagement and validation. Collaboration with multiple
stakeholders, including experts, practitioners, and
communities, can help gather diverse perspectives and
improve the accuracy of the results. Additionally,
exploring alternative data sources and methodologies,
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such as remote sensing, citizen science, or participatory
monitoring, could provide complementary insights and
strengthen the overall data quality.

By adopting these approaches, researchers can overcome
the limitations of the study, generate more robust findings,
and contribute to a better understanding of the complex
relationships between IWRM implementation and water-
related environmental sustainability indicators.

Now the research paper we will be evaluating is a very
broad one, unlike the previous paper which was deeply
analyzing one method. This research paper is titled
“Environmental sustainability technologies in
biodiversity, energy, transportation and water
management using artificial intelligence: A systematic
review”. This paper talks about how Atrtificial intelligence
impacts these factors listed above, but due to the
specificity of this review paper, our analysis would only
be focused on water management.

Since 2015, significant research emphasis has been
focused on applications of artificial intelligence (Al) to
water resources, notably in terms of improving water
resource conservation. Artificial neural networks,
particularly adaptive neuro-fuzzy inference systems,
support vector machines (SVM), decision trees,
particularly  random  forests, multiple regression,
autoregressive moving average models (ARMA), and
spline regression are just a few examples of the machine
learning models that have been applied in this field. In
order to combine optimisation algorithms with machine
learning models, notably neural networks, genetic
algorithms have become the method of choice.

Now we can go on to discuss the limitations of the Al
model. In this particular research, Water management is a
very small part, and hence this analysis had to be very
deep in order to get content which would be appropriate
enough to discuss the limitations of such a model. Some
limitations may also be for all Al models in general, since
emphasizing on water management specifically can be
difficult due to the limited use of context and information
provided by the researchers.

These machine learning models can be applied to predict
stream flow and analyze water quality parameters. By
training the models on historical data, they can learn
patterns and relationships between different variables,
enabling the prediction of future stream flow values.
Similarly, they can analyze water quality parameters by
identifying correlations and patterns in the collected data,
helping to assess and manage water quality conditions.

However, there are limitations to consider when using Al
in water resource applications. One limitation is the
availability and quality of data. Insufficient or unreliable
data can impact the accuracy and reliability of Al models.
Efforts should be made to ensure data collection is
comprehensive, accurate, and representative of the
specific  water resource system being  studied.
Additionally, long-term and high-resolution data sets are

essential to capture temporal and spatial variations
accurately.

Another limitation is the interpretability of Al models.
Some machine learning models, such as neural networks,
are often considered black-box models, meaning it can be
challenging to understand the underlying factors
influencing the model's predictions. Addressing this
limitation requires developing methods to interpret and
explain the results generated by Al models, enabling
stakeholders to understand and trust the outcomes.

Furthermore, incorporating domain knowledge and expert
insights is crucial in Al applications for water resources.
Experts can provide valuable input to guide model
development, validate results, and ensure that the outputs
align with the practical aspects and specific needs of water
resource management.

To overcome these limitations, researchers and
practitioners should focus on data quality improvement,
developing explainable Al techniques, and fostering
collaborations between domain experts and Al specialists.
By addressing these challenges, the application of Al in
water resources can be enhanced, leading to more accurate
and reliable predictions and analyses, ultimately
supporting effective water resource management.

Now we can explore the fourth research paper regarding
sustainable water management. In this paper, the
researchers discuss “the efforts made by the decision-
makers in tropical countries for the sustainable
management of water hyacinth. ”

The establishment and spread of water hyacinth in tropical
and subtropical ecosystems have caused severe ecological
impacts, including competition with native species,
changes in water quality parameters, habitat modification,
biodiversity loss, and economic consequences. Previous
management programs focused on eradication efforts but
often yielded unsatisfactory long-term results, with the
weed re-invading ecosystems shortly after the programs
ended. Integrated management approaches combining
water hyacinth control and nutrient reduction have been
recommended to achieve sustainable reduction of the
invasion and restore ecological features. However, there is
still limited evidence of the effectiveness of this approach
due to the need for long-term observations. Furthermore,
there is increasing recognition of the benefits associated
with water hyacinth presence, both environmentally and
economically, challenging the long-held negative
perception of the weed. Decision-makers face the
challenge of justifying continued investments in invasion
control.

Limitations of previous management efforts include a
narrow focus on eradication without addressing ecological
factors promoting invasion, insufficient long-term data to
assess the effectiveness of integrated management
approaches, and the need to balance negative perceptions
with potential benefits. Future research should prioritize
long-term monitoring and evaluation of integrated
management strategies, taking into account the ecological
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dynamics of ecosystems recovering from water hyacinth
eradication. Additionally, stakeholder engagement and
dialogue are crucial to strike a balance between
environmental concerns and the potential benefits offered
by water hyacinth.

The management of water hyacinth presents several
challenges that hinder its control and sustainability. One
major challenge is the lack of specific information for
implementing integrated control strategies in different
ecosystems. This includes mapping the extent of water
hyacinth infestation, quantifying factors favoring its
proliferation, assessing ecosystem-specific effectiveness
of control methods, and understanding the real interests of
the population. Acquiring medium and long-term data on
water hyacinth and ecosystem characteristics is crucial
before implementing integrated control strategies.
However, limitations such as limited ground data for
calibration and verification, cloud cover issues for remote
sensing in coastal areas, and image resolution problems
for detection in rivers hinder the implementation of
remote sensing technology in Sub-Saharan Africa.

To facilitate the implementation of integrated approaches,
researchers have developed technologies and methods
with promising results. However, there is a need for
improved communication between researchers and
decision-makers to ensure the understanding and adoption
of these tools. Additionally, clear objectives for hyacinth
control must be defined by decision-makers.

The biological dynamics of water hyacinth and the
hydrological regime of lakes and rivers are closely related.
Understanding these dynamics is critical for developing
comprehensive control programs. The growth of water
hyacinth occurs in three phases, each corresponding to
specific hydrological conditions. This suggests that
control programs should be continuous, integrating the
growth and decline of the plant and considering the
specificities of each ecosystem. However, the challenge
lies in calibrating the intensity of control actions based on
population growth, spread velocity, and spatial dispersal
patterns. Integrating models of water hyacinth growth and
decline into control programs can help address this
challenge.

Another challenge is the sustainability of public
investments in water hyacinth control. Aggressive and
rapid methods, such as herbicide and mechanical removal,
have been used to eliminate water hyacinth initially.
However, insufficient logistical planning and interruptions
in the elimination process have allowed the plant to
reinvade cleared areas. Biological control agents have also
been employed, but their effectiveness declines as the
water hyacinth population decreases. Insufficient funding
and short implementation timeframes have further
contributed to the ineffectiveness of control programs.

To address these limitations, it is necessary to improve
data collection and monitoring efforts, enhance
technology transfer and communication between
researchers and decision-makers, integrate models of
water hyacinth growth into control programs, and ensure

sustained funding for long-term control and management
efforts. Additionally, a comprehensive and adaptive
approach that combines both aggressive and soft control
methods, along with continuous monitoring and
assessment, is essential for sustainable water hyacinth
management.

Now we can move onto the last and final research paper
which we will be evaluating. This paper titled,
“Evaluation of harvesting urban water resources for
sustainable water management: Case study in Filton
Airfield, UK” aims to demonstrate the practical impacts of
urban water management strategies, specifically rainwater
harvesting (RWH) and greywater recycling (GWR), on
the development of a self-sufficient water supply in the
Filton Airfield community in the UK. The study
investigates the  physicochemical and  microbial
characteristics of raw rainwater, indicating its suitability
for irrigation and drinking water with appropriate
treatment. Stochastic water demand profiles and urban
water cycle simulations are conducted to assess the impact
of RWH and GWR on urban harvesting potential
indicators.

The findings show that implementing RWH and GWR
strategies in Filton can lead to significant water demand
minimization potential, ranging from 62% to 78% when
considering combined RWH and GWR. Additionally, the
combined use of these strategies reduces wastewater
production potential and enhances self-sustainability
potential from 0% without recycling to 100% with the
combined approach. The study also highlights the
sensitivity of wastewater discharge to variations in rainfall
patterns and urban density, emphasizing the need to
balance these factors for effective implementation of
urban water harvesting strategies.

Overall, this research provides insights into the
practicality and applicability of urban water resource
harvesting, specifically RWH and GWR, in both existing
and new development areas. It highlights the potential for
minimizing water demand, reducing wastewater
production, and improving self-sustainability through the
implementation of integrated urban water management
strategies.

In this study, rainwater harvesting (RWH) and greywater
recycling (GWR) for non-potable water uses were
evaluated compared to a conventional mains water supply
system. The assessment focused on different scenarios
involving  residential, commercial, and combined
buildings in the Filton development area. The evaluation
considered factors such as rooftop surface area, catchment
area estimation, and optimal storage tank capacity based
on the yield after spillage (YAS) principle. The economic
analysis included construction and operational expenses
throughout the project's lifetime.

The Urban Water Optioneering Tool (UWOT), an urban
assessment tool, was used to assess the urban water cycle
for each scenario. UWOT provided metrics such as non-
potable and potable water demand, wastewater
production, storm water volume, and water treatment
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technologies. The study also calculated indicators of urban
harvesting potential, including the demand minimization
index (DMI), wastewater output index (WOI), self-
sufficiency index (SSI), and resource exported index
(REI).

Limitations of the study may include assumptions made in
input parameter selection, potential uncertainties in cost
estimations, and simplifications in modeling complex
water systems. To address these limitations, future
research could focus on gathering more accurate data on
catchment areas, refining cost estimations based on
specific local contexts, and improving the modeling of
urban water systems by considering additional factors
such as water quality and treatment processes.
Additionally, conducting field studies and monitoring
actual implementation of RWH and GWR systems in real-
world settings can provide valuable insights for future
research and practical applications.

Overall, this study provides valuable insights into the
potential benefits and challenges of implementing RWH
and GWR strategies in urban water management. It
highlights the importance of considering economic,
hydraulic, and environmental factors when designing and
evaluating such systems.
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