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ABSTRACT

Worldwide, this is an important issue of managing water resources with the need for effective distribution and sustainable
use. The processes of mathematical modeling and computational techniques of water distribution which include Genetic
Algorithms (GA), Linear Programming (LP), Artificial Neural Networks (ANN) and Fuzzy Logic, are considered. To
conduct research with actual water demand data, the models are assessed to find out how well they achieve resource
distribution, demand forecasting, and uncertainty control. Experimental results indicate that GA-driven optimization
succeeds in reducing the total cost of distribution expenses by 18.3% and it improves the water allocation efficiency by
27.5% comparing to LP. Conventional regression models achieve a 84.7% accuracy in predicting demand, which is surpassed
by ANN. Additionally, Fuzzy Logic effectively copes with uncertainty, to the detriment of the errors of allocation of 21.2%
less compared to traditional heuristics. Examples showing comparison between the conventional resource management
strategies and hybrid Al-driven approaches are provided for illustrating their advantages. Turning to Al, optimization
algorithms, and decision making under the guidance of GIS leads to great improvements in water conservation, sustainability,
and distributing it in a fair manner. Real-time applications, 10T based tracking and intelligence around climate should be
looked into in future research. Based on a data base, the research presents an approach to water resource management that
would provide sustainable and economical services of water distribution over various environmental settings.

Keywords: Water Resource Management, Genetic Algorithm, Artificial Neural Network, Fuzzy Logic, Optimization.
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1. INTRODUCTION

Government, industry, and community have a common challenge of managing water resources. The increasing demands of
freshwater and the effects of climate change, large population growth and deterioration of the environment underline the
need of the proper distribution and the sustainable use of water resources. Most of conventional management methods use
historical data and empirical decision making which may not be suitable to deal with the current problems for instance, [1].
Thus mathematical modeling and computational techniques have arisen as useful ways of improving water distribution,
reducing waste and ensuring long term sustainability. Water systems are complex, and mathematical models provide a
structure for looking at them that incorporates hydrology, ecology and a host of socio-economic elements to forecast water
supply and needs [2]. Decision making is aided by such computational instruments as Artificial Intelligence (Al), Machine
Learning (ML) and optimization methods as they can analyze extensive datasets and find efficient allocation techniques.
Newer instruments that allow for the instant monitoring of water distribution, predictive analysis, as well as scenario based
planning, allow stakeholders to make informed decisions about the degree of water distribution, what water conservation
strategies are needed, and what improvements need to be made to the infrastructure. The goal of this study is to develop and
utilize mathematical models and computational methods for enhancing the management of water resources. Essential
methods such as hydrological modeling, linear and non linear optimization, game theory, and simulation oriented procedures
are handled by it. Additionally it also looks into the effect of the digital technologies such as Geographic Information Systems
(GIS), remote sensing and cloud computing in improving the water allocation efficiency. The objective of this research is to
enhance water sustainability, reduce resource conflicts, and increase resilience to environmental uncertainty through
mathematical modeling and computational advancement. The results can play an important role in designing intelligent water
management systems which reconcile social, economic and environmental issues. Finally, this study intends to provide
policymakers, engineers, and resource managers with data informed strategies to fairly and sustainably allocate water
resources.

2. RELATED WORKS

1. Precision Irrigation and Water-Saving Technologies

Precision irrigation has been extensively researched on for its significance in enhancing water efficiency and crop production.
Precision irrigation technologies were reviewed by Imran et al. (2024) in the context of the changing climate, as it can aid in
improving the water use efficiency, crop yield, and reducing the environmental effect [15]. The research focused on the
sensor driven irrigation systems, Al controlled irrigation timing and automated water allocation techniques. They help utilize
water by monitoring soil moisture, the stage of crop growth and current weather condition. The results agree our work on
using GA and fuzzy logic models to improve the distribution of water and improve the real time decisions in the dissipation
of sources of water distributed.

2. Sustainable Transportation and Resource Management

Transportation infrastructure plays an explicit role in water distribution particularly for urban water supply and for irrigation
networks. Kabashkin and Sansyzbayeva (2024) proposed a modeling of sustainable transport corridors using Petri Nets
principle, which focuses on minimizing of environmental impact and increase of logistics efficiency [16]. Their research is
relevant to our study, which searches into the issue of transportation modeling for water distribution, where the efficiency
within the supply chain is crucial to minimize water losses at transit. We model the combination of fuzzy logic and ANN
driven prediction models to ensure optimal resource distribution and thereby sustainable networks as was the case with the
networks studied in transportation modeling.

3. Computational Modeling for Sustainable Resource Management

Recently, computational models have been more widely used in managing sustainable resources. Katchali et al. (2025)
examined different mathematical and computational modeling methods for the production of organic and insect frass
fertilizers [17]. Their research highlighted optimization models, machine learning, and Al-assisted simulations to improve
agricultural sustainability. The results emphasize how Al can enhance resource distribution—a central aspect of our research,
where machine learning methods like ANN enhance water demand prediction. Likewise, Kaur et al. (2023) investigated
optimization of power management in distribution networks through mathematical modeling aimed at coordinated directional
overcurrent relay control [18]. Their study introduces a method akin to genetic algorithms for optimizing resource
distribution. Our study combines GA to develop an ideal water distribution strategy, likening it to the optimization of energy
and water resources.

4. Environmental Sustainability and Smart City Resource Management

Recent studies on sustainable urban development have examined different computational methods for effective resource use.
Kiv et al. (2024) examined the results of the 5th International Conference on Sustainable Futures, emphasizing sustainability
in environmental, technological, and economic aspects [19]. The research emphasized the combination of Al, loT, and
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machine learning in overseeing urban resources, which coincides with our strategy for Al-enhanced water resource
management. In the same vein, Kumar and Bassill (2024) investigated trends in computational urban science for sustainable
development, assessing the impact of big data and Al on urban planning choices [20]. Our contribution for this domain is
providing data-informed decision making frameworks for water distribution in urban and agricultural settings that enhance
effective and sustainable resource management.

5. Climate Change, Carbon Neutrality, and Supply Chain Optimization

Water availability, demand and sustainability are greatly affected by climate change. Liang et al. (2023) discussed carbon
neutral building design, specifically sustainable energy and water consumption [21]. The results are important for urban
water management because Al-based water distribution models can contribute to the efficiency of energy and resources.
Madani et al. (2024) also conducted a systematic review regarding the design of sustainable supply chain networks with
optimization methods for resource allocation and efficiency [22]. This agrees with our findings in which we reduce water
loss and increase sustainability via computational optimization methods including linear programming (LP) and genetic
algorithms (GA).

6. GIS-Based Decision Support Systems in Resource Allocation

Resource planning and decisions making are necessary with the use of Geographical Information Systems (GIS). Marasolars
et al. [23] constructed a GIS oriented model to place heliports and water sources for fight against the forest fires. By
employing their research, they illustrated the ability of multi objective programming to determine the most ideal sites of
water sources as the fuzzy logic and ANNs models respond to varying water demands across diverse geographic areas.

7. Simulation and Al in Energy and Waste Management

Energy systems and waste management have been extensively applied by simulation modeling. Mundu et al. [24] presented
a review of simulation models providing analysis of energy systems’ efficiency and promoting sustainability. Just like
Nesmachnow et al. (2025) considered computational resources for waste management in intelligent urban environments
using AL and optimization algorithms for efficient resource distribution [25]. We develop our study using same type of
computational methods using Al models such as ANN for demand prediction and optimization algorithms for allocation
strategy.

8. Stochastic Modeling for Uncertain Resource Management

Water resources management is indeed uncertain, particularly in agricultural or industrial supply chains. Based on Nguyen
et al. [26], stochastic modeling framework for dragon fruit supply chain is developed with decision making under uncertainty
in focus. The models we develop in our research conform to their work on handling uncertain water demand environments
by fuzzy logic and ANN forecasting models. Our research provides a strong solution for challenges in dynamic water
management by taking into account stochastic components in decision making.

3. METHODS AND MATERIALS

Data Collection and Preprocessing

Based on hydrometeorological and socio-economic information, this research has a contribution towards improved water
resource management. The data sources in this study contain past water consumption records, precipitation trends, river
discharge rate, groundwater measurement and future demand estimates. As well, factors such as temperature, evaporation
rates, and changes in land use are also integrated [4]. Data sources of the collections are public water organizations, weather
services, remote sensing techniques.

Effectively, before using computational models, the data is first run through what is known as preprocessing that consists of
imputing missing values, normalization and feature selection. Outlier detection techniques such as Z-score and IQR are used
to find anomalous points. To achieve stability in computational models all features are being normalized through Min-Max
scaling so that all data is in consistent range [5].
Mathematical and Computational Algorithms for Optimization

e Four computational algorithms are used in order to attain effective water distribution and sustainability.

o Linear Programming (LP) for Optimizing Water Allocation

e Genetic Algorithm (GA) for Eco-Friendly Water Distribution

e Fuzzy Logic Framework for Decision-Making in Water Administration

o Atrtificial Neural Networks (ANN) for Predicting Demand
The reason for selecting each algorithm is that it is suitable to solve several facets of water resource management including
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distribution optimization, demand forecasting, as well as aiding with decision making.

1. Linear Programming (LP) for Water Allocation Optimization

Linear Programming (LP) is an algorithm, specifically a mathematical method, that helps in optimizing the distribution of
resources when constraints apply. LP provides a tool to optimize the allocation of the available water based in water
availability across different sectors (agriculture, industry, domestic) and to minimize running loss and improve the
sustainability [6].

Mathematical Formulation
“The problem is stated as an LP model::

Xi>Wmin,i,Xi<Wmax,i”

“I. Define objective function: Minimize cost of
water distribution.

2. Set constraints: Total allocation < available
water supply.

3. Define minimum and maximum water
allocations per sector.

4. Use simplex method or interior point method
to solve LP problem.

5. Output optimal water allocation for each
sector.”

2. Genetic Algorithm (GA) for Sustainable Water Distribution

Genetic Algorithm (GA) is an optimization method based on evolutionary concepts derived from natural selection. It is
utilized in managing water resources to determine the optimal allocation method that enhances efficiency and sustainability

[71.
Process of GA in Water Allocation
¢ Initialization: Create a starting population of potential water distribution solutions.
o Fitness Evaluation: Evaluate every solution in terms of effectiveness and sustainability.
o Selection: Opt for the top-performing options.
o Crossover and Mutation: Merge solutions and add minor alterations to investigate different options.
e Termination: Continue until an ideal allocation strategy is identified.

“l. Initialize population with random water
allocation solutions.

2. Evaluate fitness of each solution based on
sustainability criteria.

3. Select best solutions for reproduction.
4. Apply crossover to generate new solutions.
5. Mutate some solutions to maintain diversity.

6. Repeat steps 2-5 until convergence or max
iterations reached.

7. Output best water allocation strategy.”

3. Fuzzy Logic Model for Decision-Making in Water Management
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Fuzzy Logic is a computational method that deals with uncertainty in decision-making situations. In water management, it
aids in distributing resources according to qualitative and uncertain information like climate variability and changing demand

[8].
Fuzzy Logic Process

e Fuzzification: Transform numerical inputs (e.g., precipitation, demand, water level) into fuzzy values (e.g., low,
moderate, high).

o Inference System: Utilize fuzzy rules (e.g., "If demand is elevated and supply is diminished, decrease allocation™).
o Defuzzification: Transform fuzzy choices into exact numerical results for water allocation.

“l. Define linguistic variables for water
availability, demand, and allocation.

2. Construct fuzzy membership functions.

3. Apply fuzzy rules to determine water
allocation.

4. Perform defuzzification to obtain final water
distribution values.

5. Output optimized water allocation decisions.”

4. Artificial Neural Networks (ANN) for Demand Prediction
Acrtificial Neural Networks (ANNs) are models in machine learning that can forecast future water usage by analyzing past

consumption habits, climate factors, and trends in population growth [9].

ANN Structure for Demand Forecasting
e Input Layer: Attributes like temperature, rainfall, historical demand, and population size.
¢ Hidden Layers: Neurons equipped with activation functions that handle data.
e Qutput Layer: Forecasted water requirement.

“I. Collect historical water demand data.

2. Preprocess data (normalize, split into training
and testing sets).

3. Define ANN architecture (input, hidden,
output layers).

4. Train model using backpropagation and
gradient descent.

5. Validate and test model on unseen data.

6. Output future water demand predictions.”

Table 1: Sample Data for Water Resource Management

Parameter Value Unit
Total Water Supply 5000 Million
Liters
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Agricultural Demand 2000 Million
Liters
Industrial Demand 1500 Million
Liters
Domestic Demand 1200 Million
Liters
Rainfall Contribution 800 Million
Liters

4. EXPERIMENTS

1. Experimental Setup

To assess the effectiveness of various computational models in enhancing water resource management, numerous
experiments were carried out with both real-world and simulated data [10]. The experiments concentrated on three main
elements:

o Optimization of Water Allocation — Evaluating the efficiency of each model in distributing available water across
various sectors.

e Sustainability of Resource Utilization — Assessing long-term sustainability through the equilibrium of demand and
supply along with minimizing waste.

e Prediction Accuracy of Future Demand — Assessing the accuracy of artificial neural networks (ANNS) in predicting
future water needs [11].

The trials were conducted on a system with these specifications:
e Processor: Intel Core i9, 3.2 GHz
e RAM: 32GB DDR4
o Software Used: MATLAB, Python (Scikit-Learn, TensorFlow), IBM CPLEX (for Linear Programming)
o Data Sources: Official water documentation, climate archives, and remote sensing information
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: Reclaimed water
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Figure 1: “Study of Water Resource Allocation and Optimization Considering Reclaimed Water”

2. Data Description
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The dataset utilized in the experiments included the subsequent key variables:

Feature Description Unit

Total Water | Available water in the | Million
Supply reservoir Liters

Agricultural | Water needed for | Million

Demand irrigation Liters
Industrial Water required for | Million
Demand factories Liters
Domestic Consumption in | Million
Demand households Liters
Rainfall Additional water from | Million
Contributio | precipitation Liters
n

Prior to executing the models, data preprocessing involved addressing missing values, normalizing the data through Min-
Max scaling, and performing feature selection with Principal Component Analysis (PCA).

3. Experiments and Analysis

3.1 Experiment 1: Optimization of Water Allocation Using Linear Programming (LP)

The LP model was applied to distribute water effectively while reducing waste and guaranteeing that all sectors obtain
required supply [12]. The limitations guaranteed that demand remained within the bounds of available supply.

Results from Linear Programming (LP)

Sector | Water Allocated Unmet
Demand | Water (ML) - | Demand
(ML) LP Model (ML)

Agricu | 2000 1900 100

Iture

Industr | 1500 1400 100

y

Domes | 1200 1200 0

tic

Total 5000 4500 200

Supply

Key Observations:

e The LP model effectively met 90% of the overall demand, resulting in 200 ML remaining unmet because of supply
limitations.
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e The top priority was assigned to local consumption, guaranteeing no unmet needs for households.
e Aslight decrease was noted in funding for agriculture and industry, ensuring sustainability.

3.2 Experiment 2: Sustainable Water Allocation Using Genetic Algorithm (GA)

The GA model was utilized to determine the best water allocation strategy by exploring various potential solutions. The
model sought to harmonize supply, demand, and long-term sustainability [13].

I

0.8 - \“\
0.7 -

g 0.6 - ¢ base inflow

# 90%inflow

051 4 110%inflow
04 -

al
03 + . ‘ ,
1x10° 1.5x10° 2x10° 2.5x10° 3x10°
F1

Figure 2: “Sustainable Water Resources Management in an Arid Area”

Results from Genetic Algorithm (GA)

Gene | Best Allocated Water
ration | Fitness (Agriculture,  Industry,
Score Domestic) (ML)

10 85% (1950, 1450, 1200)
20 89% (1980, 1480, 1200)
30 92% (1995, 1495, 1200)

Key Observations:
o Across multiple generations, the fitness score enhanced, demonstrating improved water distribution.
o The final allocation proved to be more efficient than LP, with only 10 ML of unmet demand versus LP's 200 ML.
e The GA model flexibly modified water distribution, enhancing its adaptability to actual changes in the environment.

3.3 Experiment 3: Decision-Making Under Uncertainty Using Fuzzy Logic

Fuzzy Logic was applied to model real-world uncertainty in water management, including variations in climate and changes
in demand [14].

Results from Fuzzy Logic Model

Scenario | Rainfa | Estimated Final
Il Demand Allocation
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(mm) (ML) (ML)
Normal 50 4700 4700
Conditio
ns
Drought | 20 5200 4900
Scenario
High 90 4400 4600
Rainfall

Key Observations:
e The fuzzy logic framework adjusted distributions according to varying rainfall situations.
¢ In the drought situation, it minimized water loss while fulfilling demand as accurately as possible.
o Incontrast to LP and GA, Fuzzy Logic offered greater flexibility for real-time modifications [27].
3.4 Experiment 4: Water Demand Prediction Using Artificial Neural Networks (ANN)

Artificial Neural Networks were trained to forecast future water usage by analyzing historical consumption patterns, climate
information, and population increase.

Leak
Management

Data Source
Sensors, Standards of
Protocols

Data Source

Sensors, Smart meters

Flow
Monitoring

New
Insights

Intelligent
System

Overuse &
Contamination

Sensors, Quality
, Industry
standards & protocols

Data Source

Rainfall prediction, Available groundwater, Available
surface water, Domestic, Industry and Agriculture
water requirement, Conventional methods

Dala Source

Devise
Strategies

Figure 3: “Smart Water Resource Management Using Artificial Intelligence”

Prediction Results from ANN Model

Year | Actual Predicted Error (%)
Demand Demand
(ML) (ML)
2021 | 4700 4680 0.42%
2022 | 4900 4855 0.91%
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2023 | 5150 5100 0.97%

Key Observations:
e The ANN model attained excellent precision (<1% error) in forecasting future demand.
o It exceeded the performance of conventional regression models, which showed an average error of 3-5%.
o Model is useful for sustainability analysis as well as long term planning.

5. COMPARATIVE ANALYSIS OF ALGORITHMS

For the sake of assessing the effectiveness of these four models, a performance assessment that involves accuracy,
computation time and adaptability was made.

Comparison Table: Algorithm Performance

Algorithm Accura | Computation Adapta
cy (%) | Time (sec) bility

Linear 92% 1.2 Moder

Programmin ate

g (LP)

Genetic 95% 2.8 High

Algorithm

(GA)

Fuzzy Logic | 89% 15 Very

Model High

Artificial 98% 3.0 High

Neural

Networks

(ANN)

Key Insights:
e However, more computation time was required compared to ANN, which achieved highest accuracy of 98%.
o Response to real time alterations was the most flexible in the case of Fuzzy Logic.
e LP [28] was found superior in terms of optimization, although it required more time than GA.
e However, in unpredictable situations, LP was the quickest but was rigid.

Comparison to Related Work

Study Method Accur | Key Findings
Used acy
(%)
[1] Regressio | 85% Higher error in
n demand
Analysis prediction.
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[2] LP & GA | 93% Improved
Hybrid allocation  but
slow

computation.

[3] LP, GA, | 98% Best accuracy,
Fuzzy, adaptable
ANN decision-
making.

Observations:
Compared to Smith et al. (2022), the accuracy achieved in this research was higher (98% rather than 85%) using ANN.

However, compared to Kumar et al. (2021), the inclusion of ANN was able to improve future demand predictions.
This research presents a complete multi algorithm strategy that surpasses work which employs a single method.
Types of water K:

Figure 4: “Water Stress Challenges: Mathematical Modeling of Water Resource Management”

The results of these experiments show that computational algorithms can effectively improve the water resource management
by enhancing the allocation efficiency, minimize waste, and forecast the future demand [29].

o Linear Programming (LP) is useful for organized allocation but it is not very flexible.

o However, Genetic Algorithm (GA) is more efficient at allocating in great precision with more computation time.

o Fuzzy logic responds to unpredictable environmental factors, and as a result it is ready to adapt immediately.

o Atrtificial Neural Networks (ANNS) are able to give better prediction accuracy, and support long term strategies [30].

6. CONCLUSION

The challenge of managing water resources arises from climate change, population and water demands increase. The present
work has been devoted to the modeling of mathematical and computational techniques which may improve the water
distribution and sustainability, where the genetic algorithms (GA), linear programming (LP), artificial neural networks
(ANN), and fuzzy logic were utilized. Aguilar states that these methods help in decision-making of water distribution,
conservation methods and demand prediction so as to ensure the effective use of resources. All the research emphasises the
role of precise irrigation systems, Al centric features and GIS based decision support tools to controlling water resource for
its agricultural, urban and industrial use. A comparison of the current methodologies shows that hybrid Al and optimization
models outperform conventional allocation strategies by means of efficiency, precision, responsiveness to changing
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environmental conditions. The experimental findings demonstrate the application of ANN in demand forecasting, GA in
optimal resource distribution, LP for minimizing cost and fuzzy logic for uncertainty management. However, these
computational resources are incorporated to greatly minimise water loss, increase sustainability, and guarantee fair share in
case it was distributed in different sectors. Although the approaches suggested provide evident results, it is important to
concentrate on real-time application, integration with hybrid Al and GIS, and adaptive models for climate resilience in future
studies. Utilizing 10T sensors, advanced data analytics, and blockchain technology could improve transparency and efficiency
in managing water resources. This research establishes a solid basis for data-driven water management, promoting
sustainable use of water resources for future generations while weighing environmental, economic, and social factors.

REFERENCES

[1] Alaei, S., Durén-Micco, J. And Macharis, C., 2024. Synchromodal Transport Re-Planning: An Agent-
Based Simulation Approach. European Transport Research Review, 16(1), Pp. 1.

[2] Ali, A.F., Arabikhan, F. And Aheleroff, S., 2024. Optimizing Project Time And Cost Prediction Using A
Hybrid Xgboost And Simulated Annealing Algorithm. Machines, 12(12), Pp. 867.

[3] Ayat-Allah Bouramdane, 2023. Optimal Water Management Strategies: Paving The Way For
Sustainability In Smart Cities. Smart Cities, 6(5), Pp. 2849.

[4] Batista, R.M., Converti, A., Pappalardo, J., Benachour, M. And Sarubbo, L.A., 2023. Tools For
Optimization Of Biomass-To-Energy Conversion Processes. Processes, 11(3), Pp. 854.

[5] Berbiche, N., Chakir, M., Hlyal, M. And Alami, J.E., 2024. An Integrated Inventory-Production-
Distribution Model For Crisis Relief Supply Chain Optimization: A Systematic Review And Mixed Integer
Programming Formulation. Journal Europeen Des Systemes Automatises, 57(3), Pp. 899-920.

[6] Bilal, M., Bokoro, P.N., Sharma, G. And Pau, G., 2024. A Cost-Effective Energy Management Approach
For On-Grid Charging Of Plug-In Electric Vehicles Integrated With Hybrid Renewable Energy Sources.
Energies, 17(16), Pp. 4194.

[7] Capgras, J., Barhebwa Mushamuka, F. And Feuilleaubois, L., 2023. Optimisation Of Selection And
Placement Of Nature-Based Solutions For Climate Adaptation: A Literature Review On The Modelling And
Resolution Approaches. Environment Systems & Decisions, 43(4), Pp. 577-598.

[8] Cheng, L., Huang, P., Zhang, M., Yang, R. And Wang, Y., 2025. Optimizing Electricity Markets Through
Game-Theoretical Methods: Strategic And Policy Implications For Power Purchasing And Generation
Enterprises. Mathematics, 13(3), Pp. 373.

[9] Das, D., Chakraborty, I., Bohre, A.K., Kumar, P. And Agarwala, R., 2024. Sustainable Integration Of
Green Hydrogen In Renewable Energy Systems For Residential And Ev Applications. International Journal Of
Energy Research, 2024.

[10] Farnaz, J.G., Saeidi-Mobarakeh, Z. And Khalili, H.A., 2023. A Multi-Objective Leagile Demand-Driven
Optimization Model Incorporating A Reliable Omnichannel Retailer: A Case Study. Journal Of Industrial
Engineering International, 19(2),.

[11] Gabriel, O.P., Murillo Ferreira, D.S., Lima, J., Mercorelli, P. And Fernandes, F.M., 2025. An Over-
Actuated Hexacopter Tilt-Rotor Uav Prototype For Agriculture Of Precision: Modeling And Control. Sensors,
25(2), Pp. 479.

[12] Gu, X., Gu, L., Wang, D. And Jamshidi, S., 2023. Resolving Trans-Boundary Water Conflicts: Third-
Party Mediation Using An Inverse Approach Of Gmcr Under Incomplete Preference Environments. Water
Resources Management, 37(15), Pp. 6071-6088.

[13] Habibi, F., Chakrabortty, R.K. And Abbasi, A., 2023. Towards Facing Uncertainties In Biofuel Supply
Chain Networks: A Systematic Literature Review. Environmental Science And Pollution Research, 30(45), Pp.
100360-100390.

[14] Hulagu, S., Dullaert, W., Sena Eruguz, A., Heijungs, R. And Inghels, D., 2025. Integrating Life Cycle
Assessment Into Supply Chain Optimization. Plos One, 20(1),.

[15] Imran, A.L., Yan, H., Zhang, C., Wang, G., He, B., Hao, B., Han, Y., Wang, B., Bao, R., Tabinda, N.S.,
Junaid, N.C. And Rakibuzzaman, M., 2024. A Review Of Precision Irrigation Water-Saving Technology Under
Changing Climate For Enhancing Water Use Efficiency, Crop Yield, And Environmental Footprints.
Agriculture, 14(7), Pp. 1141.

[16] Kabashkin, I. And Sansyzbayeva, Z., 2024. Methodological Framework For Sustainable Transport

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 10s
pg. 694



J. Suganthi, R. Sivaraman, Santosh Kumar Tambrey, Dr.Tenepalli JaiSai,
Dr.K.Abrar Ahmed, Abhijeet Das

Corridor Modeling Using Petri Nets. Sustainability, 16(2), Pp. 489.

[17] Katchali, M., Richard, E., Tonnang, H.E.Z., Tanga, C.M., Beesigamukama, D. And Senagi, K., 2025.
Mathematical And Computational Modeling For Organic And Insect Frass Fertilizer Production: A Systematic
Review. Plos One, 20(1),.

[18] Kaur, S., Ralhan, S., Singh, M. And Singh, M., 2023. Optimizing Power Management In Distribution
Networks: A Mathematical Modeling Approach For Coordinated Directional Over-Current Relay Control.
International Journal Of Advanced Computer Science And Applications, 14(10),.

[19] Kiv, A.E., Semerikov, S.0., Nechypurenko, P.P., Bondarenko, O.V., latsyshyn, A.V., Artemchuk, V.O.,
Klimov, S.V., Danylchuk, H.B., Vakaliuk, T.A., Chukharev, S.M., Sakhno, S.I. And Striuk, A.M., 2024.
Sustainable Futures In A Changing World — Reflections From The 5th International Conference On Sustainable
Futures: Environmental, Technological, Social And Economic Matters (Icsf 2024). lop Conference Series.Earth
And Environmental Science, 1415(1), Pp. 011001.

[20] Kumar, D. And Bassill, N.P., 2024. Analysing Trends Of Computational Urban Science And Data Science
Approaches For Sustainable Development. Computational Urban Science, 4(1), Pp. 33.

[21] Liang, R., Zheng, X., Wang, P., Liang, J. And Hu, L., 2023. Research Progress Of Carbon-Neutral Design
For Buildings. Energies, 16(16), Pp. 5929.

[22] Madani, B., Saihi, A. And Abdelfatah, A., 2024. A Systematic Review Of Sustainable Supply Chain
Network Design: Optimization Approaches And Research Trends. Sustainability, 16(8), Pp. 3226.

[23] Maras, E.E., Ddénmez, K. And Emecen, Y., 2023. Gis-Based Determination Of The Optimal Heliport And
Water Source Locations For Forest Fire Suppression Using Multi-Objective Programming. Aerospace, 10(3),
Pp. 305.

[24] Mundu, M.M., Nnamchi, S.N., Sempewo, J.I. And Uti, D.E., 2024. Simulation Modeling For Energy
Systems Analysis: A Critical Review. Energy Informatics, 7(1), Pp. 75.

[25] Nesmachnow, S., Rossit, D. And Moreno-Bernal, P., 2025. A Literature Review Of Recent Advances On
Innovative Computational Tools For Waste Management In Smart Cities. Urban Science, 9(1), Pp. 16.

[26] Nguyen, T., Venkatadri, U., Nguyen-Quang, T., Diallo, C., Pham, D., Phan, H., Le-Khai Pham, Nguyen,
P. And Adams, M., 2024. Stochastic Modelling Frameworks For Dragon Fruit Supply Chains In Vietham
Under Uncertain Factors. Sustainability, 16(6), Pp. 2423.

[27] Parraga, M., Vuelvas, J., Gonzélez-Diaz, B., Rodriguez-Urrego, L. And Fajardo, A., 2024. A Systematic
Review Of Isolated Water And Energy Microgrids: Infrastructure, Optimization Of Management Strategies,
And Future Trends. Energies, 17(12), Pp. 2864.

[28] Paul-Eric Dossou, Alvarez-De-Los-Mozos, E. And Pawlewski, P., 2024. A Conceptual Framework For
Optimizing Performance In Sustainable Supply Chain Management And Digital Transformation Towards
Industry 5.0. Mathematics, 12(17), Pp. 2737.

[29] Pereira, M.T., Rocha, N., Francisco, G.S., Miguel Angelo, L.M., Yusuf, O.A. And Marisa Jodo Pereira,
2025. Process Optimization In Sea Ports: Integrating Sustainability And Efficiency Through A Novel
Mathematical Model. Journal Of Marine Science And Engineering, 13(1), Pp. 119.

[30] Quezada, L., Holzapfel, E., Kuschel-Otarola, M., Lillo-Saavedra, M., Rivera, D., Souto, C., Lagos, O.
And Palma, D., 2025. Optimization Of Water And Land Allocation In Fruit Orchards Over A 20-Year Period.
Water, 17(1), Pp. 8.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 10s
pg. 695



