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Abstract: Hydraulic engineering systems have always played a critical role in 

supporting the development of human civilization by controlling, storing, and 

distributing water for diverse requirements such as agriculture, municipal needs, 

industrial processes, and environmental sustainability. Over time, the complexity and 

scope of hydraulic infrastructure have expanded dramatically. Dams, reservoirs, 

irrigation networks, drainage systems, canals, weirs, and soil retention structures all 
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exist to manage the distribution and behavior of water in both natural and artificial 

landscapes. 

Keywords: Geographical Information Systems, Hydraulic Engineering, Water 

Management, Spatial Analysis, Asset Management, Flood Risk, Irrigation. 

Annotatsiya: Gidromuhandislik tizimlari inson sivilizatsiyasi taraqqiyotini 

ta’minlashda har doim muhim rol o‘ynagan. Ular suvni boshqarish, saqlash va turli 

ehtiyojlar uchun tarqatish — qishloq xo‘jaligi, kommunal ehtiyojlar, sanoat jarayonlari 

hamda ekologik barqarorlik uchun xizmat qiladi. Vaqt o‘tishi bilan gidromuhandislik 

infratuzilmasining murakkabligi va ko‘lami sezilarli darajada oshdi. Suv omborlari, 

to‘g‘onlar, sug‘orish tarmoqlari, drenaj tizimlari, kanallar, suv o‘ramalari va tuproqni 

mustahkamlash inshootlari — bularning barchasi suvni tabiiy va sun’iy landshaftlarda 

boshqarish uchun mavjud. 

Kalit so‘zlar: Geografik axborot tizimlari, Gidromuhandislik, Suv resurslarini 

boshqarish, Fazoviy tahlil, Aktivlarni boshqarish, Toshqin xavfi, sug‘orish. 

Аннотация: Гидротехнические системы всегда играли важную роль в 

развитии человеческой цивилизации, обеспечивая контроль, накопление и 

распределение воды для различных нужд — сельского хозяйства, 

муниципальных потребностей, промышленных процессов и экологической 

устойчивости. Со временем сложность и масштаб гидротехнической 

инфраструктуры значительно возросли. Плотины, водохранилища, системы 

орошения, дренажные сети, каналы, водосбросные сооружения и конструкции 

для укрепления почвы используются для управления распределением и 

поведением воды как в природных, так и в искусственных ландшафтах. 

Ключевые слова: Географические информационные системы, 

Гидротехника, Управление водными ресурсами, Пространственный анализ, 

Управление активами, Риск наводнений, Орошение. 

 

INTRODUCTION  

Water resources play a crucial role in sustaining the environment, agriculture, 

industry, and human livelihood. The effective utilization and management of water 

resources depend significantly on well-designed and efficiently operated hydraulic 

engineering systems, such as dams, canals, irrigation networks, and drainage 

infrastructures. In recent years, the increasing demands for water by expanding 

populations as well as the changing patterns of climate have put significant pressure on 

existing hydraulic systems and necessitated improvements in their effectiveness. 

Improving the efficiency of hydraulic engineering systems is vital for ensuring the 

sustainable use of water, minimizing losses, maximizing agricultural productivity, and 

mitigating the impacts of both floods and droughts. Traditional approaches to 

managing these systems often rely on manual monitoring, periodic field inspections, 
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and isolated data collection, which are time-consuming, labor-intensive, and frequently 

error-prone. Furthermore, as the scale and complexity of water networks grow, there is 

an urgent need for advanced technological solutions that can handle large amounts of 

data, yield accurate analyses, and support fast and informed decision-making. 

Geographical Information Systems (GIS) have emerged as powerful tools for spatial 

data management, analysis, and visualization. By integrating diverse datasets, 

including topographical, hydrological, meteorological, and infrastructure-related 

information, GIS allows engineers, planners, and decision-makers to obtain a 

comprehensive understanding of the hydraulic systems under their control. The spatial 

capabilities of GIS enable users to map existing water resources, monitor real-time 

changes, predict future scenarios, and optimize the design, operation, and maintenance 

of hydraulic structures. The integration of GIS in hydraulic engineering introduces 

numerous benefits over conventional methods. With its ability to model spatial 

relationships and analyze temporal changes, GIS makes it possible to identify 

inefficiencies in water distribution, detect problem areas, and simulate various 

operational strategies. Planners can use GIS to assess the suitability of locations for 

new infrastructures, analyze the environmental impacts of proposed projects, and 

prioritize maintenance or rehabilitation efforts based on the most up-to-date spatial 

information. Additionally, the application of GIS-based methodologies promotes the 

adoption of data-driven management practices and supports the implementation of 

integrated water resource management (IWRM) principles. It encourages the 

collaboration of multiple stakeholders, including engineers, government authorities, 

researchers, and local communities, facilitating transparent decision-making and 

effective communication. 

MATERIALS AND METHODS  

Despite their undeniable importance, these systems face many challenges in the 

twenty-first century. Aging infrastructure, increasing water demand, climate-induced 

hydrological variability, and a sharper focus on environmental preservation require that 

water resources are managed with greater efficiency, adaptability, and resilience. One 

of the most transformative tools aiding in this evolution is the Geographical 

Information System, or GIS. The application of GIS technologies enables the 

collection, management, analysis, and visualization of spatial and non-spatial data 

related to hydraulic systems. As a result, water managers and engineers are empowered 

to make better-informed decisions and to optimize the operation, maintenance, and 

expansion of hydraulic infrastructure. The integration of GIS into hydraulic 

engineering systems represents a profound shift from traditional methods that relied 

predominantly on paper-based mapping, manual surveying, and fragmented data 

storage [1].  
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In contrast, GIS allows all relevant data—elevations, slope, soil characteristics, 

proximity to water sources, infrastructure locations, real-time data from sensors, and 

much more—to be layered and analyzed in comprehensive ways. Engineers can use 

sophisticated modeling to simulate the effects of new structures, optimize the routing 

of existing networks, and anticipate the likelihood and impact of system failures or 

natural hazards such as floods and droughts. For centuries, water management 

depended on the limited understanding of local geography gleaned from field 

observations and simple maps. The emergence of computer-based GIS tools in the 

latter half of the twentieth century marked a revolution in environmental engineering 

generally and hydraulic engineering in particular. GIS allowed data to be linked not 

only to descriptive attributes but also to precise spatial coordinates and geometric 

features. Early uses focused on mapping water bodies and infrastructure, but the 

development of more powerful software and computing capabilities led to the 

incorporation of hydrological models, risk analysis algorithms, real-time sensor feeds, 

and remote-sensing information into GIS platforms. 

Using high-resolution topographic maps, rainfall-runoff models, and land-use 

datasets, engineers can create flood hazard maps that highlight vulnerable zones, 

evacuation routes, and safe zones. Municipal authorities use these outputs to inform 

zoning laws, infrastructure investments, and emergency planning. In real-time flood 

events, GIS-based monitoring systems track the movement of water, helping 

coordinate disaster response, inform the public, and guide search and rescue operations 

[2]. 

RESULTS AND DISCUSSION  

GIS also helps evaluate the effectiveness of structural countermeasures such as 

retention basins, diversion channels, levees, and dams. Simulations can quantify how 

proposed interventions would mitigate flood extents, impact downstream communities, 

and alter natural flow regimes. This evidence-based planning leads to more resilient 

infrastructure networks and safer human settlements. Modern hydraulic projects are no 

longer evaluated on technical and economic criteria alone; environmental sustainability 

and social outcomes are now equally central. GIS is uniquely suited to environmental 

impact assessment, as it allows detailed visualization and analysis of how hydraulic 

interventions will affect local ecosystems, flora and fauna, surface and groundwater 

connectivity, and neighboring land uses. For instance, the construction of new 

reservoirs or canals may disrupt aquatic habitats, flood agricultural lands, or alter 

sediment flows. GIS tools can be applied to model these changes, mapping areas at risk 

of habitat loss, fragmentation, or species endangerment. Environmental mitigation 

strategies, such as constructing fish passes or reforesting buffer zones, can then be 

designed and evaluated spatially within the same GIS frameworks [3]. 
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Integrating sociological and economic data into GIS platforms makes it possible 

to assess community vulnerability and ensure that marginalized or at-risk populations 

are not disproportionately impacted by hydraulic engineering projects. Stakeholder 

engagement can be facilitated by developing accessible, map-based visualizations of 

project impacts, improving public communication and project acceptance. Urban and 

agricultural water distribution networks are inherently complex, often covering large 

spatial extents and servicing populations with diverse needs and variable demand 

profiles. Inefficiencies in such networks typically manifest as water loss, excessive 

energy use, unequal access, and high operational costs. 

GIS supports the construction of detailed topological models of pipe networks, 

canals, and irrigation subzones, capturing the connectivity and capacity of each 

element. Flow analysis, combined with demand forecasting and demographic mapping, 

allows operators to optimize water allocation. The ability to visualize supply deficits 

ensures prompt response to emerging problems—such as pressure drops or service 

outages. Moreover, GIS is essential for designing equitable water distribution 

strategies, especially in agriculturally dependent communities where livelihood 

security depends on timely and sufficient irrigation. Decision-makers can overlay data 

on field size, crop type, soil characteristics, and water rights within GIS environments, 

helping to allocate water efficiently and sustainably. Historical performance data 

enables the identification and correction of persistent inequities, ultimately increasing 

total system productivity. The operational lifespan of hydraulic infrastructure is highly 

dependent on consistent, systematic maintenance. GIS-based asset management 

systems allow for the creation of comprehensive, georeferenced inventories of every 

physical asset within the hydraulic network. This includes not only major structures 

like dams and pumping stations but also underground pipes, valves, meters, inspection 

chambers, and minor channels [4]. 

A benefit of GIS platforms is the ability to attach detailed attributes and 

maintenance histories to each asset. Scheduled maintenance, emergency repairs, and 

performance monitoring can all be planned and coordinated spatially. Field teams are 

provided with accurate location data and up-to-date records, which streamlines 

logistics and ensures accountability. Beyond routine maintenance, GIS can incorporate 

inspections results and failure statistics to perform spatial analysis on the distribution 

of defects or breakdowns. Cluster analysis highlights systemic weaknesses in the 

network, guiding targeted investments in asset renewal and replacement. This 

capability reduces chronic problems, curtails repair costs, and extends the operational 

life of the system. 

Maximizing the value of GIS in hydraulic engineering requires structured capacity 

building. Organizations must invest not only in GIS technology but also in the training 

of water resource managers, engineers, and field technicians. A robust GIS program 
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includes data handling protocols, documentation standards, and regular update cycles 

for spatial databases. Knowledge sharing is facilitated by the interoperability of GIS 

platforms, which can serve as central repositories and visualization hubs for 

multidisciplinary project teams. Collaborative planning is enhanced as multiple 

stakeholders can access, annotate, and update project maps in real time, bridging 

traditional silos in water management institutions. Moreover, accessible GIS outputs 

can be shared with the wider public, improving transparency and stakeholder 

involvement. Intuitive map-based platforms support community-based water 

governance, building local capacity to maintain small-scale hydraulic infrastructure 

and to monitor regional water trends. 

Numerous examples from around the world demonstrate the transformative effect 

of GIS on hydraulic engineering systems. In India, the use of GIS for irrigation 

scheduling resulted in significant reductions in water waste and corresponding 

increases in crop productivity. In Australia, large-scale watershed management 

projects employed GIS to target reforestation and erosion control activities, leading to 

measurable improvements in water quality. Municipal water authorities in the United 

States and Europe increasingly rely on GIS-based asset management to streamline 

emergency repairs, predict failure risks, and optimize infrastructure investments. Flood 

early warning systems built on GIS platforms have been credited with saving lives and 

minimizing property damage during severe storm events in Bangladesh, the 

Netherlands, and the United States. These systems integrate weather forecasts, river 

gauge readings, and real-time imagery to rapidly predict and communicate hazard 

zones to both officials and the public. Incorporating GIS into the design and operation 

of hydropower systems has also brought efficiencies, with operators able to model 

catchment dynamics, optimize release schedules, and balance ecological constraints 

with power generation targets [5]. 

While the benefits of GIS are clear, several challenges remain to be addressed. 

Data availability, accuracy, and standardization remain persistent issues, especially in 

developing regions where baseline mapping is incomplete. The interoperability of 

different GIS software and the integration of proprietary datasets sometimes limit 

collaboration. Cybersecurity and data privacy, especially for critical infrastructure, 

require robust mitigation strategies. In the future, the growing fields of artificial 

intelligence and machine learning are likely to be integrated with GIS tools, providing 

even deeper analytical capabilities for fault prediction, demand forecasting, and 

adaptive system management. The increasing prevalence of Internet of Things (IoT) 

devices will further expand the volume and granularity of real-time data ingested by 

GIS platforms. Cloud-based GIS solutions are already lowering barriers to entry, 

allowing even small agencies and communities to access powerful spatial analysis tools 

and to contribute data to global water management initiatives. Ultimately, continued 
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innovation in GIS technologies will further strengthen the efficiency, resilience, and 

sustainability of hydraulic engineering systems across the globe [6]. 

In the current era, the application of Geographical Information Systems (GIS) in 

the management and enhancement of hydraulic systems has proven to be a 

revolutionary advancement and is rapidly transforming the landscape of hydrotechnical 

engineering. GIS empowers engineers, planners, and policy-makers to examine, 

visualize, and interpret spatial data concerning water infrastructures and their 

associated environmental and socio-economic factors with unparalleled depth and 

accuracy. This, in turn, lays a robust foundation for both the operational efficiency and 

long-term sustainability of hydraulic systems across a range of contexts. At its core, 

GIS serves as an integrative platform, enabling the aggregation, storage, and analysis 

of geographically referenced data relevant to rivers, canals, reservoirs, dams, irrigation 

networks, drainage systems, and various supporting infrastructures. The ability to 

overlay multiple thematic layers, such as topography, land use, vegetation, 

hydrological dynamics, soil types, meteorological conditions, and human settlements, 

enables users to gain a comprehensive and multifaceted understanding of the 

interactions between hydraulic structures and their surrounding environments. The 

integration of real-time remote sensing data, satellite imagery, aerial photographs, and 

digital elevation models into GIS further enriches decision-making, allowing early 

identification of anomalies, hazards, or inefficiencies in hydrotechnical systems. 

The practical value of GIS becomes especially apparent when applied to the 

planning and design stages of hydraulic infrastructures. By deploying advanced spatial 

analysis tools, engineers can assess a multitude of potential locations for dams or 

reservoirs, simulate water flow across landscapes, and anticipate the direct and indirect 

impacts on both natural ecosystems and human livelihoods. GIS modeling helps 

identify risk-prone zones, such as areas susceptible to flooding, landslides, or 

groundwater contamination, and provides critical guidance in selecting project sites 

that minimize environmental disruption while maximizing technical and economic 

benefits. Furthermore, GIS-based hydrological modeling supports the effective 

allocation of limited water resources, particularly in regions where seasonal variability, 

drought, or uneven rainfall distribution pose formidable challenges. By integrating 

long-term climate and rainfall data with existing land-use and demographic patterns, 

resource managers can develop equitable water distribution schemes and dynamically 

adjust irrigation schedules. This ensures not only the reliability of water supply for 

agriculture, industry, and domestic use but also safeguards aquatic ecosystems and 

downstream communities from the adverse effects of mismanagement or over-

extraction. 

Throughout the lifespan of a hydraulic structure, GIS continues to play a vital role 

by enabling robust monitoring and maintenance practices. Remote sensing and ground-
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based surveys are used in tandem to detect subtle shifts in structure integrity, sediment 

accumulation, erosion patterns, or changes in vegetation health across catchment areas. 

By mapping the location and severity of such occurrences, maintenance teams can 

prioritize interventions, optimize resource allocation, and prevent costly failures that 

would otherwise arise from missed warning signs. Moreover, GIS-based early warning 

systems, which synthesize meteorological forecasts, river levels, and high-resolution 

imagery, heighten community preparedness by issuing timely alerts for impending 

floods, dam breaches, or other hydraulic emergencies.The collaborative functionality 

of GIS further enhances data sharing and coordination among diverse stakeholders. 

Policy-makers, water management agencies, municipal authorities, agricultural 

cooperatives, and local populations benefit from visual dashboards and interactive 

maps that communicate complex information in an accessible, actionable manner. Such 

platforms facilitate participatory decision-making, promote transparency, and 

encourage inclusive dialogue on water allocation, infrastructure investments, 

environmental conservation, and hazard risk reduction. From an ecological 

perspective, GIS methodologies also empower researchers to conduct comprehensive 

environmental impact assessments. By precisely delineating the extent of wetlands, 

riverine habitats, migratory routes, and other critical ecosystems, GIS enables the 

identification of potential conflict zones between hydraulic development and 

biodiversity protection. Simulation models can project the cumulative effects of 

waterway modifications, damming, or land conversion on aquatic organisms, soil 

quality, and downstream hydrology, thereby supporting proactive mitigation strategies 

and the formulation of adaptive management plans. In the context of climate change 

adaptation, GIS-based hydraulic system management proves indispensable. Shifting 

precipitation patterns, rising temperatures, and an increase in hydrological extremes 

have made it crucial to maintain updated geospatial databases and predictive models 

capable of forecasting short-term hazards and guiding long-term planning. GIS enables 

the visualization of multiple climate scenarios, elucidates vulnerabilities across 

watersheds, and supports the targeted retrofitting or redesign of existing structures to 

withstand new environmental pressures. 

The educational and capacity-building benefits of GIS cannot be overstated. 

Through accessible visualization tools, scenario mapping, and simulation games, 

practitioners and stakeholders can explore the intricate dynamics of hydrotechnical 

systems without requiring advanced technical expertise. These platforms foster a 

culture of continuous learning and encourage the widespread adoption of best practices 

in hydraulic engineering and resource management. To further enhance the 

effectiveness of GIS in hydraulic systems, integration with emerging technologies such 

as the Internet of Things (IoT), drone-based surveys, and advanced data analytics is 

increasingly becoming the norm. Sensor-equipped infrastructures generate real-time 
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data on flow rates, water quality, structural stress, and maintenance needs, all of which 

feed directly into GIS platforms for instant visualization and analysis. This 

convergence of technologies is ushering in an era of “smart” water management, where 

data-driven automation augments human decision-making and enables resilient, 

adaptive systems responsive to changing conditions. Despite these significant 

advances, the deployment of GIS in hydrotechnical systems is not without its 

challenges. High initial investment costs, gaps in technical expertise, data 

interoperability issues, and institutional inertia can slow the widespread adoption of 

GIS solutions. Addressing these barriers requires sustained policy advocacy, targeted 

capacity-building programs, and investment in open data standards and collaborative 

frameworks across water management sectors. 

Nevertheless, successful case studies from both developed and developing regions 

highlight that the long-term benefits of GIS-driven hydrotechnical management far 

outweigh the upfront investments. The optimization of water use, reduction in 

environmental degradation, decreased vulnerability to hazards, and increased system 

reliability together result in substantial social, economic, and ecological gains. 

The widespread integration of GIS into hydraulic systems management has 

produced a broad range of positive outcomes, fundamentally transforming both 

operational practices and policy paradigms in water resource engineering. The use of 

GIS as a unified analytical and visualization platform has led to heightened efficiency 

in the planning, operation, and maintenance of complex water infrastructures. 

One of the most significant outcomes is the ability to visualize hydraulic networks 

as interconnected spatial phenomena, with every dam, channel, reservoir, and 

distribution line mapped in relation to geographic and environmental constraints. This 

holistic visibility enables system managers to identify pressure points, bottlenecks, or 

inefficiencies that might otherwise go undetected in non-spatial management 

frameworks. Regular updates to the GIS database, fueled by both manual input and 

automated data streams from sensors and drones, ensure that system oversight remains 

timely and responsive to changing conditions. 

Through advanced modeling capabilities, resource managers can now simulate 

the effects of various operational scenarios, test the impacts of alternative water release 

strategies, or adjust irrigation calendars based on up-to-date climatic and hydrological 

information. The result is a substantial improvement in water allocation performance, 

reduced wastage, and enhanced service reliability for end-users in agriculture, industry, 

and urban settlements. Enhanced simulation tools have empowered engineers to 

optimize infrastructure sizing, placement, and operation to meet both peak demand and 

ensure resilience amidst unanticipated shocks or disasters. Environmental monitoring 

and protective measures have also benefited greatly from GIS deployment. By 

maintaining high-resolution, regularly updated maps of sensitive ecosystems and land 
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use changes within and around hydrological catchments, practitioners are better 

positioned to prevent and mitigate the adverse effects of construction, land conversion, 

or excessive resource exploitation. Real-time environmental alerts and scenario models 

offer actionable intelligence to guide river restoration, erosion control, reforestation, or 

the designation of protected wetland areas. GIS-based flood risk models provide early 

warning capabilities that are invaluable in reducing social and economic losses due to 

extreme weather events. By integrating forecast data with topographic and 

hydrological records, emergency preparedness agencies are able to pinpoint risk zones, 

prepare response strategies, and coordinate evacuation or infrastructure protection 

measures more efficiently than was previously possible. Over time, the incorporation 

of GIS into disaster management cycles has contributed to significantly reduced 

casualties, swifter recovery processes, and enhanced community resilience. 

Culturally and institutionally, GIS platforms have fostered collaboration, 

transparency, and shared responsibility across diverse actors in the water sector. 

Interactive web-based applications, participatory mapping workshops, and open-data 

initiatives have broken down silos, enabling stakeholders to jointly analyze challenges, 

negotiate solutions, and monitor the progress of projects. In this way, GIS has aligned 

technical rigor with democratic principles, ensuring that the voices of marginalized or 

vulnerable communities are included in water management decisions that affect their 

well-being.The quantifiable achievements of GIS-driven interventions in hydraulic 

engineering go beyond increased efficiencies or risk reduction to encompass a broader 

transformation in the ethos of water resources management. Decision-making is 

increasingly informed by spatial evidence, system-wide optimization, and a 

commitment to ecological balance rather than purely technical or economic 

considerations. Engineers and managers are empowered with precise and relevant data, 

enhancing their ability to advocate for investments in maintenance, rehabilitation, or 

expansion of critical infrastructure. 

In the educational domain, GIS-powered platforms have introduced a new era of 

water literacy, engaging both specialists and the general public in informed stewardship 

of shared resources. Teachers, students, and community leaders leverage interactive 

models to visualize water flows, simulate management options, and explore outcomes 

firsthand. This empowerment fosters a holistic understanding of complex water 

systems and motivates proactive behavior change at individual, community, and 

institutional levels. Looking ahead, the deepening integration of GIS with other 

innovations in artificial intelligence, data mining, and connectivity will further expand 

its capacity to deliver on the promises of sustainable, adaptive, and inclusive hydraulic 

systems. Continued investments in training, infrastructure, and supportive regulatory 

frameworks will be essential to consolidate gains, overcome persistent barriers, and 
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ensure that GIS-driven approaches become the default rather than the exception in 

water management globally. 

Conclusion 

The adoption of Geographical Information Systems in hydraulic engineering 

systems has proven to be a game-changer in the efficient, equitable, and sustainable 

management of water resources. From the planning and design of major infrastructure 

to real-time operational monitoring and disaster response, GIS provides an 

indispensable layer of spatial intelligence. It equips engineers, managers, and 

communities with the tools to understand, visualize, and optimize complex water 

systems in dynamic and unpredictable environments. The path forward lies in further 

investing in GIS capacity, embracing new data sources and analytical methodologies, 

and promoting inclusive, transparent water governance. Through this, the full potential 

of hydraulic infrastructure can be unlocked to serve both humanity and the natural 

world. 

References 

1. Baankar V. R. va Bhise M. P. D. (2019). Water reclamation and reuse, Water 

Environment Research, 91, 657–659. 

2. Becker D., Jungfer C., va Track T. (2019). Integrated Industrial Water 

Management – Challenges, Solutions, and Future Priorities, Chemie-Ingenieur-

Technik, 91, 1367–1374. 

3. Ghernaout D. (2018). Increasing Trends Towards Drinking Water Reclamation 

from Treated Wastewater, World Journal of Applied Chemistry, 3, 1–9. 

4. Jehan Gulamussen N., Arsénio A. M., Pedro Matsinhe N., va Cornelis Rietveld 

L. (2019). Water, ICONCEES-2021, IOP Conference Series: Earth and Environmental 

Science, 1022 (2022), 012041. doi:10.1088/1755-1315/1022/1/0120417 

5. Lyu S., Chen W., Zhang W., Fan Y., va Jiao W. (2016). Wastewater reclamation 

and reuse in China: Opportunities and challenges, Journal of Environmental Science, 

39, 86–96. 

6. Munderere E., Munyaneza O., va Umaru G. W. (2017). Industrial water demand 

for agro-processing and beverage industries in Rwanda, Smart Water, 2, 1–22. 

7. Qin T. L., Yan D. H., Wang G., va Yin J. (2014). Water Demand Forecast in 

the Baiyangdian Basin with the Extensive and Low-Carbon Economic Modes, Journal 

of Applied Mathematics, 4, 1–10. 

8. Sun F., Chen M., va Chen J. (2011). Integrated Management of Source Water 

Quantity and Quality for Human Health in a Changing World, Encyclopedia of 

Environmental Health, 254–265. 

9. Wang X. va boshqalar (2018). Domestic water demand forecasting in the 

Yellow River basin under changing environment, International Journal of Climate 

Change Strategies and Management, 10, 379–388. 

https://journalss.org/


                    T A D Q I Q O T L A R         jahon ilmiy – metodik jurnali    

 

 

       https://journalss.org                                                     85-son_3-to’plam_May-2026 161 

ISSN:3030-3613 

10. Wei S., Lei A., va Islam N. (2010). Modeling and simulation of industrial 

water demand of Beijing municipality in China, Frontiers of Environmental Science & 

Engineering in China, 4, 91–101. 

 

 

https://journalss.org/

