I SCIENTIA ¢ Advanced discoveries of modern science: experience, approaches and innovations

SECTION 9.
ECOLOGY AND ENVIRONMENTAL PROTECTION TECHNOLOGIES

Hamza Arif Qureshi
Professor
National University of Sciences and Technology, Islamabad, Pakistan

Teymurov Movlud
Lecture
Institute of Geography, Baku, Azerbaijan

APPLICATION OF MODERN TECHNOLOGIES IN
WATER RESOURCE PROTECTION IN AZERBAIJAN

Introduction

The protection of water resources is of strategic importance for environmental
security, public water supply, agricultural development, and the sustainability of
economic activities. In Azerbaijan, the uneven spatial and seasonal distribution of
water resources, dependence on transboundary water flows, pollution risks, and
water losses in irrigation and distribution networks necessitate the implementation
of more responsive and accurate monitoring tools in water management.

Conventional monitoring is primarily based on the periodic collection of
samples from designated locations and their subsequent laboratory analysis.
Although these methods provide a high level of accuracy, they are insufficient for
the continuous monitoring of large areas and the timely detection of rapidly evolving
pollution incidents. Internet of Things-based systems enable water quality and
quantity parameters to be monitored in near real time through the integration of
sensors, communication modules, and data-processing tools. Remote sensing, in
turn, facilitates the acquisition of large-scale spatial data on the condition of water
bodies, changes in shorelines, turbidity, chlorophyll concentration, and other optical
indicators.

The aim of this study is to identify the principal areas of application of modern
technologies in the protection of water resources in Azerbaijan and to propose a
conceptual approach to their integration within a unified monitoring and decision-
support system.

Materials and methods

The study employed systematic analysis, comparative assessment, a risk-based

approach, and conceptual modelling. Systematic analysis made it possible to
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determine the role, functions, and interrelationships of modern technologies within
the water resource protection system. Comparative assessment was used to analyse
the advantages and limitations of different technological solutions, while the risk-
based approach ensured that threats such as pollution, water loss, flooding, drought,
and infrastructure failure were taken into consideration. Conceptual modelling was
applied to represent the entire process, from data collection to management decision-
making, within a unified functional structure.

The assessment included satellite and remote sensing systems, unmanned aerial
vehicles, IoT-based sensor networks, geographic information systems, artificial
intelligence, machine learning, and digital twin technologies. Each technology was
evaluated according to observation coverage, data acquisition speed, measurement
and detection accuracy, compatibility with existing information systems, technical
reliability, and operational resilience. The assessment also considered the
dependence of these technologies on communication and energy supply,
maintenance requirements, suitability for different types of water bodies, and their
capacity to transmit data in real time.

The integral application efficiency of a technology is determined using the
following expression:

Eint = WM + w0 + w3D +wyl + wsT
where M denotes observation coverage, O represents operational responsiveness, D
indicates data accuracy, / denotes integration capability with other systems, and T
represents technical reliability and resilience. The coefficients w; are weighting
factors that express the relative importance of the indicators, and their sum is equal

to one¢:
5
ZWi = 1, w; > 0.
i=1

The values of the weighting coefficients are determined according to the
functional purpose of the water body, the monitoring objectives, and the existing
level of risk. For example, data accuracy and operational responsiveness are of
greater importance in the monitoring of drinking water sources, whereas observation
coverage and system resilience may be regarded as the primary criteria for large
reservoirs and river basins.

Under the proposed approach, the selection of a technology is not based
exclusively on its technical characteristics. The selection process also considers the
size and functional purpose of the water body, the probability of pollution, the terrain
characteristics, climatic and hydrometeorological conditions, the availability of
communication infrastructure, the required monitoring frequency, and data storage
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and processing capabilities. In addition, the speed at which the collected data can be
converted into early warning signals and management decisions is regarded as one
of the principal assessment criteria.

This methodological approach makes it possible to evaluate not only the
technical advantages of individual technologies, but also the functional outcomes
generated by their integration into a unified water monitoring and protection system.
The assessment results may be used to select appropriate technological tools for
specific water bodies, determine implementation priorities, and establish an
integrated monitoring system.

Discussion of results

Satellite and aerospace observations make it possible to monitor the condition
of rivers, lakes, and reservoirs over large areas. The comparison of images acquired
at different times allows changes in water surface area, shoreline position, and
surrounding land cover to be identified. However, satellite data have certain
limitations related to cloud cover, spatial resolution, and revisit frequency.
Therefore, it is advisable to refine satellite observations using UAV data and ground-
based measurements. Recent studies indicate that the combined use of satellite,
aerial, and ground sensors creates a more comprehensive geoinformation base for
water quality assessment.

UAVs can provide high-spatial-resolution monitoring of small water bodies,
shoreline zones of reservoirs, canals, and hard-to-access areas. Through the use of
multispectral and thermal cameras, it is possible to detect changes in water colour,
algal blooms, illegal discharge sources, shoreline erosion, and visible defects in
hydraulic structures. The integration of UAVs with digital twins enables the actual
condition of a water body to be represented in a regularly updated virtual model.

The installation of [oT sensors at water intake points, reservoirs, main canals,
and distribution networks makes it possible to continuously measure temperature,
pH, turbidity, electrical conductivity, dissolved oxygen, water level, pressure, and
flow rate. The transmission of sensor data to a central platform ensures the timely
detection of pollution, leakage, and abnormal flow conditions. In the
implementation of such systems, sensor calibration, energy supply, communication
stability, and data cybersecurity constitute the main requirements.

Artificial intelligence can detect relationships and anomalies in large volumes
of monitoring data that are difficult to identify through conventional observation.
Machine learning models are used for calculating water quality indices, short-term
forecasting of indicators, and the classification of water bodies according to quality
classes [3]. At the same time, the preprocessing of incomplete and anomalous sensor
data is of particular importance for the reliability of model outputs.
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Digital twin technology creates a virtual model of a real water body or water
supply system. Based on incoming sensor data, the model is regularly updated, and
possible accident, pollution, and water shortage scenarios are tested in advance. This
technology can integrate monitoring, modelling, forecasting, and management
within a unified environment. In the water sector, the main application areas of
digital twins include water treatment, distribution, wastewater management, and the
optimization of operational processes.

For Azerbaijan, an appropriate integrated system may be built on the basis of
the following functional sequence:

Satellite, UAV, and ground sensor data — communication and database
system — GIS platform — artificial intelligence-based analysis — risk
assessment — early warning — management decision — response measures.

This functional structure is summarized in Figure 1.

1. DATA COLLECTION LEVEL et G
Sources: satellite data, ground sensors, measurement stations, water quality, water level, flow rate,
hydrological observations, laboratory data meteorological data, land use, infrastructure status

2. DATA TRANSMISSION AND INTEGRATION LEVEL
Data transmission via communication networks
(mobile, fiber optic, radio)
Data storage in a centralized database

Integration of data into GIS platform
Standardization and quality control of data

3. ANALYTICS AND PREDICTION LEVEL Pollution detection, anomaly identification,

Data analysis using Al and machine learning water shortage and flood risk forecasting
Hydrological and water quality modeling
Risk assessment and forecasting

Scenario simulation

4. DECISION-MAKING AND RESPONSE LEVEL Early warning and notification
Development of management decisions Implementation of response actions
Planning of preventive and operational measures Monitoring and evaluation of results

RESULT

Sustainable water resource management, protection of water quality,
reduction of risks, efficient use of water, and resilience of infrastructure

Fig. 1. Integrated application model of modern technologies in water resource
protection in Azerbaijan.

It is advisable that the implementation of the model should initially begin with
high-risk reservoirs, water intake facilities, main canals, and distribution systems
supplying large populated areas. Pilot projects should be used to test the
compatibility of different sensors, the reliability of data transmission channels, the
accuracy of artificial intelligence models, and the responsiveness of warning
mechanisms.

75 |



I SCIENTIA ¢ Advanced discoveries of modern science: experience, approaches and innovations

Conclusion

The analysis demonstrates that modern technologies can significantly improve
the responsiveness and information support of water resource protection in
Azerbaijan. Satellite observations provide large-scale territorial monitoring, UAVs
enable localized and high-resolution observation, IoT sensors facilitate continuous
measurements, artificial intelligence supports risk detection and forecasting, and
digital twins allow various management scenarios to be modelled.

The principal conclusion is that the integration of individual technologies into
a unified information and decision-support system is more important than their
1solated application. Such a system can facilitate the early detection of pollution, the
reduction of water losses, the timely identification of infrastructure failures, and the
prompt implementation of response measures. At the next stage, it would be
appropriate to create digital profiles for priority water bodies, establish a unified
monitoring platform, expand sensor networks, and strengthen the cyber-physical
security of water infrastructure.
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