
“FORMATION OF PSYCHOLOGY AND  PEDAGOGY AS  

INTERDISCIPLINARY SCIENCES”  
 

[13] 
 

 

 

APPLICATION OF GIS AND AI TECHNOLOGIES FOR SUSTAINABLE 

DEVELOPMENT OF URBAN ECOSYSTEMS: THE CASE OF TASHKENT CITY 

 

Zoirov Sarvar Ulugbek ogli 

Geography Major, Group 109 

 

Abstract: This study analyzes the possibilities of applying Geographic Information 

Systems (GIS) and Artificial Intelligence (AI) technologies in the sustainable development 

of urban ecosystems using the example of Tashkent city. Due to the rapid pace of 

urbanization, environmental problems in urban areas are intensifying, including air 

pollution, reduction of green spaces, increased transport load, and inefficient use of 

resources. The main objective of the research is to identify opportunities for monitoring 

urban ecosystems, forecasting environmental risks, and optimizing management 

decisions through GIS- and AI-based analytical approaches. Spatial analysis, statistical 

modeling, and forecasting methods were used in the study. The results show that GIS 

technologies enable accurate mapping of the ecological condition of urban areas, while 

AI algorithms demonstrate high efficiency in predicting pollution levels and the dynamics 

of green spaces. In conclusion, the integrated application of GIS and AI technologies has 

significant scientific and practical importance in ensuring sustainable urban 

development in Tashkent city. 
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INTRODUCTION 

Today, the rapid growth of urbanization worldwide is putting serious pressure on 

urban ecosystems. Population migration to cities, expansion of industrial and 

transport infrastructure, and intensive use of natural resources are leading to 

ecological imbalance. Therefore, the sustainable development of urban ecosystems has 

become one of the important directions of modern scientific research. 

The urban ecosystem is a complex and multi-component system formed as a 

result of interactions between natural, social, and technogenic factors. In the case of 

Tashkent city, air pollution, reduction of green areas, waste management problems, 

and environmental load caused by transport are becoming urgent issues. Solving these 

problems effectively requires not only traditional management approaches but also 

the introduction of modern digital technologies. 

This study identifies the insufficient use of scientifically based digital tools for 

real-time monitoring and management of urban ecological processes as a key problem. 

At this point, GIS and AI technologies play an important role. GIS enables the collection, 
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analysis, and visualization of spatial data, while artificial intelligence serves as an 

effective tool for modeling and forecasting complex environmental processes. 

The main goal of the research is to identify the factors influencing the sustainable 

development of urban ecosystems in Tashkent using GIS and AI technologies and to 

propose management mechanisms. Within this goal, tasks such as analyzing the 

ecological condition of the city, identifying existing problems, and developing 

innovative solutions were defined. 

The scientific novelty of the research lies in the integrated analysis of GIS and AI 

technologies in the example of the Tashkent urban ecosystem and the formulation of 

scientifically grounded conclusions from the perspective of sustainable development. 

METHODOLOGY 

A comprehensive methodological approach was applied to analyze and evaluate 

urban ecosystems. A mixed-methods research design was chosen, combining 

quantitative and qualitative analysis methods. This approach made it possible to better 

understand the spatial and dynamic characteristics of ecological processes. 

GIS was used as the main research tool. With the help of GIS, spatial data 

reflecting the ecological condition of Tashkent city, including air pollution levels, the 

distribution of green areas, and transport infrastructure maps, were developed. These 

data were processed using ArcGIS and QGIS software platforms and evaluated using 

spatial analysis methods. 

Within the framework of AI technologies, machine learning algorithms were used. 

In particular, regression models and clustering methods were applied to determine 

relationships between environmental indicators and to forecast future pollution levels. 

Python programming environment and relevant libraries were used for statistical 

analysis. 

Data sources included open statistical data from the Ministry of Ecology of the 

Republic of Uzbekistan, satellite imagery, and data from local monitoring stations. To 

ensure reliability, data obtained from different sources were compared. 

The reliability of the research was assessed through statistical tests and model 

accuracy indicators. At the same time, certain limitations exist related to insufficient 

data for some areas and the short time span covered. Nevertheless, the applied 

methodology is considered sufficiently grounded to achieve the research objectives. 

Results and Discussion 

The research results demonstrated the high effectiveness of GIS and AI 

technologies in the sustainable development of urban ecosystems in Tashkent. Spatial 

analysis revealed the uneven distribution of environmental load across the city. 

Particularly high levels of air pollution were observed in central and industrial zones. 

 

GIS-based maps showed that green areas are more concentrated in the outskirts 

of the city and less present in central areas. This situation negatively affects the urban 
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microclimate and intensifies the "urban heat island" effect. These findings are 

consistent with previous studies and confirm the important role of green 

infrastructure in urban ecology. 

AI-based modeling results showed a strong correlation between traffic flow and 

air pollution. Forecast models developed using AI algorithms predicted an increase in 

environmental risk levels in certain areas in the future. This creates opportunities for 

city management authorities to take preventive measures. 

The results theoretically justify the importance of integrated digital approaches in 

managing urban ecosystems. Practically, they demonstrate the necessity of 

implementing GIS and AI technologies in urban planning, environmental monitoring, 

and decision-making processes. 

It was also identified that within the framework of the “smart city” concept, the 

use of these technologies in Tashkent can be a key factor in achieving ecological 

sustainability. However, this process requires solving issues related to personnel 

training, technical infrastructure development, and data openness. 

Overall, the research confirms the significant role of GIS and AI technologies in 

the sustainable development of urban ecosystems and provides a scientific basis for 

their broader implementation in Tashkent. 

CONCLUSION 

This research demonstrated the significant importance of GIS and artificial 

intelligence technologies in the sustainable development of urban ecosystems using 

the example of Tashkent city. The analyses confirmed that spatial and digital 

approaches are more effective than traditional methods in assessing the ecological 

condition of the city. 

The results showed that GIS technologies allow accurate identification and 

visualization of environmental problems by specific locations, while AI serves as an 

important tool for forecasting these problems and optimizing management decisions. 

This approach expands the possibilities for making scientifically grounded decisions in 

urban governance. 

The importance of the study lies in providing practical recommendations for the 

implementation of digital technologies to ensure sustainable urban development in 

Tashkent. Future research should focus on the use of real-time data and deep learning 

models in assessing urban ecosystems. 
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