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1 INTRODUCTION  

1.1 Topic relevance 

The significance and role of modern geoinformation technologies have been continuously 

increasing in recent years. In certain fields, including the planning and management of 

urbanized areas, these technologies have become not only a primary tool for information 

provision but also an environment for modeling and simulating the spatial and functional 

behavior of geosystems that are subject to planning and management procedures. Data-driven 

decision-making approaches are increasingly being adopted in practice, with cities heavily 

relying on the methods, techniques, and tools provided by geospatial technologies. These 

technologies offer not only extremely valuable spatially referenced information but also 

innovative and intuitive approaches for understanding geosystems and addressing the most 

pressing issues of our time. These are problems related to the functionality of the territory, to 

environmental protection, to the spatial distribution of economic and social activities, to 

accelerated urbanization, to the need for sustainable development and utilization of natural 

resources, and many more. Geospatial technologies enable the collection and organization of 

geodata related to such problems and facilitate the understanding of their spatial and 

geosystemic association, while providing powerful tools to generate, analyze and synthesize the 

information needed to address them. Moreover, thanks to the accelerated development of 

remote sensing methods and unmanned aerial systems, today's planning and management 

procedures for urban systems can rely on data and information resources with unprecedented 

temporal and spatial resolution. This capability allows planning efforts to focus on increasingly 

smaller spatial units and locations. In this way, essential information is provided that directly 

reflects the quality of life and immediate activities in urbanized areas, enabling more effective 

orientation towards solving the real problems of local communities in a changing and dynamic 

geography. 

1.2 Aim of the study 

The aim of this study is to create a concept for designing and developing a spatial model 

that will allow scientifically based morphological differentiation and zoning of urban areas for 

the purpose of certain aspects of urban planning, through the integrated application of modern 

geo-information solutions. The aim of the study includes testing the spatial digital model in two 

predefined application areas: 

 

1) Creating a model to reflect urban morphology in the study and mapping of the urban 

surface heat island effect. 

 

2) Development and application of a model for the assessment of the photovoltaic potential 

of roof structures in the urban space of Sofia, by considering the differential influence of urban 

morphology. 
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1.3 Object of the study 

The object of the study is the urban morphology. Due to the broad scope of the issues 

with which the term urban morphology is associated, it is necessary to specify that the object 

of study are those aspects of urban morphology related to the assessment and differentiation of 

the form and spatial configuration of the hybrid geosystems within the urban space of Sofia. 

Sofia, as the capital of Bulgaria, represents one of the most dynamically developing 

cities in the country with diverse challenges and opportunities in the field of urbanization and 

planning. 

The urban morphology of the Lyulin residential area was chosen as the focal object of 

the study due to its specific urban structure and its importance in the context of Sofia's urban 

planning. 

1.4 Subject of the study 

The subject of the research is the modeling of urban morphology for specific aspects of the 

urban planning. The focus of this study includes geoinformation technologies as tools that 

enable the collection of data with sufficiently good temporal and spatial resolution, aiding the 

processes of modeling the morphological aspects in urban spaces. 

1.5 Research tasks 

To achieve the main objective of the study, the following important tasks are defined: 

Å To formulate a concept for the creation of an integrated geo-information model to account 

for the effect of urban morphology on the planning and management processes of urban areas. 

Å To develop an algorithm for providing adequate geodata for the spatial and functional 

characterization of the specifics of urban morphology. 

Å To create a functional GIS for the model area. 

Å To prepare and apply specialized algorithms for analyzing and modeling the collected 

geodata regarding the urban morphology of Sofia, in accordance with the defined model 

application areas relevant to the objectives of this research. 

Å To formulate and present a general concept, based on the results, for the interpretation of 

urban morphology for the purposes of planning and management of Sofia. 
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2. THEORETICAL AND METHODOLOGICAL FOUNDATIONS  

2.1 Urban morphology 

The objective characterization and quantitative parametrization of the geographical and 

functional structure of urban areas is one of the key components of modern urban planning. Of 

major importance in this case are the features of urban morphology, which is associated with 

the detailed study of the form of the urban structure. This encompasses not only the physical 

models of land cover and land use but also the spatial configuration and interactions between 

natural and anthropogenic elements within a given space. 

One of the distinguishing characteristics of cities and urban (urbanized) areas is their 

hybrid character, which reflects the combination of natural and anthropogenic objects and 

geosystems that are expressed in a specific morphology. Urban morphology is the study of 

urban forms as well as the factors and processes responsible for their transformation over time 

(Olivera, V., 2020). Urban form refers to the basic physical elements that structure and shape 

the city. More specifically, it is the study of the formation of the components of the urban 

structure and the relationships between these components that describe their composition and 

configuration over time. These complex phenomena can be analyzed at different spatial scales 

and across disciplinary boundaries. Urban morphology is of interest to many different fields of 

study. Its theoretical aspects are related to urban geography, history, architecture and spatial 

economics. In its applied forms, it is an important component of urban design, but it is also 

relevant to development, urban planning and urbanization. (Chaiaradia. A., 2019) 

2.2 Geospatial data characterizing the urban form  

Nowadays, the data-driven urban morphology is dominant. It focuses on the use of large 

amounts of data in the study of urban form and the spatial combinations of the elements that 

form the structure of the urban territory. 

High-quality geospatial data play a key role in advancing our understanding of urban 

morphology. They are crucial as they provide an accurate and detailed basis for studying the 

physical structure and layout of cities. Such basis allows researchers to map urban form, analyze 

spatial patterns, monitor change over time and support sustainable urban planning. This data is 

essential for making informed decisions about land use, transport and infrastructure, ultimately 

contributing to the development of a more efficient, sustainable and livable urban environment. 

In recent years, studies in the field of 3D modelling of cities and urban areas have been 

gaining popularity. The technological ecosystem for the modelling of the geographic space and 

its components in real 3D is at an extremely high level, covering the whole cycle from acquisition 

to data management and the applications through which this information is used (Dukai et al. 

2020, Gil 2020, Vitalis et al. 2020, Lucks et al. 2021, Noardo et al. 2021, Nys and Billen 2021, 

Santhanavanich and Coors 2021, Virtanen et al. 2021, Wysocki et al. 2021, Biljecki et al. 2021b) 
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3D city models support the representation of both the geometry and the attribute segment 

of objects. For each 3D building, individual surfaces can be augmented with semantic 

information. These city models can be modeled in many ways, based primarily on their method 

of generation. (Labetski, 2022) 

A significant issue in some studies is that a considerable portion of the analysis relies 

on data that is often inaccurate or lacks high resolution or quality. For instance, there may be 

no individual building data available, or only a surface model with coarse spatial resolution or 

low accuracy is accessible (Touchaei and Wang, 2015; Xu et al., 2017; Ren et al., 2020; Li et 

al., 2020; Fibaek et al., 2021; Zhu et al., 2022). In this development, an analysis has been 

conducted that has been refined both in terms of scale (geographical coverage) and in terms of 

detail (individual buildings with precise geometry). 

2.3 Application of geospatial technologies in urban area studies 

In recent decades, technological developments have greatly simplified the collection of 

unprecedented information about the processes that occur in cities. From satellite imagery, 

smartphones and social media to the use of cutting-edge geospatial technologies - all have 

contributed to what is known as the "big data revolution". All of this enables urban planning 

and research professionals to make more informed decisions while unpacking the complexity 

of urban problems (Allam et al. 2022; Christmann and Schinagl 2023). Therefore, if the use of 

technology and data is well planned, it can lead to better decisions, higher quality of life and 

sustainable urban development. (H. Soltanifard et al. 2024) 

In the context of the issues addressed in the study of urban morphology, remote sensing 

is identified as the most suitable method for data collection. Although remote sensing 

technologies have many limitations and can be quite expensive, they are still the most efficient 

way to collect data. (Furjani et al. 2020) Remote sensing plays an important role in the 

construction and development of digital models of cities. Technologies developed for 

reconstructing 3D urban models, such as photogrammetry, LiDAR, satellite, aerial and ground-

based imagery, are increasingly being utilized. However, there are some limitations of remotely 

sensed data in the process of digitizing cities and urban areas, such as part of the territory 

remains invisible (hidden) for the sensors. Therefore, data collection needs to be a complex 

approach of different methods. (Furjani et al. 2020) Observation of such problems is decreasing, 

considering the latest advances in remote sensing and geospatial technologies, as well as 

crowdsourced data. (H. Soltanifard et al. 2024) 

Combining different data collection techniques allows researchers to create 

comprehensive and accurate datasets, facilitating in-depth analyses of urban morphology and 

supporting informed urban planning decisions. 
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3. CONCEPT OF INTEGRATED DIGITAL GEOSPATIAL MODEL OF  

THE URBAN AREA  

The main objective of this study is to create a concept for designing and developing a 

spatial (geographical) model that will allow scientifically based morphological differentiation 

and zoning of urban areas for the purpose of certain aspects of urban planning. This objective 

is based on an approach for the integrated application of geospatial technological solutions that 

allow detailed digital replication of the urban environment and morphology and the creation of 

an information environment for the study of complex problems in its development and 

adaptation to changing geographical conditions. 

A general conceptual framework of the geoinformation model developed within this 

dissertation is formulated and applied in two main stages: 

- The first stage aims to formulate the general methodological and geoinformation 

framework for modelling the main geometric elements of urban space and the nature of 

its morphology. 

- The second stage tests the model, through application, in certain key aspects related 

to spatial development issues of the studied urban space. 

The city of Sofia, and more specifically the residential area of Lyulin, was chosen for 

the modelling of the urban space for several reasons. Sofia as a capital represents one of the 

most dynamically developing cities in the country with diverse challenges and opportunities in 

the field of urbanization and planning. The city exemplifies many urbanization processes that 

are typical of modern metropolises, including intensive construction, expansion of the transport 

network and land use changes. The study of Sofia provides an opportunity to analyses complex 

urbanization patterns that may be useful for other cities with similar characteristics. 

Lyulin residential area was chosen as the focus of the model due to its specific urban 

structure and its importance in the context of Sofia's urban planning. It is the largest residential 

area in the capital, characterized by specific construction and diversity in the types of residential 

buildings. This provides an excellent basis for the study of various aspects of urban morphology 

and their effect on the urban environment and quality of life. 

In the process of collecting information and modelling an urban area of interest, an 

innovative, robust and multifaceted research methodology has been developed that incorporates 

advanced geospatial technologies, statistical analyses and multidisciplinary approaches. The 

combination of these techniques simplifies the collection, processing and analysis of diverse 

spatial information while contributing to the detailed modelling of the structural complexities 

of urban space. 

 

3.1 Spatial modeling of urban areas through aerial photogrammetry and UAS 

For the purposes of this dissertation, a photogrammetric survey has been conducted of 

the entire urbanized area of the Lyulin housing complex. 
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The fixed wing UAV model eBeeX from the American company AgEagle Aerial 

Systems was chosen for the aerial mapping. This type of UAV is the only (at the time of 

writing) certified Class A2 platform that can perform flights over people as well as without 

constant visual contact. S.O.D.A. and S.O.D.A. 3D photogrammetric sensors were used to 

collect the necessary information. The mapping included two identical systems that flew 

simultaneously on different pre-set trajectories so as not to interfere with each other. In this 

way, the UAS was able to cover the area in twice the time compared to the capabilities of a 

single system.  

After completion of the flights, 2562 georeferenced RGB images were collected as 

raw data, which included visual information about the current state of the territory at the 

time of the acquisition.  

Data were processed using Pix4D mapper photogrammetric software. In this process, 

a dense point cloud was created, representing the study area in 3D and consisting of over 

317 000 000 points. A Digital Surface Model (DSM) was also created to represent the height 

of the terrain and any above ground objects such as buildings and vegetation. Using the 

DSM and the individual images, an orthophoto image was also generated, which is a 

georeferenced high spatial resolution aerial image of the study area (Fig. 1). 

 

Fig. 1. (Top) Fragment of detailed 3D point cloud of the study area, obtained after photogrammetric processing 

in Pix4D environment. (Bottom) High spatial resolution digital surface model (DSM) (5cm/px); (High spatial 

resolution orthophoto map (5cm/px) /visualized in software environment - Global Mapper/ 

The UAS used has innovative technology allowing the use of real-time (in-flight) 

kinematics (RTK), which allows the final products to be obtained with horizontal and 
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vertical deviations below 5cm. The results are exported in common formats, with 3D point 

clouds exported in las and .laz, orthophoto image and DSM in tiff.  

3.2 Spatial modelling of urban areas through ground-based laser (LiDAR) scanning  

In order to collect additional detailed information about the specific urban structures 

in the study, LiDAR laser geospatial technologies were also used. LiDAR (Light Detection 

and Ranging) technologies are remote sensing methods that use laser light pulses to measure 

distances and create accurate three-dimensional images of the earth's surface or scanned 

objects. These technologies help to obtain very accurate elevation data, terrain mapping, 

vegetation, buildings and other objects, making them indispensable in fields such as 

geospatial analysis, urban planning, forestry, archaeology, etc. 

A mobile laser scan was used, which can be performed by an expert who carries the 

sensor in his hand or on his back (in a specially adapted backpack), or it can be attached to 

a vehicle. This approach accelerates the data collection process and facilitates the thorough 

exploration of the studied area. The applied mobile ground-based laser scanning method is 

based on SLAM (Simultaneous Localization And Mapping) technology. This is a 

technology used in robotics and mobile systems to simultaneously build a map of an 

unknown environment and determine the position of the system in that environment. 

The scanning area was chosen due to the combination of elements of different types 

of local climatic zones, with the boundaries including - low and wide-area buildings, 

territories sealed with artificial surfaces, densely built-up residential buildings, as well as 

residential buildings with large spaces between them. GeoSlam's Zeb Horizon mobile lidar 

sensor was used to conduct the field survey. 

For faster data collection, the sensor is attached to a vehicle, in this case a car, which 

is used to drive around the area of interest (Fig. 2). The trajectory of the scanning was 

predefined to avoid any areas that would fall into shadow. 

 

Fig. 2. Zeb Horizon mobile lidar sensor attached to the roof of a car. 
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After performing the mobile scan, the collected data was processed in specialized 

lidar data software. A dense and georeferenced point cloud was generated. This point cloud 

represents the three-dimensional geometry of the environment with high accuracy and can 

be exported to spatial data formats suitable for further work in a software environment. The 

resulting point cloud is a collection of more than 127 000 000 3D points representing the 

scanned surfaces in the survey area to which the sensor had a visibility  with horizontal and 

vertical accuracy of less than 5cm/px (Fig. 3). 

 

Fig. 3. Detailed visualization of the scan-generated detailed 3D point cloud. /software environment - 

CloudCompare/ 

3.3 Digital geospatial model and characteristics of its morphology 

As a result of the integrated application of geo-information technology solutions and 

tools, a digital geospatial model of the urban environment of the Lyulin residential area was 

generated, including a digital copy of the urban morphology. The RTK (real-time 

kinematics) functionality results in a very high geolocation accuracy, and the table below 

(Table 1) presents the statistical description of this feature in the model. 

As a result of the processing, three main types of digital geospatial datasets were 

created, which are the basis of the geospatial model: 
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Tab. 1. Statistical information about the accuracy of the model. 

Orthophoto map: one of the main products obtained by photogrammetric data 

processing is a digital orthophoto map of the modelled area. It provides highly accurate 

visual information that is geometrically corrected and scaled to accurately reflect the actual 

sizes and shapes of objects on the Earth's surface. Orthophoto maps have important 

applications in the management and analysis of the urban environment, providing reliable 

data for infrastructure projects, urban analysis, etc. (Fig. 4). 

    

Fig. 4. Digital orthophoto image of the modelled area. 
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Digital surface model (DSM): A digital surface model was generated from the data 

processing, which represents the maximum height at each point in the study area, including 

the geometric features of the land surface and all objects within the urban study area. The 

surface model provides detailed and accurate information on the topography and above-

ground structures, featuring high horizontal and vertical accuracy, which is essential for the 

purpose of the study. Such digital models are the basis for building digital twins that allow 

simulations and visualizations to be carried out to support informed decision-making. (Fig. 

5). 

 

Fig. 5. Digital surface model 

 

3D point cloud: for the purposes of this study and the objective characterization of 

urban morphology, this is the geoinformation resource of greatest importance. It was 

generated in the processing step as a colored, compressed 3D point cloud. Subsequently, the 

same was classified, thus providing the main semantic information about the nature of urban 

morphology in the study by distinguishing four main surface types important for the study 

- sealed surfaces, buildings, tall vegetation and low vegetation. The classification of the 

modelled area is important for the study of morphological differentiation because it allows 

the precise analysis of the different components of the urban environment (Fig. 6). 
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Fig. 6. 3D point cloud of the study area 

4. APPLIED ASPECTS OF THE GEOINFORMATION  MODEL FOR 

THE URBAN ENVIRONMENT AND ITS MORPHOLOGY  

 

For the purpose of this study, the created geo-information model of urban 

morphology is applied in two case studies to demonstrate the possible applications of the 

model. 

The first relates to the study and mapping of the surface urban heat island (SUHI) 

effect, where the objective characterization of urban morphology appears to be of primary 

importance for the spatial and quantitative characteristics of the thermal load of individual 

components of urban space and are determinants of the intensity of the surface urban heat 

island. The developed geoinformation model of urban morphology for the purposes of this 

research has been foundational in the methodology for studying and mapping the SUHI at 

the National University Center for Geospatial Research and Technologies at Sofia 

University "St. Kliment Ohridski." This model has also served as the basis for three 

publications that incorporate various components from the current research. 

The second case study involves the use of the information resources of the 

current geoinformation model in the study of the solar potential of rooftop constructions 

within the modeled territory. The same has been applied in a specific project funded by the 

German Federal Ministry for Economic Affairs and Climate Action.1 

 
1 www.sofia.solarcities.bg 

 

http://www.sofia.solarcities.bg/
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4.1 The research on the effect of urban morphology on the surface Urban Heat Island 

effect (UHI)  

In conceptual terms, the concept of "Urban Heat Island" (UHI) can be broadly 

defined as a localized thermal regime in urbanized areas, characterized by persistently 

higher surface and near-surface air temperatures compared to natural landscapes and open 

spaces surrounding these urban territories. 

When discussing urban heat islands, it is important to note that this phenomenon 

does not refer to a strictly defined and structured occurrence but rather to a complex of 

interrelated manifestations. These manifestations can be classified based on various criteria, 

determined both by the processes that underlie and characterize them and by the methods 

and tools used for their observation and study. 

UHIs are most commonly divided into three main groups: 

Å UHIs defined on the basis of surface temperature (surface UHI). 

Å UHIs determined based on the thermal regime of the subsurface. 

Å UHIs based on atmospheric processes in urbanized and suburbanized spaces. 

In scientific research, there is a consensus that the genesis of the Urban Heat Island  

phenomenon is directly linked to the types of materials used and the established morphology 

of urbanized spaces, shaped by the combination of natural geographical characteristics of 

the area and the implemented urban development models (Allegrini, Carmeliet, 2017). 

Although most previous studies have primarily focused on climatic components and surface 

characteristics, urban morphology actually plays a crucial role in the formation and 

intensification of the UHI effect (Zheng et al., 2018). 

The study is mainly focused on researching the relationship between the surface 

urban heat island and the urban area of Sofia at two scales: 

- For the entire urban area of Sofia 

- For the largest residential area in Sofia - Lyulin 

 

The two studies have been carried out in different periods (Sofia - 2019, Lyulin - 

2023), using different data sets that describe the geometric and semantic elements of urban 

morphology and its role in the objective characterization of the UHI effect. Both studies are 

based on specific methodological foundations that have already been validated and 

published, and both use an information basis for urban morphology developed for the 

purposes of this dissertation. 

Among the main morphological factors playing an important role in the formation 

of UHIs are significantly reduced natural surfaces and the lack of dense vegetation cover, 

which in highly built-up urban areas is usually at the expense of densely located buildings 

or sealed areas. In sparsely urbanised areas, vegetation typically dominates landscapes, 

which in turn allows for more effective regulation of surface temperature regimes through 
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physical influences (e.g. shading) or processes (such as evapotranspiration) that naturally 

reduce heat within the enclosed spaces. 

Intensive urban development is most often associated with an decrease of vegetation, 

intensification of surface "sealing" processes and deterioration of natural drainage 

efficiency, adjustment of natural landscape morphology, and placement of artificial 

structures of different size and geometry. The alteration and modification of natural 

landscapes in the process of urbanisation generally limits the possibilities for keeping urban 

areas cooler, which is also largely due to the fact that built-up areas evaporate significantly 

less water, and this contributes to a further increase in surface and air temperatures. 

The properties of urban materials that shape the morphology of urban spaces, in 

particular their reflectivity, thermal emissivity and thermal capacity have a significant effect 

on the formation and manifestation of UHI. They determine the formation of specific 

thermal regimes in different parts of urban spaces depending on their ability to radiate and 

absorb thermal energy. 

An additional factor influencing urban heat island, especially at night, is urban 

geometry, which refers to the dimensions, configurations and spacing of buildings in urban 

areas. Urban geometry affects air flows, energy absorption and the ability of a surface to 

emit longwave radiation. The influence of urban geometry on urban heat islands is often 

described by the metric "sky view factor" (SVF), or "sky visibility factor", which is the 

visible area of the sky from a given point on the surface. 

Of particular importance in the study of UHI is its intensity and temporal variability. 

The intensity of UHI can be defined as the difference between temperatures of elements in 

urbanized space and surrounding open, sparsely urbanized spaces (Rizwan et. al. 2008). 

In the study, the generated geospatial model is used in several logically connected 

directions - in the development of a comprehensive scheme for 1) Local climate zoning of 

the urban area of Sofia, 2) In the study and mapping of the effect of UHI in Sofia 3) In the 

detailed mapping and assessment of UHI in Lyulin residential area. 

4.1.1 Local Climate Zoning based on land cover and features of urban morphology 

A major problem in urban climate research is the lack of a classification of the urban 

areas in terms of their climatic conditions that adequately reflect the relationship between 

these conditions and the formed urban morphology. Each city is exposed to different local 

climatic factors, distinguished by the specific nature of the environmental morphology, 

making the study of the urban heat island complex and specific to each area. 

A climatic classification for urban areas, represented by "local climate zones" (LCZ) 

for the urban space of the capital city, has been developed and applied. It is based on the 

scheme developed by Oke and Stewart (2012), which has been successfully applied in urban 

areas of different genesis and structure since 2012 and has gradually established itself as a 

leading classification scheme for this kind of research. 

Each LCZ has a characteristic temperature regime, which occurs mostly over dry 

surfaces, on calm and quiet nights, and on terrain with relatively undisturbed topography. 
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There are ten built-up area types (LCZ 1 to LCZ 10) and seven land cover types (classes) 

(LCZ A to LCZ G) (Table 2), and in addition these types may have seasonal or other shorter 

variations in land cover properties. 

Table 2 LCZ types 

The main stages generally involve three research steps: 

1)  Determination of the character of the area based on the geometric characteristics 

of the surface and the objects that are included. This is done on the basis of the digital 

model of urban morphology and the classification of objects, carried out on the basis 

of extraction of information resources from the semantic and geometric 

classification of the compressed 3D cloud of points 

2) Visual representation of the features of the area 

3)   Statistical characterization of the main morphological and other indicators 

obtained by processing the data from the field measurements. 

The approach utilized in this research differs from the original method developed by 

Oke, having been transformed and adapted to meet the specific needs of the study. This 

adaptation takes into account the availability of relevant technological tools that facilitate 

more effective surface temperature measurement using an unmanned aerial vehicle (UAV) 

equipped with an integrated thermal sensor. 

For the purposes of this research, two datasets for surface temperature have been 

utilized, generated through remote sensing methods: satellite data and data from unmanned 

aerial vehicles equipped with thermal sensors. 

Land surface temperature (LST) is defined as the temperature of the uppermost layer 

of the surface (roofs, roads, trees, grass, water, etc.) (Qin, Z., 1999). Land surface 

temperature is a widely used metric in analyzing Surface Urban Heat Island, which refers to 

the heat of the surface layer of the earth because the variable being analyzed is the surface 

temperature, not the air temperature above it (Voogt & Oke, 2003). 

Surface temperature information can be obtained by remote sensing methods 
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because the internal heat of the object of study is converted to radiation and there is a strong 

positive correlation between the internal temperature and the radiant heat flux of the objects. 

Remotely sensed (RS) LST data provide observations over the entire city, and 

therefore represent a unique source of information for detailed study of urban surface heat 

islands and urban microclimate. If the advantage of time-series archives of satellite sensor 

observations is also taken into account, satellite data have enormous potential for studying 

the spatial pattern and dynamics of the thermal environment (Weng, 2009). 

To calculate the Land Surface Temperature (LST) from satellite data, a method 

based on the thermal channels of Landsat 8 has been selected. Upon reviewing the number 

and quality of images captured by Landsat 8 during August 2019, an image from August 12, 

2019, was chosen. This date was selected because the research team was on-site that day, 

conducting surface temperature measurements in certain parts of the study area using 

unmanned aerial vehicles (UAVs). 

It should be noted that surface temperature from satellite data is not measured directly 

but is calculated based on certain mathematical relationships. For the calculation in this case, 

the algorithm for calculating the LST was applied (Avdan, U., 2016) using Landsat 8 imagery 

(Fig. 7). 

Fig. 7. Land surface temperature (ÁC), calculated from Landsat 8 satellite images, of 12.08.2019 /12:09:50 

GMT/. 

To analyze the relationship between the Urban Heat Island Effect (UHI) and urban 

morphology, this study primarily utilized surface temperature data generated from 

unmanned aerial vehicles (UAVs). Two main technological tools were employed, each 
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requiring a distinct approach and methodology.: 

1) For mapping the Urban Heat Island Effect (UHI) in the city of Sofia, a focused 

(point-based) surface temperature measurement tool with a dynamic scale was employed. 

The measurements were conducted using a stratified sampling approach, based on the 

statistical characteristics of individual LCZ. 

2) For mapping the Urban Heat Island Effect (UHI) in the territory of Lyulin, a 

surface thermal mapping approach was employed, integrating thermal imaging with 

photogrammetric cameras. This method enhances the representativeness of the results but 

is significantly more labor-intensive and requires substantial resources for implementation, 

including technological, human, and time investments. 

The actual measurement of the ground temperature for the territory of Sofia based on 

the stratified sample was carried out using the Albris unmanned aerial system of the Swiss 

company Sensefly. The system is an inspecting quadrocopter with 5 sensors and 3 video 

cameras. The system is equipped with an 80x60 pixel thermal camera with a 50-degree angle 

and a fixed measuring point positioned on a 3-axis head (gimbal). The unmanned aerial 

system enables remote thermal imaging and video capture with a dynamically adaptable 

real- time scale (Fig. 8).  

 

Fig. 8. (top) Field measurements of LST using UAS; (bottom) Thermal raster images. 

The months of July and August have been identified as the most suitable period for 

studying the land surface temperature. Due to its climatic characteristics, the period is 

defined as one with the highest average temperature during the year, which is a major 

prerequisite for a strong occurrence of SUHI. Its effect is most intense in the evening hours, 

immediately after active sunshine. Due to the conditions under which the phenomenon is 

most clearly observed, the time interval between 20:00 and 22:00 was chosen for the 
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measurement of the ground surface temperature using the UAS. Thus, in August 2019, a 

phased thermal imaging was carried out on all areas previously designated for this purpose 

using the UAS. The results of these acquisitions are thermal images of the surfaces to which 

the sensor is directed at the time of acquisition. Each of the images carries information about 

the temperature of the surface (Fig. 8). 

Each of the surveyed areas represents a combination of different land cover and 

development types. In order to correctly calculate the surface temperature within each 

thermal study area, temperature measurements of different surface types were made. The 

measured surfaces in each area are divided into four categories: 1. Sealed surfaces; 2. 

Buildings; 3. Vegetation; 4. Water bodies. All of these measurements were used in the 

calculation of the average land surface temperature for each area. In order to properly 

calculate the average temperature for each cell, a formula is used to arithmetically weight 

one variable based on another variable. 

The second study of thermal characteristics was carried out in the summer of 2023, 

for the area of the Lyulin housing complex. It is based on the fact that in recent years there 

has been progress in the design and development of sensors adapted to the UAS, which to 

measure and map LST in much greater detail and high spatial resolution. 

For the field measurements were chosen the warmest days of the second half of July. 

Due to its climatic characteristics, this period is recognized as having the highest average 

temperatures of 2023, which serves as a primary condition for the pronounced 

manifestations of the Urban Heat Island Effect (UHI). Notably, July 2023 was also marked 

as the month with the highest recorded temperatures globally in the history of official 

measurements2. Given these conditions, measurements of surface temperature using 

unmanned aerial vehicles were conducted during the time interval between 20:30 and 22:00. 

This specific timing allows for clearer identification of UHI phenomena due to the thermal 

dynamics of urban environments in the evening hours. Thus, in July 2023, within 4 days 

(11-14.07.23), a phased thermal mapping of all neighborhoods in the residential area of 

Lyulin was made. 

The fixed wing UAV model eBeeX of the American company AgEagle Aerial 

Systems was chosen for the photography. To collect the necessary information, the platform 

was equipped with Duet T thermal sensor, which integrates a combination of a thermal FLIR 

sensor with a photogrammetric S.O.D.A. camera from Sensfly (Fig. 9). 

 

 

 

2 Copernicus MONTHLY CLIMATE BULLETIN;  July 2023, https://climate.copernicus.eu/july-2023-

warmest- month-earths-recent-history 

 

https://climate.copernicus.eu/july-2023-warmest-month-earths-recent-history
https://climate.copernicus.eu/july-2023-warmest-month-earths-recent-history
https://climate.copernicus.eu/july-2023-warmest-month-earths-recent-history
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(Fig. 9) (left)Fixed wing UAS platform eBeeX of the American company AgEagle Aerial Systems; (right) 

Duet T sensor with thermal and photogrammetric sensors. 

Given the short time intervals suitable for collecting the required information and the 

capabilities of the selected UAS, the flights are pre-designed to cover the area of interest 

for a predetermined time interval. For this purpose, four flight blocks were planned for each 

of the days, with each block including no more than 90 min flight time (approximately two 

flights with the selected flying system). Because of the complexity of the urbanized study 

area, three different locations were selected from which to perform the takeoffs and landings 

with the UAS (Fig. 10). 

 
 

Fig. 10. Field work - mapping UHI within the boundaries of Lyulin residential area (13.07.2023 21:10h) 

Due to the technology and method used to collect the LST, a total of about 8561 

images with land surface temperature information were collected over the four days. Each 

of these images is a georeferenced raster image carrying a temperature value for each pixel. 

In the processing steps, a thermal photogrammetry method was applied in the specialized 

Pix4D software. Initially, the thermal data were processed in four separate projects created 

in a software environment due to the different time periods in which the acquisitions were 

performed. For each of the four days, a project was prepared with the parameters of the data 

set and the expected outputs of the process. A thermal index of the captured area was 

calculated, representing a thermal raster map with an improved high spatial resolution based 

on the RGB images captured by the S.O.D.A. sensor (Fig. 11).  
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Fig. 11. Thermal image combined with RGB image for better visualization of the LST. 

 

In addition to the thermal characteristics of LCZs, the characterization of their 

morphology and climatic specificity is also very important, which is done through a set of 

LCZ metadata. These refer to the extraction of key characteristics about the morphology 

and condition of the urban context around a specific study site (Emmanuel MPR, et. al. 

2013). For the purpose of this study, the generated geo-information model of urban 

morphology was used as a basis to determine the location of areas within a specific LCZ 

and to objectively characterize its structure. In addition, other data sources were used, such 

as cadastral data, land use and land cover data, and Google Earth data. These information 

resources should represent the relationship between the morphology of the urban 

environment and the microclimatic conditions. 

Due to the complex and spatially unevenly distributed urban morphology in the city 

of Sofia, it was decided to divide the study area into equal size and shape territorial units - 

cells with sides 250m x 250m. Their total number within the study area is 3299, thus 

achieving uniformity of the scope of the individual units under study. This in turn makes the 

application of geostatistical and spatial interpolation methods more reliable and justified. 

With the results obtained from this analysis, a mapping of the local climatic zones was done 

according to the applied classification (Fig. 12). 
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Fig. 12. Local climate zones in Sofia 

 

4.1.2 Surface UHI within the urbanized area of the city of Sofia  

Application of satellite data 

As a result of the approach described in the previous chapter, digital geospatial data 

layers have been generated that characterize both the land surface temperature at the time of 

capture and the land cover within the city of Sofia and the surrounding area. The main 

problem and disadvantage of this approach is related to the time interval of data capture 

from the satellite. In this case is used the Landsat 8 imagery, which is acquired at noon (local 

time), when the land surface is most heated and there is no information about the surface 

temperature after sunset. This requires improved methods for extracting land surface 

temperature and attempts to integrate other types of remote sensing platforms such as 

unmanned aerial systems. 

Nevertheless, the results of the study based on Landsat 8 data clearly show that 

urbanised areas are characterised by significantly higher surface temperatures compared to 

areas dominated by natural landscapes. It can be clearly established that the lowest surface 

temperatures relate to water bodies and areas with natural vegetation, including green 

spaces, parks and urban gardens, while the highest temperatures relate to bare soil and rock 

and impervious surfaces with different types of industrial, residential and transport land use. 

Areas located in the eastern part of the city, around the airport, are most intensely heated. 

High LST are also measured in the central part, where development is dense, in combination 

with narrow streets and limited inter-building spaces. High temperatures also occur along 
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major roadways and within major road junctions and intersections due to the low reflectivity 

of the asphalt pavement and its significant heat capacity. 

In park zones and natural landscapes in the surrounding areas exhibit significantly 

lower surface temperatures, with differences ranging from 10 to 17 ÁC compared to the 

highest recorded temperature values. Furthermore, it is evident that these green areas have 

a substantial cooling effect on the adjacent urbanized spaces. 

In order to confirm the results described so far, a temperature profile from west to east 

(Fig. 14) was constructed, which tracks the variations in the temperature of the land surface of 

different land cover types within the city. The temperature profile clearly shows the 

significantly higher temperature values for areas with sealed spaces and those with densely 

located tall buildings. The cooling effect of parklands and natural landscapes on adjacent 

urban areas is also clearly visible. The profile also highlights the maximum LST values that 

are noticeable in the airport area (Figure 13). 

 

Fig. 13. Temperature profile of LST 

 

 

 

 



22  

Application of UAS data for  the territory  of Sofia 

Based on the methodology for collecting LST data through stratified sampling from 

the UAS implemented in the summer of 2019 and the local climate zoning described above 

- statistical data for the measured temperature values in each LCZ have been processed and 

extracted. Exceptions are LCZ 3 and LCZ G, which are represented by only one surveyed 

cell each, containing only a single temperature value. Among the 74 surveyed cells, five 

types account for 77.3% of the total area of all examined cells. These types are LCZ 4 (7 

cells), LCZ 5 (15 cells), LCZ 6 (12 cells), LCZ 8 (14 cells), and LCZ D (10 cells). 

The highest mean and median values of LST (25.1C) were recorded in LCZ 9, but 

due to the insignificant relative contribution of the zone (~1.0%) its contribution to the total 

heat load of the city is negligible. On the other hand, the highest maximum values of LST 

(27.9-30.6 C) were observed in LCZ 4 and LCZ 5, which occupy a significant proportion 

(~30%) of the urban area. As expected, the lowest temperatures were measured in the 

'natural' climatic zones (LCZ A - LCZ G). Based on the geostatistical study, specific 

regression relationships have been established (see Fig. 14), which in turn enable more 

reliable results from data interpolation in a GIS environment and greater accuracy in 

determining the spatial extent and specific manifestations of the Urban Heat Island (UHI) 

effect within urbanized areas. The obtained results were used to construct linear regression 

relationships using the least squares method between the areas of the main land use types 

(as independent variables) and the average measured temperatures by land use type (as 

dependent variables). The general conclusions confirm the hypothesis that a higher 

proportion of green spaces correlates with lower measured temperature values, while 

conversely, a greater proportion of built-up and sealed areas is associated with higher 

measured temperatures. 

 

        
 

Fig. 14. Linear regression relationships (left) between green areas and mean measured temperature (right) 

between sealed areas and mean measured temperature. 

Based on the established regression relationships and the spatial distribution of 

measured locations from the stratified sample, a geostatistical interpolation model has been 
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constructed. This model generated a layer representing the spatial distribution of surface 

temperatures for the time interval between 20:00 and 22:00 hours in August 2019. 

The result of the spatial interpolation clearly indicates that a polystructural 

(polycentric) urban heat island has formed within the urbanized area of Sofia. 

These temperature differences primarily characterize the complexity of the Urban 

Heat Island (UHI) effect and represent one of its most important featuresðthe intensity of 

the phenomenon. The intensity of the UHI for each Local Climate Zone (LCZ) objectively 

reflects the strength of the UHI manifestation in a spatial context. Intensity is calculated as 

follows: 

 

ȹTLCZ = X-Y 

 
where ȹT represents the maximum temperature difference calculated as LCZ X ï Y, where 

X is the temperature of a specific Local Climate Zone (LCZ) and Y is the temperature of 

the other LCZs used for comparison. Based on the data obtained from this matrix, a 

statistical surface has been created that represents the intensity of the Urban Heat Island in 

the urbanized area of Sofia (see Fig. 15). 

         

Fig. 15. Map of the average intensity of the UHI in Sofia in August 2019 (20:00-22:00). 
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Within the study, a z-transformation of temperature values was conducted to map 

thermal load in Sofia. The data for temperature values were utilized for a preliminary 

assessment of thermal load (Peck, R., et al. 2012) in Sofia, which can be categorized into 

four stages: very favorable, favorable, less favorable, and very unfavorable. This 

categorization is based on the standardized temperature values derived from the applied z-

transformations according to the following formula: 

z = (x-ɛ)/ů 

where X is the mean temperature of each individual cell, ɛ is the mean temperature of all 

cells, and ů is the standard deviation of the mean LST of all cells. 

Regions with values of z< -1 are characterized by the lowest levels of heat load. 

They cover 16.22% of the urbanized area and include mainly forested areas, areas with grass 

or shrub vegetation and water bodies (LCZ A, LCZ C, LCZ D, LCZ G), as well as low-rise 

areas with yards and gardens, with trees scattered between buildings (LCZ 6). 

The lowest z-score value in this category was recorded in LCZ D (z-score = -2.10). 

Category 4 (very unfavorable) covers 12.16% of the urbanized area and shows the highest 

heat load with a z-score above 1 (areas with a LST higher than the mean by one standard 

deviation). These are areas of high and medium-rise buildings (LCZ 4 and LCZ 5), and large 

low- rise buildings with extensive sealed spaces in between (LCZ 8). Even single cells with 

z-score = 3.11 (LCZ 4) and z-score = 2.24 (LCZ 5) fall into this category. The other two 

categories (2nd and 3rd) cover the largest proportion of urbanized space (71.62%). 

 

4.1.3 Detailed study of the surface UHI within the boundaries of the Lyulin residential 

area (Sofia city) 

 

The data obtained and processed from the thermal imaging in 2023 are presented as 

raster layers with high spatial resolution. The high resolution allows for the investigation of 

urban climate at a micro level, facilitating the identification of temperature variations in 

individual objects as small as several centimeters. Such detailed analysis provides insights 

into the thermal influences of these objects within the urban environment, yielding results 

that are unattainable with other types of data at this stage. 

The generated thermal raster images for the four days clearly indicate that urbanized 

areas exhibit significantly higher surface temperature values compared to regions dominated 

by natural landscapes (see Fig. 16). The same map distinctly shows that the highest surface 

temperatures are associated with sealed surfaces such as parking lots, boulevards, and streets 

within the studied area. In contrast, surfaces that include natural elements like medium and 

tall vegetation, as well as low grass cover, demonstrate significantly lower surface 

temperatures. 
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Fig. 16. Map of the LST within the Lyulin residential area on 11.07.23 between 20:30 and 22:00. 

Unlike the method used in 2019, which involved digitizing various surface types 

only within the examined thermal cells, the study conducted in 2023 provides a 

comprehensive thermal picture for the entire research area. The high level of detail in the 

collected data allows for a significantly more accurate and straightforward digitization of 

different surface types. 

To achieve high-quality digitization of various surface types within the studied area 

for a more comprehensive understanding of the Urban Heat Island (UHI) effect, a method 

for classifying surfaces based on a 3D point cloud was employed. This approach allowed 

for the reliable classification of different surface types in the research area. For statistical 

analysis, the classified point cloud was processed in a GIS environment, categorizing the 

surface types into four categories: grass vegetation, tall vegetation, buildings, and sealed 

surfaces (see Fig. 17). 

 
Fig. 17. Vectorized polygon layer with information on surface types: yellow- grassy; green - medium and tall 

vegetation; orange - buildings; gray - sealed surface. 
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Table 4. Statistical information of mean, standard deviation and median of temperature of different land 

surface types within the four days of measurements. 

To calculate the average temperature across surface types, zonal statistics were 

applied to summarize the thermal raster values within each surface type (Table 4 and Fig. 

18). 

Results clearly show that despite being consistent days and the warmest in the 

selected period, there are differences in mean temperatures for the same surface types. The 

third day, 13.07.23, is identified as the warmest of the four days. The gradual increase in 

surface temperatures during the first two days is impressive, reaching their highest values 

in the evening hours of the third day and their weakening in the evening hours of the fourth 

day, which marks the beginning of the cooling (passing of the heat wave). The graph clearly 

shows the correlation of the highest averaged values for LST with the sealed surfaces, and 

the lowest values found in areas occupied mainly by herbaceous vegetation. 

 

 
 

Fig. 18. Mean LST for the four main surface types. 
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Despite the differences in the mean temperatures measured over the four days, 

similar values in intensity between the different surface types for the individual days can 

easily be ascertained from the results, which in turn makes the data fully applicable to this 

type of study. 

Four surface temperature maps were created to represent the variations in the degree 

of heating of different surface types for each of the four days of mapping. 

Of particular importance in the study of UHI is its intensity and temporal variability. 

UHI intensity can be defined as the difference between the temperatures of elements in 

urbanized space and the surrounding open, sparsely urbanized spaces (Rizwan, A., et. al. 

2008) In order to calculate the intensity of UHI during the days on which the thermal 

mapping was carried out, the surrounding, non-urbanized areas were also measured, to be 

subsequently used as reference values for UHI in the non-urbanized area. Using the thermal 

data within the study area and those collected in the adjacent areas in the GIS environment, 

a UHI intensity was calculated for the Lyulin residential area (Fig. 19) (Appendix 1). 

 

Fig. 19. map of the intensity of the Urban Heat Island (UHI) effect in the Lyulin residential area for the 

period from July 11 to July 14, 2023,. 

The model clearly shows a concentration of high-intensity zones within the central 

part of the city and along the main boulevards, where there is a significant concentration of 

sealed artificial surfaces. During the study period, the surface temperature values in these 

areas reached nearly 16 ÁC higher compared to those outside the urbanized territories. It is 

evident that zones not in close proximity to major boulevards and large sealed surfaces 

exhibit lower magnitudes, with temperature values much closer to those measured outside 
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urban areas (up to 2ï4 ÁC). Transitional zones between areas with low percentages of sealed, 

non-natural surfaces and those with a high proportion of artificial surfaces show surface 

temperatures that are 5ï8 ÁC higher compared to measurements taken outside urbanized 

territories. 

To clearly present some of the morphological characteristics of zones with varying 

intensities of Urban Heat Island (UHI) manifestation, several fragments with a higher level 

of detail and spatial resolution have been created (Fig. 20). 

 

 

 

 

 

ʘ) b) c) 

Fig. 20. UHI intensity in areas with a) predominantly sealed artificial surfaces, b) equal proportion of 

sealed and natural surfaces, c) predominantly natural surface types 

 

The study involved z-transforming temperature values to map the spatial distribution 

of varying degrees of thermal load in the researched area. This process is similar to the 

methodology used in the 2019 UHI study. The results were categorized into four classes 

based on standardized temperature values derived from the applied z-transformations (most 

favorable, favorable, less favorable and most unfavorable) (Appendix 2). 

4.2 Estimation of solar potential for  roof spaces of residential buildings in the Lyulin 

residential area  

 

The second research case study directly addresses another important role of urban 

morphology in exploiting one of the serious resources of the urban environment - roof 

structures and spaces. In the case study, the same geospatial model for the urban morphology 

of Lulin is applied that has been used in researching and mapping the effect of the UHI. 

In recent years, there has been a significant growth in research and increased interest 

in uncovering the renewable energy potential of urban spaces, and particularly the roof 

spaces of residential buildings. This reflects a growing awareness of the need to transition 

to sustainable energy sources (Fakhraian E., et. al. 2021). Advances in technology, 

combined with a greater emphasis on environmental responsibility, have very clearly 

catalysed this trend over the last few years. 

This part of the dissertation adapts and applies a method to assess the photovoltaic 

potential of some of the buildings within the residential area of Lulin district in the city of 

Sofia using geospatial technologies to collect, analyze and visualize spatial information. The 

study area falls in the north-western parts of the urbanized territory of the city of Sofia, 

further away from the Vitosha mountain, which predisposes to receive a greater amount of 
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solar radiation during the year, in contrast to the south-western and southern districts of the 

city, which are located closer or at the foot of the mountain. The Lyulin residential complex 

is the largest residential complex in the capital and the one with the largest population, 

making it a suitable example demonstrating the suitability of the method for estimating the 

theoretical solar potential of roof spaces. Apart from these two reasons, the area of the 

housing complex is also characterised by a high proportion of panel block type apartment 

buildings built in the 1970s. The shape and physical parameters of the roof spaces of these 

buildings suggest a significant potential for solar electricity generation. 

The accuracy and reliability of geospatial data collected on urban morphological 

structures are essential for determining the actual potential of an area. Without precise 

information on building heights, their orientations, and surrounding obstacles (objects), 

estimates of solar radiation are fundamentally flawed. 

A method developed by the ESRI training team was selected and used to assess solar 

potential3 which was further adapted and improved for the purpose of the study. 

As a first step in this analysis, roof boundaries were digitized. A detailed digitization 

of the roof spaces of some of the residential buildings with flat roof surfaces was carried 

out, adding to them some of the kindergartens and schools within the study area. The roof 

spaces of the kindergartens and schools have been added for the reason that they have a 

significant roof spaces that is mostly unused, which has been established after a detailed 

visual inspection of these sites in the geospatial data collected for the area. Given the high 

spatial resolution during the digitization process, vector boundaries for various objects 

associated with or attached to the roof space have also been defined. These include elevator 

shafts, chimneys, pipes, antennas, skylights, air conditioning units, and others. This 

approach allows for these objects to be considered in calculating the theoretical solar 

potential of these spaces. 

In the process of digitization within the studied area, the boundaries of just over 1600 

roof spaces have been vectorized, compared to the official cadastral boundaries of buildings 

in the research district as a reference layer. Additionally, more than 10 000 elements and 

objects that influence solar radiation and the installation of photovoltaic systems have been 

detailed (Figure 21). 

After the detailed digitization of the roof spaces, solar radiation modelling was 

performed, calculating the theoretical solar radiation for each roof area. The model generates 

an upward-directed hemispherical "fisheye" view for each pixel in the digital elevation 

model. These hemispherical views are utilized to compute the illumination for each pixel in 

the raster layer, creating a more accurate map of solar radiation. The model can calculate 

integrated insolation for any time period. It takes into account the latitude and altitude of 

the site, its orientation with respect to the north, shading from surrounding topography and 

objects, daily and seasonal changes in sun angle and atmospheric attenuation (Fu, P., 2000) 

 

3 https://learn.arcgis.com/en/projects/estimate-solar-power-potential/ 
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  Fig. 21. Map of digitized roof spaces within the study area. 

The application of the described solar radiation modelling in ArcGIS Pro using the 

Area Solar Radiation tool used the DSM digital surface model generated by the 

photogrammetric processing, as well as the detailed digitized boundaries of the roof spaces 

as the area in which to perform the calculations. A whole year was defined as the period for 

which solar radiation was to be calculated, with an interval of individual calculations every 

hour, and 16 calculation directions were selected for each pixel. 

After consulting with experts, it was determined that individual sections of the roof 

surface should receive at least 800 kWh/mĮ annually to be considered suitable for solar 

energy generation. Consequently, in the GIS environment, pixel cells with values lower than 

this threshold were removed from the dataset. 

In the process of determining the theoretical solar potential for the selected roof 

spaces, further filtering of the data is necessary using key parameters such as an analysis of 

the slope, as well as an assessment of the aspect of the roofs and of their elements. These 

conditions are critical for identifying the most suitable roofs for photovoltaic (PV) system 

installation. 

The raster layer produced after this additional processing provides valuable 

information on both the most suitable areas and those with high energy potential among the 

selected roof spaces. It includes details on the area of suitable surfaces that meet the 

established criteria. The annual solar potential information for each pixel, along with their 

area data, is utilized to calculate how much solar radiation each roof receives based solely 

on its suitable space. This calculation employs zonal statistics within a GIS environment. 
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In the final stage of assessing the solar potential of the roofs according to the method 

used, the annual solar radiation for each roof was calculated and transformed into theoretical 

electricity produced. The values for each roof were calculated by multiplying the appropriate 

area of each roof by the average solar radiation per square meter, and the values were 

transformed into MWh. 

According to the adapted method in this study for assessing the solar potential of roof 

spaces, the amount of electricity that solar panels can produce depends not only on solar 

radiation but also on the efficiency of the solar panels and the installation's coefficient of 

performance. Based on consultations with experts, the efficiency is set at 22%, while the 

coefficient of performance is 86%. To calculate the amount of electricity (E) that the 

examined roof spaces can produce, the following formula is used: 

 

E = "Usable SR" *  0.22 *  0.86 

 

A map of the theoretical solar potential for the roof spaces of panel-type residential 

buildings in the Lyulin residential area has been created (see Appendix 3). 

The statistical analysis of the results indicates that the total theoretically produced 

electrical energy from the suitable roof spaces of the examined panel-type buildings is 76 

715.35 MWh annually. The maximum calculated electricity for a single roof within the 

studied area is 476.68 MWh, while the minimum is 3.67 MWh. On average, each analyzed 

roof space produces 34.21 MWh per year (Figure 22). The high standard deviation value of 

28.49 in the obtained data clearly indicates the presence of roof spaces with varying solar 

potential. 

Fig. 22. Statistical distribution of theoretically produced electricity within t h e analysed roof spaces 

 

The data obtained have been utilized to visualize the theoretical solar potential of the 

studied roof spaces in different parts of the Lyulin residential area, with the assessment 

conducted at the neighborhood level (see Fig. 23). These analytical results are significantly 

important for renewable energy planning in urban environments, as they provide invaluable 

information regarding the spatial distribution of solar resources within the specified 

geographical region. Evaluating solar potential at the neighborhood level not only allows 

for a detailed understanding of available renewable energy resources but also lays the 
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groundwork for informed decision-making in urban planning and sustainable energy 

development. 

 

Figure 23. Theoretical electricity generated (MWh) by neighbourhoods. 

The calculated average theoretical electricity production from suitable roof spaces 

at the neighborhood level is 6 974.12 MWh annually. The potential across most 

neighborhoods is relatively evenly distributed, slightly above the average value, including 

neighborhoods such as Lyulin 1, 2, 4, 5, 6, 7, and 9. The neighborhood with the highest 

value is Lyulin 3, with 9 204.98 MWh, closely followed by Lyulin 10. In contrast, 

neighborhoods Lyulin 8 and Lyulin Center exhibit lower potential compared to the average, 

with Lyulin Center having the lowest potential at just 2 037.22 MWh. The primary reason 

for this distribution is the size of the suitable area for solar installations. There is a positive 

correlation between the size of the suitable area and the theoretically produced electricity 

over a year, indicating that larger suitable areas can generate more electricity. The calculated 

values reflect only the solar potential of the selected and analyzed roof spaces of panel-type 

residential buildings and do not represent the overall solar potential of the neighborhoods. 

CONCLUSION 

The study applies an innovative approach for our country, related to the analysis of 

the morphological heterogeneity of urban areas, applying some of the most advanced 

geospatial technologies created for this purpose. Geospatial models have been created that 

can be taken into account when planning urban areas and solving important problems in 

them. This type of integrated geospatial model allows a better understanding of complex 

hybrid geosystems, as we can define modern cities. 

A geoinformation base for urban morphology has been created, on the basis of which 

more efficient modelling and analysis of the effect, intensity and spatial configuration of the 

urban surface heat island (SUSI) can be carried out. The approach used is part of a 

comprehensive methodology for such studies that has already been published peer-reviewed 

journals with impact factors. 

A geo-information model of urban morphology is developed and applied in the 

assessment of the solar potential of roof spaces in the residential area of Lyulin. Although it 
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is based on an existing methodology, based on the approaches and methods used, much 

more accurate results have been achieved, with real practical and applicational possibilities. 

The presented results show a significant potential of the investigated roof spaces for the 

installation of photovoltaic systems, which in case of even partial realization will lead to a 

reduction of energy dependence and sustainable development of the area. Improving the 

assessment with the application of UAS data provided more detailed and complex estimates. 

The study clearly demonstrates that the integration of geospatial data and 

technologies into urban management and planning processes is essential for creating and 

maintaining sustainable development. The detailed examples presented prove that experts 

can obtain more accurate and detailed information, which aids in making informed, 

evidence-based decisions. Based on the collected information and the technical capabilities 

of these technologies, it is feasible to create simulations and models of various scenarios 

related to urban morphology and environment. This capability is critically important for 

forecasting future changes and challenges in these areas. 

One of the great advantages of the created geo-information models is the possibility 

to extend and adapt them to other urban areas, which will allow analyses of comparison and 

exchange of best practices for individual cities. 

In conclusion, it can be stated that geospatial technologies play a critical role in 

transforming approaches to smart urban planning. These technologies are essential tools for 

creating more environmentally friendly, healthy, and efficient urban spaces that better meet 

the needs of contemporary society. The current study not only demonstrates the significance 

of geospatial technologies but also offers specific models and methodologies that can be 

practically applied to improve the quality of life in urban areas. The results highlight the 

importance of research and innovation in the field of geospatial technologies and their 

application in urban management and planning. Only through an integrated approach that 

combines modern technologies, multidisciplinary research, and direct public participation 

can sustainable and favorable development of our cities be achieved. 
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CONTRIBUTIONS OF THE SCIENTIFIC RESEARCH : 

 

1. An innovative approach for collecting geodata for the spatial characterization and 

analysis of the morphological differentiation of urban areas has been applied. 

2. A geospatial model of the urban environment has been created using geospatial 

technologies, which can be applied in the zoning and planning of urban areas to 

address important issues within them. 

3. A methodology for modelling and analyzing the effect and intensity of the surface 

urban heat island using UAS has been developed and applied as part of a 

comprehensive methodology developed by a team of authors and published in 

refereed journals with impact factor. 

4. A method for estimating the solar potential of roof spaces has been applied, 

improved and adapted to the country's territory, thus achieving precise results with 

real practical applications. 
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