
 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

GeoTerrace-2024-093 
 

Remote sensing analysis of Krakow's urbanization and green space 

evolution (1993-2023) 
 

*L. Hebryn Baidy (University of Cambridge), O. Zheleznyak, S. Alpert (National Aviation 

University) 
 

SUMMARY 

 
 

Intensive global urbanization has many positive effects on human prosperity and well-being. 

However, this rapid urban growth also makes cities a major factor in climate change, as they become 

the primary source of greenhouse gas emissions. Consequently, urban areas produce 70% of global 

CO2 emissions, leading to higher surface temperatures and the urban heat island effect. This urban 

expansion often replaces natural landscapes, further increasing heat in city centres. Urban green 

spaces, especially dense and viable broad-leaved trees, play an extremely important role in mitigating 

climate change and specifically in curbing urban temperatures. Therefore, understanding the 

characteristics of urban green spaces, such as amount and density, location, and identification of plant 

types and species, is critical for urban planning and human health.  

 

The primary objective of this study is to significantly enhance the accuracy of land use and land cover 

classification, with a particular emphasis on urban green areas. This will be achieved through the 

integration of multispectral space imagery with principal components analysis and the textural 

features it identifies. The advancement in classification accuracy is critical for conducting a 

comprehensive temporal analysis and monitoring of changes in the land use and land cover of 

Krakow, Poland, driven by urbanization. Achieving this goal is of immense importance, as it will 

provide a more precise and nuanced understanding of urban development and environmental changes. 

The study highlights the significant urbanization of Krakow from 1993 to 2023, with the most notable 

change being the transition from Grassland to Urban areas. 

 

Keywords: land use and land cover, change detection, principal components analysis, machine 

learning. 
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Introduction 

 

Intensive global urbanization has many positive effects on human prosperity and well-being. 

However, this rapid urban growth also makes cities a major factor in climate change, as they 

become the primary source of greenhouse gas emissions. Consequently, urban areas produce 70% 

of global CO2 emissions, leading to higher surface temperatures and the Urban Heat Island effect 

(IPCC, 2023). This urban expansion often replaces natural landscapes, further increasing heat in 

city centres. Urban green spaces, especially dense and viable broad-leaved trees, play an extremely 

important role in mitigating climate change and specifically in curbing urban temperatures (Belenok 

et al., 2023). Therefore, understanding the characteristics of urban green spaces, such as amount 

and density, location, and identification of plant types and species, is critical for urban planning and 

human health.  

 

The utilization of freely available data from various satellite systems, such as MODIS, Landsat, 

Sentinel, and Planet, characterized by different spatial resolutions, facilitates effective monitoring of 

urban green spaces at multiple levels, ranging from local to regional. This capability is significantly 

enhanced by cloud platforms like Google Earth Engine (GEE), which provide a robust environment 

for processing large volumes of data (Xiao et al., 2022). By leveraging these platforms in combination 

with high-precision machine learning methods, urban green spaces can be mapped based on their 

density and types, utilizing their spectral and textural features.  

 

Specifically, the application of vegetation indices serves as a well-established and powerful tool for 

obtaining both quantitative and qualitative information about the state of urban green spaces (Huerta 

et al., 2021). Moreover, the inclusion of Principal Components Analysis (PCA) by many researchers 

has been shown to improve the accuracy of land cover classification (Chen et al., 2020). This 

improvement is further amplified when gray-level co-occurrence matrix (GLCM) textural features and 

vegetation indices are incorporated alongside spectral bands, thereby significantly enhancing the 

accuracy of tree species classification (Zhang et al., 2017). The study demonstrates that the integration 

of spatial and textural information surpasses the performance of using spectral reflectance data alone 

in classifying tree conditions, with the highest accuracy being achieved through the exclusive use of 

GLCM textural features (Mohammadpour et al., 2022).  

 

The primary objective of this study is to significantly enhance the accuracy of land use and land cover 

(LULC) classification, with a particular emphasis on urban green areas. This will be achieved through 

the integration of multispectral space imagery with PCA and the textural features it identifies. The 

advancement in classification accuracy is critical for conducting a comprehensive temporal analysis 

and monitoring of changes in the LULC of Krakow, Poland, driven by urbanization. Achieving this 

goal is of immense importance, as it will provide a more precise and nuanced understanding of urban 

development and environmental changes. 

 

Method 

 

The study was conducted in Krakow, the second largest city in southern Poland, which serves as a 

cultural, academic, and tourist center. Covering a total area of 327 km² and population of 

approximately 782 thousand people, which continues to grow, Krakow faces significant challenges 

common to other developing cities. These challenges include substantial air pollution, urban sprawl, 

residential development, and a reduction in green space (Zięba-Kulawik and Wężyk, 2022). 

 

To achieve the objective, this study utilized Planet Scope satellite images with a spatial resolution of 3 

meters, specifically the Planet Scope Ortho Scene Product, which represents surface characteristics as 

Surface Reflectance. This product includes eight bands: Coastal Blue, Blue, Green 1, Green, Yellow, 

Red, RedEdge, and Near-Infrared (NIR). Planet Scope data were used to obtain 2023 LULC maps, 

while Landsat 5 data were used for the 1993 LULC classification. After obtaining the primary product 

- images, the data was uploaded to the GEE cloud platform for further thematic processing. A 

Random Forest classifier with 100 trees was employed for classification purposes. 
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During the selection of the most effective combination of input parameters, it was found that the 

integration of PCA and calculated GLCM textural features yielded the highest accuracy in identifying 

various land cover objects. The application of PCA highlighted the most significant data features, 

aiding in distinguishing different land cover types. GLCM was used to analyze pixel brightness 

pairings in the image space. Combined with spectral bands, derivative GLCM textural characteristics 

were included: Variance (var) for pixel dispersion, Mean (savg) for average texture value, Inverse 

Difference Moment (idm) for local homogeneity, Contrast for intensity differences, Dissimilarity 

(diss) for pixel differences, Entropy (ent) for texture randomness, Angular Second Moment (asm) for 

texture uniformity, and Correlation (corr) for pixel correlation (Mohammadpour et al., 2022). 

 

The accuracy of the classification results was assessed using parameters such as the Confusion 

Matrix, Overall Accuracy, Consumer's Accuracy, Producer's Accuracy, and the Kappa Statistic. 

Change detection analysis quantified the changes in different LULC areas. 

 

Results 

 

The classification process based on the proposed combination successfully identified the main types 

of LULC such as Water, Conifers, Deciduous, Grassland, Urban, and Bare lands (Fig.1,2). These 

types most effectively represent the prevailing land cover in the city, highlighting the importance and 

accuracy of the proposed method.  

 

  
Figure 1. LULC map obtained by RF algorithm from Planet data, 2023. 

 

 
Figure 2. LULC map obtained by RF algorithm from Landsat 5 data, 1993. 

 

The comparison of LULC classification accuracy for Krakow between 2023 and 1993 is shown that 

the OA in 2023 was 91.73%, higher than the 83.15% in 1993. Similarly, the Kappa coefficient was 

also higher in 2023 at 89.99% compared to 79.73% in 1993. For specific land cover types, the 
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accuracy for water surfaces remained very high in both years, achieving 100% in 2023 and 96.15% in 

1993. Conifers accuracy was perfect in 1993 at 100%, slightly decreasing to 98.25% in 2023. 

Deciduous accuracy saw a significant decline from 94.12% in 1993 to 78.16% in 2023. Grassland 

accuracy improved dramatically from 80% in 1993 to 96% in 2023. Urban areas also showed 

significant improvement, with accuracy increasing from 57.78% in 1993 to 95.12% in 2023. Bare 

land accuracy slightly improved from 89.83% in 1993 to 91.07% in 2023. These results highlight the 

overall improvement in classification accuracy and the Kappa coefficient in 2023, indicating more 

reliable classification results. The use of textural elements in the 2023 classification significantly 

enhanced the accuracy for types such as Grassland and Urban areas. The combination of spectral 

bands and textural characteristics notably improved the classification effectiveness for most surface 

types in 2023. Despite the overall improvements, the decline in accuracy for Deciduous cover in 2023 

suggests the need for further research and optimization of classification methods. 

 

 
Figure 3. Change detection analysis between 1993 and 2023 

 

Table 1. Quantitative changes in LULC areas over 30 years 

Years 
LULC area, m2 

Water Conifers Deciduous Grassland Urban Bare lands 

1993 4630500 29058300 25715700 103479300 97522200 66875400 

2023 5320838 15551860 49481602 63133474 161792103 36135792 

 

According to the change detection analysis, which is clearly shown in the Figure 3 and data in Table 

1, large-scale urbanization in Krakow from 1993 to 2023 is evident. The most significant change 

observed is the increase in Urban areas, especially the transition from Grasslands to Urban areas, 

which covers the largest territory. This shift from Grasslands to Urban areas is the most visible 

change, reflecting significant urbanization and the loss of Grasslands over the past three decades. 

Other transitions favouring urban growth include changes from Bare lands and Deciduous areas to 

Urban areas. However, some LULC types, such as Conifers and Water bodies, have remained 

relatively stable, indicating minimal change in these areas. 
 
Conclusions 

 

The study highlights the significant urbanization of Krakow from 1993 to 2023, with the most notable 

change being the transition from Grassland to Urban areas. Integrating multispectral imagery with 

PCA and GLCM texture features significantly improved the accuracy of LULC classification, 

increasing the overall accuracy from 83.15% in 1993 to 91.73% in 2023. The spatial resolution of 

Landsat 5 in 1993 may have limited its ability to capture the textural and spectral characteristics of 

some LULC types. Despite some LULC types, such as Conifers trees and Water bodies, remaining 

stable, further research is needed to enhance classification methods, particularly for Deciduous cover, 

which had the lowest accuracy. Urban green spaces, especially dense broadleaf trees, play a crucial 
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role in mitigating climate change, underscoring the importance of accurate mapping for sustainable 

urban planning. 
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