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SUMMARY 

Urban expansion alters land surfaces and local climate. Therefore, it is essential to assess the 
impact of urbanisation on microclimate regulation. In this work, we assessed the land surface 
temperature (LST) in a neighbourhood located in Vilnius (Jeruzale), Lithuania, using a 
thermal unmanned aerial vehicle to map microclimate regulation using LST and a proxy. The 
thermal images were validated with ground temperature measurements of different land uses 
(urban, grassland, and forest). The results showed that the model validation was accurate 
(adjusted R2= 0.941; RMSE: 1.522) considering all the land uses. The validation was better 
in urban surfaces (adjusted R2= 0.992; RMSE: 0.409) than in forested areas (adjusted R2= 
0.520; RMSE: 2.187). Urbanised areas had a reduced capacity to regulate the microclimate 
compared to forested areas. Also, it creates a heterogeneous mosaic in temperature 
distribution. There were significant differences between microclimate regulation among land 
uses. UAV and ground-measured temperatures were significantly higher in urban areas than 
in forested ones. 
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Introduction 
 
The rapid growth of urban areas poses important challenges to climate change and environmental 
sustainability, as highlighted by the United Nations’ 2030 Agenda for Sustainable Development 
(United Nations, 2015). Urbanisation alters natural landscapes and changes local climate, mainly 
through the urban heat island (UHI) effect, where cities become warmer than the surrounding rural 
areas. This affects energy consumption, air pollution, and human health (Ke et al., 2021). Managing 
urban areas is, therefore, essential for mitigating climate change impacts and improving urban 
resilience (Vurro & Carlucci, 2024). Urbanisation increases impervious surfaces such as concrete, 
disrupting surfaces, increasing heat retention (Marando et al., 2019) and reducing the ecosystems' 
capacity to supply services. Microclimate can also be affected by including elements such as building 
morphology (Joshi et al., 2024), height (Erlwein, Zölch & Pauleit, 2021), the ratio between courtyard 
width and building height (Lin & Gui, 2025), and vegetation types and distribution (Xiao and Yuizono, 
2022). Understanding how different land uses (e.g., urban, forest, and grassland) affect microclimate 
regulation is essential because they can negatively affect human health. To address these challenges, 
high-resolution thermal imaging from unmanned aerial vehicles (UAVs) offers a powerful tool for 
assessing microclimate regulation (Zhao et al., 2017;). This study aims to map and assess microclimate 
regulation in Jeruzalė, a neighbourhood in Vilnius, Lithuania, using land surface temperature as a 
proxy.   
 
Materials and Methods  
 
Study area 
 
Jeruzalė is a neighbourhood located in Vilnius (Verkiai eldership) (Figure 1). Vilnius has a humid 
continental climate (Dfb), no dry season and warm summers (Beck et al., 2018). The study area 
includes classic Soviet-style high-rise building areas west of Kalvarius Street and a predominantly 
forested area on the eastern side.  
 
Data collection and analysis 
 
Pereira et al. (2024) developed the method applied in this work. The method includes steps: (1) UAV 
mission planning, (2) field data collection for method validation, (3) RGB and thermal mission 
reconstruction, (4) statistical data validation. A UAV mission was conducted on July 17, 2024, with a 
thermal camera (DJI Mavic Enterprise 3T). The weather condition observed during the mission flight 
was partially clouded. Field data for ground temperature validation was collected during the UAV 
mission using a MESTEK Digital Infrared Thermometer Pyrometer Laser with K-Probe, with data 
registered on a mobile app created using the Mergin Maps mobile app and associated services1. A total 
of 30 validation points, 10 per land use (urban, grassland and forest), were selected for thermal image 
data validation (Figure 1, right). Values from the thermal image were then extracted with the Point 
sampling tool in QGIS (v3.34.8LTR)2. Collected and sampled data were converted to a CSV file for 
statistical analysis. The thermal data was validated using a Spearman correlation coefficient, a linear 
regression (R2), root mean square error (RMSE), standardised residuals and a Q-Q plot. Significant 
correlations were considered at a p<0.05. A Kruskal-Wallis ANOVA test was conducted to assess 
significant differences among land uses. If significant differences were found (p<0.05), a Dunn's post 
hoc test was applied. All statistical analyses were conducted in JASP. 0.19.1. (Apple Silicon)3.   

 
1 www.merginmaps.com 
2 www.qgis.org  
3 https://jasp-stats.org  

http://www.merginmaps.com/
http://www.qgis.org/
https://jasp-stats.org/


Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

 

 
 
Figure 1 Location of the study site related to the city of Vilnius and location of validation points. 
 
Results and discussion 
 
The regression results were very good, with the linear regression model showing a good fit (adjusted 
R2 = 0.943) and an RMSE of 1.522 ºC (Figure 2a). The standardised residuals followed the normal 
distribution (Figure 2b). This shows that the thermal images are highly reliable and can accurately 
measure microclimate regulation. Nevertheless, different results are obtained when we assess the 
regressions according to the different land uses. For instance, the predictions are better in the urban 
area (adjusted R2= 0.992; RMSE: 0.409) than in the other land uses, especially forest, where the 
adjusted R2 (0.520) and RMSE (2.187) were low (Table 1). The reduced predictions in the forest are 
related to the shadow effect. The UAV measured the temperatures above the tree canopy, and ground 
measures were conducted under the three canopies. This may induce differences, explaining the 
previously observed low R2 and high RMSE (Pereira et al., 2024). Overall, the thermal image 
validation was good and can be used to assess microclimate regulation in urban areas located in boreal 
environments.      
 

 
 
Figure 2 (a) Regression model between UAV surface temperature and Ground surface temperature, 
(b) standardised residuals and Q-Q plot. The red line corresponds to the linear regression. The black 
dotted line corresponds to the 1:1 line. 
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Table 1 Regression results are based on the different land uses' different validation points. 
Land use R R² Adjusted R² RMSE (ºC) 
Urban (N=10) 0.996 0.993 0.992 0.409 
Grassland (N=10) 0.914 0.836 0.815 1.305 
Forest (N=10) 0.757 0.573 0.520 2.187 

 
Figure 3 shows the microclimate regulation of the studied area, and as expected, the urban areas have 
a lower capacity (high LST) than the forest (low LST). The temperature difference is very high, and 
the negative temperatures observed are attributed to the reflectance of some roof materials, as observed 
previously in a nearby area (Pereira et al., 2024). The lowest microclimate regulation was identified in 
the areas with the highest urban density and the lowest in the areas with high forest density. Overall, 
urbanisation can create a complex mosaic of temperature distribution due to the composition of the 
different materials that retain heat at different levels. This has important implications for the local 
climate.    

 
Figure 3 UAV thermal image (left) with surface temperature from 2024.07.17. Histogram of the 
thermal image with main statistics (right). 
 
The Kruskal-Wallis ANOVA showed significant differences in the data measured using the thermal 
UAV (Figure 4a) and ground temperature (Figure 4b). In both cases, urban surfaces had significantly 
higher temperatures (low microclimate regulation) than forest areas (high climate regulation). Previous 
works (Pereira et al., 2024) confirmed this.    
 

 
Figure 4 Boxplots for each variable (a. UAV surface temperature, b. Ground surface temperature). 
Different letters below the boxplots show significant differences among land use types (p<0.05). The 
line inside the boxes represents the median, the lower fence is the 1st quartile, the upper fence is the 
3rd quartile, the hanging bars are the standard error, and the dots are the outliers.  
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Conclusions 
 
The thermal image collected in this work was validated with high accuracy, especially on urban 
surfaces. Therefore, the thermal UAV can measure LST and assess microclimate regulation. The 
validation was high on urban surfaces and low in forested areas. Urbanisation creates a heterogeneous 
mosaic of temperatures with important implications for LST and microclimate regulation. As was 
expected, Forested areas had a higher microclimate regulation capacity than urban areas. Assessing 
the capacity of the different land uses to regulate the microclimate is key for local authorities to assess 
the vulnerability to heat waves and climate change effects. 
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