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ABSTRACT: 

Very-high-resolution thermal infrared data has a good potential to detect and monitor LST variations in urban areas. In this work, an 

attempt was made to estimate Land Surface Temperature (LST) from very high resolution (VHR) data using machine learning 

technics in an area of Botanical garden of Yerevan, Armenia; UAV-derived and in-situ measured high precision LST of various land 

cover (LC) patterns were then compared for September and October. The main purpose of this study was to explore the capabilities 

of UAV imagery (multispectral/TIR) in assessing LST of the different LC patterns. For this purpose, a UAV survey was performed, 

and VHR data were collected using multispectral and TIR thermal camera while in-situ measurements of temperature and surveying 

of the different LC patterns were performed. A significant correlation was detected between LSTs in situ measured and detected by 

UAV in 06 September (r=0.758; p-value <0.01) and in 27 October (r=0.686; p-value <0.01). When comparing the LSTs of separate 

land-cover patterns the best results were received for Bare soils (r=0.591; p-value <0.05) and Concrete (r=0.927; p-value <0.01) 

when the survey and measurements was done in September. Despite its limitations, it can be stated that UAV thermal survey has a 

good potential to detect and monitor LST variations in urban areas.  

2. INTRODUCTION

The thermal stress in urban areas remains one of the main 

environmental concerns (Santamouris et al, 2014, Liu et al, 

2020). It affects urban ecological processes and urban resident’s 

health and physical comfort (Li et al, 2022, Sodoudi et al, 

2018). While people can not manage and control urban climate 

in large scale, they can improve urban microclimate by planning 

urban areas and green infrastructure (parks and other green 

areas). Microclimate is a small-scale climate of near-surface 

area which is affected by various features of the underlying 

surface (Shi et al, 2016, Ooka, 2007).     

Urban green increases the ability of cities to adapt to climate 

change by mitigating the effects of the urban heat island (UHI) 

and therefore heat stress on people (Rahman et al, 2022, Sun et 

al, 2017). City parks are the main spot for urban residents for 

recreation and activities like sport, walking with pets, a place 

for children to play and relax etc.  So, comfort of parks - 

microclimate is one of the main factors of quality of recreation 

and an important condition when urban residents choose the 

parks (Bowler et al, 2010, Li et al, 2021).  

All these facts point out the importance of urban studies and, in 

particular, the importance of studying factors determining the 

comfort of urban environments for residents.  

The use of UAVs for urban studies is a considerable advantage, 

due to spatial, temporal and spectral capabilities of UAV 

platforms. The capability to derive very high-resolution images 

and fly on demand integrating multiple sensors make UAVs an 

important tool for studies in urban areas (Norzailawati Mohd 

Noor et al 2018, Isibue et al, 2020, Wu et al, 2022).  

One of the main factors affecting urban climate including urban 

microclimate is land surface temperature. Land surface 

temperature is the heat exchange between earth and the 

atmosphere. Land surface temperature (LST) highly influence  

on the formation of this phenomenon and behaves differently 

based on the various land-cover patterns (Song et al, 2020, Silva 

et al, 2018, Elachi et al, 2021, Imran et al, 2021).  

A high spatiotemporal resolution thermal infrared data provided 

by an unmanned aerial vehicle (UAV) is a key component when 

studying the variations of land surface temperature (LST) of 

different surface types (Feng et al, 2020, Tepanosyan et al, 

2021). 

In this study an attempt was performed to compare UAV and in 

situ derived high precision LST of various land cover patterns in 

an area of Botanical garden of Yerevan (Armenia). For this 

purpose, high resolution UAV survey was performed and 

imagery data set was collected using UAV TIR thermal camera 

and in situ measurements of the different land cover patterns 

were performed.  

3. MATERIALS AND METHODS

3.1 Study site 

The study was conducted in the Botanical Garden of Yerevan 

(Latitude 40.1666, Longitude 44.5166, 1200 m a.s.l.). Yerevan 

is the capital city of Armenia with an area of approximately 

223km2 and 1.1 million inhabitants, which represents the 36% 

of the total population and the 56% of urban population. 

Yerevan lies on a plain on the edge of the Ararat Valley at 

altitudes of 860–1.400 m. It has a dry continental climate. 

Summers are long, hot and dry, with average air temperatures 

between 22.10C and 25.4 0C. The absolute maximums of air 

temperature registered in July are between 40 0C and 43 0C 

(Tepanosyan et al, 2021). The Botanical Garden is one of the 

main recreational areas and a key element of urban green 

infrastructure of Yerevan. It covers 80 ha (Kazaryan 1939). 

UAV and in situ measurements were performed on 6th Sept and 

27th Oct. 2022 at noon in a 25-ha area of the garden where 
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different land cover patterns can be distinguished easily as 

follow: (i) asphalt, (ii) concrete areas; (iii) bare soils; (iv) grass 

covers and lawns; (v) trees.  

3.2 UAV survey 

 

UAV surveys were performed on 6th September 2022 and 27th 

Oct 2022 at noon, when the influence of shadow is minimal 

according to the highest solar attitude. Flight altitude was 100 

m. The imaging site overlap ratio was set to 70% and front 

overlap ratio was set to 80%.  

September and October of 2022 in Yerevan were characterized 

with high air temperatures. The maximum air temperatures were 

registered correspondingly 390C as and 320C in September and 

October. So, it was an attempt to capture LST in this season for 

the further compare with the summer ones. Both days were 

clear with no cloud. 

LST were captured using Zenmuse XT camera mounted on a 

rigid suspension on the body of the DJI Matrice 200 V2 UAV 

(Table 1). UAV surveys started at 12:00 and lasts 30-45 mins. 

Flight altitudes were 100m and the image overlapping ratio was 

set at 80%. The captured images were processed in DJI Thermal 

Analysis Tool 3 and LST was calculated using the Pix4D 

program.  

Supervised classification was used for determination of 

different land cover areas. Classification was performed in 

ArcGIS Pro using Segmentation and Classification toolset.  

 

Item Descripton 

Name Zenmuse XT S 

Weight 387 g 

Thermal Imager Uncooled Vox 

Microbolometer 

Lens Focus  19 mm 

Radiometric thermal 

camera resolution 

640*512 pixels 

Spectral Band  8-14 µm 

Operating Temperature -200 to 500 

Spatial resolution 17 mkm 

Accuracy +/-0.10 

Name DJI Matrice 200 V2 

Transmission Range Range 3-8 Km 

Maximum Flight Time  38 min 

Operating Temperature -40 to 1220 

Wind resistance 12m/s 

GNSS GPS+GLONASS 

FOV Horizontal: 600, Vertical: 540 

 

Table 1. Specifications of infrared thermometer and UAV 

 

3.3 In situ measurements 

In total 91 points were measured, where 56 points were 

measured on 6 September and 35 points on 27 October. For 

each land cover type the points are distributed as follow: (i) 

asphalt (n=17), (ii) concrete areas (n=16); (iii) bare soils (n=29); 

(iv) grass covers and lawns (n=14); (v) trees (n=15). Fig. 1 

shows the view of the measurements. 

The in-situ measurements of the temperatures were performed 

using Dual laser infrared thermometer (accuracy: ± 2.50C, 

emissivity: 0.96). 

The measurements were performed three times in each point 

and the average value was calculated to fix the LST of the point 

(Fig. 2). 

 

 
Figure 1. The distribution of the measurement points among the 

landcover patterns 

 

 

 
a. 

 

 
b. 

Figure 2. Facilities and fieldworks in Yerevan Botanical garden: a) in 

situ measurements b) UAV survey  
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3.4 Comparison between UAV-derived and in-situ-

measured LST. 

The UAV derived LST were compared with the in-situ 

measured LSTs to verify the accuracy using Pearson correlation 

analysis (Linderman, 1980).  

In order to study and assess the LST of different components of 

botanical garden LC patterns, supervised classification of UAV 

multispectral VIS_NIR imagery was carried out using a Support 

Vector Machine (SVM) (Mountrakis et al, 2011) classifier. The 

SVM algorithm is a nonlinear generalization of the Generalized 

Portrait algorithm (Vapnik and Lerner, 1963). The advantage of 

SVM is the ability to learn data classification patterns with 

balances accuracy and reproducibility. The SVM decision 

function is, more precisely, an optimal “hyperplane” that serves 

to separate/classify observations belonging to one class from 

another based-on patterns of information about these 

observations, called features. This hyperplane can then be used 

to determine the most likely label for the unseen data. The 

process of training the SVM decision function comes down to 

identifying a reproducible hyperplane that maximizes the 

distance/margin between the support vectors of both class 

labels. The optimal hyperplane is the one that "maximizes the 

difference" between classes (Pisner et al, 2020). 

The data was typically split into training and testing datasets 

using a similar cross-validation approach. For training dataset, 

about 60 polygons (segments) were selected for each class.  

Cross-validation rate achieved 0.73 (model accuracy which is 

based on leave-one-out cross-validation, or LOOCV, method). 

As a result, 10 LC patterns were separated as in Fig 3. 

 

4.  RESULTS AND DISCUSSION 

Fig 4 shows the UAV TIR-derived LST images. The picture 

shows the slight difference between the LSTs registered on 6 

September and 27 October. When analyzing the in-situ 

measured LST, the highest LST was registered for bare soil 

class (53.20C on September 6th and 20.840C on October 27th). 

The lowest LST was registered for grass and lawn class 

(29.020C in September and 10.640C in October). The LST 

characteristics of each LC pattern derived from UAV images 

show that the highest value was registered again for the bare 

soil class (47.50C in September and 25.030C in October). 

However, the lowest LST was registered for trees (29.920C and 

17.6 0C September and in October correspondingly).  

The correlation analysis was conducted for in-situ measured and 

UAV-derived LST for the whole studied area as well as for the 

different LC patterns. Fig. 5 shows a significant correlation 

between LSTs measured in situ and detected by UAV on 

September 06th (r=0.758; p-value <0.01) and on October 27th 

(r=0.686; p-value <0.01). Fig. 6 shows the best results obtained 

for the various LC patterns, where best results were attained for 

bare soil (r=0.591; p-value <0.05) and concrete (r=0.927; p-

value <0.01).  

It is noteworthy that the significant correlation for the separate 

land cover patterns was detected for the measurements made in 

September. Unfortunately, the state is not the same for October. 

Though the existing significant correlation, expected and 

revealed between in situ measured and UAV sensed LST of all 

land cover patterns, no significant correlation is detected for the 

different land cover types such as trees, grass and lawns and 

asphalt (See Fig. 7). The reason might be the number of in situ 

measurements, which was less than those in September.  

Table 2 shows the mean LSTs for different land covers for 

October 27th. As seen from Table, lowest mean LST was 

observed for Vegetation and Shadow LC patterns (16.8 C and 

14.1 C). The LSTs of concrete and asphalt are relatively high. 

However, unlike other urban ecosystems, the Botanic Garden 

ecosystem is characterized by not too high temperature of 

asphalted areas and the difference between the temperatures 

recorded for asphalt areas and green areas is not large (around 

60C) between, which may due to the excessive presence of 

green spaces.  

There are similar studies implemented in different geographical 

conditions. According to Koppen and Geiger climate 

classification Yerevan classified as BSk climate type, which is 

characterized as cold semi-arid, with annual precipitation of 357 

mm (Kottek et al. 2006). Climate of South Korean Changwon 

City classified as Cfa, warm and temperate climate with 1307 

mm annual precipitation. In this case LST of vegetated land 

covers is lower than LST of concrete, asphalt and bare soil and 

the asphalt LST is the highest (Song et al, 2020).  

In the study of Naughton and McDonald two different study 

areas were observed; in Milwaukee, Wisconsin and in El Paso, 

Texas with climate types Dfa (humid continental, 870 mm of 

annual precipitation) and BWk (cold desert climate, with 221 

mm annual precipitation) correspondingly. The results of this 

study indicate, that gray surfaces (asphalt, concrete etc) keep 

more sun heat due to high emissivity and as a result these 

surfaces typically have the highest LST (Naughton and 

McDonald, 2019). Thus, Land surface variability is significant 

and ranged between (3.9–15.8 °C) for common land use types.   

     

 

Figure 3. Land cover patterns in the Botanical garden of 

Yerevan, Armenia generated by SVM pixel-wise classification 

results using UАV VIS _NIR data for October 27, 2022. 
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Figure 4. UAV TIR LST derived in (1) September and (2) 

October 

 

 

 

Figure 5. The correlation between in situ measured and 

remotely sensed LST: a) in 06 September; b) in 27 October 

 

 

Figure. 6 The correlation between in situ measured (Sept 06) 

and remotely sensed LST for the separate land-cover patterns: 

a) concrete and b) bare soils 

 

 

 

Figure. 6 The correlation between in situ measured (Sept 06) 

and remotely sensed LST for the separate land-cover patterns: 

a) trees b) grass and lawns c) asphalt 
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Table 2. Statistical descriptive of LST derived for different LC 

patterns (October 27) 

 

5. CONCLUSION 

Despite the limitations found in this study, such as the scarce 

number of in-situ measurements in the October campaign, a 

good correlation has been found between UAV- derived and in-

situ measured LST. Also, the reliability of the LST results of the 

various LC obtained by the SVM model should be noted. This 

allowed to discover the spatial changes of the relation between 

the Botanic Garden LC patterns and the LST. It can be stated 

that VHR UAV-based thermal surveying has a good potential to 

detect and monitor LST variations in urban areas. Nevertheless, 

it is also clear that the study should be continued, increasing the 

quantity of the in-situ measurements and expanding the study 

period including summer months: June, July and August, when 

the highest temperatures used to be registered. The alternate to 

the in-situ measurements by the infrared thermometer is the set 

of the data loggers, which will provide continuous in situ data 

series serving an excellent base for the further verification of the 

accuracy of the UAV LSTs.   
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