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 Temperature increase, especially global warming, can be observed depending on various 
factors which led to several severe environmental problems. Urban areas are the most effected 
places by this temperature increase. Urban heat concentration, the so-called heat island effect, 
is high in structural areas. This situation causes human life to be adversely affected. Therefore, 
constant measurement and analyses are required to assess outdoor thermal comfort and 
thermal stress in urban areas. Today, unmanned aerial vehicle (UAV) systems are used as a 
rapid data production technique in Earth observation activities. Thermal cameras integrated 
into UAV systems can monitor the temperature values in urban areas precisely and constantly. 
This study focuses on the potential application of a UAV-mounted thermal camera system at a 
local scale due to its rapid response to surface temperature variables. A thermal camera UAV 
system to measure the energy fluxes and temperatures from the earth’s surface, which are 
integral to understanding landscape processes and responses. Thus, UAV thermal sensors 
were used directly for different land cover types in and around the Faculty of Engineering 
building of Kocaeli University in Türkiye. Derived UAV surface temperatures were compared 
with simultaneously acquired in situ temperature measurements. Simultaneous terrestrial 
temperature measurements were obtained by using TFA ScanTemp 410 model surface 
temperature meter. A high correlation between UAV surface temperatures and terrestrial 
measurements was utilized by Pearson correlation with a 0.94 coefficient. It was concluded 
that the UAV-mounted thermal camera system is a promising tool that has increased 
opportunities to understand surface temperature variability at high spatial and temporal 
resolution. 
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1. Introduction  
 

Increasing impermeable surfaces, destruction of 
forest areas, urbanization and industrialization 
contributed to climate change and global warming. 
Investigating these climate changes and global warming, 
and creating climate models takes an important place in 
the estimation and prevention of future environmental 
damages. The most important soil parameter in these 
scientific studies is the land surface temperature (LST). 
The LST is the most important parameter in calculating 
the energy transfer between the surface and the 
atmosphere [1]. It can be used in scientific studies related 
to evapotranspiration, hydrology, climate change, and 
geothermal energy [2-7].  

Generally, the LST is derived from satellite-based 
thermal infrared (TIR) measurements. Optical remote 

sensing, however, is limited due to high acquisition costs 
[8]. Given recent developments in UAVs, thermal images 
offer the opportunity to measure surfaces in high spatial 
and temporal resolution at a low cost and this has been 
explored in recent years by different disciplines for the 
spatial analysis of surface temperatures [9-15].  

They have been compared and analyzed LST data 
generated by a TIR camera mounted on an UAV and LST 
data from the Landsat 8 satellite for seven specific 
periods. They investigated LSTs in green spaces, 
specifically those of different land cover types in an 
urban park in Korea [10]. Zengin et al. [16] analyzed 
thermal camera images and spatial thermal comfort at 
Ataturk Campus, Türkiye. As a result of the analyzes and 
evaluations, it was emphasized that the use of natural 
herbaceous plants is important in terms of providing 
thermal comfort in urban planning. Gülten and Aksoy 
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[17] was investigated the heat distribution by the 
thermal imaging method in a pilot study area of Elazığ, 
Türkiye. In the study, the thermal behaviors of the 
building, street, roof, and pavement were evaluated by 
making surface temperature measurements to 
investigate the urban heat island (UHI) effect. Yalçıner et 
al. [18] were examined the structural destructions using 
thermal imaging, microwave moisture measurements, 
and building radar systems in the Hagia Sophia Museum, 
Türkiye. In this way, it was determined whether there 
was any deterioration on the walls of the Museum. 
Aerobic stability was evaluated by Ünal et al. [19] with 3 
pieces of 500 kg corn and wheat bale silage each obtained 
from Tekirdag Namık Kemal University application and 
research farm. As a result of the research, it was 
concluded that the thermal camera imaging technique 
can be used as a practical method to evaluate the aerobic 
stability of silages in laboratory conditions. In the study 
conducted by Çamoğlu and Genç [20], water stress was 
determined in green bean plants using spectral reflection 
data and thermal imaging techniques. The researchers 
were concluded that water stress can be better explained 
with thermal indices, especially at the I–100 level, in the 
classification and regression tree analysis on the sample 
data sets.  In the study, it was determined that the 
Structural Independent Pigment Index (SIPI) and 
Normalized Vegetative Change Index (NDVI) from the 
spectral indices, the plant water stress index (CWSIe) 
calculated based on the thermal indices, and the plant 
water stress index (CWSIa) calculated according to the 
artificial reference surfaces were found in green beans. 
They have been suggested to be used in the 
determination of water stress. In the study conducted by 
Küçüktopcu and Cemek [21], heat loss in poultry houses 
was monitored with thermal camera data. As a result of 
the study, it was understood that thermal imaging 
technology can detect the structural problems that cause 
heat losses and gains. It was observed that the most heat 
loss was caused by the gaps in the windows and doors 
which leads to energy loss in buildings. A solution was 
sought for the structural problems that cause heat loss in 
greenhouses by using thermal camera data in Çayli et al. 
[22]. It has been observed that the places where the heat 
loss is the most in the greenhouses are the bottom of the 
doors, the margins, the openings on the edges of the 
ventilation windows, the roof-front wall, and the side 
roof wall junctions of the covering material. In the study 
by Akçay [23], terrestrial photogrammetric analysis was 
performed using multispectral and thermal cameras. 3D 
models were produced using images obtained from 
cameras. Seven control points were used during model 
production. The model was produced in the point cloud 
after the production step. In the study conducted by 
Durgut and Akçay [24], a 3D model of the graphics card 
was created using thermal camera data. As a result of the 
study, it was concluded that thermal photogrammetric 
3D models can be used to detect problems that may occur 
during the production and maintenance of electronic 
products such as computer hardware. In the study 
conducted by Gülci and Akay [25], the locations of 
ecological art structures were evaluated using UAV 
systems and thermal infrared camera data. In the study 

conducted by Wu et al. [26] in the Jiading Campus area of 
Tongji University, the LST was calculated using the 
thermal camera integrated into the UAV. A 
meteorological ground observation station was used for 
control purposes. It has been observed that there is a 
difference between -1.73 and 1.45 Kelvin between the 
surface temperatures obtained from the terrestrial 
observation station and UAV systems. Feng et al. [27] 
calculated the evapotranspiration of various vegetation 
with the thermal data obtained from UAV systems in a 
small part of the city of Nanjing, China. As a result of the 
study, it was observed that high-accuracy 
evapotranspiration values were obtained with the data 
obtained from the thermal UAV on different vegetation 
surfaces. Qin et al. [28] conducted a study in the Beijing 
University Shenzhen campus area, evapotranspiration 
was calculated for different vegetation with images 
obtained by thermal UAV systems and thermal remote 
sensing data. R2=0.95, RMSE=30.33 between 
evapotranspiration obtained from thermal UAV and 
remote sensing systems. They revealed that thermal UAV 
systems can be used in the planning of urban areas as a 
result of statistical analysis. Jiang et al. [29] were taken 
photographs at different angles with thermal UAV and 
UAV systems in Nanjing, China. The relationship between 
the differences between the obtained temperatures and 
the directions of the buildings has been revealed. 

In present study, LSTs of different land cover types 
were investigated and compared with simultaneous in 
situ terrestrial temperatures measured by contact 
thermometers. Surface temperature variability at high 
spatial and temporal resolution was revealed which 
could contribute to decision-making for urban spaces 
and environmental planning in consideration of the 
thermal environment. 

 

2. Method 
 

2.1. Study Area 
 

Kocaeli city is located in Marmara Region and it is one 
of the dense industrial provinces of Türkiye through 
which the D-100 and TEM highways pass through the 
city. It was mainly a production, storage, and transfer 
region for more than 1020 industrial institutions in 
various sectors such as petroleum refineries, automotive, 
chemistry, textile, machine, food, paper, wood, tanning, 
coal, etc. Kocaeli’s climate constitutes a transition 
between the Mediterranean and the Black Sea climate. 
The city center is hot in the summer with low rainfall and 
mainly rainy and sometimes snowy and cold in winter. 
The highest temperature measured in the city center is 
41.6°C, the lowest temperature is -8.7°C, and the average 
annual temperature is 14.8°C. The average annual 
precipitation in Kocaeli exceeds 835 mm. It is the 10th 

most populous city in Türkiye and the 2nd city in terms of 
population density. According to 2021 Turkish Statistical 
Institute (TUIK) data, it has a population of 2.033.441 
people. Kocaeli University has its main campus in the 
borders of Izmit District, in the north-northwest 
direction of the center of Kocaeli Province. It was 
established in 1992 with a campus area of 778,466 m2. 
Within the campus area, there are forest green areas and 
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a lake as well as the buildings belonging to the university 
units. In addition to administrative buildings, there are 
sports facilities and social areas on the campus. The 

Engineering Faculty building in Kocaeli University's 
central campus and its surroundings were defined as the 
test area (Figure 1).  

 

 
Figure 1. The study area. 

 
The study area is centered at 40°49'23.56" N and 

29°55'31.50" E. Instant weather conditions were taken 
into account in the selection of the study area. The flight 
operation was carried out on 20 August 2021 between 
14.00 - 15.30 LT in the afternoon.  

The weather data was additionally obtained from the 
eleven weather stations from Kocaeli districts. Values 
such as temperature, humidity, and wind speed were 
determined as presented in Table 1. 
 
Table 1. Weather data in a period of field measurements. 

SI SN T RH WS SR 
18409 Başiskele 25 55 5.9 96.03 
18410 Darıca 26.5 47 6.5 82.25 
18411 Dilovası 26.6 56 5.8 100.64 
17639 Gebze 25.7 55 5.1 96.38 
17067 Gölcük 28.3 50 3.9 0 
18104 Kandıra 26.7 55 3.6 91.95 
18412 Karamürsel 26.7 46 7.5 92.62 
18413 Kartepe 25 56 3.2 96.04 
17066 Kocaeli 26.7 80 2.6 0 
18414 Körfez 28.5 45 5.1 101.15 
19116 Derince 27.4 44 3.6 98.36 

SI: Station number, SN: Station name, T: Temperature (°C), 
RH: Relative humidty (%), WS: Wind speed (m/s), SR: Solar 
radiation (WH/m2) 
 

2.2. Material  
 

The UAV TIR LST data acquisition process can be 
divided into LST data collection through UAV TIR image 
capture and ortho mosaic matching stage, and a survey of 
ground control points (GCPs) for accurate 
georeferencing of the LST data [30-39].  

Using the Remote Sensing Method to Simulate the 
Land Change in the Year 2030. Evaluation from Rural to 
Urban Scale for the Effect of NDVI-NDBI Indices on Land 
Surface Temperature, in Samsun, Türkiye [40]. The 
assessment of the thermal behavior of an urban park 
surface in a dense urban area for planning decisions. 
Using GIS analysis to assess urban green space in terms 
of accessibility: case study in Kütahya [41]. Determining 
the bioclimatic comfort in Kastamonu City. Sustainability 
of urban coastal area management: A case study on Cide 
[42]. A geographic information systems and remote 
sensing–based approach to assess urban micro-climate 
change and its impact on human health in Bartin, Türkiye 
[43]. The effects of climate on land use/cover: a case 
study in Türkiye by using remote sensing data. 
Investigation of the relationship between bioclimatic 
comfort and land use by using GIS and RS techniques in 
Trabzon. Integrating of settlement area in urban and 
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forest area of Bartin with climatic condition decision for 
managements.  

UAV TIR cameras have lower resolutions compared to 
red, green, and blue (RGB) and multispectral cameras 
and single-band images [26]. This study used the Parrot 
Anafi brand UAV system with the thermal sensor to 
obtain the surface terminal. The characteristics of UAV 
with thermal sensors are given in Table 2. 

The sample points were collected from the field to 
control the surface temperature map obtained from the 
thermal UAV. During the data generation with the UAV 
simultaneous in situ temperature measurements were 
applied with the TFA ScanTemp 410 infrared 
thermometer measuring device (Figure 2 and Figure 3). 

The specifications of the TFA ScanTemp 410 Infrared 
Thermometer surface temperature measuring device are 
given in Table 3. 

 

Table 2. Parrot Anafi model UAV specifications [44]. 
Properties Technical Features 

Weight 315 g 

Maximum flight time 26 minutes 

Maximum horizontal/vertical speed 34 mph / 4 m/s 

Maximum wind resistance 31 mph 

Max working height 4500 m 

Operating temperature -10 ° C with 40 ° C 

Folded size 218x69x64mm 

Sensor CMOS 1 / 2.4 ", 21MP 

HDR 4K UHD, 2.7K and 1080p videos, JPEG photos 

Photo formats JPEG, DNG (RAW) 

Photo modes Single, burst, bracketing, timer, and panorama 

Maximum video sampling rate 100Mbps 

Diaphragm open f / 2,4 

Sensor FLIR Lepton 3.5 microbolometer (radiometric) 

Sensor resolution 160x120 

Spectral band 8-14µm 

Photo format JPEG 

Photo resolution 3264x2448 (4/3) 

Video format MP4 

Video recording resolution 1440x1080, 9fps 

Sensibility ±5% max. (High gain) or ±10% max. (Low gain) 
 

 
Figure 2. Sample points in the study area. 
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Figure 3. Measurement at sample points with the TFA ScanTemp 410 Infrared Thermometer. 

 
Table 3. TFA ScanTemp 410 infrared thermometer surface temperature gauge specifications [45]. 

Properties Technical Features 

Laser temperature measuring range -60°C +500°C 

Laser temperature accuracy ±2°C 

ºC/ºF Ability to choose units Available 

Screen resolution 0,1°C 

Target rate 11:1 

Weight 180 grams 

Dimensions 175 x 39 x 80 m 

Power source 2 pieces AAA batteries 

 

Using the TFA ScanTemp 410 Infrared Thermometer, 
temperature measurements were applied to different 
surface textures in the field. These measurements were 
accepted as ground truth and the temperature values 
obtained from the UAV systems were compared with this 
collected ground in situ database. 
 
2.3. Method 
 

Initially, flight planning was defined to obtain data 
from the thermal UAV. A flight plan was prepared in 
Pix4D Capture software and the flight altitude was 
determined 40 meters. Two different photos were 
obtained with the RGB camera and the thermal camera 
on the Anafi Thermal UAV. During the flight, 562 pictures 
were obtained. In the project, the transverse and 
longitudinal overlap rate was entered as 90%. The 
ground sampling interval is 1.34 centimeters. The 
pictures collected during the flight were stored on the 
memory card of the aircraft in the Joint Photographic 

Expert Group (JPEG) format. The images were 
transferred to the trial version of Pix4D Mapper 
software. The projection of the project was entered as 
UTM Zone 35. The photos were initially matched by 
mounting points throw the images. Approximately 
25000 anchor points are assigned per image. After the 
matching process, the exact coordinates of the 
photographs were calculated. 

In order to create the point cloud, the point cloud 
setting section was used. In this step, the image scale ½ 
was chosen to generate the point cloud. The point density 
was chosen high and the minimum number of image 
matching was chosen as 3. The point cloud is saved in .las, 
.laz, .ply, .xyz formats. As a result of the operations, a total 
of 55503698 points clouds were created (Figure 7). 
Pix4D Mapper software was also used to create the 
orthophoto (Figure 4) and DSM (Figure 5). During the 
orthophoto production, the information from the 
thermal camera was processed and the surface 
temperature map of the area was created (Figure 6). 
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Figure 6 showed that the Engineering Faculty 
building was in the temperature range of 30-40 °C in 
general, and some regions in the roof section have a 

temperature of 40-50 °C. Green areas were in the range 
of 20-30 °C. Additionally, building shadows have the 
lowest temperature ranges between 0-20 °C. 

 

 
Figure 4. Orthophoto. 

 

 
Figure 5. Digital surface model. 
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Figure 6. Surface temperature map of the area. 

 

 
Figure 7. Point cloud. 

 
3. Results  
 

In this study high resolution thermal drone 
measurements were evaluated in different land cover 
types and results indicate that there is a wide variability 
in surface temperature behavior across urban land use 
types. Additionally, the surface temperatures obtained 
from the terrestrial observations and UAV systems were 
compared in order to obtain the performance of UAV 
thermal measurement performances. In order to 
evaluate the accuracy of LST data, nineteen LST control 
points (CP) were selected in the field by considering the 
land cover type of the study area. The data obtained as a 

result of the ground measurements and the data 
obtained from the thermal band are given in Table 4. 

The measurement was observed in front of Kocaeli 
University Engineering Faculty Building on different 
textures such as key cobblestone, wood, plastic material 
covered area, and marble area. As a result of the 
measurements obtained, the differences were examined. 
The graph of the differences was shown in Figure 8 and 
Figure 9. It was observed in Table 4 that the difference 
between values was mostly low and changed between -
0.7 to 0.9 °C. There is only one location that indicates a 
high difference with 5.6 °C due to its location. The flights 
in this study were obtained from the nadir view. 
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Therefore, terrestrial measurements coincide to the 
shadow of any object regions such as building or tree 
provides higher differences. In this study this 
measurement was deliberately obtained to represent 
these differences. 

When the points on the soil areas as key cobblestone 
and marble floor classes are examined, there was not an 
important difference between the local measurement 
and the temperature values obtained from the UAV 
systems. So, when averages of different surfaces are 
examined for ground measurement, surface 
temperatures are low in soil areas, while on other 
surfaces, they are found to be approximately 34,5 °C. 
While surface temperatures are expected to be low in 
green areas, at some points the surface temperature is 
high. This is due to the different surface coverings within 
the green area surface class. For example, green grass, 
dry vegetation etc. An average of the data obtained using 
thermal band is shown to produce results similar to a 
ground measurement. 

The correlation between the temperatures obtained 
by the Terrestrial measurement method and the Thermal 
band was shown in Figure 8. 

In Figure 9, triangle, circle, and square shapes were 
used according to the land use types of the points. Gray 
square-shaped areas indicate green areas. Blue triangles 
show land areas. Yellow triangles show key 
cobblestones. The dot with the red square indicates the 
marble area. The regression line between the points was 
presented in red. There is a positive correlation between 
the terrestrial measurement and the temperature values 
obtained from the thermal band. The correlation 
coefficient between them was 0.94. This value indicates 

that there is a high degree of correlation between 
ground-based and UAV-based measurements. 

 
Table 4. Obtained data and differences between. 

TS SN GM TB D 

Green Area 

1 32,0 37,6 -5,6 

2 25,3 25,5 -0,2 

3 37,2 37,3 -0,1 

4 38,8 38,0 0,8 

Soil Area 
5 31,3 31,8 -0,5 

6 27,7 27,4 0,3 

Paving Stone Area 

7 35,0 35,1 -0,1 

8 36,3 36,4 -0,1 

9 35,2 35,9 -0,7 

10 35,2 35,6 -0,4 

11 37,0 36,2 0,8 

12 33,2 33,5 -0,3 

13 26,0 25,1 0,9 

14 36,5 36,8 -0,3 

15 36,2 35,9 0,3 

16 33,6 33,2 0,4 

17 35,5 35,3 0,2 

18 32,3 32,1 0,2 

Marble Ground 19 35,0 34,5 0,5 

TS: Texture Surface, SN: Sample Number, GM: Ground 
Measurement Value (°C), TB: Thermal Band Value (°C), D: 
Difference (°C) 

 
 

 
Figure 8. Differences between two different temperature measurements. 
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Figure 9. Correlation graph between the temperatures obtained by terrestrial measurement and thermal method. 

 
4. Discussion and Conclusion  
 

The main objectives of this study were to apply drone 
imagery to capture land surface temperature variability 
for different surface materials. A thermal camera-
integrated UAV system was utilized in this study to 
evaluate urban surface temperatures. A surface 
temperature map of approximately 4 ha within the 
Kocaeli University campus area was monitored. Thermal 
behaviors of different land surface texture were 
investigated in the study region. A wide variability 
between temperature behavior across land use types 
was obtained. The results indicate that LSTs in different 
land cover types provide different thermal behaviors 
such as paving stone area and marble ground 
temperature were much higher than different vegetation 
surface types and soil area. This result can lead to the 
temperatures of different surface textures in urban areas 
can be easily distinguished by using UAV data. 

Additionally, the results indicate that there is a high 
correlation between UAV-based surface temperatures 
and simultaneous terrestrial temperature 
measurements by Pearson correlation with a 0.94 
coefficient. There is a difference between -0.7 and 0.9 
degrees between the surface temperatures obtained 
from the terrestrial observation station and UAV 
systems.  

UAVs can cover large areas very quickly, and they can 
be equipped with tools that can generate RGB, thermal or 
3D images. In local areas, UAV systems that can produce 
fast and instant data compared to the alternative 
methods. Although UAV systems are fast and instant data 
generation technique, the most important disadvantage 
is that they are quickly affected by signal jammers and air 
conditions such as wind velocity and rain. Especially in 
city areas, attention should be paid to the UAV during the 
flight. UAVs can crash due to signal jammers. Since the 
widespread use of unmanned aerial vehicles is relatively 
new, legislation related to commercial and recreational 
use, is still catching up.  Despite the disadvantages, it is a 
technology that can find wide application in many fields. 
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