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 Thermal infrared (TIR), frequently used in remote sensing studies, allows the analysis, 
modeling, collection, and evaluation of environmental parameters. Land surface temperature 
(LST) algorithms are used to detect urban heat islands and, accordingly, to identify concrete 
indicators of global warming resulting from urban heat islands. In this study, the land surface 
temperature change in agricultural land use where greenhouses occupy a dense area was 
determined in a time-dependent manner. To provide a suitable growing environment for the 
development of plants in greenhouses, the environment inside the greenhouse is kept warmer 
than its surroundings, especially in the winter. The investigation of the effect of this internal 
temperature on the external surface temperature constituted the motivation for this study. For 
this purpose, the determination and analysis of the land surface temperature change were 
carried out in the relevant region. The study material consists of agricultural fields containing 
greenhouses in the Kumluca district of Antalya province obtained from Landsat 8 satellite 
images between 2013-2019. LST analyzes were performed on images taken at 3-year intervals, 
and the results were compared. The results demonstrated that the surface temperatures of the 
greenhouses increased by about 1°C in the relevant period. Moreover, similar temperature 
increases were observed in other land cover classes. As a result, it has been concluded that 
while the surface temperatures of the greenhouses were generally lower than the building 
surface temperatures, they were higher than the green cover surface temperatures. 

 
 

 
1. Introduction  

 

 Land surface temperature (LST) is of fundamental 
importance for ecological and climatic studies (Liu and 
Wang 2018). LST values are an important indicator for 
monitoring vegetation condition, and evaluating 
ecological demands of agricultural areas in line with the 
information obtained from them (Rashid et al. 2021). 
LST measurements made with remote sensing can 
provide a wealth of regional and global data based on a 
variety of available temporal and spatial resolutions 
available (Yu et al. 2018).  With the use of data in 
agricultural areas, information about the plant's 
existence, diversity, and health can be obtained 
(Ardahanlıoğlu et al. 2017; Maroni et al. 2021; Selim et 
al. 2022).  

 In addition, the land surface temperature increase 
also affects the relevant region's air temperature (Yang 
et al. 2021). An area covered with vegetation has a 
lower surface temperature than the surrounding 
artificial structures since it can absorb radiation from 

the sun (Deng et al. 2018; Tan et al. 2021). Similarly, 
agricultural products grown in open fields have a 
cooling effect on the air temperature of that region 
(Aram et al. 2019; Karakuş and Selim 2022; Yu et al. 
2020). However, this situation differs in indoor 
agricultural applications, namely in greenhouses (Kim et 
al. 2022). Greenhouses play an essential role in 
producing high-yield foods, as they control various 
climatic parameters such as temperature, humidity, CO2 
concentration, and light (Amani et al. 2021). 
Temperature of the greenhouses are critical to growing 
quality crops and increasing yield, especially during the 
off-season (Tang et al. 2020). Materials used for 
greenhouse covers, such as glass, nylon, and the like, are 
expected to keep the internal temperature balanced by 
preventing heat loss inside (Papadakis et al. 2000). In 
order to provide a suitable growing environment for 
four seasons in the greenhouse interior, artificial 
heating and cooling are often necessary. Furthermore, 
due to economic reasons and to ensure optimum energy 
use, greenhouse cover materials are expected to interact 
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well with solar radiation (Kim et al. 2018). In addition, 
they should be in a structure that allows the sun's 
radiation to pass through and be capable of trapping the 
heat inside (Teitel et al. 2019; Yan et al. 2020). In this 
context, it has been expected that the surrounding land 
cover surface temperature is likely to be different from 
the greenhouse surface temperature. 

Current technological developments in remote 
sensing and Geographical Information Systems (GIS) 
make it possible to determine the surface temperatures 
of the land cover with LST analyses (Çoşlu et al. 2021). 
This technology is an important source of data for 
possible applications such as monitoring the relevant 
region's Spatio-temporal land surface temperature 
changes (Shen et al. 2020) and planning residential 
(Ardahanlıoğlu et al. 2020) and agricultural areas 
(Ghosh et al. 2019). This study aims to monitor the 
temporal variation of land surface temperatures of 
greenhouse areas, to determine the variations in these 
temperatures, and to evaluate their relationship with 
the surrounding land uses in Kumluca district, which is 
one of the important greenhouse cultivation centers of 
Antalya and even Turkey. Between 2013 and 2019, the 
change in surface temperature in greenhouses in the 
study area and adjacent land covers at 3-year intervals 
was analyzed with remote sensing and GIS technologies. 
It is anticipated that the results obtained can guide local 
and central governments in the planning of greenhouses 
and their surroundings. 
 

2. Method 
 

The study consists of the primary stages of 
obtaining data, performing data preprocessing, 
performing LST analyses, and finally interpreting the 
findings. The main material of the study is the sample 
area in Antalya province Kumluca district where 
greenhouses are densely located. 

 

2.1. Study area 
 

The study area is located in the southwest of Turkey 
at 36°19'56.65"N and 30°18'1.54"E coordinates (Fig. 1).  
The surface coverage of the greenhouses within the 
relevant land boundaries is mainly made of plastic 
material. Greenhouses are built adjacent to each other, 
with an average width of 5-10 m and various lengths, 
which can reach up to 200 m in length. 

 

 
Figure 1. Aerial photograph of the study area 

 
 

2.2. Data sets 
 

The basic data set of the study consists of Landsat 8 
Operational Land Imager (OLI) and Thermal Infrared 
Sensor (TIRS) satellite images of December for the years 
of 2013-2016 and 2019. For LST analysis, Band 4 (Red) 
and Band 5 (Near Infrared) with 30 m spatial resolution 
and Band 10 (Thermal Infrared 1) with 100 m spatial 
resolution of Landsat 8 were used.  

 

2.2.1. Pre-processing and LST analysis 
 

Satellite images covering the study area for the 
relevant years were obtained from the official and free 
website of USGS Earth Explorer 
(https://earthexplorer.usgs.gov/). Atmospheric 
corrections were performed using QGIS software to 
remove the images’ noise. Then, the LST analysis, whose 
6-step formula is given below, was carried out in ArcGIS 
10.4.1 software using Landsat 8’s red (Band 4), near-
infrared (Band 5), and thermal bands (Band 10). 

 

Calculation of TOA (Top of Atmosrefic) (1) 
 

TOA(L): ML * Qcal + AL 
 

Convert radiance into BT in Celcius (2) 
 

-273.15 
 

Calculation of NDVI (3) 
 

 
 

Calculation of proportion of vegetation (4) 
 

PV= Square ((NDVI-NDVIMIN) / (NDVIMAX-NDVIMIN)) 
 

Calculation of emissivity (5) 
 

ɛ= 0.004 * PV + 0.986 
 

Calculation of LST (6) 
 

LST = (BT/ (1+(0.00115 * BT /1.4388) * Ln(ɛ))) 

 
QCAL= Corresponds to Thermal Band 

 
K1= Band specific thermal conversion constant 1 (774,8853) 
K2= Band specific thermal conversion constant 2 (1321.0789) 
L = TOA 
 

Following these processes, on the LST maps, points 
are assigned randomly to the areas of greenhouses and 
its surroundings. Then, the obtained LST value of 
corresponding to each point were carried over to the 
table. In this context, the temperature values on the 
greenhouse surface and the land surfaces adjacent to 
the greenhouses were evaluated in line with the 
international literature and suggestions were 
developed. 
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3. Results  
 

In this study carried out in Kumluca/Antalya, which 
has a very dense land use cover in terms of 
greenhouses, the difference between the surface 
temperatures of the greenhouse surfaces and other land 
covers and the time-dependent variation of the 
temperatures of these surfaces were determined. LST 
maps produced for the years 2013, 2016, 2019 confirm 
that the surface temperatures differ spatio-temporally 
(Fig. 2). 
 

 
 

Figure 2. LST Maps of the relevant years 
 

According to the findings obtained from the 2013 
LST values, the average greenhouse surface 
temperature is 14.98 °C. In the same year, the average 
surface temperature for green areas is 13.15 °C, water is 
16.00 °C, the building is 15.01 °C, and non-vegetation is 
17.40 °C. In 2016, it was observed that the average 
greenhouse surface temperature decreased to 13.62 °C. 
Similarly, there was a temperature decrease in other 
land covers except for the water surface. In 2019, the 
average surface temperature of greenhouses increased 
significantly and reached 15.94 °C. Likewise, the mean 
surface temperatures increased for all other land 
covers. The data for 2019 shows that the highest surface 
temperature is in non-vegetation, which is followed by 
water, building, greenhouse and vegetation cover 
surfaces, respectively. According to the findings, in 
2013, the highest surface temperature was measured at 
17.80 °C in non-vegetation areas. Similarly, the highest 
value was measured again in non-vegetation in 2019.  

However, in 2016, it was obtained from the water 
surface. In all three years, the lowest temperature 
values were measured in green areas. On the other 
hand, water surface temperature was found to be the 
highest in all three years compared to other land cover 
classes. 
 

4. Discussion and Conclusion 
 

For the relevant years, the surface temperature 
values in the greenhouses increased by about 1 °C 
depending on the micro climatic conditions. This surface 
temperature increase was similarly measured in other 
land covers. As seen in Table 1, all land cover surface 
temperatures partially decreased in 2016 but increased 
in 2019, depending on the micro climatic climate data. 

  
Table 1. Average LST values of land covers 

Land_cover_type LST_2013 LST_2016 LST_2019 

Ave. water temperature (C°) 16.00 16.17 17.01 

Ave. non_vegetation temperature (C°) 17.40 15.54 17.18 

Ave. building temperature (C°) 15.01 12.91 16.56 

Ave. vegetation temperature (C°)  13.15 12.82 14.31 

Ave. temperature of greenhouses (C°) 14.98 13,62 15.94 

 
 

 

In parallel with the related studies in the literature, 
the green areas showed a cooling effect on the surface 
temperatures (Song et al. 2018). The same situation was 
partially observed on water surfaces (Yang et al. 2021). 
Although greenhouses are artificial structures like 
buildings, their external surface temperatures were 
measured 1-2 °C higher than the buildings surface 
temperatures due to their internal temperature values 
(Saberian, and Sajadiye, 2019). On the other hand, the 
reason why the surface temperature values of 
greenhouses are lower than the surface temperature 
value of non-vegetation areas is thought to be due to the 
fact that greenhouses absorb some of the radiation and 
reflect the radiation less (Bonachela et al. 2020). It is 
also estimated that the increase in the surface 
temperature in greenhouses is due to global warming 
and micro climatic events (Haque et al. 2019), like the 
increase in other land cover surface temperatures. 
 

Acknowledgement 
 

We would like to state our appreciation to Akdeniz 
University, the Institute of Natural and Applied Sciences, 
Remote Sensing and Geographic Information Systems 
Department for the contribution of the means of 
production and the data.  

 

References  
 

Amani, M., Foroushani, S., Sultan, M., & Bahrami, M. 
(2020). Comprehensive review on dehumidification 
strategies for agricultural greenhouse applications. 
Applied Thermal Engineering, 181, 115979. 

Aram, F., García, E. H., Solgi, E., & Mansournia, S. (2019). 
Urban green space cooling effect in cities. Heliyon, 
5(4), e01339. 

Ardahanlıoğlu, Z. R., Karakuş N., Selim S., Çinar, İ. ve 
Türkkan, H. R. (2017). Kentsel Tarım Alanlarının CBS 
Teknolojileri Kullanılarak Dağılımının 



5th Intercontinental Geoinformation Days (IGD) – 14-15 December 2022 – NIGMT Foundation, New Delhi, India 

 

152 
 

Değerlendirilmesi Seydikemer Örneği. Fen, 
Matematik, Mühendislik ve Doğa Bilimleri 
Araştirmalari, Publisher: Çizgi Kitabevi Yayınları, 1, 
198-205 

Ardahanlıoğlu, Z. R., Selim, S., Karakuş, N., & Çınar, İ. 
(2020). GIS-based approach to determine suitable 
settlement areas compatible with the natural 
environment. Journal of Environmental Science and 
Management 23-1: 71-82 

Bonachela, S., López, J. C., Hernández, J., Granados, M. R., 
Magán, J. J., Cabrera-Corral, F. J., ... & Baille, A. (2020). 
How mulching and canopy architecture interact in 
trapping solar radiation inside a Mediterranean 
greenhouse. Agricultural and Forest Meteorology, 
294, 108132. 

Çoşlu, M., Karakuş, N., Selim, S., Sönmez, N.K. (2021). 
Evaluation of the Relationship Between Land Use 
and Land Surface Temperature in Manavgat Sub-
Basin. Planning, Design and Management in 
Landscape Architecture, Altuntaş A., Editor, Iksad 
International Publishers, Ankara, pp.3-34, 2021 

Deng, Y., Wang, S., Bai, X., Tian, Y., Wu, L., Xiao, J., ... & 
Qian, Q. (2018). Relationship among land surface 
temperature and LUCC, NDVI in typical karst area. 
Scientific reports, 8(1), 1-12. 

Ghosh, S., Chatterjee, N. D., & Dinda, S. (2019). Relation 
between urban biophysical composition and 
dynamics of land surface temperature in the Kolkata 
metropolitan area: a GIS and statistical based 
analysis for sustainable planning. Modeling Earth 
Systems and Environment, 5(1), 307-329. 

Haque, U., Da Silva, P. F., Devoli, G., Pilz, J., Zhao, B., 
Khaloua, A., ... & Glass, G. E. (2019). The human cost 
of global warming: Deadly landslides and their 
triggers (1995–2014). Science of the Total 
Environment, 682, 673-684. 

Karakuş, N., & Selim, S. (2022). Dış Mekân Termal 
Konfor Koşullarının Zamansal ve Mekânsal Dağılımı: 
Konyaaltı-Antalya Örneği. Mehmet Akif Ersoy 
Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 13(2), 
259-269. 

Kim, H. K., Kang, G. C., Moon, J. P., Lee, T. S., & Oh, S. S. 
(2018). Estimation of thermal performance and heat 
loss in plastic greenhouses with and without thermal 
curtains. Energies, 11(3), 578. 

Kim, H. K., Lee, S. Y., Kwon, J. K., & Kim, Y. H. (2022). 
Evaluating the effect of cover materials on 
greenhouse microclimates and thermal performance. 
Agronomy, 12(1), 143. 

Liu, Y., Peng, J., & Wang, Y. (2018). Efficiency of 
landscape metrics characterizing urban land surface 
temperature. Landscape and Urban Planning, 180, 
36-53. 

Maroni, D., Cardoso, G. T., Neckel, A., Maculan, L. S., 
Oliveira, M. L., Bodah, E. T., ... & Santosh, M. (2021). 
Land surface temperature and vegetation index as a 
proxy to microclimate. Journal of Environmental 
Chemical Engineering, 9(4), 105796. 

Nugraha, A. S. A., Gunawan, T., & Kamal, M. (2019). 
Comparison of Land Surface Temperature Derived 
from Landsat 7 ETM+ and Landsat 8 OLI/TIRS for 
Drought Monitoring. In IOP Conference Series: Earth 
and Environmental Science, 313(1), p. 012041. 

Papadakis, G., Briassoulis, D., Mugnozza, G. S., Vox, G., 
Feuilloley, P., & Stoffers, J. A. (2000). Review Paper 
(SE—Structures and Environment): Radiometric and 
thermal properties of, and testing methods for, 
greenhouse covering materials. Journal of 
Agricultural Engineering Research, 77(1), 7-38. 

Rashid, K. J., Hoque, M., Esha, T. A., Rahman, M., & Paul, 
A. (2021). Spatiotemporal changes of vegetation and 
land surface temperature in the refugee camps and 
its surrounding areas of Bangladesh after the 
Rohingya influx from Myanmar. Environment, 
Development and Sustainability, 23(3), 3562-3577.  

Saberian, A., & Sajadiye, S. M. (2019). The effect of 
dynamic solar heat load on the greenhouse 
microclimate using CFD simulation. Renewable 
Energy, 138, 722-737. 

Selim, S., Sönmez, N.K., Çoşlu, M. (2022). The Effect of 
Temporal Variation in Land Surface Temperature on 
Land Cover Classes and Agricultural Areas. Recent 
Studies in Planning and Design, Iksad International 
Publishing, 183-207. 

Shen, Y., Shen, H., Cheng, Q., & Zhang, L. (2020). 
Generating comparable and fine-scale time series of 
summer land surface temperature for thermal 
environment monitoring. IEEE Journal of Selected 
Topics in Applied Earth Observations and Remote 
Sensing, 14, 2136-2147. 

Song, Z., Li, R., Qiu, R., Liu, S., Tan, C., Li, Q., ... & Ma, M. 
(2018). Global land surface temperature influenced 
by vegetation cover and PM2. 5 from 2001 to 2016. 
Remote Sensing, 10(12), 2034. 

Tan, X., Sun, X., Huang, C., Yuan, Y., & Hou, D. (2021). 
Comparison of cooling effect between green space 
and water body. Sustainable Cities and Society, 67, 
102711. 

Tang, Y., Ma, X., Li, M., & Wang, Y. (2020). The effect of 
temperature and light on strawberry production in a 
solar greenhouse. Solar Energy, 195, 318-328. 

Teitel, M., Barak, M., & Antler, A. (2009). Effect of cyclic 
heating and a thermal screen on the nocturnal heat 
loss and microclimate of a greenhouse. Biosystems 
engineering, 102(2), 162-170. 

Yan, S. R., Fazilati, M. A., Samani, N., Ghasemi, H. R., 
Toghraie, D., Nguyen, Q., & Karimipour, A. (2020). 
Energy efficiency optimization of the waste heat 
recovery system with embedded phase change 
materials in greenhouses: a thermo-economic-
environmental study. Journal of Energy Storage, 30, 
101445. 

Yang, J., Ren, J., Sun, D., Xiao, X., Xia, J. C., Jin, C., & Li, X. 
(2021). Understanding land surface temperature 
impact factors based on local climate zones. 
Sustainable Cities and Society, 69, 102818. 

Yu, Y., Y. Liu, and P. Yu. (2018). Land surface 
temperature product development for JPSS and 
GOES-R missions. Comprehensive Remote Sensing, 5, 
284-303. 

Yu, Z., Yang, G., Zuo, S., Jørgensen, G., Koga, M., & Vejre, 
H. (2020). Critical review on the cooling effect of 
urban blue-green space: A threshold-size 
perspective. Urban Forestry & Urban Greening, 49, 
126630

 


