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ARTICLE INFO ABSTRACT

Given the significance of urban heat islands, this study examines Sari
City's thermal comfort classification and the Urban Thermal Field
Received: 14 June 2024 Variance Index (UTFVI). After obtaining eleven years of Landsat 8
Revised: 29 December 2024 satellite imagery, the urban area's thermal variance index was extracted
based on land surface temperature (LST) and mean temperature, and
thermal comfort was classified accordingly. The results showed that the
lowest recorded average surface temperature in Sari City was 30.1 °C on
August 8, 2013, while the highest recorded average temperature was
40.62 °C on July 12, 20181 Therefore, it can be seen that areas with
Land Surface Temperature(LST) residential and commercial buildings and artificial surfaces exhibit the

highest temperatures. At the pixel level, the lowest Urban Thermal Field
Urban Heat Island (UHI) Variance Index was 0.352 on August 1, 2022, while the highest value
Urban Thermal Field Variance was 0.122 on August 7, 2016. The greatest extent of thermal comfort,
Index (UTFVI) covering 58.49% of the area, was recorded on July 10, 2023, for the
Thermal Comfort Zoning excellent, good, and normal comfort classes. The lowest comfort level,
covering 50.39% of the area, was recorded on August 8, 2023. On
August 8, 2013, the bad, worse, and worst thermal comfort classes
covered the largest area (49.61%), while on July 10, 2023, they covered
the smallest area (41.51%). Based on these results, it can be concluded
that the central areas of Sari and other parts of the city with limited green
cover or unplanned construction conducted without regard to urban life
standards fall into the lower comfort categories.
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EXTENDED ABSTRACT

Introduction

Due to the fact that many people live in urban areas, it is critical to consider urban temperature when
making decisions regarding urban management. Urban heat islands are a phenomenon caused by changes
in the thermal energy balance of urban areas as a result of burning fossil fuels, high vehicle density,
expanding impermeable surfaces, and a lack of proper vegetation cover. Therefore, it is essential to monitor
land surface temperature (LST) and categorize it quantitatively and qualitatively using standard indices to
measure thermal comfort. The Urban Thermal Field Variance Index (UTFVI), which is used to categorize
LST in terms of thermal satisfaction in urban contexts, is one such criterion.

Material and Method

In this research, Landsat 8 satellite images of Sari City for 11 summer seasons (2013-2023) were
downloaded from the USGS website. Then, ENVI 5.3 software was used to preprocess the images
(geometric and radiometric corrections). Segment-by-segment calculations of spectral radiance, black body
temperature, NDVI, and vegetation cover were carried out using the digitized data of each image and the
urban area map. The land surface temperature and emissivity were estimated using the split-window
approach. The Urban Thermal Field Variance Index was evaluated using ArcGIS 10.5 software, which took
into account the LST of each pixel as well as the average LST of all pixels. A zoning map of this index was
then created in six classes (excellent, good, normal, bad, worse, and worst) using the UTFVI.

Results and Discussion

The results showed a negative correlation between temperature and vegetation cover. The lowest
recorded average surface temperature in Sari City was 30.1 °C on August 8, 2013, while the highest
recorded average temperature was 40.62 °C on July 12, 2018. At the pixel scale, the lowest UTFVI was —
0.352 on August 1, 2022, while the highest value was 0.122 on August 7, 2016. However, the average of
this index over all years was nearly zero.
The highest level of thermal comfort, covering 58.49% of the area, was recorded on July 10, 2023, for the
excellent, good, and normal classes; and the lowest level, covering 50.39% of the area, was recorded on
August 8, 2023. On August 8, 2013, the bad, worse, and worst thermal comfort classes covered the largest
area (49.61%), while on July 10, 2023, they covered the smallest area (41.51%).
Considering the overall upward temperature trend over the study period, it may seem paradoxical that
thermal comfort zones in the normal, good, and excellent classes have expanded over the 11 years. This
contradiction lies in the structure of the UTFVI equation. The average LST of the urban area and the pixel-
level LST are the two key parameters in this index. Thermal comfort is classified as excellent, good, or
normal when the pixel-level LST is lower than the urban average. Conversely, if pixel-level LST exceeds
the urban average, thermal comfort falls into the bad, worse, or worst categories. As the difference between
pixel-level and average LST increases, thermal comfort shifts from normal to worst.

Conclusion

Thermal comfort, heat islands, and variations in land surface temperature are all significant indicators
for evaluating the sustainability of the urban environment. Given the general trend of rising urban
temperatures and climate change, attention must be given to construction practices, land-use changes, and
the development of green spaces such as parks and gardens—all of which can significantly reduce LST.
Other factors affecting temperature variation in urban areas include cloud cover, solar radiation intensity,
vehicle density, refrigeration and air conditioning systems, and electric energy consumption. Addressing
these elements within the context of urban management is key to achieving sustainable urban development.
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Table 3- Correlation between NDVI and land surface temperature

(S &b o Lo
Correlation calendar Number
-0.68 August 8, 2013 1
-0.65 August 2, 2014 2
-0.55 August 5, 2015 3
-0.63 August 7, 2016 4
-0.62 August 10, 2017 5
-0.66 July 12,2018 6
-0.52 July 31, 2019 7
-0.52 August 11, 2020 8
-0.61 August 5, 2021 9
-0.57 August 1, 2022 10
-0.54 July 10, 2023 11
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Table 4- The extent of the quality classes of thermal comfort zones in Sari city (2013-2023)
Class aib
Ry P -~ Jloy Ce> S Area Calendar
Worst Worse Bad Normal Good Very good
Hectar) ,:S
1498.68 118.81 125.54 117.90 116.83 1536.24 (Hectar), 1392 s+ 17
. August 8, 2013
4265 3.38 3.57 3.36 3.32 43.72 A
Hectar) ,tS»
1315.36 176.60 167.49 159.61 146.96 1547.98 ( ), 1393 515+ 10
August 2, 2014
37.43 5.03 4.77 454 4.18 44.05 JA
Hectar) ,:S
1379.22 167.66 159.76 144.32 137.19 1525.85 (Hectar), 1394 sls . 14
. August 5, 2015
39.25 4.77 4.55 411 3.90 43.42 /.
2 . Hectar) ,tS»
1405.33 150.39 139.39 136.07 122.51 1560.31 ( ), 1395 sls 0 17
August 7, 2016
39.99 4.28 3.97 3.87 3.49 44.40 JA
Hectar) ,:Sa
1182.38 175.80 179.77 168.39 167.87 1642.79 (Hectar), 1396 sls,+ 19
. August 10, 2017
33.65 5 5.03 4.79 4.78 46.75 /.
. . . . 217.61 1612. Hectar) ,tSa»
1068.66 195.02 220.83 199.53 6 612.35 ( ), 1397 July s 21
12,2018
30.41 5.55 6.28 5.68 6.19 45.88 JA
Hectar) b
1274.04 160.64 166.06 175.30 155.47 1582.33 ( ), 13098 July ols 9
. 31, 2019
36.26 457 4.73 4.99 4.42 45.03 /.
Hectar) xS
1168.09 165.68 176.51 182.61 175.57 1645.54 (Hectar), 1399 sls 0 21
August 11, 2020
33.24 471 5.02 5.20 5 46.83 JA
Hectar) xS
1130.96 170.50 195.96 189.85 184.83 1641.90 (Hectar), 1400 s1s - 14
32.18 5.85 558 5.40 5.26 46.72 % August 5, 2021
H -
1210.90 180.81 192.39 185.96 175.98 1567.96 (Hectar) b 1401 o5, 10
. August 1, 2022
33.46 5.15 5.47 5.29 5.01 44.62 .
1117.98 185.71 181.85 185.91 183.98 1685.57 (Hectar), s

1402 July ,.519

10, 2023
31.82 4.52 5.18 5.29 5.24 47.97 /.
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