https://gep.ui.ac.ir/?lang=en
Geography and Environmental Planning
E-ISSN: 2252- 0910

Document Type: Research Paper
Vol. 35, Issue 4, N0.96, Winter 2024, pp. 19- 46
Received: 03/08/2024 Accepted: 22/12/2024

Spatiotemporal Assessment of Land Surface Temperature (LST) Based on Natural and Human
Parameters Using Frequency Ratio (FR) Technique
(Case Study: East Qazvin Province)

Saleh Abdullahi —~ **

1- Assistant Professor, Department of Civil Engineering, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran
saleh.abdullahi@iau.ac.ir

Abstract

In recent decades, one of the environmental factors that has garnered significant attention from researchers is the
increase in Land Surface Temperature (LST) and the emergence of urban heat islands in cities. This study aimed
to analyze the spatial and temporal variations in LST in the eastern part of Qazvin Province across two phases. In
the first phase, LST was calculated using Landsat 8 satellite images from 2016, 2019, and 2021, allowing for an
examination of temperature trends during summer and winter. The second phase focused on evaluating the
influence of various topographical and anthropogenic factors on temperature changes within the region. The
relationships were extracted and analyzed using the statistical-spatial Frequency Ratio (FR) technique. The
results indicated that during summer, areas experiencing temperatures above 35°C had increased from
approximately 6,600 km2 in 2016 to over 9,300 km?2 in 2021. Conversely, in winter, the extent of sub-zero
temperatures had decreased from about 1,330 km?2 in 2016 to around 890 kmz2 in 2021. Overall, this suggested a
general increase in regional temperatures over the study period. Among the selected natural factors, the FR
values for the aspect layer indicated it was more influential than other factors. Additionally, barren land cover
exhibited an FR value of 0.75 in areas with temperatures exceeding 35°C in summer, while snow cover showed a
frequency ratio of 0.89 in regions with temperatures below -13°C in winter. These findings underscored the
impacts of land use and cover on LST. By extracting such spatial-temporal relationships from the studied area,
we could take effective measures in urban planning, environmental management, and crisis response, thereby
mitigating numerous negative environmental consequences.
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Introduction

In recent decades, the increase in Land Surface Temperature (LST) has become a significant environmental
concern for researchers in urban and environmental studies. Numerous studies have demonstrated that urban
areas typically experience higher temperatures than their surrounding environments due to human activities.
These activities include heating and cooling processes, transportation and road construction, industrial
operations, and excessive absorption of solar radiation by urban structures. Additionally, the scarcity of green
spaces and poor air circulation exacerbate this issue. Today, LST calculations are primarily conducted using
satellite imagery, particularly through the processing of thermal infrared bands. One of the most commonly
utilized datasets in this context is the thermal bands from Landsat 8 satellite images (TIRS). Researchers have
developed various algorithms for calculating LST, including the Split Window Algorithm (SWA), SEBAL
method, and Single-Channel Algorithm (SCA). After computing surface temperatures, spatial relationships
between various independent natural and human factors and the calculated temperatures can be analyzed using
Geographic Information System (GIS) capabilities and statistical methods. Over the last two decades, application
of statistical and probabilistic models within the GIS framework to assess the impacts of various factors on
specific phenomena has gained considerable attention.

The primary aim of this study was to extract trends in LST changes from 6 Landsat 8 images taken from the
eastern part of Qazvin Province during both summer and winter in 2016, 2019, and 2021,. The secondary
objective was to investigate the relationship between changes in LST treated as a dependent variable and several
topographical and human factors of the study area considered as independent variables across the two seasons.
Ultimately, the goal was to analyze the impacts of different classes of independent variables on the trends in
surface temperature during the selected time period using the Frequency Ratio (FR) regression model.

Materials & Methods

The eastern part of Qazvin Province was chosen as the study area for this research. This region is significant for
environmental assessments due to the presence of several industrial zones, Tehran-Karaj-Qazvin freeway, which
connects a large portion of eastern and central Iran to the western provinces, and Shahid Rajaee Power Plant
located along this route. To assess the trend in temperature changes, Landsat 8 satellite images from the winters
and summers of 2016, 2019, and 2021 were utilized. After downloading the images from the website of United
States Geological Survey, initial preprocessing steps were conducted using ENVI software. These steps included
radiance and atmospheric calibration to correct for sensor and atmospheric errors, as well as cropping the images
to focus on the study area. Following the calculation of surface temperature from the satellite images, the results
were validated using the SEBAL method. The discrepancies were found to be less than 1°C. Additionally, the
calculated temperatures were compared with hourly air temperature data from Qazvin meteorological stations
recorded during the overpass of the Landsat satellite, with differences remaining under 1.5°C. The final LST
maps produced in ENVI were then imported into ArcGIS software for further classification, comparison, and
spatial-temporal evaluation.

To achieve the second objective, various data layers related to natural and human factors—including a digital
elevation model, slope, aspect, land cover map, and road network—were compiled. The relationship between
LST (the dependent variable) and these variables (independent variables) was analyzed using the FR regression
statistical model. The FR method is a widely used data mining approach for modeling and forecasting various
natural hazards and urban trends.

Research Findings

The analysis of LST trends indicated that the northern part of the study area had generally experienced lower
average temperatures due to its higher latitude and elevation. In contrast, the southern part had a higher average
temperature attributed to its lower latitude, reduced altitude, and flatter terrain. Notably, while winter 2019
recorded lower temperatures than the other two years, the summer of 2019 exhibited higher minimum and
maximum temperatures compared to the preceding years. A significant portion of the region had recorded
temperatures ranging from 30 to 45°C. Overall, the temperature calculations for the summer across the three
years suggested a warming trend from 2016 to 2021.
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When evaluating the impacts of various factors on surface temperature, the slope direction layer
demonstrated a greater influence than either the elevation or slope layers. Generally, northern slopes (north,
northwest, and northeast) exhibited higher frequency ratios during summer due to reduced sunlight exposure in
winter. Conversely, southern and southeastern slopes showed higher FRs in summer compared to winter,
reflecting increased solar radiation. By extracting relationships through the FR method, valuable insights into the
influence of independent variables on regional temperature could be gleaned. In summer, barren lands were
associated with a very high FR for the hottest temperature class, while this ratio was significantly lower in
winter. Agricultural and grassland areas also exhibited considerable heat during summer compared to winter.
Factors like soil type, terrain flatness, direct solar radiation exposure, and aspect were crucial contributors to the
elevated temperatures in these regions. Additionally, the impact of industrial activities on surface temperature
increases was significant across all three years, affecting both winter and summer seasons. In each season during
the selected timeframe, industrial FR values were consistently higher at elevated temperatures. Areas designated
as industrial zones and towns had recorded higher temperatures than surrounding urban areas. Furthermore, the
influence of vehicle traffic on roadways was particularly pronounced in winter, with barren lands adjacent to
roads contributing notably to ambient air warming.

The FR calculation process assessed the occurrence of a phenomenon as a dependent variable in relation to
independent variable classes. This evaluation could assist in predicting natural events, such as floods,
earthquakes, landslides, and other phenomena.

Discussion of Results & Conclusion

This study aimed to analyze the Land Surface Temperature (LST) of the eastern part of Qazvin Province in two
stages. In the first stage, surface temperature was estimated using two widely used calculation methods and the
rate of temperature fluctuations during the selected time period was assessed. The results indicated a strong
correlation between the two methods of estimating surface temperature, as well as a close alignment with the
hourly air temperatures recorded by meteorological stations in Qazvin. This consistency could be attributed to
the incorporation of key parameters, such as the emissivity coefficient, spectral radiation, and brightness
temperature from thermal bands.

A detailed statistical evaluation of LST classes revealed a clear increase in temperature from 2016 to 2021.

In addition to identifying temperature trends, it was also crucial to examine the factors influencing these
changes. In the second stage, the effects of various layers—such as elevation, slope, aspect, land cover, and
proximity to road networks—were evaluated using the Frequency Ratio (FR) method. The results demonstrated
significant impacts from both human and natural variables on surface temperature fluctuations. By extracting
these relationships, valuable insights were gained regarding the influence of independent variables on the
dependent variable—surface temperature. These findings can be applied in various fields, including urban
planning, environmental management, and crisis response. Finally, for more accurate calculations and analyses
of surface temperature, particularly in urban areas, the use of high-resolution data and images is recommended to
effectively assess different urban land uses.
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Figure 1: Left side: Iran, Qazvin province; Right side: Study area
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Figure 3: Data layers: DEM, Classification of DEM, Classification of Slope, Classification of Aspect,
Classification of Land Cover and Classification of Proximity to Road Network
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Figure 4: LST Maps of summer and winter of year 2016, 2019 and 2021
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Table 1: Temperature changes of winter in three selected years
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Figure 5: Changes trends of temperature class areas in winter season per year (KM?)
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Table 2: Temperature changes in summer for selected years
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Figure 6: Changes trends of temperature class areas in summer season per year (KM?)

YO o sles ailate Cmls Olspe o ity Ol b 3 a3 s OLES (G Coonr Jl3500) 1 K 6 bo00kes
Syl 1y (ailae IS Cmla) mye iashS 558 VY Sl e mashS Wer Sl b (ales (2 p0IS) a3 80 G

JS0) alas et ol 03 b 5 Ll Jolpe (S S0 a3 (s pas ks Ol A A s
sl i s b e 80 5l ekl 5 Sl iy e S et gl il la S 3G (Y
Al 2l

b e G LS L 1 eddianlllas Al sead (Sla oSy ¢80 613 ol By 2Ll Y d i
dos i S L adhie S cond by IS S C e Ao s Jsder ) s e 0L 2019 Slis s
Ol oy i oSl 0 aseiio S 5bOlas S o SL3)l | aiks S 4 o oli )l oS S ol
3 a0 15) oS A 5 oS Slelisl5s IS Ble a3 VE BV 0 sles (IS 5o s feSy Sl 3
L IS s ol S sl am 3 VE BV Sles S L adhaie 6ol s 45 sl Ol ol sl a8 S
oINS L ailaie Sl eSSl Sy Jolde s (A G113 i L) 505 555 (F S) 20 Y00 s LYo
w8 300 ) e Vern B8V eliyl OIS 53 () IS) 318 il a3 WY ke B YY/E e sles
)uﬁp\r_;);\.uswa}w\,wm;ﬁ,ﬁ;gy@\j\;ww\wyu Sl p e L) el

3 g gp 0313 O3 5B Sl 2o



s ks o Sl 3 e S ey o e e slos S 5 S el 5

YN Ol s gl A28 4 o bos Sl 513 o ) Sllows gl ¥ S

Table 3: FR calculations of temperature classes with respect to DEM in winter 2019
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Table 4: FR calculations of temperature classes with respect to DEM in summer 2019
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Table 5: Brief FR calculations of temperature classes with respect to DEM for winter and summer of the

selected years

b sl WIS

2016 stkw; | 2016 Okss | 2019 Ok | 2019 skwst | 2021 Skwey | 2021 Ol

. 0 A 0 A 0 A
() (Bl sl (42,5 V6-V) | (ax 5 80-Y0) | (am,5V8-V) | (43,0 80-Y0) | (4,5 Ve-V) | (4,5 £0-Y0)
LEV_Nean | ) oV oY Ay Y /0 Al
Vereyoee | Y Jov o “JAA VY Ay /0
Yorea—Yeur | ¥ /00 i /01 VY Y a\y
YoeooYour | ¢ A3 AL /8 /YA . /ov
Yorr—gNWY | 0 o/ o/ AR /04 A1

B.U)& :c-'\-ﬁ

j4_>-).>\il_';vu.:.'Lss‘lﬁ}QM}L}.&)JAMW%M&‘fﬁéwﬁb@u‘f&cﬁ)jﬁb
Sleli)l js glas sla WIS Kos (oLl a5 5 5bokes andl e)ls 455 £0 BY0 - Sles Ol Loab 5>

Yy Ls_L«.A) Les w%bj—\y d\)“)ﬁwrj‘)t'w)‘wf@)bzolg dt:mﬂ\)): A o3l3 QLA.:,.!YI J)J}-

s e OLES 5 glae Sandy (YU Ly Slelss )l

LSLAQPSMJQLLJ-\J).«\) MMWL}_&L}MW@&“J CLGJ‘)‘MJLL‘)‘)‘)‘JM{.

A el Sl ad g Sl glaods ks e la et 53 ol u

s A 5 a3 S s gladle Sl g Ol Joad g5 55 Glgl p cand slad g oM N Jgus

Table 6: Brief FR calculations of temperature classes with respect to slope map for winter and summer of
the selected years
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Table 7: Brief FR calculations of temperature classes with respect to aspect map for winter and summer of
the selected years
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Table 8: Brief FR calculations of temperature classes with respect to land cover map for winter and
summer of 2019
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