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Land surface temperature is a parameter that affects many natural and human
processes. In this study, the spatial distribution of surface temperature in Zanjan
Province from 2001 to 2023 was investigated. In addition, the effects of elevation,
longitude, and latitude on the temperature distribution of the land surface, its spatial
pattern, and the temperature zones of the province were evaluated and revealed using
partial correlation methods, G* statistic, and clustering analysis, respectively. The
results showed that the mean temperature of the land surface is 24.6 °C during the day:
and 5.3 °C at night. The relationship between elevation, longitude, and latitude with
surface temperature is negative. elevation has the greatest effect on temperature, but
the effect of latitude and longitude is weak. However, the temperature decreases by
moving from south to north, west to east, and from lowlands to high elevations. The
land surface temperature in the province follows a cluster pattern with a certainty of
95% or more, in which the lowlands and heights of the province have played the most
role in its formation; Also, the province can be divided into four temperature zones,
where the direction and boundaries of the zones follow the shape of the land. The
mean daytime land surface temperature of the earth in the first group is 23.9 °C, the
second group is 27.3 °C, the third group is 28.8 °C, and the fourth group is 18.8 °C.
In addition, the mean temperature at night in the first group was 4.4 °C, the second
group was 6.9 °C, the third group was 12.1 °C, and the fourth group was 1.9 °C.
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EXTENDED ABSTRACT

Introduction: Land surface temperature is a parameter that affects many natural and human processes. For
example, the temperature of the land surface affects energy consumption in cities; Or the growth of plants is
affected by the temperature of the land surface and soil. On the other hand, the physics of the land surface, land
use, topography, amount, and aspect of slope have a significant effect on this parameter. Therefore, the
temperature of the land surface can be diverse in short distances. The review of the conducted studies shows that
the temperature of the land surface has been evaluated and investigated less in spatial scales larger than the city.
Knowing the spatial and temporal distribution of the surface temperature on regional scales can be one of the
bases for explaining climate variability and the relationships between environmental factors and climate on
regional and smaller scales. However, especially in our country, few studies can be found that have investigated
the temporal or spatial distribution of the land surface temperature on scales larger than the city. In this study,
the spatial distribution of the mean temperature of the land surface in Zanjan Province in the period 2001-2023
has been investigated using MODIS products for day and night. In this regard, the mean annual temperature, its
variability, the relationship of the land surface temperature with longitude, latitude, and elevation, and the
spatial pattern of temperature and temperature zones were investigated.

Methodology: Zanjan Province is located in the northwest of Iran with an area of nearly 22164 square
kilometers between the provinces of Guilan, Ardabil, Eastern Azerbaijan, Western Azerbaijan, Kurdistan,
Hamadan, and Qazvin. The elevation of the province is between 264 and 3300 m, and the direction of its
mountains is mostly north-west to south-east. Therefore, the slopes mostly have an eastern, northeastern,
western, and southwestern aspect. The height lands of the province are separated by valleys and lower lands,
and the slope is between 0° and 57°. The land surface temperature survey was performed using the MOD11A2
V6.1 MODIS product, Terra satellite. The spatial resolution of these data is 1000 m by 1000 m and is available
to users in the form of 8-day means. The data were received from the Google Earth Engine website from 2001 to
2023. In addition, an SRTM digital elevation model with a spatial resolution of 90 m by 90 m was used to
identify elevation features. To analyze the surface temperature, the received temperature data, which are mean
of 8 days, were converted to annual mean for day and night. Then, the mean and standard deviation of the
annual land surface temperature from 2001 to 2023 were calculated and displayed. Partial correlation was used
to investigate the relation between latitude, longitude, elevation, and temperature. In addition, the G* method
was used to identify the spatial pattern of temperature distribution, and clustering analysis was used for zoning
the land surface temperature.

Results and Discussion: The highest mean temperature of the land surface of the province during the days was
between 26 and 31 °C, and the lowest value was between 11 and 16 °C. At night, the highest mean temperature
was 9-13 °C and the lowest was between 0 and 3 °C.

The analysis of the relationship between the temperature of the land surface with longitude, latitude, and
elevation showed that the relation between the temperature of all three mentioned factors in the province is
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negative and significant with more than 99% confidence. The zoning of the land surface temperature using the
cluster analysis method showed that Zanjan Province is divided into four zones. The first group covered the
largest area of the province (49.36 percent) with a mean temperature of 23.9 °C on days and 4.4 °C at night. The
second temperature zone experienced a mean temperature of 27.3 °C on days and 6.9 °C at night. The third zone
contains the warmest lands of the province with mean temperatures of 28.8 and 12.1 °C during the day and
night. At the end of the fourth group, it is the coldest temperature zone of the province with a mean day
temperature of 18.8 and 1.9 °C at night.

Conclusion: The result of this study showed that the mean temperature of the land surface was 24.6 + 3.6
degrees at day and 5.3 + 2.6 degrees Celsius at night. The zones with maximum and minimum temperatures are
more affected by the elevation, so they coincide with the highest and lowest lands of the province. The partial
correlation test also shows that the effect of elevation on the spatial distribution of land surface temperature is
greater than that of latitude and longitude. Also, the maximum and minimum temperature clusters that follow
the lows and highs of the land indicate the presence of significant spatial correlation in the mountains and
lowlands of the province. The clustering of land surface temperature of the province also shows that there are
four distinct temperature zones in Zanjan. The spatial distribution of these four zones also follows the elevations
of the earth more than anything else. Such a way that the warmest temperature zone corresponds to the Ghezel
OzanValley in the northeast and the coldest temperature zone corresponds to the highest lands and mountains of
the province. Therefore, among the three factors of altitude, longitude, and elevation, elevation has the most
effect on the spatial distribution of land surface temperature.
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Table 1- Mean surface temperature statistics in Zanjan Province

Mean (C°) Standard deviation (C°) Skewness Kurtosis
Day mean temperature 24.6 3.6 0.5 3
Night mean temperature 5.3 2.6 0.5 3.7
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Figure 3- Mean day temperature (&), standard deviation of day temperature (<), mean night temperature () and
standard deviation of night temperature in Zanjan Province
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Table 2- Groups of mean and standard deviation of land surface temperature in Zanjan Province with their area

Temperatuer Area (km?) Area (%)
(%)

Daytime mean temperature 11-16 319.33 1.5
16-21 2719.38 125

21-26 10864.6 49.9

26-31 7865.97 36.1

Standard deviation of 0.8-1.2 1622.71 7.45
daytime temperature 12-16 9965 45.77
16-2 10183.2 46.77

Nighttime mean -3-0 284.06 1.3
temperature 0-3 2988.55 13.72
3-6 10721.2 49.23
6-9 6356.17 29.18

9-13 1429.34 6.56
Standard deviation of 04-0.8 6245.2 28.68
nighttime temperature 08-12 15501.6 71.19

1.2-16 21.33 0.1

16-2 7.13 0.03
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Table 3- Partial correlation between temperature, elevation, longitude and latitude

Independent variable Correlation coefficient P value
Longitude -0.26 0
Latitude -0.29 0
Elevation -0.83 0
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Figure 4- The maximum and minimum clusters of day () and night (&) temperatures in Zanjan Province
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Figure 5- The land surface temperature zoning in Zanjan Province
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Table 4 - Features of temperate zones
Group Mean of temperatuer (C°) Standard deviation (C°) Area (%)
Day Night Day Night
First 23.9 4.4 1.6 1.2 49.36
Second 27.3 6.9 1.4 1.3 33.98
Third 28.8 12.1 1.1 0.6 4.22
Fourth 18.8 1.9 1.9 1.4 12.44
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Table 5- The P statistic to compare the mean temperature of the clusters in the day and night

Group First Second Third
Day Night Day Night Day Night
First 0 0 0 0 0 0
Second 0 0 0 0
Third 0 0
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