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Figure 1: Geographical location of the study area
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Table 1- Classification of Mann-Kendall test
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Figure 2: Spatial distribution of the average surface temperature (Celsius C° at day (a)andnight (b) and day in the
statistical period 2003-2020
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Figure 3: Variability and trend of changes in the monthly average of LST (Celsius C°) daytime (red) and nighttime
(blue) over Iran (2003-2020)
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Figure 4: The trend of day(a) and nighttime (b) annual average of LST changes over Iran (2003-2020)
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Figure 5: Trend changes of day and nighttime LST in (March, April and May) over Iran (2003-2020)
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Figure 6: Spatial distribution of trend changes of day and nighttime LST in (June, July and August)
over Iran (2003-2020)
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Figure 7: Trend changes of day and nighttime LST in (September, October and November over Iran (2003-2020)
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Introduction

Climate change significantly impact ecosystems and human life, often recognized as the primary
driver behind social, economic changes, migration, and even societal collapse. Recent years have
witnessed a notable increase in air temperature, which serves as a critical indicator of regional climatic
conditions. Land surface temperature, as a key factor in analyzing physical processes and Earth-
atmosphere interactions, which provides important information for the study of the surface radiation
budget and environmental change.

Due to the limitation of ground stations to measure this parameter over vast areas, its study has been
expanded by using satellite data with increasing spatio-temporal resolution. One of the products of the
Moderate Resolution Imaging Spectroradiometer (MODIS) sensor is high-quality data of Emissivity
and land surface temperature (LST), which is provided by the products of Terra and Aqua satellites.
Numerous global and regional studies have utilized satellite data to investigate land surface
temperature patterns, including research conducted in planetary environments, Greece, the Central
Himalayas, and India. In Iran, various studies have explored diverse aspects of land surface
temperature, encompassing classification, distribution, estimation methods, spatial-temporal changes,
and its correlation with environmental variables. Additionally, localized studies have employed land
surface temperature datasets to examine urban heat islands.

In addition to numerous studies on the distribution and trend of the land surface temperature at the
global, studies have been conducted in Iran in various fields of this parameter. For example, various
researches in the fields of zoning; distribution; Estimation methods, examination of spatio-temporal
change and the relationship of surface temperature with environmental variables have been carried out.
According to the results of the studies that have shown, the increase in air temperature in Iran, which
is the goal of this research for investigating the change in the day and nighttime LST in different time
scales in the spatial extent of Iran using satellite products of the period from 2003 to 2020.

Materials

To achieve the goal of research, the monthly average of daytime and nighttime land surface
temperature products (YD11C3 v006) of Aqua satellite with 5x5 KM spatial resolution were used. The
data is available on the USGS website since July 2002.

Mann-Kendall trend test was used to investigate the trend of daytime and nighttime land surface
temperature in Iran on an annual and monthly scales. Mann-Kendall (MK) test was proposed by Mann
(1945) and then developed by Kendall (1975). The test statistically evaluates the increasing or
decreasing trend of the parameters over time.

Discussion of Results

Land surface temperature exhibits significant variability, depending on geographical location and
topography. In Iran, land surface temperatures vary across different regions, including the southern
shores of Caspian Sea, the northern and northwestern areas. The highest LST occurs along the
southern coasts and the central plains of Iran. During the study period, negligible change in the LST of
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day and night have occurred. The distribution of annual mean LST changes in Iran is similar, but the
rate of change varies across different regions. The greatest LST increases are observed in the western
and southwestern, while some areas have experienced LST decreases.

In March and April, land surface temperatures have decreased in most southeastern, southern, and
eastern areas, with varying changes in daytime and nighttime LST. Conversely, in May, nighttime
LST have increased in the western and northern, with differing LST changes during the day. This
pattern indicates that in this season, LST decreases during the days in the southeast while increasing at
night.

Although LST has increased in some parts of Iran in June and July, the decreasing zones in July are
somewhat different. Increasing areas of daytime have been seen in these two months, especially in the
southwest, west, and northeast. In August, land surface temperature conditions during the day and
night differ from previous months, with surface warming prevalent in most parts of the country
especially in the west and southwest. These results indicate that the diurnal temperature difference is
decreasing in extensive areas of the country during this season.

The trend of changes in daytime LST in September has been increasing in some areas of the North-
West, Central, South-West, South-East, and the shores of Lake Urmia, as well as some other areas
especially in the South-West where a decrease has been observed. However, in October, a decreasing
trend was observed in most areas of the country except for scattered areas while in November, a
decreasing pattern was observed for LST in most areas with an increase in some central and
northwestern regions but there was no significant change in the rest of the areas.

Land Surface temperatures in autumn months exhibit a decreasing trend compared to other seasons. In
September, some areas experience an increasing trend in daytime LST however in October, a decrease
in land surface temperature is observed in most areas except for the parts of northwest and southwest.
In autumn months, land surface temperatures increase during the days in some southern regions but in
November, LST increases are limited to some specific areas. During these months, land surface
temperatures decrease at night especially in southern, southeastern and central regions. In contrast, in
winter months, land surface temperatures increase during the days especially in December and January
while in February the increase is limited to certain parts of the country whereas decreasing in some
areas. However, at night, temperatures decrease scattered in most areas.

Conclusion

On an annual scale, land surface temperature has increased more in the western and northern regions
during both daytime and nighttime but in the eastern half especially the southeastern region, LST
decreased in April. In the spring season, two spatial and temporal patterns are observed: in the
southeast, LST decreased in April while in the northern and western halves especially in May, LST
increased. In the autumn season, land surface temperature decreases compared to summer especially in
October and November, possibly due to increase of precipitation. In winter, LST increase in central
areas and the northeastern of the central plateau, possibly due to a shift in precipitation patterns from
snow to rain and shifting of precipitation towards autumn and early spring.

A case study of land surface temperature changes in Iran from 2003 to 2020 indicates that in some
regions, LST increases have occurred during both daytime and nighttime especially in western and
southwestern areas while in other regions, LST decreases have occurred in springtime and increases in
summertime. These changes could be attributed to factors such as global warming, changes in land
use, and shifts in precipitation regimes.

Keywords: Surface Temperature, Climate Change, Trend of Change, Man-Kendall, Modis.
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