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1-Introduction

Increased fossil fuel consumption has led to global
warming, resulting in a rise in Earth's surface temperature
in recent decades. This warming has imposed significant
impacts on various aspects of life, including the melting of
polar ice caps, rising sea levels, and widespread climate
change that has altered precipitation patterns.
Policymakers are faced with ongoing challenges in
addressing these issues, which necessitates continuous
monitoring and study of the climatic and ecological effects
in order to make effective decisions. The measurement of
Land Surface Temperature (LST) plays a crucial role in
understanding these changes. Various studies have utilized
meteorological station data, satellite imagery, and remote
sensing to analyze trends in LST. These research
endeavors have highlighted the impact of urban expansion
on surface temperatures and have examined the spatial and
temporal variations in LST across different regions. In
addition, some factors, such as solar radiation absorption
contribute to temperature differences between day and
night. However, despite these advancements, further
investigation is needed to understand the effects of surface
temperature changes on different climates, particularly in
local microclimates, such as in Khorasan Razavi Province,
Iran. This study aimed to address this research gap by
analyzing spatial and temporal changes in LST during
2003-2023 using satellite data from the Aqua sensor.

2- Materials and Methods

This research utilizes data from the Aqua sensor of the
MODIS mission, which provides images at different
spatial resolutions: 2 bands at 250-meter resolution, 5
bands at 500-meter resolution, and 29 bands at 1000-meter
resolution. The LST index is collected from the Aqua
sensor's product MOD11A1/061, which spans a period of
20 years from 2003 to 2023. This product offers a spatial
resolution of 1000 meters and provides daily temporal
resolution for both daytime and nighttime. To analyze the

data, weekly average images with a spatial resolution of 5
km were extracted within Khorasan Razavi province
(Figure 1) using Google Earth Engine. MATLAB software
was employed for time series trend analysis by linear
regression. The linear regression model was LSTt = a + bt,
where LSTt represents the LST value at time t, a denotes
the y-intercept indicating the estimated LST value at time
zero (t=0), and b indicates the slope representing the
change in LST per unit time interval.
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Figure 1. Different climates in Khorasan Razavi Province

3- Results and Discussion

The analysis of daily temperature trends revealed a
notable overall increase in most regions of the province.
As shown in Figure 2 (a), in the arid and semi-arid
climates, which cover a significant portion of the area,
about 99.34% and 99.86% of data points demonstrate an
upward trend, respectively. In contrast, the dry climate,
which is the largest in terms of coverage, exhibits the
highest number of data points indicating a decrease in
temperature.
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Figure 2. Trend of LST per decade in the study area; (a)
daytime trend; (b) nighttime trend

These points, mainly located in the southeastern part of
Mashhad city and attributed to agricultural activities,
experienced an average decrease of -0.17°C/decade, with
the lowest recorded temperature being -0.64°C/decade.
Conversely, only 0.45% of the total area of the province is
characterized by data points showing an increasing trend,
predominantly concentrated in humid and Mediterranean
climates. In these areas, the trend values are 1.25°C/decade
and 1.23°C/decade, respectively. The dry climate exhibits
the lowest increasing trend value at 0.81°C/decade. The
hottest data points in the 20-year trend are concentrated in
the dry climate, specifically in Bejestan city, where a
decline in vegetation has been observed during this period.
When analyzing night-time patterns [Figure 2 (b)], it
becomes apparent that Khorasan Razavi Province
underwent a significant surge in surface temperature
during the designated study period. In regions
characterized by humid, semi-humid, and Mediterranean
climates, all areas exhibited an upward trend, with average
temperature increases ranging from 0.8 to 0.9 degrees
Celsius per decade. Conversely, in arid, semi-arid, and
ultra-arid climates, approximately 96% of the province
witnessed a decline in trends, with the ultra-arid climate
experiencing the most substantial average reduction
(-0.22°C/decade). On average, the overall temperature rise
across these climates was approximately 0.60 degrees
Celsius. It is important to note that the semi-arid climate
showed the smallest decrease in surface temperature
(-0.79°C/decade) and the highest increase
(1.38°C/decade).
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Figure 3. Trend direction in different climates

Figure 3 highlights the distribution of diminishing
trends in the northeast, particularly in the Khangiran
region, which contrasts with the day-time trends observed
in vegetated areas. Similarly, the southwest regions, with
a lack of vegetation, also displayed a decrease in night-
time temperatures. Conversely, the results demonstrated
the most significant increases in night-time surface
temperature in limited areas of dry and semi-dry climates
in the south, as well as in other regions with Mediterranean
and semi-dry climates in the northern part of Razavi
Khorasan.

4- Conclusion

The findings of this study demonstrated the considerable
effects of land cover changes, particularly in agricultural
regions, on daytime temperatures, resulting in discernible
cooling effects. Nevertheless, agricultural land use has
minimal influence on night-time temperatures.
Furthermore, local climates do not appear to have a
significant impact on LSTs, irrespective of land cover type
and changes. These changes occur gradually and can be
effectively managed through appropriate measures.
Consequently, it is recommended that future research
concentrate on the effects of land use on surface
temperature changes and implementing suitable strategies
to proactively mitigate adverse climate-related
consequences.
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Spatial Assessment of Land Surface Temperature Trends in Different Climates of Khorasan Razavi Province
Using Aqua Satellite Imagery (From 2003 to 2023)

Mojtaba Goldani Hossein Etemadfard Ali Rezaei

Abstract Industrialization and the escalated consumption of fossil fuels have resulted in global warming, which has
caused alterations to nature, climate, and human life. The long-term monitoring and examination of parameters
associated with global warming, particularly land surface temperature (LST), using advanced technologies like remote
sensing, can contribute to a more comprehensive and precise understanding of this phenomenon. Solar energy during
the daytime, raising its temperature, while dissipation of energy gradually occurs during the night, leading to a
decrease in temperature. Here, a collection of images related to the LST was amassed over 20 years, from 2003 to
2023, for Khorasan Razavi Province in northeastern Iran, utilizing the MODIS data. These images were averaged
weekly. Subsequently, the surface temperature trend encompassing all climates in the region was determined through
linear regression. The findings demonstrate a general increase in the LST index during both daytime and nighttime;
however, the rise in surface temperature during the daytime exhibits a more substantial increase compared to
nighttime. The province is predominantly characterized by arid and semi-arid climates, with an average rise in surface
temperature during the day of 0.80°C and 1.07°C per decade, respectively, and during the night of 0.55°C and 0.59°C
per decade. Moreover, it was observed that there is no significant correlation between climate and surface temperature
trends. The daytime LST trend in areas with agricultural land use displays a decreasing pattern, whereas the nighttime
LST trend does not seem to be influenced by agricultural land use or vegetation cover.

Keywords Aqua, Climate, Khorasan Razavi, Land Surface Temperature, MODIS.
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