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Environmental changes, driven by both natural and human factors, rank among the 
most significant challenges of the current century. Due to its high sensitivity to 
fluctuations in water resources, vegetation, and land use, Land Surface Temperature 
(LST) serves as an effective indicator for monitoring environmental changes. This 
study aimed to investigate and monitor environmental changes in the Maharloo-
Bakhtegan watershed based on LST temporal trends. To this end, daily and nighttime 
LST data from the MODIS/Aqua sensor were utilized for the period spanning 2002 
to 2020. LST trends were analyzed on a pixel-by-pixel basis using the non-
parametric Mann-Kendall test at a 95% confidence level, and the magnitude of these 
trends was estimated using Sen’s slope estimator. The results indicated that the 
spatial patterns of LST trends effectively reflect environmental changes across the 
basin. Daytime LST was primarily influenced by topography and elevation, whereas 
nighttime LST variations showed a stronger correlation with the status of water 
bodies, soil moisture, and land-use changes. Increasing trends in daytime LST—at an 
average rate of approximately 0.4°C—were observed mainly in dried-up water 
bodies and wetlands (including Lakes Bakhtegan, Tashk, Maharlu, and Kaftar) as 
well as along the Shadkam River. These trends reflect the consequences of water 
scarcity, reduced surface runoff, and declining soil moisture. Conversely, downward 
trends in nighttime LST—at a rate of approximately 0.2°C—were identified in parts 
of these regions, linked to the drying up of water sources and the subsequent changes 
in their thermal regimes. Furthermore, upward trends in nighttime LST—averaging 
approximately 0.1°C—were observed in the city of Shiraz, the agricultural lands 
upstream and downstream of the Doroodzan Dam, and the vicinity of the Molasadra 
Dam. These patterns align with the expansion of human activities, agricultural 
development, and the formation of urban heat islands. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Environmental change is one of the most pressing challenges of the twenty-first century, driven by 
both natural processes and human activities. In arid and semi-arid regions, these changes are 
commonly manifested through declining water resources, wetland degradation, land-use 
transformations, agricultural expansion, and rapid urbanization. Since many of these processes directly 
affect the surface energy balance, Land Surface Temperature (LST) has become a valuable indicator 
for monitoring environmental dynamics. LST is highly sensitive to variations in water availability, 
vegetation cover, soil moisture, and land-use conditions, making it an effective tool for detecting and 
assessing environmental change over large spatial and temporal scales. 

The Bakhtegan Basin, located in Fars Province, Iran, has experienced substantial environmental 
transformations during the last two decades. These include the desiccation of major lakes and wetlands 
such as Bakhtegan, Tashk, Maharloo, and Kaftar, reduced river discharge, agricultural expansion, and 
urban growth. Such changes have significantly altered the thermal characteristics of the land surface. 
Therefore, analyzing long-term LST trends can provide valuable insights into the magnitude and 
spatial patterns of environmental change within the basin. The primary objective of this study was to 
investigate and monitor environmental changes in the Maharloo–Bakhtegan Basin using daytime and 
nighttime LST trend analyses. 

 

DATA AND METHODOLOGY  

This study utilized daytime and nighttime Land Surface Temperature products derived from the 
MODIS Aqua sensor for the period 2002–2020. These datasets provide consistent long-term 
observations suitable for assessing environmental changes across the basin. Annual mean LST values 
were calculated for each pixel to generate time series suitable for trend analysis. 

Temporal trends were evaluated using the non-parametric Mann–Kendall test, which is widely applied 
in environmental and climatological studies because it does not require normally distributed data and 
is robust against outliers. Trend significance was assessed at the 95% confidence level. To quantify the 
magnitude of change, Sen’s slope estimator was applied to each pixel, providing estimates of annual 
warming or cooling rates. The analyses were conducted on a pixel-by-pixel basis, enabling detailed 
spatial assessment of temperature trends throughout the basin. The resulting trend patterns were 
subsequently interpreted in relation to topography, water resources, agricultural activities, and urban 
development. 

 
Table 1. Spatial statistics of surface temperature variables of Bakhtegan Lake basin (C) 

Minimum Maximum Range Mean Median S. D C.V Skew 

Nighttime LST -1.9 16.4 18.3 6.9 7.3 3.5 50 -0.12 

Daytime LST 19.2 46 26.9 34.2 34.4 3.9 12 -0.24 
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Figure 1: Topographic location of the Bakhtegan Basin 

 

RESULTS AND DISCUSSION 

The results demonstrated that spatial patterns of LST trends effectively reflect the environmental 
changes that have occurred within the Bakhtegan Basin during the study period. Distinct differences 
were observed between daytime and nighttime temperature trends, indicating the influence of different 
controlling factors. 

Daytime LST patterns were found to be strongly controlled by topography and elevation. Mountainous 
regions exhibited relatively low temperatures and weak trends, whereas lowland and central basin 
areas showed stronger warming tendencies. Significant positive daytime LST trends, averaging 
approximately 0.4°C over the study period, were primarily observed in dried lakebeds and wetlands, 
including Bakhtegan, Tashk, Maharloo, and Kaftar Lakes. Similar warming trends were also detected 
along the Shadkam River and other areas affected by reduced water availability. These increases are 
indicative of declining soil moisture, shrinking surface water resources, increased exposure of bare 
soil, and enhanced absorption of solar radiation. 

In contrast, nighttime LST exhibited a different spatial response. Nighttime temperature variations 
were more strongly influenced by water bodies, soil moisture conditions, and land-use changes than by 
elevation. Significant negative nighttime trends, averaging about 0.2°C, were identified across 
portions of the dried lakebeds and wetland areas. The disappearance of water bodies altered local 
thermal regimes by reducing heat storage capacity and modifying nighttime heat release processes, 
resulting in cooler nighttime surface temperatures. 

Positive nighttime LST trends, averaging approximately 0.1°C, were observed in Shiraz City, 
agricultural lands located upstream and downstream of Doroodzan Dam, and areas surrounding Molla 
Sadra Dam. These warming patterns are consistent with increasing human activities, agricultural 
intensification, urban expansion, and the development of urban heat islands. Among all studied areas, 
Shiraz exhibited the most pronounced nighttime warming, highlighting the significant impact of 
urbanization on local thermal conditions. 

 

CONCLUSION  

The findings indicate that long-term analysis of Land Surface Temperature provides an effective 
approach for detecting and monitoring environmental changes in arid and semi-arid basins. Spatial 
patterns of LST trends successfully captured the impacts of wetland desiccation, declining water 
resources, soil moisture reduction, agricultural development, and urban expansion across the 
Bakhtegan Basin. 
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While increasing daytime temperatures were primarily associated with the drying of lakes and 
wetlands, nighttime temperature trends proved particularly useful for identifying the effects of land-
use change and human activities. The complementary analysis of daytime and nighttime LST therefore 
offers a more comprehensive understanding of environmental processes than either dataset alone. 

The study demonstrates the value of satellite-derived LST products for environmental monitoring and 
highlights their potential application in water resource management, land-use planning, drought 
assessment, and wetland conservation. The methodology and findings can support evidence-based 
decision-making aimed at promoting sustainable management of vulnerable arid and semi-arid 
ecosystems. 
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