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Introduction  

Climate change and long-term fluctuations in climate elements are among the most important environmental 

challenges in arid and semi-arid regions. Semnan province is highly sensitive to changes in temperature and 

precipitation due to its climatic diversity and limited water resources. Therefore, understanding the trends in changes 

in climate components can play an important role in water resource planning, agricultural management, and reducing 

environmental vulnerability. This study aims to investigate the trends in annual changes in precipitation and minimum, 

maximum, and average temperatures at selected synoptic stations in Semnan province and to compare the efficiency 

of the two nonparametric Mann-Kendall and Spearman tests in analyzing these trends ) 
Materials and Methods 

In this study, daily precipitation and minimum, maximum, and average temperature data were collected from selected 

synoptic stations in Semnan province during the period 2000 to 2022. After performing preprocessing steps including 

data quality control, outlier correction, and replacement of missing data,, the data were converted to an annual scale. 

To assess the trend of changes, two nonparametric Mann-Kendall (MKT) and Spearman (SPT) tests were used at a 

significance level of 0.05. Also, in order to prevent false inferences, the effect of temporal autocorrelation was 

examined using the autocorrelation function, and a modified version of the Mann-Kendall test was applied to variables 

with significant autocorrelation. 

Results and Discussion 

The results showed that most of the studied climatic variables lacked significant autocorrelation, but in some cases, 

including the minimum and average temperature at the Garmsar station and the precipitation in Damghan and Miami, 

significant autocorrelation was observed. Trend analysis showed that the dominant pattern in the region is an increase 

in temperature and a decrease in precipitation. Meanwhile, the increasing trend of the minimum and average 

temperature at the Garmsar station was statistically significant, while the precipitation trend was decreasing but 

insignificant in most stations. The results also indicated that the intensity of temperature and precipitation trends in 

the western regions of Semnan province is greater than in other parts. Comparison of the two tests also showed that 

the Mann-Kendall test is a more suitable tool for analyzing the trends of climatic components compared to the 

Spearman test due to its greater statistical comprehensiveness, higher sensitivity to time series changes, and the 

possibility of estimating the trend slope. 
Conclusion 

In general, the results of the study showed that the most important climatic signal of Semnan province in the period 

under study is the increasing trend of temperature, while the decrease in precipitation does not have a uniform and 

significant pattern. Also, paying attention to the effect of temporal autocorrelation in trend analysis plays an important 

role in increasing the accuracy and validity of the results. Accordingly, the use of the modified Mann-Kendall test in 

similar climatic studies is recommended. The findings of this study can be used in planning related to water resources 

management, agriculture, and adaptation to climate change in Semnan province. 
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Fig 1. A showing of geographic location of case study comprising political divisions (surrounding provinces 

and cities), and synoptic stations. 
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