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In recent years, there has been a notable increase in the intensity and frequency of 

extreme temperatures, encompassing both extreme heat events—such as hot days, 

hot nights, and heat waves—and extreme cold events, including cold days and cold 

nights. This study analyzes changes in the frequency of maximum temperatures in 

Iran utilizing daily temperature data from the Era5 database, covering the period 

from 11/10/1357 to 10/10/1402. Following the year 1377, the frequency distribution 

of maximum temperatures exhibited a notable shift towards higher values, 

accompanied by a reduction in seasonal temperature differentiation. This transition 

resulted in a change in the temperature distribution from a biexponential to a uni 

exponential model, as well as an increase in leftward skewness within the 

temperature distribution. The frequency of 37 degrees Celsius experienced the most 

significant increase, recorded at 0.5 percent, while the frequency of 1 degree Celsius 

demonstrated the most substantial decrease, exceeding 0.3 percent. These observed 

changes may be attributable to local factors, such as urbanization and desertification, 

as well as broader influences stemming from global climatic phenomena, including 

significant El Niño events. An examination of the thickness of the 850-500 

hectopascal layer indicates that the spike in maximum temperatures in Iran in 1998 is 

not merely a localized occurrence but rather a manifestation of global climate change 

that has disrupted the previous climatic equilibrium. These changes indicate the 

widespread and continuous effects of global warming on the climate of Iran and 

beyond. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
One of the most important challenges in human preparedness to face climate change is understanding 
the behaviour of extremes at the local scale. Extreme temperatures affect energy, health systems, and 
agriculture, thereby straining resources and the economy. Understanding the probability distribution of 
temperatures in the coming years, including extreme temperatures, plays an important role in the 
adaptation of humans and ecosystems to climate change (Guirguis et al., 2018: 1). In addition, under 
climate warming conditions, the characteristics of climate extremes will change; in particular, the 
intensity and frequency of high temperatures and heavy precipitation will increase, which will have 
potentially harmful effects on nature, the economy, and society (Delgado-Torres et al., 2023: 1). The 
impact of global warming on extreme climates (such as heat waves and extreme precipitation) is 
greater than on average climates, and the probability of extreme weather events will continue to 
increase in the future. The increase in extreme weather events has adverse effects on human society, 
health and well-being, economy, and natural ecosystems (Darand, 2020: 1). In recent years, various 
studies and research have been conducted on temperature changes and extreme weather events around 
the world (Easterling et al., 1997; Seneviratne et al., 2021; Sanchez et al., 2023). In the present study, 
an attempt has been made to analyze and investigate the frequency of temperature changes in Iran in 
detail.  

 

DATA AND METHODOLOGY  

To conduct the present study, the daily maximum temperature data of the ERA5 database from 
11/10/1357 to 10/10/1402 for 16436 days over 44 to 64 degrees east and 25 to 40 degrees north with a 
spatial resolution of 0.25×0.25, was utilized. Only the pixels covering the Iranian territory were 
utilized to examine Iran's temperature characteristics. To extract the daily maximum temperature from 
the ERA5 database, we extracted the hourly temperature for each day and considered the largest value 
among the 24 data on each day as the maximum temperature of that day. Also, to investigate the 
relationship between temperature changes and atmospheric thickness, geopotential data of 850 and 
500 hectopascal levels, respectively as ground surface and middle layer atmospheric levels, were taken 
from the ECMWF database daily and at a spatial resolution of 0.25 × 0.25 degrees in (NC) format. 
Programming operations in the Python software environment were also used to process and analyze 
the data. 

 

RESULTS AND DISCUSSION 

In the initial phase of this study, an analysis of the general structure of maximum temperatures in Iran 
was conducted by calculating the average maximum temperature for each day across the country. The 
resulting time series of temperature data was smoothed using a 365-day moving window. This 
examination of the smoothed time series revealed a notable increase in maximum temperature in the 
year 1377, which is distinctly observable within the data (Figure 1). To assess whether this 
temperature increase in 1377 is consistent across the entirety of Iran, a maximum temperature dataset 
with dimensions of 81×61×16436 was utilized. The smoothed time series for maximum temperature 
was computed for each grid cell using the same 365-day window, followed by the standardization of 
the smoothed temperature array. Subsequently, a principal component analysis (PCA) was performed 
on this standardized dataset. The results indicated that the scores of the first principal component were 
consistently positive before 1377 and predominantly negative thereafter. Furthermore, the 
investigation into temperature anomalies across Iran demonstrated that a significant temperature 
increase has been recorded in 45% of the country's area since 1377. To explore the potential causes of 
these temperature changes—whether they are attributable to factors such as urbanization, 
deforestation, desertification, the desiccation of lakes, and other anthropogenic influences, or whether 
broader climatic patterns are at play—data on geopotential height values over the Northern 
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Hemisphere at the 850 and 500 hectopascal levels were extracted. The atmospheric thickness in these 
two layers over Iran and the Northern Hemisphere was subsequently calculated. The findings indicate 
that atmospheric thickness over Iran has experienced a significant increase since 1377. Consequently, 
the year 1377 can be regarded as a jumping point in the temperature time series for the Northern 
Hemisphere, as the temperature values in the lower atmosphere are directly influenced by atmospheric 
thickness; thus, an increase in atmospheric thickness correlates with an increase in temperature. 

 
Figure 1. Smoothed time series of maximum temperature in Iran based on Asfazari data Era5 dataset. 

 

CONCLUSION  

This study analyzed daily maximum temperature data from 11/10/1357 to 10/10/1402, covering a total 
of 16,436 days, to investigate changes in maximum temperature characteristics in Iran. The smoothed 
time series revealed a significant increase in maximum temperatures in 1377, which was evident 
across most regions of Iran. Upon standardizing the data, the principal component analysis indicated 
that the scores for the first component were consistently positive before 1377 but became negative 
thereafter. This shift resulted in a frequency distribution of maximum temperatures that leaned towards 
higher values, with an increased occurrence of temperatures exceeding 23 degrees. Additionally, the 
seasonal temperature variation diminished, transforming the temperature distribution from 
biexponential to uni exponential, which reflects a reduced difference between hot and cold seasons. 
The thickness of the 500-850 hectopascal layer suggests that this temperature shift has also impacted 
the lower half of the atmosphere, highlighting the global nature of the warming phenomenon. 
Furthermore, the temperature jump in 1377 may be associated with the strong El Niño event that 
occurred that year, potentially influencing broader global climate change, disrupting the previous 
climate equilibrium, and leading to a new climatic state.  
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5 - Al-Ataby et al. 
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