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Figure 1- Trends of Tropopause pressure level over the atmosphere of Iran in the winter months during the period 1979 to

2018
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Figure 2- Temperature trends of upper and lower levels of the tropopause and temperature difference of the two levels over
the atmosphere of Iran on the winter months during the period 1979 to 2018
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Figure 3- Trends of variance, skewness, and kurtosis of Tropopause pressure levels on the atmosphere of Iran on the winter
months during the period 1979 to 2018
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Figure 4- Trends of Tropopause pressure level trend over the atmosphere of Iran in the summer months during the period
1979 to 2018
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Figure 5- Temperature trends of upper and lower levels of the tropopause and temperature difference of the two levels over
the atmosphere of Iran in the summer months during the period 1979 to 2018
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Figure 6- Trend of variance, skewness, and kurtosis Tropopause pressure levels over the atmosphere of Iran in the summer
months during the period 1979 to 2018
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Introduction: Studies of the atmosphere over the last hundred years have shown that human activities have
caused changes in the atmosphere. The tropopause is one of the layers of the atmosphere whose changes have
recently been introduced as a sign of a human impact on climate change. The height of the tropopause
is affected by its upper and lower layers (the stratosphere and troposphere). The results of the studies conducted
by various researchers have shown that different factors affect the height of tropopause and its changes, which
can be divided into two groups. The first group of natural factors (such as changes in solar radiation and weather
due to volcanoes, etc.) and the second one is human factors (including changes in greenhouse gases, human-
induced changes affecting the ozone of the stratosphere and the production of air vents from human resources,
etc.). Thus, altitude tropopause is naturally influenced by spatial characteristics (e.g. latitude and altitude), time
(such as the time of year and hours of the day) as well as the frequency of atmospheric actions that determine
climatic conditions.

Materials and Methods: Compared to the studies performed globally, a limited number of studies
concerning the tropopause have been conducted in Iran. Moreover, the applied methods and the length of the
dataset were often inadequate. Therefore, in the present study, the daily data of temperature, and geopotential
height from the European Centre for Medium-Range Weather Forecasts (ECMWF) for 700 to 50 hpa with a
spatial resolution of 0.25 x 0.25 longitude/latitude were applied from 1979 to 2018 for the detection of
tropopause. Accordingly, 2491 cells covered across Iran. The LRT was used to detect tropopause. The
tropopause is defined as ‘‘the lowest level at which the lapse-rate decreases to 2 °C/km or less, provided that the
average lapse-rate between this level and all higher levels within 2 km does not exceed 2 °C /km”. In the present
study, in addition to changing the position, changing the scale (variance) as well as the shape of the frequency
distribution (skewness and elongation) of the tropopause pressure level in each of the pixels on Iran was
investigated. To calculate skewness, and kurtosis, daily tropopause height data were used. For each of the
months studied, diffraction, skewness, and elongation were extracted using daily data and finally using data
during the 40 years. The extracted trends of variance, skewness, and kurtosis were examined for each month. To
track the synchronicity and conformity of changes in altitude and trend of tropopause pressure level with the
trend of changes in mean monthly temperature in the lower and upper levels of the tropopause and the trend of
the temperature difference between the two layers around tropopause was also evaluated over 40 years. In order
to evaluate the long-term trend of each of the studied indices (mean, variance, skewness, and kurtosis) in relation
to the height and pressure level of the tropopause, linear regression method with least-squares error method was
used.

Results and Discussion: The results of the study of altitude trend and tropopause pressure level showed that
in most of the months studied and in most parts of the country, the trend of changes in tropopause pressure level
was not significant at the level of 95% confidence. According to the results obtained for the winter months, it
was found that the trend of a tropopause pressure level in December had no statistical significance over Iran at a
95% confidence level. In January and February, the obtained trend was not statistically significant except for
southeastern areas. In the summer months, unlike the winter months, the trend of tropopause pressure levels was
significant in most regions. During the summer months, in areas where the trend was significant, the trend of
tropopause pressure levels was positive. Examination of the trend of tropopause height in terms of meters
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showed different results with pressure level. During the winter months, the trend was positive in all regions, and
in January and February, this trend was significant in many areas, while the summer months did not exhibit
a significant tropopause. The results of examining the trend of the low temperature of the tropopause in summer
and winter months showed that the observed trend was not statistically significant in December, but in
other months, a positive and significant trend was detected. Examination of the temperature trend in the high
level of tropopause also showed that the temperature trend in this part of the atmosphere, like the low level of
the tropopause in large parts of the country in the studied seasons, lacked statistical significance. Examination of
the trend of the temperature difference between high and low levels also showed that the trend of the temperature
difference between these two levels was statistically insignificant at the majority of cases. The temperature
difference trend of the two levels studied in the summer months was negative and significant at most regions. In
other words, the decrease in the temperature difference between low and high tropopause in these two seasons
and in some areas indicates a strong decrease in tropopause. Examination of the trend of variance, kurtosis and
skewness also showed that the observed trend lacked statistical significance in the two studied chapters at most
areas. There was also no relationship between the surface temperature trend and changes in tropopause height.

Conclusion: The results of this study showed that tropopause had no statistically significant trend in most
areas and months. Moreover, the significant trend was not related to the two temperatures around tropopause and
surface temperatures.

Keywords: Cold season, Iran, Tropopause pressure level, Tropopause, Warm season



