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ARTICLE INFO ABSTRACT

Article history: The present study aims to investigate the frequency distribution of monthly, seasonal and annual
Received: 22September temperature in the boundary layer of Shiraz. For this purpose, radiosonde data downloaded at 3.5
2021; local time during 1394-1380 (5478 days) from the University of Wyoming web site. Then, the
Accepted: height of the meteorological station of Shiraz (1491 m) was determined as the base level of the
16November2021 inversion of the boundary layer of air, and The Top of the Inversion layer was selected to the

geopotential surface of 700 hp (an average of 1.5 km from the lower layer above the surface) as the

Auvailable online
study space. The results showed that October and November are the highest and July's low

2LJanuary 2023 frequency of inversion days. On this basis, the autumn, winter, spring and summer seasons were the
most days of inversion, respectively. Also, the results on the annual scale showed that the frequency

Keywords: of inversion days was increasing. As the average monthly increase in the frequency of inversion
Urban Climate, days, the air temperature in the first 5 years (1390-1394) compared to the first 5 years (1385-1389)
Temperature gradient, was twice as high as 5 years in comparison with the first 5 years (1380-1384). The annual average
Metropolis, annual average also showed that 73% of the year (267 days) of Shiraz was faced with inversion
Infrared, phenomenon. The most intense inversion of temperature in the air interface have occurred in
Shiraz. January, this clearly demonstrates the role of night cooling in the intensification of inertia of the

temperature of the boundary layer of the air.

1. Introduction spring due to the warming of the earth's surface,
while the inversion in the troposphere Middle

In the troposphere, under normal conditions, the occurs in the winter season, and this is more
air temperature decreases with increasing altitude, dependent on the geographical location and cold
and with increasing distance from the land front synoptic systems (Li et al, 2012). In another
surface, the air temperature  decreases study, Jing and Zhang (2017) by studying the
(approximately 0.6 degrees Celsius per 100 impact of meteorological elements on the
meters). In a research, with the help of radiosonde persistence of heavy air pollution in the Chengdu
data of seven stations in central China, during the region of China in the spring of 2014 showed that
20-year period 1990-2010, temperature inversion not only the surface meteorological factors, but
was analyzed. In this study, two inversion layers also the structure of the boundary layer and the
were detected in the lower and middle trOpOSphel’e presence of temperature inversions p|ay an
and two layers in the upper troposphere, and they important role in spreading The pollutant plays a
concluded that the highest frequency of inversion vertical role. In Iran, there are many studies on the

in the lower troposphere occurs in autumn and
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inversion of megacities, including Tehran (Abadi
et al., 2019), Tabriz (Panahi, 2016), Mashhad
(Allahyari et al., 2014), Isfahan (Momeni, 2012)
and Ahvaz (Taleb-Zadeh, 2014) but the study of
this phenomenon was limited to the metropolitan
city of Shiraz, among which the following cases
can be mentioned.

2. Methodology

In the present research, firstly, the data of the
atmospheric radiosonde station above the city of
Shiraz at 00:00 GMT (3.5 am local time) in the
period of 15 years from 03/21/2001 to 03/20/2016
AD was taken daily from the website of the
University of Wyoming. The parameters used in
this research include Zbase, Ztop, Thase, Thase,
Pbase, Ptop, Otop, Obase, A, Dtinv, Dzinv; which
were using data of inversion layer available in
vertical surfaces. Atmosphere were obtained.
After collecting the data and converting the
calendar from Gregorian to solar, the days with
temperature inversion from the land surface to the
geopotential level of 700 Hp were extracted.
Then, the abundance and monthly, seasonal trend
and annual inversion days were calculated in the
studied period. Since the temperature difference
of the inversion layer is more significant in the
morning than in the evening, instead of the data of
12 degrees Celsius (3.5 pm) from the data of 00
degrees Celsius (3.5 am) has been used.

3. Results

The study of the frequency of annual inversion
days in the period of 2001-2015 shows that the
year 2012 with the frequency of 348 days and the
year 2004 with the frequency of 109 days, the
highest and the lowest number of inversion days
occurred, respectively. In other words, in 95% of
the days of the solar year 2011, the phenomenon
of inversion occurred and only 5% of the days
were without inversion. In general, the data shows
that during the studied period, the frequency of
inversion days with an explanatory coefficient of
42. Has had an increasing trend. Examining the
monthly trend of inversion days in the solar period
1380-1394 indicates that in the months of April
2013, May 2012, Aug 2010 and 2011, September
2015, October 2010, 2011 and 2015, Nov 2010
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and 2015, December 2011, February 2014 and
March 2016, inversion has occurred on all days of
the month, that is, the continuation of the daily
inversion of air temperature has lasted for at least
a month. On the other hand, in the months of July
2001, 2004, 2005 and August 2004, no
temperature inversion was seen in the boundary
layer air. In general, during the studied period, the
monthly trend of inversion days with a slope of
0.07 and an explanatory coefficient of 21. Has
been increasing, and this upward trend is
significant from two points of view. On the one
hand, the number of inversion days in the first half
of the year (spring and summer) compared to the
second half of the year (autumn and winter) has
increased significantly in the studied period, and
on the other hand, the average number of
inversion days in the third year (2011-2015)
compared to The second 5 years (2006-2010) are
twice the average inversion days of the second 5
years compared to the first 5 years (2001-2005) of
the studied period. This upward trend can be
indicative of the intensification of the heat island
of Shiraz in recent years. Examining the Skew-T
diagram of the studied period shows that the
greatest inversion thickness occurred on
November 19, 2010 with 1,692 meters and the
greatest temperature gradient occurred on June 3,
2014 with 46.3 degrees Celsius. Also, the
strongest inversion was calculated on January 2,
2016 with an index of 4.96.

4. Discussion

The results showed that October and November
have the highest and July the lowest frequency of
inversion days. In the cold period of the year, due
to the negative thermal energy balance of the land
surface (soil) as well as the long nights and as a
result of the intensification of the nocturnal
radiative cooling of the land surface, the
phenomenon of inversion of the air temperature of
the boundary layer is more noticeable. Based on
this, autumn, winter, spring and summer seasons
had the most inversion days, respectively, which
is consistent with the research of Fakharizadeh
Shirazi et al. (2014). Also, the findings on an
annual scale showed that during the studied
period, the frequency of inversion days increased.
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5. Conclusion
So that the increasing trend of the average

inversion days of the third year (2011-2015)
compared to the second 5 years (2006-2010) is

Tavousi and Kefayat Motlagh

twice the increasing trend of the average of the
inversion days of the second year compared to the
first 5 years (2001-2005) of the studied period. Be
this upward trend can indicate the intensification
of the heat island of Shiraz in recent years.
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