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ABSTRACT

One of the clearest manifestations of climate change is greater near-surface warming of the
high latitudes than the low or middle latitudes of the Northern Hemisphere. This so-called
Arctic amplification (AA) is evident in observations over recent decades. This
disproportionate temperature rise is expected to influence the large-scale circulation,
perhaps with far-reaching effects. The North/South temperature gradient is an important
driver of the polar jet stream, thus as rapid Arctic warming continues, one anticipated effect
is a slowing of upper-level zonal winds. It has been hypothesized that these weakened
winds would cause the path of the jet stream to become more meandering, leading to slower
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Extended Abstract (AA) is evident in observations over recent decade.
) This disproportionate temperature rise between high
1- Introduction and low latitudes is expected to influence the large-

scale circulation of the atmosphere especially in the
mid-latitudes, perhaps with far-reaching effects. The
North/South temperature gradient is an important
driver of the polar jet stream, thus as rapid Arctic
warming continues, one anticipated effect is a
slowing of upper-level zonal winds. It has been
hypothesized that these weakened winds would
cause the path of the jet stream to become more
meandering, leading to slower Eastward progression
of ridges and troughs,which increases the likelihood
Address: Department of Climatology of persistent weather patterns and consequently
University of Isfahan extreme events. The consequences of such
Tel: +98(3137933133) atmospheric changes is huge for a country like Iran
with a marginal climate. More frequent flash floods,
hot and cold surges, persistent droughts may result

ne of the remarkable manifestations
of global warming and climate
change is the fact that near-surface
warming of the high latitudes is
much faster than the low or middle
latitudes of the Northern Hemisphere.
This so-called Arctic amplification
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to economic and social crisis. In the present
research, we have attempted to detect the impacts of
changing atmospheric circulations in mid-latitude on
temporal and spatial variations of temperature in
Iran and develops a method to assess the extent of
these changes in the study area.

2- Materials and Methods

To examine the impacts of arctic amplification and
change atmospheric circulations on variations of
temperature in Iran, we used three datasets. 1- The
daily temperature data of the 36 selected stations in
Iran. The criteria for selecting these stations were a
long time and homogeneous data. The daily data of
the maximum and minimum temperatures were
obtained from Iran's Meteorological Organization
during 2009-2015. Therefore, our two matrix of the
temperatures consisted of 13514 rows, one for each
day from March 21, 1979(Farvardin 1, 1358), to
March 19, 2016 (Esfand 29, 1394), and 36 columns,
one for each station in Iran. 2- The daily Arctic
Oscillation(AO) index from the Climate Prediction
Center of the National weather service NOAA. This
data formed a matrix in 13514x1. 3- The mean daily
geopotential height data of 700 hPa level at 2.5° x
2.5° grid resolution from National Center
Environmental/ Department of Energy (NCEP-
DOE). This matrix also consisted of 13514 rows,
one for each day from March 21, 1979, to March 19,
2016, and 5328 columns, one for each grid point in
Northern hemisphere. In this study, Aggregate
sinuosity (ASIN) was used to identify the changes of
large-scale atmospheric circulation in the Middle
East region and its effects on Iran's temperature
variations. SIN is defined as the ratio of the
curvilinear length of a 700 hPa geopotential height
contour (isophypse) to the perimeter of its equivalent
latitude.

We calculated the aggregate sinuosity of a set of 4
isohypses (307, 307.5, 308 and 308.5 dm) for two
domains: 0-70 E,0-90 N and 30-60°E, 0-90° N.
These isohypses contain the maximum frequency of
700 hPa geostrophic wind throughout the days that
temperature of these days were lower than -2
standard deviation (NTD>-2) and We calculate
ASIN.

To calculate, first for each of these isohypses, the
equivalent latitude () was calculated.

Where A is the area enclosed by a given isohypse
and R. is the radius of the Earth. Then ASIN was
calculated:

Where L is the length of the indicated isohypse and
EL is the length of its corresponding Equivalent
latitude circle. It follows from the definition that the
minimum value of sinuosity is 1.0 which describes a
purelyzonal streamline (i.e. no waviness). MATLAB
software was utilized to analyze the data.

3- Results and Discussion

The analysis presented here focuses on the winter
((December, January, February and March (DJFM))
as it is during this season that the mid-latitude flow
is at its energetic peak. The 37-year time series of
DJFM average, seasonal average and annual average
ASIN is shown a slight,and statistically insignificant
upward trend.

The results of the correlation have also revealed that
there is a strong negative correlation between the
monthly DJFM average ASIN and the monthly
DJFM average maximum and minimum temperature
in the cold season. As a result, it can be analyzed
that the temperature of the selected stations
decreases as the ASIN is increased in the cold
season. The maximum correlation includes the
northern and eastern stations of the country. This
indicates that the atmospheric flow of the mid-
tropospheric is more effective on the minimum and
maximum temperatures of the eastern and northern
stations. Deep waves of the mid-tropospheric, either
directly or through the effect on the Siberian cold
system, can be effective on the temperatures in Iran
during the cold season.

Further, the winter (DJFM) average sinuosity is
shown to be highly correlated with the DJFM
average AO suggesting that positive(negative) phase
of the AO may also encourage increased (reduced)
waviness in the studied area. This relationship is
apparent in the two lowest ASIN years (2009-10 and
2012-2013) that coincide with very negative AO
indices during winter 2009-2010 and 2012-2013.
When the AO index is positive, the reinforcement of
the sub-polar low pressure in addition to
strengthening the Siberian high pressure and
eastward extension on lran, resulting in a greater
movement of polar air into Iran and affects the air
temperature of the region.
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4- Conclusion

The 37-year time series of DJFM average and
annual averaged ASIN exhibits an upward trend
over the course of the study period in the studied
area. Increasing ASIN has caused planetary scale
waves to become wavier and less progressive
resulting in more frequent blocking and associated
extreme weather and also extreme temperature.

The results of the correlation between the minimum
and maximum temperature of the 36 stations and the
ASIN show a negative correlation at all stations,
which indicates that the temperature decreases by
increasing the ASIN And vice versa.

On the other hand, the positive correlation between
the arctic oscillation and the ASIN indicates that the
positive (negative) phase of the Arctic oscillation
increase (decrease) the sinuosity and decrease
(increase) the minimum and maximum temperatures
at all stations.

It can be concluded that Siberian high pressure and
subpolar low-pressure, which are reinforced during
the positive phase of the arctic oscillation, are two
effective systems on the temperature during the cold
season. Hence, the arctic amplification and the
weakening of the subpolar low-pressure caused the
negative phase of the Arctic oscillation, resulting in
a decrease in sinuosity and an increase temperature
in the region. Hence, under the arctic amplification
hypothesis, the minimum and maximum temperature
of the stations, especially the minimum temperature,
increase during the cold season.

Keywords: Arctic Amplification, Westerlies,
Aggregate Sinuosity, Temperature, Iran.
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