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ABSTRACT
The special geographical situation of Isfahan and its location in a depression as well as gathering
pollutants in the air has turned Isfahan to one of the most polluted cities in Iran. In winter, Isfahan has
the most pollutants in the air. In summer and autumn, it has a high level of pollutants. But in spring,
the city has healthy air.  The synoptic study of the air indicates that there is a high pressure center in
Isfahan which is the result of the strengthening and spread of Siberia high pressure center and the
spread of its system over Iran. There is also a high center in the middle layer of atmosphere. This
result is inversion and air stability. There is a sharp rise in the pollutants of the air in Isfahan at the
time of the spread of Siberia high pressure center over Iran especially in the central areas. This results
in serious harms to the citizen’s health.  In this research by studying the air synoptic condition in
2004 and 2005 and also the amount of pollutants in Isfahan at this time, we have tried to identify the
role and effect of  Siberia high pressure on urban pollution in Isfahan. By predicting synoptic spread
of this high pressure center on Iran, we have tried to give the necessary information to city officials
to carry out practical strategies in order to fight the destructive effects of this phenomenon before
the air pollution.
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INTRODUCTION
The synoptic climatology is a science which
examines the relation between atmospheric
circulation and surface environment of region.
Most of processes relevant to environmental
problems (air pollution, acid rain, water’s quantity
and quality) are extremely affected by
atmospheric circulations. For example on hot and
sunny days the amount of surface ozone is
increased but when rainy systems are passing,
this amount is reduced noticeably. Muler and his
student’s study showed that surface ozone’s
increase in the Batoonrog Louisiana was resulting
from air types of high pressure systems.
Whenever there was a continental high pressure
type for several continuous days the amount of
ozone would reach its highest level, because in
this condition, North-Western flowing, have
brought along the ozone of North-Eastern
industrial regions and also the increase of sunny

hours caused the ozone production. Studying the
south of Colorado plateau in the United State Yoo
and Pilk showed that Eastern part of polar high
pressure system, the ventila tion becomes
comparatively weak especially when the ground
is covered with snow and the sun angle of
incidence is slant (the conditions of winter) and a
stuffy condition is created. This conditions cause
overturned ness and accumulates the pollution
resulting from local pollutant sources in the
atmosphere.1

Li and Wang show that certain specific synoptic
weather patterns worsen the air quality andinduce
the UHI phenomenon: Taichung’s UHI appears
clearly under the synoptic weather patterns
featuring light air or breezes (0.56 m/sd”wind
speedb2.2 m/s) mainly from the north and west.
Furthermore, under these weather patterns, the
concentrations of air pollutants (NO2, CO2 and
CO) increase significantly (Pb0.05) with the UHI
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intensity. The convergence usually associated with
nocturnal UHI causes the accumulation of O3
precursors, as well as other air pollutants, thereby
worsening the air quality at that time and also
during the following daytime period.2

Ilan and others show that Several locations are
identified as having high recirculation potential,
including southern Cyprus, the coasts of Israel
and Lebanon, the eastern slopes of the Judean
Mountains and the Haifa Bay in particular.
In the latter location, high recirculation potential
could be explained by strong interaction between
the land–sea surfaces, curvature of the bay and
proximity of the Carmel ridge. It is shown that
the synoptic and meso-scale recirculations may,
under certain conditions, act together and at the
same time in determining particle distribution.
Under weak synoptic scale flows, particles are
recirculated over the entire East Mediterranean
Sea basin, returning onshore after a period of
2–3 days to join freshly emitted particles. At the
same time, near-shore land–sea breeze effects
cause particles to recirculate on smaller time scales
of less then one day, sometimes passing as much
as three times over the same airshed. A single
elevated emission source is shown to have the
potential to impair air quality at a coastal strip as
long as 100–200 km upon returning onshore.3

Scott and Ahmet results that The distribution of
historical ozone levels for a region is tabulated as
a function of its prevailing synoptic and mesoscale
influences. Meteorological patterns are
determined sequentially from extended records
of hourly surface wind measurements sampling
relevant low-level flows. A visualization method
is presented to readily indicate the likelihoods for
exceedances to occur  under a variety of
meteorological conditions. The study domain is
San Joaquin Valley (SJV) of California, which is
divided into three subregions (North, Central, and
South). Each day from May–October of
1996–2004 is labeled using synoptic (single-day)
and mesoscale (intra-day) patterns. Emissions
levels are assumed roughly constant for this period
following the introduction of reformulated gasoline
to California. Synoptic motions largely control the
regional SJV ozone pollution potential; the same

single-day patterns are identified for all three SJV
subregions. Additionally, a unique mesoscale flow
feature is identified in each subregion that strongly
affects its ozone levels: flows through minor Coast
Range gaps for N-SJV, the Fresno Eddy for
CSJV, and flows through Mojave Pass for S-SJV.
The strength of each mesoscale feature is
characterized using 1-h surface u or v wind
components that explain local ozone pollution
potentials.4

Sebastian and others result a  recent field
campaign has improved our understanding of the
natural environment and emission processes of
the most intense and persistent dust sources in
the world, the Bodélé Depression in Chad. In situ
measurements of dust properties during air craft
observations in and down wind of source regions
have led to new estimates of the radiative forcing
effects which are crucial in predicting future
climate change. With a focus on the North African
desert regions, this paper provides a review of
the understanding of dust source regions, the
variability of dust emissions, climatic controls of
dust entrainment and transport, the role of human
impact on dust emission, and recent developments
of global and regional dust models.5

Chen and others result the air qualities in northern
China had a prominent correlation with the
pressure systems. It revealed that (a) the
increasing phase of API was associated with high
pressure and the successive low pressure, (b) the
preceding part of front (i.e. the retral part of low
pressure) was associated with the maximum of
API values during a cycle of air pollution process,
(c) the pressure systems with high gradient led to
the decrease of API, and (d) the synoptic pressure
patterns and their evolvements were the main
causes of regional air pollution processes. These
relations can be used to analyze the variation
characteristics and mechanism of regional
atmosphere pollution process, and provide
important basis for the qualitative prediction,
control, and management of regional air pollution
problems.6

Hassanzadeh and others result A variable selection
method based on high loading of varimax rotated
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principal components was used to obtain subsets
of the predictor variables to be included in the
linear regression model of the meteorological
variables. In 1999, 2001 and 2002 one of the
meteorological variables was weakly influenced
predominantly by the ozone concentrations.
However, the model did not predict that the
meteorological variables for the year 2000 were
not influenced predominantly by the ozone
concentrations that point to variation in sun
radiation. This could be due to other factors that
were not explicitly considered in this study.7

METHODOLOGY
To determine the days on which the amount of
air pollutants in Isfahan is increased, daily data of
air pollutants gases (PSI index) from March 20th
2005 until March 19th 2007 have been used, and
days with the high level of air pollutants are

determined in the December until March month
of these two years.
For determining the relation of Isfahan air pollution
with the spread of Siberia high pressure center
over Iran, sea level pressure data and geopotential
height of different atmosphere surfaces were
used. Sea level pressure data and geopotential
height of 850, 700 and 500 HP layers have been
investigated. Dimensions of these Data were 2.5
by 2.5 degrees daily from March 20th 2005 until
March 19th 2006 in the limits of 0 to 90 Northern
latitude and 0 to 150 Eastern longitude and for
this purpose daily maps of every layer during
mentioned period have been drawn and for every
layer 730 maps have been provided. (Fig. 1)
These data have taken off from the NOAA. After
determination of the days with high air pollution
and condition of Siberia high pressure center
establishment, the relation of these two
phenomena are examined and analyzed.

Fig. 1 : Area studied on sea level pressure and data of geopotential height with 2.5 in 2.5 degree pixel
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RESULTS   AND   DISCUSSION
By determining the amount of air pollutant gases,
air pollution condition can be determined. The air
pollution index is a standard which change the
density of different pollutant compounds in the
air such as CO, SO2, Nitrogen compounds, Ozone
and suspended particles which have different
authorized limits with different units into a number
without unit and shows the air pollution condition
qualitatively in five levels of good, pretty good,
polluted, very polluted and critical (Table 1).

Table 1 : Qualitative air condition deter-
mination by using air pollution index (PSI)

 PSI index quantity   Air condition

        0 – 50 Good

      51 – 100 Pretty good

     101 – 200 Polluted

During this period, November last days and
December first days of 2005 the index of air
pollution proceeded authorized limit of 100 and
actually at this time the Isfahan air was polluted.
During November 28th until December First 2005
the air pollution level has been high. (Table 2)

Table 2 : PSI index level of Isfahan from
26thNovember to 3rdDecember 2005

 Date PSI index quantity

 November 26      96

 November 27 64

 November 28 105

 November 29 110

 November 30 117

 December 1 115

  December 2 95

 December 3 91

In the cold seasons, due to air establishment over
the cold lands of Siberia region and Middle Asia
Siberia continental cold air mass has formed and
its Anticyclone flares have spread around and also
have covered Iran. Siberia air mass spread over
Iran causes the air pressure to increase, hence
stopping the air ascend. The height of this air mass
isn’t much and spreads 2-3 kilometer at most in
the atmosphere. This air mass caused the
establishment of a high pressure center at earth
surface and a high center in the layers of air near
earth surface especially 700 and 850 HP layers.
The result of this condition establishment is a clear
and calm, by the way the air vertical motion is
stopped which causes temperature overturn
phenomena and increase in air pollutant amount
in the cities surface air.8

The examination of maps relevant to earth surface
pressure and geopotential height patterns of
different atmosphere layers on the last days of
November and December first days in 2005
showed the establishment of Siberia high pressure
center on the Earth surface and also the
establishment high center in the 850 HP layer of
Iran atmosphere.
As shown in Fig. 2 to Fig. 4, on November 26th
there is no trace of Siberia high pressure center
but on the next days this center starts to form and
its flares more toward Iran and on November 30th
cover all of Iran and the air pressure at the air
surface of Iran reaches 1022 to 1030 HP, after
that the pressure follows a decreasing trend again
and on December 3rd, the trace of Siberia high
pressure center disappears completely.
But review of air patterns at the 850 HP layer
Fig. 5 to Fig. 7 also shows that a high center has
established at this layer which on November 30th,
the height at the center of this system which is
established over Northern areas of Caspian sea,
is 1560 meters and the height of this system over
Iran is 1460 meters, and as time passes the height
of this layer over Iran is decreased.
Therefore it becomes clear that there is a relation
between forming and movement of Siberia high
pressure center on the earth surface and height
of 850 HP layer, Isfahan air pollution rate increases
and by weakening this system and its retreat from
Iran. The air pressure on earth surface is
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Fig. 2 : Surface air pressure map on 26th November, 2005

Fig. 3: Surface air pressure map on  30th November 2005

Fig. 4 : Surface air pressure map on 2nd  December   2005
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Fig. 5 : Air Pattern map of 850 HP Layer on 26th  November 2005

Fig.  6 : Air Pattern map of 850 HP Layer on  30th November  2005

Fig. 7 :  Air Pattern map of 850 HP Layer on  2nd  December 2005
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decreased little by little and there is the possibility
of air ascension and decrease of air pollution.

CONCLUSION
There is a relation between forming and
movement of Siberia air mass and Isfahan air
pollution. So any increase in the air pressure at
the earth level and in height of 850 HP layer
Isfahan air pollution rate is increased. The
increase in earth surface air pressure and increase
in height of layers near earth surface, causes air
immobility and actually the high pressure air on
earth surface doesn’t move up and therefore the
pollution resulting from industrial and human
activities are left on the city surface.
Forming, establishment, movement and disappear
of Siberia high pressure center can be forecast
from several days ago and so by use of
information related to forecasting of air pressure
on the earth surface and the geopotential height
of different atmosphere layers, establishment of
this air mass over Iran and hence air pollution
increase can be forecasted and essential steps
for confronting the effects of this condition can
be taken.

RECOMMENDATIONS
By use of air pressure information, city planners
and managers can forecast the possibility of air
pollution from several days ago and by declaring
essential warnings and establishment of certain
laws and regulations can control the pollutant
factors of Isfahan air and give the essential
warnings to the relevant responsible persons and
by using right management decrease the damages
of this.
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