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Abstract
The large-scale tropospheric circulation can play a controlling role in the accumulation and
ventilation of air pollutants. It thus impacts air quality in large urban areas. This paper investigates
the statistical relations between the dynamical indices related to circulation in the troposphere and
visibility as a surrogate for air pollution in the urban area of Tehran for the climatological period of
1958 to 2013. The dynamical indices are based on jet splitting and Rossby wave breaking at the
upper troposphere, eddy kinetic energy, meridional momentum flux, and static stability at the
lower troposphere, as well as the high and low surface pressure disturbances. Despite the definite
impact of surface pressure disturbances on visibility in Tehran, results show only very weak, if
any, relation between the tropospheric circulation indices and visibility in Tehran. The absence of
a robust relation is attributed to the slow response of the urban ventilation process to the time
evolution of dynamical indices above the boundary layer and particularly at upper troposphere.
The complex terrain of the region is likely the main factor creating the slow response.
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1. Introduction
Air pollution is produced from both natural
and anthropogenic sources (Seinfeld and
Pandis, 2006). It has been found to be
associated with a wide range of adverse health
effects (Samet and Krewski, 2007) as well as
impaired visibility, which is a problem for
traffic safety (Sisler and Malm, 1994). As
the concentration of pollutants could be
affected by various meteorological factors
(Pearce et al., 2011), the long term
evaluation of the air quality is also important
to understand the potential impact of climate
change (Mickley et al., 2004).
In the absence of certain weather conditions
(e.g., fog and rain), visibility could be used as
an indicator of air quality (Baumer et al.,
2008). Many researchers have examined the
observed visibility and its connection with
local air pollution over the globe (for example,
Husar et al., 1981; Doyle and Dorling, 2002;
Deng et al., 2008; Chang et al., 2009;
Sabetghadam et al., 2012; Xiao et al., 2014).
Low level meteorological variables such as
relative humidity, temperature, wind velocity
and direction can directly affect air pollution
(Molenar et al., 2008; Gultepe and Milbrandt,
*Corresponding author:

2009; Pusheng et al., 2011; DagssonWaldhauserova et al., 2013; Liao et al.,
2015). Apart from meteorological factors,
some dynamical events with varying scales
from large to meso could affect the
concentration of air pollution (Shen and
Mickley, 2017). Simulations by General
Circulation Models (GCM) show that the
increasing concentration of greenhouse gases
contributes to a poleward shift in the position
of subtropical jet stream and storm tracks, a
decrease in the frequency, but an increase in
intensity of the Northern Hemisphere
midlatitude cyclones (Lambert and Fyfe,
2006; Meehl et al., 2007). A reduction in the
frequency of mid latitude cyclones may lead
to fewer cold fronts passing through the
polluted regions, causing a higher frequency
of stagnation periods (Mickley et al., 2004;
Forkel and Knoche, 2006; Murazaki and Hess,
2006; Wu et al., 2008).
Changes in the large-scale circulation
associated with global warming are expected
to change the intensity and frequency of
occurrence of acute air pollution events. The
cold fronts accompanying mid-latitude
amoheb@ut.ac.ir
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cyclones have been identified as the key factor
for air pollution ventilation in western North
America, Europe and East Asia (Cooper et al.,
2001; Liu et al., 2003; Li et al., 2005; Ordonez
et al., 2005). Tai et al. (2012) demonstrated the
cold front passage as the prominent
meteorological process involved in variation
of PM2.5 in the eastern US. Frequency of
mid- latitude cyclones has been used as a
predictor of stagnation and ozone pollution
days in the eastern US (Leibensperger et al.,
2008). With their potential to affect the air
quality and visual range, the surface highpressure and low-pressure systems are among
the mesoscale weather disturbances that need
to be investigated.
With
its
growing
population
and
industrialization, the megacity of Tehran is
prone to high episodes of unhealthy days,
especially in the cold season. Even in case of
no or little interannual change in local emission
of pollutants, there is an important degree of
variability in the statistics of hazardous air
pollution episodes in Tehran. The statistics
such as the frequency of occurrence and
intensity are expected to change during the next
couple of decades with regional impacts of
global warming, even in case of a stationary
state for the local emission in the megacity. As
a step toward understanding the impact of
climate change on air quality in Tehran, this
paper aims to investigate the possible links
between the air pollution in Tehran and certain
dynamical indices of large-scale flow;
including the split flow, blocking, eddy kinetic
energy and meridional momentum flux. The
link with the surface high and low pressure
disturbances is also investigated. Precedence to
this work goes to Hafezi et al. (2015) which
showed that some sub-episodes of air pollution
in the acute and air pollution period occurred in
Nov–Dec 2010 in Tehran were related to the
formation of an instantaneous blocking in
central Asia accompanied with jet splitting that
is quantified by the split flow index. Being
limited to a case study, the usefulness or
otherwise of such indices in a statistical sense
remains to be examined. Further, there is a
general interest in the relation between the
tropospheric circulation and local air quality for
its possible use in downscaling the general
circulation and global climate model results for
air quality purposes (e.g., Rohli et al., 2004;
Demuzere et al., 2009; Dharshana et al., 2010;

Pope et al., 2014; Pope et al., 2015; Webber et
al., 2017).
The paper is structured as follows: The
different datasets used and the methodology
employed in defining the dynamical indices are
described in Section 2. In the absence of longterm records of air pollution in the area of
study, the visibility data are used as indicators
of air quality. In the third section, results are
presented for the statistics of the relation
between the dynamical indices and the
visibility impairment. In the final section, the
main conclusions are given.
2. Data and methodology
2.1. Data
Geographically surrounded from north by
Alborz mountain ranges, from south by Kavir
desert, and from west to southwest by lowelevated land, Tehran is approximately located
from 51 2E to 5136E in longitude and
from 3534 N to 3550 N in latitude.
Besides this specific location, the highly
populated and industrialized urban area of
Tehran provides ground for frequent visibility
impairment episodes due to the acute air
pollution especially in cold seasons.
In this study, two types of data are used.
The first is visibility observations as carried
out in three-hourly intervals in Tehran
Mehrabad Airport synoptic station, located
1190.8 m above mean sea level at
35 41 N/5119E . This station is the only
site in Tehran Province with more than 50
years of continuous synoptic data. The
second type is the sea surface pressure, zonal
and meridional components of wind and air
temperature in six hourly intervals for the
period 1958–2013 as obtained from the
National
Centers
for
Environmental
Prediction–National Center for Atmospheric
Research, usually called NCEP/NCAR,
reanalysis dataset (Kalnay et al., 1996). The
six-hourly synoptic patterns of the surface
pressure in a domain covering 24◦–40◦ N, 44◦–
64◦ E were investigated. For a rectangular
latitude–longitude subdomain (34◦–37◦ N,
48◦–54◦ N), centered at Tehran, the
frequency of occurrence was determined for
the surface pressure disturbances. To identify
the low (high) pressure disturbances, the
grid-point values of the surface pressure were
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probed to find cases where the pressure in a
given grid point was lower (higher) than its
surrounding grid points with distances of no
greater than about 240 km.
As mentioned in the introduction, due to the
relation between visibility and the
concentration of particulate matter as the
main cause of acute air pollution, screening
the visibility dataset is required to eliminate
the effects of weather on visual range. As
shown by Malm and Day (2001), the increase
in relative humidity levels will substantially
increase the light scattering cross section of
ammonium sulfate particles relative to that of
dry particles, which can directly influence
visual range. For this reason, many previous
studies on atmospheric visibility have
screened observations of visibility when
relative humidity is greater than 90% (e.g.,
Craig and Faulkenberry, 1979; Doyle and
Dorling, 2002). The meteorological filter has
been used in a way to remove all cases of
fog, precipitation and relative humidity
higher than 70%. For both the filtered and
unfiltered (raw) observations, the daily
averages and cumulative percentiles (Sloane,
1982a, b, 1984; Deng et al., 2012; Xiao et al.,
2014) were obtained. The ith cumulative
percentile is the visibility that equals or
exceeds i percent of the time.
2.2. The split flow index
The use of dynamical indices facilitates the
quest for the links between large-scale
atmospheric events and local air pollution
episodes. Among such indices is the “Split
Flow Index” or SFI in brief, defined by:

SFI= STJ   PFJ   GAP ,

(1)

which serves to study the influence of
strength and location of two main jet streams
in the upper troposphere on a given region
(Bals-Elsholz et al., 2001). In E q u a t i o n
(1),  GAP ,  STJ and  PFJ are the average
vertical component of relative vorticity of the
GAP, STJ and PFJ regions at 200 hPa
level. The GAP is defined to represent the
region with minimum wind speed and
activity between the regions occupied by the
subtropical jet stream, denoted by STJ, and the
polar jet stream denoted by PFJ. The relative
location of each jet and GAP has been
defined by referring to the effect of jet splitting
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on some acute air pollution and clean air
episodes. As determined based on the acute
air pollution events, the STJ, GAP and PFJ
locations are respectively 13◦– 28◦ N, 34◦–
50◦ N and 55◦–70◦ N. In order to reach a
trade-off between the large-scale structure of
jet splitting and its probable microscale
effects on the surface, the SFI values have
been computed and averaged over a
longitudinal band from 45◦ E to 60◦ E.
Further, the resulting daily values of the SFI
have been normalized by subtracting from
the monthly mean and then dividing the result
by the standard deviation of the SFI. As
determined, the positive and negative values
imply the presence of split and non-split
flows, respectively. Note that this is the
opposite of the situation in the Southern
Hemisphere studied by Bals-Elsholz et al.
(2001) because of the change in sign of
vertical component of vorticity between the
two hemispheres. The formation of split flow
in upstream and a distinct gap region over
Tehran are expected to provide adverse
conditions for air quality in Tehran. This is the
basis of using positive values of the SFI as a
precursor for the occurrence of acute air
pollution events. It should be mentioned that
the computation of the relative vorticity field
has been carried out using spherical harmonics
by the subroutines provided in the
SPHEREPACK
3.0
(Adams
and
Swarztrauber, 1999).
2.3. The Rossby wave breaking index
As arguably the most fundamental dynamical
quantity combining the effects of both
rotation and stratification, Potential Vorticity
(PV) provides great facility in understanding
a large spectrum of atmospheric flows
(Hoskins et al., 1985; Haynes and McIntyre,
1987; Thorncroft et al., 1993). Among such
flows are the breaking, large-amplitude
Rossby waves involved in large-scale
blocking events. The adverse positioning of
the ridge or the closed regions of high
geopotential height at pressure surfaces
during blocking episodes with their potential
to stagnate is usually responsible for the
cases of extreme air pollution. In recent
decades, attempts have been made to use PV
diagnostics for introducing suitable indices
based on Rossby-wave breaking to detect and
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quantify the blocking formation. Based on
the distribution of meridional gradient of
potential temperature  on “2 PV unit”
surface, usually denoted by 2PVU for 10−6
m2s−1 K kg−1 being the PV unit, Pelly and
Hoskins (2003) introduced an index for wave
breaking. This index has recently been used
by Webber et al. (2017) to determine the
impact of Rossby wave breaking on the
concentration of PM10 in the UK. The index
is called B and defined by:

B

2




 0   / 2

0

 d  

0

 0  / 2



 d , (2)

where 0 is the blocking latitude,  is a
typical scale of blocking width taken to be
30 . To calculate 0 , the transient eddy
kinetic energy associated with the baroclinic
eddies for each month of the study proves
helpful to define t h e average value of the
central blocking latitude ( c ):

0  c ( )  ,

(3)

which is longitude dependent. The  in
Equation (3) is taken to be 4  . To determine
c , the eddy kinetic energy of the transient
eddies ( K ), as defined shortly, is computed
and averaged vertically from 100 hPa to 500
hPa. As in Pelly and Hoskins (2003), c is
taken to be the latitude at which K becomes
maximum. The blocking index B is then set
to the maximum value obtained from
Equation (2) for the three values of 0 given
by Equation (3).The spatio–temporal structure
of the positive values of B is associated with
the occurrence of blocking events of varying
longitudinal extent and time span from local
instantaneous to large-scale persistent cases.
For an application to the problem of air
pollution in Tehran, we seek the possible link
between Tehran’s visibility and the daily
values of the B index averaged over 50◦ E
and 52.5◦ E as the adverse positions of the
blocking events.
2.4. The eddy kinetic energy and relatives
2
2
Defined by K  (u  v ) / 2 with u  and

v denoting the band-pass filtered zonal and
meridional
velocity
components,
respectively, the eddy kinetic energy
provides a useful measure of synoptic-scale
activity (Chang et al., 2002). The band-pass
filtering is carried out using the Lanczos
filter (Duchon, 1979) to retain periods
between two and ten days related to highfrequency eddies. It is expected that the
higher levels of synoptic-scale activity in the
lower troposphere can help the ventilation
process and thus play a role in reducing air
pollution and increasing the visibility.
However, as defined, K treats equally the
downstream and upstream sides of the troughs
of the geopotential height field where,
respectively, ascending and descending
motions are expected. As a way of
differentiating the K values in different
regions of a synoptic-scale wave, two other
dynamical quantities of Kmf  K  sgn( MF )

KS  K  (S ) with MF  u v
and
representing the northward meridional
momentum flux, S the static stability, and
sgn the sign function were defined. Both
momentum flux and static stability change
behavior from upstream to downstream side of
a trough. Further, the lower tropospheric
stability is expected to be directly linked with
the changes in the boundary-layer processes
and thus the changes in air pollution.
Therefore, for completeness, MF and S are
also assessed in addition to K , K mf and
K s in our quest to find dynamical links
with the visibility. Results presented for the
eddy kinetic energy and meridional
momentum flux are for the 850 hPa level and
those for the static stability are for the 800 hPa
level.
3. Results and analysis
3.1. The role of dynamical indices
From climatological point of view, taking the
monthly average values of the SFI and the B
index would result in the loss of sub-monthly
details. Consistent with synoptic patterns,
the acute air pollution and visibility
degradation episodes are expected to have
weekly time scales. The shortest time scale
to investigate the link between large-scale
dynamical indices and the local changes in
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the visibility is that of daily time scale.
Therefore, the daily and five-day averages
were used for the analysis. With regard to the
closeness of the results for the daily and fiveday averages, for the sake of brevity, here,
only results for the daily averages are reported.
The negative linear trend evidently present in
the average values of the screened visibility
observations for the winter season, Dec. to Feb.
called DJF, a s s e e n i n F i g u r e 1 makes
de-trending of the visibility data necessary.
This was carried out by simply subtracting
the linear trend from the average values.
However, neither the SFI nor the B index
showed any specific trend for the same
period and therefore no de-trending was
required. The scatter plots of the SFI and the
B index show that most of the data points are
accumulated around the mean value and to
extract meaningful information from the data,
a categorization of the data is necessary. By
using the threshold values of ±0.5, the SFI is
categorized into three groups with (i) SFI <
−0.5, (ii) −0.5 < SFI < 0.5 and (iii) SFI > 0.5.
Having a nonzero mean value, the B index is
categorized in a different manner. For each
month, the two limits are taken to be the
median of the B plus/minus its standard
deviation and the three groups of data are
constructed in the same way as those of the
SFI.
We start with testing the null hypothesis of
independence of the two indices and
visibility using the chi-squared test:

2  
i

 Oi  Ei 
Ei

2

,

(4)

where Oi and Ei are, respectively, the
observed and expected numbers of cases in
each cell of the contingency table. As a rule,
if the chi-squared statistic exceeds the critical
chi-squared value at 0.05 significance level,
then the null hypothesis is rejected and the
alternative hypothesis of the existence of a
relationship between the two variables is
accepted. To carry out the test, for the detrended and screened visibility observations,
the first (0.25) and third (0.75) quartiles were
calculated. For the SFI and the B index, the
frequencies of occurrence were calculated for
each of their three groups of data. A similar
procedure was applied to the rest of the
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indices. Then a 3 × 3 contingency table was
formed for each index, which helps to calculate
the chi-squared test of independence. Based on
the results presented in Table 1, disregarding
the month of February for the SFI, the chisquared test values for the SFI, B , K ,
K mf and MF at all four months are smaller
than 9.488, the chi-squared value for 4
degrees of freedom and p-value of 0.05. This
indicates that the null hypothesis of
independence of the two indices from the
visibility cannot be rejected. However, for
K S and S , at each of the four months, the
null hypothesis of independence is rejected.
Table 1. The
statistics for dynamical quantities
defined in the text and tested against detrended visibilities. The starred values are
those for which the hypothesis of no
association
is
rejected.
Visibility
observations and NCEP-NCAR reanalysis
data have been used for
statistics
computation.

Quantity
SFI

B
K
K mf
KS
MF
S

Nov.
9.37
5.59
7.32

Dec.
4.7
3.48
8.36

Jan.
4.82
>10*
2.02

Feb.
9.99*
2.84
3.61

7.79

9.4

4.44

1.45

9.84*

12.95*

>14*

>12*

7.58
11.1*

5.56
24.66*

3
>13*

0.56
>11*

Despite the strong negative results from the
chi-squared test for most of the indices and
the smallness of the correlation values in
Table 2, the quest for finding any possible
relation is continued by looking into the
probabilities of visibility exceeding certain
threshold under the condition of the indices
taking their small or large values. To this
end, the following three-step procedure is
carried out for each index:
1. In the first step, a threshold is determined for
each year and month, then the frequency of
occurrence is determined for values smaller
than the threshold. To this end, the third (0.75)
quartile of the general index X is
determined and regarded as the threshold
of X that is denoted by X th . Then for year

Y and month M of the study, the
frequency of occurrence for X  X th is
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determined and denoted by N ( X , Y , M ) .
2. For the 56 values of the variable
N ( X , Y , M ) , the first (0.25) quartile of N
is determined and called N 0.25 ( X , M ) . This
number determines a low value for the
frequencies of occurrence to be used in the
next step.
3.
The
years
for
which
N ( X , Y , M )  N 0.25 ( X , M ) constitute a set
called A0.25 ( X , M ) .

This

set

has

NY
members and is a function of X and M
Conceptually, the set A0.25 ( X , M ) includes
the years for which the frequency of
occurrence of smaller than the threshold
values of the quantity X is not small.
By implication, it can give us a way to
measure the impact of large values of X .
A slightly different procedure was applied
to determine the threshold for t h e visibility,
called Vth by counting the cases of
t h e visibility under the specific value
defined for each year and month accordingto:

Vth 

V90 ( M )
 V ( M ),
V (Y , M )

(5)

in which V90 ( M ) is the 56 year average of
90th percentile visibility for the month M ,
V (Y , M ) is the average visibility for the
month M in the year Y , and V ( M ) is the
56 year average visibility. By using Equation
(5), a variable threshold will be obtained for a
month of each year and the values under the
specific threshold will be counted. Following
what described for the general index X ,
and
are
NY (V , M )
A0.25 (V , M )
determined for the visibility data. As
constructed, the set A0.25 (V , M ) includes the
years for which the frequency of occurrence
of poor visibility is not small. The
conditional probability is then computed
using:

p (V | X ) 

p( X ,V )
,
p( X )

(6)

Where
p ( X )  N Y ( X , M ) / N tot , p (V )  N Y (V , M ) / N tot

,

p ( X , V )  N Y ( X , V , M ) / N tot with N tot the

number of years used in the probability
estimation and NY ( X , V , M ) the number of
years shared between the two statistical sets
of A0.25 ( X , M ) and A0.25 (V , M ) .
Based on the procedure described above,
given in Table 3 are p(V | X )  p(V ) for X
taken to be the SFI, B , K , K mf , K S ,

MF , S

as well as

Fhigh and Flow

representing the frequencies of occurrence
for, respectively, the high- and low-pressure
systems. The sign-definite changes across the
four months are due to B , Fhigh and Flow .
The positive values of Fhigh are consistent
with the increase in probability of a given
year to have large number of days with poor
visibility, when the number of days with highpressure is large. A similar argument can be
made for Flow , i.e. for the number of days with
low-pressure systems, which have the
opposite effect on the visibility. The greatest
discernible effect, between 6% and 16% in
magnitude, is that of Flow. For the rest of the
dynamical variables, no definite conclusion
can be made across the season.
Table 2. The correlation between the daily values of
the dynamical quantities defined in the text
(given from NCEP-NCAR reanalysis
quantities) and the daily de-trended visibility
(given from Mehrabad Airport synoptic
station). The starred and doubly-starred
values refer to those with statistical
significance at 0.05 and 0.01 levels,
respectively.

Quantity
X

Nov.

Dec.

Jan.

Feb.

SFI

-0.06*

-0.01

0.05*

0.06*

B

0.02

-0.03

0.11**

0.02

K

0.05*

0.07*

0.02

0.01

K mf

0.01

0.04

-0.07*

-0.03

KS

0.01

0.11**

0.16**

0.12**

MF

0.01

0.06*

-0.06*

-0.03

S

0.09**

0.15**

0.24**

-0.2**
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Table 3. The changes in probability of poor visibility,
p(V |X) −p(V ), due to the impact of the
dynamical variable X as defined in the text.
Visibility observations and NCEP-NCAR
reanalysis data have been used for this
computation.

Quantity
X

Nov.

Dec.

Jan.

Feb.

SFI

7

-8

4

-4

B

19

16

2

11

K

-1

-1

2

-10

K mf

0

-1

2

-7

KS

0

6

-8

-4

MF

5

3

-5

-2

S

-4

1

4

1

Fhigh

5

9

11

4

Flow

-6

-14

-14

-16

3.2. The role of surface pressure systems
In the long-term study at Mehrabad Airport,
a decreasing trend is observed for each
of the 90th (“poor”), 50th (“median”)
and 10th (“good”) percentiles of the
visibility. The trends seen for the good,
poor and median visibilities in the filtered
data are steeper than those in the raw
data. Among these three cumulative
percentiles, the steepest slope belongs to
the good visibility of the filtered data,
next to which is the median, with the
smallest slope being that of the poor visibility
(Figure 1).
During the long-term period, the decreasing
trend seen in the poor filtered visibility
is higher than that of the poor visibility based
on the raw data. This indicates that the surface
meteorological factors accounted for in
filtering have had a positive impact on
the visibility. The same statement holds
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true for the median and good visibilities.
However, since the mid-1980s, the trends of
the median and good visibilities of the raw
data are above the trends of the filtered
visibilities, showing that in the last three
decades, the effects of degradation in air
quality have been felt more strongly in the
good and median visibilities.
Figure 2 illustrates the 56 year average
frequency of occurrence for both the high
and low surface pressure systems for the
extended winter, or cold half of year,
from October to April. During the whole
period, the frequencies of occurrence
are greater for the high-pressure systems and
the high-to-low ratio peaks in October and
takes its lowest value in March. There seems to
be a phase difference in the oscillatory
behavior of the low- and high-pressure
frequencies of occurrence. The phase
difference is such that while for the high
pressure, one can see three maxima in October,
January and March, for the low pressure, there
are two maxima, a flat maximum in
November and December and a sharper in
March.
The time series of the frequencies of
occurrence for both high- and low-pressure
systems during winter season, taken to include
December, January and February, have
been depicted in Figure 3 separately for
the periods 1958–2013 and 1983–2013.
The presence of an increasing trend for
the high-pressure and a decreasing trend for
the low-pressure systems during winter season
is apparent. The effect is such that the
dominance of the low-pressure systems over
the first 10 to 15 years of the period has been
replaced by the dominance of the highpressure systems over the last 20 years of the
period. Further, on average for the whole
period, the high-to-low ratio has become
25/14 ≈ 1.8. The decreasing trend seen for the
low-pressure systems during the whole
period is, however, absent or replaced by a
slight increasing trend during the last thirty
years of the record.
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Figure 1. Time series of the 90 th (brown), 50 th (blue) and 10 th (gray)) percentiles off (a) raw and (b
b) filtered visibiility
observations in
n Mehrabad airrport station durring 1958–20133 period. The sttraight lines aree for the correspponding
linear trends.

Figure 2. Monthly averaages of the low (orange) and hiigh (green) meaan sea level preessure systems in 34-37° N, 488-54° E
during 1958–20013, based on sea
s level pressuure data from thee NCEP-NCAR
R reanalysis dattaset.

The corrrelation valu
ues of the 100th, 50th and
d
th
90
peercentiles off both raw and filtered
d
visibilities with the frequencies
fr
o occurrencee
of
face pressuure systems
of highh/low surfa
computeed for the whole
w
periodd have beenn
given in Table 4. All the correlattions in Tablee
4 are significant att 0.01 levell. While thee
negative correlationns seen for the highhpressure frequency of occurrencce is a cleaar
d
e
effect
of thee
indicatioon of the degrading

d
on the visiibility,
high-pressure disturbances
v
for the low-preessure
the positive values
the
freqquencies caan be attrributed to
venntilating effect of low prressure systeems. It
is also
a interestin
ng that, at eaach percentille, the
relaation between
n the visibiliity and the suurface
pressure system
ms is stronnger for thee low
ms. This cann be interpreted as
pressure system
o ventilatio
on by low-preessure
the criticality of
systems for the improvemennt in visibilitty and
thus air quality in Tehran.
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Table 4. The correlattion values betw
ween high/low surface pressurre systems frequuencies of occuurrence (obtaineed from sea
level pressure data of thee NCEP-NCAR
R reanalysis dattaset) and the filtered/raw
f
vissibility percentiiles in DJF
during 1958–2013.

DJF-56 yearrs

50th
percentile
(filteredd)

90th
percenttile
(filtereed)

10thh
percenntile
(filtereed)

50tht
percenntile
(raw
w)

900th
percenntile
(raw
w)

100th
perceentile
(raw)

high-pressurre

-0.55

-0.555

-0.566

-0.550

-0.555

-0.49

low-pressurre

0.73

0.733

0.722

0.71

0.669

0.771

To gaain more inssight to the rrelation betw
ween
the visibility percentiles and pressure
ms, the corrrelation vaalues have been
b
system
compputed betweeen the numbber of days for
whichh the visibillity is undeer the thresh
hold
givenn by Equation (5) and the frequenciees of
occurrrence of high/low
h
preessure systeems.
The rresults for thhe filtered visibility
v
andd the
winteer months arre given in Table
T
5. All the
correlations are significant
s
at 0.05 level. It is

important too note the change in sign of
correlations with respecct to the valuues given
n to this signn change,
in Table 4. In addition
which is expected, the differeences in
a
lowcorrelation values for the high- and
t
those
pressure systtems are geneerally closer than
in Table 4. That is, theere is less difference
d
w-pressure
in the effecct of the higgh- and low
systems as reegards the nuumber of casees of poor
visibility.

wn) pressure syystems in DJF months for
Figuree 3. Time seriees of frequenciees of occurrencee of high (blue)) and low (brow
(a) 1958–2
2013 and (b) 19983–2013 periood, based on thee sea level pressure data of thee NCEP-NCAR
R reanalysis
dataset. Th
he straight liness are for the corrresponding lineear trends.
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Table

5.

The correlation values between the
frequencies of high/low surface pressure
systems (based on the sea level pressure
data of the NCEP-NCAR reanalysis
dataset) and the poor visibility based on
the filtered visibility data from Mehrabad
Airport synoptic station for Dec., Jan.,
and Feb. months during 1958–2013.

highpressure
versus
visibility
lowpressure
versus
visibility

Dec.

Jan.

Feb.

0.53

0.35

0.35

-0.46

-0.52

-0.42

4. Conclusions
Given the acute air pollution episodes during
cold seasons in Tehran metropolitan in recent
decades, the key motivation for this work
was to find the relations between the
visibility as one of the good indicators of air
quality and dynamical phenomena of large to
meso scales including jet splitting, blocking,
and high and low surface pressure systems.
Finding such relations is of prime importance
as it can help us understand the impacts of
climate change in the coming decades on air
quality in the megacity of Tehran.
To this end, two main types of data were used.
The visibility observations in three-hourly
intervals were provided from Tehran Mehrabad
Airport synoptic station for the period 1958–
2013. From NCEP/NCAR reanalysis data, the
sea surface pressure, zonal and meridional
wind and air temperature were obtained for
the same period in six hourly intervals. To
eliminate the effect of weather conditions on
visual range, the visibility dataset was
screened by removing cases of fog,
precipitation of any kind and relative
humidity above 70%. For both the unscreened
and screened visibility, the daily mean values
and the percentiles of good, median and poor
visibility were obtained. By moving from the
upper levels of troposphere to the lower levels
and applying several dynamical indices, an
extensive search was made for any robust
relation between the dynamical phenomena
and the visibility impairment. The split flow
index (SFI) as a measure of the strength and
location of the two main jet streams as well

as the inactive gap region between the two
jets was determined for the Tehran region.
The B index for Rossby wave breaking
based on the reversal of the meridional
gradient of potential temperature at the 2PVU
surface, the eddy kinetic energy for synopticscale eddies with and without multiplication
by the sign of meridional momentum flux or
static stability was also considered. To
provide a uniform framework for the
interpretation of the results for the dynamical
indices, it was important to categorize the
indices properly. Visibility observations were
de-trended in order to make them consistent
with the dynamical indices, which showed no
definite trend during the climatological
period. The chi-squared test of independence,
the correlation estimates for daily averages,
and the conditional probabilities showed no
or very weak statistical relation between the
visibility in Tehran and each of the SFI, the
B index, the lower-tropospheric eddy kinetic
energy and meridional momentum flux. There
were indications of stronger relations with the
lower-tropospheric static stability and to a
lesser extent eddy kinetic energy when
multiplied by the negative static stability, i.e.
static instability.
The long-term meteorologically screened data
of visibility at Mehrabad synoptic station
exhibit the influence of surface weather on
decreasing trend of visibility. In this respect,
our results are consistent with those of
Dharshana et al. (2010) for the US. Our
conditional probability estimates of poor
visibility indicate that only up to about 15%
and 10% of the increase in cases of poor
visibility can be attributed to, respectively
decrease and increase in the frequency of
occurrence of the low and high surface
pressure systems. For all cumulative
percentiles, the correlation between the
visibility and the frequency of occurrence of
high and low surface pressure systems is
estimated at about -0.5 and 0.7, respectively.
There is little difference in estimates of
correlation for the filtered and raw
observations.
The tropospheric processes are definitely
involved in the ventilation and accumulation
processes as the case studies of acute airpollution episodes show. However, as our
results suggest, establishing a robust relation
between the large-scale dynamical indices,
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especially those related to upper-tropospheric
processes, and the air pollution or visibility
impairment happening in boundary layer has
proved elusive in this region. The main reason
may be the slow response of the urban
ventilation and accumulation processes to the
faster time evolution at upper levels of the
troposphere. The slow response may be a
result of complex terrain (Bell and Thompson,
1980) exacerbated by the effects of fast
population growth, ever-increasing levels of
population concentration, as well as the
rapid growth in the car use and housing
projects. On the other hand, the surface
related factors such as the occurrence of
high/low surface pressure systems exhibit
rather well-defined relations with visibility
degradation.
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