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Introduction: Nowadays, air pollution is one of the most important
problems, leading to serious financial and human health concerns. On
the 15" to 17" days of November, 2016 an intense air pollution episode
occurred in Tehran, Iran.

Materials and methods: In this study, the meteorological data, pol-
lutant concentration, and the data related to this severe air pollution
episode, required to implement the model, besides, a brief account,
pertinent to the configuration of atmospheric model WRF and air qual-
ity model LASAT is presented and certain meteorological quantity are
studied.

Results: Statistical analysis indicates in this case study, negative wind
speed anomaly and positive mean temperature anomaly related to the
average 65 years for Novembers. The minimum visibility, is reported
for the two days of November 15 and 16. Atmospheric vertical struc-
ture analysis shows the temperature inversion at 950 hPa height on
November 14" 2016, it causes stable atmospheric conditions.
Conclusions: Running WRF model, with YSU boundary layer
scheme, shows that it can well simulate the atmospheric quantities,
however, the 10 m wind speed has more errors among the quantities.
In this case study LASAT Model is applied for simulation of different
pollutant concentrations. The results indicate the underestimation of
model by using the output of WRF as atmospheric model is not depen-
dent on the meteorological data, whereas the reference error is driven
either from the parameterization, or from the estimation of pollutants
emission related to ground level.

INTRODUCTION

The effects of climate and meteorological fac-
tors on urban problems such as air pollution, heat
island, and urban hydrology have increasingly
become important in terms of mitigation and ad-
aptation issues during the recent years [1]. Aero-

sol particles impact the planet’s energy balance,
the hydrologic cycle, atmospheric visibility, and
public health. The relative strength of particles
in imparting these effects depends largely on
their abundance and physicochemical properties,
which are governed by emission sources, trans-
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port, and meteorology. Reduction of air quality
creates several problems for communities’ health
condition, particularly for a vulnerable popula-
tion, including elderlies and children [2 - 5] to
such an extent that the number of patients who re-
fer to the health care centers, especially with heart
and respiratory diseases, dramatically increase [6
-10]. Furthermore, regarding previous studies,
a relation between mortality rate and air pollu-
tion has been reviewed [11, 12]. Moreover, stud-
ies have been done on the effect of atmospheric
quality on the air pollution, which include upper
air meteorological condition of acute air pollu-
tion episodes [13]; relationship between synoptic
scale atmospheric circulation and ozone concen-
tration [14]; coastal and synoptic recirculation
affecting air pollutants dispersion [15]; synoptic
and mesoscale weather conditions during air pol-
lution episodes in Athens, Greece [16]. In Teh-
ran city, air quality reduction as a devastating
problem, occurs in autumn and winter seasons
[17]; in this connection, having considered cer-
tain cases, pollutants concentration increases, to
such an extent, leading to closure of schools and
offices. Moreover, on the days 15 through 17 of
November 2016, Tehran city’s air pollution was
severely high, led to closure of all the elementary
schools; however, additional traffic banned areas
as a solution implemented to, the pollution per-
sistently continued for more days, consequently
caused the critical condition. One of the effec-
tive elements on reducing the air quality is the
atmospheric conditions prevailing over a region;
hence, in this study, aimed to define air pollution
conditions prevailing atmospheric patterns ef-
fective on early warning and reduction of likely
damages. By timely prediction and warning no-
tices damages, to certain extent, can be reduced,
due to air pollution increase, many numerical
models including AERMOD [18]; CALPUFF

[19], HYSPLIT [20] and ADMS [21], have been
developed for air pollution prediction, across the
world. LASAT model (Lagrangian Simulation of
Aerosol Transport) [22] which has been imple-
mented for Tehran city, is being assessed in this
study.

In this study, the meteorological data, pollutant
concentration, and the data, required to imple-
ment the model, besides that a brief account, per-
tinent to the configuration of atmospheric model
WREF and air quality model LASAT is presented
and certain meteorological quantity are studied,
taken from 3 stations, located in the north, south
and west of Tehran. Then, the synoptic condi-
tion, prevailing the area is exhibited and certain
quantities, relevant to the atmospheric boundary
layer, including its height out of WRF model are
studied. The temperature and wind speed, depen-
dent on WRF are evaluated. Finally, the data of
the different pollutant concentrations are studied
and the output of LASAT model is compared to
the observed data in this case study.

MATERIALS AND METHODS

The center of Tehran city is on latitude 35°41’
N and longitude 51°26" E. Tehran is located in
the steep southern slopes of the Alborz mountain
range, which traces an arc along the coast of Cas-
pian Sea in northern Iran. Its highest peak, mount
Damavand , has an elevation of more than 5,600
m and is visible from Tehran in clear days (https://
www.britannica.com/place/Tehran).

Tehranfeaturesa coldsemi-aridclimate with con-
tinental climate characteristics and a mediterra-
nean climate precipitation pattern. Tehranss cli-
mate is largely defined by its geographic location,
with the towering Alborz mountains to its north
and the country’s central desert to the south. It
can be generally described as mild in spring and
autumn, hot and dry in summer, and cold and wet
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in winter. Because the city is large with signifi-
cant differences in elevation among various dis-
tricts, the weather is often cooler in the hilly north
than in the flat southern part of Tehran.

The northernmost limits of the city stand at
about 1,700 m above sea level and the southern-
most limits about 1,100 m. There is a difference
of about 600 m between the northern heights and
the southern edges of the city, some 30 km away.
This dramatic difference in height and Tehran’s
location between mountains and desert have
had significant impacts on the social and physi-
cal characteristics of the city. Alborz Mountains
surrounded north and northeast of Tehran like a
dam, which act against western winds and causes
to remain all pollution on the city surface. Teh-
ran is affected by Alborz Mountains, different in-
versions and continental high pressure systems,
so Tehran air pollution cannot be reduced or re-
moved by natural conditions of area [23]. Teh-
ran’s topography as well as geographic locations
of the ground - based air pollution monitoring
stations is depicted in the Fig. 1.

In this study, the data of temperature, mean sea
level pressure, visibility and wind speed are stud-
ied, relying on the synoptic meteorology stations,
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Fig. 1. Geographic locations of the ground - based air
pollution monitoring stations

of Shemiran, Imam Khomeini and Mehrabad air-
ports, respectively located in the north, south and
west of Tehran on the days of 14 to 17 of Novem-
ber 2016. In order to understand the magnitude of
prevailing patterns, synoptic analysis is presented
by means of mean sea level pressure and geopo-
tential height at 500 hPa level plots, driven from
WRF model output. At the beginning, the ob-
served data of mean sea level pressure, the 2 m.
Temperature and the 10 m wind, obtained from
Tehran’s Mehrabad airport station are compared
to the model’s output; then, certain quantities,
pertinent to the boundary layer, for instance the
height of boundary layer, u*, w*, and the height
of entrainment layer are combined, besides that
the bulk Richardson number and the structure of
vertical temperature and wind, driven from the
Model output, are presented.

Tehran air pollution levels are investigated by
considering the maximum daily concentrations
of CO and NO,, and the average daily concen-
trations of PM, , PM, . and SO,. Furthermore, the
air quality indices for five classifications (good,
moderate, unhealthy for sensitive groups, un-
healthy, and hazardous) are taken into account for
Tehran urban area. For considering the changes
in pollution levels, time series of the mean hourly
values of PM_, PM, ., CO, and NO, which exceed
the standard values, are depicted. Consequently,
the outputs of LASAT air quality model for PM_,
CO, and NO, concentrations over north, south,
and west of Tehran are compared with the obser-
vational data, and the possible sources of model
errors are discussed.

The meteorological data, used are the quantities
containing temperature, wind, pressure, and vis-
ibility, related to the three synoptic stations of Sh-
emiran, Mehrabad and Imam-Khomeini air ports
in the existing 3 h period, taken from the Iran Me-

teorological Organization. For PM, , the charac-
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teristics of these synoptic stations are displayed
whereas, Shemiran has the highest altitude and
Imam - Khomeini air port has the lowest altitude,
above the mean sea level.

The GFS data, with 0.5degree resolution (ftp://
nomads.ncdc.noaa.gov/GFS/Grid4/) are used for
initial and boundary conditions of WRF Model.
The different pollutant concentrations, in the
mean hour and day, at some stations, located in
the N, S, and W of Tehran released by Tehran Air
Quality Control Company, are displayed in the
Fig. 1.

At first, for synoptic analysis, the model WRF is
run on a grid with a horizontal spacing of 30 km,
100 points along west - east, and 105 points along
south - north (Fig. 2). The schemes employed in
the running processes are listed in Table 2.

For analyzing atmospheric conditions over the
study period on 14 — 17 November 2016, the
WRF model is run with 3 nested domains by
horizontal resolutions of 27, 9, and 3 km and 40
vertical levels (Fig. 2).

The schemes, used for the second run, is similar
to the previous one. The boundary layer scheme

has an important role in calculating the air pollu-
tion level. A study, modeled the boundary layer
over three months of summer, by means of three
different boundary layer schemes, including
MYJ (Mellor — Yamada — Janjic), YSU (Yonsei
University), and ACM2 (Asymmetric Convec-
tive Model version 2), with the WRF model, and
compared the surface observations with the mod-
eled boundary layer in parts of Texas, the United
States [27]. Due to disregarding of the entrain-
ment processes at the top of boundary layer, the
performance of MYJ scheme shows more errors
in modeling of the boundary layer, compared with
YSU and ASM2 schemes; Therefore, the YSU
boundary layer scheme is employed in the cur-
rent study. The YSU scheme [28], [26], is a new
version of K-Theory, considering the role of large
scale eddies in the total atmospheric flux. In this
scheme the turbulent diffusion equation for the
prognostic quantity of C (for instance, tempera-
ture, wind speed components, etc.) is expressed
as follow:

ac _ @ ac
o a{Kc (-

v)- @@} o

Table 1. The characteristics of the synoptic stations

Geographical location in

Station ID Lat. Lon. Height Tehran
Shemiran 40751 35.799 51.48 1549.1 North
Mehrabad airport 40754 35.693 51.312 1191 West
Imam Khomeini airport 40777 35.42 51.17 990.2 South

Table 2. WRF model schemes

Microphysics

WRE Single - Moment 5- class scheme

Long wave radiation
Short wave radiation
Surface physics
Planetary boundary layer

Cumulus

RRTM scheme [24]
Goddard shortwave [25]
Noah Land Surface Model
Yonsei University scheme [26]
Grell 3D
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Where, is eddy diffusive coefficient, and is lo-
cal gradient correction in which the role of large
scale eddies is considered, h is the boundary layer
thickness, defined as a level in which the mini-
mum flux exists in the inversion layer. In this Eq.
is the flux inside the entrainment layer.

In YSU boundary layer scheme is the velocity
scale of mixed layer, obtained by means of fric-
tion velocity. Convection velocity scale is based
on the Eq. (2), and somehow shows the vertical
motion in the atmospheric boundary layer. The
quantity is equal to zero at night once the mixed
layer is removed.

skwi3z 1/3
Wt = (u*3 + T) )

In the Eq. (2), is friction velocity, is the convec-
tion velocity scale, z is height above sea level and
h is boundary layer height.

wi = (5 7)) ®

Model LASAT is a Lagrangian Model, which

calculates dispersion and transfer of tracer par-
ticles in the atmosphere [22]. This model requires
meteorological data as an input data to calculate
gaseous dispersion over the urban areas. The me-
teorological input data for the model LASAT is
provided by WRF model, afterwards is down-
scaled by a diagnostic mesoscale model, named
PROWIMO. In this paper, the LASAT model is
configured for Tehran urban area with a horizon-
tal grid resolution of 1 km.

RESULTS AND DISCUSSION

The mean temperature of Mehrabad station in the
month of November from 1951 through 2014 for
65 years is shown in the Fig. 3. The temperature
values change from about 6 ° C to 16 in this pe-
riod, and its average is equal to 11.6 ° C. Taking
into consideration, the mean temperature of Meh-
rabad air port station is equal to 16.10 ° C on the
days of 14 through 18 November 2016, which is
almost 5 ° C more than the mean 65 years, it can
be concluded, in a way, that the air temperature of
this station has noticeably positive anomaly.

b)

Fig. 2. Model domains in a) first run, b) second run with 3 nests
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Fig. 3. The mean temperature of Mehrabad airport station in the month of November from 1951
through 2014 for 65 years

The mean wind speed of Mehrabad airport sta-
tion is equal to 2 m/ s during 65 years period, but
in this case study the mean wind speed is 1.47 m
/'s which is less, relative to the mean value. In
general, the negative anomaly of wind speed can
be deemed as a factor, leading to the increase of
Tehran’s air pollution, under this case study. On
the other hand, the increase of pollutants rate has
a positive feedback for the temperature increase,
which is effective in these few days, relative to
the wind speed.
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The graph of mean sea level pressure, provided
by the three stations of Shermiran, Mehrabad
and Imam - Khomeini airports for the days of 14
through 18 November in 2016 (Fig. 5.a), show
the most atmospheric pressure which gradually
begin to make the trend of pollutant concentration
increase, covering Tehran city with air pollution,
due to which, consequently it leads to closure of
schools on the 15" of November. The pressure
rate gradually decreases on the day of 15, lead-
ing to min. value on the 16" of November and

mean wind speed(m/s)

Fig. 4. The mean wind speed of Mehrabad airport station in the month of November from 1951 through 2014
for 65 years
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again the little increase of pressure is seen in the
three areas. The most sea level pressure value is
reported, equal to 1022.7hPa for Imam Khomeini
Air Port station, at 06 UTC on the day 14 Now.
and the min. value is registered equal to 1012.1
hPa at Mehrabad Station, at 12 UTC on the day
of 16™ of Nov.

According to the Fig. 5.b, it shows that the maxi-
mum temperature of each three stations, depen-
dents on the 14" day of Nov, then the maximum.
temperature drops versus the minimum tempera-
ture effectively increasing, accordingly the rate
of daily changes of the temperature decreases,
which is due to increase of pollutants concentra-
tion in the atmosphere, this event is because of
the pollutants exist during the day time which
stop sunlight shortwaves reach the ground level,
consequently at night they stop the surface long
waves outflow, resulting in the increase of mini-
mum temperature. The maximum temperature
is equal to 24.2°C at Imam Khomeini airport at
12UTC on the 14" day of November, and the min
temperature is equal to 7°C at the same airport at
03 UTC h on the 15" day of November.

In Fig. 5. ¢ the minimum visibility is registered at
equal to 3000 m at Mehrabad station on the two
days of 15" and 16" of November; then on the16™
day of November. It is reported, the visibility is
equal to 4000 m at Imam airport on the day of
16" November and at Shermiran station the vis-
ibility is equal to 6000 m.

The time series showed in Fig. 5. d exhibit, wind
speed is noticeably dropped at the two stations
of Imam Khomeini and Mehrabad airports on the
days of 15" and 16™ too. Also, the changes, in
the wind speed, at Shemiran station, comparing
to the other two stations are less.

The Skew -T diagram, pertinent to the days of
14" and 15" of November, 2016 (at 12 UTC) is
displayed in the Fig. 6. On the 14" day of Nov.

the temperature inversion is observed at level 950
hPa, causing atmospheric stability and therefore,
it stops pollutants to transfer to the upper levels
of atmosphere, due to which the pollutants con-
centration is increased close to the surface. The
wind speed in the lower levels is considerably re-
duced on the day 15" of November cpmpared to
the 14™, which itself caused pollutants remain in
the atmosphere. The height of 850 hPa pressure
level on the 15" of November compared to the
previous day is little dropped, showing that the
pressure is reduced at the lower levels. The posi-
tive lifted index value (LI) and the other index
values show that the atmosphere is stable in each
two days, however the stability rate is more in the
14" of November.

On 14" of November at 00UTC a high pressure
system enters Iran from Turkey and affects many
parts of the country, while another high pressure
center is prevailed in Saudi Arabia, its ridges
reach the southern areas of Iran. In the meantime,
there is a weak low pressure center in the north
of Caspian Sea, affecting the southern coasts of
Caspian Sea. A high pressure center is formed
over Tehran province, causing pressure increase
in this area, relative to the surrounding areas.
The 10 m wind speed in all the central regions
of Iran is considerably lower than the other parts,
so any prevailing direction cannot be deemed for
it. The geopotential height plot at level 500 hPa
shows a high center is prevailed in Saudi - Arabia
its ridges dominating over Iran.

In order to evaluate the capability of the WRF
model for the simulation of atmospheric vari-
ables, effective in air pollution, the quantities of
mean sea level pressure, 2 m temperature and the
observed wind speed at 10 m height are compared
to the model output, with coordinates 35. 69 and
51, 31 E at Tehran’s Mehrabad airport station.
The modeled sea level pressure is in agreement
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Fig. 5. a) mean sea level pressure, b) temperature, ¢) visibility and d) wind speed provided by the three stations
of Shermiran, Mehrabad and Imam-Khomeini airports for the days of 14 through 18 November in 2016
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b)

Fig. 7. a) Mean sea level pressure (HPa) and wind speed (m / s) at 10 m height b) geopotential height at 500 hPa
level (m) on 14 November, 2016 at 00UTC

with the observed values, but with a minor over-
estimation. WRF model shows almost identical
pattern between the modeled 2 m temperature
and the observations, except for the minimum
temperatures with small overestimations.

The parameter of 10 m wind speed from WRF
model output is more contradicting than the ob-
served values, in comparison of the two quanti-
ties of temperature and pressure. The trend of

a)
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wind speed is almost similar, except for the end
of the day 15" of November; but the model un-
derestimates the maximum wind speed values,
and overestimates the minimum values. Since
the quantity of wind speed value is a determining
factor on the accuracy of the air quality model,
the error in estimation of this quantity by the at-
mospheric model can make many errors in pre-
dicting the pollutants concentration.
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Fig. 8. a) Mean sea level pressure and b) 2m temperature from observation and WRF model output at Meh-
rabad airport station from 14 to 18 November 2016
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Fig. 9. The output of 10 m wind speed of WRF model and the observed values at Mehrabad station from No-
vember 14 to November 18, 2016

One of the quantities with direct impact on air
pollution level is the atmospheric boundary layer
(ABL) thickness that effects on pollution level in
various methods such as transporting and dilution
of air pollutants by wind and turbulent mixing in-
side the ABL. Therefore, the less the ABL thick-
ness is, the more the air pollution level will be.
Diurnal and nocturnal variations in ABL thick-
ness are well simulated in the WRF model (Fig.
10) and the maximum and minimum ABL thick-
ness occurs during the days and nights, respec-
tively. The lowest value of the maximum ABL
thickness over the study period occurs on the
15" of November with a height of 650 m. During
the next days, towards the 17" of November, the
maximum thickness of ABL increases to 1600 m.
These variations of the ABL thickness are nega-
tively correlated with the levels of air pollution
on 14 and 15 November.

The values of friction velocity show the vertical
shear of horizontal wind which has small values
until the midday of 16" of November. The results
show the values of mechanical dispersion, asso-
ciated with the wind shear on the two days of 14
and 15 November, have the lowest values, but

gradually from the 16" of Nov, as the friction ve-
locity increases, the level of air pollution drops.
The low values of vertical speed (w*) in the
mixed layer on 14" and 15" of November, is a
determining factor in the rise of air pollution lev-
el. Gradually from 17" November, w* shows a
considerable increase and therefore, relative im-
provement of the air quality.

In YSU scheme, the effect of entrainment flux
over the boundary layer is considered. Delta is
a quantity which shows the depth of the entrain-
ment layer in meter, obtained from YSU scheme
which is about 17 m on 14" and 15" of November,
and reaches to about 34 m on 17" of November.
Decrease in the height of the entrainment layer
reduces the effects of large scale eddies, flowing
from the free atmosphere into the boundary layer,
and rises the air pollution concentrations.
Richardson number is the ratio of the two terms
of buoyancy and mechanical production in the
equation of turbulent kinetic energy. Negative
values of Richardson number account for atmo-
spheric instability. For Richardson numbers less
than the critical value of 0.25, mechanical insta-
bility is supposed to override static instability.
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Fig. 10. a) Planetary boundary layer height, b) , c)

, and d) entrainment layer depth from WRF model

output at Mehrabad station from 14" to 18" of No-
vember, 2016

For the values greater than 0.25, static stability is
the prevailing condition for the atmosphere. Bulk
Richardson number is calculated, based on Eqg.
(4).

_ (g/T)A6,Az (4)

B (a2 +(av)?

Fig. 11 shows that over the 4 days of WRF mod-
el simulation, the bulk Richardson number has
small negative values between hours 06 and 12
UTC, indicating weak static instability. For the
other values showing positive Richardson num-
bers, especially for the values greater than 0.25,

Bulk Richardson number

0 L

-4

002 127 00z 121 002 121 002 122 002
14NOV 15NOV T16NOV 17NV 18NOV
2016

Fig. 11. Bulk Richardson number from WRF model
output at Mehrabad airport station from 14" to 18™
of November, 2016

the atmospheric conditions are modeled as stati-
cally stable.

Vertical profile of temperature (Fig. 12 - a), on 14"
of November, 00 UTC, shows a relatively intense
instability in the low levels of atmosphere. More-
over, the wind profile (Fig. 12-b) shows a small
drop in the surface wind speed with respect to
height ground level. As a whole, the vertical pro-
file of temperature and the wind, simulated by the
model are very consistent to the Skew-T diagram.
In this study, the concentrations of several crite-
ria pollutants, such as CO, NO,, PMlO, PM2_5, and
SO, are classified with regard to the values of the
standard air quality index and presented in Table
3. Since, none of the stations data over the study
period were complete, data from the neighbor-
ing stations are employed to compensate for the
missing values. The concentrations of PM_, and
SO, are in the clean and healthy condition in all
the areas over the study period. Considering the
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air quality index, the levels of PM,, SO,, and CO
are classified as healthy conditions, whereas for
the levels of NO, and PM, ., the air quality is clas-
sified as unhealthy and very unhealthy over the 4
days of study period. The maximum mean daily
value of PM,  is occurred in south of Tehran on
17" of November, while for the west and north of
Tehran, this value is reported on 14" and 15" of
November, respectively.

Times series of PM,, concentrations (Fig. 13)
shows that its values in western Tehran are con-
siderably higher than in the north and south of
Tehran. This condition can be explained by the
presence of agricultural lands and arid regions
which act as dust sources in west parts of Tehran,
where as a result of the heavier weight, the main
part of them is settled in the same western areas
of the city.

The pollutant NO, is more produced, due to the

traffics on the roads. In this study, The NO, con-
centrations in the north of Tehran are consider-
ably lower than the south and west of the city.
The highest monitored concentration value is
equal to 226 ppb in south of Tehran on 15" of
November 2016 at 10 UTC. The CO concentra-
tion on 16" and 17" of November is higher in the
west of Tehran, compared to the north and south
of the city.

For the evaluation of LASAT model, the con-
centrations of CO, PM,, and NO, are displayed
at 3 stations, located in north, south, and west of
Tehran. Although the model shows an acceptable
performance in simulating the time series of air
pollution concentrations, there are considerable
differences between the modeled and the ob-
served values of pollutants. The LASAT model
well simulates the time series of PM, , concentra-
tion at each 3 areas. For the gaseous pollutants,

Fig. 12. The vertical structure of a) temperature (°C), b) wind speed (m / s) at Mehrabad station on 14" of
November, 2016 at 00UTC
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Table 3. The maximum hourly values of CO and NO, and the daily mean concentration of PM

PMZ.5 and SO,

10’

in the north, south and west of Tehran on 14™ - 17" of November, 2016

Concentration 11/14/2016 11/15/2016 11/16/2016 11/17/2016
CO_W (PPM)
11.7 11.3 14.4 15.6
Max (L h)
CO_N (PPM)
45 4 5.6 4.4
Max (1 h)
CO_S (PPM)
9.1 73 65 5.7
Max (1 h)
NO, W (ppb
2 W (ppb) 175 208 147 178
Max (1h)
NO, N (ppb
2N (ppb) 109 138 123 100
Max (L h)
NO, S (ppb
=S (PPD) 180 226 173 153
Max (1 h)
S0, W(ppb
2 W(ppb) 28 41 40 48
Mean (24 h)
SO, N (ppb
2N (ppb) 88 44 40 41
Mean (24 h)
SO, S (ppb
2.5 (ppD) 20 47 45 19
Mean (24 h)
PM;, W(ug/ m®
10 W(kg /") 136 139 126 153
Mean (24 h)
PMy, N(ug/m?®
10 N(ug /m) 102 96 87 01
Mean (24h)
PMy S (ug/m?
105 (ug /) 113 138 115 150
Mean (24h)
PM,s W(ug/m?
25 W(ng /m) 161 169 153 168
Mean(24h )
PM,s N(ug/m®
25 N(hg /M) 182 167 105 115
Mean (24h)
PM,s S (ug/m®
255 (g /M) 199 199 201 210
Mean (24 h)

time series of NO, concentration show better
agreement with the observations, compared to
CO in the west of Tehran, furthermore in the south
and north of Tehran, time series of CO concentra-
tions is in better agreement with the observations,

rather than NO,. LASAT model uses the output
of WRF modeling system as a driver for gaseous
dispersion calculations. Since the WRF model
has a reliable performance in the simulation of
meteorological parameters, the noticeable errors
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in LASAT outputs correspond to emissions. Vari-
ous air quality monitoring stations are located in
street canyons. It must be considered that street
canyons cannot be imaged by the LASAT model
which calculates for a grid cell of 1 km % 1 km
in Tehran. Air pollution concentrations in street
canyons are higher than behind buildings. This
issue besides the low accuracy of emission data
are the main reasons for the high errors in the

LASAT model results. For rectifying such errors,
the implementation of special microscale air flow
can be lead to more reliable results.

CONCLUSIONS

According to the report of the air quality control
organization, on 15" - 17" of November, 2016,
the air pollution in Tehran city reached to a severe
level and caused health warnings of emergency

200 PM2.5(ug/m3)
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Fig. 13. The hourly concentration of a) PM, .(ug / m’); b) PM, (ug/m’); c) NO,(ppb); d) CO (ppm) in the
north, south and west of Tehran on 14" - 19" of November, 2016
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conditions. Generally, the temperature inversion,
stable atmosphere, and great reduction in wind
speed are considered as contributory factors in
this air pollution episode. Furthermore, on 15" of
November, the amounts of daily temperature and
visibility show a drop, due to the increase in air
pollution concentrations. This condition is more
noticeable at the early hours of the day, when the
boundary layer is at minimum height.

Evaluation of the results of the WRF model
shows an acceptable agreement between mod-
eled and observed values for the parameters of
mean sea level pressure, 2 m temperature, and 10
m wind speed. However, there are some discrep-
ancies between the modeled and the observed 2
m wind speed. Daily variations in the height of
boundary layer are well shown by the WRF mod-
el results, corresponding its maximum and mini-
mum heights to diurnal and nocturnal periodic-
ity, respectively. On November 15, the boundary
layer reaches its minimum height, which is con-
sistent with the high pollution concentrations on
November 14" and 15". Overall, reductions in

a)

CO(ppm) west

18 3
16
14
12
10

o N B OO

=== model

==@==0bservation

friction velocity, vertical speed, and the height
of entrainment layer and turbulent effects on 14"
and 15" of November 2016 agree with the rise
in concentrations of pollutants. Furthermore, the
vertical profile of temperature and wind simulat-
ed by WRF model are very similar to the Skew-T
diagram.

Regarding LASAT model, under case study, its
performance shows the concentration pollutants,
CO, PM,, and NO, at the 3 stations, located in
the north, south, and west of Tehran. This model
estimates most of the pollutants with a consider-
able underestimation in comparison to the obser-
vations. Many monitoring stations are located in
street canyons which cannot be imaged by LA-
SAT model in Tehran. Such effects can be cal-
culated only with high horizontal resolution of
the applied dispersion model. This issue besides
the low accuracy of emission data are the main
reasons for the high errors in the LASAT model
results. For rectifying such errors, the implemen-
tation of special microscale air flow can be leaded
to more reliable results.
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Fig. 14. a, b, and c) Simulated (red diagram, left vertical axis) and observed (blue diagram, right vertical axis)

concentrations of CO, NO,, and PM,,

respectively, for the west of Tehran. d, e, and f) same as a, b, and c, for

the south of Tehran. g, h, and i) same as a, b, and c, for the north of Tehran
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c) d)

PM 10 (ug/m3) west

CO(ppm) south
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Fig. 14. a, b, and ¢) Simulated (red diagram, left vertical axis) and observed (blue diagram, right vertical axis)
concentrations of CO, NO,, and PM _, respectively, for the west of Tehran. d, e, and f) same as a, b, and c, for
the south of Tehran. g, h, and i) same as a, b, and c, for the north of Tehran
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