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ABSTRACT

The vertical structure of the atmospheric

boundary layer (ABL) has been studied by use

of a depolarized LiDAR over Tehran, Iran. The

boundary layer height (BLH) remains under

1km, and its retrieval from LiDAR have been

compared with sonding measurements and me-

teorological model outputs. It is also shown that

the wind speed and direction as well as topog-

raphy lead to the persistence of air pollution in

Tehran. The situation aggravate in fall and win-

ter due to temperature inversion.

1 INTRODUCTION

The structural parameters of atmospheric

boundary layer (ABL) such as its height (BLH)

is important in weather, climate and air quality

models [1-2]. Despite its importance, the BLH

evolution is still poorly investigated. This is as a

consequence of complex processes which hap-

pen at small temporal and spatial scales.

The BLH is usually indirectly determined from

Sonding. Seidel et al recommended either the

parcel method or the Richardson number (RI)

are the most reliable methods to retrieve BLH

from sonding [3]. The LiDAR, which used

for direct determination of BLH, benefits from

ability to continuous sampling of the ABL. Sev-

eral methods, such as the threshold method,

gradient method, and variance method, have

been developed to determine BLH using Li-

DAR measurements [4-6].

Tehran (35.5◦N-35.8◦N, 51.2◦E-51.6◦E, 1040-

1700 m AMSL) is the capital of Iran with

more than 12 million inhabitances. The city

is the most populated city in Iran and suffering

from atmospheric urban pollution. There are a

few papers considering the atmospheric state of

Tehran. Sabetghadam et al have shown that the

changes in air quality are responsible for the

long term visibility degradation [7]. Halek et

al have found that the mass concentration of

PM2.5 increases almost three time in the cold

seasons [8]. Khlesifard et al has shown that the

city also had been subjected to dust events es-

pecially in spring and summer times [9-10].

This works aims to represents LiDAR based

methods to retrieve BLH over Tehran. In Sec-

tion 3 LiDAR measurements for the case study

14 Dec 2014 has been described. The result

compares with the sonding observations and

meteorological model output. To the best of

our knowledge, this is the first attempt to deter-

mine BLH by remote sensing observations for

Tehran.

2 TOPOGRAPHY, GROUND BASED

MEASUREMENTS

Figure. 1 depicts the topography of Tehran,

provided by the Shuttle Radar Topography Mis-

sion (SRTM) [11]. Tehran metropolitan area is

extended from Alborz Mountains at the north to

the Dasht-e Kavir at the south. The LiDAR fa-

cility of IASBS (35.7669◦N, 51.3118◦E, 1430

m AMSL) is located in northwest Tehran and
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has started its activity since November 2014.

Data collected by this facility in combination

to Radiosonding measurements (Mehrabad me-

teorological office) were used to investigate the

boundary layer structure over the city.

Figure 1: Topography map of Northern part of Iran

provided by SRTM

The installed depolarized LiDAR benefits from

a frequency doubled pulsed Nd-YAG laser with

pulse duration 7 ns, energy per pulse: 40 mJ

@ 532 nm as its transmitter. On the receiver

side, a sensitive polarization setup after a 8”

cassegrian telescope separate the received 532

nm backscattered signal to two linearly cross

polarized beams. The radio-sonde (35.6900◦N,

51.3112◦, 1200 m AMSL, ≈8 km from IASBS

Site) located in Mehrabad airport, and launched

at a frequency of 2 times per day.

3 RESULTS AND DISCUSSION

Figure. 2 shows 24 hour time series for range

corrected attenuated backscatter signal (RCS)

on parallel channel after overlap correction.

The potential temperature and relative humidity

vertical profile is also shown by black and cyan

line respectively. Fig. 2 very clearly depicts a

nocturnal layer at early hour (00:00 till 06:00

LT) and a very stable atmosphere throughout

the day. The Figure also represent development

of a strong ABL due to rush-hour induced pol-

lution (07:00 till 16:00 LT).

Figure. 3 represent the time series for depo-

larization signal at 532 nm on 14 Dec 2014.

Figure 2: Time series for RCS, Potential

temperature and relative humidity is shown in the

box for 12:00 UTC, 14 Dec 2014

The depolarization ratio exceeds and reaches to

around 25 % in second half of the day. The

measured values of depolarization ratio con-

sistent with observation of smoke (δ∼ 15%)
and dusty mix (δ∼ 25%) in the atmosphere of

Tehran [12].

Figure 3: Time series for depolarization of LiDAR

signal on 14 Dec 2014

According to HYSPLIT back trajectories (not

shown) urban pollution could be the source of

high PM2.5 concentration in midday and the

source of dust is Dasht-e Kavir desert.

3.1 BLH DETERMINATION WITH

SONDE-LiDAR MEASUREMENTS

For radiosonde observations, the potential tem-

perature and wind profiles are used to estimates

the BLH employing Richardson (RI) number.

In this method, the height at which RI is larger

than the critical value (Rib > Ribc) is considered

as BLH [4].

For LiDAR measurements, we took the follow-

ing steps respectively to retrieve BLH from the

range-corrected signal (RCS). Since high reso-
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than the critical value (Rib > Ribc) is considered

as BLH [4].

For LiDAR measurements, we took the follow-

ing steps respectively to retrieve BLH from the

range-corrected signal (RCS). Since high reso-

2

lution analysis of BLH requires a high signal-

to-noise ratio, before any processing on RCS,

an algorithm was applied to reduce the noise.

The lidar profiles were also averaged over a

time period 7 min. This period corresponds to

a characteristic time scale of atmospheric tur-

bulence in the boundary layer [4]. At the next

step, we took first- and second-order deriva-

tive of averaged RCS with respect to the alti-

tude to find points at which the sign of deriva-

tives changes. For accurate detection of BLH

in the case of multiple aerosol layer (Fig. 2),

we considered a threshold level. The threshold

value was chosen based on the analysis of sev-

eral cases.

Figure. 4 illustrates the evolution of BLH for

case study 14 Dec 2014. The red line identi-

fies the BLH as determined through LiDAR ap-

proach.

Figure 4: BLH evolution on 14 Dec 2014. The red,

blue and black lines shows BLH obtained from

LiDAR, NOAA model and RI.

The blue line represents the estimates obtained

from NOAA HYSPLIT transport and disper-

sion model (GDAS 1). The black vertical line

shows the BLH obtained from RI method for ra-

diosonde launched at 12:00 UTC on Mehrabad

airport. The figure covers the complete diurnal

cycle of the BLH evolution. The BLH is found

to grow during the day, reaching a maximum

value in the early afternoon and then decaying

in the late afternoon and evening (with respect

to LT). Since we benefit from a high power out-

put LiDAR with spatial resolution ∼ 15 m, so

we also could retrieved the depth of entrain-

ment zone precisely.

4 CONCLUSIONS

In this study, the BLH which is determined

from three distinct approaches have compared

for case study 14 Dec 2014 (Fig. 4). The Li-

DAR approach considers a method based on

the identification of minima in the first- and

second-order derivative of the RCS. We took a

minimum which exceeds from specific thresh-

old as the BLH. Additional estimates of the

BLH are obtained from radiosonde observation

and NOAA HYSPLIT meteorological model.

Looking to Fig. 4, One can easily find that the

differences of BLH retrieved from LiDAR and

sonding observations are less than a hundred

meters. While there is a considerable differ-

ences between the BLH obtained from NOAA

HYSPLIT meteorological model and two other

approaches.

Figure. 5 depictes average wind speed and

directions for healthy (According to Tehran

Air Quality Control Company) and Un-healthy

days on a period of 5 years for Mehrabad air-

port. The majority of surface winds blows

from the south when air is at unhealthy con-

dition. On the other hand, at days with good

air quality condition, the surface winds have

more west-east component. So it seems that

Alborz Mountain inhibit ventilation of pollu-

tants and blocked northerly wind blowing from

south. The wind speed almost remains below 3

m/se for unhealthy days.

Therefore, Topography as well as wind speed

and direction, and temperature inversion could

be considered as the main factors which lead to

urban pollution in Tehran. The BLH also re-

main under 1 km especially in cold seasons.
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Figure 5: Windrose over Mehrabad airport over 5

year period a) Days with healthy condition (HC) b)

Days with unhealthy condition (UHC)
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