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Abstract: A homemade portable no-blind zone laser detection and ranging (lidar) system was
designed to map the three-dimensional (3D) distribution of aerosols based on a dual-field-of-view
(FOV) receiver system. This innovative lidar prototype has a space resolution of 7.5 m and a time
resolution of 30 s. A blind zone of zero meters, and a transition zone of approximately 60 m were
realized with careful optical alignments, and were rather meaningful to the lower atmosphere
observation. With a scanning platform, the lidar system was used to locate the industrial pollution
sources at ground level. The primary parameters of the transmitter, receivers, and detectors are
described in this paper. Acquiring a whole return signal of this lidar system represents the key step
to the retrieval of aerosol distribution with applying a linear joining method to the two FOV signals.
The vertical profiles of aerosols were retrieved by the traditional Fernald method and verified by
real-time observations. To effectively and reliably retrieve the horizontal distributions of aerosols, a
composition of the Fernald method and the slope method were applied. In this way, a priori
assumptions of even atmospheric conditions and the already-known reference point in the lidar
equation were avoided. No-blind-zone vertical in-situ observation of aerosol illustrated a detailed
evolution from almost 0 m to higher altitudes. No-blind-zone detection provided tiny structures of
pollution distribution in lower atmosphere, which is closely related to human health. Horizontal
field scanning experiments were also conducted in the Shandong Province. The results showed a
high accuracy of aerosol mass movement by this lidar system. An effective quantitative way to
locate pollution sources distribution was paved with the portable lidar system after validation by
the mass concentration of suspended particulate matter from a ground air quality station.

Keywords: lidar; dual-field-of-view (FOV); geometric overlap factor (GOF); blind zone; transition
zone; aerosol; mass concentration; stereo-monitoring networks

1. Introduction

The gradient of energy distribution affects the evolution of the atmospheric boundary layer
(ABL), and mainly induces the uneven distribution of aerosol and the formation and deterioration of
air quality [1-5]. The transport of dust storms and smoke has caused severe regional air pollution on
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several occasions [6-8]. Laser detection and ranging (lidar), as an active remote-sensing technique, is
often utilized to detect and identify the physical properties, shapes and particle-size distribution of
aerosols with a high spatial and temporal resolution from ground stationary lidar networks [9,10],
mobile platforms [11], aircrafts [12] or satellites [13]. However, due to a monostatic receiving field
and “geometric overlap factor (GOF)”, the hundreds of meters of blind zone and the transition zone
in traditional Mie-lidars [14-20] always lead to a difficulty in probing aerosols, especially in the lower
troposphere [21-23]. A few groups have developed side-scattering imaging technologies [24-27] or
multi-field-of-view (mFOV) techniques [28,29] to overcome such difficulties. However, the former
methods are limited as the detection range ignores important information from the distant
atmosphere, and the latter methods are laboratory instruments that are difficult to move. In this
study, a compact portable dual-field-of-view (FOV) lidar prototype aimed at narrowing the transition
zone is demonstrated. A reliable inversion method for determining the vertical and horizontal
distributions of aerosols within 5 km is provided. Field experiments were also conducted to verify
the applicability of the dual-FOV lidar for studying lower-atmosphere air pollution and
quantitatively assessing the distribution of emission sources. With this scanning lidar, the pollution
distribution near ground can be identified with no-blind-zone and quantitatively. The established
lidar network with this kind of lidars can be used to study the pollution transport pathways.

2. Materials and Methods

2.1. Dual-FOV Lidar System

The system framework of the proposed dual-FOV lidar is shown in Figure 1. A homemade laser
source provided a center wavelength of 532 nm and a fluctuation of +0.3 nm. The single-pulse energy
was 400 pJ. The repetition rate was 2-7 kHz. The linear-polarized laser beam has a divergence of 0.1
mrad collimated by a 10-times beam expander and shot into the air. The laser source with a green
wavelength of 532 nm and a higher single-pulse energy from sophisticated commercial lasers was
chosen to produce a higher signal-to-noise of observations and a less error of the extinction
coefficients of aerosol.

—

Primary telescope

Figure 1. Systematic framework of the dual-field-of-view (FOV) laser detection and ranging (lidar).

The primary FOV’s Mie backscattering signals were collected by a Cassegrain-type telescope,
and the secondary FOV’s signals were collected by a Newtonian-type telescope at the same time. The
primary telescope was designed with a diameter of 150 mm, a focal length of 700 mm, and an FOV
of 1 mrad. The secondary telescope was designed with a diameter of 30 mm, a focal length of 118
mm, and an FOV of 8 mrad. A spacing of 25 mm was maintained between the optical axes of the two
telescopes. The distances of the primary FOV optical axis and secondary FOV optical axis to the laser
emitting axis were 121, and 58 mm, respectively. The intersection angle of the two optical axes was
0.2-0.4°. This intersection angle was adjustable and rather important to the performance of the lidar’s
blind zone and transition zone. A typical GOF of the traditional dual-axis Mie-lidar is shown in Figure
2a and the calculated GOFs of the two FOVs of this lidar system are illustrated in Figure 2b. The GOF
n of the lidar in Figure 2a depends on the parameters of the laser divergence angle, receiving FOV,
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and the distance between laser (transmitter) and receiving telescope. Within a very short distance
from the lidar, the laser beam emitted by the laser does not receive in the telescope’s field of view. At
this time, 11 =0, and the receiving telescope cannot receive the atmospheric backscatter light. This area
is called the blind zone of the lidar. Far away from the blind area, the emitted laser beam gradually
enters the receiving field of view. Currently, | gradually increases from 0, but less than 1. The
atmospheric backscattered light is only partially received. This area is called the transition zone of
lidar. Far away from the transition region, the emitted laser beam is completely contained in the
receiving field of view. At this time, there is always 1 = 1, and all the backscattered light in the
atmosphere is received. From Figure 2b, it is demonstrated that a larger blind zone of about 75 m in
primary FOV comparted with less than the 15 m of blind zone in the secondary FOV. It also illustrates
that the transition zones of primary and secondary FOVs were 115.5, and 12.4 m, respectively. Here,
we ignored the effects of the intersection angle of the secondary FOV in the GOF calculation.
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Figure 2. (a) The typical geometric overlap factor (GOF) of the traditional dual-axis Mie-lidar and (b)
the calculated GOFs of primary and secondary FOVs. The effects of the intersection angle were
ignored in the calculation of the secondary FOV.

The polarized backscattered signals, collected by the primary FOV, traveled through an iris, a
collimator, and a polarized beam splitter (PBS). After passing through the PBS, parallel and
perpendicular signals went through two narrow-band filters with a bandwidth of 1.6 nm and an
optical density of 5 to suppress the scattered light. The depolarization ratio was retrieved followed
by the reference [14]. The signal in the secondary FOV passed through an iris and a narrow-band
interference filter. All these three signals were detected by three photo multiplier tubes (PMTs). An
amplifier and a 16-bit analog-to-digital converter were used to amplify and digitize the three-channel
electrical signals. The data-acquisition rate was 20 MHz, and the transit time of PMTs was 2.7 ns. An
industrial computer was embedded to save the raw data files. An outside view of the lidar, with
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detailed module identifications, is shown in Figure 3. The total weight of the lidar, including a
scanning platform, which supports the three-dimensional (3-D) scanning of aerosols, was 65 kg. This
portable lidar system is flexible for mobile applications and station observations.

30kg for Lidar
system without

scanning phtform

Figure 3. Outside-view of dual-FOV lidar. Front view of dual FOV lidar (left) and field-experiment
view of dual FOV lidar (right).

2.2. Evaluation and Joining of the Signals from the Two FOVs

The backscattering range corrected signals (PRR), received by the two FOVs, are shown in Figure
4. The primary FOV’s signal (indicated by the black-square line in Figure 4) illustrated a higher signal-
to-noise ratio (SNR) over 10 above 2 km. The strong intensity at 4.5 km referred to clouds. Many tiny
peaks in the range of 0.75 km to approximately 4.5 km suggested more than 5 layers of aerosol
distribution at the lower atmosphere. For the returned secondary FOV signal (red-dot line in Figure
4), a much higher SNR over 8 was shown below 2 km. Compared with the primary signal,
sophisticated structures were clearly shown under 1 km.

To acquire a complete signal of dual FOV lidar, a careful joining evaluation of primary and
secondary FOV signals was conducted thoroughly along the laser-beam path. An optimum
combination interval with the most relevant linearity between the signals of the two fields was
determined by the following Equation (1)

m+An
0@ = ) {[ah() +b] - By M
where O(7) is the square loss function of {Ps(r), Py(r)} at the range of r. m is the joining start-point of
the combination interval, An is the combination length, Ps(r) is the intensity of the PRR signal of the
secondary FOV, and Py(7) is the intensity of the PRR signal of the primary FOV. The intensity ratio of
a and the slop of b will be determined by conducting a non-linear least square method.

A case is shown in Figure 4. Here, the combination interval was determined at 0.6~0.75 km (sub-
chart in Figure 4), with a mean intensity ratio of 1212.7 and a minimum standard deviation of 29.2.
The signal from the primary field over 0.75 km and the signal under 0.75 km from the secondary field
corrected by the intensity ratio were composed to a complete return backscattering signal of the dual-
FOV lidar. The original primary-field signal, the corrected secondary-field signal (multiplied by the
intensity ratio), and the combined signal are illustrated in Figure 5. It is obvious that the combined
signal retained excellent characteristics of the primary-field and secondary-field signals. In this way,
the SNR of the entire signal exceeded 8, which was advantageous to inverse the extinction coefficients
of aerosol. Although, different combination intervals will be different for every raw lidar signal, the
combination length of 150 m was fixed in inversion procedure with a resolution of 7.5 m. In this lidar
system, the signals’ joining start-points are always located below 1 km.
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Figure 4. Intensities of backscattering range-corrected signals (PRR) from primary FOV (black square
line) and secondary FOV (red dot line). A case of the primary (black square line) and secondary FOV
PRR signal (red dot line) at the combining region of 0.6~0.75 km is shown in the sub-chart.
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Figure 5. Intensities of combined PRR signal (blue triangle line), primary FOV PRR signal (black
square line), and secondary FOV PRR signal (red dot line) of dual-FOV lidar.

2.3. Evaluation of the Blind Zone and the Transition Zone of Dual-FOV Lidar

The blind zone and transition zone of this dual-FOV lidar system can be checked from the PRR
of the secondary FOV. We aligned the laser beam parallel to the ground surface to measure the PRR
signal, which is shown in Figure 6. This figure shows that the blind zone decreased to 0 m, and the
transition zone was 60 m. This measured no-blind-zone was mainly due to the alignment of the
intersection angle of the secondary FOV axis and the transmitter axis.
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Figure 6. Evaluation of the blind zone and transition zone in dual FOV lidar with the parallel returned
PRR signal of secondary FOV.

2.4. Retrieval of the Vertical Profile of Aerosols

The Fernald method [30,31], using the lidar equation given in Equation (2), was used to retrieve
the vertical profile of aerosol extinction coefficients from the returned signals, which had been created
by joining together the signals from the primary and secondary FOVs:

CE-[Bm(@)+Ba(@)]-exp{-2 Jy [am(z) +aa(z")]dz"} 2)

z2

P(z) =

Here, P(z) is the received power from altitude z. C is lidar system constant, E is the laser emitting
pulse energy, and Bu(x) and fa(z) are the backscattering coefficients of the atmosphere and aerosol at
the range z, respectively. While, an(z) and aa(z) are the atmospheric extinction coefficient and aerosol
extinction coefficient at the range z, respectively.

2.5. Retrieval of Horizontal Distribution of Aerosols

To implement the mapping of the near-surface aerosol level density distribution, a combination
retrieval algorithm of the Fernald method and the slope method [32] was applied in the lidar equation
(2). The inversion procedure was as follows and the flow chart is illustrated in Figure 7.

1. At an initial point Zi, the position with an SNR that exceeds the threshold, along with each
combined return signal, was determined;

2. Then, the combined returned signal was divided into a series of parts from the origin point Zo
to initial point Zi as follows: part 1, Zo~[Zo + Az]; part 2, [Zo + 6z]~[Zo + Az + 0z]; ... partn, [Zo +
(n—1)x 6z]~[Zo + Az + (n—1) x 6z], etc., where n=1, 2, ...; Az is the step of the interval and 6z is the
minimum spatial resolution of this lidar system;

3. The slope method [32] was applied to each part. Pairs of both, aerosol extinction coefficients an
and the Pearson coefficient y» were returned from each part;

4.  Finally, the pair of {ay Z4 with the optimum vyt was applied as boundary conditions in the
Fernald solutions. The forward-integral and backward-integral results provide the entire profile
of aerosol extinction coefficients in the horizontal distribution.

Here, the step of the interval Az is closely related to the spatial resolution 0z of the lidar system.
In this study, an interval step of 75 m, which is 10 times 6z, was chosen in the inversion procedure.
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The SNR threshold was chosen to be 5. The extinction-to-backscatter lidar ratio is an important factor
for solving lidar Equation (2). A lidar ratio of 50, which is the representative value for continental
aerosol detection at 532 nm, especially in eastern Asia [33,34], was applied in the lidar Equation (2).

Combined PRR signal

.

—>
<>

Part n: [Zy+(n-1)*0z, Zy+tAz+(n-1) *oz]
n=1,23..

% NO, n=n+1

{0, Vu}

—

.

{Zy+Az+(n
-)*0zp> 7,

Yes

return: {ay y;
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method
Oq

Figure 7. Flow chart of inversion procedure of dual-FOV lidar. Zi is the initial position, whose SNR
exceeds the threshold. Az is the step of the interval and 6z is the minimum spatial resolution of this
lidar system. {aw, y»} are the aerosol extinction coefficients inversed by the slope method and the
Pearson coefficient at part n. {o; y} are the optimum aerosol extinction coefficients with the maximum
Pearson coefficient at part f. o is the extinction coefficient of the aerosol profile inversed by the
Fernald method.

3. Results and Discussion

3.1. Vertical Distribution Observation of Aerosols

The vertical observation of aerosols with this dual-FOV lidar was performed on 14 April 2019,
at Wuxi, Jiangsu, China. In the data analysis, the time coordinate used was local standard time (LST),
which equates to coordinated universal time (UTC) +8 h. The lidar was set on the roof of an office
building, which was approximately 30 m above ground level. A typical diurnal variation of the
aerosol extinction coefficients is shown in Figure 8a. Aerosols were mainly distributed below 2 km in
the early morning and night. The maximum extinction coefficient was close to 2 km™ and was
observed after 22:00. During the daytime, the atmospheric boundary layer (ABL) increased from 1
km at 8:00 to 2.3 km at 13:00, and the ABL decreased to 800 m at 20:00. From 7:00. Transporting aerosol
layers at 1.5~2.5 km were also detected, and these layers mixed with the boundary layer at noon,
which increased the extinction coefficient to 1 km". The maximum extinction coefficient reached 1.5
km™ at approximately 11:00. These tiny structures of aerosol distribution below 3 km are shown in
Figure 8b. Cloud layers appeared from dawn to 18:00, with a spread range of 3~5 km, and the
extinction coefficients are larger than 5 km™. Then, the extinction coefficients of clouds at noon
decreased to approximately 2 km-. High-altitude clouds were also observed at 19:00 at 12 km. The
depolarization observation from this lidar system is shown in Figure 8c. The depolarization ratio is
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significant to identify the aerosol types that include haze, dust, smoke, volcanic emissions, and
particles released through pollution (e.g., carbon-based) or by the surface of the ocean, and those
created by gas-to-particle conversions [14]. The aerosol distribution below 2.5 km had a
depolarization ratio less than 0.15 mainly dominated by fine particles, and a depolarization ratio of
more than 0.6 referred to the cloud distributions at 3~5 km and 12 km.

3.2. Horizontal Distribution Mapping of Aerosols

Field horizontal scanning experiments were conducted in the Shandong Province, China. The
lidar station (LS) was set up on the roof of a primary school, which was 22 m above ground level in
Hanzhuang Town, Jining City. Weishan Lake is located to the west of the LS. Some industrial plants
are scattered on the south of the LS. Farmland is located at both, the north and the east of the LS. A
national air quality station (AQS), Hanzhuang Station, is located 272 m northwest of the LS. This
station provides in situ data of Os, NOz, SOz, CO, PMio and PMzs. Meteorological parameters, i.e., the
wind speed and wind direction, were also measured. The mass concentration of particulate matters
o(PMuo) and o(PMzs) at the AQS were measured by TEOM™ (Thermo Scientific, Waltham, MA USA).
The layout of the LS and AQS is shown in Figure 9.

The scanning parameters of the lidar system were set as follows. The elevation angle was fixed
at 5°, and the azimuth angle was 0~360°. The repetition rate of the laser pulses was selected to be 7
kHz. The scanning angle resolution was 2°. Each returned signal was acquired with 150,000 times of
the accumulation of the laser pulses. A total of 180 profiles were obtained for each cycle-scanning
every 1.5 h. The scanned extinction coefficients of the aerosols were overlaid on the maps using a
geo-information system (GIS).
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Figure 8. Vertical profile of aerosol detected by dual-FOV lidar. (a) Aerosol extinction coefficients in
15 km. (b) Aerosol extinction coefficients in 3 km. (c) The depolarization coefficients at 532 nm on 14
April 2019.

One sample of aerosol distribution scanning on the early morning of 31 March is shown in Figure
9. It is noted that the aerosols were steadily suspended in the range of 2 km to the southwest, south
and southeast of the LS. These areas are occupied by many large steel and iron factories and chemical
plants. These pollution sources strongly contribute to the o(PM) at the AQS with a southeast wind
direction. In Figure 9, a pollution mass with an approximate length of 5 km was observed 2~2.5 km
north of the LS. The right-wing of this belt significantly influenced the o(PM) at the AQS. The
corresponding o(PMuo) increased to 135 pug/m? (Figure 10). The overhead extinction coefficient from
the lidar system was 0.53 km™. This pollution mass led to air quality deterioration at AQS in the next
few hours.

Lidar scanning began at 17:53, 29 March and ended at 07:11, 31 March 2018. In total, 30 cycle-
scanning maps were acquired from this field experiment. Time series of o(PM) at the AQS and four
lidar scanning results of aerosol distribution are shown in Figure 10. o(PMio) and o(PM25) decreased
from 128 pg/m3, and 27 ug/m?, respectively, at the beginning of the observation (upper panel of
Figure 10). The corresponding lidar scanning illustrated few particulate matters around the AQS, and
the overhead extinction coefficient of the AQS was 0.12 km™ (lower panel Figure 10a). The o(PMuo)
and o(PM:s) climbed up to 114 pug/m? and 47.4 pug/m? at 08:00, 30 March (upper panel of Figure 10).
The lidar observation at 07:23-08:50 confirmed the accumulation of aerosols over the AQS, with an
overhead extinction coefficient of 0.21 km™ (lower panel Figure 10b). From 23:00, 30 March, the
o(PMu) and o(PMzs) climbed steadily from 122 pg/m? and 41 pug/m? to 160 pg/m?3, and 109 ug/m?,
respectively, at 07:00, 31 March, the end of lidar scanning (upper panel of Figure 10). At this stage,
the lidar maps show that the aerosols were enriched toward the AQS and increased the PM mass
concentrations. The corresponding overhead extinction coefficients were 0.43 km- at 23:00, 30 March
and 0.63 km™ at 06:00, 31 March (lower panel Figure 10c,d).

444444

GengshanZia

Zhangshanzizhen

* en
People's Government

Figure 9. Horizontal extinction coefficient distribution of aerosols at 1:00, 31 March. Sub-chart
illustrated the aerosol distribution in the region between lidar station (LS) and air quality station
(AQS) on 31 March. (A, the position of LS. x, the position of AQS).



Remote Sens. 2020, 12, 626 10 of 14

350 1.0
—=— PM10
—o— PM2.54

.
/ \ 08
. ‘\ a . .
p Scanning period 1
1 \

(a) g 06

» ) w
=3 P S
S S S
T T 1

-
»

(\ ury) SJUSIdIFA0 UODUNXH

—
1
=3

5 3
mass concentration (pg/m’)
-
D
2

o
S

0 2 . " )
2018-03-29 00:00 2018-03-29 12:00 2018-03-30 00:00 2018-03-30 12:00 2018-03-31 00:00 2018-03-31 12:00

Date

(a) (b) (C) (d)
22:58 2018-03-30
7:53-19:20 2018-03-2: 7:23-08:50 2018-03- 5:43-07: 11 24 =
17:53-19:20 2018-03-29 07:23-08:50 2018-03-30 00:25 2018.03.31 05:43-07: 11 2018-03-31

) =117.8 pg/m* (AQS) =135 pgm*

Figure 10. Time series of o(PMuw), o(PM:zs) of the air quality station (AQS), and the overhead
extinction coefficients of AQS from lidar (upper panel) and the aerosol mappings from lidar at
Hanzhuang at 17:53-19:20, 29 March (lower pane (a)), 07:23-08:50, 30 March (lower pane (b)), 22:58,
30 March-00:25, 31 March (lower pane (c)), and 05:43-07:11, 31 March (lower pane (d)) (A, the position
of lidar, LS. x, the position of AQS).

3.3. Quantitative Evaluation of Aerosol Distribution

Mass concentration mapping of aerosols from the lidar system is an ideal choice for supporting
environmental management, especially for air quality modeling simulations that rely on the
following three advantages: (1) A higher spatial and temporal resolution of mass concentrations; (2)
a greater observation range in both the vertical and horizontal directions; and (3) easy calibration,
validation by an array of standard point instruments at ground level, and the establishment of a data
set with data quality assurance.

Here, a nonlinear relationship can be fitted with the o(PMio) mass concentration at the AQS and
the overhead extinction coefficients aa from lidar scanning. This nonlinear relationship is shown as
follows,

p(PMyy) =k -ab +C (3)

where x, (, and C are the fitted parameters.

Using 30 sets of o(PMuo) and o values, the fitting relationship of Equation (3) is determined and
is illustrated in Figure 11. The parameters are x = 148.85 pg/m?, { = 0.4, and C = 11.62 pug/m?, and the
Pearson coefficient is 0.91.

The lidar scanning results, the extinction coefficients of the aerosol distributions, can be
transformed to aerosol mass concentration distributions with this fitted relationship. The early
morning case on 31 March is shown again but with mass concentrations in Figure 12. The mass
concentration of the point sources 2.5 km southeast of the LS was close to 250 pg/m?. The mass
concentration of the “aerosol-belt” northwest of the LS exceeded 250 pg/m?. Figure 12 also ignored
the low SNR regions of extinction coefficients, especially over the radius of 3 km. The calculated
overhead mass concentrations of AQS were also illustrated in the lower panel in Figure 10. The
overhead mass concentrations were 75 pg/m? (99 pug/m?) at 19:00, 29 March, 91.4 ug/m? (103 pg/m?3)
at 08:00, 30 March, 117.8 ug/m3 (129 pg/m3) at 00:00, 31 March, and 135 pg/m? (147 pg/m3) at 19:00, 31
March, respectively. A difference from the ground sampling measurement from AQS (values in
brackets) may be because of water vapor or relative humidity in Weishan Lake.
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An accurate lidar ratio is important for the retrieval of extinction coefficients. In general, the lidar
ratio varies with height and depends on the shape, size distribution and refractive index of the aerosol
particles, as well as the lidar wavelength. Here, we applied a constant lidar ratio in the lidar equation
for both the vertical and horizontal profile inversion. When we applied the “Fernald-slope” method
to retrieve the horizontal distribution of aerosols, the SNR threshold was a critical definition. In the
future, the effect of the SNR threshold will be discussed. It is noted that the lidar beam probed across
the Weishan Lake surface, and a not negligible factor of water vapor was carefully considered when
we converted the extinction coefficients to mass concentrations. The influence of the water vapor or
the relative humidity on the retrieval of extinction coefficients has been studied by Zhao et al. [35],
and the extinction coefficients here need to be carefully corrected in further studies. In addition,
deploying a PM sampling array instead of a single lidar station and providing a few o(PMaio) and
extinction coefficient datasets at different positions would be another reasonable measure to
minimize the error of retrieving the mass concentration distribution. If possible, the chemical

compositions of aerosols can be extracted to make a reasonable evaluation of the extinction
coefficients.
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Figure 11. Fitting result with extinction coefficients and o(PMuio).
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Figure 12. Level mass concentration distribution of aerosols at 1:00, 31 March, of dual-FOV lidar (at
altitude of 22 m). (A, the position of lidar, LS. x, the position of air quality station, AQS).

4. Conclusions

A dual-FOV lidar was designed without a blind zone and a transition zone of 60 m to observe
the lower atmosphere. Dual FOV technology was applied to overcome the traditional obstacles of
Mie-lidars with hundreds of meters of blind zone. The lidar system is maneuverable and has a weight
of less than 70 kg, including the scanning platform. A complete combined returned signal was
acquired by carefully checking for the linear combination interval with the primary FOV signal and
the secondary FOV signal. Vertical profiles of the aerosol field were retrieved with the Fernald
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method, while the horizontal distribution of aerosol extinction coefficients was retrieved by
combining the slope method and the Fernald method. Horizontal scanning observations clearly
showed the spatial-temporal distribution of aerosols. The lidar system can provide valuable and
accurate pollution information with the mass concentration mapping, when validated with local
quantitative PM measurements. Furthermore, the corrected mass concentration mapping data can be
assimilated into 3-D air quality modeling, in order to significantly improve the accuracy of regional
air quality predictions. This compact portable lidar system is also an ideal choice for the 3-D
atmospheric stereo-pollution monitoring networks construction in severe polluted regions in the
future, i.e., New Delhi in India, Beijing-Tianjin-Hebei (JJ]) in China, Bangkok in Southeast Asia.
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