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Novel Method Based Upon Combined
Lidar System for PM2.5 Detection

Meng Li , Ning Fu, Xinglong Xiong, and Yuzhao Ma

Abstract—In this paper, we proposed a novel method based upon
Lidar, atmospheric transmissometer and particle size spectrometer
for PM2.5 detection. Combining the transmissive visibility meter
and a particle size spectrometer, we can establish the relationship
between PM2.5 mass concentration and atmospheric transmittance
in vertical space. Then, with the transmissive visibility meter and
Lidar, the vertical distribution of the atmospheric transmittance
detected by the Lidar can be corrected. Compared with the direct
use of particle size spectrometer and Lidar to retrieve the PM2.5
mass concentration profile, our method not only can determine
Lidar boundary value effectively, but also settle the issue of incom-
plete overlap zone between the transmitter and the receiver to a
certain extent. With real data, the proposed method is verified.

Index Terms—Lidar, atmospheric transmissometer, particle size
spectrometer, PM2.5 detection.

I. INTRODUCTION

A TMOSPHERIC aerosol, or particular matter, refers to a
stable multiphase system composed of solid and liquid

particles suspended in the atmosphere [1], and directly affects
the materialized state and radiation balance of the atmosphere by
interacting with solar radiation [2], [3]. As the primary pollutant
in the atmosphere, PM2.5 is the atmospheric aerosol with diame-
ters less than 2.5 µm, which has adverse effects on human health
[4], because the 24-h averaged PM2.5 concentration must be less
than 65.5 µg/m3 for healthy conditions [5], [6]. In addition, the
extinction effect of PM2.5 on visible light is the main factor
resulting in low atmospheric visibility and leading to the urban
atmospheric haze [7], which seriously impact the safety of
the flight and ground transportation [8]. Therefore, researchers
domestic and abroad carried out extensive research on the PM2.5
detection and its the vertical distribution characteristics [9], [10].

For measuring the vertical distribution of aerosol extinction
coefficient or other aerosol properties, several tools are de-
signed and proposed, involving balloon, aircraft detection, as
well as remote sensing [11]–[15]. Measurement instruments
can be deployed on aircrafts or balloon to detect the PM2.5
distribution vertically [11]. However, taking the expensive costs
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of both manpower and resources into account, the measurement
of remote sensing is the most effective method to detect the
vertical profiles of PM2.5 on a continuous basis [12]. As a
sophisticated instrument of remote sensing, Lidar is commonly
employed to measure the vertical profiles of PM2.5 due to its
high temporal-spatial resolution, wide detection range, and high
detection accuracy [13]–[15]. Li [16] applied the Raman Lidar to
retrieve aerosols, which can automatically avoid the atmospheric
layers with the presence of aerosols, clouds and low signal to
noise ratio (SNR). Zhang [17] used the Lidar system to detect
the aerosol backscattering coefficient, relative humidity of the
atmosphere at the same time and place, and retrieve the profile of
PM2.5. Tao [18] detected the vertical distribution of extinction
coefficient in Hefei based on the backward scatter Lidar, then
calculated the PM2.5 mass concentration profile. Nevertheless,
for the standard monostatic Lidar system, there is a large un-
certainty in the selection of the boundary value of the Lidar in
the upper air, which will potentially impact the calibration of the
boundary value of the Lidar, and the accuracy of the PM2.5 mass
concentration profile. Meanwhile, due to the geometric structure
of monostatic Lidar system, there is an incomplete overlap zone
between the transmitter and the receiver, the properties of PM2.5
cannot be characterized accurately [19]–[21]. Therefore, some
novel combination instruments in terms of Lidar system are pro-
posed, such as the CCD camera based Lidar, and Lidar Network,
et al. In 1993, Meki first developed a imaging Lidar system
involving a CCD camera and a Lidar for qualitative atmospheric
measurements [22]. Then, Barnes employed wide-angle optics
instead of a scanning system to design a CCD-camera based
Lidar system for covering a larger altitude range. After that,
several detection instruments based on similar techniques were
proposed to measure the vertical distribution of PM2.5 and its
optical properties [23], [24]. This kind of techniques capture
the backscattering signals of laser on imaging principle, which
can avoid the incomplete overlap zone effectively. But for the
boundary value of the Lidar, it is still difficult to be selected.

Pertaining to the technique of Lidar Network, Welton [25]–
[27] proposed a novel ground based eye-safe Lidar network,
termed as Micro-Pulse Lidar Network (MPLNET), which can
be used to acquire long- term observations of PM2.5 vertical pro-
files at unique geographic site. Based upon the Aerosol Robotic
Network (AERONET) sun photometer and a Micro-Pulse Lidar
Network (MPLNET) instrument, Chew [28], [29] investigated
the relationships between ground-, satellite- and model-based
aerosol optical depth (AOD) and PM2.5 for air quality assess-
ment. Undoubtedly, Lidar network is an effective tool to measure
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Fig. 1. Structure of detecting system.

TABLE I
KEY PARAMETERS OF LIDAR

the vertical distribution of PM2.5 and its properties accurately,
but the expensive cost of the Network construction hinders the
application and development of this technology.

In this paper, we proposed a novel combined Lidar system
that involves a Lidar, an atmospheric transmissometer as well
as a particle size spectrometer. By the atmospheric transmis-
someter, we can calculate the atmospheric transmittance accu-
rately, which can be employed to correct and determine the
boundary value of the Lidar effectively. Meanwhile, because
the atmospheric transmissometer and particle size spectrometer
can measure atmospheric optical properties near the ground,
the issue of incomplete overlap zone can be settled to a certain
extent. Moreover, in most airports, the atmospheric transmis-
someter is necessary, and Lidar, as an effective tool of windshear
detection, is being popularized around the world gradually, thus
it is convenient to set up this combined Lidar system for practical
application in the future.

II. GUIDELINES FOR MANUSCRIPT PREPARATION

The combined detection system is composed of Lidar, at-
mospheric transmissometer and particle size spectrometer, as is
shown in Fig. 1. The entire system is fixed at the end of the
runway of Tianjin airport, and its specific technical parame-
ters are shown in Table I. We use the VAISALA LT31 as the
atmospheric transmissometer, because it is the most common

model for visibility detection in the airport. With the atmospheric
visibility meter, we can calculate the atmospheric transmittance
between the transmitting end and the receiving end by detecting
the light intensity after the light beam passes through the air
column in the baseline. The particle size spectrometer is fixed
near the Lidar to detect properties of atmospheric aerosol on
the ground. The model is selected to be GRIMM #1.109, which
has 31 channels, and can measure the particle size distribution
between 0.25 and 32 μm, the mass concentration of PM2.5
and PM10, as well as the relative humidity. By this combined
detection system, we can establish the relationship between
PM2.5 mass concentration and atmospheric transmittance, and
combined with the atmospheric transmittance profile retrieved
by Lidar, the vertical distribution of PM2.5 mass concentration
can be calculated effectively.

III. METHOD

A. The Relationship Between PM2.5 Mass Concentration and
Atmospheric Transmittance

According to the definition of the mass concentration of
particulate matter, the concentration of all particulate matter in
the atmosphere [8] can be expressed as

CPM∞ =

∫ ∞

0

4

3
πρr3n(r)drydr (1)

where r is the particle radius, ρ is the dry aerosol density, and
n(r)dry is the scale spectrum distribution function of the dry
aerosol. The mass concentration of PM2.5 can be demonstrated
as

CPM2.5 =

∫ 2.5

0

4

3
πρr3n(r)drydr (2)

According to Mie scattering theory [30], the extinction coef-
ficient of dry aerosol in the atmosphere is defined as

σdry =

∫ ∞

0

πQextn(r)dryr
2dr (3)

whereQext is the extinction efficiency factor of aerosol particles.
When the relative humidity in the air is high, the particles will

absorb moisture and cause the particle radius to expand, which
will causes the extinction coefficient to change significantly. In
addition, the relative humidity may also enhance the gas-particle
conversion in atmosphere. According to the extinction charac-
teristics of dry and wet aerosols, the moisture absorption growth
factor [17], [31] is defined as

f(RH) =
σRH

σdry
(4)

that is, the ratio of the extinction coefficient of the wet aerosol
σRHto the one of the dry aerosol σdry. It reflects the influence
of water vapor on atmospheric extinction.

Combining equations (1)-(4), the relationship between atmo-
spheric extinction coefficient and PM2.5 mass concentration
can be obtained as

σRH =
3Qexyf(RH)

4reffρk
CPM2.5 (5)

where reff =
∫∞
0 r3n(r)drydr/

∫∞
0 r2n(r)drydr is the effective

particle radius, Qext indicates the overall extinction efficiency
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factor of aerosol particles, ρ is the average aerosol density, and
k = CPM2.5/CPM∞is the mass concentration ratio.

According to Beer-Lambert law [32], the relationship between
atmospheric transmittance and atmospheric extinction coeffi-
cient is

T = exp

[
−
∫ b

a

σ(h)dh

]
(6)

that is, in the optical transmission path from point a to point
b, the integration of the extinction coefficient to the path. Note
that the Beer’s law is just an approximation without considering
the multiple scattering and emission of atmospheric layers. Ac-
cording to the relationship between the atmospheric extinction
coefficient and the mass concentration of particulate matter in
equation (5), we can obtain

T = exp

[
−
∫ b

a

3Qextf(RH)

4reffρk
CPM2.5(h)dh

]
(7)

Assuming that in the short distance point a to point b, the type
of aerosol, the particle size spectrum and the components do not
change, the relationship between the concentration of PM2.5
and the atmospheric transmittance can be calculated as

CPM2.5 = −K · lnT/f(RH) (8)

Among them, the proportional coefficient K can be expressed
as K=4reffρk/3(b− a)Qext, b− a is the minimum resolution
distance of the Lidar. When the relative humidity is high,
the particles quickly absorb moisture and expand, which will
affect the accuracy of the proportional coefficient K and the
detected PM2.5 mass concentration. Therefore, for the relative
humidity> 40%, the calculated proportional coefficient K needs
to be corrected. According to the empirical formula obtained
from the research of literature [13], when the relative humidity is
below 40%, the moisture absorption growth factor f(RH) = 1;
when the relative humidity is above 40%, the moisture absorp-
tion growth factor f(RH) = 1/(1− RH+ 40%).

According to the reference [4], after the atmospheric aerosol
reaches a stable state, due to the mixing effect of turbulence
in the lower atmosphere, it can be considered that the spectral
distribution and refractive index of the aerosol particles in this
area are the same. However, if the relative humidity change at
the vertical height is ignored and the relative humidity detected
on the ground is regarded as the basis for estimation calculation,
the PM2.5 mass concentration profile obtained from the atmo-
spheric transmittance inversion will have errors at high altitudes.

B. Correction of the Vertical Distribution of Atmospheric
Transmittance

The power of the backscatter signal at the height z can be
expressed by the Lidar equation

P (z) = P0
ΔR ·A

z2
Kmβ(z) exp

(
−2

∫ z

0

σ(z)dz

)
(9)

where P (z) is the laser radar echo signal power, P0 is the laser
pulse emission power, ΔR is the range resolution of the laser

radar, β(z) is the atmospheric backscatter coefficient, A is the
area of the telescope, Km is the system constant, and σ(z) is
the extinction coefficient.

Using Fernald backward integration method to solve the
extinction coefficient of the Lidar equation [33], we can ob-
tain where X(z) = ln[P (z)z2] is the laser radar echo distance
correction signal, S1 is the aerosol backscatter ratio, S2is the
air molecule backscatter ratio, Zcis the boundary value height,
α1(zc) is the extinction coefficient boundary value, and α2(z)
indicates the atmospheric molecular extinction coefficient.

Within the minimum vertical resolution distance of Lidar, it
can be considered that the atmosphere is evenly distributed.
Therefore, within each minimum resolution distance, the ex-
tinction coefficient is converted to atmospheric transmittance
according to Beer-Lambert’s law, and finally the vertical distri-
bution of atmospheric transmittance can be expressed as

T (z) = exp[−σ(z) · L] (11)

In this formula, L is the minimum vertical resolution distance
of Lidar.

In order to improve the accuracy of Lidar inversion of at-
mospheric transmittance, atmospheric transmissometer is used
to correct the boundary value and vertical distribution of atmo-
spheric transmittance. The specific correction method is shown
as follows: select a piece of relatively smooth data at the high-
est point of the Lidar detection, and calculate the extinction
coefficient boundary value and the corresponding atmospheric
transmittance boundary value according to equation (6) and
the collis slope method [34]. This height is regarded as the
calibration point.

Taking the boundary value of the atmospheric transmittance
at the calibration point as the center, we expand a certain value
in the positive and negative directions to form a temporary
boundary value range with a step of 10m, and obtain a number of
temporary boundary values of the atmospheric transmittance and
the corresponding temporary boundary values of the extinction
coefficient.Finally, the temporary boundary value of each extinc-
tion coefficient obtained above is substituted into equation (10),
shown at the bottom of this page, for calculation, and the vertical
distribution of the obtained extinction coefficient is then brought
into equation (11) to obtain multiple vertical distributions of
atmospheric transmittance and corresponding ground value of
atmospheric transmittance.

Taking the location of the atmospheric transmissometer as the
reference point, the measured atmospheric transmittance as the
reference value, when the ground value of the atmospheric trans-
mittance retrieved by the Lidar and the reference value conform
to equation (12), the boundary value and vertical distribution of
the atmospheric transmittance are corrected.

|TA − TB|
TB

= x (12)

In the formula,TA is the reference value of atmospheric trans-
mittance, TB is atmospheric transmittance retrieved by Lidar

σ(z) = −S1

S2
α2(z)+

X(z) exp
[
2
(

S1

S2
− 1

) ∫ zc
z α2(z)dz

]
X(zc)

α1(zc)+(S1/S2)α2(z)
+2

∫ zc
z X(z) exp

[
2
(

S1

S2
− 1

) ∫ zc
z α2(z)dz

]
dz

(10)
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Fig. 2. Changes of parameters with time.

Fig. 3. Changes of parameters with time.
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near the ground, and x expresses the adaptive value. According
to the given atmospheric transmittance step size, we traverse all
its boundary values, and record all the corresponding values xat
the same time. When the traversal is completed, we select the
TB corresponding to the minimum x as the correction value,
and the corresponding boundary value as the required boundary
value of atmospheric transmittance. This method not only re-
alizes the correction of the boundary value of atmospheric
transmittance, but also realizes the correction of the vertical
distribution of atmospheric transmittance. According to formula
(8), it can be seen that by improving the accuracy of the verti-
cal distribution of atmospheric transmittance, a more accurate
PM2.5 mass concentration profile can be calculated. Since this
method is based on Fernald backward integration, there will be
no cases that the denominator of the Fernald forward integration
is zero or negative, which can lead to a infinite or negative inverse
value [35].

IV. EXPERIMENT AND ANALYSIS

A. The Relationship Between Ground PM2.5 Mass
Concentration and Atmospheric Transmittance

Using the combined system, we performed the experiments
near the airport in Tianjin. According to the deduced negative
logarithmic relationship between the atmospheric transmittance
and the mass concentration of aerosol particles, we discuss
the relationship between ground PM2.5 mass concentration
and atmospheric transmittance for different relative humidity
ranges. Figs. 2 and 3 show the statistical analysis of atmospheric
transmittance, PM2.5 mass concentration and proportional co-
efficient K in two relative humidity intervals, respectively.

In Fig. 2, we present the atmospheric transmittance, PM2.5
mass concentration as well as the proportional coefficient K
varying with the time from 0 to 9 o’clock on December 28,
2017 for the case of low relative humidity. Before 7 o’clock,
the atmospheric transmittance remained stable allover, and the
PM2.5 mass concentration also fluctuated around the average
level. After 7 o’clock, the atmospheric permeability and the mass
concentration of PM2.5 began to decline and rise, respectively.
However, the proportional coefficient K did not fluctuate seri-
ously. In Fig. 2, it can be seen that the relationship among the
scale factor K, atmospheric transmittance, relative humidity and
PM2.5 mass concentration conforms to equation (8).

In Fig. 3, for the case of high relative humidity, we demon-
strate the atmospheric transmittance, PM2.5 mass concentra-
tion as well as the proportional coefficient K varying with the
time from 13:30 to 21:00 on December 25, 2017. It can be
observed that between 13:30 and 17:00, the relative humidity
and PM2.5 mass concentration were in a steady state, thus
the atmospheric transmittance remained stable between 13:30
and 16:00; between 17:00 and 18:00, the relative humidity and
PM2.5 mass concentration increased rapidly, so the atmospheric
transmittance declined. After 18:00, theoretically, as the mass
concentration of PM2.5 decreased, the atmospheric transmit-
tance should increase, but due to the effect of relative humidity,
the aerosol particles were extremely saturated and extinction

Fig. 4. Vertical distribution of atmospheric transmittance at 12:30 on February
2, 2018.

increased. It can be analyzed from this phenomenon that the de-
crease in atmospheric transmittance at this time is not caused by
aerosol particles, but by water vapor. Therefore, the proportional
coefficient K needs to be corrected. Fig. 3(c) shows original and
corrected proportional coefficients. It can be observed that the
original K fluctuated greatly and did not conform to equation
(8), while after correction, the change state and value range of
the K value were relatively stable. As a whole, it can reflect the
influence of aerosol particles and water vapor on the atmospheric
transmittance.

Through the above analysis, it can be found that when the
relative humidity is less than 40%, the atmospheric transmittance
is negatively correlated with the mass concentration of PM2.5,
the proportional coefficient K is mainly affected by the mass
concentration of PM2.5, and the proportional coefficient is in a
balanced state; when the relative humidity is greater than 40%,
the influence of water vapor on the atmospheric permeability and
the proportional coefficient K value can not be ignored, espe-
cially when the aerosol particles are in the high relative humidity
stage, the physical process is more complicated. After the aerosol
particles have absorbed moisture and reach saturation, they are
easily affected by meteorological conditions such as wind speed
and pressure, and when the moisture reaches a certain level,
deliquescent and sedimentation will occur, and the proportional
coefficient K value is very unstable. After the correction of the
moisture absorption growth factor, the proportional coefficient K
tends to be stable as a whole, and will conforms to equation (8).

B. Correction of the Vertical Distribution of Atmospheric
Transmittance

In Fig. 4, we shows the vertical distribution of atmospheric
aerosol transmittance at 12 o’clock on February 2, 2018. In a
mild haze weather, the relative humidity of the day was 22%,
and the ground visibility measured was 5km. It can be seen
from the figure that the atmospheric transmittance range within
the vertical resolution distance was between 0.995∼0.9997, and
showed an increasing trend from the bottom to the upper air
with volatility, especially in the altitude zone of 1-2.5km. On
the whole, the vertical distribution of atmospheric transmittance
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Fig. 5. Comparison of vertical distribution of atmospheric transmittance at 15
in February 10, 2018.

not only characterizes the optical properties of aerosols at dif-
ferent heights, but also reflects the detailed characteristics of the
vertical distribution of aerosols. Note that the data in the overlap
zone of Lidar is calculated based on the detection in high-altitude
atmosphere, not the result of direct detection.

Fig. 5 shows the comparison of the original and corrected
vertical distributions of atmospheric transmittance at 15:00 on
February 10, 2018. To evaluate the accuracy of the results, we
use the atmospheric transmittance released by Tianjin airport
as the standard data. With the proposed method, the visibility
on the day was 3.5km, the ground atmospheric transmittance
was 0.9955 that is very close to the actual value of 0.9953
in Tianjin airport. It can be observed that there is not much
difference between the two curves above 3km height, but below
3km height, the deviation became larger and larger as the height
decreases. Under the initial atmospheric transmittance boundary
value of 0.9992, the ground value of atmospheric transmittance
retrieved by Lidar was 0.9944, which was quite different from
the actual value of 0.9953 in Tianjin airport, and greatly affected
the vertical distribution error of atmospheric transmittance. After
the atmospheric transmittance was corrected by the ground
atmospheric transmittance, the corresponding boundary was
0.9994 that is more accurate than the initial boundary of 0.9992.
It illustrates that the atmospheric transmittance detected by the
atmospheric transmissometer is the main source of uncertainty
for our method.

C. PM2.5 Mass Concentration Profile

Fig. 6 shows the comparison of original and corrected spatial
distribution of PM2.5 mass concentration at 15:00 on February
10, 2018. To evaluate the accuracy of the results, we employ
the PM2.5 released by Tianjin airport as the standard data.
After the proportional coefficient K was calculated and moisture
absorption factor was corrected with a large amount of data,
the relationship between the mass concentration of PM2.5 and
the atmospheric transmittance can be expressed as:

CPM2.5 = −7110 lnT (13)

At 15:00 on February 10, the relative humidity was 27%, and
the ground PM2.5 mass concentration was 32 μg/m3 in Tianjin

Fig. 6. Comparison of vertical distribution of PM2.5 mass concentration at 15
in February 10, 2018.

Fig. 7. Vertical inversion of PM2.5 mass concentration.

airport. In Fig. 6, it can be observed that with the original and
corrected vertical distribution of atmospheric transmittance, the
PM2.5 mass concentration of 38μg/m3 and 32.3 μg/m3at the
ground were obtained, respectively. After correction, the PM2.5
mass concentration at the ground is very close to the actual data
in Tianjin airport, and the inversion of PM2.5 mass concentra-
tion is effectively optimized. It illustrates that the PM2.5 mass
concentration detected by the particle size spectrometer is the
main source of uncertainty for the proposed method.

Fig. 7 shows the spatial distribution of PM2.5 mass concen-
tration at 16:00 on March 27 and at 11:00 on April 3, 2018.
After the proportional coefficient K was calculated and mois-
ture absorption factor was corrected, the relationship between
the PM2.5 mass concentration and atmospheric transmittance
during detection can be expressed respectively as:

CPM2.5_1 = −4800 lnT (14)

CPM2.5_2 = −3109 lnT (15)

At 16:00 on March 27, the relative humidity was 21%, and
the mass concentration of PM2.5 at the ground was 27μg/m3,
and increased to 30 at a height of 0.15km, then at a height of
5km, the mass concentration of PM2.5 gradually decreased. In
general, the mass concentration of PM2.5 shows a decreasing
trend as the height increases. On April 3, the relative humidity
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Fig. 8. HYSPLIT backward trajectory.

at 17:00 was 48%, and the mass concentration of PM2.5 on
the ground was 52μg/m3, and still increased to 58 at a height
of 0.15km. The mass concentration of PM2.5 in the interval
between 0.5 and 2km gradually decreased with the increase in
altitude. In the height range of 2∼2.8km, the rate of decrease
was greatest, and the mass concentration of PM2.5 was stable
above the height of 3km. The vertical distribution of PM2.5 mass
concentration at the two detection moments both demonstrate
stratification, and the aerosols were mainly concentrated below
3km height. With our method, the detailed characteristics at
each level can be fully demonstrated, which reflects micro-
physical characteristics of the atmospheric aerosols effectively.
In general, the two-day PM2.5 mass concentration decreased as
the altitude increases, and gradually stabilized after reaching
a certain altitude, indicating the typical vertical distribution
characteristics of atmospheric aerosols.

D. HYSPLIT Backward Trajectory Analysis

The HYSPLIT model [36] is a professional model of pollutant
transport and diffusion developed by the National Oceanic and
Atmospheric Administration of the United States. In this paper,
the backward trajectory model is used to analyze the transport
and diffusion trajectories of aerosol, and then to investigate the
effect on the vertical distribution of aerosols [37].

In Fig. 8, we shows the HYSPLIT backward trajectory of
above four detections in China. It can be observed that the
aerosol distribution at the height of 0.5km and 1km at 12 o’clock
on February 2 was caused by the movement of low air masses
in Tianjin. The aerosol at a height of 3km was transmitted in
parallel from the Shanxi Province. The 0.5km and 1km aerosols
at 11 o’clock on February 10 came from a height of 2km in the
northwest of Inner Mongolia, while the 3km aerosol came from
a 5km high-altitude clean area in the northern part of Shanxi
Province, which contained less aerosols, so the mass concen-
tration of aerosols was lower. Fig. 8(c) shows the backward
trajectory at 16:00 on March 27. The aerosols at heights of
0.5km and 1km came from the heights of 2.5km and 3km in
Mongolia, and the aerosols at heights of 3km came from the
height of 4km in the south of Russia, passing through Mongolia
and reaching Tianjin. Although the aerosols at the three altitudes
have different sources, they are all from the clean air mass of
the corresponding altitude. Fig. 8(d) demonstrates the backward
trajectory at 11 o’clock on April 3rd. The aerosols at the heights
of 0.5km and 1km came from the height of 2.5km in the northeast
of China. The trajectory of the air mass at the height of 0.5km was
a “J”-shaped path, and the 1km air mass trajectory showed an
“S”-shaped path.The aerosol with a height of 3km came from an
altitude of 3.5km in the northwest of China. Due to the different
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types of aerosols in the two regions, the extinction efficiency of
the particles is also different, which might be a possible cause
of fluctuations in the aerosol mass concentration distribution at
the corresponding time and height in Fig. 6 and Fig. 7.

V. CONCLUSION

In this paper, we calculated the PM2.5 mass concentration
profile based upon the combined detection of Lidar, atmospheric
transmissometer and particle size spectrometer. With the com-
bination of transmissive visibility meter and Lidar, the Lidar
boundary value can be determined, and the overlap zone of
the Lidar can be improved. Compared with the direct use of
particle size spectrometer and Lidar to retrieve the PM2.5 mass
concentration profile, this method improves the accuracy of the
vertical distribution of the intermediate atmospheric transmit-
tance, and optimizes the inversion calculation of the PM2.5 mass
concentration profile. Comprehensive research shows that it is
feasible to combine Lidar and atmospheric transmissometer to
realize the inversion of the vertical distribution of the PM2.5
mass concentration profile. This is of great significance for
studying the microphysical properties, scale characteristics of at-
mospheric aerosols, the transportation and diffusion of aerosols,
and providing services for the decision-making of environmental
pollution control around the airport.
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