


Previous method and Challenge

Visual inspection

Signal threshold

Identifying maximum signal
variance

Fitting to idealized profile
method

Wavelet transform
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First gradient method
Logarithmic gradient method 8 10 12 14 16 18

Combination of the wavelet Local Hour

technique and image A temperature inversion often exists at the top of PBL that traps
processing moisture and aerosols, which leads to a sharp decrease in

Cubic root gradient methods ~ aerosol backscatter signals at the upper boundary of the PBL.
Change in depolarization ratio

Pathfinder method

Lidar retrievals can achieve overall good performance
The accuracy of lidar retrievals can vary considerably under different environment conditions
Under what environmental conditions will lidar accurately identify PBLH?

How to achieve good performance under various aerosol loadings and stability conditions?




Site and Instruments

This study uses an MPL backscatter and radiosonde time series collected at the SGP site near
Ponca City, Oklahoma. The dataset spans June 2010 through June 2018 with high continuity.

https://www.flickr.com/photos/armgov/6310185472
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Stability and PBL types

. ‘Buoyancy:

% >0, B <0fordz > 0, stability

= =0, B=0fordz > 0, neutral

Following Liu and Liang. (2011), the PBL types
% <0, B> 0fordz > 0, instability can be determined by the near-surface potential
temperature difference in low atmosphere.
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Evaluation of existing algorithms

During morning time, the PBLH

retrievals have very poor performance,

partly duet to interference of residual
layer.

Only afternoon retrievals
(1200-1900LT)

The retrievals are strongly
affected by different PBL types
(i.e. thermodynamic conditions).
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Development of new method

R .
(a) No IF Re<27?
START Re=0

Exclude cloudy
Yes retrievals except
boundary layer cloud

For time i+1

Generate the covariance 3 H(i+1) = H()
transform function and gradient Set the lowest Re=Re+1
profile of MPL signals LMP as PBLH

Is there a
Calculate all the local maximum

Selection

» > follow-u
positions (LMP) in the covariance [Re=0| Optional: H(0) is "me?p Scheme
transform function collocated cor:ztigasi:::eby
with a signal gradient larger than
a threshold

H(i+1)=H,

(b)

Selection Scheme

For time i+1, find the two LMPs (H,, and H ;) adjacent to H(i).
If it can satisfy that: Hy,y < H(i) < Hp,
we define: My = H(i) — Hypy; M = Hyp — H(i)
(However, if not, H,, =nearest LMP to H(i))

During growing period
(0830-1400)

y 3

During decaying period ] ]
(1630-1900) During other period

y




Development of new method

+ Sensitivity test for
threshold

« Examples for different thermodynamic stability
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Evaluation of DTDS

Stable Neutral Convective
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Without RS constraint
MPL PBLH (km)

Validation against 0
radiosonde for afternoon
retrievals
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Aerosol-PBL Interaction Mechanisms
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Helght (km)

Impact of Aerosol on Temperature Profiles
and Inversion in South Great Plains

AERI data of SGP (20081030) Temperature (K)
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Temperature Profile in SGP
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Inversions Frequency and Aerosol CN Concentration
under Clear Sky from 2001 to 2009
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Inversions Frequency and Aerosol Single Scattering Albedo
(two hours before sunset ) under Clear Sky from 2001 to 2009
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Li et al. (2017, Nat. Sci. Rev.)



Aerosol-PBL Feedback Lowers the PBL

Ding et al. (2016, GRL)
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Comparison of PBL Climatological Height between US (SGP)
and China (SE China Plain) Derived from Lidar Measurements

PBL Depth vs. AOD at SGP and Hefei

Mean daily PBL with AOD Mean daily PBL with AOD
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Maximum standard deviation method Wavelet covariance transform method

Additional steps

— Constraint retrieval range (0.3~4km)

Constraint function:
B>0 Surface noise check

Cloud screen

l'IMSD l'[WCT

o satisfied retrieval

Yes

PBLH = nan

PBLH = HMSD

*  We combine maximum standard deviation and
wavelet covariance transform, this method show good
agreements with PBLH retrievals derived from MPL.

(Suetal., 2017)
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* There is coupling between the seasonal climatology

of PBLH and PM2.5.

* The low PBLH during winter could be an important

reason for the severe polluted episodes.



Regional Pattern

» Found significant negative correlations over C?CE»
NCP, a major polluted region. 3:

» There is a weak correlation between PBLH and &
PM2.5 over Pearl River Delta.

> Nonlinear responses of PM2:5 to PBLH
evolution are found, especially for the NCP. ~

» Compared to PBLH-PM2.5 correlations, the S,
correlations between PBLH and normalized vﬁ
PM2.5 increased significantly for clean regions, z
resulting in smaller regional differences overall.
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» The nonlinear relationship between PBLH and

PM2:5 shows stronger interaction when the PBLH is

shallow and PM2:5 concentration is high, which

typically corresponds to the wintertime cases.

Region of Interests

North China Plain

Pearl River Delta

North China Plain

Pearl River Delta
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Influential Factors
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_ > This is related to the more frequent air stagnation and strong
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concentration of emission sources.
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Summary

— Aerosol-PBL feedback plays a key role in modulating
surface air quality

— A new method is developed to retrieve PBL from lidar
that can account for better the diurnal variation of PBL

— Aerosol lower PBL height, less room for hosting
pollutants

— Absorbing aerosols induce inversion to stabilize PBL
whose frequency of occurrence is strongly affected by
aerosol absorption.



Overview of PBL-Ae-rosoI-Air Quality Interactions
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Special Topic: Air Pollution and Control
Aerosol and boundary-layer interactions and impact on air

quality
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ABSTRACT

Air quality is concerned with pollutants in both the gas phase and solid or liquid phases. The latter are
referred to as aerosols, which are multifaceted agents affecting air quality, weather and climate through
many mechanisms. Unlike gas pollutants, aerosols interact strongly with meteorological variables with the
strongest interactions taking place in the planetary boundary layer (PBL). The PBL hosting the bulk of
aerosols in the lower atmosphere is affected by aerosol radiative effects. Both aerosol scattering and
absorption reduce the amount of solar radiation reaching the ground and thus reduce the sensible heat
fluxes that drive the diurnal evolution of the PBL. Moreover, aerosols can increase atmospheric stability by
inducing a temperature inversion as a result of both scattering and absorption of solar radiation, which
suppresses dispersion of pollutants and leads to further increases in aerosol concentration in the lower PBL.
Such positive feedback is especially strong during severe pollution events. Knowledge of the PBL is thus
crucial for understanding the interactions between air pollution and meteorology. A key question is how the





