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Introduction
Particles with aerodynamic diameter less than 2.5 μm (PM2.5) have
been found to have the most serious adverse effect on human health
and the environment. Exposure to PM2.5 has been linked to a host of
undesirable health outcomes. While the importance of measuring
PM2.5 has been clearly demonstrated, most policy enforcement still
relies on measurements taken from ground stations, as making
surface PM2.5 measurements using remotely sensed techniques
remains challenging. In the past, we have developed and validated a
methodology for using High Spectral Resolution Lidar (HSRL) retrieved
information about aerosol types (Burton et al., 2012) and extinction
to derive surface PM2.5 estimates with information about likely
chemical speciation with minimal model involvement (Meskhidze et
al., 2021). The study by Meskhidze et al. (2021) was conducted for
North American aerosols. Here we test and expand the methodology
for use with east Asian aerosols. We are unaware of any other
methodologies attempting to derive surface PM2.5 and proxies of
aerosol chemical speciation based on aerosol intensive properties. If
successful, the algorithm can be used on the spaceborne HSRL to be
launched as a part of the AOS in 2029.

PM2.5 estimation methods
Meskhidze et al. (2021) compared the estimates of surface PM2.5
from the Community Multiscale Air Quality Model (CMAQ) and by
scaling the model-predicted concentrations with the ratio of retrieved
to modeled extinction (hereafter referred to as extinction correction)
(Liu et al., 2004). Meskhidze et al. (2021) also presented two new
methods which utilize information about chemical composition from
the Creating Aerosol Types from Chemistry (CATCH) algorithm in
combination with aerosol type and amount information retrieved
using the HSRL. The CATCH algorithm uses GEOS-Chem mass-based
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to classify aerosols into types analogous to those derived from HSRL
retrievals (Dawson et al., 2017). The two new methods are iterative
correction and HSRL-CATCH.
Iterative Correction:
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The Iterative Correction method uses information about aerosol type
specific composition (𝑅𝑅𝑗𝑗, the extinction weighted fraction of chemical
species j in the model grid) and iteratively updates the model
predicted concentrations until the extinction matches that retrieved
by the HSRL.

HSRL-CATCH:
The HSRL-CATCH method relies solely on the HSRL retrievals and
types to estimate concentrations without the need for concurrent
model runs to be performed.
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𝑏𝑏𝑗𝑗 are dry mass extinction species extinction coefficients, and 𝑓𝑓𝑗𝑗 are 
hygroscopic growth factors. 

Results

𝑟𝑟2 (RMSE in 𝜇𝜇𝜇𝜇 𝑚𝑚−𝟑𝟑)
DISCOVER-AQ KORUS-AQ

CMAQ 0.37 (11.91) 0.04 (23.59)
Extinction Correction (CMAQ) 0.58 (7.39) 0.25 (32.39)
Iterative Correction (CMAQ) 0.63 (7.16) 0.31 (32.25)

GEOS-Chem -- 0.12 (23.87)
Extinction Correction (GEOS-Chem) -- 0.21 (45.40)
Iterative Correction (GEOS-Chem) -- 0.28 (37.37)

HSRL-CATCH 0.75 (8.58) 0.32 (38.02)
HSRL-CATCH-revised (HCR) -- 0.33 (24.62)

HCR with Park Coeff. -- 0.33 (22.93)
HCR with coarse mode correction -- 0.22 (27.57)
HCR with MLH >300m threshold -- 0.35 (24.48)

CMAQ HSRL-CH

HSRL-CH-revised

Iterative 
Correction 
with CMAQ

For the east Asian aerosol we
found lower correlations
between the derived and
measured PM2.5 at NIER ground
sites than was found for
DISCOVER-AQ data.
Modifications to the HSRL-CH
method were implemented to
improve the results including
revising the method to account
for size specific optical
properties following the
revised IMPROVE algorithm
(Pitchford et al., 2007), using
Asian aerosol-specific extinction
coefficients from (Park et al.,
2018), correction for coarse
mode particles, and
implementing a threshold to
exclude days with the mixed
layer height (MLH) below 300
m. The results are summarized
in Table 1.

An example of the complex vertical distribution of aerosols observed during 
KORUS-AQ (left) along a portion of the flight path (right) on May 20th 2016
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Conclusions Future Work
• Including extinction retrievals in the extinction correction method caused some 

improvement to the model outputs
• The assimilation of the information about aerosol composition (the iterative correction 

and HSRL-CATCH methods) lead to additional improvement
• Neither the models nor derived methods performed as well for East Asian aerosols 

(KORUS-AQ) as for North American aerosols (DISCOVER-AQ)
This may be because neither the HSRL aerosol typing nor CATCH were trained on data from 
East Asia where aerosols are optically and chemically different from the ones found in 
North America. Additionally, PM2.5 for KORUS-AQ was not as highly correlated with 
extinction as was found for DISCOVER-AQ, which further inhibited the success of these 
extinction-dependent methods. 

• Analyze the speciation of aerosols at the
Olympic Park ground site during KORUS-
AQ and compare with retrieved aerosol
types and CATCH composition

• Retrain CATCH for east Asian aerosols
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Table 1: Correlation and root mean squared error between methods of estimating PM2.5 and 
ground measurements from two campaigns.

Correlation between HSRL retrieved extinction and surface PM2.5 measurements:
DISCOVER-AQ: r2 =  0.64
KORUS-AQ: r2 =  0.27
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