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• Past studies have estimated PM2.5 concentrations from AOT from passive 
satellite sensors (e.g., MODIS, MISR)  

• Limitations of this approach:

• PM2.5 is surface-based, but AOT is column-integrated 

• AOT incorporates the effects of humidity, whereas PM2.5 is a dry-mass 
measurement PM2.5 vs. Aqua MODIS AOT

Elevated plume (2008-2009)
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• CALIOP provides aerosol vertical distribution at both daytime
and nighttime

• Unlike AOT, extinction near the ground is (in theory) a more
realistic representation of near surface aerosol properties

• Investigate the use of CALIOP near-surface aerosol extinction
for PM2.5 applications through a bulk mass scattering scheme

Near surface aerosol
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• Cm2.5  PM2.5 mass concentration (µg m-3)
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• β  extinction coefficient (m-1)
• a  mass extinction efficiency (m2 g-1)
• Cm  PM mass concentration (g m-3)
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• ascatmass scattering efficiency (m2 g-1)
• aabs  mass absorption efficiency (m2 g-1)

•  PM2.5 to PM10 ratio (0.6)
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Final equation

• Daily PM2.5 Local Conditions from
Environmental Protection Agency (EPA) ground
stations (parameter code: 88101)

• Extinction coefficients (532 nm) from V4.10
CALIOP L2 5 km aerosol profile (L2_05kmAPro)
product

• Two years (2008-2009) over the CONUS (day & night)

• Two-year averages only (both pairwise and bulk 
analyses)

• CALIOP data quality-assured and cloud-screened

• Aerosol profiles linearly re-gridded from 60 m vertical
resolution (AMSL) to 100 m, referenced to local surface
(AGL)

• Mean surface extinction computed as the 100-1000 m
AGL altitude range

• For validation purposes, EPA and CALIOP data spatially
(within 100 km) and temporally (same day) collocated

PM2.5 to PM10 ratio ()

• Must be considered, as 
CALIOP derived PM density 
is for all particle sizes

• Value of 0.6 is used 
(measured during  
SEAC4RS) 

Dry mass scattering (ascat) and absorption (aabs ) efficiencies (m2g-1)

• Dependent upon aerosol type (i.e., fine coarse partition of pollution/smoke
vs. dust/sea salt)

• Dominant aerosol type over CONUS assumed to be pollution aerosol
• Excluded aerosol extinction range bins classified as dust
• Values used: ascat = 3.4 m2g-1 and aabs = 0.37 m2g-1 (Hess et al. 1998; Malm

and Hand, 2007; Lynch et al. 2016; Kaku et al. 2018)

Hygroscopicity growth factor (frh)

• Surface PM concentrations are dry mass 
measurements

• To account for impact of humidity on 
ascat

• RH obtained from MERRA-2 reanalysis 
(included in CALIPSO files)

• Larger PM2.5 concentrations for the eastern and western CONUS; 
lowest for the interior

• Spatial distribution is consistent with reported values from past 
studies

4. Spatial Distribution of CALIOP-derived PM2.5

• Spatial distributions of CALIOP-derived PM2.5 very similar to those of EPA ground stations

• Day/night differences: Anthropogenic activities and/or solar radiation contamination 
(daytime noise)

DAY NIGHT

Extinction

CALIOP-derived PM2.5

CALIOP-derived PM2.5

• Pairwise spatial patterns
match well

• Fair EPA/CALIOP PM2.5

correlation found for daytime,
with better agreement for
nighttime

COMBINED DAY/NIGHT

Observed PM2.5

CALIOP-derived PM2.5
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6. Sensitivity Study 1: Sampling

Surface Layer (m)
Analysis (Day/Night)

R2 Slope Mean Bias (CALIOP - EPA; µg m-3) Error Change (%)

0-100 0.27/0.41 0.69/0.38 -2.67/-9.06 -13.71/-61.94

0-200 0.33/0.53 0.77/0.75 -0.52/-5.68 3.79/-23.58

0-300 0.35/0.54 0.78/0.82 -0.09/-4.70 7.24/-12.15

0-400 0.38/0.57 0.80/0.85 -0.13/-4.25 6.92/-6.46

0-500 0.35/0.52 0.75/0.76 -0.21/-4.04 5.70/-4.39

0-600 0.40/0.53 0.76/0.75 -0.46/-3.91 3.72/-2.15

0-700 0.44/0.46 0.80/0.66 -0.41/-3.89 2.73/-2.88

0-800 0.35/0.50 0.62/0.66 -0.59/-3.76 -0.77/-2.04

0-900 0.17/0.49 0.43/0.63 -0.74/-3.74 -3.91/-2.25

0-1000 0.13/0.48 0.35/0.62 -1.08/-3.74 -7.48/-2.57

100-500 0.34/0.44 0.72/0.66 0.54/-3.40 14.21/-0.84

100-1000 0.21/0.48 0.48/0.67 -0.39/-3.34

EPA PM2.5
Daytime CALIOP-derived PM2.5
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• Daytime CALIOP-derived PM2.5 distributions match well with those of EPA 

• Distribution shifts towards smaller concentrations using nighttime CALIOP 
data

• Sampling biases may be due to retrieval biases and day/night differences 
in PM2.5 concentrations

EPA PM2.5
Nighttime CALIOP-derived PM2.5
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• Spatial distribution of 2-year mean PM2.5 concentrations derived from near surface CALIOP
aerosol data compares well to that of in situ PM2.5 measurements collected at U.S. EPA
stations

• Use of nighttime CALIOP extinction to derive PM2.5 results in a higher correlation (r2 = 0.48;
mean bias = -3.3 µgm-3) with EPA PM2.5 than daytime CALIOP extinction data (r2 = 0.21;
mean bias = -0.40 µgm-3)

• Spatial/temporal sampling and retrieval biases are found
• Sensitivity studies were conducted, and highlight need for accurate aerosol typing for

estimating PM2.5 concentrations using CALIOP observations
• Spatial distribution of 12-year mean PM2.5 concentrations derived from near surface

CALIOP aerosol data compares well to that of in situ PM2.5 measurements collected at U.S.
EPA stations, justifying our rationale for using lidar for PM2.5 studies

• In general, both EPA and CALIOP show similar trends in PM2.5 (i.e., trends in improving air
quality over the Eastern CONUS but worsening over the Western CONUS)

• Future work includes examining day/night differences in results, aerosol type analyses,
surface layer height/PBL height, HSRL/CATS analyses, and application to other regions

• Future space-based lidar missions (e.g., A-CCP) provide compelling motivation to further
explore and improve extinction-based PM concentration retrievals
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