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Motivation

Measurements

Results

 Marine low clouds are important in climate predictions, and 
are particularly susceptible to perturbations in aerosols 

 It is imperative to understand marine boundary layer (MBL) 
aerosol properties both under natural condition and the 
changes associated with continental emissions.

 ENA has strong but poorly constrained aerosol-cloud 
interactions and diverse but persistent marine low clouds
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Three-year (2015 ~2017) data collected at ENA site by 
Atmospheric Radiation Measurement (ARM) Climate 
Research

 Aerosols at ENA typically consist of 3 modes: At, Ac and LA, 
which showed different seasonal variations

 NLA is dominated by SSA and precipitation scavenging, the 
overall effect being higher in winter and lower in summer

 SSA often contributed a minor fraction of NAt (annual average 
9.9 %) and NAc (annual average 20.6 %)

 Controlling processes of NAc and NAt are more complex. 
Sources and sinks for At and Ac modes showed similar 
seasonal pattern, resulting in their weak seasonal variation

Trace Gas (CO & O3)
 Indicator of entrainment from 

free troposphere (FT) at ENA
 Low in summer, high in 

spring-winter
 No annual variation

Absorbing Aerosol (BC)
 Indicator of overall effect of 

FT and precipitation 
scavenging (PRCP)

 Relatively weak seasonal 
variations

 Some annual variation

Modes of Aerosol Size Distribution
 Aitken mode (At, <100 nm)

• not well constrained; NAt= CN- NAc – NLA
 Accumulation mode (Ac, 100~300 nm)
 larger accumulation mode (LA, 300~1000nm)

Seasonal Variation of 

Aerosol Size Distribution

Governing Equation of 
MBL Aerosol

Summary

Minor SSA contribution to At – Ac mode 

Key Processes of At and Ac mode

Key Processes of 
LA mode

Key Processes of 
At and Ac modes
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FT SSA

Condensation, Coagulation and cloud chemistry
 Not important by calculation
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 SSA estimation by production flux curve and NLA

 Assume N with Dp > 400nm are all SSA and a conserved 
shape of SSA production flux

 Extrapolate to 100 nm  CCN(0.1%) from SSA
 Extrapolate to 10 nm    CN from SSA

Minor annual contribution of SSA to 
NAc (20.6 %) and NAt (9.9 %)

FT SSA

Other Secondary Processes
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VLA ∝ PMc: strong
 common source
 PMc dominated by 

SSA

NLA ~ WS: positive
 SSA production 

flux F ∝ WS3.41

NLA ~ BC: poor
 Less likely dominated 

by continental 
emissions in FT

CN and NAt
 weak seasonal variation
 some annual variation

NAc
 Summer high, 

winter low
 Annual stable

NLA
 Summer low, 

winter high
 Annual stable
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