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Main drivers of climate change

IPCC, 2013 2



Aerosol radiative forcing

Aerosol-radiation 
interaction

Aerosol-cloud 
interaction

3
IPCC, 2013
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ARM observations
Southern Great Plains (SGP):

https://www.arm.gov/capabilities/instruments
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https://www.arm.gov/capabilities/instruments/mpl


Introduction

Su et al., 2022, ACP

Cloud-PBL coupling is equivalent to cloud-land coupling over land
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Potential temperature Potential temperature Potential temperature

Linkage between surface, PBL, and cloud
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Retrievals of cloud-land coupling

Su et al., 2020, 2022



Highlight in DOE ARM Annual Report
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One of nine studies highlighted in the Annual Report
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Estimation of aerosol-cloud interaction

𝑅𝐹!"# = 𝑓$#%𝐴 𝑓, 𝜏"
1
3
𝑑	𝐼𝑛	𝑁&
𝑑	𝐼𝑛	𝛼

𝐼𝑛	𝛼 − 𝐼𝑛	(𝛼 − 𝛼!'() 𝑆

Quaas et al., 2008

Liquid water 
cloud fraction

Responses of 
𝑵𝒅 to aerosol

Natural aerosol 
amount

𝑓: cloud fraction 𝑁!: cloud droplet number concentration

𝛼: proxy for aerosol amount𝑆: income solar radiation

Cloud-land coupling can answer this question

𝜶: proxy for aerosol amount
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Airborne lidar data

Aerosol backscatter (Mm!"sr!") (532nm)



Airborne lidar data

Aerosol backscatter (Mm!"sr!") (532nm)

Legend:
Cloud-top height

PBLH



Airborne lidar data

Coupled cloud Decoupled cloud Mixed



Airborne lidar data

Coupled cloud Decoupled cloud Mixed
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Airborne lidar data



Cloud-land coupling affects aerosol distributions
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Cloud coupling changes responses of clouds to aerosol
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Aerosol first indirect effect (PD-PI)

Radiation data: CERES/MODIS

Natural aerosol fraction: MACv2

Cloud optical properties: MFRSR

Aerosols : AOS/Lidar

Cloud boundary and coupling: Lidar

Model: GEOS-Chem run by Dr. F. Yu
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Constraining aerosol indirect radiative effects by 
accounting for cloud-land coupling



The neglect of cloud coupling results in an 
underestimation of aerosol-cloud interaction

20Su et al. under review.



Summary
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