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Evaluation: E3SM_diags and ARM 
Diagnostics

E3SM_diags

• Zhang et al (2022), GMD

• Incorporating ARM Diagnostics

• Zhang et al (2020), BAMS

• Mostly on cloud, precipitation, 

radiation
• SGP AOD is included

• Updates to the ARM Diagnostics (Zheng et al, 2022, DOE 

Tech Report)

• Aerosol physical/chemical properties and CCN datasets 

measured at SGP and ENA have been quality controlled 

and processed. 
• The statistics metrics on the aerosol physicochemical 

properties and CCN number concentrations annual cycles

• The process-oriented diagnostics metrics on the aerosol-to-

CCN activation assessments at different supersaturation 

levels.

ARM Diagnostics
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Evaluation: EAGLES Diagnostics

• Tang et al (2022, 2023), GMD; Christensen et al 

(2022), ACP; Varble et al (2023), ACP, Huang et 

al, TBS

• Aerosol state (composition, distribution, time 

series, size distribution)
• ACI process-oriented diagnostics (Nd-CCN, 

LWP-Nd), but more research is needed to pinpoint 

the exact process(es).

• Reconcile differences between satellite and 

ARM estimates of ACI



What do these diagnostics tell us?
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Identify critical deficiencies in ESMs 
and motivate innovation

Kang et al, to be submitted

• Model produces too much aerosol

• Seems to be related to overly weak below-cloud scavenging

• Current parameterization was developed in 1974.

• It has been reported that the scavenging computed by this parameterization is 2-3 orders 

of magnitude lower than observations.
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Identify critical deficiencies in ESMs 
and motivate innovation

Improve DMS 

chemistry

DMS and SO2 biases increase

Kang et al, to be submitted



Identify critical deficiencies in ESMs 
and motivate innovation

Sihto et al (2006)



• Bridging knowledge gaps with 

process-oriented diagnostics, 

including

• CCN-Nd joint histogram

• Nd-LWP joint histogram

• GCCN effects

• BC aging and absorption

• Aerosol water uptake

• Wet scavenging

• Inferred ERFaci

• New/more observations 

needed for developing better 

process representations

• Providing critical information 

regarding aerosol state, including 

• Mass

• Number

• Composition

• Size distribution 

• Spatial distribution

• Time evolution

• CCN at different SS

Evaluation of processesEvaluation of state

From model evaluation to model 
improvement

Improvement of 

understanding & predictability
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