
Idealized Marine Cold-Air 
Outbreak Simulations

J. Minnie Park1, Adele Igel2, David Painemal3, Allison McComiskey1,4

1 Brookhaven National Laboratory | 2 UC Davis | 3 AMA/NASA LaRC | 4 Now at NCAR EOL

November 14, 2023 BNL Update 



Motivation
• Wintertime WNAO presents the highest occurrence of low clouds, often linked to Marine Cold-

Air Outbreaks (MCAO)
• Highest surface fluxes (left) and Nd (right) despite the lowest AOD (Corral et al., 2021)

Painemal et al. (2021)

MCAO modeling study Dates Model, ∆𝑥, boundary layer ∆𝑧
Tornow et al. (2022) March 17–19, 2008 DHARMA, ∆𝑥 = 150m; ∆𝑧 = 20m 
Li et al. (2022, 2023) Feb 28 & March 1, 2020 WRF, ∆𝑥 = 300m; ∆𝑧 = 33m
Chen et al. (2022) March 1, 2020 WRF, ∆𝑥 = 1km; ∆𝑧 = 46m



Synoptic conditions associated with MCAO

Painemal et al. (2023)

• Among the 15 pattern classifications, Pattern #3 (Trough) is distinguished by the 
highest surface heat fluxes

• A total of 17 dates between 2018 and 2020 correspond to Pattern #3, including 
March 1, 2020 



Research Goal

Objective
• To investigate the individual and synergistic impacts of aerosol 

concentration and sea surface fluxes on the properties of 
boundary layer clouds during marine cold-air outbreaks (MCAO)

Approach
• A suite of high-resolution (∆𝑥 = ∆𝑦 =100m, ∆𝑧 = 25m, ∆𝑡 = 1s), 

idealized cloud-resolving modeling simulations

1) CCN concentration
2) SST
3) Wind speed



Idealized MCAO Simulations

• Regional Atmospheric Modeling System (RAMS) version 6.3.04
• Domain: 200 km × 25 km × 7 km (2000 × 250 points across 280 levels)
• Boundary condition: open radiative, constant inflow in x, and cyclic in y direction
• Resolution: ∆𝑥 = ∆𝑦 =100m, ∆𝑧 =25m
• Time: Starts at 0900 UTC for a 15-hour duration with a time step of ∆𝑡 = 1s

Model Physics Setting
Radiation Harrington two-stream, updated every 5s
Turbulence Deardorff TKE
Microphysics Full microphysics, double-moment bin emulating bulk
Aerosol Accumulation mode ammonium sulfate

Exponentially decreasing with height, 200 mg-1 at the surface (CONTROL)
Sources and sinks, dry and wet deposition



Initial sounding for simulations
:an average of 17 Trough days 
ERA-5 at 9 UTC for Ocean-Only Regions (25–40°N, 60–80°W )

MCAO index = 𝜃!""#$% − 𝜽𝑺𝑺𝑻

𝜃!""#$% = 293K Warmer ocean surface

Wind direction



Sensitivity Experiments
Factor 1. CCN 

Kirschler et al. (2022, ACP)



Sensitivity Experiments
Factor 2. Sea surface temperature

REMSS-L4 GHRSST 

A slope of 0.08 K km-1 is 
adapted from the maximum 
value of the climatological 
SST gradient for DJF, shown 
in Figure 2a (Tsopouridis et 
al. 2021, WCD)

Given that the 𝜃!""#$%	in the initial sounding is 293K, 
we selected an SST perturbation range 293—300K 
to test scenarios where 0 ≤	MCAO index ≤	7 



Example Evolution of MCAO Clouds 
Vertical wind velocity z = 1.025 km

Total condensate mixing ratio at z = 1.025 km

Liquid water path

Warmer ocean surface

Wind direction
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Cooler SST

Domain-averaged 
cloud mixing ratio (qcloud) 
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C
C
N

Cooler SST

Domain-averaged 
drizzle mixing ratio (qdrizzle) 



Next Steps 

• While the individual effects of increasing CCN 
and decreasing SST have been briefly 
demonstrated, the synergistic impact of these 
changes will be further assessed.

• Further analysis will include additional details, 
such as microphysical process rates and turbulent 
kinetic energy.

C
C
N

Cooler SST


