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Motivation

• Process-oriented diagnosis and improvement of 
E3SM/SCREAM simulated cloud processes using 
ARM data

• Better understand the aerosol indirect effect on 
warm boundary layer clouds with ARM observations 
and LES simulations

• Reduce the related uncertainty in E3SM models

THREAD: Tying in High Resolution 
E3SM with ARM Data

E3SM: DOE Energy Exascale Earth 
System Model 

SCREAM: the Simple Cloud-
Resolving E3SM Atmosphere Model
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Previous studies with ARM field 
campaign cases

Zheng, X., S.A. Klein, V.P. Ghate, S. Santos, J. McGibbon, P. Caldwell, P. Bogenschutz, W. Lin, and M.P. Cadeddu, 
2020: Assessment of Precipitating Marine Stratocumulus Clouds in the E3SMv1 Atmosphere Model: A Case Study 
from the ARM MAGIC Field Campaign. Mon. Wea. Rev., 148(8), 3341-3359, https://doi.org/10.1175/MWR-D-19-
0349.1
Zheng, X., Klein, S. A., Ma, H.-Y., Caldwell, P., Larson, V. E., Gettelman, A. and Bogenschutz, P. (2017), A cloudy 
planetary boundary layer oscillation arising from the coupling of turbulence with precipitation in climate 
simulations. J. Adv. Model. Earth Syst., 9, doi:10.1002/2017MS000993

Findings

• The MAGIC case study evaluate the stratocumulus-to-
cumulus transition in E3SMv1.

• An overly long microphysics timestep and an 
unrealistic parameterization of precipitation fraction in 
E3SMv1 cause unrealistic sub-cloud precipitation 
profiles.

• The CAP-MBL case study helps uncover issues with 
coupling between parameterizations in atmospheric 
model simulations 

A regular cloud 
oscillation

Azores
CAP-MBL

MAGIC

https://journals.ametsoc.org/doi/abs/10.1175/MWR-D-19-0349.1
https://journals.ametsoc.org/doi/abs/10.1175/MWR-D-19-0349.1
https://doi.org/10.1175/MWR-D-19-0349.1
https://doi.org/10.1175/MWR-D-19-0349.1
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Objectives

• Spring time and early summer EPCAPE Cases (two illustrative cases).
• With EPCAPE observation, we are interested in:

§ Diurnal variability of the Planetary Boundary Layer (PBL), Stratocumulus Clouds, and 
Precipitation.

§ Cloud microphysical variations responding to different CN/CCN conditions.
§ Aerosol concentration and local aerosol transport under different synoptic conditions.

• The potential EPCAPE modeling study will emphasize coastal conditions.
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EPCAPE Cases

Long-term double-site 
ground based EPCAPE 
observations consist of a 
set of multi-day cases 
under different synoptic(or 
mesoscale) conditions 
with observed coastal 
cloud patterns and 
evolutions from satellite 
retrievals

(Simon, 1977; Koračin and Dorman, 
2001; Koračin et al., 2005) 

May 16-17                                                       July 3-4
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Diurnal Variability of PBL, Cloud 
and Precipitation

Chlond et al., 2004; McMichael et al., 2019; Considine, 1997 https://adc.arm.gov/afcd/#/epcape/overview

• Cases showing a clear diurnal cycle of 
PBL, cloud and precipitations

• Continuous PBL, cloud and 
precipitation observations from KAZR, 
Ceil backscatter, DL and surface met 
measurements.

• Additional observations covering 
spatial evolutions.

https://adc.arm.gov/afcd/
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Cloud microphysics

(UTC Time)

Fog Monitor
Rachel Chang, Dalhousie

May 16

• EPCAPE PBL, cloud, and precipitation 
observations.

• Cases with continuous measurement (or 
retrievals) of cloud water content, drizzle 
water content, cloud droplet concentration, 
and cloud effective radius that respond to 
changes in CN/CCN conditions.

• Additional observations of in-cloud 
microphysical properties are ideal.
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Aerosol concentration and local 
aerosol transport

• Multi-day cases showing 
significate aerosol 
concentration variability and 
synoptical changes in the 
local circulation.
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E3SM/SCREAM RRM 
Simulations 
• Diurnal cycle of PBL, cloud and 

precipitation.
• Coastal vs. offshore cloud variability
• Aerosol transport (using passive 

tracers)

RRM: Regionally Refined Meshes

A RRM domain developed for a LLNL LDRD effort by Qi 
Tang and Peter Bogenschutz. Figures courtesy of Qi Tang, 
Jishi Zhang, and Peter Bogenschutz

Potential modeling studies



10

WRF Nested-domain 
Simulations
• Cloud microphysical responses 

to changes in CN/CCN 
conditions.

• Aerosol-cloud interactions in 
coastal stratocumulus clouds.

Z. Zhang et al.: Vertical dependence of horizontal variation of cloud microphysics 3107

Figure 1. (a) Horizontal flight track of the G-1 aircraft (red) during the 18 July 2017 RF around the DOE ENA site (yellow star) on Graciosa
Island. (b) The vertical flight track of G-1 (thick black line) overlaid on the radar reflectivity contour by the ground-based KZAR. The dotted
lines in the figure indicate the cloud base and top retrievals from ground-based radar and CEIL instruments. The yellow-shaded regions are
the “hlegs” and green-shaded regions are the “vlegs”. See text for their definitions.

ENA site on Graciosa Island. The average wind in the up-
per MBL (i.e., 900 mbar) is approximately Northwest. So,
the west side of the V-shape horizontal level runs is along the
wind and the east side across the wind. Note that the horizon-
tal velocity of the G-1 aircraft is approximately 100 m s�1.
Since the duration of these selected V-shaped hlegs is be-
tween 580 and 700 s, their total horizontal length is roughly
60 km, with each side of the V shape ⇠ 30 km. These V-shape
horizontal level runs, with one side along and the other across
the wind, are a common sampling strategy used in the ACE-
ENA to observe the properties of aerosol and cloud at differ-
ent vertical levels of the MBL. In our study we use the verti-
cal location of the G-1 aircraft from the AIMMS to identify
continuous horizontal flight tracks which are referred to as
the “hlegs”. For the 18 July 2017 case, a total of 13 hlegs
are identified as shown in Fig. 1b. Among them, hlegs 5, 6,
7, 8, 10, 11, and 12 are the seven V-shape horizontal level
runs inside the MBL cloud. Together they provide an excel-
lent set of samples of the MBL cloud properties at different
vertical levels of a virtual GCM grid box of about 30 km.

As previously mentioned, Boutle et al. (2014) found that the
horizontal variance of qc increases with the horizontal scale
L slowly when L is larger than about 20 km. Therefore, al-
though the horizontal sampling of the selected hlegs is only
about 30 km, the lessons learned here could yield useful in-
sights for larger GCM grid sizes. In addition to the hlegs,
we also identified the vertical penetration legs in each flight,
referred to as the “vlegs”, from which we will obtain the ver-
tical structure of the MBL, along with the properties of cloud
and aerosol.

3.2 Case selection

As illustrated in Fig. 1a and b for the 18 July 2017 RF, the
criteria we used to select the RF cases and the hlegs within
the RF can be summarized as follows:

– The RF samples multiple continuous in-cloud hlegs at
different vertical levels with the horizontal length of at
least 10 km and cloud fraction larger than 10 % (i.e.,
the fraction of an hleg with qc > 0.01 g m�3 must exceed

https://doi.org/10.5194/acp-21-3103-2021 Atmos. Chem. Phys., 21, 3103–3121, 2021
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https://doi.org/10.5194/acp-21-3103-2021 Atmos. Chem. Phys., 21, 3103–3121, 2021

ACE-ENA IOP Case July 18, 2017 

(Zhang et al., 2021ACP)

ACE-ENA simulation as an example 

Postdoc position at LLNL

https://www.llnl.gov/join-our-team/careers/find-your-job/all/all/3743990002299566
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Summary and discussion

• Compared to previous field campaigns and modeling studies, we aim to use 
EPCAPE cases to 
§ Assess the E3SM km-scale model, SCREAM’s performance on the coastal 

stratocumulus cloud macro/microphysical variabilities related to the complex 
interplay between near coastal synoptic evolution, local circulations and 
boundary layer processes.

§ Understand the cloud responses to changes in aerosol conditions with WRF 
nested-domain simulations

• How can different EPCAPE modeling studies better collaborate with each 
other? 
§ Case selection, model forcing and initial conditions, observational reference, 

modeling results
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Thank you!


