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Overview

This poster presents the results of an intercomparison
of single-column and cloud-resolving models jointly
sponsored by the Atmospheric Radiation Measurement
(ARM) program’s Cloud Modeling Working Group and
the GEWEX Cloud System Study Polar Cloud Working
Group.

Part | examines model simulations of a mixed-phase
stratocumulus cloud observed during the ARM
program’s Mixed-Phase Arctic Cloud Experiment (M-
PACE).

Participating Models

17 SCMs: ARCSCM, CCCMA, ECHAM, ECMWF, ECMWF-DUALM,
GFDL, GISS, GISS-LBL, MCRAS, MCRASI, NCEP, SCAM3, SCAM3-
LIU, SCAM3-MG, SCAM3-UW, SCRIPPS, UWM

9 CRMs: COAMPS®, DHARMA, METO, NMS-BULK, NMS-SHIPS,
RAMS-CSU, SAM, UCLA-LARC, UCLA-LIN

Cold-Air Qutbreak Stratocumulus

When cold air flowed over the Beaufort Sea from the
northeast, ocean heat fluxes led to the formation of
stratocumulus clouds. The clouds were observed by ARM
aircraft and ground-based remote sensors at the Alaskan
coast between Barrow and Oliktok Point.

The upper half of the well-mixed boundary layer contained a
mixed-phase cloud with a cloud top temperature of -15°C.
The observed liquid water path was about 160 g m-2 and the
ice water path, which was computed as the mass of ice
between the surface and cloud top, was around 15 g m=2.
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Liquid Water Path Versus Ice Water Path
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On average both SCMs and CRMs underestimate the amount of
supercooled water by a factor of 3. Models simulations of ice water path
are more consistent with observations.
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How Important Is Cloud Microphysics?
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Vertical Structure of Water Content

The observed liquid water content increased with height above cloud base at
2/3 of the adiabatic rate. The observed ice water content was more vertically
uniform with values of about 0.02 g m=3 in the cloud and 0.01 g m- beneath.

On average both SCMs and CRMs underestimate the liquid water content
while being able to reproduce the vertical structure of the ice water content.
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Normalized height is a vertical coordinate defined such that 0 is the liquid water cloud
base, 1 is the cloud top, and -1 is the surface. The solid line indicates the median model
value and the dark (light) shading indicates the inner (outer) 50% of model values.
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What Is the Role of Ice Microphysics?
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A sensitivity study was performed in which models removed their ice
microphysics so that the simulated cloud would be purely liquid. For
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many of the models which underestimate the liquid water path in their
control simulations, the liquid water path increases to levels equal to or
greater than the observed liquid water path. This suggests that in this
case many models too readily convert liquid to ice.
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