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Intercomparison:

Final simulations were submitted to the Atmospheric Radiation Measurement (ARM)
program’s Cloud Modeling Working Group and World Meteorological Organization M-
PACE model intercomparison (Klein et al., 2009). Simulations from the University of
Wisconsin Non-Hydrostatic Modeling System (UW-NMS) along with those from other
models indicate a strong tendency to overproduce ice, resulting in a decimation of the
liquid portion of mixed-phase stratus through the Bergeron-Findeissen process. Very
few simulations were able to maintain the liquid layer throughout the simulation. Further
investigation into causes of ice production in the UW-NMS, for both the Spectral Habit
Ice Prediction System (SHIPS) and a more traditional bulk microphysics
parameterization indicates an overproduction of ice through deposition nucleation.

Ice nucleation has been a longstanding problem in the correct simulation of cloud
systems in freezing temperatures. One of the issues with deposition freezing controlling
the ice-water balance in the M-PACE case is that there were very few free ice nuclei (IN)
detected with the Continuous Flow Diffusion Chamber (CFDC), which would be
necessary for a large amount of deposition freezing. Because of this, we began
investigating the feasibility of other modes of nucleation that may match M-PACE
observations more closely. Of particular interest have been immersion and condensation
freezing.

Based on a lack of IN observed at Barrow, along with a correlation between upward
vertical motion and the amount of ice produced, we proposed the idea of an active
immersion freezing regime within these stratus layers (de Boer et al., 2009). In this
theory liquid droplets that had formed on mixed aerosol particles, containing both soluble
and insoluble material, grow to a size where the concentration of solution of a droplet is
no longer inhibiting ice nucleation and therefore the droplet is allowed to freeze. This



solution effect requires model knowledge of aerosol type and composition, and is not
usually incorporated in simulations due to the associated computational expense.
However, Diehl and Wurzler (2004) incorporated this type of process into a model
parameterization. Recently, we have included this parameterization into the UW-NMS,
and found that simulations run with immersion freezing only, sustain liquid cloud layers
for extended time periods. Because this process is self-limiting (ice forms after droplets
have grown, halting further droplet growth), ice is not able to decimate the cloud layer as
it does with other nucleation modes.

Simulations investigating the role of immersion freezing in mixed-phase Arctic stratus
were completed under a new intercomparison framework (SHEBA, Morrison and
Zuidema, 2008). These simulations were reviewed in a doctoral thesis completed
partially under the funding supplied through this grant (de Boer, 2009). Immersion
freezing was illustrated to be a major contributor to ice production within these cloud
layers, and aerosol properties were illustrated to be an important consideration in the
simulation of this process. In particular, the soluble mass fraction and aerosol insoluble
mass type were demonstrated to influence simulation of the immersion freezing process,
with low soluble mass fractions and insoluble mass types with high freezing efficiencies
resulting in higher ice production.

Construction of a Ground-Based Validation Data Set:

As discussed in previous progress reports, data collected by the AHSRL and MMCR
during the M-PACE period was analyzed in order to provide a statistical dataset for
validation of simulations of mixed-phase stratus. 270 hours of single-layer cases were
reviewed, and mean values for cloud base height, cloud thickness, cloud optical
thickness, cloud temperature, wind direction, and liquid and ice particle size, particle
number density, and water content were derived. Here, we provide a brief overview of
the findings of this study. Additional details can be found in de Boer et al. (2009).

Single-layer mixed-phase clouds observed at Barrow during the fall of 2004 had a mean
cloud base altitude of 688 m, and a mean thickness of ~650 m. They were observed at
cloud-top temperatures ranging from 249-263 K. When compared with observations
from Eureka, it becomes obvious that these mean characteristics vary significantly with
location and season. Therefore, any simulation validation completed with this dataset
should be done only for cases based specifically on the conditions observed at Barrow.

In addition to cloud macrophysical properties, data from the two instruments were



combined to derive a mean liquid particle size of 47 pum, a mean liquid number density of
2.8x10° L', and mean total water content of 0.28 gm'3 . At the same time, ice
precipitating from the cloud base had a mean effective diameter of 123 pum, a mean
number density of 16 L, and a mean water content of 0.03 gm'3.

Generally, clouds observed at Barrow were found to be thicker, lower and containing
higher water and ice contents than those observed at Eureka. This is likely due in part to
the fact that these clouds were found to occur on a convective boundary layer during a
“cold-air outbreak™ type of situation, with wind conditions generally from the northeast,
coming off of the ice sheet and over the open Beaufort Sea before reaching Barrow.
More water is available due to the nearby open ocean, and stronger vertical motion is
generated through boundary layer convection than would be generated by cloud-top
radiative cooling.

As part of this evaluation, retrieval estimates were compared with in-situ measurements
from aircraft operating during M-PACE. These results can be found in de Boer et al.
(2008), and illustrate that the radar-lidar retrieval overestimates particle size of the liquid
substantially, due to sensitivities of the individual instruments on the different peaks of
the bimodal distribution of particles (liquid+ice). Similarly, the number density of liquid
particles is underestimated, and the water content slightly overestimated.

For ice particles, retrieval errors stem largely from the ice particle shape assumed. For
the one day of data from M-PACE utilized for comparison, different particle shape
assumptions led to differences in particle effective diameter of up to 200 pUm, number
density of up to 90 L™, and water content of up to 0.011 gm™. However, limiting particle
shape choices to reasonable shapes for the given scenario (i.e. not spheres) significantly
reduces these ranges.

An attempt was made to derive a correlation between vertical motion and ice water
content for the dataset reviewed above in order to confirm information presented by
Shupe et al. Despite a visual correlation between the two variables, it proved difficult to
derive a statistical correlation. This was mainly due to the computational cost of deriving
vertical motion through the radar Doppler spectra as suggested in Shupe for the entire
dataset. Because larger ice will have a faster fall speed, and since fall speed will
dominate the Doppler velocity measurement, it is necessary to use an advanced technique
such as the Doppler spectral analysis rather than simply using the measured Doppler
velocity to derive such a correlation.
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