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Scientific Goals:

The goal of this project is the developmentand evaluationof improved parameterizationof
arctic cloud and radiation processes and implementation of the parameterizations into a
climate model. Our research focuses specificallyon the following issues:. continueddevelopmentand evaluationof cloud microphysicalparameterizations,

focusing on issues of particular relevance for mixed phase clouds,

evaluationof the mesoscale simulationof arctic cloud system life cycles..

Research summary:

. Evaluation of mesoscale simulation of arctic cloud system life cycles in the context of the
Arctic Regional Climate Model Intercomparison Project (ARCMIP). Assembly of two
different gridded and co-located high-resolution satellite data sets of cloud/radiation
properties during the SHEBA year has been completed (under NASA funding). These two
data sets have been evaluated against the surface-based observations during SHEBA and an
EOF analysis has been done to interpret the horizontal variability of the cloud and surface
radiation fluxes determined from satellite and also the NWP analyses (Liu et al.). The
output of 7 different mesoscale models has been submitted to ARCMIP. The model
intercomparison and evaluation of simulated cloud and radiation properties over SHEBA
has been conducted, with a journal paper in final stages of preparation (Inoue et al.).

.A new five-class double-moment bulk microphysics scheme has been developed for use
in mesoscale and climate models that predicts the hydrometeor number concentration and
mixing ratio (Morrison et al). This scheme incorporates many of the theoretical
developments made by Khvorostyanov et al.; see below. In particular, these
parameterizations allow for explicit treatment of cloud-aerosol interaction for ice, liquid, and
mixed-phase clouds. The new scheme as been extensively evaluated against observaJions
obtained during SHEBA and at the ARM CART site at Barrow using a SCM. It was then
incorporated into the PSU/NCAR mesoscale model (MM5). Results using the new scheme
were compared to parallel simulations using other microphysics schemes that are publicly
available in MM5. The predicted cloud phase and liquid water path are significantly
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improved using the new scheme relative to a single-moment scheme predicting only the
mixing ratios of the water species. The more detailed treatment of ice nucleation processes
in the new scheme also improved prediction of cloud phase and water content relativeto a
double-moment scheme predicting ice crystal number concentration. Sensitivity tests were
performedby varying the aerosol solubility,size, and number concentration using the SCM
and MM5. Model results exhibited large sensitivity to the aerosol characteristics. These
results suggest that detailed treatment of cloud-cloud processes, particularly crystal
concentrationand ice nucleation, is needed to adequatelysimulate the observed mixed-phase
stratus.

. Our new theory of heterogeneous ice nucleation was incorporated into a parcel model
with explicit water and ice microphysics to simulate the process of ice nucleation under
transient thermodynamic conditions. It is shown that: a) the same cloud condensation nuclei
(CCN) are responsible for the drop and crystal nucleation and can be identified as ice nuclei
(IN) when crystals form; b) the nucleation rates and concentrations of nucleated crystals
depend on temperature and supersaturation simultaneously; c) the new theory yields
reasonable crystal concentrations over the entire temperature range for all tested initial
conditions and verticalvelocities;d) the kinetics of heterogeneous ice nucleation exhibits a
negativefeedback regulated via water supersaturation.A comparison with chamber and field
measurements shows general agreement; potential reasons of discrepancies are discussed
along with the possible ways of theory verification and application. Based on these
calculations,a simple parameterizationfor ice nucleation is suggested for use in bulk cloud
models and large-scale models.

. We have continued to evaluate both the explicit microphysics model and bulk
microphysics parameterizationagainst observations. We have continued to focus on the
SHEBA data set, owing to the tremendous effort that has gone into quality control on this
data. We have also begun evaluatingthe models against tropical clouds from CRYSTAL
FACE. We had a small amount of CRYSTALFACE funding from NASA, but this work is
now being continued under our ARM funding. We view the evaluation of our models and
parameterizations in different cloud types and regions using both SCMs and mesoscale
models as an essential element of eventuallyhaving our patameterizations incorporated into
GCMs.
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Plans for Year 3:

MPACE. Our group has participated extensively in the planning for MPACE. We will be
participatingin the field experiment in conjunction with our NSF Aerosonde grant to make
observations of temperature, humidity, pressure, winds, aerosols, ice particles, and ozone.
We intendto be actively involved in the data analysisand we also plan to conduct a suite of
modeling studies including single column, cloud resolving, and mesoscale models, with both
bin and bulk microphysics.

Theoreticalmicrophysics. We are continuing our theoretical research on heterogeneous ice
nucleation. Our current theories (on deliquescencefreezing) will be extended to included
contact and immersion nucleation. We intend to use the explicit microphysics model to
further explore the appropriate microphysical treatments for mixed phase clouds. Weare
also in the process of revising our ice crystal fall velocity parameterization to account for
recent field and laboratory data. We are also using our previous work on stochastic
condensation in clouds (Khvorostyanov and Curry, lAS, 1999) and the explicit
microphysicsmodel to develop a parameterizationfor ice crystal size distributions that allow
to express them via the quantities measured by aircraft or produced by the cloud bulk
models, to account for the temperature dependence of the spectra and are capable of
producing the bimodal spectra. We have also begun development of a new drop activation
schemethat is an extension of our previous work (Khvorostyanov and Curry, l. Geophys.
Res., 1999),allowing a quasi-power law representationof any aerosol size spectra and CCN
activityspectra, is capable of reproducing laboratory data on drop nucleation in the wide
range of supersaturations up to of 10 %, and can be used in both bin and bulk models.

Continued development and evaluation of bulk microphysics parameterizations. The neW
bulk microphysics scheme will continue to be evaluated and improved for incorporation
into NWP and climate models. Further evaluation will be done using data collected during
MPACE lOP. These evaluations will rely heavily on both in situ measurements and the
remotely sensed measurements obtained at the Barrow ARM cart site. Improvements to
the bulk model will include a more detailed treatment of several microphysical processes
and increased efficiency. We will continue to develop and incorporate new
parameterizations based upon theoretical microphysics, explicit microphysics modeling
and observations, particularly the treatment of ice-phase processes. This will include
treatments of particle fallspeeds, particle habits, and the shape of the ice particle size
spectra. We will also focus on improving the parameterization of interactions between the
sub-gridscale dynamics and microphysics, which are crucial in predicting droplet and
crystal nucleation and hence number concentration. The scheme will be made more
efficient with the continued development of lookup tables. Sensitivity testing will be used
to determine which areas of the scheme can be reduced in complexity (e.g., reducing the
number of prognostic variables) to further improve efficiency.
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