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Executive Summary

The extensive coverage of low clouds over the subtropical eastern oceans greatly impacts the current
climate. In addition, the response of low clouds to changes in atmospheric greenhouse gases and aerosols
is a major source of uncertainty that thwarts accurate prediction of future climate change. Low clouds are
poorly simulated in climate models, partly due to inadequate long-term simultaneous observations of their
macrophysical and microphysical structure, radiative effects, and the associated aerosol distribution in
regions where their impact is greatest. The thickness and extent of subtropical low clouds is dependent on
tight couplings between surface fluxes of heat and moisture, radiative cooling, boundary-layer turbulence,
and precipitation, much of which often evaporates before reaching the ocean surface and which is closely
connected to the abundance of cloud-condensation nuclei. These couplings have been documented as a
result of past field programs and model studies. However, we are far from achieving a quantitative
understanding of these processes sufficient to serve as a reliable foundation for developing
parameterizations that will adequately predict aerosol indirect effects and the low cloud response to
climate perturbations. This is especially true of the interactions between cloud, aerosol, and precipitation.
In addition, these processes take place in an ever-changing synoptic environment that can confound
interpretation of observations from a short time period.

The ARM Mobile Facility (AMF) will be deployed on Graciosa Island (the Azores, 28°W 39°N) for
approximately 21 months (Apr 2009-Dec 2010) to study processes controlling the radiative properties
(thickness, coverage, and microphysics) of marine boundary layer (MBL) clouds over the remote
subtropical Northeast Atlantic Ocean (NEA). The NEA is a region of persistent but diverse subtropical
marine low cloud. In the summer, the Azores are ideally located to sample the transition from the
overcast stratocumulus regime to the broken trade cumulus regime; the winter frequently experiences
maritime frontal clouds. Context for this deployment is provided by a major prior field experiment (the
1992 Atlantic Stratocumulous Transition Experiment [ASTEX]) that sampled clouds in the NEA, and
featured one of the first successful deployments of millimeter radars to study MBL clouds. In particular,
ASTEX encountered both pristine MBLs advected from the central North Atlantic and aerosol-rich MBLs
advected from Western Europe and North Africa. Thus, we anticipate that the AMF will sample an
attractive range of MBL cloud and aerosol conditions.

In conjunction with detailed collocated aerosol measurements during the deployment period, the data
from the deployment will be used in multiple ways to answer the following key scientific questions:

e  Which synoptic-scale features dominate the variability in subtropical low clouds on diurnal to
seasonal timescales over the NEA? Do physical, optical, and cloud-forming properties of aerosols
vary with these synoptic features? How well can state-of-the-art weather forecast and climate models
(run in forecast mode) predict the day-to-day variability of NEA cloud cover and its radiative
impacts?

e Can we find observational support for the Twomey effect in clouds over the NEA?

e What is the variability in precipitation frequency and strength in the subtropical cloud-topped MBL
on diurnal to seasonal timescales, and is this variability correlated with variability in aerosol
properties?

il



R. Wood, February 2009, DOE/SC-ARM-0902

e Are observed transitions in cloud mesoscale structure (e.g., from closed cellular to open cellular
convection) influenced by the formation of precipitation?

These questions will be addressed with the AMF as a central pillar in a research structure that will include
collocated aerosol measurements and multi-scale modeling work. Synthesized long-term data from the
AMEF will be used to initialize, constrain, and validate numerical models including large-eddy simulation,
single-column, and regional and global atmospheric models as an important component of the proposed
work.
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