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Why the remote marine environment?
Factors controlling the magnitude and uncertainty of the global AIE
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Science questions

Table 1: The primary science questions addressed during CAP-MBL

¢ Which synoptic-scale features dominate the variability in subtropical low clouds on diurnal
to seasonal timescales over the North East Atlantic?

e Do physical, optical, and cloud-forming properties of aerosols vary with the synoptic
features?

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?

e Can we find observational support for the Twomey effect in clouds in this region?

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

e How well can state-of-the-art weather forecast and climate models (run in forecast mode)
predict the day-to-day variability of cloud cover and its radiative impacts?




Graciosa

Situated in the Azores
archipelago in the
eastern North
Atlantic (39°N, 28°W)

Straddles boundary
between subtropics
and extratropics

Remote marine site,
receiving air
transported from
North America, the
Arctic, sometimes
Europe

AMF deployed for 21
months — April 2009
to December 2010
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Mean Total Cloud Fraction — 2002-2012
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e Single layer low clouds peak
during summer (Dong et al.
2014)
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Radar - all 21 months
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Low cloud variability

Stratocumulus 22 Nov 2009 Trade Cu 30 Aug 2010
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Rémillard et al. (2012, J. Climate)



Weather states

Azores states
remarkably
representative of
the global
weather states....

....but with more
marine Sc and
trade Cu
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Air mass origins

e Back trajectory analysis
(here shown for summer
2009 only) indicate
dominant clusters of air
mass origins from (a) North
America; (b) recirculation
around the subtropical
high; (c) the Arctic
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Example trajectories

e Difficult to connect CCN
population observed at
Graciosa with trajectory history
in a straightforward way
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Seasonal cycle, aerosol and cloud microphysics

20 (c) Aerosol scattering coefficient
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Warm rain from stratocumulus

e Warm rain
controlled by
both LWP and
aerosol
concentration
(Mann et al.
2014)
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Precipitation susceptibility (- dIn,‘?/dInNCCN)LWP
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Depleted aerosol events

(a) MODIS vis. lmage, 1240 UTC, Augusts

 Low CCN events
(6 hourly mean
Neen,19< 20 cm3)
occurred on 36
days)

e Sometimes
associated with
open cell
structures over
Graciosa
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Low CCN events

 Weak southerly flow associated
with most events

e Favored during winter

e Link with marine cold air outbreaks

Climatology Low CCN events
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Model representation of CCN
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Summary

* The observations collected during the 21-month AMF deployment on
Graciosa Island in the Azores comprise the longest dataset of its type
collected to date in an extratropical marine environment.

e Strong seasonality. Diverse range of air mass histories. Strong synoptic

meteorological and cloud variability compared with other low-cloud
regimes.

e Scratching the surface at important bidirectional interactions
between aerosols, clouds and precipitation.

e Excellent choice for continued measurements by the ARM program.

 Ground-based measurements and retrievals require validatation by
aircraft in situ measurements
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