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Importance of Low-Clouds for Climate

Imperative that we understand the processes controlling the 
formation, maintenance and dissipation of low clouds in order to 

improve their representation in climate models. 



Which clouds matter for climate sensitivity? 
Climate Feedbacks Model Intercomparison Project (CFMIP)
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Precipitation and its effects on albedo
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• Cloud albedo
strongly 
dependent upon 
open/closed cells

• Strong 
precipitation 
associated with 
open cell 
structure

• Open cells form 
in clear marine 
environment –
potential 
anthropogenic 
impacts



LWP dLWP/dtLES Models: Aerosol Effects on Cloud Morphology via Drizzle

Onset of 
drizzle
results  in
transition
to open-cell
convection

Garay et al. 2004, MISR
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VOCALS: Observations of Cloud and Precipitation

Dave Leon, University of Wyoming
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Aerosols, clouds, and precipitation

AMF-like suite on NOAA R/V Ronald H Brown 
during EPIC 2001 

(Bretherton et al. 2004)



No long-term records exist that can be used to link cloud, 
precipitation, and aerosol microphysical variability in the 

remote-capped MBL.



AMF Site:  Graciosa Island in the Azores (28 oW 39 oN)
Small Low Island  - No Direct Continental Influence - MBL Depths 1-2 km
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Mean winds



Marine boundary layer cloud in the Azores
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Low clouds - frequency
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AMF configuration for CAP-MBL





Scanning W-band ARM Cloud Radar

Same radar frequency as NASA’s CloudSat

Capable of detecting all radiatively 
significant clouds in a radius of 5-10* km

Scanning capabilities:
1. Horizon to Horizon (fixed azimuth)
2. 360° revolution (fixed elevation)
3. Sector scan (for cloud tracking)
4. Staring mode

Pavlos Kollias

Discussion of scanning strategies 
in afternoon breakout session



Scientific Goals of CAP-MBL

•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?

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

•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? 

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



Addressing the goals of CAP-MBL
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Can we find 
observational support 
for the Twomey effect 
in clouds over the NE 

Atlantic?

McComiskey et al. (2009)time [hours]



The importance of 
thin clouds to 

albedo

Improved Accuracy in Liquid Water Path Retrievals

Dave Turner (JGR, 2007)

Turner, JGR, 2007
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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? 

LES simulations of the diurnal cycle of
marine stratocumulus (Sandu et al. 2008)

6 days from EPIC



Precipitation 
closure

from Brenguier and Wood (2009)

• Precipitation rate dependent 
upon:

• cloud macrophysical
properties (e.g. thickness, 
LWP);
• microphysical properties 
(e.g. droplet conc., CCN)

•Dependencies critical for 
constraining 2nd aerosol 
indirect effect in models
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Synergistic Activities

• PICO international Chemical Observatory, a 
component of the North Atlantic Regional Experiment 
(PICO-NARE)

• Azores AERONET Site

• Modeling

• Satellite and Reanalysis Data Sets



Modeling activities with CAP-MBL

• Forcing datasets for model initialization

• Process models (LES, mixed layer)

– Run for entire campaign

• Regional mesoscale models

• Global models

– CAPT Framework, extend to investigation of 
aerosol-cloud interactions in models

– Ensemble Kalman Filter (DART)



Satellite activities with CAP-MBL



Minnis: CAP-MBL subset



MBL depth, decoupling and entrainment rate using 
MODIS
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Afternoon breakout session, 1-3 pm

Short (nominally 15 minutes) presentations: 

Rob Wood: Introductions, brief recap of deployment science, 
notes on climatology, and planned modeling activities. 

Mark Miller: AMF Graciosa site, free-tropospheric
measurements 

Bruce Albrecht/Pavlos Kollias: SWACR Scanning Radar 
deployment in the Azores 

General discussion.





Satellite activities with CAP-MBL



Minnis: CAP-MBL subset



MBL depth, decoupling and entrainment rate using 
MODIS
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A-Train 
(CloudSat, CALIPSO, AMSR, MODIS)

Kubar et al., in review



Modeling activities with CAP-MBL

• Forcing datasets for model initialization

• Process models (LES, mixed layer)

– Run for entire campaign

• Regional mesoscale models

• Global models

– CAPT Framework, extend to investigation of 
aerosol-cloud interactions in models

– Ensemble Kalman Filter (DART)



Large eddy simulations

• Run LES for entire campaign nudged to observed large-scale 
forcings



Climate models in forecast mode
(in collaboration with PCMDI/NCAR)

from Hannay et al. (2009)

Obs.
SE Pacific



Climate models in forecast mode: diurnal cycle

from Hannay et al. (2009)



from Hannay et al. (2009)



Cloud microphysics/aerosol transport

• Long term aerosol physical measurements at a remote marine 
boundary layer site, cloud number measurements from 
surface remote sensing (Dong and Mace)

MODIS cloud droplet conc., Wood (2009)

GFDL Model, Ming et al. (2007)



DART/Ensemble Kalman filter (EnKF)

• Run 50-100 single column versions of CAM

• vary large-scale forcings (based on ECMWF or NCEP) 

• perturbed physics experiments (a la climateprediction.net)

• Nudge ensemble towards AMF Azores 
measurements and local satellite measurements

• Useful for exploring sensitivity of model simulations 
to both large scale forcings and model physics



Modeling center collaborators

• ECMWF (Martin Koehler) and NCEP (Hualu Pan) will 
provide column data from operational models for 
Graciosa for entire deployment

• CAM (Cecile Hannay); GFDL (Yanluan Lin)

• Involvement of CAPT (Klein)



Cloud Climatology for AzoresAMF Site:  Graciosa Island in 
the Azores (28 oW 39 oN)

• Small Low Island

• No Direct Continental Influence 

• MBL Depths 1-2 km
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Avg Winds
100 km



The Azores and Graciosa

100 km





Marine boundary layer cloud in the Azores
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Low clouds - frequency
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Cloud Climatology for Azores
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Graciosa 

Santa Maria
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Santa Maria





NCEP July 2008 (500m) Back Trajectories

Bruce Albrecht



NCEP January 2009 (500m) Back 
Trajectories



Large eddy simulations by Savic-Jovcic and Stevens (2007)

without drizzle                      with drizzle

Drizzle







Are observed transitions in cloud mesoscale structure 
(e.g. from closed cellular to open cellular convection) 

influenced by the formation of precipitation? 



ARM Scanning Radar



Scanning W-band ARM Cloud Radar

Same radar frequency as NASA’s CloudSat

Capable of detecting all radiatively 
significant clouds in a radius of 5-10* km

Scanning capabilities:
1. Horizon to Horizon (fixed azimuth)
2. 360° revolution (fixed elevation)
3. Sector scan (for cloud tracking)
4. Staring mode



3D-Cloud Products 
Case Study - Marine Stratocumulus

75o

Horizontal Wind

Height

In-cloud horizontal wind 
direction and magnitude



3D-Cloud Products 
Case Study - Marine BL Clouds

Cloud Layer Motion

Follow the lifecycle of cloud elements

Retrieve the 2D kinematic structure 
of the cloud

Scan into the direction the 
cloud layer comes from



3D-Cloud Products 
Case Study - Marine BL clouds

Low Elevation 360° revolution

Product: 3D cloud fraction



3D-Cloud Products 
Case Study - Cirrus Clouds

Particle size

Cloud Structure

Polarization

Reflectivity

High cloud layer 
moves perpendicular
to scan



Scanning Dual-Frequency Radar
• Scanning dual frequency, dual polarization millimeter-wave cloud radar 

(35/95 GHz)

• Auxiliary radiometer channels at 35 and 95 GHz

• Matched beamwidths 

• Implementation will be similar to SWACR

• Two independent radars 
mounted on separate 
pedestals

• Allows re-use of SWACR
– RF unit could be slightly 

modified to add 
radiometer channel

• Phase II SBIR funds 
sufficient to build Ka-band 
system



Scanning Dual-Frequency Radar

The second frequency extends the 
range of the system into drizzle and 
shallow precipitation.

The second frequency allow the
retrieval of LWC and particle size 
using the differential reflectivity 
that is proportional to cloud LWC

35-GHz reflectivity
94-GHz reflectivity

Liquid Water Content
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