
MAGICal Results on Marine Clouds 
 
 

Ernie Lewis 
elewis@bnl.gov 

 
 

2016 ARM/ASR Joint Users Meeting 
Tuesday, May 3, 2016 

 

           



 

Marine ARM GPCI Investigation of Clouds 
 
ARM: Atmospheric Radiation Measurement Climate Research Facility 
  of the US Department of Energy 
 
GPCI: GCSS Pacific Cross-section Intercomparison 
 GCSS: GEWEX Cloud System Studies 
  GEWEX: Global Energy and Water Cycle Experiment 
 
GPCI no longer operational 
GCSS now GASS: Global Atmospheric System Studies 
GEWEX now Global Energy and Water Exchanges Project 
 
 

“MAGIC” is easiest  



Origin of MAGIC 
 
 

    
 

 Joao Teixeira (JPL)    Warren Wiscombe (ex-NASA) 



 
Nicki Hickmon (ANL)



 
 

Ernie Lewis (BNL) & Mike Reynolds (RMR Co.) 

  



GPCI Transect 
 

 
Per cent JJA average low-level cloud cover with GPCI transect & CGILS points 

Adapted from Teixeira et al., J. Climate, 2011 

 

 
Model intercomparison done along transect. 

  



Models Exhibit Some Disagreement 
 

  Total Cloud Cover    Total Liquid Water Path 

 
from Teixeira et al., 2011 

 
For JJA 1998 along GPCI 
Ensemble results from 23 models; mean plus or minus standard deviation 
Range extends from minimum to maximum values.  



MAGIC Transect 
 

 
JJA Average Low-Level Cloud Cover 

 
JJA average low-level cloud cover with MAGIC route, GPCI transect, & CGILS points 

Adapted from Teixeira et al., J. Climate, 2011 

 
- 4100 km from Los Angeles to Honolulu 
- Important climatic region 
- near GPCI transect 
  



MAGIC Objectives 
 
The scientific objectives are: 
 1) improve the representation of the Sc-to-Cu transition in climate 

models by characterizing the essential properties of this transition 
 
 2) to produce the observed statistics of these Sc-to-Cu characteristics 

along these transects during the deployment period. 

 
  



MAGIC is a True Marine Deployment 
 

 
 

  



2015/01 – 2015/02   ACAPEX   
 

2017/09 – 2018/04  MARCUS   
 

2019- 2020 ??    MOSAiC    



2015/01 – 2015/02   ACAPEX  MAGIC North 
 

2017/09 – 2018/04  MARCUS  MAGIC South 
 

2019- 2020 ??    MOSAiC  MAGIC Arctic   



Horizon Spirit 
 

 
 
We thank the Horizon Lines and the Captain and crew of the Horizon Spirit for their hospitality 
and their support and enthusiasm of MAGIC! 
 

  



Spirit 
 
The Spirit is 272 m long and 30 m wide, with a maximum speed of ~11 m s-1 
 
It is a Class C9 ship built in 1980 and has Jones Act designation. 
 
It has a FEU (forty-foot equivalent unit) capacity of 1218. 
 
It makes the round trip from Los Angeles to Hawaii (4100 km) every two weeks. 
 Los Angeles to Hawaii takes 4½ days. 
 Hawaii to Los Angeles takes 6½ days. 
 
 
MAGIC made 20 round trips (~200 days at sea) between Sept, 2012 and 
Oct, 2013. 
  



Two ARM Technicians Lived on the Spirit 
 

 
Mark, Tom, Brett, Pat  



MAGIC Had Three Radars 
 

 
 
 

Corrections for ship motion have been made.  



 

  



Cloud & Precipitation Instruments 
 

         
 Disdrometers    Ceilometer    2 Channel MWR 
 

    
3 Channel MWR  LIDAR   Total Sky Imager CIMEL (cloud mode) 



Instrument Status Tables Leg03A-Leg09A 
 

 Leg 
Instrument 03A 03B 04A 04B 05A 05B 06A 06B 07A 07B 08A 08B 09A 
Ka-band reflectivity              
Ka-band spectra              
W-band reflectivity              
W-band spectra              
Radar wind profiler              
HSRL              
Multipulse lidar              
MWR 2-channel              
MWR 3-channel              
ASSIST              
Total Sky Imager              
Ceilometer              
              
Portable Radiation Package              
Microtops readings              
CIMEL sun photometer              
Solar Array Spectrophotometer              
Solar Spectral Flux Radiometer              
              
CPC              
CCN              
UHSAS              
HTDMA              
Wet/dry nephelometer              
PSAP              
Ozone              
Aerosol sampling              
              
Navigational information              
Meteorology              
Radiosonde launches              
Disdrometers              
IR thermometer              
ISAR              
              

  



Instrument Status Tables Leg10A-Leg18B 
 

 LEG 
Instrument 10A 10B 11A 11B 12A 12B 13A 13B 14A 14B 15A 15B 16A 16B 17A 17B 18A 18B 
Ka-band reflectivity                   
Ka-band spectra                   
W-band reflectivity                   
W-band spectra                   
Radar wind profiler                   
HSRL                   
Multipulse lidar                   
MWR 2-channel                   
MWR 3-channel                   
ASSIST                   
Total Sky Imager                   
Ceilometer                   
                   
Portable Radiation Package                   
Microtops readings                   
CIMEL sun photometer                   
Solar Array Spectrophotometer                   
Solar Spectral Flux Radiometer                   
                   
CPC                   
CCN                   
UHSAS                   
HTDMA                   
Wet/dry nephelometer                   
PSAP                   
Ozone                   
Aerosol sampling                   
                   
Navigational information                   
Meteorology                   
Radiosonde launches                   
Disdrometers                   
IR thermometer                   
ISAR                   



Meteorological Measurements 
 

 
 

The meteorological mast is ~27 m above sea level. 



Mast Meteorological System 
 

 
 

Multiple measurements of T, P, RH, wind speed and direction, precipitation.  



Radiation Measurements 
 

    
Portable Radiation Package (PRP)   PRP with FRSR 

 
 
 

Two Portable Radiation Packages (PRP) – one on each side of ship 
 
Fast Rotating Shadowband Radiometer (FRSR)  

  



Additional Radiometric Instruments 
 

     
Solar Array Spectrometer    Solar Spectrum Flux Radiometer (SSFR) 

 
CIMEL Sunphotometer in cloud mode for cloud optical depth 
Microtops sunphotometer measurements on some legs 
 
Sea surface temperature was also measured using an ISAR 



Surface Fluxes during MAGIC 
 
1-minute time series of surface energy fluxes (latent and sensible heat, 
precipitation, SW and LW) during MAGIC are available in the ARM archive 
 
 
 
 
Two data files are available: "flux.mat" and "magic_flux.txt" 
To access these data,  

1) go to www.arm.gov/campaigns/amf2012magic 
2) go to "Bulk Aerodynamic Fluxes" under "Campaign Data Sets" 
3) click "Order Data" 

 
Be sure to read the file "magic_flux_readme_arm.txt" which is also in the 
archive, and the document "OnDataProcessing" at 
www.rmrco.com/cruise/magic/data/OnDataProcessing/ 
  



Radiosonde Launches 
 

4/day throughout the deployment 
 
8/day for one round trip in July, 2013 
 
565 successful launches out of 695 attempts (> 80% success rate!) 
 

 



Successful Launches at Urelative > 24 m s-1 !! 
 

  



         

                 
  



MAGIC Marine Boundary Layer Heights 
 

 
 

HMBL increases from ~1 km near California to ~2 km near Hawaii 
 

  



Stratocumulus Deck: 125º W   Decoupled MBL: 156º W 
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Slide courtesy Paul DeMott  



 

 

 

  



 
EOS July 1, 2015 

 
 

  



 
 

  



 

 

  



 
 

  



 
 

  



 
 

  



 

 
 

 
  



Additional Information 
 

 
MAGIC Navigation Best Estimate magnavbe VAP (at 10 Hz and 1 min time resolutions) 
 includes leg numbers, “on route” flag, lat/lon, etc. 
 
Mike Reynolds has some wonderful data sets: 
 "Best Estimate 1-min Time Series Data" (MARMET) 

"Bulk Aerodynamics Fluxes" 
"Ship Leg Reports" 

 
ECMWF along-track data (Maike Ahlgrimm). 
 

 
  



Websites: 
https://www.bnl.gov/envsci/cloud/campaigns/MAGIC 

http://www.arm.gov/campaigns/amf2012magic 
http://www.rmrco.com/cruise/magic/ 

 
 
 

I have files of: 
 Start/stop times for legs 
 Instrument status tables 
 Radiosonde launches 
Also, readme documents to explain topics. 
 
Contact me (elewis@bnl.gov) to be put on a MAGIC distribution list. 
 
  



MAGIC Breakout Session, Wednesday 1:30-3:30, Potomac Room 
 
 
Ed Luke - "MBL cloud rain rate retrievals during MAGIC" 
 
Greg McFarquhar - "An overview of MARCUS" 
 
David Painemal - "Aerosol proxies and their co-variability with cloud microphysics 
during MAGIC" 
 
Rob Wood (and Johannes Mohrmann) - "Using MAGIC data to constrain the marine 
boundary layer CCN budget in the Sc-Cu transition region" 
 
Weidong Yang (NASA) - "Spectrally-invariant properties of clouds in transition zones 
during MAGIC" 
 
Chris Bretherton (and Jeremy McGibbon) - "Comparison of ship-following large-eddy 
simulations with cloud and boundary layer structure observed in MAGIC" 

 
Maike Ahlgrimm - "Ship-following single-column model preliminary results – a proof of 
concept" 

 


