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INTRODUCTION MEASUREMENT SITES RELEVANCE TO ESTIMATATION OF AEROSOL 
INDIRECT EFFECTS
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NSA: Here we use �eld cam-
paign data from IOPs around 
the ARM NSA site.  Most direct-
ly, aerosol measurements from 
ISDAC are used to evaluate ver-
tical distribution of aerosol.  

ASCOS:  This 2008 �eld 
campaign was unique in its 
high-latitude o�shore location, 
as well as it’s measurements.  
Included are pro�les of aerosol 
concentrations taken by heli-
copter.

Step 1:  Use Naerosol,surface to 
calculate theoretical re, as-
suming a speci�c value for 
AIE and �xed LWP.  This as-
sumes a “perfect” relation-
ship, though one could 
add arti�cial noise.

Step 2:  Use calculated re 
values to determine AIE for 
the same cloud, but using 
Naerosol,cloudbase.  Note the 
change in relationship 
when using the upper level 
aerosol concentrations.
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Step 3:  Evaluate the 
impact of aerosol measure-
ment location on estima-
tion of aerosol indirect 
e�ect.  For ASCOS helicop-
ter pro�les, using the 
near-surface aerosol con-
centrations results in an 
overestimation of AIE.
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Naerosol, surface:   Average aerosol concentration 
      between 0 and 90 m

      Average aerosol concentration 
Naerosol, cloudbase:   between the highest point where 
      RH<98% and 90 meters below that 
      point. 
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Step 3:  Evaluate the 
impact of aerosol measure-
ment location on estima-
tion of aerosol indirect 
e�ect.  For ASCOS helicop-
ter pro�les, using the 
near-surface aerosol con-
centrations results in an 
overestimation of AIE.

A map illustrating ISDAC �ights within a 1° (lon) x 0.5° (lat) distance from Barrow 
(top left), and the Convair aircraft used during ISDAC (top right).  The lower 
panel shows PCASP concentrations from all �ights with liquid clouds (as indicat-
ed by dashed red line from McFarquahar ISDAC microphysics product.

PCASP concentration at cloud base divided by lower atmospheric PCASP con-
centration, plotted as a function of lapse rate (left) and low-level air tempera-
ture (right).  Individual �ights are color-coded to match the upper �gures.
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ASCOS surface-based estimates of vertical velocity, skewness, 
turbulent dissipation rate, and Richardson Number (top, from 
Shupe et al., 2013).  Also plotted are helicopter derived pro�les 
of aerosol number concentrations (bottom) for the same date.
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Estimation of the relationships between aerosol properties and 
clouds is often done using surface-based measurements of aerosol 
properties.  This is justi�ed at lower latitudes by the idea that clouds 
are associated with well-mixed boundary layers, resulting in reduced 
vertical variability of atmospheric and aerosol properties.  At high lati-
tudes, however, this well-mixed assumption often breaks down, re-
sulting in uncertainty of the meaning of using surface-based aerosol 
properties along with remotely senese cloud properties to derive 
aerosol indirect e�ects (AIE).  Here, we look at aerosol pro�les derived 
during two di�erent campaigns (ASCOS and ISDAC) in order to evalu-
ate the potential impact of vertical variability on the estimation of AIE.  
Additionally, we investigate the potential to use surface-based 
remote sensors to estimate lower atmospheric mixing state under 
mixed-phase cloud conditions.
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