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The Spectrum of our Knowledge
From Ground-based Sensors
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MMCR Doppler spectra-based technique

Cloud Phase Classification
pp p q

Slide from P. Kollias & E. Luke



Vertical Velocity 
Retrieval

Small liquid droplets trace vertical air 
motions
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1) Identify cloud liquid
2) Spectral broadening 

corrections
3) Left edge of spectrum 

plus corrections
Assumption:  Liquid droplets 
trace vertical air motions.



An Example
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Aircraft Comparisons at M-PACE

Different
Air mass?



Results from M-PACE: Single layer stratus

Liquid dominant

DUp Down
Mean upward motion in cloud

More liquid and less ice than SHEBA



Time Series Analysis

D i lDominant scales: 
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Dominant scales: 
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Cloud Response to Vertical Motions
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In Focus

Motions at 7, 2, and 0.5 km 
wavelengths

Ice forms in updrafts p
near cloud top, 

falls out.

Liquid persists 
throughout cycle, 

supported by almost 
complete ice fallout



A Conceptual Model

Updraft
•Cloud top lifts Downdraft / neutral

Cl d t d dp
•LWC near adiabatic
•Ice particle nucleation
•Limited ice concentration

•Cloud top descends
•LWC sub-adiabatic (evaporation)
•Ice particles fall out
•IWC negligible•IWC maximum near liquid base

•RH ~ 100% in cloud layer

•IWC negligible
•RH < 100% in cloud layer



Representative?

Change at the coastline?

Barrow



Conclusions

• Still some gaps in our abilities:
Most importantly the vertical dist’n of liquid propertiesp y q p p

• New classification methods:
R d D l i h i h i f iRadar Doppler spectra are rich with information

• Vertical velocity retrievals:• Vertical velocity retrievals:
Provide for a better understanding of microphysical-
dynamical processesy p

• Conceptual model:
Describes cloud structure in autumn at Barrow


