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One Minute Intervals. 
Consistent measurement of V(D) in snow 

Yields low noise level in eDensity estimate. 

eDensity model coefficients are obtained by matching 
collocated PIP and  weighing gauge measurements  

from 2 diverse storms at Marquette, Michigan. 
This is one of them.  The other  is like Storms(B, C,D). 
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Hyytiälä, Finland 
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Storm (D) 

eDensity is not-Rain Component, 
 i.e. Rain Fraction not included. 
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10 Minute V(D) 
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Little Variability. 
PIP has measured even less. 

Large Variability. 
Coincident  with 

 rapidly evolving event. 

Typical Variability 
for not-Rain. 

Mixed Rain and Not-Rain. 
At least 9 observations per bin  
needed to compute error bar. 

Error Bars for particle variability, 
 not minute variability. 

the Precipitation Imaging Package (PIP) 
PIP Reveals Winter Storm Characteristics At GPM/PMM Ground-Validation Sites  

NOAA\NWS Marquette, Michigan NASA\GSFC Wallops Island, VA Hurricane Ridge, WA 8 PIPs at GPM-PMM  Sites  
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Contact: francis.l.bliven@nasa.gov 
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Variability Color Regimes  associated with what? 
Wind Turbulence? Particle Density?  Shape? 

Snow transitions to Wintery Mix i.e. Simultaneous Snow and Rain. 
This approach yields SWER & R independently,  and simultaneously. 
Bulk instruments  (for example Pluvio and hot plates)  can’t do that. 
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Easily Noticeable Trends 
Imply that  weather  features 

  should be important. 
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PIPs  are installed in cold regions at GPM\PMM Ground-Validation Sites. 

They continuously record high frame rate videos of falling precipitation. 

Video analysis identifies and tracks particles in successive images. 

The Particle Size Distribution (PSD(D)) is calculated for each minute. 

The Fall Speed Distribution (V(D)) is calculated for each minute, where D is Equivalent Diameter. 

Winter Storm Characteristics are revealed by analysis of various distributions. 

Rain and not-Rain precipitation is identified. 

Snow-water equivalent rates (SWER) can be derived, e.g. Böhm's particle method or other methods. 

Operation of PIPs in cold regions shows that PSDs,Vs and visualizations can be produced routinely.  

Storm(A) has low density snow. Storms(B,C,D) have average density snow. 

Storm(A) PSD has a dearth of small particles compared to Storms(B,C,D). 

The 10 minute V(D) figures illustrate low noise data during stable weather. 

An empirical all weather eDensity model is formulated. 

eDensity is the Equivalent Density, which is computed using V(D), i.e. the velocity distribution. 

Volume average eDensity is calculated for each minute using PSD(D) and V(D). 

Herein SWER is computed for each minute using the all weather eDensity model, PSD(D) and V(D). 

Validation\refinement of the all weather eDensity model are ongoing, so it is premature to quantify reliability. 

As measurements span different conditions, a robust all weather eDensity model is likely to be established. 

Comparison of model and data will show strengths and weaknesses. 
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Year to date, PIP operations have been almost continuous at HUR ,  
i.e. the total time of data gaps is measured in minutes. 
Similar data continuity is being achieved  at other sites. 

Snow Pack Depth = 

Not-Rain Total X Snow Depth Factor 

e.g. Snow Pack = 11.6 x 9.13  

=  106 mm 

Snow Depth Factor  = 

eDensity-1  

e.g. 1 / 0.0348 = 28.8 


