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Snowfall, a subject I love to talk about

● Diagnosing the Snow-Liquid-Ratio (SLR) 
↳ Cloud/Sub cloud processes
↳ Ground processes
↳ Cobb Methodology

● Applications
↳ NBM algorithms
↳ Cobb Probabilistic Winter Wx Tool

● Verification Approach
↳ Areal approach leveraging CoCoRahs estimates/distributions
↳ Isolating NWP snow amount forecast errors (QPF, T/Tv, SLR, WS)



Motivation
• Provide improved forecasts of snowfall in 

support of winter alerts and provision of 
IDSS.

• Provide a conceptual model through which 
forecasters can understand and anticipate the 
snow ratio and its probable evolution over a 
given forecast event. 

• Support the development of the National 
Blend of Models (NBM) 

• Improve ensemble / probabilistic snowfall 
forecasts



Original Inspiration (2004)
● Wintertime Cloud Microphysics 

of Baumgardt (NOAA/NWS)

● Crosshair approach of 
Waldstreicher (NOAA/NWS)

● Canadian snow ratio decision 
tree algorithm by Dubè (Met. 
Services of Canada)

My old house in Presque Isle, ME 



What determines the observed Snow Liquid Ratio (SLR)?

The SLR of freshly fallen snow is directly related to its 
predominant crystalline structure (shape & size of ice 
crystals)

This structure depends on:

➔ In-cloud deposition, accretion, and aggregation  
f(T, RH, Uvv)

➔ Sub-cloud processes such as sublimation, partial 
melting, aggregation, and refreezing f(T, RH, Uvv)

➔ Surface or ground effects of fragmentation, 
compaction, sublimation, and melting f(T, Tg, RH, 
Uvv, Wnd, INSOLATION)

(from Baxter 2005)

25th percentile ~ 9:1
Median ~ 12:1
75th percentile ~ 16:1



Ice Nucleation and Crystal Growth 

(Adapted from Baumgardt, 1999)

  Silver Iodine -4oC

  Copper Sulfide -7oC

  Sea Salt  -8oC

  Kaolinite -9oC

  Volcanic Ash -13oC

  Vermiculite -15oC

Accretion Deposition

(Adapted from COMET)

As a first guess, lack of active ice nuclei at temperatures above -10oC increasingly 
favor growth via accretion while deposition is favored at colder temperatures. 



Depositional Growth
• Crystal habit is a function of 

humidity and temperature 

• Dendrites (branched plate forms) 
grow between -12oC and -18oC 
when RHW > 100% and are 
associated with higher SLRs

• Max growth rates are observed 
around -15oC 

• Needles (columnar forms) grow 
between -4oC and -6oC and may 
be important in ice multiplication 
processes

(From Libbrecht, 1999)



Utility of MaxT Aloft as a first Guess - Just Okay?
Based on 1,500 snowfall observations 
across Alaska with observed wind speeds 
< 20 mph. Cold ground and low solar 
elevation minimize effects of surface 
processes.

➔ Relatively low SLRs above 0oC and 
below -19oC

➔ Highest SLR associated with the 
dendritic growth zone (DGZ) with a 
secondary max with needles growth 
near -5oC

➔ Largest spread in observed SLRs 
also associated with dendritic and 
needle growth

Courtesy Gene Petrescue NWS AK



Observed 30:1 Snow Ratio



Importance of Vertical Motion (Crosshairs Approach)

● Upward vertical velocity (Uvv) maxima along 
with RH identify precipitation source regions

● Waldstreicher (2001) showed that warning 
event snowfalls were often associated with the 
collocation of Uvv maxima with the DGZ

● The colocation inferres greater precipitation 
efficiency combined with higher SLRs on 
average

● Lower SLRs were observed when Uvv 
maxima was below (warmer) than DGZ and 
lower snowfall amounts overall were 
associated with Uvv maxima above (colder) 
than DGZ

-18oC 

-12oC 

-6oC 

-24oC 



Importance of Vertical Motion (Residence Time)

Which scenario will yield a larger residence 
time? (assume a 60 cm/s fall speed)

-18oC 

-12oC 

10 
cm/s

  Terminal Fall Velocities

 Cloud Ice 1 - 20 cm/s

 Dendrites/Needles 25 - 100 cm/s

 Mixed aggregates 75 - 125 cm/s

Rimed, wet, or 
melting aggregates 100 - 200 cm/s

 Graupel 150 - 300 cm/s

1,800 m

-18oC 

-12oC 

30 
cm/s

1,000 m

A.

B.



MaxT combined with Crosshair

● Dube (2003) combined the two approaches 
into a decision tree.

● Approximate SLRs were assigned to discrete 
temperature range based on expected crystal 
habit(s)

● First the SLR associated with T of Max Uvv 
was diagnosed.

● Second the max Uvv was modified by the SLR 
associated with MaxT

● A colder MaxT along with a Crosshair 
signature led to higher SLRs

● Overall the Dube approach helps to narrow 
the range of probable SLRs over using MaxT 
or snowfall expectations with Crosshair.
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Plates / Dendrites
~ 12 - 20

 Rimed Mixed ~ 8:1
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Cobb Method
● Generalized the approach of Dube by synthesizing 

a continuous SLR curve as a function of 
temperature and successively integrating SLR 
contribution of each cloud layer.

● Uses a weighting function based on Uvv, RH, and 
thickness / mass to determine the contribution of 
each layer

● Results in a “top-down” 2-dimensional continuous 
SLR diagnosis that can be used to calculate 
snowfall

● Developed as a Perl script, then AWIPS GFE 
SmartTool, and presently included in NBM

● Perl script includes P-type diagnosis and surface 
effects of wind, melting and compaction

● NBM v4.2 code will incorporate melting when Tw > 
-0.5C.



NBM v4.1 Cobb Method 
● Integration from 925 - 300 mb with vertical resolution of 25 mb with some interpolation 

depending on NWP dataset
● Incorporate a simple +/- temperature perturbation for calculating layer SLR
● Set downward VV (vertical velocity) to “1” so that saturated layers can still contribute to 

SLR
● Also a minimum VV of “1” ensures a continuous gridded SLR field
● Use the square root of the VV for VVw (layer VV weight) to limit excessive single layer 

contribution (primarily a concern w/ CAMS)

∑ (SR(T) x PVVw ) 
       ∑ PVVw)SLR =

PVVw = VVw x RHw

(RH)2

6400 RHw =

       

SR(T) =



NBM v4.1 Logarithmic Vertical Interpolation for Ensembles
● Applying Cobb to Ensembles (ECMWFe, GEFS, SREF).

↳ The vertical resolution of these data sets is limited to mandatory levels for  (P, T, and RH).  
UVV is only available at 700 and 800 mbs for ECMWFe. 

↳ Logarithmic interpolation is used estimate (P, T, RH, and UVV) at 25 mb intervals between 
925 - 300 mb.  UVV is assumed to be zero at mandatory levels where it is missing.  This 
interpolation would is the equivalent of picking off data points along a straight line between 
two temperatures at known levels on a SkewT-LogP diagram
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NBM V4.2 SnowMelt Function for “Warm” Snowfall

32F 33F 34F 35F 36F 37F 38F 39F ≥40F

0.02 0.05 0.08 0.12 0.16 0.21 0.26 0.30 0.35

Melting Rates 
(hourly)







Relating Event SLR to incremental observed SLRs

● While hourly SLRs may vary 
considerably over an event 
the event or storm SLR will be 
reflective of the period with 
the highest precipitation rates. 

● As a first guess then, an 
individual SLR diagnosis at 
the time of max precipitation 
rate will be representative of 
the overall event SLR.













Cobb Winter Wx Tool Applied to Time-Lag GEFS
KGRR Forecast from 06/00z Jan 12, 2024

● Utilizes full vertical resolution of BUFR/Bufkit 
files for GEFS / GFS

● Uses latest GEFS/GFS (32 members) + 
previous run (T- 6hr) for total of 64 members

● Processing includes Ptype, SLR, SN/IP/ZR 
accumulations

● Provides a hands-on approach to 
understanding ensemble probabilities

● Allows isolation of snowfall components 
(SLR, QPF, Temp, Wind, etc)



KGRR Jan 12, 2024

● Significant Winter Wx 
potential with initial 
synoptic storm followed 
by several Days of 
Lake Effect potential

● Dashboard provides 
overview of potential 
through the week

●











Cobb Winter Wx Tool Applied to Time-Lag GEFS
KGRR Forecast from 06/00z Jan 12, 2024
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Verification / Validation Efforts

●



Verification / Validation Efforts

●





Current / Future Work

● Complete verification of past two seasons
● Investigating incorporation of a Rime Factor
● Diagnose snow size distribution (mass) to improve wet snow vs sleet/rain 

discrimination
● Improve surface/ground effects of wind, solar insolation, and warm ground 

temperatures
● Develop ensemble probability graphics to include RRFSe, SREF, and HREF



Thank You

Contact:  Daniel.Cobb@noaa.gov


