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Courtesy of Marquette National Weather Service Weather Forecast Office

http://www.weather.gov/mqt/seasonsnowfallmaps

Marquette NWS WFO      
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Precipitation Imaging Package (PIP)  Micro Rain Radar (MRR)  

MQT NWS: NEXRAD + Surface Obs

Dataset Duration:
January 2014 – Present
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Project Objectives

• Snowfall regimes/partitioning statistics
• Microphysical variability
• Quantitative Precipitation Estimation (QPE):  

• Radar reflectivity (Z) – Snowfall Rate (S)
• Spaceborne radar/radiometer
• Numerical Weather Prediction

• Algorithm development and evaluation
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Lesson 1:  
Snowfall regime transitions = microphysical transitions
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Orographic enhancement

KMQT 0.5o KMQT 1.5o
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13 Dec 2017
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Kulie et al. (2020) BAMS   



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  8

I II III IV

I:    System Snow
II:   Orographic Enhanced
III:  Orographic/Lake-Effect
IV:  Lake-Effect

13 Dec 2017

Reflectivity    

Doppler Velocity

Spectral Width

Shallow enhancement (~5-10 dB km-1)
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I:    System Snow
II:   Orographic Enhanced
III:  Orographic/Lake-Effect
IV:  Lake-Effect

13 Dec 2017
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I:    System Snow
II:   Orographic Enhanced
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IV:  Lake-Effect

13 Dec 2017

Large particle population

Small particle population
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I II III IV

I:    System Snow
II:   Orographic Enhanced
III:  Orographic/Lake-Effect
IV:  Lake-Effect

13 Dec 2017

Mass-weighted mean diameter

Snowfall rate
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PIP Microphysics:  Regime-Dependent Variability   

Pettersen et al. (2019), JAMC: 10.1175/JAMC-D-19-0099.1

Deep vs. Shallow:  MRR-defined
5 Year Analysis
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5-Year Dataset Analysis:  PIP Microphysics   

Pettersen et al. (2019) JAMC

No

Λ

Particle Size Distribution:  N(D)=Noexp(-ΛD)    

Lake-Effect:  Broad PSD, few small particles
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5-Year Dataset Analysis:  PIP Microphysics   

Pettersen et al. (2019) JAMC

No

Λ

Particle Size Distribution:  N(D)=Noexp(-ΛD)    

Narrow PSD, large population of small particles (??)
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5-Year Dataset Analysis:  PIP Microphysics   

GPM algorithm microphysics assumptions?
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Lesson 2:  Ignore shallow snow at your own scientific peril! 
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2018-01-03

2018-01-04

2018-01-04

2018-01-05

2018-01-05



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  18

Deep Snow Events Shallow Snow Events

5-Year Dataset Analysis   

MRR-defined   

Pettersen et al. (2019) JAMC   



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  19

Deep Snow Events Shallow Snow Events

5-Year Dataset Analysis   

Pettersen et al. (2019) JAMC   
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Deep Snow Events Shallow Snow Events

5-Year Dataset Analysis   

Pettersen et al. (2019) JAMC   
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Deep Snow Events Shallow Snow Events

Occurrence:     68%
Accumulation:  49%

Occurrence:     32%
Accumulation:  51%

5-Year Dataset Analysis  

Pettersen et al. (2019) JAMC   
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Pettersen et al. (2019) JAMC   

Snowfall Occurrence %

GPM evaluation statistics
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Pettersen et al. (2019) JAMC   

Snowfall Occurrence %

Accumulation Partitioning



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  24

Pettersen et al. (2019) JAMC   

PIP

NWS

PIP vs. “Manual” NWS Accumulation Statistics
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PI
P

NEXRAD Figure Credit:  T. Wagner

****Event-to-event variability****
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Figure Credit:  T. Wagner

MRMS QPE:  Better for synoptic snow events
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Shallow Snow EventsDeep Snow Events

Spaceborne Radar Applications

GPM DPR Nadir Lowest Clutter-Free Bin:  ~500 m AGL

Pettersen et al. (2019) JAMC   
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Shallow Snow EventsDeep Snow Events

Spaceborne Radar Applications

GPM DPR Off-Nadir Lowest Clutter-Free Bin:  > 1-2 km AGL

Pettersen et al. (2019) JAMC   
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Shallow Snow EventsDeep Snow Events

Spaceborne Radar Applications

Pettersen et al. (2019) JAMC   
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Lesson 3:  Shallow snow – distinct flavors

Orographic/Upslope Snow Lake-Effect Snow
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8 March 2014:
Orographic/Upslope

SLR > 40 
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8 March 2014:
Orographic/Upslope

NWS SLR
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19-20 November 2016 11-12 February 2016

Lake-Effect Snow Variability   
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19-20 November 2016 11-12 February 2016

Kulie et al. (2020) BAMS   

Broad PSD
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19-20 November 2016 11-12 February 2016

Kulie et al. (2020) BAMS   

Broad -> Narrow PSD Transition
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19-20 November 2016 11-12 February 2016

Kulie et al. (2020) BAMS   

Broad -> Narrow PSD Transition
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19-20 November 2016 11-12 February 2016

Kulie et al. (2020) BAMS   

Cold

High Winds - Particle Fracturing?
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11-12 February 2016

Kulie et al. (2020) BAMS   

NWS SLR:  ~20 for entire event
PIP SLR:  ~40        10-20 transition
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GMI/GPROF Applications
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GMI/GPROF Applications

GMI TB’s

GPROF 
Retrievals

GMI Channel 
Weighting

GPROF a 
priori

Database

Intense 
Lake-Effect 

Snow



Department of Commerce  //  National Oceanic and Atmospheric Administration  //  41

Lesson 4:  Enhancement processes in extreme events

Courtesy Marquette NWS
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10-12 Nov 2014

10 Nov 11 Nov 12 Nov11 Nov Kulie et al. (2019) BAMS   
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10-12 Nov 2014
Orographic/Lake-Enhanced

Kulie et al. (2019) BAMS   10 Nov 11 Nov 11 Nov 12 Nov
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“Manual” 4 Year Dataset Analysis (MRR, NEXRAD, Met Obs)
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MQT Observations:  Lessons Learned

• Snowfall regime microphysical transitions
• Shallow snow – do not ignore!
• Shallow snow – different flavors 
• Enhancement processes – extreme events
• **Long term datasets are invaluable**

*mark.kulie@noaa.gov
*claire.pettersen@ssec.wisc.edu
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Future Work

• Further partitioning studies
• GMI/DPR product evaluation/algorithm assumptions
• Regime-dependent PSD parameterization

*mark.kulie@noaa.gov
*claire.pettersen@ssec.wisc.edu
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THANKS - MQT NWS TEAM!
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• NASA (NIP + PMM + GPM GV) 
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• Marquette NWS WFO
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