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Motivation

• Convective Snow Squalls:  Improve situational awareness

• GOES Cloud Products:  Applications

• Snowfall Regimes:  Understand physical processes

http://www.noaa.gov/marine-aviation
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http://www.noaa.gov/fisheries
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Convective Snow Squalls*

*Short duration, but often intense, snow event

Frontal Lake-Effect

Over land (diurnal)
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No snow cover
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1800Z 28 March 2022

Postfrontal Environment
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28 March 2022 (0730-2200 UTC) 

NEXRAD Composite 

Transition: Banded lake-effect (early) to cellular (later) convection
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28 March 2022 (1255-1602 UTC) 

KCCX Base Scan 
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28 March 2022 (1430 UTC) 

KCCX Base Scan 

Radar Observational Gaps

~135 km

KCCX
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MRMS Merged Radar Reflectivity
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MRMS 18 dBZ Echo Top Height
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@islivingston (28 March 2022)

http://www.noaa.gov/marine-aviation
http://www.noaa.gov/research
http://www.noaa.gov/satellites
http://www.noaa.gov/fisheries
http://www.noaa.gov/oceans-coasts
http://www.noaa.gov/weather
https://www.commerce.gov/
http://www.noaa.gov/
http://www.noaa.gov/satellites


Department of Commerce  //  National Oceanic and Atmospheric Administration  //  14

SNPP ~1720 UTC 28 March 2022Title of document here
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GOES-16 1331-1531 UTC 28 March 2022
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https://cimss.ssec.wisc.edu/satellite-blog/archives/45461
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https://cimss.ssec.wisc.edu/satellite-blog/archives/45461

Glaciated Clouds/Snow

Snow Cover
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https://cimss.ssec.wisc.edu/satellite-blog/archives/45461

Glaciated Clouds/Snow

RGB:  Microphysical composition clues
Quantitative guidance still needed!!
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Cloud Cover Layers

Cloud Optical
 Properties 
(Day,  Night, Lunar)

Cloud Base Height

Cloud Top Height

Cloud  Phase/Type

Cloud  Probability/
Mask

Sensor Data 
Records

NOAA Enterprise Cloud Algorithms

● Operational
● Satellite Agnostic (“Enterprise”)
● GEO + LEO + International Satellites
● Cloud Top Properties

19
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Cloud Height

28 March 2022 
1331-1531 UTC

Max cloud top height:  4-6 km
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Cloud Height Cloud Water Path

28 March 2022 
1331-1531 UTC
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Cloud Height Cloud Water Path

Cloud Effective Radius

28 March 2022 
1331-1531 UTC

Available in AWIPS
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Cloud Height Cloud Water Path

Cloud Effective Radius Cloud Type

28 March 2022 
1331-1531 UTC

Title of document here
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Cloud Type

28 March 2022 
1331-1531 UTC

Opaque Ice Cirrus Overlap Deep Conv

Supercooled
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Cloud Height Cloud Water Path

Cloud Effective Radius Cloud Type

28 March 2022 
1331-1531 UTC

✔ Resolves relevant features

✔ Quantitative guidance

✔ Trending

✔ Mitigates radar coverage gaps

✔ Repackage for improved decision support?

http://www.noaa.gov/marine-aviation
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Lake-Effect Event (18 November 2022)
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Lake-Effect Event (18 November 2022)
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https://mrms.nssl.noaa.gov/qvs/product_viewer/index.php?web_exec_mode=run&menu=menu_config.txt&year=2022&month=11&day=18&hour=22&minute=0&time_mode=static&zoom=7&clon=-83.6298828125&clat=44.327331620354&base=0&overlays=801&mping_mode=0&product_type=brefls&product=BASE_REFL&qpe_pal_option=0&opacity=1&looping_active=on&num_frames=36&frame_step=200&seconds_step=600
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Lake-Effect Event (18 November 2022)

Cloud Optical Depth Precip Rate
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Lake-Effect Event (18 November 2022)

Current Operational Resolution (2 km)

1920 Z
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Lake-Effect Event (18 November 2022)

Experimental Super Resolution (500 m)

1920 Z
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Experimental Lake-Effect Snow QPE Product

VIS KMQT 
Radar

31
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Experimental Lake-Effect Snow QPE Product

VIS KMQT 
Radar

CWP Satellite-derived 
snowfall rate

(Radar obs used as training 
dataset)
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Experimental Lake-Effect QPE Product

• Improve situational awareness (GOES-16)

• 5-10 minute product latency

• Augment NEXRAD observations (especially over mid-lake)

• GOES QPE

https://www.ssec.wisc.edu/les-goes16/image-viewer

Currently no logic applied to create the product
(i.e., no distinction between lake-effect or synoptic 
events)
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Improve Nowcasting Tool:  Multivariate Input
Spatiotemporally match NEXRAD QPE and Cloud Products

34
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Spatiotemporally match NEXRAD QPE and Cloud Products

35

Improve Nowcasting Tool:  Multivariate Input
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool (new proposal just 

funded!)

36
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE 

• MQT, APX, & BUF microphysics + profiling radar obs

37
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE 

• MQT, APX, & BUF microphysics + profiling radar obs
• Dual-pol 

38
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE 

• MQT, APX, & BUF microphysics + profiling radar obs
• Dual-pol 

• Instantaneous snowfall rate observations lacking
• Storm reports (mPING?)

39
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE
• Instantaneous snowfall rate observations lacking
• Storm reports (mPING?)

• ProbSevere-like infrastructure

40
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE
• Instantaneous snowfall rate observations lacking
• Storm reports (mPING?)

• ProbSevere-like infrastructure
• Fused satellite-radar product

41
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The Path Forward (Product Development)
• Snow Squalls:  Value-added QPE/threat level product

• GOES + NEXRAD (MRMS)
• NWP
• Surface Obs
• Multivariate input:  AI/ML tool

• Complications:  Training and validation datasets
• Improve NEXRAD QPE
• Instantaneous snowfall rate observations lacking
• Storm reports (mPING?)

• ProbSevere-like infrastructure
• Fused satellite-radar product
• Nighttime capabilities

42
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User Input Needed!

• Worth pursuing?

• QPE vs. threat-level % (or both)?

• Optimal display (non-AWIPS)

• Environmental variables?
• Lake snow parameter
• DGZ
• Wind speed/direction
• Air/lake surface temp difference
• Synoptic dynamics

43
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The Path Forward (Science)

• Lake-effect versus over-land convective snow

44
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MQT Snowfall Observatory
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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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MQT Snowfall Observatory
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MQT Great Lakes Snowfall Observatory

MQT

APX

BUF
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MQT Great Lakes Snowfall Observatory

MQT snow-to-liquid (SLR) variability

1 minute sampling
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The Path Forward (Science)

Overland Convective Snow (15 Apr 2014) Lake-Effect Snow (20 Jan 2019)
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The Path Forward (Science)

Overland Convective Snow (15 Apr 2014)

Lake-Effect Snow (20 Jan 2019)

Micro Rain Radar Observations (MQT)
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The Path Forward (Science)

Precipitation Imaging Package Observations (MQT)

Overland Convective Snow (15 Apr 2014)

Lake-Effect Snow (20 Jan 2019)

Remote sensing + microphysics observations:  Nowcasting tool development, 
improve NWP, etc.
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The Path Forward (Science)

• Lake-effect versus over-land convective snow
• Great Lakes influence
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Summary

GOES Cloud Products: Snow Squall Situational Awareness
• Useful, especially if optimized for nowcasting purposes
• Augment NEXRAD obs 
• Future snow squall QPE/threat level product development
• Expand scientific knowledge 

Great Lakes Working Group
• Contact me if you are interested in joining!
• mark.kulie@noaa.gov
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