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RGB Usage Survey -

This survey was meant to gauge NWS 
operational users' comfort level in using 

and understanding RGB multispectral 
satellite imagery. 

73 total participants -
Including General Forecasters, 

Lead Forecasters, SOO’s, WCM’s, 
and an OPL.

79% Forecasters

21% 
Non-forecasters 



RGB Usage Survey

Not at all. 

Not that comfortable. 

Somewhat comfortable. 

Mostly Comfortable. 

Very comfortable.

Good to see most are comfortable in using and 
interpreting RGBs, although there may be some 
room for improvement in pushing the average 
forecaster to utilize RGBs to their full potential.

Great to see the vast majority of participants 
use RGBs almost every shift!



RGB Usage Survey - Top RGBs per Application
Convective Development Prior to Mature Phase 

(convective initiation) 

1. Day Cloud Phase Distinction - 88.6%
(10.4, 0.64, 1.61)

2. Day Cloud Convection - 24.3%
(0.64, 0.64, 10.4)

3. Day Cloud Type - 20%
(1.38, 0.64, 1.61)

Convective Development During or After 
Mature Phase (post-convective initiation)

 
1. Vis/IR Sandwich (RGB version) - 73.5%

(0.64 / 10.4)

2. Day Cloud Phase Distinction - 66.2%
(10.4, 0.64, 1.61)

3. Day Cloud Convection - 20.6%
(0.64, 0.64, 10.4)



RGB Usage Survey - Top RGBs per Application
General situational awareness during 

non-hazardous weather day
- Wam Season & No Snow Cover - 

1. Day Cloud Phase Distinction - 61.4%
(10.4, 0.64, 1.61)

2. CIRA GeoColor  - 51.4%
(0.64, 0.86, 0.47)

3. CIMSS Natural Color - 32.9%
(0.64 / 0.86 / 0.47)

3.     Vis/IR Sandwich (RGB version) - 32.9%
(0.64 / 10.4)

General situational awareness during 
non-hazardous weather day

- Cold  Season & Snow Cover  - 
1. Day Snow Fog - 73.9%

(0.86, 1.61, 3.9 - 10.4)

2. Day Cloud Phase Distinction - 47.8%
(10.4, 0.64, 1.61)

3. CIRA GeoColor - 36.2%
(0.64, 0.86, 0.47)



RGB Usage Survey - Top RGBs per Application
Monitoring for winter hazards during the 

day

1. Day Snow Fog - 70.3%
(0.86, 1.61, 3.9 - 10.4)

2. Day Cloud Phase Distinction - 57.8%
(10.4, 0.64, 1.61)

3. CIRA GeoColor  - 28.1%
(0.64, 0.86, 0.47)

Monitoring for hazards at night.

1. Nighttime Microphysics - 95.7%
(12.4 - 10.4, 10.4 - 3.9, 10.4)

2. CIRA GeoColor - 31.4%
(10.4 / 10.3 - 3.9)

3. Air Mass - 11.4%
(6.2 - 7.3, 9.6 - 10.3, 6.2)



RGB Usage Survey

I use the nighttime microphysics religiously, and there is a small handful of others I use on occasion. Otherwise, I 
am definitely not using all of the RGB options that there are to their full potential.

There are a few that are used often, but most of the choices are rarely used. (Nothing wrong with that, just an 
observation.)

-We need more RGBs for night, so many RGBs use reflectance as an ingredient.
-Being able to make RGB's on the fly with your own recipe in AWIPS without having to edit code files (i.e. some type 
of GUI or application)

Reach out to me if you are interested in these 
survey results!

A small sample of the comments given..



October 14, 2022

Synopsis: Upper trough, surface low brings the season’s first 
accumulating snow, especially downwind of larger lakes with 
the help of lake effect processes.

Challenge of the day: Where will snow continue, and will it 
be impactful?

A Glimpse into Operations - NWS Grand Forks

Tools to help tackle challenge of the day:

- Radar, ground reports, modelled 

guidance, and… satellite!



Day Snow Fog RGB helped reveal trackable 

features associated with lake-enhanced 

snow bands, including cloud movement and 

texture as well as provide information on 

cloud top phase.

A Glimpse into Operations - Forecaster 1



A Glimpse into Operations - Forecaster 2

Melting Snow RGB + 0.64 um (Ch2) helped 
in graphic generation for social media.

Day Snow Fog RGB + surface observations 

helped maintain situational awareness of 

current state of the atmosphere.



A Glimpse into Operations - Forecaster 2

Melting Snow RGB:
        R: 1.61um      G: 2.25 um      B: 0.64 um

Helps differentiate cloud microphysics through 
use of NIR. Still, it’s a little muted in terms of 
spatial detail. We can probably do better…

Let’s add detail through use of 500 m 
Channel 2 (0.64 um)

Default range: 0 - 130

Adjusted range: 0 - 20

Graphic generation workflow:

Add 50% transparent Ch 2  on top of 
RGB to draw out more spatial detail



A Glimpse into Operations - Forecaster 3

Day Cloud Phase Distinction RGB used to 
maintain situational awareness.



Blowing Snow - Day Snow Fog RGB

Coleman and Shwartz, 2017

NWS Grand Forks (and now many 
other offices within the Northern 
Plains and Upper Midwest) have 
utilized the Day Snow Fog RGB to 
monitor and track blowing snow for 
several winters now.

2018 2019

2020 2021 2022



Blowing Snow - Day Snow Fog RGB / Blowing Snow RGB

Day Snow Fog RGB:

Components Range Spatial res

R: 0.87um 0 - 100 1 km
G: 1.61um 0 -   70 1 km
B: 3.90-10.35um 0 -   30 2 km

Imagery courtesy of Bill Line (CIRA)

Can we find and 
track plumes of 
blowing snow 

more easily 
through improve 

spatial detail?

Blowing Snow RGB:
Developed by Bill Line (CIRA)
Components Range Spatial res

R: 0.64um 0 -   50 0.5 km
G: 1.61um 0 -   25 1 km
B: 3.90-10.35um 0 -   30 2 km

Imagery courtesy of Bill Line (CIRA)



Blowing Snow - Blowing Snow RGB

NWS Grand Forks average blizzards per 
year: 2.6 (Kennedy et al, 2019)

2021 - 2022 season: 12 (record!). Many of 
which were ground blizzards. 

Blowing Snow RGB used extensively by 
most (if not all) operational staff at NWS 
Grand Forks throughout this winter, and 
received great feedback. Jan 18, 2022

Feb 11, 2022

Feb 1 2022

Feb 18, 2022 Feb 20, 2022

“I prefer the Blowing Snow RGB bc blowing snow plumes stand out the most compared to any other RGB”



Blowing Snow - Additional RGB Applications

● Research

● Refinement in products

● Aid in messaging



Anthropogenic Induced Snow 
RGB’s that are able to give information on microphysical 
properties (Day Snow Fog, Day Cloudy Phase Distinction, 
etc) can be used to look for possible anthropogenic-induced 
snow signatures.

These signatures are most commonly seen within 
widespread, uniform stratus. They can look like long, more 
reflective/warmer streaks emanating away from an anchor 
point, as well as plumes or holes of eroding clouds.

Most common anthropogenic sources are usually from 
large industrial structures or commercial vehicles (ships, 
airplanes) that expel particulate/condensation nuclei into 
the stratus layer, or promote ice nucleation within uniform 
clouds of supercooled droplets (hole punch clouds). 
Structures can include:

- Power plants
- Mineral or gas processing facilities (taconite, natural 

gas, etc)
- Agricultural processing facilities (sugar beet 

factories)
- Snow producing ski hills



Cold Season: General Situational Awareness

LakeOsloBreeze Tweet

https://twitter.com/NWSGrandForks/status/1521603002586468352?s=20&t=d9Fx0py6oFkEFBaUd1-B6w


Winter: Assessing state of “blowability” in snowpack
March 9, 2022, midday:
Question: How blowable is the current snowpack to cause blowing 
snow impacts for tomorrow afternoon/evening (March 10)?

March 9, 2022 (previous day)
 Day Snow Fog RGB + 1.61 um band



Winter: Assessing state of “blowability” in snowpack

Saskatchewan

North Dakota

Montana

March 10, 2022, midday:
Question: How blowable is the current snowpack to cause blowing 
snow impacts for this afternoon/evening (March 10)?

Blowing snow signal (within red 
circles) confirm snowpack is blowable 
upstream behind cold front (blue line).



Winter: Assessing state of “blowability” in snowpack
March 10, 2022, midday:
Question: How blowable is the current snowpack to cause blowing 
snow impacts for this afternoon/evening (March 10)?

March 9, 2022 (previous day)
 VIIRS Snowmelt RGB 

Internal conversation: “Here is yesterday's 
Snowmelt RGB from the polar orbiter. Circled is 
Swift Current. Looking at the shades of blue 
within SK where blowing snow is occurring, 
similar shading of blue can be applied to ND, 
albeit looks like some darker blue shades  mixed 
in there. That being said, if SK is able to blow 
around, then I'd image portions of ND can as 
well, esp as temps fall.”

Saskatchewan

Montana North Dakota

Manitoba

Winter Weather Advisory Issued



Winter: Convection / Snow Squall

- Upstream visibility sensors quickly 
degraded to whiteout or near whiteout 
as front moved through. Is this due to 
blowing snow HCRs? Or something 
else?

March 10, 2022, evening:
Question: Is that a snow squall along leading 
edge of cold front?

- Radar overshot higher reflectivities 
associated with snow squall.

- Mesoanalysis would have helped 
confirm this is likely convection along 
leading edge of cold front, and fits 
conceptual model of a QLCS-type snow 
squall.

- Day Cloud Phase Distinction may have 
proven useful, too.



Winter: Convection / Snow Squall

* Satellite RGBs were not used in real time during 
this event : (

..however, conversation with forecaster on shift:
  “I wish I would have looked at satellite in real time to 
help prioritize which forcing mechanisms and hazards 
were going to be most impactful in the next 1-3 hours. 
Satellite would have notified me of the presence of a 
snow squall before radar bc radar was overshooting the 
feature. I would have looked at Day Snow-Fog or Day 
Cloud Phase Distinction.” 

..referring to coming on shift and needing to 
quickly assess whether to upgrade Winter Weather 
Advisory to Blizzard Warning in northeast ND due 
to advection of impactful blowing snow.

March 10, 2022, evening:
Question: Is that a snow squall along leading 
edge of cold front?



Winter: Assessing state of “blowability” in snowpack

Imagery courtesy of Bill Line (CIRA)

NWS Grand Forks tested application 
of VIIRS Snowmelt RGB to assess 
snowpack characteristics, namely 
how blowable the snowpack is to 
produce impactful blowing snow.

Snowmelt RGB:
Developed by Curtis Seaman (CIRA)

R: 1.61 um
G: 1.24 um
B: 0.64 um

Can have additional application 
toward investigating areas that 
received ice versus those that 
received snow.



Nighttime Microphysics: Fog / Low Stratus

Can’t find this example used operationally (AFD 
search from FGF and BIS)

..could still show this is a workflow in 
differentiating aviation impacts within stratus 
deck taught to FGF forecasters.



While Nighttime Microphysics RGB has a proven 
track record of usefulness in monitoring fog/low 
stratus, can you see the fog signature in this 
imagery?

Can we adjust the ranges to tease out the 
signature further?

Nighttime Microphysics: Adjusting away from default ranges

Challenge of the night: Monitor for impactful fog.



Nighttime Microphysics: Adjusting away from default ranges



Nighttime Microphysics: Adjusting away from default ranges



Nighttime Microphysics: Adjusting away from default ranges

Default ranges Edited ranges

RGB Usage Survey:



Convective Initiation - Nighttime Microphysics 

05:36Z
First signs of 
stratus/low clouds

05:51Z
First signs of 
glaciating cloud tops

06:26Z
First LWIR colder 
than -20C

07:01Z
First LWIR colder 
than -30C

Challenge of the night: Forecasters knew ingredients were in place for 

organized, severe storms if storms formed. Also, where?

Using Nighttime Microphysics gave forecasters additional lead 
time to start spinning up warning operations compared to legacy 
“wait for first -20C pixels to show” approach.



Nighttime Microphysics

Convection: Cool Season

Day Cloud Phase Distinction



Nighttime Microphysics

Flood detection



Identifying Air Masses - Air Mass RGB

Air Mass RGB useful in identifying air 
streams/atmospheric rivers. Can help 
diagnose synoptic conceptual models.

Most useful with other datasets to 
help “complete the synoptic story.”



Identifying Air Masses - Air Mass RGB

Air Mass RGB good for monitoring upstream air 
masses, including this polar air intrusion.



Convective Initiation - Day Cloud Type

Day Cloud Type (relatively recent 
addition to NWS operations) is showing 
promising application toward monitoring 
for convective initiation.



Convective Initiation - Day Cloud Type

R: 10.4 um

G: 0.64 um B: 1.61 um

DCPD DCT R: 1.38 um

G: 0.64 um B: 1.61 um

1.38 um occupies a region of very strong absorption by water vapor in the electromagnetic spectrum. Given 

sufficient moisture, reflectance only from clouds above this layer (such as vertically growing infant cloud tops in 

dry mid-upper levels above moist boundary layer.. aka unstable environment)



Convective Initiation - Day Cloud Phase Distinction + More 

- Day Cloud Phase Distinction RGB 
(1 min)

- NAM Sfc Vorticity (contours)
- NAM Significant Tornado 

Parameter (STP) > 1 (mask) 
- Surface Observations
- GOES Derived Motion Winds

Coupling satellite with 
modelled guidance can 
help accurately identify 
forcing mechanisms 
responsible for hazardous 
weather.



Coupling satellite with 
modelled guidance can help 
accurately identify forcing 
mechanisms responsible for 
hazardous weather.

Not only is this useful in 
quality checking model 
guidance for accuracy, but 
more importantly can help 
apply the correct conceptual 
model in the processes driving 
hazardous weather.

This can be very helpful in 
both wintertime and 
summertime mesoanalysis.

Identifying Forcing Mechanisms - Nighttime Microphysics + More 



Identifying Forcing Mechanisms - Nighttime Microphysics + More 

Combining RGBs with other satellite 
bands/products is a useful approach 
in masking unnecessary information 
in favor of focusing on the 
information most desired.

In this case, Nighttime Microphysics 
RGB, Channel 13 (LWIR 10.3um), and 
GLM are used to monitor strong 
winter system producing significant 
heavy snow and wintry precip. 

❖ Nighttime Micro RGB
➢ low clouds plus thin cirrus. 

❖ Coldest LWIR only
➢ track strong, deep wintertime 

forcing
❖ GLM

➢ for monitoring the presence of 
robust convection.



Aerosols: Smoke 



Aerosols: Dust 

Range enhanced RGB shows dust 
signal, but perhaps SWD + B2 + Cloud 
Mask showed it better.



Sandwiching multiple RGBs can be a 
useful approach in harnessing a wide 
variety of spectral resolution.

In this case, monitoring wildfires’ 
thermal and smoke signatures can be 
achieved by sandwiching the 
GeoColor + FireTemp RGBs.

Fire: RGB + RGB  



Fire:  Fire: RGB + single product “mask”  

Using derived products to “mask” 
certain RGBs can be useful in 
completing situational awareness. 

In this case, overlaying Fire Area 
derived product on top of CIMSS 
Natural Color RGB highlights 
numerous thermal signatures 
associated with non-hazardous 
agricultural fires while the RGB 
provides information on smoke and 
land cover.



Fire: RGB + single band “mask”  

Fire Temperature 
RGB (3.9, 2.25, 1.61), 
with edited ranges to 

tease out low 
energy/small fires.

Combining a range edited Fire Temp RGB 
with an intuitive “cloud mask” using the 
visible channel can provide great overall 
situational awareness during situations 
with many low energy/small, but 
numerous fires associated with normal 
agricultural activities.

Partially 
transparent 
Channel 2 

(0.64) to act as 
an intuitive 

“cloud mask”

+



RGBs in Social Media Graphics

GOES-16 CIMSS True Color 

Sentinel-2 True Color

GOES-16 Vis/IR Sandwich*

GOES-16 CIRA GeoColor + radar QPE


