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The GOES-R Series Geostationary Satellites

• GOES-R is NOAA’s operational geostationary 
satellite program

• Provides geostationary coverage from GOES-
East and GOES-West, covering from the coast 
of Africa to New Zealand

• The Advanced Baseline Imager (ABI) provides 
2 km IR data and 500 m VIS data in 16 
spectral channels

• Full Disk imagery every 10 mins, CONUS every 
5 mins, and two Mesoscale sectors each with 
1-min updates GOES-16 ABI visible imagery in a 1-min Mesoscale 

sector over north Texas from 16 April 2017
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GOES-West
• GOES-17 was replaced by 

GOES-18 in the GOES-West 
position near 137 W 
longitude in Jan. 2023

• Provides coverage of the 
western CONUS, Alaska, and 
much of the Pacific Ocean 
(coverage examples coming 
later)

• Provides very high resolution 
imagery of Hawaii!
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Lightning Detection from Space

• GOES-R series satellites also carry the 
Geostationary Lightning Mapper (GLM)

• It provides continuous monitoring of 
lightning activity 

• The domain is a little smaller than the ABI, 
but it still covers all of CONUS and much of 
the Atlantic and east Pacific oceans

• Forecasters from the NWS Aviation 
Weather Center have told us they get great 
value from GLM data for international 
SIGMETS within its domain

GOES-16 Visible with GLM Group Energy Density 
overlaid from the Midwest Derecho on 10 Aug. 2020
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GOES-R Satellite Aviation Safety Applications
1) Low cloud/fog monitoring (visibility and icing)

2) Volcanic ash detection and tracking

3) Convective storm monitoring

4) Turbulence detection

5) Three-dimensional distribution of clouds

Two types of GOES-R products

- Imagery, requiring qualitative analysis by an expert
- Quantitative products, or algorithms designed to provide value-

added information to the user
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Low Cloud Monitoring – 13 July 2017 – SF Bay Area

• 500 m visible band provides very 
good spatial resolution for 
monitoring low clouds and stratus

• 5 min imagery over CONUS (this 
example) and 1 min imagery in 
Meso sectors also means the 
latency is very low

• Here, forecasters in SFO may be 
able to use this imagery to 
anticipate stratus dissipation
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Low Clouds over Snow – 24 Jan. 2021 – Minnesota/Iowa

• Day Snow/Fog RGB

• RGBs like this provide 
easier-to-interpret scenes 
compared to VIS alone

• For this RGB, snow is 
red/pink and low clouds are 
white

• This and other RGBs are 
available on CIRA’s SLIDER 
page: http://rammb-
slider.cira.colostate.edu
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Low Clouds at night – 14 Jan. 2020 – Missouri Valley

• CIRA’s GeoColor
product provides one 
method for monitoring 
low clouds (blue) at 
night

• City lights are a static 
background (not 
actually detected by 
GOES-R instruments) 
primary for geolocation 
assistance
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Convective Storm Monitoring – 10 Oct. 2021 – TX/OK

• There are many ways to 
monitor convection with 
GOES-16/17 ABI and GLM

• Overlaying GLM fields 
provides added value to 
pinpoint which clouds are 
producing lightning

• This example is GeoColor
with GLM Group Energy 
Density overlaid
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Eruption of Raikoke – June 2019 – NW Pacific – Himawari-8

• ABI/AHI provide many 
tools for monitoring 
volcanic ash

• This GeoColor example 
from Himawari shows the 
brown ash emerging over 
low clouds during the day
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Eruption of Kambalny – March 2017 – Kamchatka – Himawari-8

• The Ash RGB uses IR 
bands, so is available 24/7

• Ash appears red/pink and 
sulfur dioxide (SO2) has a 
greenish tint

• This example also picks up 
on aircraft contrails
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Raikoke Plume over the Aleutians – June 2019 - GOES-17 SO2 RGB

• In this SO2 RGB, SO2 and 
sulfate aerosols appear 
orange or yellow
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Eruption of the Tonga Volcano – 15 Jan. 2022 – GOES-17 ABI VIS 
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Filtered GOES-16/17 ABI Time Differences

From Diego Aliaga via Twitter: https://twitter.com/diegoaliaga2/status/1485469621327069185 
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Mauna Loa Eruption – Nov. 28 2022



16NOAA National Environmental Satellite, Data, and Information Service 10 June 2023

Mauna Loa Eruption – Nov. 28 2022
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Mauna Loa Eruption – Dec. 7 2022
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The VOLcanic Cloud Analysis Toolkit (VOLCAT)
Thermal Monitoring Eruption Alerts Volcanic Cloud Tracking

Volcanic Cloud Characterization
Dispersion & Transport Forecasting

• VOLCAT was developed by Mike 
Pavolonis (NESDIS/STAR) and 
operated by UW-CIMSS
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Operational Applications

VOLCAT Event Dashboard

VOLCAT Alert Report

Example Volcanic Ash Advisory 

from the Washington VAAC
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Turbulence Probability – Tony Wimmers (CIMSS)

• Subject Matter Expert:  Tony Wimmers
• ABI and AHI have sufficient spatial and temporal resolution to infer many 

turbulent episodes
• Some features in clear sky, some in clouds  (often over clouds)

• Machine Learning is used to relate satellite observations to the likelihood 
of Moderate or Greater (MOG) turbulence
• Thousands of turbulent and non-turbulent cases are used to create the predictive 

model.
• Infrared Window Channel (10.3 mm), (upper-level) Water Vapor imagery (6.2 mm), and 

mid/upper-level GFS soundings

• Aircraft-based observations of turbulence (at 30000 – 41000 feet) are used to train and validate 
the model
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Turbulence Probability – Tony Wimmers (CIMSS)

• The turbulence product is probabilistic (percentage). Interpret this as the probability of MOG…

• For ‘medium’ (eg. 737) and ‘large’ (eg. 777) aircraft (mainly commercial passenger airliners)

• At least once during a 10-minute period

• Within different layers at typical cruising altitudes: 

(30-31, 32-33, 34-35, 36-37, 38-39, 40-41 x 1000 ft)

• For NWS users, AWIPS display has layers of 30-33 / 34-37 / 38-41 kft.
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Turbulence Probability – Tony Wimmers (CIMSS)

https://cimss.ssec.wisc.edu/turbulence or google “CIMSS turbulence” 

This example is for 
the 36-37 kft level

Turbulence product shown in contours over WV 

imagery

Large areas of convection

(Satellite-observed)

Manual aircraft obs

High probability in 

featureless areas (GFS-

resolved)

https://cimss.ssec.wisc.edu/turbulence
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Turbulence Probability – Tony Wimmers (CIMSS)

https://cimss.ssec.wisc.edu/turbulence or google “CIMSS turbulence” 

This example is for 
the 30-41 kft level

https://cimss.ssec.wisc.edu/turbulence
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https://cimss.ssec.wisc.edu/turbulence or google “CIMSS turbulence” 

Recent High-Impact event:  
HAL 35, from Phoenix to Honolulu, 18 December 2022

• 36 injuries

• Further analysis showed that the PIREP, 
filed after the event, was displaced from 
the actual event

• This is why you don’t train Turbulence 
Detection models on PIREPs but rather on 
EDR observations

https://cimss.ssec.wisc.edu/turbulence
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Satellite 3D Cloud Data for Aviation – YJ Noh (CIRA)

Additional information
o Temperatures (NUCAPS/NWP)
o PIREPs (Icing/Turb)
o Terrain

NOAA Enterprise Cloud products
(2D pixel data for the individual granules)
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Satellite 3D Cloud Data for Aviation – YJ Noh (CIRA)

https://aviation.cira.colostate.edu

https://aviation.cira.colostate.edu/
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Satellite 3D Cloud Data for Aviation – YJ Noh (CIRA)
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Coming soon: cross sections over the GOES-18 domain, 
including Hawaii
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Resources on the Web

• GOES-16/18 ABI imagery and products: https://rammb-slider.cira.colostate.edu/

• Another imagery viewer that may load more quickly: 
https://www.star.nesdis.noaa.gov/goes/index.php

• VOLCAT (Volcano Monitoring) from CIMSS: https://volcano.ssec.wisc.edu/

• CIMSS Automated Turbulence detection page: https://cimss.ssec.wisc.edu/turbulence/

• CIRA Cloud Vertical Cross Section page: https://aviation.cira.colostate.edu/

Any feedback (positive or negative) on these products is very much appreciated!
Dan.Lindsey@noaa.gov

https://www.star.nesdis.noaa.gov/goes/index.php
https://cimss.ssec.wisc.edu/turbulence/
https://aviation.cira.colostate.edu/

