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Why geostationary hyperspectral sounding? 

(1)Water Vapor is the basic fuel for severe thunderstorms.  Large variations in atmospheric water vapor occur over a scale of 10 km in 
the horizontal and 1 km in the vertical, large variations in water vapor occur over 10s of minutes, thunderstorms form or decay in 10s 
of minutes, severe thunderstorms form mostly over land, and accurate temperature and moisture profiles from satellite challenging 
due to land emissivity variations.  

(2) Geostationary hyperspectral sounder (GHS) temperature and moisture profiles are critical for NWP and short range forecasts. GHS 
will provide a 3-D picture of moisture with the temporal and spatial scale necessary to forecast individual thunderstorms, the 
hyperpectral coverage from GHS will show the variations in surface emissivity necessary for accurate temperature and moisture 
profiles and radiance data assimilation over land.  GHS will show low level temperature inversions, critical for severe thunderstorm 
forecasts, provide 500 m to 1 km vertical resolution for temperature and moisture profiles.

The GOES Sounders have provided quality hourly radiances and derived products over the continental U.S. and adjacent oceans for over 10 years. The products derived include: clear-sky 
radiances; temperature and moisture profiles; Total Precipitable Water vapor (TPW) and layer PW; atmospheric stability indices such as Convective Available Potential Energy (CAPE) 
and Lifted Index (LI); cloud-top properties; clear-sky water vapor winds via radiance tracking; and total column ozone. These products are used for a number of numerical weather 
prediction (NWP), short range forecasts and nowcasts, for example, severe weather forecasts. 

Although HES (Hyperspectral Environmental Suite) is not currently planned to be on the GOES-R series, the needs for future geostationary advanced sounder is valid.  High temporal and 
spatial resolutions of geostationary advanced sounder are the unique aspects for severe weather forecast by 

–depicting important water vapor variations spatially and temporally;
–improving thunderstorm predictions;
–better emissivity determination over land; and
–better detection and retrieval of low level inversions.

Operational Products from the current GOES Sounder 
and their applications.

The hail storm of April 13 – 14, 2006 caused damage to many houses in Madison area in Wisconsin.  The storm produced large hails (left picture).  The GOES Sounder 11 µm image at 22 UTC on 13 April shows that a super cell is 
likely to be developed.  The multispectral band classification (Li et al. 2003, JAM) shows that there are typical four classes (4, 5, 6, 10) of clear air mass surrounding the super cell, one hour later (23 UTC) the class 10 moves toward 
east while class 6 move towards north.  The clear sky atmosphere is very unstable from 22 UTC to 23 UTC, and the super cell starts to develop.  From 23 UTC on 13 April to 00 UTC on 14 April, the air mass continue to move 
(classes 4 and 10), and the super cell develops fast and becomes convective system.  The soundings observed by GOES Sounder before and during the convective storm are very useful for short range storm forecasts.

Description:GOES-I(8)/P Sounders
• 19 channels (18 Infrared; 1 Visible)
• Spatial resolution: ~ 10km
• Hourly scanning over CONUS and adjacent waters
• Products include standard imagery and derived, Level-2 products
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NWS Forecast Office Assessment of
GOES Sounder Atmospheric Instability

Summer 99 Forecaster assessment of 
usefulness of changes in hourly LI, 
CAPE, & CINH product for 
predicting location/timing of 
thunderstorms 

Out of 248 valid weather cases:
- Significant Positive Impact (30%)
- Slight Positive Impact (49%)
- No Discernible Impact (19%)
- Slight Negative Impact (2%)
- Significant Negative Impact (0)

Figure from the National Weather Service, Office of Services

Emissivity spectrum is retrievable 
from hyperspectral IR radiances

Sounder Comparison 
(GOES-Current to Future-Req)

Coverage Rate CONUS/hr Sounding Disk/hr

Horizontal Resolution

Sampling Distance 10 km 5 - 10 km

Sounding FOR 30-50 km 10 km

Vertical Resolution ~3 km 1 km

Accuracy

Temperature 2 deg. K 1 deg. K

Relative Humidity 20% 10%

Current Future req. 

True temperature Simulated temperature retrievals (clear + above clouds)

Level 1 to Level 2 Level 2 to applications

Hourly AIRS measurements within an 
approximate geostationary disk coverage area

A geostationary hyperspectral sounder will provide full hourly disk coverage 
rather than the partial coverage available with polar orbiting sounders.

Temporal resolution 
is unique aspect of 
Geostationary IR 
measurements
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Image display and animation within NWS AWIPS for 
use by forecasters at NWS WFOs in forecasting 
precipitation and severe weather

Atmospheric stability indices

Image display and animation within NWS AWIPS for 
use by forecasters at NWS WFOs

Water Vapor Winds

Display (SKEW-Ts) within NWS AWIPS for use by 
forecasters at NWS WFOs in forecasting precipitation 
and severe weather

Profiles of temp & moisture

Image display and animation within NWS AWIPS for 
use by forecasters at NWS WFOs

Surface skin temperature

Assimilation into NCEP operational regional NWP 
models; display and animation within NWS AWIPS 
for use by forecasters at NWS WFOs; supplement to
NWS/ASOS cloud measurements for generation of total 
cloud cover product at NWS/ASOS sites

Cloud-top retrievals (pressure, 
temperature, cloud amount)

Assimilation into NCEP operational regional & global 
NWP models; display and animation within NWS 
AWIPS for use by forecasters at NWS WFOs & 
National Centers in forecasting precipitation and severe 
weather

Layer & Total Precipitable Water

Assimilation into NCEP operational regional & global 
NWP models over water

Clear-sky Radiances
Operational  Use within the NWSGOES Sounder Product


