
High-Resolution Rapid Refresh
The HRRR weather prediction model went into operations 
at the NOAA National Weather Service (NWS) in 2014 to 
serve users needing frequently updated short-range weather 
forecasts. An experimental version of HRRR (HRRRX)  al-
ways runs at GSD as a real-time demonstration of advances 
before those changes are implemented into the NOAA 
operational HRRR model. The HRRR predicts weather 
parameters such as: 
• Potential severe weather hazards including tornadoes, 

high winds, flooding, and blizzards that threaten public 
safety

• Visibility and cloud ceilings to reduce air traffic delays 
that cost the airline industry billions of dollars each 
year

• Wildfire smoke plumes to support health concerns 
related to air quality and visibility advisories. 

Science and technology breakthroughs
GSD researchers have made significant science and tech-
nology breakthroughs in: 
• Data assimilation and modeling: A set of complex 

computer procedures that blend the latest weather ob-
servations to predict high-impact hazardous weather

• High-Performance Computing: Large, efficient 
supercomputing systems and graphical processing unit 
(GPU) technology aimed at increasing computing pow-
er at lower cost

• Using a variety of weather data: New ways to use 
radar and satellite data, and observations from aircraft 
to increase forecast skill

esrl.noaa.gov/gsd

The NOAA ESRL Global Systems Division (GSD) developed the High-Resolution Rapid Refresh (HRRR) weather 
prediction model updated every hour using the latest observations from a network of ground and 
satellite-based sensors to produce forecasts of high-impact weather on a neighborhood scale. 
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The Texas Army National Guard responded to people stranded by flood-
ing from Hurricane Harvey. Photo by the Texas Army National Guard

HRRR for renewable energy
GSD works with the electric power industry and the U.S. Department of Energy to improve weather forecast models and 
observations, and to provide other information for renewable energy applications. The HRRR model is used as input to the 
private sector’s tailored forecasts to help them optimize the mix of energy generation sources, balance power supply and 
demand, and maintain grid reliability.

The GSD-developed HRRRX forecast model accurately predicted the 
path of Hurricane Harvey before it made landfall and that the Houston 
area could receive up to 40” of rain by Sunday morning, August 27, 
2017.

Making Forecasts Better!



GSD’s experimental HRRR-Smoke model prediction of smoke transport 
is often used for air quality forecasts.

Ensemble forecasts

An example of how several models produce a range of solutions that can 
converge on the most likely hazardous weather situation.

HRRR-Smoke
NOAA Incident Meteorologists (IMETs), Air Resource Ad-
visors, and NWS Weather Forecast Offices use GSD’s ex-
perimental HRRR-Smoke model to help advise the public 
about air quality and visibility issues caused by wildfires. 
The HRRR-Smoke air quality modeling system simulates 
the emissions and transport of smoke from wildfires detect-
ed by the VIIRS/JPSS satellite fire product in high spatial 
resolution (3km) over the CONUS domain. Currently, the 
model is run every 6 hours to produce smoke forecasts for 
the next 36 hours. The forecast products—near-surface and 
vertically integrated smoke concentrations—are displayed 
on a GSD website in real time at http://rapidrefresh.noaa.
gov/HRRRsmoke/. The coupled structure of the HR-
RR-Smoke modeling system also makes it possible to study 
the impact of smoke on day-to-day weather in real time to 
help improve numerical weather prediction.

HRRR-Ensemble (HRRRE)
HRRRE takes in a variety of weather data to produce mul-
tiple forecasts, each with a slightly different starting point, 
to generate hourly snapshots of possible hazardous weather. 
Each forecast outcome includes the degree of certainty or 
uncertainty of the hazard occurring. For example, if the 
majority of forecast ensemble members from the HRRRE 
all predict that a severe storm will form at a specific place 
and time, users will tend to have more confidence in that 
forecast (vs. a situation where each ensemble member pre-
dicts a different outcome). HRRRE predictions launch the 
NOAA National Severe Storms Laboratory’s experimental 
Warn-on-Forecast System for ensembles (NEWS-e), which 
includes sub-hourly radar- and satellite- data assimilation 
for short-term (0 –3 hour) ensemble forecasts. 

The future of HRRR: FV-HRRR
GSD’s expertise in physics, data assimilation, modeling, 
and verification is helping to build the foundation for future 
state-of-the-art NWS extended global forecasts. This work 
is tested and evaluated each year in the NOAA Hazardous 
Weather Testbed, Winter Weather Testbed, and Hydromete-
orology Testbed.
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