
 

New weather model could increase tornado-
warning times
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Penn State researchers are the first to use data obtained from recent next-
generation satellites in a numerical weather-prediction model used to
provide guidance for tornadic thunderstorm forecasting.

GOES-16, which was launched in 2016, recently became fully
operational but methods for incorporating the data, until now, did not
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exist.

Researchers used a method for all-sky infrared radiance developed
through Penn State's Center for Advanced Data Assimilation and
Predictability Techniques (ADAPT), to incorporate data into models for
weather events in the Midwest. The experiments were hindcast, meaning
the models were run after the weather event and compared with actual
events. The model was able to forecast supercell thunderstorms with
atmospheric conditions that are very conducive to tornadoes.

The results, reported in Monthly Weather Review published by the
American Meteorological Society, suggest that we can greatly enhance
our ability to predict thunderstorms capable of producing tornadoes.

"It's not just the data that's important," Fuqing Zhang, professor of
meteorology and director of ADAPT said. "It's how we design very
sophisticated numerical mathematical algorithms to ingest that satellite
data into the model. This is really our expertise and our pride. Our team
is the first to be able to effectively take in this high resolution satellite
data and prove it can be useful in real-case scenarios."

Forecasting tornadic thunderstorms is important because these events are
especially quick to form, hard to predict and can cause catastrophic
damage. Thunderstorms account for 40 percent of all severe weather
events in the United States, causing 14 percent of damage and 17 percent
of related deaths, according to the National Climate Data Center.

"For many storms in the United States, we have good radar data,
however, it's very hard using any of the existing technologies to capture
the environmental and storm conditions before the storm totally
develops," Zhang said. "We're able to extend the warning time for these
events because the satellite can look at the field even before the clouds
form and our models can ingest that information to improve and advance
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forecasts."

In the past 40 years, tornado warning lead-time—meaning the time
interval between when a warning is issued and the tornado occurs—has
increased on average from 3 to 14 minutes. Zhang said this method
could extend that lead time even further.

"Researchers have made huge improvements in tornado lead times but,
for many people, 14 minutes isn't enough," said David Stensrud, head of
the Department of Meteorology and Atmospheric Science at Penn State.
"If you have a big sports stadium or a hospital it takes more than 14
minutes to prepare for the weather threat. There is certainly a need for
more advanced warnings. Our research indicates that by combining data
assimilation and high-resolution models we can get lead times beyond 30
minutes. Doubling the lead time would have huge potential societal
impacts."

Better models and better data supplied by GOES-16 could also reduce
false alarm rates, he said.

Researchers are working with NOAA and the National Weather Service
to ready the algorithms for ingesting these satellite data for widespread
use.

Satellite data has proven tricky for use in weather models because
satellites do not capture key variables such as wind speed, pressure,
temperature and water vapor. But satellites capture data known as
brightness temperature, which show how much radiation is emitted by
objects on Earth and in the atmosphere at different infrared frequencies.
Using all-sky radiance, researchers can use brightness temperature
captured at different frequencies to paint a picture of cloud formations
and water vapor fields.
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In research that's still under review and profiled in Nature, Zhang and his
colleagues show this method forecasted that Hurricane Harvey would
reach a category 4 while existing models forecast it as a category 1.
Harvey became the first category 4 hurricane to make landfall along the
Texas coast since 1961.

GOES-16 covers one-sixth of the Earth, including the Eastern portion of
the United States and all of the Atlantic Ocean, and is geostationary. It
replaces GOES-13, offering data resolution at a scale slightly larger than
half a mile, much better than its predecessor at 2.5 miles, and with data
available every 5 minutes or less.

The increased spatial and temporal resolution is important because it
offers much more information about what is taking place within
thunderstorms, hurricanes and other severe weather events. The satellite
uses 16 bands of image data using visible and infrared light to reveal
factors such as fog, winds, vegetation, snow and ice, fires, water vapor
and lightning. It is one of three similar satellites in operation that
collectively cover nearly all habitable land and surrounding oceans.

  More information: Yunji Zhang et al, Assimilating All-Sky Infrared
Radiances from GOES-16 ABI Using an Ensemble Kalman Filter for
Convection-Allowing Severe Thunderstorms Prediction, Monthly
Weather Review (2018). DOI: 10.1175/MWR-D-18-0062.1
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