HURRICANE GLIDERS

Improving Hurricane Intensity Forecasts and
Saving Lives With Upper Ocean Observations
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Key Takeaways WHY GLIDERS?

Accurately predicting a hurricane’s intensity requires an
B Accurate hurricane forecasts save lives and reduce understanding of ocean conditions in the storm’s path. Gliders are
property damage. Coastal communities need sufficient autonomous underwater robots uniquely suited to collect real-time

warning time to make critical evacuation decisions. Yet subsurface data throughout the hurricane season, capturing ocean
forecasting storm intensity, particularly rapid intensification, features that influence storm strength.

is a challenge due in part to the need for more ocean
observations.

Subsurface ocean observations improve hurricane
intensity forecasts by monitoring unique ocean features
that influence storm strength. These features extend below
the ocean surface, where satellites cannot “see.”

Gliders flown by a coordinated group of NOAA, U.S. Navy,
U.S. I00S Regional Associations, and academic partners
collect subsurface ocean observations and deliver them to
NOAA'’s forecast models. The data help improve hurricane
intensity forecasts, and advance hurricane research.

What's At Stake

Hurricanes are among the deadliest weather disasters to
affect the U.S. They are responsible for 55% of the billion dollar
disasters the U.S. has experienced since 1980, causing over
$1.5 trillion in total damages (an average cost of $23 billion

per event), and 7,211 deaths. While hurricane track forecasts,
which predict a storm's path, have significantly improved over
the past 30 years, similar progress has lagged in intensity
forecasts, which predict a storm's strength.

Emergency managers and local leaders must have early,
accurate hurricane track and intensity forecasts to inform
life-saving decisions well before a storm impacts the
region. Unexpected rapid intensification or weakening

of hurricanes are challenging to forecast, and can have
major consequences. Rapid intensification of storms in the
hours before landfall can catch coastal communities off
guard, leading to increased storm damages and deaths.
Overestimating the strength of a storm can lead to costly,
unnecessary evacuations, wasted resources, and can erode
public trust in forecasts.

The Challenge

Hurricanes draw their fuel from warm ocean waters, so long
as atmospheric conditions (calm upper-level winds and moist
air) are in place. Specific ocean features can rapidly change
hurricane strength, with warm or freshwater features helping
to intensify storms, and cold-water features helping to weaken
them. These features include rings of warm or cold water
(eddies) that slowly travel across the ocean, fast-moving
“conveyer belts” of warm-water currents, subsurface pools of
cold water, and freshwater outputs from major rivers
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Autonomous Operation. Gliders operate
without a crew, allowing them to collect data
safely in regions and conditions that would
be too dangerous for ships or personnel,
including in and around hurricanes.

Timely and accurate data. Data are
transmitted to NOAA in near-real time and
are checked for quality every step of the
way before they are integrated into the
forecast models.

Energy-Efficient. Gliders use buoyancy-
driven propulsion rather than an engine.
They can remain at sea for months at a
time while consuming minimal energy. This
enables long-term data collection to help
keep the ocean models on track.

Cost-Effective Monitoring. Gliders provide
sustained ocean observations at a fraction
of the cost of ships or crewed research
missions.

Targeted Ocean Feature Sampling. Gliders
can be steered towards specific areas or
depths in the ocean, down to 3,300 ft, to
fully capture the features known to influence
hurricane intensity, ensuring that critical data
is collected where it matters most.

Improve Operational Forecasts. Glider
observations help keep the ocean

models that feed hurricane forecasts

on track, providing forecasters with a
well-represented ocean that supports more
reliable intensity predictions.

Advancing Research. Glider data provide
detailed observations of the ocean beneath
and around storms, helping researchers
better understand hurricane structure,
dynamics, and the processes that control
storm intensity.
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Hurricane Glider Efforts Span National and International Waters

Tropical cyclone tracks in the North Atlantic Ocean (1851 - 2019)

show most storms approach the U.S. coast from international waters,

particularly the Caribbean Sea and tropical Atlantic. Measuring
subsurface ocean conditions in these regions is critical to improve
forecasts. Expanding glider coverage in these data-sparse areas
would provide real-time ocean observations needed to improve
predictions of hurricane intensity.

(e.g. the Mississippi) can extend far offshore and keep the ocean
surface warm.

Real-time ocean observations are needed to accurately identify and
track these features as they are constantly moving and changing.
Satellites provide numerous surface observations that help identify
some features, but they cannot “see” below the surface to detect
the presence or extent of these features. If these features are not
accurately captured in forecast models, then this could impact the
accuracy of the forecast.

Glider Data Improve Hurricane Intensity
Forecasts and Reduce Costs

Since 2018, more than 20 federal and nonfederal organizations

come together every hurricane season to coordinate the operations

of roughly 30 dedicated “hurricane gliders" in coastal U.S. waters
spanning from Texas to Massachusetts, including Puerto Rico and the
U.S. Virgin Islands. Glider operators include NOAA, the U.S. Navy,
IOOS Regional Associations, and numerous academic partners.
Observations from approximately 50 additional gliders operating
across the region for other purposes are also leveraged, enabling
NOAA to double or even triple the subsurface data. All gliders monitor
subsurface ocean conditions ahead of storms, providing the critical
data needed to help improve the accuracy of hurricane intensity
forecasts several days in advance. NOAA'’s centralized glider data
management system, the U.S. |OOS Glider Data Assembly Center,
integrates glider data to make them available to the models used to
predict hurricane intensity. In total, roughly 100 gliders deliver hundreds
of thousands of datasets each hurricane season to weather forecasters
at NOAA’s National Hurricane Center.

Image Sources

« Header. Modified from Slocum and NOAA GOES sattelite image of Hurricanes Idalia and
Franklinin 2023

« Spray Glider. Woods Hole Oceanographic Institution

« All Glider Data Images. |OOS Glider DAC

Glider tracks from the IOOS-led hurricane glider coordination
effort show that these autonomous vehicles span national

and international waters. All gliders monitor subsurface ocean
conditions ahead of storms, providing the critical data needed to
help improve the accuracy of hurricane intensity forecasts several
days in advance.

Hurricane Intensity Forecast Improvement. Ocean observations
have been shown to reduce error in intensity forecasts by up to 56%,
and glider data are a key contribution.

Cost Savings. Accurate hurricane forecasts are estimated to save up
to $1 billion or more in costs for a given storm. Gliders are a low-cost
alternative to ship-based observations, due to lack of crew, their ability
to operate in hazardous conditions, and operate for months at a time.

In 2020, Hurricane Laura rapidly intensified over the Gulf of America
and made landfall in southwest Louisiana as a powerful Category 4
storm, tying as the strongest hurricane on record to strike the state.
It caused 81 deaths and approximately $19 billion in damages. Two
gliders (black lines) within the forecast cone provided near real-time
ocean conditions, shown alongside modeled water temperature
(background colors), used to inform hurricane intensity forecasts.

« Glider Deployed off Boat. Photo taken by Edmond Hughes, edited by Ben Prueitt

« Hurricane Milton. NOAA GOES-16 satellite image.

« Historical Hurricane Tracks. Wikipedia:WikiProject Tropical cyclones/Tracks. Data from NOAA's
National Hurricane Center.
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