
 

First simultaneous atmospheric and marine
observations directly beneath Category 5
typhoon in NW Pacific
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Naming and launching ceremony for Seiuchi-san in July, 2022. Credit: Left:
Seiuchi-san; Right: OISTER. Credit: Okinawa Institute of Science and
Technology
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Nippon Telegraph and Telephone Corporation and the Okinawa Institute
of Science and Technology have successfully conducted the world's first
simultaneous marine and atmospheric measurements at multiple
locations directly beneath a violent, Category 5, which is the strongest
class, typhoon in the North-West Pacific, before it reached land.

These observations were made directly beneath typhoon No. 11, called
"Hinnamnor"/"Henry", in the summer of 2022. NTT and OIST plan to
continue joint research contributing to observation methods that improve
the accuracy of typhoon predictions, and to explain the mechanisms of
interaction between the atmosphere and ocean using observation data
from directly beneath typhoons.

Typhoons, which can have major impacts on society and the
environment, have recently been intensifying in strength and causing
more damage due to global warming and other climate change effects.
To prepare effectively for a typhoon, it is important to have an accurate
understanding, as early as possible, of how the storm conditions will be
upon landfall.

However, there is currently no way to accurately know the state and
intensity of a typhoon while it is still over the ocean from available
satellite images and other observations. As such, typhoon information in
weather reports is estimated based on analysis of weather satellite images
with limited accuracy.

In an effort to improve the accuracy of forecasts, a national research
project used aircraft to make direct observations in 2017. This project
demonstrated that observation data from aircraft can contribute to
increasing the accuracy of typhoon forecasts.

In 2013, OIST made marine and atmospheric observations directly under
a very strong Category 4 typhoon (Typhoon No. 24, Danas) using a
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Wave Glider (model SV2) from Liquid Robotics Inc., an autonomous,
unmanned surface vehicle which they nicknamed OISTER. This
research demonstrated the need-to-know conditions accurately at the
ocean's surface, directly below the typhoon. However, it has not been
possible to make such observations accurately with stronger typhoons,
because conditions become too severe.

With a warming climate creating conditions conducive to intensification,
research on typhoons has become increasingly important, as signified by
the establishment of Japan's only research facility dedicated to the study
of typhoons in 2021.

In 2021, NTT and OIST began joint research to implement the
observation of factors necessary to predict typhoons, even in the harsh
environment of a strong typhoon. In 2022, NTT purchased a new Wave
Glider (model SV3) which was called Seiuchi-san and began typhoon
observations using both Wave Glider devices.
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Observation data (top to bottom: air pressure, water temperature, significant
wave height). Credit: Okinawa Institute of Science and Technology

Demonstration overview

Typhoon Hinnamnor began on August 28, 2022, near the island of
Minamitorishima, with air pressure dropping to 920 hPa as it moved
westward and became a violent, Category 5 typhoon. After checking the
predicted path of the typhoon, the two Wave Gliders were put into
operation.
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Seiuchi-san operated in the violent wind region, not less than 11 km
from the typhoon center (with average wind speeds of 25 m/s or more),
and OISTER operated in the strong wind region approximately 100 km
from the center (with average wind speeds of 15 m/s or more). Both
vehicles took atmospheric and ocean measurements simultaneously.

  
 

  

Major items observed. Credit: Okinawa Institute of Science and Technology

Air pressure is directly related to intensity of a typhoon, and Seiuchi-san
was able to capture sudden, rapid changes in air pressure in the violent
wind region of the typhoon. It was able to confirm the lowest pressure
value at its closest approach to the typhoon, at approximately 20:00 on
August 31. In contrast, OISTER made observations in the strong wind
region, and was not able to recognize such drops.

These experiments were also able to measure changes in the temperature
of sea water, which is important in estimating the intensity of a typhoon.
Changes in water temperature affect the supply of energy to the typhoon
and correlate with the strength of the typhoon, so it is another essential
element in predicting intensity precisely. With Seiuchi-san near the
center of the typhoon, the scientists were able to detect that the drop in
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sea-water temperature (approx. 2°C) occurred more suddenly.

Seiuchi-san also measured a maximum wave height of approximately 9
m. Since waves are caused by wind, knowing the wave height makes it
possible to estimate wind strength. As such, it is useful to obtain wave
height data from directly below a typhoon, but these data have been
difficult to obtain from satellite observations.

The data also showed changes in the speed of ocean currents as the
typhoon passed. The researchers also measured ecosystem factors,
including salt concentrations related to nutritive salts, and amounts of
chlorophyll a, which is useful for analyzing phytoplankton. The team
plan to perform more detailed analysis on the effects of typhoons in the
future.

These results were published in Scientific Online Letters on the
Atmosphere (SOLA).

The experiments also collected data on the behavior of the Wave Gliders
themselves, in addition to atmospheric and ocean data, including
orientation and movement. The scientists will analyze this behavior data
and use it to improve observation equipment so that they can continue to
make stable observations in the future. They also plan to continue
accumulating and verifying observation data, and to develop
explanations for the mechanisms of interaction between the atmosphere
and the oceans.

The research team aim to improve the accuracy of typhoon predictions
by establishing methods for making typhoon observations, and to
improve typhoon prediction models by explaining the mechanisms at
work within typhoons. This will enable scientists to more accurately
analyze and predict the conditions of typhoons before they reach land.
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In the future, the researchers also plan to collaborate with various
industries and facilities to optimize methods for real-time typhoon
observation, and to apply them in Earth Information Analysis
Infrastructure Technology using the Space integrated computing
network. They will also contribute to realizing a resilient society that can
co-exist with typhoons, by adapting proactively to the environment based
on highly accurate typhoon prediction.

By using observation data to understand the effects of global warming on
typhoons, and conversely, the effects of typhoons on the global
environment, the researchers hope to gain a better understanding of the
global environment, and be better able to promote changes in our society'
behavior to preserve and regenerate the Earth.

  More information: Naoko Kosaka et al, Simultaneous Observations of
Atmosphere and Ocean Directly under Typhoons Using Autonomous
Surface Vehicles, SOLA (2023). DOI: 10.2151/sola.2023-016
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