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Estimation of Global Atmospheric Turbulence Using Operational
High Vertical-Resolution Radiosonde Data

Han—Chang Ko'!, Hye—Yeong Chun!, Marvin A. Geller?, Bruce Ingleby®

"Department of Atmospheric Sciences, Yonsei University
School of Marine and Atmospheric Sciences, Stony Brook University
*ECMWF

Atmospheric turbulence significantly impacts the mixing and diffusion of trace gases, heat, and momentum, as
well as aircraft operations. While many studies have examined turbulence using operational data and field campaigns,
understanding turbulence characteristics in the free atmosphere remains challenging due to its small-scale, intermittent,
and sporadic nature, along with limited observations. This study addresses these challenges by estimating turbulence in
the free atmosphere using the Thorpe method and operational high vertical-resolution radiosonde data (HVRRD) with
vertical resolutions of approximately 5 or 10 m, across near—global regions. HVRRD are provided by the European Centre
for Medium—Range Weather Forecasts (ECMWEF) through the US National Centers for Environmental Information
(NCED over a six—year period (October 2017—September 2023). Globally, turbulence is stronger in the troposphere than
in the stratosphere, with maximum turbulence occurring about 6 km below the tropopause, followed by a sharp decrease
above. Seasonal variations show strong tropospheric turbulence in summer and weak turbulence in winter for both
hemispheres, while the stratosphere exhibits strong turbulence during spring. Regionally, strong turbulence is observed
over the South Pacific and South Africa in the troposphere, and over East Asia and South Africa in the stratosphere.
These turbulence information can be provided in regions and high altitudes that are not covered by commercial aircraft,

suggesting its potential utility for both present and future high—altitude aircraft operations.

Key words: Atmospheric turbulence, High vertical-resolution radiosonde data, Radiosonde, Thorpe method, Aviation
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