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Abstract

A Study on Synoptic Patterns and
Mesoscale Mechanisms
for Downslope Windstorms
in the Lee of Taebaek Mountains

SHIN Yewon
School of Earth and Environmental Sciences
The Graduate School

Seoul National University

Downslope windstorms have occurred frequently in the
Yeongdong region, which is the eastern side of Taebaek Mountains
in Korea. This study selected a total of 668 downslope windstorm
cases in the lee of Taebaek Mountains for 41 years (1979-2019),
and classified their sea level pressure patterns into eight clusters
using Self—Organizing Map. The eight clusters could be grouped into
three types, which are south—high and north—low (Type 1), west—
high and east—low (Type 2), and low—passing (Type 3) patterns.
Type 1 occurred when there was a warm advection along the
prevailing southwesterly in the springtime, while Type 2 occurred
when there was a cold advection along the prevailing northwesterly
in the wintertime. Type 3 occurred when a well—developed baroclinic
cyclone passed through the northern side of the Korean peninsula.

Also, the differences in the mesoscale mechanisms of downslope
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windstorms in each synoptic pattern were investigated from the
analysis on the upstream flow using the reanalysis data. As a result,
hydraulic jumps often occurred in Type 2, partial reflection of
mountain waves occurred in the most cases, and critical—level
reflection of mountain waves often occurred in Type 1. In addition,
numerical simulations of three representative cases were conducted
using a WRF model in order to investigate the generation mechanisms
of downslope windstorms and the role of mountain waves and their
breaking. Case 1 in Type 1 showed the lowest Froude number around
0.7 and mountain wave breaking in the downstream, so occurred due
to a hydraulic jump, partial and critical—level reflection of mountain
waves. Case 2 in Type 2 showed the intermediate Froude number
around 1.1 and occurred due to the lower—tropospheric inflow
accelerated by a hydraulic jump. Case 3 in Type 3 showed the highest
Froude number around 1.6 and occurred because the inflow was

strong and it accelerated due to the large—amplitude lee waves.

Keywords : downslope windstorms, mountain waves, synoptic
patterns, mesoscale mechanisms, Taebaek Mountains, Self—
Organizing Map

Student Number : 2021—-27533
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