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Abstract The yellow dust events in Korea are often associated with extratropical cyclones
(ETCs) that travel across the source regions of yellow dusts. Although such synoptic patterns are
well documented, climatic features of ETCs themselves during the yellow dust events are not
well understood. The present study reports climatic features of spring-time ETCs, which accom-
pany the yellow dust events in Korea, by tracking individual ETCs with an automated tracking
algorithm. By analyzing Lagrangian tracks of ETCs from 1979 to 2014, it is found that, during
yellow dust events, ETCs are located around Vladivostok, Russia. They are typically originated
from the leeside of Altai-Sayan mountains about three days before the onset of the yellow dust
events, and travel either eastward or southeastward in time. While their tracks are not unusual,
they grow faster over the source regions of the yellow dusts, possibly lifting desert dusts above
the planetary boundary layer, and further develop slowly as they travel eastward.
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Fig. 1. (a) Monthly frequency of yellow dust events for the years of 1979~2014 (b, c). Time series of spring-time yellow
dust events and number of ETCs over the North East Asia (see white box in Fig. 2).
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Fig. 2. Temporal evolution of (left) mean sea level pressure anomalies (hPa) with wind anomalies at 850 hPa and (right)
geopotential height anomalies (m) with wind anomalies at 500 hPa from 3 days before yellow dust events to the onset date.
Only statistically significant values at the 95% confidence level are shaded. The white box on left bottom panel indicates the
North East (NE) Asia region.
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Fig. 3. The number of ETCs which pass through the Northeast Asia domain (the white box) in spring for (a) all cases, (b) no
yellow dust events and (c) yellow dust events. (d, e, f) same as the left column but for mean intensity. Grey thick contours

indicate 1000-m elevation topography.

Fig. 4. Individual ETC tracks which cross North East Asia
domain (125~140°E, 35~50°N) boxed in figure during (a) no
yellow dust events and (b) yellow dust events. Colors denote
the intensity each ETC.
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Fig. 5. Time evolution of (a) mean sea level pressure, (b)
relative vorticity, and (c) surface wind speed for ETCs
associated with (red) yellow dust events and (black) no
yellow dust events over the North East Asia. Bright color
indicates the variation of one standard deviation.
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Fig. 6. Distribution of intensity and the propagation direction of the North East Asia ETCs for (a) no yellow dust events
and (b) yellow dust events in a windrose form. The difference between no yellow dust events and yellow dust events are

statistically significant at the 95% confidence level.
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Fig. 7. Climatological characteristics of ETCs over the North East Asia: (a) intensity, (b) growth rate, (c) lifetime and (d)
speed. Grey color denotes no yellow dust events (left column) whereas Red denotes yellow dust events (right column).
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Fig. Al. (a, b) The number of ETCs which pass through the Northeast Asia domain (the white box) in spring for yellow dust
events. (¢, d) same as the left column but for mean intensity. ETCs which are detected by (a, c¢) local maxima of relative
vorticity and (b, d) local minima of sea level pressure anomaly. Grey thick contours indicate 1000-m elevation topography.

Note that (a, ¢) are identical to Figs. 7c, f.
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