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Abstract Precipitation and no-precipitation events under the influence of the Siberian high
pressure system in Yeondong region, were analysed and classified as four types [obvious precip-
itation event (OP) type, obvious no-precipitation event (ON) type, ambiguous precipitation event
(AP) type and ambiguous no-precipitation event (AN) type], according to the easiness in deter-
mining whether to have precipitation or not in Yeongdong region, to help in improving the fore-
cast skill. Concerning the synoptic pressure pattern, for OP type, the ridge of Siberian high
extends from Lake Baikal toward Northeast China, and there is a northerly wind upstream of the
northern mountain complex (located near the Korean-Chinese border). On the other hand, for
ON type, the ridge of Siberian high extends southeastward from Lake Baikal, and there is a
westerly wind upstream of the northern mountain complex. The pressure pattern of AP type was
similar to the OP type and that of AN type was also similar to ON type. Thus it was difficult to
differentiate AP type and OP type and AN type and ON type based on the synoptic pressure pat-
tern only. The four types were determined by U (wind speed normal to the Taebaek mountains)
and Froude number (FN). That is, for OP type, average FN and U at Yeongdong coast are ~2.0
and ~6 m s, and those at Yeongseo region are 0.0 and 0.1 m s™', respectively. On the contrary,
for ON type, average FN and U at Yeongdong coast are 0.0 and 0.2 m s, and those at Yeo-
ngseo region are ~1.0 and ~4 m s™', respectively. For AP type, average FN and U at Yeongdong
coast are ~1.0 and ~4 m s™', and those at Yeongseo region are 0.0 and 0.2 m s, whereas for AN
type, average FN and U at Yeongdong coast are 0.1 and 0.6 m s™ and those at Yeongseo region
are ~1.0 and ~3 m s™', respectively. Based on the result, a schematic diagram for each type was
suggested.
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Fig. 1. (a) Blocked flow as seen on the left, (b) contrasted with near critical flow in the middle, (c) and unblocked flow on the

right (from Muccilli (2015), their Fig. 6).

Table 1. The WRF simulation cases for the study and the classification according to the obvious and ambiguous types. The date

in bold indicates that of a selected typical event for each type.

Type Date
15 Jan 2013
OP (Obvious precipitation events) 3 Jan 2011
26 Feb 2012
Obvious type
20 Jan 2011
ON (Obvious no-precipitation events) 24 Jan 2011
17 Jan 2014
2 Jan 2012
AP (Ambiguous precipitation events) 29 Dec 2011
Ambi 28 Jan 2015
mbiguous type
£ P 11 Jan 2012
AN (Ambiguous no-precipitation events) 6 Jan 2011
22 Dec 2012
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Fig. 2. (a) WRF model domains for domain 1 (d01), domain 2 (d02), and domain 3 (d03). (b) Magnified domain 2. Topography
is represented with shading based on scale at bottom. The oval of red line indicates Northern mountain complex. Some

geographic areas referred to in the text are indicated.
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Table 2. Configuration of the WRF model used in the simulations for this study.

Model WRF V3.6.1
Domains Domainl Domain2 Domain3
Horizontal grid spacing 9 km 3 km 1 km

Vertical layer/Model top

38 Eta vertical layer/50 hPa

Initial condition

ECMWEF reanalysis ERA-Interim (6 hourly, 0.25° x 0.25°)

Microphysics

WDM 6 scheme

Planetary Boundary Layer

YSU scheme

Cumulus parameterization

Kain-Fritsch scheme

Not used

Land Surface Model

Unified Noah land-surface model

Long wave radiation scheme RRTMg scheme
Short wave radiation scheme RRTMg scheme
Grid nesting Two-way

OP: 0000 UTC 14~1200 UTC 15 January 2013 (36 hr)

Run time

ON: 1200 UTC 19~1200 UTC 20 January 2011 (24 hr)

AP: 0600 UTC 01~0000 UTC 02 January 2012 (18 hr)
AN: 1800 UTC 10~1800 UTC 11 January 2012 (24 hr)

&3ttt vAl =g 42> WDM6 (WRF Double-
Moment 6-class) 7I'H(Lim and Hong, 2010), A%
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boundary layer) 71 (Hong et al., 2006)2, F3}5AL
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Model for Global climate models) 7% (lacono et al.,
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Fig. 3. COMS satellite composited images (left panels), radar images (middle panels), and 1 hr accumulated precipitation from
AWS (right panels) at (a, b, ¢) 1500 UTC 14 January 2013, (d, e, f) 1600 UTC 01 January 2012, (g, h, i) 0100 UTC 20 January
2011, and (j, k, I) 0500 UTC 11 January 2012. The radar reflectivity (dBZ) and rain rate (mm h™') are represented with color
shading based on scale at right of the figures (middle panels). The precipitation (mm) is represented with color shading based

on scale at right of the figures (right panels).
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Fig. 4. Surface weather charts (left panels) for (a) 1500 UTC 14 January 2013, (d) 1500 UTC 01 January 2012, (g) 0000 UTC
20 January 2011, and (j) 0600 UTC 11 January 2012. 925 hPa (middle panels) and 850 hPa (right panels) synoptic charts at (b,
¢) 1200 UTC 14 January 2013, (e, f) 1200 UTC 01 January 2012, (h, i) 0000 UTC 20 January 2011, and (k, I) 0000 UTC 11
January 2012, and the bold red arrows indicate the gradient wind direction around the Korean peninsula.
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Fig. 6. The simulated 1hr accumulated precipitation (mm) fields valid at (a) 1300 UTC 14 January 2013, (b) 1700 UTC 01
January 2012, (c) 0700 UTC 20 January 2011, and (d) 0700 UTC 11 January 2012. The precipitation (mm) is represented with
color shading based on scale at right of the figures. The red dots indicate the observation station of GN (Gangneung). The bold
black lines indicate the parallel direction of the Taebaek mountains and are located 20 km, 40 km, and 60 km away from the
gangneung observation station, respectively.
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Fig. 8. Scatterplots of the cross-mountain wind speed (U; top panels), Brunt-viisild frequency (N; middle panels) and Froude
number (FN; bottom panels) versus time (h). Bold blue and red points are for obvious precipitation events and obvious no-
precipitation events, respectively. The blue (red) lines indicate average values of U, N, and FN for the obvious precipitation
events (obvious no-precipitation events) (See text for details).
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Fig. 10. The schematic diagrams for the (a) obvious precipitation event, (b) obvious no-precipitation event, (c) ambiguous

precipitation event, and (d) ambiguous no-precipitation event.
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