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Abstract This study investigated a method for the discrimination of precipitation type using
thickness of geopotential height at 1000~850 hPa and improved Matsuo’s scheme over South
Korea using 7 upper-level observations data during winter time from 2003 to 2008. With this
research, it was suggested that thickness between snow and rain should range from 1281 to
1297 gpm at 1000~850 hPa. This threshold was suitable for determining precipitation type
such as snow, sleet and rain and it was verified by investigation at 7 upper-level observation
and 10 surface observation data for 3 years (2009~2011). In addition, precipitation types were
separated properly by Matsuo’s scheme and its improved one, which is a fuction of surface air
temperature and relative humidity, when they lie in mixed sectors. Precipitation types in the
mixed sector were subdivided into 5 sectors (rain, rain and snow, snow and rain, snow, and
snow cover). We also present the decision table for monitoring and predicting precipitation
types using model output of Korea Local Analysis and Prediction System (KLAPS) and obser-

vation data.
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Fig. 1. Altidutes and locations of 7 upper-level observation
stations (opened circles, December, 2003~March, 2011) and
selected 10 surface observation stations (January, 2009~
March, 2011) over South Korea.
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Table 1. Thresholds to be calculated by 1 standard
deviation in sleet cases at low-level troposphere using 7
upper-level observation data during winter season from
December, 2003 to December, 2008.

- -

Thickness Threshold (gpm) Difference
(hPa) Snow Rain (gpm)
1000~850 1281 1297 16
850~700 1480 1516 36
850~500 3952 4064 112
1000~700 2762 2810 48
1000~500 5237 5357 120
4973 AR ARSI 2ol 4
iS5 Skm 7HH SR FAEEAR(235 x 283)=
TAE don, AT TS 223 50 hPa 7F
Aot}
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Fig. 2. Scatter plots of precipitation type according to
1000~850 hPa thickness (gpm) and 925 hPa temperature
(°C) at 7 upper-level observation stations during winter
season from December, 2003 to December, 2008. ‘1281’ and
‘1297’ denote 1 standard deviation from average of 1000~
850 hPa thickness.
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Fig. 3. Distributions of weather phenomena, 1000~850 hPa (solid lines) and 1000~700 hPa (dashed lines) thicknesses over
South Korea at (a) 4 January and (b) 11 February 2010, respectively.

Table 2. Average of standard deviation of 1000~850 hPa thickness using KLLAPS reanalysis data in sleet cases at 10 surface
observation stations during winter season from January, 2009 to March, 2011.

. 1000~850 hPa  Standard Critical level of significance
. Altitude above . ..

Sites sea level (m) thickness deviation  Mean — Standard ~ Mean + Standard

mean (gpm) (gpm) deviation (gpm) deviation (gpm)
Munsan 294 1292 8 1284 1300
Daegwallyeong 772.6 1306 7 1299 1313
Donghae 39.9 1285 6 1279 1291
Seoul 85.8 1289 6 1283 1295
Cheongju 57.2 1285 7 1278 1292
Daejeon 68.9 1286 7 1279 1293
Gunsan 25.6 1291 7 1284 1298
Daegu 64.1 1293 7 1286 1300
Busan 69.6 1289 5 1284 1294
Mokpo 38.0 1293 9 1284 1302
Mean 125.1 1292 7 1282 1302
Mean except Daegwallyeong 53.2 1289 7 1281 1297
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Fig. 4. Scatter plots of precipitation type according to
surface temperature (°C) and relative humidity (%) at 7
upper-level observation stations during winter season. Left
and right hand line denote Matsuo scheme and added linear
equation, respectively. (a) Observations from December,
2003 to December, 2008, (b) ones from January, 2009 to
March, 2011.
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Fig. 5. Scatter plots of precipitation type according to
surface temperature (°C) and relative humidity (%) at 10
surface observation stations during winter season from
January 2009 to March 2011.
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Fig. 7. (a) Summarized equations in each sector, (b)
decision chart for determining precipitation type and ratios
of them at each sector.
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Table 3. Defined decision chart of precipitation type (I~V)
shown in Fig. 7. RH and T,z denote relative humidity and
surface air temperature, respectively.

Precipitation Area in

type Fig. 7 Calculation

RH >75% and

Snow I Azujacc <0. 9 C and

cover RH < (-100/13) x T;‘lﬂﬁlce +102.5
Trm_‘face > 0.9 and
Snow 11 RH < ( 100/13) X surface +89.5 or
mlface <0.9 and RH<75
RH> (_100/13) x Trurﬁu‘e +89.5
Sleet and
(Sn() ) I RH< ('100/13) x Z‘z{lj/ilce + 100 and
" RH < (_12) X L surface + 120 and
Ts‘mﬁzce > 0.90C
Trm_‘face > 0-90C and
Sleet RH > ('100/13) x surface + 100 and
(I'ail’l) v RH<( 12) X surface + 120 or
smface <0. 9 C and
RHZ( 100/13) x surface +102.5
Rain v RH=> (_12) x Tsw;/bce +120

1000-850hPa thickness
1st value < 1281 ~ 1297 < value

result | .
snow rain

Mixed precipitation type
surface temperature, relative humidity

= </ N\

result . . .
snow snow(rain) rain(snow) rain

Recommend ¢ ¢ ¢

forecast snow sleet rain

Fig. 8. Flow chart of recommending forecast for precipitation
type according to decision process.
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