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Abstract

Precipitation forecasts from MMS have been verified for the period 1989-2001 over Yeongdong region to show a ten-
dency of model forecast. We select 57 events which are related with the heavy snowfall in Yeongdongregion. They are
classified into three precipitation types; mountain type, cold-coastal type, and warm type. The threat score (TS), the proba-
bility of detection (POD), and the false-alarm rate (FAR) are computed for categorical verification and the mean squared
error (MSE) is also computed for scalar accuracy measures. In the case of POD, warm, mountain, and cold-coastal precip-
itation type are 0.71, 0.69, and 0.55 in turn, respectively. In aspect of quantitative verification, mountain and cold-coastal
type are relatively well matched between forecasts and observations, while for warm type MMS tends to overestimate
precipitation. There are 12 events for the POD below 0.2, mountain, cold-coastal, warm type are 2, 7, 3 events, respectively.
Most of their precipitation are distributed over the East Sea nearby Yeongdong region. These events are also shown when
there are no or very weak easterlies in the lower troposphere. Even in the case that we use high resolution sea surface
temperature (about 18 km) for the boundary condition, there are not much changes in the wind direction to compare that
with low resolution sea surface temperature (about 100 km).
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Fig. 1. The model domains for 18 km, 6 km, and 2 km.
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Table 1. Configuration of MMS5 for the three different spatial domains.

Domain 1 Domain 2 Domain3
Horizontal grid spacing 18 km 6 km 2 km
Dimension 148x148%35 148x130%35 130x130x35
Time step (s) 54 18 6

Veritical layers/Model top
Nesting initialization
Lateral boundary condition
Explicit moisture

Cumulus parametrization
Shallow convection No
Planetary boundary layer

Radiation

1-way interaction
Relaxation

Kain-Fritsch2

35 Sigma layer/ 50 hPa
2-way interaction

Time-dependent
Simple-ice
None None
No No
MRF
RRTM longwave

/podaac.jpl.nasa.gov)S 3} A|-&3F= Multi-Channel
Sea Surface Temperature (MCSST) R}&20|H A=
L 0.18°x0.18°0]c} (A EH , 2001).
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Fig. 2. Relationship between counts of forecast/event pairs
for the dichotomous categorical verification situation as dis-
played in a 2x2 contingency table (From Wilks, 1995).
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Table 2. Measured accuracy of precipitation forecast (mm/3hr) with all events (2 km).

Accuracy measures

Total precipitation of event

Precipitation type
Event TS POD FAR MSE MM5 OBS

1989-02-24 0.54 1.00 0.46 58.20 371.30 161.40

1992-01-08 0.39 0.64 0.50 14.20 75.14 38.60

1992-01-12 035 0.71 0.59 53.40 169.00 75.30

1993-01-13 0.00 0.00 1.00 27.48 0.50 301.60

1994-01-10 043 0.61 0.39 29.87 202.91 86.50

. 1994-01-16 0.03 0.03 0.75 10.68 2.98 84.30
M(’(lig“)am 1998-01-07 0.78 1.00 0.22 11.01 147.04 170.60
1998-01-13 0.63 0.94 0.35 8.51 248.96 243.10

1998-02-26 048 0.80 0.46 6.82 75.00 68.80

2001-01-06 0.66 1.00 0.34 15.79 268.54 282.60

2001-01-24 043 0.92 0.55 6.92 133.25 54.40

2001-02-23 0.80 0.85 0.07 11.74 204.40 165.80

2001-12-24 045 1.00 0.55 26.29 114.40 91.40
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Table 2. Continued.

. Accuracy measures Total precipitation of event
Precipitation type
Event TS POD FAR MSE MMS5 OBS
1989-01-13 0.18 0.18 0.00 3235 5.74 88.60
1990-02-03 0.66 0.84 0.24 62.62 246.71 59.30
1991-12-06 0.15 0.16 0.25 49.68 24.70 215.40
1991-12-18 035 0.50 0.46 31.18 5891 27.70
1992-12-01 039 0.70 0.53 397 29.44 19.50
1995-02-08 0.00 0.00 1.00 21.85 27.19 16.10
1995-02-18 023 0.23 0.00 13.42 33.62 107.60
1995-12-10 048 1.00 0.52 20.86 102.63 27.10
1996-02-14 0.04 0.04 0.00 49.62 0.24 11830
Cold-coastal 1996-02-16 0.68 0.85 0.23 18.12 166.82 224.10
(20 1997-01-06 0.56 0.86 0.39 1491 116.37 91.20
1997-02-02 0.14 0.17 0.60 9.58 8.82 64.20
1997-02-25 0.00 0.00 1.00 130 8.00 11.30
1997-12-19 0.56 0.90 0.41 6.58 24220 92.40
1998-02-02 0.51 091 0.46 3.70 84.39 4120
1998-11-30 0.62 0.65 0.07 17.63 108.05 11430
2000-01-16 0.52 0.85 0.42 5.74 7523 4950
2000-01-24 0.10 0.10 0.00 47.51 1.34 116.70
2000-01-25 0.30 0.73 0.67 7.29 53.62 3130
2001-02-05 033 0.49 0.50 240 52.52 63.20
1989-02-07 0.04 0.05 0.88 0.50 338 11.60
1990-01-09 0.53 1.00 047 24.53 105.59 5220
1990-02-09 0.57 0.75 0.29 571 39.18 24.60
1990-02-17 049 0.72 0.39 14.28 117.18 7430
1991-02-09 033 0.55 0.54 27.32 73.97 5830
1992-01-05 0.17 0.25 0.67 4.63 34.83 47.10
1993-02-15 0.65 0.94 0.32 92.33 46220 196.70
1993-02-20 0.67 0.80 0.20 12.04 76.70 89.80
1993-12-09 0.19 0.23 0.50 2.87 423 20.10
1995-01-21 0.19 021 0.29 10.45 7.05 62.70
1995-02-24 0.05 0.06 0.67 329 1.83 22.80
Warm 1995-02-27 0.09 0.09 0.33 17.22 1.10 67.20
(24) 1996-01-04 0.39 0.68 0.52 142 28.81 23.60
1996-01-13 0.65 1.00 0.35 6.93 65.72 43.60
1996-01-14 0.58 0.75 0.29 545 27.11 63.00
1996-12-03 0.58 0.83 0.34 9.49 67.29 60.40
1997-01-04 0.52 0.66 0.28 19.87 60.82 94.00
1997-02-24 0.66 0.95 0.32 5.86 30.09 67.40
1997-12-05 0.82 0.92 0.12 27.29 377.66 210.60
1998-02-18 0.71 1.00 0.29 101.19 679.02 118.80
1999-02-23 0.70 0.82 0.18 0.70 32.57 29.70
2000-01-04 0.70 0.82 0.16 19.07 171.08 77.70
2000-01-11 0.52 0.74 037 6.16 105.47 77.10

2001-02-26 0.89 0.94 0.06 3.63 3544 48.90




olge - HHlF - A

oz 7 34 yetyith PODS 25 AwE
A ARerEE 0.61 o]4Fe] kS Holn, 37| 3oty 9
A% R 0.5 o4 g2 Heltk d71 3 E3 g F
& 0.55 o9 gk Uehditt

A RE SRS ATHEY S8 R A5 A
& LS Table 39 AT A5 A5}
FAY A7t BSEUE B 27 e SgES
UetE TSE U713 0.53, Ak 0.48, 3H7]8)et3
2 0412 Uepydth 247t #E5EHUS A9, 2o
s A2 &ES Yehfl= PODE= H71% 0.71,
AT 0.69, EH718ltE o] 0.55 =22 Uyttt &
g mdo] g nof i o vt HEHA &
2 H8E YehlE= FARE AHeHE 0.40, 817]3)9Hs
0.39, 3713 0.322 Yepyith 29| i 3 7
g ApolE AlFste] F#E MSEx: W73 ol
24212 AAdjd oz A Yehton, gt 37

131

sk g2 217 19.849} 19.642 ekttt o] 2oz
H WRe A4 el T ds Aeest A
o2 fou} P4 AuA oS ARt Hee
o % glet.

AH B Amn) g5kl B4 FAol o
2 Ao )& =S Table 40 LehRT o5
HUEE AT AYE $2, g, 22, 5o, o
) 574 A o]k, 79 A\ ofe] B&go] AR} gl
A YA, AWS Z4Atas B271719 AL
(12, 1,29) 7% B&0) BARO R Jlolo] Folus
& AR AT Aot el 49 TS thue s
75o0] 247} 0.54940.53 123 &2, 53, wujo] 2}
7+ 0.41, 0.43, 0442 YUERTE POD= gjullo] 0.852
7V A VoL, FAR 94] 0552 Jrje oz
e g2 Beth oA UL 448 dusigo
U 47t BEEA 3L WEST} e K] ule

Table 3. Measured accuracy of precipitation forecast (mm/3hr) in the 3 precipitation types (2 km).

Precipitation type Accuracy measures
TS POD FAR MSE
Mountain (13) 0.48 0.69 0.40 19.84
Cold-coastal (20) 0.41 0.55 0.39 19.64
Warm (24) 0.53 0.71 0.32 2421

Table 4. Measured accuracy of precipitation forecast (mm/3hr) in the 3 precipitation types at each station (2 km).

Accuracy measures

Precipitation type Station

TS POD FAR MSE
Sokcho 0.44 0.65 042 17.19

) Daegwallyeong 0.54 0.66 0.27 23.01
M‘Z‘I‘gt)am Gangneung 0.53 0.71 0.32 25.28
Donghae 0.43 0.64 043 1248

Taebaek 0.41 0.85 0.55 19.75
Sokcho 0.46 0.58 0.29 35.02

Daegwallyeong 0.43 0.53 0.30 9.81
CO"}'zco‘;aStal Gangneung 0.45 0.56 0.30 23.08
Donghae 0.42 0.59 042 19.29

Taeback 0.20 043 0.72 3.63

Sokcho 0.56 0.73 0.29 16.83
Daegwallyeong 0.59 0.66 0.15 37.96

\ggn Gangneung 0.55 0.68 0.26 16.93
Donghae 0.59 0.77 0.28 22.17

Taebaek 0.36 0.74 0.59 2543
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Fig. 4. Same as Fig. 3 except for cold-coastal type.
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Fig. 5. Same as Fig. 3 except for warm type.
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Fig. 6. Scatter plots of observed and simulated precipitation (mm/3hr) at (a) Daegwallyeong and (b) Gangneung for mountain

precipitation type.
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Fig. 7. Same as Fig. 6 except for cold-coastal type.
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Fig. 9. Scatter plots of the observed precipitation (mm/3hr) on (a) mountain (13) and (b) cold-coastal (20) precipitation

type at Gangneung and Daegwallyeong.
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Fig. 10. Same as Fig. 9 except for simulated precipitation.
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Fig. 11. Accumulated precipitation of model simulation for (a) OISST and (b) MCSST treatment from 06UTC 24 to 12UTC

25 January 2000.

Table 5. Measured accuracy of precipitation forecast (mm/3hr) in the 3 precipitation types (2km). (Except for events with

low accurate prediction)

Accuracy measures

Precipitation type TS POD FAR MSE
Mountain (11) 0.56 0.89 0.39 19.34
Cold-coastal (13) 0.50 0.72 0.38 15.97
Warm (21) 0.58 0.78 0.31 27.14
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(b) Gangneung
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Fig. 12. Time series of vertical wind profile at (a) Daegwallyeong and (b) Gangneung for 30 hours from 06UTC 24 to 12UTC

25 January 2000.
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