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Abstract Medium-range forecast is highly dependent on ensemble forecast data. However,
operational weather forecasters have not enough time to digest all of detailed features revealed
in ensemble forecast data. To utilize the ensemble data effectively in medium-range forecasting,
representative weather patterns in East Asia in this study are defined. The k-means clustering
analysis is applied for the objectivity of weather patterns. Input data used daily Mean Sea Level
Pressure (MSLP) anomaly of the ECMWF ReAnalysis-Interim (ERA-Interim) during 1981~
2010 (30 years) provided by the European Centre for Medium-Range Weather Forecasts
(ECMWEF). Using the Explained Variance (EV), the optimal study area is defined by 20~60°N,
100~150°E. The number of clusters defined by Explained Cluster Variance (ECV) is thirty (k =
30). 30 representative weather patterns with their frequencies are summarized. Weather pattern
#1 occurred all seasons, but it was about 56% in summer (June~September). The relatively rare
occurrence of weather pattern (#30) occurred mainly in winter. Additionally, we investigate the
relationship between weather patterns and extreme weather events such as heat wave, cold
wave, and heavy rainfall as well as snowfall. The weather patterns associated with heavy rain-
fall exceeding 110 mm day"1 were #1, #4, and #9 with days (%) of more than 10%. Heavy
snowfall events exceeding 24 cm day™' mainly occurred in weather pattern #28 (4%) and #29
(6%). High and low temperature events (> 34°C and <—14°C) were associated with weather pat-
tern #1~4 (14~18%) and #28~29 (27~29%), respectively. These results suggest that the classifi-
cation of various weather patterns will be used as a reference for grouping all ensemble forecast
data, which will be useful for the scenario-based medium-range ensemble forecast in the future.
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Descriptions
(UK)

Unbiased NWly
Cyclonic W-SWly, returning Pm airmass
Anticyclonic SWly, ridge over N France
Unbiased Wiy
Unbiased S-SEly, high over Scandinavia
Anticyclonic, Azores high ext.
Cyclonic SWly, low WNW of Ireland

Cyclonic W-NWIly, low near Shetland
Anticyclonic N-NEly, high near lceland
Anticyclonic W-SWly, slight Azores ridge
Cyclonic, low centred over southern UK

Anticyclonic Sly, high over Poland

Anticyclonic NWly, high SW of Ireland
Cyclonic N-NWIly, low near S Sweden
Unbiased SWly, very windy NW Britain
Anticyclonic S-SEly, high E of Denmark
Anticyclonic E-SEly high over Denmark
Anticyclonic SWly. high over N France
Cyclonic Nly, low E of Denmark

Cyclonic Wiy, intense low near lceland

Cyclonic SWly, deep low S of iceland

Cyclonic Sly, low W of Ireland

Mean Sea Level Pressure (MSLP) anomalies (hPa)

Unbiased Wiy, windy in N
Cyclonic Nly, low in N Sea
Anticyclonic Nly, high centre Irish Sea
Cyclonic NWly, low near Norway, windy

Anticyclonic Ely, high in Norwegian Sea

Cyclonic SEly, low SW of UK
Cyclonic S-SWly, deep low W of Ireland
Cyclonic W-SWly, deep low SE of iceland

Fig. 1. Definitions of 30 weather patterns. Shaded and contour indicate the Mean Sea Level Pressure (MSLP) anomalies and
MSLP mean values (2 hPa intervals), respectively (Neal et al., 2016).
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2016; Zhang et al., 2016). Yoon et al. (2018)> &
7]7¢#Z741] (Automated Synoptic Observing System,
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S BEF3le] Frld R —T’-(medium—range forecasting
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o] ®AE] (European Centre for Medium-Range Weather
Forecasts, ECMWF)°|4] #|&-5k= ERA-Interim (ECMWF
ReAnalysis-Interim; Dee et al., 2011) Ho3]H 7]t
(Mean Sea Level Pressure, MSLP) AI55 ©]-8-3}%t)
717k 1981~20105 301 )0l oz, A1 g7He Eall s 2t
Zh o b4 a2l 1.5° AR =] vh(Table 1). <
iAo AH8E d8ExE= 7Y wel AEH
ztol& A A S8l RISt o] Gl -3l
Y 30d BHE AREEATE =3 opbE] ALt
Al HAdXE A HEALS ZFo)7] Y3 1-2-1 o|3=
B ¥ (binomial filtering) 712 483} th(Fereday et
al., 2008).
A AR FPEA B F KEdF 27
2§ (K-means clustering analysis)g -&3}3th. K-4
iL T 542 H]A]S4 (non-hierarchical) 4] 7]
W F R AL SErt mEY e AsE &
%3}"4 & EFsed &34 Ae=m 4EA
He kel S e 2
£ Alktete] FAlolA 7 ke k
&7 2]E o] tH(MacQueen, 1967;

Atmosphere, Vol. 29, No. 4. (2019)



tlo

454 K-+ #3084

Table 1. The information of dataset used in this study.

0|88 FolAlo} o UM KGR

Dataset Period Variables Spatial resolution
ERA-Interim Daily Mean Sea Level Pressure (MSLP) 1.5 degree
1981~2010 Daily precipitation
ASOS Maximum fresh snow depth -

Daily maximum and minimum temperature

39N
38N -
37N 4
36N
35N 4

34N

33N : . : . : <0
124E  125E 126E 127E 128E 129E 130E 131E

Fig. 2. Locations of 95 Automated Synoptic Observing
Systems (ASOSs) over South Korea.

Everitt, 1993; Lee and Park, 1999; Choi et al, 2009).
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- - 10~70°N, 80~160°E

20~60°N, 100-150°E

0.25

0.10
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1 2 3 4 5 6 7 8 9 10 1 12
Month

Fig. 3. Comparison of EV score between wide area (10~
70°N, 80~160°E) and narrow area (20~60°N, 100~150°E).
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Fig. 5. Weather patterns over the East Asia region. Contour line and Shaded indicate MSLP and MSLP anomaly, respectively.
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Table 2. Monthly frequency according to weather pattern (Group Number; GN).

G Month Ave

N 1 2 3 4 5 1 12 Occ.(%)

1 227/ 2.7 26 28 Sl 2.8 13 6.7

2 138 45 3.0 3.0 46 24 3.2 6.3

3 24 29 34 37 6.6 29 2.7 438

4 34 29 2.7 5.4 438 4.0 3.0 438

5 43 29 43 39 5.8 4.3 40 438

6 26 18 26 3.6 6.7 3.2 14 44

7 26 43 29 44 4.6 3.3 38 40

8 43 39 39 4.8 46 38 3.9 238 3.2 7/ 4.2 3.0 40

9 24 3.0 31 38 =7/ 58 4.2 53 43 44 29 3.0 40

10 41 43 4.6 43 39 24 2.0 4.0 34 3.2 4.7 40 3.7

11 41 45 39 438 34 26 1.7 28 29 i/ 4.0 40 3.5

12 19 26 32 34 438 5.2 39 37 6.6 2.8 16 23 35

13 40 41 3.1 3.0 31 4.0 3.6 31 3.0 3.3 3.3 31 34

14 43 39 4.6 3.0 29 0.7 0.8 1.2 21 33 6.1 4.7 3.1

15 34 3.6 43 29 39 2.2 36 29 26 23 38 23 31

16 28 26 2.8 4.0 25 26 2.7 26 43 3.6 2.2 39 3.0

17 3.2 29 43 32 3.6 24 14 17 3.0 857 3.7 34 3.0

18 4.2 37 4.5 34 24 22 16 11 3.0 33 3.2 34 3.0

19 26 2.7 33 44 29 23 0.8 1.5 33 24 3.7 34 28

20 40 5.0 27 3.6 18 04 0.2 0.5 1.2 238 44 5.2 26

21 4.7 25 32 31 22 1.2 11 1.2 11 3.0 34 45 26

22 27 2.5 26 34 3.0 20 14 19 21 4.0 3.0 26 26

23 32 44 44 26 18 18 1.0 20 18 20 19 32 25

24 32 38 17 2211 3.0 1.0 0.5 11 20 3.0 3.0 438 24

25 37 3.0 38 20 16 0.2 0.0 0.0 0.8 36 34 28 21

26 33 1.6 26 28 20 0.3 04 0.7 14 3.2 33 24 20

27 29 38 39 24 11 0.2 0.3 09 0.9 15 29 26 19

28 3.0 3.2 26 29 08 0.0 0.0 0.0 04 20 2.3 5.2 19

29 38 37 25 14 0.3 0.0 0.1 0.0 0.1 0.8 43 28 16

30 39 29 29 18 0.5 0.0 0.0 0.0 0.1 11 16 41 16
Atk 71A 871 TALF (%) Y 53] F At 71l xe] 502 §3 1M & 3
HAAFe) S 1% AlFshes L4 vEZ AL H719F ol 7E J Ao BEE3IAI, ke
=t of 7Iqte] A S FelE Btk weEkd o] &

Figure 62 AT @& IR e F 24 P FEE 9= 93 URA e 3HE 2o
H=28 SHRE 19 sidste HEE 734YU0], 2 ZAHET 48 oHT 4He shile BZd| #7)
8 3092 17192 BAEATE G st $ o] 913 Fel2 HAA T Arpd Ao FutE 3
e a9 7tz IR wE F3 g & 2 ddEoh
a8]3 F3 7L A %)E RoF A A T35 A >24cm day ) SAFE 28T}
Z 110 mmE Z2Feh= 33 T8 43 1HT o1 29W0A 242 oF 49%(99)9}F 6%(10Y)2] MU (%)
oM oF 11% 2]l §3 4doA F 10% o2 & Hith 7Y SHoRes F 3 BT 5A
ey, d52e 7247 849, 48Y, 283 519 Zeof 7hst el s ob=E] vt YR8k AL, o]
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Table 3. Characteristics of 30 weather patterns over the East Asia region.

GN Description GN Description
1 Weak South-Westerly 16 Northerly, high of Siberia
2 Weak North-Westerly 17 Cyclonic North-Westerly, low E. of Japan
3 Anticyclonic 18 Anticyclonic Northerly, high N. of Korea
4 Cyclonic South-Westerly 19 Unbiased Easterly
5 Southerly, high of Japan 20 Westerly, low of Mongoria
6 Unbiased North-Easterly 21 Cyclonic Southerly
7 Anticyclonic, high N. of Japan 22 Cyclonic North-Westerly
8 North-Easterly, high N. of Korea 23 Anticyclonic North-Westerly, high of Mongolia
9 Cyclonic Westerly, low N. of Korea 24 Northerly, high and low in West and East
10 Cyclonic South-Westerly, low N. of Korea 25 Easterly, high of Siberia
11 Anticyclonic North-Westerly, high of China 26 Cyclonic North-Westerly, Deep low N.E. of Japan
12 Cyclonic North-Westerly, low of Japan 27 Cyclonic Westerly
13 Unbiased Northerly, low N.E. of Japan 28 Northerly, high and low in Siberia and Japan
14 North-Westerly, high of China 29 Anticyclonic North-Easterly, deep high of Siberia
15 Cyclonic Northerly, low N.E. of Japan 30 Unbiased Westerly

734
693

529 528 520
483

440 439 437 410
385 383 371

343 343 333 333 339
304 289 286 285 374 54

226 220 712
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Frequency
B
8
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Fig. 6. Frequency (day; upper), day (%) of extreme precipitation (middle) and temperature (bottom) events according to
weather pattern. Day (%) is calculated by the ratio of extreme days to total day by weather pattern.
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