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Synoptic Pattern Classification of Winter Precipitation over Haituo Mountain

and Application in the Forecast During Beijing 2022 Winter Olympic Games

TAO Yiwei' ZHANG Fanghua' HU Ning' HU Yi' LIU Jun* LIU Chun®
1 National Meteorological Centre, Beijing 100081
2 Huafeng Meteorological Media Group Co. , Ltd. ., Beijing 100081
3 Anhui Meteorological Observatory, Hefei 230031

Abstract; In this study, based on precipitation observation data and ERAS5 reanalysis data of Haituo Moun-
tain from 1 January to 15 March of 2019—2021, the 34 winter precipitation processes in Haituo Mountain
were classified. The characteristics of observed precipitation at different altitudes under different weather
types were analyzed statistically. The results were as follows. According to the influence of weather sys-
tem and terrain, the winter precipitation in Haituo Mountain can be divided into four weather types:
northerly airflow type, easterly airflow type, low eddy trough type, and backflow low eddy trough type.

Under different weather types, the direction and intensity of the airflow, the vertical distribution of water
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vapor and other conditions below the topographic height of Haituo Mountain as well as the interaction with
the topographic conditions, make significant differences in precipitation and its duration between different
altitudes. The northerly airflow type is controlled by the strong northerly airflow in the whole layer behind
the 500 hPa trough, forming the airflow passing over mountain, and the precipitation is concentrated in the
high-altitude area. The easterly airflow type is affected by the easterly airflow at the lower level, and the
precipitation is concentrated in the low-altitude area. The above two weather types have no synoptic-scale
system to accompany, and are dominated by topographic forcing, so the precipitation is small in amount,
lasting for relatively short time. The low eddy trough type is affected by the high-altitude eastward move-
ment of low trough, accompanied by the low level southwest airflow, which makes more precipitation at
high-altitude area, and this type is also the most frequent weather type in Haituo Mountain in winter.
Backflow low eddy trough type is affected by the low trough, with easterly backflow before precipitation to
humidify the lower level and play a role of cold cushion, so the precipitation in low-altitude area is more.
The above two weather types have synoptic-scale systems, superimposed by the topographic effect of Hai-
tuo Mountain terrain, which causes significant precipitation and its long duration, affecting the game run.
The above results have been applied in the forecast of a heavy snowfall process during the 2022 Beijing
Winter Olympics Games, and proved that the statistical results of the above characteristics can play a role
in the forecast of precipitation over complex terrain of Haituo Mountain in winter.

Key words: Haituo Mountain, winter precipitation, vertical distribution of precipitation, orographic precipit-

ation, synoptic pattern classification
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Fig. 1 (a) Topography of North China, (b) Yanqing Zone terrain and

distribution of automatic weather station
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Table 1 Staticstics of winter precipitation weather types in Haituo Mountain from 1 January to 15 March in 2019—2021
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Fig. 2 Statistics of precipitation characteristics of four weather types in Haituo Mountain

(a) mean precipitation, (b) mean duration of precipitation, (¢) times of

earliest onset of precipitation, (d) times of latest end of precipitation

ST Ak K OO G £ 0. 1 mm K& L FIA
R AR KO (B o AR db A A1492 IR B
2% Wi 0 4% A AV 328 UK 1H SR A5 40 A IR I 4K G A
RO K s IR 7R AT B A1489 WK Bk £, A1492 Al
AT490 4TS RRE 7K Ud BT T 0 D 7R U AR U 7R
Ly s 76 T XU TG 5T B 7K 5 A0 308 AT 25 0[] 37 A1 764
ICAE Y 4 A3 0 AT 850 R 7K U B B2 3T Uk B DA L 1
KA = N 2 BB K .

3 ASRIRAIY R R B i ARk

2o Xk U e O AR HR BT A A 8 K O i B 22 3
AT RIS I B 45 R R BB R RS .

P 16 L (&L 3a) 4 3 BE L2 T 500 hPa & 4%
MG P RE B RTIRE RGBS (B B )=
932 B i i b SO ) . B 3F 700~850 hPa £77E
HHH B R (E X

Z SR (A 3b),500 hPa LISEH IR R £,
AR A RARE R GRlic £ - 30 Hb 1 7R Jb b XK 3
JE X T B i b 2 90 TR [ AR b b XA ) b 5t T
] 1Y% T (LB S MR 3f R TR )2 % 28 [T & I
IR AR 22180 IR 76V RE 1L AR I 1L e T 7 1L
TR S0 R X

IG I A A (J&] 42) o 13l 500 hPa 776 & 25 18
BEVERE L2 5 AN4FE,700 hPa F1 800 hPa YL ik
% 8 2 IS W 45 4, 850 hPa J¢ DL F 47 78 ¥ 48
FR G5, M T R PO 5 [ B L T e TR
R EEEM AL LR . T3 A, 800 ~ 850 hPa by 1 md
IR A7 AE P i — AR b ) K YR A% J#LGE L 700 ~850 hPa
VA B L RS 300 R G B R A 70 06 (TR

[ 7 A I3 I HE 750 (J&] 4b) . 500 hPa Ji] 25 1l [X it 3%
AR R S 1) s 25 1L PR P 1L 2y 10 A4 8E, 700 hPa
H1 800 hPa [] ¥ A7 76 I AE . Ji5 00 18 25 4 55 o B &
850 hPa M DL R AA7E V) A2 & 48 o I iy [ b0 62 T



43

B Sy 45 < 1 B 11 26 2 K R A0 23 2 % 4 B TR B A 323

<
)
\
Ly
Ll
s
o
K
N
-
A

AAASSLS BN L8
VaPaPatad il 2 a1 Ae %P
LAY B roca
LR EE ity

100 105 110 115 120 125 130°E

AT T

P Tl e

e S s i
7

L IEZ 500 hPa 5 B 3 (BA4 . dagpm) , 214k : 500 hPa([& a) Fl 1000 hPa([& b) i g (i . C),
K3 :850 hPa([& a)Fl 1000 hPa([& b) K37, (5, : 850 hPa([& a) Fl 1000 hPa([& b) % 17, B & eIl .

3 HERE L Ca) PRI AU B0 () AR AR I 28 g K e 20 3 26 7 B 3R i

Fig. 3 Clustering mean circulation field at precipitation time of (a) northerly airflow type

and (b) easterly airflow type in Haituo Mountain
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Fig. 4 Clustering mean circulation field at precipitation time of (a) low eddy trough type

and (b) backflow low eddy trough type in Haituo Mountain
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Table 2 Characteristics of precipitation cases of the northerly air flow type at the onset moment in Haituo Mountain
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A H A1701 i/ C A1489 i/ C (C + km-1) (m e+ s—1)
201942 3 11 H —16.2 —12.8(—9.4,A1708) 2.7(7.7,A1701—A1708) 16.6
20204 1 JJ 18 H —13.3 —1.2 9.7 16.0
202042 A 21 H —12.5 1.2 11.0 12.7

20214 1 3—4H —18.1 —10.2(—7.6,A1708)  6.3(11.8,A1701—A1708) 4.1(9.1,A1492)

20214 1 5-6H —22.3 —10.7 9.3 6.7(9.5,A1492)

20214 1 4 9—10H —22.6 —10.9 9.4 12.1
202142 A 15 H —12.4 0.8 10. 6 11.6
202143 2 H —11.9 0.7 10.1 9.3

800~600 hPa B 7K ¥% 5% 1t /& B J itk Y B3 7K
R 2 22— o F IR BE KT 60 %0 X I 4 7E 600~
800 hPa,700 hPa Fff i #83k 70 % . G 5 /K 35 H 4 h
TEAR)Z . BRI AL R TR 2 = < H P R T
TCRTE A 2 BE 4, T AN BB TR LA B 7K . R I
TR B = HARBON . Il 5a 7] LLE B BEK &4

7 h J5 700~800 hPa g FE#E 2%, 5 A1492 FHFEK
9 h FFELI R X OC RAEGF . BRI EBAEKS
T UK PR T L0 A A O s T R 2 R T ) 2 il %
IR FTE T R b B v & AR 25 e DT TG VR TE 1A %
7K 12 R AT R AR R 43 A 451 IXUSBE AR T 7K
SR 2 I R K 32 A T A e gk . e
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Fig. 6

Profile of precipitation process in Haituo Mountain

(a) on 15 February and (b) in 14—15 March 2021
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Table 3 Characteristics of precipitation cases of the easterly airflow type at the onset moment in Haituo Mountain

A1701—A1489 kL Ji5 3 0 2 / A1489 -3 X3 /

R H Al1701 K/ C A1489 S i/ C (C + km=1) (mes—1)
2019422 A 6 H —13.0 —8.4 3.7 2.6
20204E 2 ] 6 H —12.0 —12.6 —0.5 1.4
202141 4 19 H —12.3 —11.4 0.7 3.0

2021 4F 3 A 14—15 H 2.6 3.5 —0.7 2.8
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Fig. 7 Profile with classification clustering mean of

(a) low eddy trough type and (b) backflow low eddy trough type in Haituo Mountain
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Table 4 Statistical characteristics of four precipitation weather types in winter in Haituo Mountain
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Fig. 8 Circulation situation field in Haituo
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