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Analysis of Complex Precipitation Types During a Rare

First Snow Process in January in Beijing

JING Hao ZHAO Guijie YU Bo ZHAI Liang GUO Rui
WANG Yuanyuan LI Sang HE Na YANG Yiya

Beijing Meteorological Observatory, Beijing 100097

Abstract: The snowfall in Beijing on 12 January 2023 was the snowfall first appearing in early and mid-
January in last 42 years., and the precipitation types underwent complex changes during this process. In
this paper, we utilize various conventional and non-conventional observations such as cloud radar and micro
rain radar (MMR) data as well as ERAS reanalysis data to analyze this event, with the focus on causes of
complex phase distribution and variation. The findings indicate that the low-level warm and wet southerly
jet stream provided abundant moisture for the precipitation. However, a lack of uplifting of warm and wet
air by cold east winds and weak upper trough resulted in relatively low precipitation amount. Meanwhile,
the northeast wind just above the surface did not play the role of cold cushion, so not conducive to the

maintenance of snow and the snowfall in the whole city. The disparity at the height of the 0'C-layer between
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western and eastern parts of Beijing, caused by low-level warm advection, explains the snowfall in the
west and rain in the east. Additionally, the cooling effect caused by melting and evaporation processes is
the main reason for the rapid decrease of 0 C-layer height to below 500 m, which caused rain to snow in
plain areas. The thickened warm layer >>0C and the decreased snowflake size and density above the melt-
ing layer caused snow to turn into rain when reaching the ground. When it comes to forecasting precipita-
tion types, deterministic models failed to accurately depict the snow-melting process, but the short-range
ensemble forecast results can compensate for the errors in deterministic models. Integrating the data of
cloud radar, micro rain radar and microwave radiometer can enhance our ability to monitor and analyze

snow formation within clouds and melting in the boundary layer, and improve the accuracy of now casting

of precipitation types.
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and snow depth (number, unit: cm) at the national weather stations over the night of 12 January,

(c—e) precipitation types at national weather stations from 15:00 BT to 19:00 BT 12 January 2023



908 A

% 550 %

AU SRR KA AR AR — S W & 2 ) i
P78 A B AR E S, IR BT KA
B, WP le~Te FrR , B K U E] b 5 78 36 L 6 &8
X LAEE Ry 3 5 5 SR rP s L DG (B 4 30 A - 2 L
A H A K/ b XD 2 7 T AR B /NG
12 H 14—15 B8R BT L 15 BT R 5 a5 o ) 5 1
B W B B 22 07 T 25 A T ) A A e e, Fo e 16—18
B Ay 25 1 TR oV o B o T O SR W e 5L 19 B i
Jei DR R B 43 L I 58 42 e O W5 OF JE AR 1 O 4
FEMAE 15—22 B A ML T . R IRE 71
PUARAEFR I AR TR EZ N 2~3 cm, F J5 i X T
R 25 2 15 1 () L B 5 /N FL R S B e <l >0 C
L4199 i iJcW @ R (Bl 1),

AN S R A 5 i AR B A s ] B A e (b
WAEWSE B HS N 12 A 3 H) . H R 42 43k
HXRHEAE LA LR R E @EH W55
2) s JFAE I 5 001 25 1) R A RE A e 4t

2.2 TaiRMES

AR YR ok A R A0 e B P TR LA AR K AN
P, bR R4E 1A 11 HE MRS
AR 12 H E R 2T P 5 XA /N B
Je KR 1 mm A4 RS I XA Wk T s
HLREAKE 1~2 mm, FUEIRE 1~2 em”, 5520
ARLE o B 7K 2 F00ARAR R A o (E XS i 1 B % 1) 48 e
T DL B A A 4 1) PR A AR B R AN 25 . A WAL R R
B P A I E A SRR 2% HARS 4 )f IR 8
B R O 5 T R T ) W A A BRO(E A O R K

2025 f PRELE poséELTI20,
2020 | ° e | |
2015 - « o i | .
R I | e
0001 *ls | bt
€ 2005 | « tete |
) L ° ° i I
& 2000 *® e | o :
1995 |- . % Le ! |
1990 - . ° e °! |
19850 % e 0 : |
1980 . ol L S
and und and o o = =z -
2 2 & =2 g 8 = g
S = - a — )
H #

TE LS L1 AIS A

2 1981/1982—2022/2023 4F
Z b atyldy B G SO 40 A
Fig. 2 Distribution of first snow days (blue spot)
in Beijing in winters of 1981/1982—2022/2023

S AR TR 2 TR AT A A e 22 X SE R i 1
FHZS TR A MERE . DA O, 323 R 9 32 22 04T e s A
T 0T A 7K R 285 1 G A Ak TR

3 FURT R RS

12 H 14 i} .500 hPa J J¥ Al £ i Ik 5t (& 3a) .
5T 850 hPa b I 309 5 &8 - 32 % IR A
FIR 2 R A0 2 28 3t S5 & 0% 3 (6] 52 ey, % 9 )2 AR
J2 AT rA R 15 BRI FS R )2 1500 mo B 3 7Y R X
Bk 12~14 m« s (] 30) . 588 mE AR % T 25
Ak B AL 5, B K K A i b st R 2 AT R OK Gk
12 mm DA | ,700~500 hPa LB 4 g « kg ' (&
W) . FEJL AT REA ST X R AKIRGA B T bt X
T IR B (AR AEZE . 2019) , 7= Ak — WA X B
AR BRAL T A R KR AR, AR, B H A&
B R KIR A ARG BB K BN R, EEA
PR R & 8 ) S M 22 R AR Z B A 46 755 . W)
b T D FE A (T 700~ 400 hPa, 5 %5 3 Al
AR R S I Hp O AN —0.4 Pas s ',

R K 91 1] b 5 S 5 b X I )2 A7 7 B S B g S
it s BT A A AR IR U S AR R P 55 40 AT
(&l 3b) , P LU DX 3 b T A 55 B 98 ~F- 0k o i B2 1 It
B 2RV S 35 22 S5 0 AT A b XIS ) R B AR
AR 3 B 2 V- 9 B 28 B UK &5 R JE AT I 2k (T I)
BRI E K EE LA W 700 m DL F A 76 W) WA 4%
JE R 300 o fH H 5 27 b st X ¥ g He 8] 37 6 5% » 1
J2 R AT P UL THUER 1) I M AR e R i O D 7 T
W 402 75 PR I B A S B 3 R ¥ BRI 1 AF
o B LA AR)Z AR 30 R iy e 2% BT AR 22 1Y) 2
MU AN T4 T K LA 5 R0 2 Y K ] 4

ff.

4 FREKAHZS B 2 B

UG BRI AU IX K = R BRI . F
WIXHIMR G = FIB SR E L 12 H 15 i 2Z
120 BTG FAAEI R PZE & (& da) o S R
TR & 4b) 28 gk AR KL 5 EE AR w8 . oK b
JEMERIZEIE.3 km ITUEHZE T Z EHR
URARJZ o PYALHR L DX AE PR b 28 5 R A5 58 st i
XICA 2 B = R LRI o R AR K
aJE AT 4~9 km, 4 km I HIREWSHZ . =



%8 M g

909

115

p/hPa

116.0

f&fa] /BT

TE b A R Ry s e

K3 20234 1 H 12 H(a)14 i} 500 hPa 5 &3 (B4, .47 : dagpm) .850 hPa X3 (K.F1)
FUR R BE GEA) - (b)17 I 40°N 1y X3 (XD 3
RN Pa s s 1) VIREE (AT, a7 . C) FIRLEE - it G 26 BT
(c)12 H 13 B} % 13 H 03 A M4 & KUEE Lk T 35 14 KR E

Fig. 3

(a) The 500 hPa geopotential height (black line, unit: dagpm), 850 hPa wind (barb) with

relative humidity field (colored) at 14:00 BT 12, (b) latitudinal vertical profile along 40°N of
wind (barb), vertical velocity (dotted line, unit: Pa+ s~ '), temperature
(red line, unit: C) and temperature advection (colored) at 17:00 BT 12, (c¢) wind barbs
observed by wind profiler radar from 13;00 BT 12 to 03:00 BT 13 Junaury 2023
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