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Abstract: Based on automatic weather station, dual-polarization radar, millimeter-wave cloud radar, tem-

perature profiler and ERAS5 hourly reanalysis data, the characteristics of the multi-source observation data
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of the precipitation phase variation during the extremely heavy snowstorm in the western area of Shandong
on 7 November 2021 are analyzed. The results show that this process was commonly influenced by the
westerly trough, low vortex shear line and cold front. The system had strong baroclinicity, with low-level
jet. Though the snowfall duration was not long, the hourly intensity of snow precipitation was high, re-
sulting in extremely heavy snowfall in the western part of Shandong. The multi-source observational data
captured the precipitation phase and change information well in this process. Wind and vertical velocity
from wind profiler radar, correlation coefficient and 0°'C layer bright band of dual-polarization radar, re-
flectivity, vertical liquid water content, velocity and spectral width of millimeter-wave cloud radar, bound-
ary layer temperature of temperature profiler and the two-dimensional images and information of particles
from the 2D video raindrop spectrometer were used as indicators for judging the phase of the precipitation,
so these information provided a reference for the 0—1 h short-term nowcasting. During this process, air
temperature above the ground cooled very rapidly, the rain quickly turned to snow with the sleet only last-
ing for a short time. The cooling of air temperature above the ground was caused by the combination of
strong negative temperature advection, vertical motion and non-adiabatic effect, of which, the effect of
negative temperature advection was the largest, followed by precipitation diabatic effect, and the vertical
motion effect in order. The strong negative temperature advection and the negative temperature advection

intensity increasing with the decrease of height, led to the rapid cooling of air temperature above the

ground.

Key words: extreme snowstorm, multi-source data, rapid cooling, precipitation phase
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millimeter-wave radar from 00:00 BT to 16:00 BT 7 November 2021

1~2mes EFHRNAHO~1mes !,

SR BT B i O R A B ASK S
St (R R B R R Y 3 98 B Sy B IR R A R AR TR
B AR & & AR B RN IS T, e E A T
AR, BRI S W b R] DA 22 R 2 s
MU A 75 35 1) S i b [ B 228 2 oK T IR R
SpPARR TR ELR A K L R R T X0 A [ A
A o DT 7 57 I I8 30 990 v A A > T

4.4 BERZUKR 4N EIG RSN

T BE R AR AAT DA AR A 22 2 R BE L 45 R A 4 b %)
) KA 2R A A A . 7 H U T R R R R AY
LI (B 7D B ,02.30 i A Z R 2B EFHRHET
F%.,07:45 (2 0 CLAR BRI IR 29 5 h il BE T iR
FEERRKCH 14C) B3R 2.8C « h', 08 BfF
BN I, AR IREAE —1~00C,09 W%
B 12 W A FRRENIE T REL 2C L 5 16 I
FEER L GHRZEERT 0C, k. ShRZE
R EAR T 0°C IV B KA 265 DA 9 5 A5

RXE DL X 43 TR 9 55 5 5 5k B RIAE &S o J6 B I 0 g /K
AR T T A I R R A A R R R
0'CLATFAE R AR AR FI T X 43 0 5 W e /5 L X 40
e T 55 TN T BEL A IR Sy BER Y 2 K B
I8 R R A AR A3 S5 G A 2 U5 UL I R HE AT
F 7

AL I T AN IO I A R 4 R
B BRI A ELEEM. N7 H P 4k
AT 158 135 43 AR B2 4 b v e AR R KORL TR S B A5 R,
(F DATHI:06 B [T .08 B R 92 55 1 10 B S =
PR ) K AR S S BT ELAR T V8 5 3 A R0 A
BEER., BFHERET R K. 2R 2. 22 mm,
R Z s R 9 55 B/ o B3 BT 7 140 4 W 0 () e
K2R 3.93 me s ' W @ TS M b+
Ji V2R A R e R, 290 1. 04 R TH IR Z 5 i
ZIN S U W R R R TR RO T 18R B =5 R T AR
L NI T AT E Z 0. N = A R A R IE T
0 TR & B AN [ R KA 2 B i 2O i R
JE A AN [R] S TR F (& 8a.8b) 31 4% L 6 L T 3k



838 A

% 5549 %

02 04 06 08 10

12 14 16 18 20 22
[} ik /BT

7 2021 4E 11 J1 7 H 00—23 I ¥ B 10 52 IR 38 #0204 B 1) 22 4k
Fig. 7 Variation of the vertical distribution of temperature in the boundary layer of Jinan

with time from 00:00 BT to 23:00 BT 7 November 2021
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Table 1 The particle states of three different precipitation

phases: rainfall at 06:00 BT, sleet at 08:00 BT and
snowfall at 10:00 BT 7 November 2021

i UL T T T
H A /mm J(m e+ s™1) CRATE /TR
L 117 3.93 1.04
WS 0.92 1.57 0.65
e 2.22 1.85 0.45

5 PR AR Y R A o A

A 3 AT S5 00 S A A R A R R A A K AT 2
AR T A B 1 R A R bR R S BT L g
e SR ARG W 5 S /N TR A
T RIIRET R A A o AR e U i i bRk e 3l 19
JECDRHEAT 23 BT+ A OKE 38 3l i e Ja] 2 4 T 5 5 R A UK
HEBREfS %,

PR 5 i B e iR B 7 R OR 2 MR 2%
2007) 7] i1 Jey 3t 385 5 A2 A i P PR AR A LT L B AR
% AAEACZH A -

of __ /. ol — 1.dQ
YO VeVT—w(y, )/)+Cp & [@D)]

AtV VT BRI w9 #R
- 1 — e ks A
B - D A LA B

p

(2013) 1 = % (2020) (XIAHFEF (2021) X A [F] A4~ 491
B 53 AT K B AN R R ASTE 3T o 4 0052 Wi B %o Yt B2
AR B W AE RN, et 22 RARE
RGN TRy R B AR AL B S R T A
Ao XF 11 H 67 H-FJ5URIT ra Ao B i Fn X3
Wi o 1) Ry A2 A ) i B 1 (I 9) R B. 6 H 23 B
% 7 H 05 H,925 hPa % i i . F J5 (& 9a) f1 2 i
14 553 F R Ay 25 ik 1 i b X D b XU R B K Gk
10 m» s ' FOBE P I A T X ANz o O B
S R R A R O UK T R AR b TR L B T O e i
MO R —1.8X10°C « s', 7 H 02—
07 Bf,925 hPa % 1 187 5F Fg (& 9b) 19 W37 H 55
B KU Ry A A6 KU AR A XX e Ko 8 mo= s 1, £
b e RN SR =i TR S A 2 T d o LN
BORHOIREA N —9X10 1 C e st P RITHLZE
i A XU T A 67 R T A R R R T T (R A L
T M B e o A L VR 3 A s A XU XL R A7 B -
9 EE O SR o LG YR ok R T DRI R D TR S R PR
T AR P RRAE L B 15 00 I B A A R AT O AR L iR
500 U BE V- Y T O3 AR R AR A G, d ik B I
i TN Y 1 TIRO E=  TCTIR - - 2 7 Bl N =
rv P T TR A I R PR T U R R H T AR P
TR T U .

BRI EE S A0 » B vk i A B0 sl Fn 3R 4 S
Ao 0] Ry b I BE AR — S . B HOT S5 (& 102)
TFEE (& 10b) 43 4802 /)N B i 5 8 32 AR XTI 2 TR
FEFA R BRI, AT AIE 6 H 23 842 7 H 00 B
BB F 7 H 02—03 B (9 3% B 925~700 hPa#y
SREZLI b Tz Bl W 4 K BRI A AR B A



%7 INIPVRAE 2021 4F 11 H 7 H Ll AR R i 28 25 0t A /K ORE 245 1Y) 22 U U N0 A8 41E 4 BT 839
10 10
9 9
8 8
g6 Ee
<5 N5
&y &y
I
3 fol 3
2 2
1 1
0 0
B %/mm H 12/mm
10 10
9 9
8 8
7 7
E6 E 6
>~ 5 >~ 5
&y E oy
+m
3 ol 3
2 2
1 1
0 0
Hf&/mm Hf£/mm
10 10
9 9
8 8
7 7
E 6 Ee
" 3 o 3
2 2
1 1
0 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
B 1%/mm H.f%/mm

SJE/hPa

8 2021411 A 7 H(a,b)06 B F , (c,d)08 BTy # 25 Fil (e, D) 10 BT = Fh A2
[ AR T ) Cascoe) IETE (21D A1 (b d D T CGiED B8
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