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Analysis of mesoscale characteristics of a waterspout storm
over northern Yellow Sea in early November

ZHOU Shuling', YAN Jingpeng®, CONG Meihuan'
(1. Weihai Meteorological Bureaw, Weihai 264200, China; 2. Zhangqiu Meteorological Bureau of Jinan, Jinan 250200, China)

Abstract Using Doppler weather radar data, retrieved wind field by single radar, and routine sounding
and surface observations, the mesoscale characteristics of the occurrence and evolution of a waterspout
storm over the northern Yellow Sea (off the coast of northern Shandong Peninsula) on 2 November 2014
are analyzed. Results show the incoming cold air, thermal boundary of the warm and moist air from the
Yellow Sea, and convergence line between northwesterly and westerly winds on the coast of northern
Shandong Peninsula are conducive to the occurrence of the waterspout storm. When the waterspout storms
occurs, the maximum decibel reflectivity factor of radar PPI is 60 dBZ, the height of the maximum
reflectivity is 2. 0 km, the highest top of the storm is 4.5 km, and the maximum vertically integrated
liquid (VIL) is 21 kg - m™>. The mesoscale characteristics of the wind field retrieved by single radar
show there is wind convergence in the lower layer corresponding to wind divergence at 4.0 km and

stronger southerly warm and moist air is conveyed from sea areas to the thunderstorm area during the
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occurrence and development of the waterspout storm. Mesoscale dynamic characteristics are that the
maximum positive vorticity and convergence are below 1.0 km, and the dynamic characteristics at the
initial stage of thunderstorm are positive vorticity and convergence in the lower layer and divergence field
in the upper layer; the dynamic characteristics of developing thunderstorm are positive vorticity and
convergence in the upper layer while there are no positive vorticity and convergence in the lower layer;
the dynamic characteristics of mature thunderstorm are positive vorticity and convergence in the lower and
upper layer. The cold air in the upper layer and the strong southerly air flow in the lower layer result in
higher local vorticity and stronger convergence in the lower layer, which makes the warm and moist air in

the lower layer ascend slantwise. The waterspout relates to the cold air and warm and moist air flow in the

convergence area.
Key words
by single Doppler radar; northern Yellow Sea
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Fig.1 Waterspout (a) and hail (b) observed in Weihai around 10:15 BST 2 November 2014
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Fig.2  Synoptic situation at 500 hPa (a), synoptic situation at 850 hPa (b), and surface synoptic chart (c¢) at 08:00 BST and
surface wind field (d) at 10;00 BST 2 November 2014 (in Fig.2a and Fig.2b, black line for isoline of geopotential height,

units; dagpm; red line for isotherm, units; °C)
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station at 10 m at 10:00 BST 2 November 2014 (b)
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Fig.6 Reflectivity cross section (RCS) along track of convective storm at 10:12 BST (a) and 1018 BST (b) 2 November 2014

/DBZM HT/

16:00 16:12 16:24 10:00 10:12

B @ntinga| Je e i)

10:24

10:00 10:12 10:24

Je it i)

BT s KB BRSSO I i) G A R AE (. DX AR T T | 5 R SAS 24 PR 1 JBE  JBC o B , BAASE < ko b 6 T LA ) T
HRPURA K S i (VIL) B kg - m ™ 5o KU BRI B R S 36 IR, B, dBZ; (8] 7a HY 21 2R 3808 4% LA IR A

T, AR FR I KRR TR, IR ROR OO )

Fig.7 Evolution of parameters of tornado storm cell (a. top-base of storm cell in red line, height of the maximum reflectivity in

yellow line, height of centroid in blue line,units; km; b. cell-based vertically integrated liquid ( VIL), units; kg « m™";

c¢. maximum reflectivity of storm cell, units; dBZ)

32 HRESMESHT

WA 2SS ORI R XEE T,
K2 K XTI AR A2 B B R b B KA AH B
R B RR R AL B  E R A
Jet" L Rt T A R e B KR R R
IR EEFGFRAE , R A 5 22385 ) B 38 XL 9% Ak
PR 0. 009 6° 17K U7 LI i) E 35 43 D1 s
SR, #7 b RE T

-2

3.2.1  HIBRGE AR K i 25 i AR AR

FEHR 0.6 km 1.0 km F1 4. 0 km 55 & I 2 73 XL
Yk o Wit e 4 K ek SRR 45 e BE KA AL

10:06 7 0. 6 km & B2 |, 7 3k 191 3 58 2 fie K
45 dBZ, R EME AR T 12 m - 5T R AE
53R 1] DA 5, 5 [ B A0 oA O B 0 (14 8a) 5 7
1.0 km = B2, 9 B8R4 D g AL 1) I i a6 5
s BATE 1] 5 T - 7E L AR 56 & (1] 8b) 5 7E 4. 0 km



48 HTIE S N O o540 %

e L SR T DX PG S P AL AP R AR S, B e I R U (181 8d) 5 7E 1. 0 km & I,
XL 1.0 km @5 BE B pg KOE SR & (B 8c) o MMIE RN 8~10 m - 7" H 58 1 38 [ 35 X (4]
10 1258 [ k25 4 g, 75 0. 6 km = B b, fF ik Bl 8e) s 7E 4. 0 km B b, V5 J0 U5 P4 B XA 4R & 2%
Wl R IGTR N 50 dBZ, A AR/NT 20 mo« s fREE Aa gR IE h  fR J 5R T  RAER R R KU
PG 5 [ 7 X, AR 2SS A R M I e ASRIETR A A T AR (18] 8F) o

37.80°N

37.75 350

37.70 45
40

37.65 3

37.60 30

3755 25
20

37.50 15

37.45 10

37.80°N 1—

37.75

37.70

37.65

37.60

37.55

37.50

37.45

(TR
T

121.75 121.85 121.95°E

B8 2014 48 11 H 2 HIHE 2B M E kBRI 0. 6 km(a/d) (1.0 km(b/e) Fl 4. 0 km(c/f) @ FIKFRUI7 (KR, 5
fiem ™) R A4 DU 3R K F (B, Bq  dBZ) i (a/b/c. 10:06,d/e/f. 10:12)

Fig.8 Retrieved wind field (wind barb, units; m - s™') at 0.6 km (a/d), 1.0 km (b/e), and 4.0 km (c/f) by single Doppler
radar overlaid with decibel reflectivity factor ( colored area, units; dBZ) in Yantai on 2 November 2014 (a/b/c. 1006
BST, d/e/f. 10:12 BST)

121.65 121.75 121.85 121.95°E 121.65

10: 18, ik [ A 3 fe 5k, 60 dBZ WP 7 T ITILZRE &, = BERRAR, 1.4 km DUF P8 J0 <0,
2.0 km, £ 0.6 km =5 B EFONPEIL TR (B 9a), 0.6 km =5 F P AL 07 T 58 51 3 75 0 (4 9¢)
2.0 km = B b [l XA PG A6 KRS KU & (8 1.6~ 3.8 km 58 1] 35 IX Sk V5 b XURT 75 pg KU &
9b),2.0~2.6 km B SR [P DO PHALXUMIPE RS 2. 0 kg B 1 58 0] 952 DX PG b XU P4 1 XUAR 5 B
AR, 2. 6 km DUEMPYIL SN 1024, 58 0158 (& 9d) ,4.0 km DUESAPUAC N, LI 2840 T



5 4 1)

JEEE A 11 AR B — U e A5 KR 1 v RUBERAIE S0 49

Wi
RPOL A e A5 KB e A R S R v AR R A
B A XL 4. 0 dem e BE LR VAR, 85000 1) Dt e

37.80°N

W J A A B T AR X TR KRS I, 1. 0
km DUR 220 YL, 2. 0 km 22 g P B XURTPY R
AR, 4.0 km LLE S PEIE0R

2.0 km

3775
3770 |
3765
37.60
3755 4 oo

37.50

37.45

37.80°N

50
45
40
35
30

3775 A :
37.70 A
37.65 A
37.60 A
37.55
37.50
37.45 1o

25
20
15
10

T T T
121.75 121.85 121.95°E

T
121.65

L E— — T T 1
121.65 121.75 121.85 121.95°E

B9 201448 11 A 2 ARG 2% 8 BRI 0.6 km(a/c) F1 2.0 km(b/d) @5 KK (AR, B m - 57" ) Al
TR AT DU A R - (S8, 50457 . dBZ) & (a/b. 10:18,¢/d. 10:24)

Fig.9 Retrieved wind field (wind barb, units: m = s™") at 0.6 km (a/c) and 2.0 km (b/d) by single Doppler radar overlaid
with decibel reflectivity factor (colored area, units: dBZ) in Yantai on 2 November 2014 (a/b. 1018 BST, c¢/d. 10:24

BST)

3.2.2 I REEDIRHE

B 3.1 745 23 A Al o e XUER T s B Oy 4.5
km, fIf DABEH 4 km DU 85 38 SO KU E 5 00 i 3
RO SR 43 M it e 45 R AR R R 1) B 1R AIE

FEIE e 2 KR 0 BHE, 10000, 76 0. 6 km =
b R R B B IR S 201070 s FERLE
b BER A S W B X R, B R O R
—15%107 ™, [ Bk A 67 BIRE 14 T 0 A 8 A 1 I A
JIE 33X 5 W2 ey 225 ¥ 5 S0 TR TR THD Wi W 25 = 1) A [ 5
ey, S AR BT (& 10a, JJE R HE R B4 K
FRMALE R 7 1.0 km @5 B b 3 B 68 22 A
SRR G (B 10b) s 7E4. 0 ki B AU N HE AL
(B 10¢) , 10:06,7E 0.6 km F1 1.0 km 753 -, X,
7 TP BRI TCAT TE T B RIS SR A, BRI 2 AE
PEAR AUk (& 10d (e) s 7F 4.0 km & b, HILIE
WA E VB SR A, U0 B X R R R & R (]

10f) . 10:12,7E 0. 6 km, 1F i B FI R 48 & PRI
S, IETR B 20x107°s™ G Ry -15%107°s™ 43t
ARG 2 SO P e e AR RS S5 ek (1] 10g) 576 1.0
kem 51O TE I BE BRORE R A AT AL 55 (&] 10h) 5
FE 4.0 km 55 B8 b IE I B R RR BCEAR A, 230
25x107°s™ FI-15x 107 s™" , Ui B X 90 XL 2% % R TE I
B AL VE R R T R A TR 6 (& 101)
10:18,76 0.6 km A1 1.0 km &5 | R IE R EE, BV
BHHUERA 4.0 km 55 1A 1F 1R 5 AR FE 6L,
BEA 7 IR I R B R B e Ko 10:24 25519 1E
AR TS R 4, 4. 0 km 5 B2 1 DRy 1E 108 2 T
FEARHL, 5T UR 1855 (RIS ) .

AL UL T e s X R e et i v AV 008 B e KA
IRF 20x107° 87 HUE R A R IR F - 15%107 s,
X5 TR AUE B B HICRE 0 RN Y B R E T
JE KR B KU R & e 1 km IR, K2 1E



50 GRS S

% = i 540 %

iR B FITICRE R 5 e J= HIORE A IS 7 2 e A 0 8
JVRHIE ARJZ B A I I BE MR 88 5 L )2 0 IE i
JERTHICEE A A 2 TR BRI 6 2 SR 1) 3l ) AR 5 A2 A
195 2 R R A T B AN HIURE 8 L R 2 DA AR X /N B IR

37.80°N - _ 0.6km

37.77
37.74
37.71
37.68
37.65
37.62
37.59
37.56
37.53

1P B T8 O i VB e s T 2 LA B Bl )
fiE o RS Vs T I LA s oK B0 i 0, 3 AR
M BE IO JZ 5 i, AP 2= e (R L
TH T B 1

37.80°N

0.6 km 1.0 km 4.0 km

37.77
37.74
37.71
37.68
37.65
37.62
37.59
37.56
37.53

37.80°N

1.0 km

37.77
37.74
37.71
37.68
37.65
37.62
37.59
37.56
37.53

A

T h| T T T T T T T T -I‘Iﬂ T
121.71 121.80 121.89 121.98°E 121.71 121.80

T B e e N B m e e
121.89 121.98°E 121.71 121.80 121.89 121.98°E

K10 2014 411 H 2 H7E 0.6 km(a/d/g) 1.0 km(b/e/h) F1 4.0 km (e/£/1) i B | 2505 7R 1K S ) TE o 2 (SR, B0
f7:107s™) FIHLRE (B, B 107°s™") CHEIE NI e 4 KR RV & a/b/c. 10:00,d/e/f. 10:06,g/h/i. 10:12)

Fig.10 Retrieved positive vorticity (black line, units; 107s™) and divergence ( colored, units;: 107s™") at 0.6 km (a/d/g) ,
1.0 km (b/e/h), and 4.0 km (c¢/{/j) by single Doppler radar in Yantai on 2 November 2014 (rectangle for location of
waterspout storm; a/b/c. 10,00 BST, d/e/f. 1006 BST, g/h/i. 10.12 BST)
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