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Statistical Characteristics of Cloud-to-Ground Lightning Activity
Associated with Sea-Effect Snowfall over the Bohai Sea
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Abstract: Based on surface observations, lightning location data, Doppler radar data, and ECMWF ERA5S
reanalysis data, the characteristics of cloud-to-ground (CG) lightning activity of the sea-effect snowfall
with CG lightning in Shandong Peninsula from November to the following February during 2017—2023 are
studied. The results are as follows. The CG lightning mainly occurs in the sea-effect snowfall over the Bo-

hai Sea from November to the following January, with the highest frequency in November and gradually
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decreasing frequency from December to the following January, and there is no CG observed in February.
The diurnal variation of CG lightning shows a multi-peak structure, primarily from wee hours to morning.
The frequency and distribution range of CG lightning in sea-effect snowfall of sleet type are greater than
those of pure snow type. 90% of the thunderstorm days with pure snow type sea-effect snowfall have CG
lightning less than 10 times. CG lightning during the two types of sea-effect snowfall is distributed both
over the Bohai Sea and on land, and the distribution on land is connected to the terrain. CG lightning of
sleet type is mainly distributed over the Bohai Sea, whereas CG lightning of pure snow type is mainly dis-
tributed on land, generally near areas of heavy snow, and in the northwest direction of the center of heavy
snow (upwind direction). The convective development height of the sleet type CG lightning is higher than
that of pure snow type. The occurrence time and location of CG lightning have a certain indicative effect on
short-time imminent warning of snowfall period and location of heavy sea-effect snowfall, and the snowfall
intensity increases significantly within 0—2 h after the occurrence of CG lightning in sea-effect snowfall.
At the heavy snowfall centers near CG lightning locations, snowfall intensity may reach the level of blizzards.

Key words: cloud-to-ground (CG) lightning, sea-effect snowfall, short-time imminent warning, blizzard
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(a) Diurnal and (b) monthly variations of total frequency, and (c¢) diurnal variation

in November, December and January of cloud-to-ground (CG) lightning in sea-effect

snowfall in Shandong Peninsula from 2017 to 2023



&1

A U 45 < A B St TN S R TR 87

7Bk B/ mm

HI(4¢- 1 - H-#)(BT)
— EHk_2018-01-09-23
—— C%_2019-11-13-19

— iE3_2023-11-29-10
— 308_2023-11-30-01
— SOE_2023-12-16-09
OB _2023-12-17-02
308 _2023-12-21-01

KA/

B3 2017—2023 4F INZR A 17 ARG A IR & AR I IR JG 3 b 32 /IN i ek B 7R 1

Fig. 3 Variation in hourly precipitation of 3 h before and after the occurrence time of relative

CG lightning at 17 representative stations in Shandong Peninsula from 2017 to 2023

2 ho 1T B K/ B B K BAE N R AR S
3 ho 94126 MR 3 0 B 5 A B 10 9 76 TN HH B
0~2h . [ 3 Hr g A AR 3R uli (19 Ji KNI R K &
A5 0.1~0.9 mm,6 NMfE1.0~1.9 mm,2 4
FE2.0~2.9 mm,2 M7 3.0~3.9 mm,1 ™M
4.0~4.9 mm; f KME K 5.5 mm, HFIE 2023 4F
12 16 H 10 B 308 3. 70. 5% 1 35 K /NI B
KiEAE 1 mm L F L35, 2% 097E 2 mm PL b, AT,
DA FE, A A S ) ) v 255 1 [ 25 5 B A — o 1Y 48 R R
RN SN R EZIER 0~2 h RS R E
ZERRTAOR: T

3.2 hRE BN = 8 5 A

3.2.1 w5 Hk

i B e F5 2 (& 4a) M4l 35 2 (& 4b) X i 3%
N7 % 25 Ml IR B SR 31 8 K s ) 4 A 1 0 43 25 43 #T
ATUAE S e S 28 5 4 5 25 iy s N 2 A A W i 22
RN P Y BTN G L I Y P AN TN
[ RS VA e R R o L S
At AE RS e 55 28 b DR 3 A FE T R M 22, T2
WIAH I o TR e 25 288 i DN A 1L 2R 2 5 i b 43 A 32 %8
AP DI — A XTI & 0 8 B — 8% 3K
b IF HAE TR i A o3 A B R A s O — A DXk
TEMH B T DX DA ZR 2 0T %) A 3R 0 il b IX, 4 v s R
FE R R IE AL . 2S5 2 ) 32 22 A M 5 T
X AR B G TR 1 11X, K 22 4 v A 5 Vg 3R R DA
AN Sz A INER M. B2 B
I Y 3550 0 5 b DA A i b 1 43 A B — 2 1 X R
PR SIKHIE A — R FLEREENRES

Rl BB A 55 vk 500 R4 5 19 o A — 3K
3.2.2 WRZ=R K E5RAELRETHERG L EZ

M 4 Fik w T LLE B e 2R AR I AR R S A
TRV G 2 K (BLHG K ) — B — W R OK B R
(E 4a) A5 2RAE L ZR 2 B AL AR U 1 9 M0 6 17 X —
OB IR Al B K AR (B 4b) . 2455 2K 1 [
7K 5 O B TE SO, Ol 138, 1 mm, 45 b A
A3 AT B A B DX 38U SCOB U /P AL e B 5 T
X — g — OB BRI = A8 K. v WL, 435 2%
by PR 43 A o — T ik e 5 DX S BT 0T O LA R B
o PG Ty A CERURD o T Hi A HE BEAE 5 O
VUL 5 1) 5 i SO0 B 25 7 2 SV A P AL KU RE A R
(B B 5 A E AR, 20095 J8 25 F 45, 20195 A 1% 45,
2019), WideEHEXRMNZETENE L, HTAZERH
A B KWL A BT K il b R K S o
AT I 2K N kAL E 5 RS R X
MO ZR 5 DAt b 2 A oK 7 A6 b IR & AR IX 3, B K
BRDHEG—2F—ixh B,

L5, 8070 I 4l Z5 2K R PR AR H
50 %6 1) Hiu T A7 IR I B2 A RN e 25 2RI A R o
H I >10 mm [958 5 7K X380, A N & 2B 7E 5
R 25 DX ST . X 100 B AT M DA S B A i R 2 X Jak ep
DEHERERE,

ali 5T RN B S R HOAE 2023 4F 12 F 16
HEREZSWERE R A5 MERGERES;
2018 4F 1 H 10 HHE B 3 MR Fuh s, EHRES
H,EZ o BBt 4 A2 A1 ASFTC 2T 1l 538 4%
f2d, MEERERNVESEHEZAA 6 d LA
11 A3 d kAL A Ta. HbRAg4dH



88 A

% 952 %

EIE% (2023 4E 11 H 17 H R 11 A TR 3 D)
BRI EHEEEIE 4 em LIF, 2023 45 11 A 12 H.,
17 H.23 H, & B 3 A ufi i H K &2k 10 mm,
B H K B (23, 6 mm) HELZE 12 H (23,

eI Je 25 2 (& 5a) F4li 25 2% (& 5b) i 5L
Ry By H AL AR 43 B 5 H R K B R IR 40 A
2023 4E 11 A 17 H (&l 5a) , giiE— 08— il 3k —
Wk PH KR >10 mm [ 38 [ X d, 5 6 K
O TR 3 (22, 6 mm) o 76 FL B ST 3 DN 0 A 5 %
2,17 H 20 By B AR E IR 1 om, M AT KRS
TRIE (3 cm) HY BLAE SCB . TN e 35 2 (N 72 301 I

AP0l L A R B 0 A L 3 5 Al 6 (&) 5h) A W]
R ANTR] i PN UAE $ i A D T ARG IR TR R S Y
SRR LA — E B R AT

2023 4 1 [ 24 H (B 5b) IR P B 24 R
SR A 5 PP 7R SOB B R K B B R (16, 5 mm) o 75 A
B IXAMKE A 11,3 mm BRI 4. 163K M
v A KA 5.0 mm B SR ARG S G . N
A 5 BUAR VY WS 53 AR 0 A A2 A 5 T X 308 —
A P A TR M S A AT AR A
Hh i DA BT R A DX T S B TN Y
AL B SR I XA B AR R R

39°N 39°N
@ e (b) =T
) EE A
T kg et L
38 Tt ° hahs 38 - g5 o®
B - T R 3
}g iy *;** T A Pt o " * )f:g B 124 N
g - " +, .lu - 5
o 7 42 A ) = s T 333 g s
. 0.3 1 E> oy g P T 3 p e - ’
35 249 T §3 138.1 X
3 i B I 108 a v oY & 53 =2 5 3
25 0.3 78 1
[ 0 [
36 T T T 36 = T T
119 120 121 122 123°E 119 120 121 122 123°E
[
0 100 1000 m
WA+ R A =7 U S T - T B R
“e N BUE R BT K G AL mm; e T BT R4
4 2017—2023 4F 10 7R 1 (a) T e 25 28 A (b) 4l 25 248 250 17 WA /K S 60 3 K] 23 A
Fig. 4 Distribution of CG lightning associated with sea-effect snowfall of (a) sleet type
and (b) pure snow type in Shandong Peninsula from 2017 to 2023
39°N
(a) b) L mm
- 40
_ 38°N 4 s’
30
38 20
10
37 A 3
37 2.5
0.1
36 36

119 120 121 122 123°E

bes :éI@“Jr”:IEﬂL?W 9@»“_”

:ﬁﬂi’;lﬂ;“

o KU L .

119 120 121 122 123°E

7 T B E Bt Rk i B mm,

B 5 2023 FF ()11 J§ 17 HANCH)T I 24 H (AR B ¥ 50 0 e 35 5 1 Ik K i O €)1 R 23 A7

Fig. 5

Distribution of daily accumulated precipitation (colored) of sea-effect snowfall and CG lightning

in Shandong Peninsula on (a) 17 November and (b) 24 January 2023



A U 45 < A B St TN S R TR 89

A WS S R 3k S RO O

4.1 [EEAS

Bl 6a 25 T 2017—2023 4F LR 2K 5 I8 & 2E
7 X I T 3R SR A B FE R (CRO- [l 5 T g
(ET)#s B . IWE AT LA TR e T3 2 ali 35 28
Hi[A CR 2 18 dBz 1 ET (& 6a) 43 B4 1E 2. 3~
4.7 km fl 2. 1~2. 7 km, X 45 B T e 25 2 N % A
B X 9 K J e B v T AR 2R, WA RS 5 KRR
AFRE JZ G5 O A BT FE BB (2022) X HiL 7Y g
BN R K A (4 BF 5 A, 6 B L T e 5 ORG24
AR URIR T e I3 28 RS () AN F 8 2 45 e B
A3k 850 hPa, 4% 8 2 AE 925 hPa DL F (B i 35
S5,2024) o IRV B 7K 32 W T I VA TED TS I 5 A AR
W HRRA R — Bk ETE 11 H, Ltk
TR . FE 15~17 C(PNZE 1l 5, 2023) . Sl 2
R A A 1) KUK % R I R R e B e T Al

4.2 EKEE

WJe & A (N & A B CR FZE 7 25 ~
45 dBz([&] 6a) . %54 CR A [ X 8] 1Y L 1) B At vk
434 (B 6b) , i e %528 CR #E 30~35 dBz iy L 41| Fi
WK B % . H. CR>40 dBz By45 i B H 90 7E i ke 5
X, diH A MIN &R CR EZAE P LE 20~35 dBz

(a) o Wik%H

ET/km
§
$

T
10 15 20 25 30 35 40 45 50 55
CR/dBz

(] 6a), 2T CR £ 25~30 dBz [ L 4] F1 45 ik
WZ . X TN S, — MRS R CR 4R
H7E 20 dBz LR L3l i 1Y CR ¥7E 25 dBz
DL E (B 07 - 2023) o iX 32 W 2 4l 25 5 P A b I8 R A=
F 7 38 L8 5 o A R 7 A R R L 3k X T T 80 P
T B I 3 U B R R R . A DL A i
FEHT T e T M N & AR B ) CR B IR R Fali s 2k,
CR>45 dBz % M AE 2023 4E 11 J 17 H,
SR 1 TR i 50 5 ) TR e 5 2 T RO A T AR L B
K H K& B BULE B vl L 3k 22, 6 mm, #EEE SN
L, CR>33 dBz = E H Bl 2023 £ 12 A 21 H
CEE ) RO P 25 B 2% H i e KB K 2 i AR
SCEF L R ) 33,7 mm, HA M PE (B DY A
2024) ., &l 6a -ty n] LU B R e 534 D HOm I
XJ R CR<C25 dBz., 4545 (A L ECHE 90 28 73 B s Btk
PG R BE SR A . — 2 B I B R OK A S T fE R &
BT ai TR CR —BAK T W s W 5, fr Lk CR
AR AL/ 2 W] BE BT IR R B ) A
tE B[] TC 125 56 4 — B0, 4 SN ) IR B E AT 4
AT e 3 CR D /0N I HLIN HL & A7 ACHR T b A £7
TE 22 8 28 A 22 5 = 2k i IR 7% 70 B 3 i DX 1 B 3
BCH B T IR R B R 1 B ] e 3 CR R/ .
T 43 CROF A H 43 A 28 [8] G 2 . 43 S 8 B
e 252 (1B 7a) 12155 25 (] 7h) (A L3R s i) %) &
JnCR, 1B 7 AT LLE B, e 25 28 4l 25 28 Hh [N A
Va5 P I (3 B N o 1 S 1 7 0 L < i
[l 9 52 PG B —ZR b bR L [ 7h [l S P AL — R g

50 50
(b) el

i
E

40 4 - KT e TR | g

30

LB/ %
B/ K

~20

~10
[
=0
~ A~ e~ s~ s e~ o~ e
% = A 5 " S 0 S 0
— Q a & ) = < b e}
S - =) “ =) “ = “ =}
=0 = 8 9 o s o &5 X 0
CR/dBz

Bl 6 2017—2023 4F L AR B Ca) 3 IR 75 36 4 A R 298 258 DR - [l g T g A LA (o) 245 R 3R I 7
TE A7) DX 8] 43 A 330 IR B o 1% 28 S AR L 41
Fig. 6 (a) Scatter of CR-ET features associated with CG lighting and (b) distribution and

its percentage of CR in different intervals in Shandong Peninsula from 2017 to 2023



90 A

% 95 52 %

la R 34 A VG AL ) 2R R O 1) B8 B, s DR T [ i
#E . AN AL B PG AL J7 sl CR>30 dBz 19 78 H 4%

A7 F 0 5 T A0 o 5 ) i R 5 B A DX 4 e 1
A BB AT B 45 R

R 7S R RN A i 2 1) 5 Ik K [ 30 22 3 st TR

8a~8d 4B N I&l Ta R ALEBFT Zu

55 G SCHY 43 BRI RN b DA EE B B ] A CC Zor Kop il T . MIE 8a Hp Al LIFE HY o 3 N7 M A

39°NF(b) ~= ==

,,,,,,,,,,, o _ 1]
65

37

EBES 7 BN RGO RO K7 IR AL B a RGBT 8 L.

B 7 20234 (a)ll A 17 H 04:02 @A ()1 H 24 H 05:09 A&
B IR AL A B R R Bk I AR ) i PR A
Fig. 7 Distribution of the CR from (a) Rongcheng Radar at 04:02 BT 17 November
and (b) Yantai Radar at 05:09 BT 24 January 2023 and the CG lightning

at the corresponding volume scan time

37.68  37.86 38.04°N
122.50 122.54 122.58°F

0
37.15
122.38

37.33
122.42

37.50
122.46

37.33
122.42

37.50
122.46

37.68
122.50

37.86 38.04°N
122.54 122.58°E

37.33
122.42

37.50
122.46

37.68
122.50

37.86 38.04°N
122.54 122.58°E

37.33

122.42

37.50
122.46

37.68
122.50

37.86 38
122.54

B a Ea B KB &k 0.—10,—20,—30 C R/ &,

8 20234 11 H 17 H 04:02 #¥ &l 7a rh JA (0 2k Bt 28 B o 3k 1 T
() Zy »(b)CC, () Zpr » () Kpp
Fig. 8 Vertical cross-sections of (a) Zy, (b) CC, (¢) Zpg and (d) Kpp
from Rongcheng Radar along black line in Fig. 7a at 04:02 BT 17 November 2023



&1

A U 45 < A B St TN S R TR 91

KM Z G0 A AE AR B S 6 R [l i v
6 km,>30 dBz 8] 3k 5 km (29— 30 °C & B . it
Kl it 60 dBz, i H A b 7 1) oK & AR L IN X
B0 14 B SPF S TR - T L A3 A R AE B A 58 . TE B R
HLO AL 2~ 3 km (Y & B2 G B A AF TR IE Zor b
(>1.0 dB, & 8c¢) FIiF KppkE(>>0.22 ° « km !,
K 8d) it & B WAL CC 4 (0. 7~0. 8,14 8b), 5
WAL A FE B 1 BT JF BARTE 3 ¥ 20 S
K QA f1%:,2024) . 7E Zoc BRI HAE 42 3T 0 dB.
XL X IR Zy KT 40 dBz, U B ZE IR G A 245 X3,
& E KB R T (Carey and Rutledge, 2000), ' NE
KopEm A — AW B aEpn—o0.4° -
km "), F B UK ARRL 7 5 Bl L HE S L AT DU = Y
£ 78 H, 3% (Kumjian and Deierling,2015; Yang et al,
2024), 2023 4F 11 A 17 H ¥ i g iy 160 06 % 42
CEEmE ) o 1) 370 55 2% i a6 A i AN K VRt oA I F 7= 2R R
TR (Steiger et al,2009), 7EIR A A X I
BN I I B A7 AR R S OB T AR 2 PKORE R T 1 HL A
A3l R AR N A L I 4% 1F (Steiger et al,
20093;2023)

5 &

AR S FH T UL DN R E A 3 B R TR IR
5 000 4% A1 ERAS B3 A B0 . X 2017—2023
AP T8V V5 I A 5 b DA Bl R AE R AT O R B
DR T3 550 07 8 25 S s e 3 AR R A P R R . R R
LT .

(1) ¥ T 8 0 B 55 M I 28 BT 11 7 Bk
1AL ARERZ .12 AEWRF 1 AZH W,
HAiE AA B 2 H AR S N . HiA H
AR A ZWEH A B H EEALTRREE LT,
1F Hiy [ B g8 s 2 6 M A

(2) ¥ 3300 Kt 55 b, DN L v b R i o 1 84 43
A7 Bl E 23 A 5 I BT 5. KA B N
VK A 5 A TN e S 2 RN Al 2k L T e 5 28Rk
A= RO R AR & 2 N S I AN o TN e 1) R
90 Y6 ¥ 21 T 28 g 50 Ny B =5 B AR 0B H DN IR A
LOWRBAT . T TS IN F Lo M fE it b s 2
2 i D) 5 0 A A il b — A R R X IR
FF H A58 R 25 rpos i PG 6 5 1) CRE B XD

(3) TR & 25 26 M IR & A= I 3 & i v B3 s T 4l
Tk, NI I HIN K AR I 18] 3 3 R ET K
KFaiFHH, WIeFHEHK CR TE 30~35 dBz Hb [N %
Z Wi EHAE 25~30 dBz e £ . W R H I IN KA
B ET :ZAE P 2.3~4.7 km, i FH R FEHE
TE2.1~2.7 km, 3828 3 B SUw 3 5 78 2 5 45 1Y
2 WK SRR AR S 3R W O TR AT S o
JE A B A R AL A S5 A

(4 b TR 2 A B ) RS 5 6T 1A 2550 7 o 5 6 I
I TR EL A A8 R S U X VRN R R R R
X TR A B B G s AR o S5 e 2 i TN R A 2
JE R 0~2 h B 5 5 B ) 390 5k, b DN 2 2 b R 30 )
SRS 0 AT A R R

S % ik

T2 SRR VAR L 5. 2024 VI T6 48 M IR RRAE B 5 7R SR AR AE
R ABFEI]. 14 .50(5):591-602. Ding Y H,Zhi S L,Xu D
B, et al,2024. Research on the characteristics of cloud-to-ground
lightning and its relationship with radar characteristics in Jiangxi
Province[ J]. Meteor Mon,50(5) :591-602(in Chinese).

Ay LR AW B L A 2024, 912 ¢ 14 FEAT S 7R B A TN HUARRAE R
WE LT, WA 52 9R . 44(2) :42-54. Feng G L, Xing R F, Xia
F,et al,2024. Lightning characteristics and causes of “12 + 14”
thundersnow process[ J]. ] Mar Meteor, 44 (2) ; 42-54 (in Chi-
nese).

R0 35 12 HES A 2 2021, 14 L V6 4 D S 55 L R 2 o
By PR ]. K5 .47(8) :995-1008. He D X, Lai A W,Kang
Z P,et al,2021. Research on the application of lightning data in
rapid update assimilation system[ ]J]. Meteor Mon, 47 (8);995-
1008(in Chinese).

BT, E B, R T, 2022, 20112021 4822 804 [N #2543 A P AR
S0 Y B S R4, 16 (5) : 110-117. Ju X Y, Wang K,
Zhu H,2022. Spatial and temporal distribution characteristics of
lightning in Anhui during 2011—2021[J]. Desert Oasis Meteor,
16(5):110-117(in Chinese).

=N W IR L 55,2020, — 0 1 LD 7R 2 i A% 0 AR S 1A AN A
LR LB A BT, % 46 (8): 1074-1088. Li G Liu C.
Cao Y Y,et al,2020. Case study on generation mechanism of ex-
treme ocean-effect snowstorm in the east of Shandong Peninsula
in January[J]. Meteor Mon,46(8):1074-1088(in Chinese).

A W P A S 45 2024, 2023 ARFT 2005 AR 111AR BT UCAR S
RO B T X L L] W AR AE . 44 (2) 0 15-26. Li ] H,
Xiao M J,Sun Q Q,et al,2024. Comparative analysis on two ex-
treme sea-effect snowstorms in Shandong in 2023 and 2005[J].
J Mar Meteor,44(2) :15-26(in Chinese).

ZEMG L R SRACR L 48 2009, 2005 4F 12 A LANILAR B R T



92 A

% 952 %

WL 55 R AR 5 L) ], o B 9 9 R 2 4 4R, 39/ (2) £ 173-180.
LiP Y,Fu G,Guo J T,et al,2009. An analysis and numerical
modeling of a snowstorm event over Shandong Peninsula in
December,2005[ ] ]. Period Ocean Univ China, 39(2):173-180
(in Chinese).

XU AE , T E L 45,2020 T R R ER“FHITE"RAUP
AL T[T, A%, 46(12):1596-1607. Liu X Y, Yu H P,
Sheng X, et al, 2020. Mechanism analysis of a rare “thunder-
snow” process in semi-arid areal ]|, Meteor Mon,46(12) :1596-
1607 (in Chinese).

SUYHPE AT /NG, £ 75 B, 45,2018, Hp [ 7z A b b X ¥4 2 v 28 X AL R
MG 7 [T, /L% 44(2) :258-267. Liu Z Y, Yu X D,
Wang X M, et al,2018. Climatological statistical analysis of ele-
vated convection characteristics in cold season in Pan-North China
[J]. Meteor Mon,44(2) :258-267(in Chinese).

INZa, E A, AR, 5, 2023, 19822021 4F B | ) 1 AR 2 I A
LI LR MR LR VERRAE 3 B L) ], M Ve, 47(5) :41-53. Sun Y
D,Wang D,Gao Z Q,et al,2023. Linear and nonlinear trend an-
alyses of sea surface temperature in the Bohai and Yellow seas
of China during 1982—2021[J]. Mari Sci,47(5) :41-53(in Chi-
nese).

T3 A A B VLI, 45 2024, — YR P B AR TR B 1 R R TR FR
EHLHI L], 5, 50(9):1105-1119. Wan F J, Li B, Luo |
S.et al, 2024. Analysis of the instability mechanism of an ex-
treme snowstorm accompanied by elevated thunderstorms|[]].
Meteor Mon,50(9) :1105-1119(in Chinese).

FAH 2, 2015, 20092012 48 o [ N L A3 A AR AE AR AT LT ] AR
41(2):160-170. Wang J,Chen Y, 2015. Analysis of the 2009 —
2012 lightning distribution characteristics in China[ ] ]. Meteor
Mon,41(2) :160-170(in Chinese).

Mgy 2023, ILAR R H LMD dbat: K4 MR #L: 9-123. Yang C F,
2023. Shandong Snowstorm[ M ]. Beijing: China Meteorological
Press:9-123(in Chinese).

W 5 - B PIRE - 2022, B 7 i i 1 5000 B R A 8 3T R AIE B TE AL B
(7. M7 % 2311, 42(1) : 12-22. Yang C F.Cao Y Y, 2022.
Statistical characteristics and formation mechanism of Bohai
ocean-effect rain in autumn[ J]. ] Mar Meteor,42(1):12-22(in
Chinese).

W KB X% 25,2024, 423 « 127 11 2R 2 55 5 K 1 000 B2 5
AE R R L) ] W R 5 244 . 44 (2)  1-14. Yang C F.Ge Y. Liu
C,et al,2024. Characteristics and causes of “23 + 12” extremely
severe sea-effect snowstorm in Shandong Peninsula[ J]. ] Mar
Meteor,44(2) :1-14(in Chinese).

5 > £AR - 2009, F 23 By 75 35 BEORMBOS U 2 55 09 T RO 43
WrlJ]. B R 4, 28(5):1034-1043. Yang C F, Wang J, 2000.
Analysis on mesoscale character to ocean-effect snowstorm
using single-Doppler radar data[]J]. Plateau Meteor, 28 (5):
1034-1043(in Chinese).

TR SR I XA B L 452022, B LR R G T g TN LA B 5 R Ik i

FEAE A e HEE R[], KA RBH 2%, 46(4) . 835-844. Yu H, Zhang
H B,Liu D X, et al,2022. Relationship between lightning activities
and radar echoes of squall line convective systems[ ] ]. Chin J At-
mos Sci,46(4) :835-844 (in Chinese).

AT/ SRR, £S5 W, 2024, 2024 4F 2 1723 H o [E OE B
FEW TS UK R o x i R R TR L) ] A%, 5009):
1033-1042. Yu X D, Fei H Y, Wang X M, 2024. Some issues
concerning the large area rainstorm, snowstorm, sleet, {reezing
rain and severe convection event over China from 17 to 23 Feb-
ruary 2024[J]. Meteor Mon,50(9) ;1033-1042(in Chinese).

/N E/INR S £ 5 T, 2016, o [V 2 i 42 % A w0 26 4 LT .
K%M, 74(6):902-918. Yu X D, Zhou X G, Wang X M,
2016. A preliminary case study of elevated convection in China
[J]. Acta Meteor Sin,74(6):902-918(in Chinese).

ST L 5K T B A k2019, INARAE B AT S I o B R L
WrlJ]. A 4:,45(8) :1075-1084. Zheng L. N, Zhang Z H,Xia ] D,
2019. Classification and cause analysis of “thundersnow” events
in Shandong Province[ J]. Meteor Mon, 45 (8):1075-1084 (in
Chinese).

HOTE o LT, RIS, 2014, W VR 0N 48 T R AE W I A3 AT LT .

A% 244, 25(1) : 71-82. Zheng Y.Gao S H,Wu Z M, 2014.
Observational analysis of cloud characteristics of the Bohai sea-
effect snowstorms[ J]. J Appl Meteor Sci, 25(1):71-82(in Chi-
nese).

HRAR A LY SRR A 2019, — YR DL I Ll AR 2 ) TG 350 VA A5 AR
5 R A AR AL EEWE ST L)), JR K 4, 38(5) 1 1017-1026.
Zheng Y, Yang C F,Guo J J,et al,2019. Analysis on the charac-
teristics and mechanism of a rare ocean-effect snowstorm in the
western Shandong Peninsula[ J]. Plateau Meteor, 38(5);:1017-
1026 (in Chinese).

JEWEE . ERL LT A, 2016. —REE T 4G I BB L ARk S
WV TR A M (1], K%, 42(10) : 1213-1222, Zhou S L,
Wang K, Yang C F, et al, 2016. Characteristics analysis on a
snowstorm in Shandong Peninsula by using multiple observation
data[ J]. Meteor Mon,42(10):1213-1222(in Chinese).

JAZHS A BT IV - 2019, e T TR R (9 0 6 VA A g o A AR
RRAE S BT LT D, W9 R 2 4] 39 (1) £ 26-37. Zhou X S, Yang C
F,Sun X C, 2019. Analysis of basic characteristics of ocean-
effect events in the Bohai Sea based on satellite identification
[J].J Mar Meteor,39(1) :26-37(in Chinese).

Carey L. D, Rutledge S A, 2000. The relationship between precipita-
tion and lightning in tropical island convection:a C-band polari-
metric radar study[J]. Mon Wea Rev,128(8):2687-2710.

Hersbach H,Bell B, Berrisford P, et al,2020. The ERA5 global rean-
alysis[J]. Quart ] Roy Meteor Soc,146(730) :1999-2049.

Kumjian M R, Deierling W, 2015. Analysis of thundersnow storms
over northern Colorado[ J]. Wea Forecasting,30(6) :1469-1490.

NOAA National Centers for Environmental Information, 2022.

ETOPO 2022 15 arc-second global relief model [ EB/OL J.



&1

A U 45 < A B St TN S R TR 93

NOAA National Centers for Environmental Information. https:
// www. ncei. noaa. gov/products/etopo-global-relief-model.

Srivastava A,Liu D X,Xu C,et al,2022. Lightning nowcasting with
an algorithm of thunderstorm tracking based on lightning loca-
tion data over the Beijing Areal J]. Adv Atmos Sci, 39(1) ;178
188.

Steiger S M., Bruning E C, Chmielewski V C, et al, 2023. Winter
lightning to the lee of lake Ontario: the lake-effect electrification
(LEE) field campaign[]]. Bull Amer Meteor Soc, 105 (11):
E2026-E2046.

Steiger S M, Hamilton R, Keeler J,et al,2009. Lake-effect thunder-

storms in the lower great lakes[ J]. ] Appl Meteor Climatol, 48

(5):889-902.

Steiger S M,Kranz T, Letcher T W, 2018. Thunderstorm character-
istics during the Ontario winter lake-effect systems project[J]. J
Appl Meteor Climatol,57(4) :853-874.

Williams E, Boldi B, Matlin A, et al, 1999. The behavior of total
lightning activity in severe Florida thunderstorms[]]. Atoms
Res,51(3/4) :245-265.

Yang J,Zhao K, Song P,et al,2024. The evolution of microphysical
structures and cloud-to-ground lightning in a deep compact
thunderstorm over the Nanjing Areal J]. Adv Atmos Sci, 41
(12).2367-2380.

RICTTo - £ 0



