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Abstract; The FY-4 lightning mapping imager (LMI) can continuously observe the lightning activity, hav-
ing great application potential in severe convective weather monitoring and warning. Taking the heavy
rainfall process on 25 May 2019 as an example, this paper studies the observation characteristics of the
convective system in different properties and evolution stages with the data of FY-4 lightning imager,
ADTD (advanced time of arrival and direction) system, FY-4 infrared cloud image, radar and other con-
ventional observation data. The study shows that in the early stage of the rapid development of convec-
tion, LMI lightning observation is ahead of ADTD lightning observation, and this advance feature lasts
longer in the frontal precipitation stage. When the LMI lightning observation is located in front of the cur-
rent convective cloud cluster movement at the same time, there will be obvious cloud top temperature vari-
ability in the LMI lightning distribution area in the next hour, and cumulus has a development trend.

When the strongest echo on the vertical section of radar reflectivity appears to move forward, the LMI
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lightning observation often appears in front of the moving direction of the convective system observed by

radar. At this time, the LMI lightning observation has a good early indication for the development and

evolution of the convective system. When the strongest echo on the vertical section of radar reflectivity

shows up quasi vertical structure, the LMI lightning observation often coincides with the radar observation

of the convective system. At this time, the LMI lightning observation has a weak indication for the devel-

opment and evolution of the convective system.

Key words: lightning mapping imager (LMI), advanced time of arrival and direction (ADTD), cloud top

temperature variability, monitoring and warning

5 H

20 fibad 90 AN LLR  BE A i 7 (5 B R AR
PR NATTRE T 2 T0U PR H, O 2 i ST 1) I 255 R A
JCIEFFAEA T 3 B AT, B ) I e R AT
TRK R S . ARG TR BT b #0E & BE AN A, T
S DAL RO 4 Ay AV A3 T A R o T ) ~F- 5 TR Pl R
U0 v LT D Gk D) 7 & DN U . i 2 DA
AT T B K I 3 T 55 T2 (TRMMD B
N 1% Y (lightning imaging sensor, LIS) i f%
& HOULI B2 B9 2 B . Boccippio et al(2002)
I LIS 4387 1 A BRI H 3 3l S H 3 2% 5. Ma
et al(2004) 73 5l %J v [ K Ji] 143 DA ol %85 88 14 < fe o0 A
AT THFSE. 28 % A Toumi(2003) ) ] LIS %k}
GIHTT T R R T S SRR . SRS (2005) A
FH LIS ek A 1 4 70 = A1 Ui b DX 1% TN | B 223 43
fi FEAE . 324K AR %5 45 (20100 F LIS ¥ kL Xt —
YRR A AE v [ A T ) i R T 50 K I R 2k R G T
T TN FL T Bl 8 — R R ER RS 2

1 LIS WEINOKS B2 52 8 18 A 30 A R ) . H g 42
A DR PN - 24 5 SC A DR H A A R TR R TR
DN FEL B AR ASCRE 16 S5 00T TR v 1) 3% 82 M 0, 2 LR T
UL %58 7 1l . 2016 4R IR B 3 0 6 3F & 4
TH—CE Ik TR FY-4, H E 5 2k i IN A s 1% A
(lightning mapping imager, LMID) 7Y 2% O 7% Fil 7=
it A BB 1 A5 T A AL T I BRI BT R Y N
FHRT R CGRAE 4, 2017), FY-4 T2 & 30 [ 45 — A0
IEPUER G PRS2 0 FY-4A, g BHIE
I LA, T 2016 4F 12 H 11 H BB & 4. FY-4A
KM = 3R E BB R W ALE BOF- 6 R R A
R S A A 22 0 08 A1 Al R R A T R
LIRS LM K 7 [i) P45 5 0 A gk (5K MG 4, 2016)
Horp TMI Bl A F TN fa G AR S AR 777, 4 mm Hp 4 5

Ji 3T 21 AP W AT T 2% i R X — ARFAE 5 S5 B TR Y
SRR A B ) % 2O 2 LI CBF 478, 2016) , RE 8
Xof DR R iR X AL A5 E AT S8 I gl A M, (W) i T
LMI & 75 25 TOUE I PR FE o 00 I 60, 35 2= IR S 2= (8] A
Hiu PR EE P ST L (B [ 5 55, 2020) 5 HLX 25 IV Jn
R T 2 DA A . B H A 58 X U K e ) T T S
PRl FY-4 B 4 LMI 7 i % 7 0 58 5 6 i K A0
T S BT 2 U RN T R A ) A ) R o KR T
3 4 T SE R T N A (. SR bR A
(2019) X%} 2018 4E%F 22 S E XML FE i) FY-4A A
HLBERFIEAT 120 A o e IR B ) B 28 R KR & AR TE
TR TR FE A X R 5 9K I 25 55 (2019) 6 FY-4 [A)
HL GORE 5 5 A L R T B R L ORI T RS T
FE ST ]— W5 ik K B TR 9 1 . AT 3R 78 2 (2020)
WFSEIA N FY-4A LIMI 7 i A T A H L3000 7= s E %
I F|EE Z N, FVE A8 (2019 K FY-4 LR
SRR DATRIIE €11 A 0 IR AW DO Ci B o )
LR, BT LMI P 545 AL 5 0 T B (] Sl o 5. A4
SR il X6 T B A 1 AR T TS iR KA T I () B2 i
6 S XN E SN A O\ U P o N W 4]
T P e ) 1 R A a2 I

] B4 3 A FY-4 LM ™ i 8 5 7 X
A RS T R U v A T L )V O H TR R
Ry — DXEM, AR SCH A FY-4 LMI ™ 5, 455
ADTDC(advanced time of arrival and direction) %
BHFY-4 L5 = B BERE B 38 BERELL b H Al B0
DGERE, X 2019 48 5 H 25 H 3 BAE 1L i — IR iR
KoK A AT 23 A R 4B 78 FY-4 LM 7 f 76 X 3
G818 R DA K e g 5 e A A 00 R 0 e i AR L A
SR R/ s DU 0 A AR A B O A R 2 5 AR

1 RS

2019 4F 5 F 25 H 08 B} & 26 H 08 B} .44



5113

G PR AF - UK K T AR TR FY-4A DN SR (SOOI R i 23 1393

RIS B IAERR R KRB RS 248 19 1MEK
3l 439 A DIty B R BT (& Ta) o d 3 K Hl
P FVLDCE R X 5 K BT K R 276 mm (P YL
Byl . R 2 DL R R K O L
B I SR R K B B A A < 5 — S iR B K B B 5 )
25 H 0817 I, 32 S 1 78 5 20 it md KUK 2l DA
Bty )24 A 2 i S 8] 5w VL0 JR — i A7 3 o)
[ JE X6 3t 2 P A B O 38 0 AR % » 3 B0V I 5 g 3
5 SR AR B Rl B A s B K (BT 1h) R K M
Jo LA RR: DX i P R K Ry 2 B KN R A 60 mm
< h PO VL E PR ) 5 5 A s BE K Bogg 5 A
25 H 18—23 [, &2 B U) A8 28 LA J ¥ 258 Ry 3t
w52 0 o VLT S5 A AR P R A s
A IR AR T BT R SR —
o B R Y L 5 e K BT 1o o B K1 I LA 46 T e
K F B KNE R R AF] 81,2 mm « h T (VLR
) .

B &1 A AN R R ZKPE JBE AN ()% T 2 1
X 25 B AR VLD JR R FL DL AR X 7= A T 2 1

S I 5 A K M JE TSR R K S FY-4 4040 = B 55 iR
f14) 6 7 P R M R ) o i ) i o K X s 3 A T
SEON U 2 AT A s DXl B B R X (O R AR
AFETT,2018), BIRFY-4 L2150 2 B GERE X 6 I i
Raf K W B T BT — o i de s M. Rl T4
B X WA B AR R R U5 B AR MR
X 2 WA 2 e ) e 2 S 1 V4G o b 58 4 a1 B
K B FY-4 2150 2 (&1 580 J B 5 B3 7K s 0
AW RRYE. miERE FY-4 TE B/
LMI B &% 5%} 58 X 33 K <R St 55 30 0 5 ) ) 43 BF %2
(% 10 min) 3L 3 S2 WE T, 32 97 1A 586 3 =
T B 53 A —FA 0T B i LM 7= 06k 48 [\] B K
L 5T NI DT/ 27 N O D O el i L A1 D& T (9!
JE 5 HA A TR W FRAE 2 A SCRFF AT G T A

2 FY-4 LMI /=&y

B — AU R TR FY-4 LMI 2 30 55—k
F 3 WF A 9 S O A AR A A A T L A

1@

32
31

30

250

100

29 T T T
108 109 110 111

32°N

30

110 112 114 116°E

230
225
220
215
210
205

32°N

30

110 112 114 116°E

B 1 201945 H(a)25 H 08 Bf & 26 H 08 I M i » (b)25 H 08 i FY-4 £L40 = T2 i (A )
5 08—17 B BB IE K K IX . ()25 H 18 Bt FY-4 £1.4h = T 22 i (8D 5 19— 23 A 4 B 3 [ K 7% X
CRBE = ff . 5® K 20~50 mm « h™ 1, A =/ : liE K 50~80 mm « h™ 1, 8@ = : 3 >80 mm « h™1)

Fig. 1

(a) The observed accumulated precipitation from 08:00 BT 25 to 08.00 BT 26, (b) FY-4 infrared cloud top

brightness temperature (colored) at 08:00 BT 25 and the short-term severe precipitation area in 08:00—17.:00 BT 25,

(¢) FY-4 infrared cloud top brightness temperature (colored) at 18:00 BT 25 and

the short-term severe precipitation area in 19:00—23:00 BT 25 May 2019

(black triangle: rainfall intensity in 20—50 mm * h™!, blue triangle: rainfall intensity in 50—80 mm + h™ ',

yellow triangle: rainfall intensity greater than 80 mm « h™—!)
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Fig. 2 LMI and ADTD lightning observations of (a) 07:50—08.:00 BT, (b) 10:50—11.00 BT,
(¢) 13:50—14.:00 BT, (d) 17:50—18:00 BT, (e) 19:50—20:00 BT, (f) 22:50—23:00 BT 25 May 2019
(black dot and box: LMI lightning, red dot and box: ADTD lightning)
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Fig. 3 FY-4 infrared cloud top brightness temperature (colored) and LMI lighting at (a) 08.:00 BT,

(c) 09:00 BT, (e) 10:00 BT, (g) 18:00 BT, (i) 19:00 BT and (k) 20:00 BT 25 May 2019;

FY-4 hourly cooling rate of infrared cloud top temperature (colored) and initial LMI lighting at
(b) 08:00—09.:00 BT, (d) 09:00—10.00 BT, (f) 10.00—11:00 BT, (h) 18:00—19:00 BT,

(j) 19:00—20:00 BT and (1) 20:00—21:00 BT 25 May 2019
(black dot: LMI lighting, red dotted box: cumulus development logo)
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Fig.4 LMI lighting and radar reflectivity at 6 min intervals at (a) 08:05 BT, (b) 08.:15 BT,

(c) 08:25 BT, (d) 08:35 BT, (e) 08:45 BT and () 08.:55 BT 25 May 2019;
radar reflectivity vertical profiles at 6 min intervals corresponding to the section lines
in the black box (g). and in the blue box (h) in Fig. 4a at 08.:05 BT 25 May 2019
(colored: radar reflectivity. black dot: LMI lighting. black solid line: reflectance profile, black box: Zone A, blue box: Zone B;

blue solid line in Figs. 4g, 4h: vertical profile characteristic line of the strongest reflectivity factor)
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blue solid line in Figs. 5g, 5h: vertical profile characteristic line of the strongest reflectivity factor)
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