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,

.

a n d Zh
a
ng G u a

ng
shu

物
n
材

u 人。雌 (言穆弘)
,

G u o

o
a
雌m ing (郭昌明)

(张广庶)

L a n z h o u In stitu te o fPla re a u A tm o sPherie Physic s ,

A e a d e m ia s in ie a ,

L a n z ho u 7 3 0 00 0

R ee eiv e d M a r e h 2 7
,

19 9 1 : r ev ised ju n e 2 6
,

19 9 2

A B ST R A C T

F r o m Ju n e 30 to Se P te m b er 14
,

19 8 9
, a b o u t 20 0 0 clo u d 一to 一 g r o u n d lig h tn in g lo e a tio n d a ta ha v e b e en eo llee ted by a

th r e e一d ir ec tio n 一fi n d e r n e tw o rk in B e
iji

n g
.

T he se d a ta h a v e b e e n u s e d to st u d y the sPa tia ld ist r ib u tio n o f lig h t n in g in
-

elu d in g thu n d e r sto rm d a y
,

th u n d er d en sity a n d th u n d e r sto rm h o u r
.

A s a r es u lt o f the te r r a in e le v a tio n
,

a e le a r ly

id e n tifi a ble in fl u e n e e fr o m the u n d e r lyin g to Po g r a p hy w a s fo u n d
.

T h e lig h t n in g a e tiv ity w a s m a in ly eo n e e n tr a te d o n the

su n n y sid e o f the m o u n t a in
,

i￡ 。 th e e a st slo Pe o f T aiha n g M o u n ta in
, the n e a stw a r d a lo n g the so u th sid e o f Y a n sh a n

M o u n ta in

T he e o m Pa r is o n a n a ly sis o f lig htn in g d a ta a n d r a d a r ee h o es fr o m se ve r a l m e so sc a le e o n v e c tiv e sy ste m s in 19 8 9 a n d

19 9 0 su g g ests tha t lig h tn in g d a ta ea n b e u se d t o d e term in e the eo n v e etiv e a etiv ity
,

its d e v elo p m en t Pr o b a b ility a n d 一n ten
-

sity
.

It ea n a lso b e u se d t o id e n tify the d iffe
r e n t sta g es o f a sto rm

.

T he g rid lig h tn in g d a ta m a y b e u se d in re gio n a lfo r e
-

e a stin g o f sto rm
.

C a se a n a lysis sh o w s tha t it is Po ssib le to fo ree a s t the Po sitio n o f ae tiv e e eho 3 0 m in u te s to a n h o u r a ft e r

lig htn in g o c e u r r e n ee b y u sin g g rid lig htn in g d a ta
-

K ey w o r ds : m e so se a le eo n v e e tiv e syste m
,

g r o u n d lig htn in g
, r eg io n a lfo re c a stin g

1
.

IN T R O D U CT IO N

T he im Pr o v ed lig h tn in g lo e a tio n syste m (LL S) c a n Pr o v id e in fo rm a tio n o n o ee u r rin g tim e ,

lo c a tio n ,

in te n sity a n d strike n u m b er o f lig htn in g in q u a si一r ea l tim e w ithin a la r g e re g io n w ith

sm a lle rr o r a n d h ig h d e tec tio n e ffi eie n ey
.

In the U n ite d S ta te s ,

L LS h a s be en u sed in e a rly d e te c
-

tio n o f lig h tn in g 一e a u se d fo r e st fi r es ,

the Pr o tee tio n a n d d isPa te h o f elee tric ity system
,

the g u a r
-

a n tee o f a v ia tio n a n d sPa ee fl ig ht
,

the m o n ito ri n g o f th u n d er s to rm
a n d the w a r n in g o f im Pe n d

-

in g lig h tn in g (K rid e r et a l
. ,

19 8 0 ; Fisher a n d K r id e r ,

19 8 2 : Jo h n so n e t a l
. ,

19 8 2 )
.

S in ee

elo u d 一to 一g r o u n d lig h tn in g d a ta d e tee ted by L L S a r e th e in d ie a to r o f eo n v e c tiv e ae tiv ity
, a n d it

15 th e o n ly m ea n s to Pr o v id e the tw o 一d im e n sio n a l lig h tn in g d istribu tio n in r e a l tim e ,

N a tio n a l

W ea ther Se r v ic e h a s u se d L LS c o m bin ed w ith lig h tn in g m a PPin g system s to in fe r the d eV e lo Pin g

a n d m o tio n o f e o n v e c tiv e sto rm
s (R a s c h a n d M a the w s o n ,

19 8 3 )
一

T he fo u r u s e r s o f lig h tn in g d a
-

ta o f N SS FC
,

i
.

e
. ,

S E L S
,

M D
, c o n v ee tiv e SIG M E T

,

FA
,

h a ve g o t a Pr e lim in a ry r esu lt in fo r e
-

ea stin g th e e o n v ec tiv e a c tiv ity by u sin g lig h tn in g d a ta sin c e 19 8 8 w hen lig h tn in g m o n ito r in g sys
-

tem w a s in st a lle d (L ew is
,

19 8 9 )
.

T h ey fo u n d th a t th e r ea l一tim e lig h tn in g d a ta c a n be u sed in the

o Per a tio n a l fo re e a stin g s o f eo n v ee tiv e a e tiv ity
,

in c lu d in g th e Pre sen ee , em e r g en ee
,

m o v em en t
,

d issiPa tin g
, sha Pe , ra n g e ,

in te n sity a n d r ePr o d u c tio n o f the sto rm
.

*
T h is w o rk 15 su PP o r te d b y N a tio n a lN a tu r a lS eie n e e F o u n d a tio n o f Ch in a

.
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T hr e e d ir e c tio n 一fi n d e r s (D Fs) a n d a Po sitio n a n a lyse r (PA )Pr o d u c e d b y L LP In eo r p o r a
-

tio n to g e th e r w ith a su c e essiv e Pr o ee ssin g system d eV e lo p e d b y o u rse lf c o n s titu te the LLS w hie h

ha s b e en o p e r a ted in Sta te M e te o r o lo g ic a lA d m in istr a tio n ,

B eijin g
,

fo r sev er al yea r s a s a sp e e ia l

o b ser v a tio n a l to o l in Sev e r e S to rm L a b o r a to ry
.

T h e o bse rv a tio n su g g ests tha t L L S m a ybe h a v e

its su Per io r ity in n o w e a stin g th e sev e re w ea th er w ith the e o m bin a tio n
‘

o f ra d ar
.

Sin ee the lim ita
-

tio n o f d a ta
,

w e eh o o se the lig htn in g d a ta fr o m l9 8 9 a n d l9 9 0 o n ly fo r Pr elim in a ry a n a lysis
.

In a d d itio n
,

th e thu n d e rsto rm d a y an d thu n d er d e n sity a re tw o im p o r ta n t m e teo r o lo g ie a l

Pa r a m e te r s fo r w ea ther o b se rv a tio n a n d lig htn in g Pro te c tio n in elec tr ic Po w e r , c o n str u c tio n a n d

sPaee fl ig ht
.

Q ie e t a l
.

(19 8 9 ) fo u n d tha t th e th u n d er sto rm d a y g o t fr o m lig htn in g d a t a o f L LS is

in g o o d a g re em e n t w ith th a t fr o m m ete o r o lo g ic al o b ser v a t o ry
.

T his p a p er trie s to g iv e the th u n
-

d er sto rm d a y
,

th u n d e r d e n sity a n d thu n d e r sto rm ho u r in d iffe
r en t r eg io n s c o v ere d by L L s by

u sin g lig h tn in g d a ta o f L LS
.

It 15 e x Pee te d th a t m o r e sc ien tifi c ,

m o r e d eta iled a n d m o r e o bj
ee tiv e

d a ta ea n b e Pr o v id e d
.

11
.

D A T A CO L L EC T IO N A N D C H A R A C T E R IST ICS

T h e lig htn in g lo e a tio n d a ta w er e o b ta in ed fr o m a n e tw o rk in B e
iji

n g eo n sistin g o f 3 D F s

a n d o n e PA
.

B e in g 3 5 k m a Pa r t fr o m ea c h o the r , e ae h D F 15 Pr
e--

se t to r u n o n m e d iu m 一r a n g e

g a in w ith a sp e e ifi e d d e t e c tio n r a n g e o f less tha n 18 0 km
.

T h e in fo r m a tio n fr o m D F s in c lu d in g

lig h tn in g o eeu r rin g tim e ,

d ire e tio n
,

st re n g th a n d r e tu r n s tro k n u m b er 15 t ra n s
而tted t o PA w h er e

the lo c a tio n o f e a eh fl a sh 15 e o m Pu ted by tr ia n g u la tio n m etho d in re a ltim e
.

T he L LS ha s be en

w elle q u iPPe d w ith a g r a Phie d isPla y system w hie h in d iea tes the lig ht川n g lo ea tio n in Pa st o r r ea l

tim e a n d d ise rim in a tes the lig htn in g s o c c u r rin g in d iffe
re n t tim e w ith d iffe

re n t c o lo r s
.

T he sys
-

tem e an be u se d to tr a e k a n d m o n it o r the Pr e se n ee a n d m o tio n o f the st o

rm in c o m bin atio n w ith

D o PPle r r a d a r a n d sa te llite
.

T h is syst em w o rk s o n a lo w a n d v ery lo w fr e q u e n e y b a n d w id th w ith the w a v elen g th fr o m

3 0 0 m to 3 0 0 km
.

T he elec tr o m a g n e tie w a v e be tw e en the se fr e q u en e ie s Pr o Pa
ga tes a lo n g the

ea r th
’ 5 su rfa c e a lm o st w ith o u t a tten u a tio n a n d d isto rtio n w ithin hu n d re d s o f k ilo m e te r

.

T he r e
-

fl ee tio n e a u sed by m o u n ta in a n d b u ild in g c a n be ig n o r ed
.

T h e d iffr
a e tio n a lo n g m o u n ta in 15 th e

m a in p r o Pa g a tio n m o d e
.

5 0 it 15 be lie v
ed tha t lig h tn in g r a d ia tio n fi eld p r o Pa g a tes a lo n g th e

ea r th
’ 5 su rfa e e a n d m o u n t a in s

.

L L S c a n elim in a te s th e sho r ta g e o f o th e r d etec tio n to o ls su e h a s

r a d a r w hich 15 a

ffe
e ted b y t o Po g r a Phy

.

T h e Po sitio n s o f fl a sh a r e o b ta in ed b y u sin g the sim u lta n e o u s d ir eetio n v eeto r s o f 3 D F s
.

T he sys te m ha s hig h d ir e etio n a ee u r a cy d u e to r esPo n d in g o n ly to th e Pe ak r a d ia tio n fi e ld o f

c lo u d 一to 一 g r o u n d fl a sh w he n the t o P o f fl a sh c ha n n e l15 still a b o u t 10 0 m a b o v e the g r o u n d a n d

th e eh a n n el 15 b a sic a lly Pe印 en d ieu la r to th e g r o u n d
.

H o w ev e r th e site er r o r , a risen fr o m th e d is
-

Pla e em e n t o f a n te n n a s , n e a r b u ild in g s a n d m eta llie o
bj

e ets
,

m a y be v ery hig h
, so m etim e s a s hig h

a s 10 d e g re e s
.

5 0 the lig h tn in g lo c a tio n d ata a re e o r r ee ted b y u sin g a p a r a m et r iz a tio n m e th o d

(C he n e t al
. ,

19 9 1)
.

111 T H E A PPL ICA T IO N O F L IG H T N IN G D A T A

C o n v e c tiv e sto rm 15 o ft e n a e c o m p a n ied w ith se v e r e lig htn in g a e tiv ity
.

T h e r e 15 a str o n g

c o u Plin g a n d fe e d b ae k b etw ee n dyn a m ie a n d elee tric Pr o ee s se s in s to r m
.

It 15 p o s sible t o d ise u ss

th e in er ea sin g Pr o c e ss o f d yn a m ie s a n d t o fo r ee a st s o m e c h a r a c te r is tie s in sto r m b y u sin g lig ht
-

n in g d a t a
.

B a sed o n the o b se r v a tio n e x p e r ien e es a n d d a ta a n a lys e s d u r in g the se tw o ye a r s , s o m e
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a PPlie a ble a sPe e ts o f lig htn in g d a ta a r e su m m a ris ed a s fo llo w s
.

1
.

D e re r m in a rI’o n
of Th

u n de r sro rm D ay
,

Th
u n de r D e n s ity a n d Th

u n de rs ro r m 关入〕u ; in D iffe
re n l

R eg io n s

T h e lig h tn in g lo ea tio n d a ta d eteete d by th e LL S m a y b e u se d t o e alc u la te the r eg io n al d is
-

tr ib u tio n o f th u n d er sto r m d a y (Td)
,

th u n d e r d e n sity (戈) a n d th u n d e r st o rm ho u r (Tlz ) in th e a r ea

eo ve r ed by the L L S
.

A ft e r m a n y yea r ’5 o bser v a tio n ,

it m a y h a ve m o re re lia b le d a ta th a n tho s e

o b ta in e d by tr a d itio n a lm e th o d
.

T h e tr a d itio n a l thu n d e r s to r m d a y 15 d efi n ed a s a d ay d u r in g w h ie h a s lo n g a s th e th u n d e r 15

he a r d a t the sta tio n
.

B ee a u se o f so u n d w a v e a tten u a tio n d u rin g Pr o Pa g a tio n a n d r eso lu tio n lim i
-

ta tio n o f h u m a n ’ 5 e a r ,

the fa r e s t r a n g e o f thu n d er he a r d by e a r 15 a b o u t 2 5 km
, e o r re sPo n d in g

to a n a r ea o f 19 0 0 km 2
.

T o e o m p a re w ith this a re a ,

th e lig htn in g d a ta w er e r ere r en ee d to the g r id

blo ek s th a t a r e a p p r o x im a te ly 4 4 x 4 4 km 2
.

w
e h a v e d e fi n e d th e thu n d e r sto r m d a y a s a d a y d u r

-

in g w hie h a s lo n g a s lig htn in g a p p ea r s o n the g rid
.

T he t o t a lg r id n u m b e r 15 4 9 w ith in a n a r e a o f

a b o u t 10 0 0 0 0 k m 2
.

T h e d e te c tin g a r e a in elu d es th e n o r th er n N o r th C hin a Pla in a n d s o u the a s t M o n g o lia n Pla
-

tea u
.

In w est an d n o r th Pa r ts a r e r o llin g h ills w ith a n a v e ra g e e lev a tio n o f 10 0 0一 15 0 0 m a b o v e

sea lev el
.

In th e so u the a st
,

the hills b e c o m e lo w e r a n d lo w e r g r ad u ally in th e d ire c tio n fr o m

n o r thw e st to so u th ea s t a n d the n 9 0 in to a g r ea t Pla in
.

A b o u t 6 0 % o u t o f the d ete e tin g a re a 15

the m o u n ta in o u s r eg io n
.

T h e m o u n tain o u s r eg io n in w e st b elo n g s to T aih a n g M o u n ta in eh ain

w hie h in c lu d e s a se rie s o f a PPr o x im a te ly Pa r alle lhills in the d ir e etio n fr o m n o r th ea st t o s o u th w
-

est
.

T h e m o
un ta in s in n o r th 15 the Ju n d u M o u n ta in w h ie h b elo n g s to Y a n sha n M o u n ta in ch a in

.

T h e r e a re m a n y r iv e rs in th e d etee tin g a r ea , su e h a s Y o n g d in g R iv e r ,

C h a o b a i R iv e r a n d D a q
-

in g R iv er w h ieh fl o w to the B o h a iSe a
.

T a b le l
·

T he D ist rib u tio n o f Td. 凡
a n d 八 in G rid s A I一G 7

lllllll 222 333 444 555 666 777

AAAAA 3 (勒 0 乃0 1 (凡))) 14 0刀0 555 】4 0 乃 1000 10 0
.

0 0 888 8 0 刀0 888 1 3 0乃 1666 15 0
.

0 1 333

222222 (几))) 3333 4 333 2 888 2 666 2 555 2 777

BBBBB 8 0 0 0 222 1 8 0 0 1 777 2 7 0
.

0 2 111 14 0
.

0 1000 1 1 0 乃0 888 14 0刀 1999 13 0 .0 1 111

22222 333 4 888 2 888 4 888 4 777 4 222 3 lll

CCCCC 1 9 0 乃0 666 2 2 0 刀2 333 3 0 0
.

0 1999 2 0 0 乃1 777 1 5 0 乃2 222 2 0 0乃 1333 19 0 .0 0 999

22222 333 4 888 4 888 4 888 4 lll 4 222 3 lll

DDDDD 10 0 乃0 555 1 3 0
.

0 1444 18 0
.

0 1 111 3 1 0
.

0 2 222 3 1 0
.

0 3 666 2 4 0
.

0 2 555 15 0 0 1000

22222 222 2 999 4 333 10 555 5 555 5 000 4 222

EEEEE 2 5 0
.

0 2 444 2 3 0 0 1333 2 1 0
.

0 1000 2 1 0 乃 1888 2 2 0
一

0 2 444 16 0刀 1222 10 0
.

0 0 444

44444 555 2 666 4 lll 4 lll 9 333 l888 l999

FFFFF 1 5 0
.

0 0 999 2 0 0
.

0 0 999 15 0 0 1222 1 1 0
,

00 888 1 3 0
.

0 0 444 16 0乃 1000 10 0
.

0 0 444

lllll555 2 666 4 lll 10 111 9 333 l888 l999

GGGGG 1 5 0
.

0 0 999 2 0 0
.

00 999 1 5 0 刀1 333 ] ] 0
.

00 888 1 3 0
.

0 0 444 16 0乃 1000 10 0
,

0 0 444

22222 888 4 lll 3 777 7 999 5000 4 777 2 4



N o
.

2 L IG H T N IN G D A T A & T H U N D E R S T O R M N O W CA ST IN G 24 7

F一g R e g io n d iv isio n a n d d istrib u tio n o f D F sta tio n s
,

Fig
.

2
.

T he lig h tn in g d istrib u tio n d u rin g w ho le life tim e

the w id th o fe a e h g rid is 44 k m
.

o f the sto rm
o n A u gu st 2 8

.

T h e iso Ple th is g iv e n

b a sed o n the ligh tn in g n u m b e r in th e g rid o f 10

x 10 km 2
.

T he to ta l n u m 比
r o f g r id s is 6 o x 6 o

eo r r es p o n d in g to a n a r e a o r 6 0 0 x 6 0 0 km 2
.

T he

o u tm o s t c o n to u r re Pr e sen ts 1 lig htn in g Pe r g rid
,

a n d the in te r v a l o f eo n to u rs is lo
.

T he e o m Pliea ted to Po g r a Phy ha s str o n g in fl u en ee o n lo ea l eirc u la tio n d u rin g su m m e r
.

In

th e h igh er m o u n ta in o u s re gi
o n , a ir 15 h ea te d e arlier a n d the e lo u d fo rm

s fi r st be ea u se o f th e in
-

fl u e n e e o f g lo b a l a tm o sPh e r ie c ire u la tio n
.

T h e a r e a ha s a tyPiea l e o n tin en ta l m o n so o n e lim a te

a n d ha s a lo t o f th u n d e rst o rm s in su m m er
.

T a ble 1 15 th e d istr ib u tio n o f thu n d e r d e n sity
,

thu n d er sto rm d a y a n d thu n d er sto rm ho u r

a r o u n d B e
iji

n g fr o m Ju n e 3 0 to SePte m b er 14
,

19 89
.

T h e n u m be rs a t th e lo w 一rig h t
,
u P一le ft a n d

u P一rig ht c o r n e r s a r e th u n d er sto rm ho u r Th
,

thu n d er sto rm d a y 几 a n d thu n d er d en sity

凡 (k m
一, T * ’

)
, re sp ec tiv e ly

.

T he th u n d er d e n sity re re r s to the a v e r a罗 lig h tn in g n u m b er o e eu r
-

rin g w ith in a u n it a r e a d u rin g a thu n d er sto rm d a y一

O b v io u sly
,

the sto r m ae tiv ity v a r ie s w ith d iffe
r en t r eg io n s

.

T he sh aPe fo rm ed by g r id s w ith

m o re lig htn in g a e tiv itie s 15 a lm o st th e sa m e a s th e b o u n d a ry o f m o u n ta in s
,

i
.

e
.

a lo n g the e a st

sid e o fT a ih a n g M o u n ta in fr o m so u th to n o r th
,

the n a lo n g the so u th sid e o f y a n sh a n M o u n ta in

e a stw a r d
.

T his r eg io n 15 h illy z o n e e o n n eetin g Pla in w ith m o u n ta in
.

B ee a u se o f the su ffi e ien t

su n sh in e a n d th e te r r a in elev a tio n ,

the eo n v e etiv e a e tiv ity 15 e a sie r to fo nn
, a n d the thu n d e r-

st o rm
a c tiv ity o cc u r s m o r e fr e q u en tly the re

.

T he Pea k thu n d er sto r m d a y an d thu n d e r d e n sity

o c
cu rri

n g in th e re gi o n b etw e en Jix ia n C o u n ty a n d B e
ijin g (G ri尽D S)

.

Td o n D S 15 3 1
,

戈 15

o
·

0 36 km
一, T奋

’ an d 几 15 5 5
.

几 a n d 凡
o n n s re a ch their m a x im u m v a lu e ,

bu t 几 the re 15

m u e h lo w er th a n its m a x im u m v a lu e ,

10 5
.

T his su g g ests th a t the lig h tn in g fr eq u e n ey 15 v e ry h igh

a s lo n g a s th e sto r m 15 d e v elo p in g
.

It m a y r ep re se n t th a t se v e r e eo n v e c tiv e a c tiv itie s o ft e n o ec u r
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in this a r e a
.

T he m a x im u m o f 几
,

10 5
,

15 in th e g r id w hieh c o v e r s th e B e ijin g w ith 几 3 1
,

戈 0
.

0 2 2 k m
一, T * ’

.

Tll 15 n o t in g o o d a g r e em e n t w ith 戈
,

b u t w ith 几
.

T his in d iea te s th a t the

s to r m s the re w er e n o t se v er e a n d lig ht n in g fr e q u e n e y 15 n o t h ig h
, a lth o u g h the s to rm a PPe a r s

fr eq u e n tly the r e
.

T he g r id s w ith fe w er lig htn in g a e tiv ities lo c a te in th e hig h er r eg io n o f Pla in in

n o r thw es te r n B e
iji

n g
.

the m in im u m v a lu es o f 几 a n d 凡
a r e 3 a n d 0

.

0 0 1 km
一 , T二

’ ,

re sPee tiv e ly
.

B e ea u se o f th e sh o r te r b a se lin e d ista n e e be tw ee n D Fs ,

th e r a n g e e o v e re d by th e n etw o rk 15

sm a ll
.

T he d e tee tin g effi ci en e y in the ee n tr e 15 hig he r th a n tha t in the e d g e o f n e tw o rk
.

T h is o b
-

v io u sly 15 o n e o f th e fa c to rs a
ffe

etin g the n u m b e r s o f几
,

几 an d 凡
·

Fig Z sh o w s the lig h tn in g d istrib u tio n d u r in g the w h o le life tim e o f m e so sea le e o n v ec tiv e

syste m o n A u g u st 2 8
,

19 8 9
.

U n d e r the in fl u e n c e o f a lo w e r Pre ssu r e a e tiv ity in n o r th w este r n

B e
iji

n g
,

the r e w er e a lre a d y a n u m be r o f sPa r sely sm a llc u m u li a t 15 00 BT in B e
iji

n g a r e a
.

T h e

lig h tn in g a c tiv itie s w e r e m a in ly e o n ee n tr a te d in tw o iso la te d ee lls (A
,

B) w hich w e r e in n o r th w e st

an d n o r th e a st r e sPee tiv e ly
.

C ell A w a s n e a r th e Y o n g d in g R iv e r
.

T h e m a x im u m r e fle c tiv ity a t

18 0 0 B T w a s 30 d B z
.

A ft er th a t th ese tw o ee lls e lo se d u P g r ad u a lly a n d m o v e d so u thw a rd
.

A t

2 0 0 0 BT
, sev er a lsm a llee lls m er g e d in to a b ig g e r , se ve r er m u ltic ellsto rm g r a d u a lly

, a n d b ec a m e

st re n g the n e d a n d m a tu r ed in th e re g io n b etw e en B e
iji

n g a n d Jix ia n C o u n ty s o u th o f Y a n sh a n

M o u n ta in e ha in a n d sta ye d th er e fo r a lo n g tim e (C in Fig
.

2 )
.

T h is re g io n 15 n o t o n ly th e b o u n d
-

a ry a r e a o f the Pla in a n d Y a n sha n M o u n t ain b u t a ls o w ithin the C ha o ba i R iv er a re a
.

A t 2 3 3 6

B T
,

PPI e e h o es in d ie a ted tha t the m a x im u m ec h o a r e a a PPea r e d a n d the n b ee a m e sm a lle r a n d

sm a ller It m o v ed so u th w a r d slo w ly w he n it a PPr o a e he d to d issiPa tiv e sta g e
.

T h e g r id w ith th e

m a x im u m lig h tn in g n u m b er 74 lo e a ted a t the r e
gi o n 7 0 km ea st o f a n d 10 km n o r th o f B e

ijin g
,

T his k in d o f sto rm 15 v e ry tyPiea ld u r in g o u r o bse r v a tio n Per io d fr o m 19 8 9 to 19 9 0
.

In th e m o st

e ase s ,

th e sev e re m eso sc a le co n v e e tiv e sto rm fo rm ed in the b o u n d a ry a re a o f Y a n sh a n M o u n -

ta in e h ain a n d T a iha n g M o u n ta in c ha in o r in th e su n n y sid e o f the m o u n ta in s , a n d w en t a lo n g

th e rid g e o f m o u n ta in s w hile its d e v elo Pm en t w a s a c c e le r a ted a n d in te n sifi e d b y the m o u n ta in s
.

T his 15 w h y th e hig he st thu n d e r d e n sity a p Pe a r s o n the so u th sid e o f the y a n sh a n M o u n ta in
.

A b o v e lig h tn in g d istr ib u tio n in d ie ates th a t th e b o u n d a ry a r e a o f m o u n ta in a n d Pla in (su eh

a s D 4
,

D S
,

D 6
,

C 4
,

C S) 15 the a r e a w he re eo n v e etiv e a etiv ity 15 m o st sev e re a n d sta b le
.

A ffe
c ted

by to Po g r a Ph y a n d su n shin e ,

lig h tn in g a e tiv ity v a rie s g r ea tly w ith d iffe
r e n t a re a s

.

D iffe
r e n t to

-

Po g r a Ph y a n d su n sh in e eo n d itio n s e a u se v a rio u s c o n v ee tiv e a e tiv itie s w ith d iffe
r en t in te llsitie s

.

T h e th u n d er sto rm d a y a n d thu n d e r d en sity a lso v a ry sta b ly w ith it
.

Listed in T a b le 1 a re the

thu n d e rst o rm d a y r e su lts o b ta in e d fr o m a n u m be r o f lig h tn in g d a ta o bser v e d d u r in g the su m
-

m e r o f 19 8 9
.

T he se r e s u lts a r e m o re d e ta ile d a n d a cc u ra te tha n the r esu lts fr o m th e t r ad itio n a l

thu n d e r st o rm d a y o b se rv a tio n m e th o d
.

B ee au se o f th e sh o r ta g e o f o b se rv a to ry in th e m o u n
-

ta in o u s r eg io n a n d the lim ita tio n o f hu m a n ea r ,

the r e a r e lim ita tio n , su
bj

e e tiv ity a n d in e o n v e
-

n ien ee in o bta in in g the a c eu r a te thu n d e r sto r m d a y d ist rib u tio n in d eta il
.

H o w e v er ,

the d istrib u
-

tio n o f几 凡
a n d 兀 in a n y r eg io n w ithin th e d ete etin g a r e a c a n b e p r o v id e d in d e ta il by u sin g

the L LS d a ta
, e sPec ia lly in the a r e a w ith o u t o bser v a to ry

.

L LS 15 a Pe rfe et d ete e tin g to o l fo r it 15

n o t a
ffe

c te d by to p o g r a p hy a n d 15 n o t lim ite d b y the fi e ld o f v isio n a n d time d ela y
.

T h e L LS d a
-

ta c a n a lso b e u se d to m o n ito r th e sto
rm

a etiv ity a n d to p r o v id e m ete o r o lo g ie a ld a ta in m o r e d e
-

ta il
.
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2
.

D e re rm in a rio n Oj
.

rh。 C ha r a ere r is t ic : in D 刃矽
r e n t D e vel叩ing S r心es of s ro rm

s

It 15 Po ssib le to fo re ea st the d e v elo Pin g sta g e s o f sto rm by u sin g ligh tn in g d a ta
.

G en er a lly
,

the r a tio o f Po sitiv e fl a sh to to ta l fl a sh n u m be
r in d e v elo Pin g a n d d issiPa tiv e sta ge s 15 h ig he r

tha n th a t in m atu r e sta g e
.

H o w ev e r ,

the to ta ln u m be r o f lig h tn in g re ae he s its m a x im u m in m a
-

tu r e s ta g e
·

L ig h tn in g fr eq u e n c y d e c r e a se s g r ea tly w h en th e sto rm sta r ts to d issiPa te
.

T h e st o rm

b eg in s to d issiPa te w he n the r a tio o f Po sitiv e fl a sh e ha n g es fr o m h ig h er t o lo w e r a n d to hig h er

a g a in
,

a n d w hen the to ta l n u m b er o f lig h tn in g be g in s to d ee r e a se
.

T h e lig h tn in g in fo rm
a tio n c a n

Pr e e ed e th e r a d a r ee ho to in d iea te th e b eg in币 n g o f d issiPa tio n o f a sto rm
.

R a d a r ee ho e s o ft e n

d o n o t be g in to d e er e ase u n til 10一 3 0 m in u te s a
fte

r lig h tn in g a etiv ity a n d u Pd r a ft s sto P (E d m a n ,

19 86 )
.

Fig s
.

3一 5 sh o w th e lig htn in g d istrib u tio n s in d ev e lo Pin g
,

m a tu r e a n d d issiPa tive sta g e s in a

m eso se a le sto rm o n A u g u st 2 8
,

re s
pe

c tiv ely
.

In the fo rm in g sta ge o f the sto rm
,

lig h tn in g fl a shes

w er e e o n een tr a te d in tw o sm a ll iso la te d ee lls w ith a hig he st ra tio o f Po sitiv e to n e g a tiv e fl a sh es

o f 2 5
.

3%
,

w h ile th e n u m b er o f n eg a tiv e fl a sh w a s 4 l3
.

T he hig he st Po sitiv e fla sh r a tio w a s Pr o b
-

a bly d u e to th e Po sitiv e eh a rge s a t the lo w er Pa r t o f sto r m s
,

In the m a tu r e sta g e ,

lig htn in g

fl a sh e s w e r e m o re eo n e en tr a te d a n d the tw o o ri g in a l ee lls m e r g ed in to o n e b ig g e r ee ll w h ie h

m o v e d s o u th w a r d w ith h ig he r ll g htn in g fre q u e n c y
.

A t tha t tim e th e m a x im u m lig ht n in g n u m b e r

Pe r g r id w a s 7 2
,

th e ra tio o f Po sitive to n eg a tiv e fl a shes w a s 2
.

5% w ith th e to ta l n eg a tiv e fl a sh

n u m be r 1 13 6
.

T o ta l lig h tn in g n u m be r w a s 9 8 w ith a r a tio o f Po sitiv e to n eg a tiv e fla sh es 1 1 4 %

in th e d issiPa ti v e sta g e
.

D e传lo Pin g s妞梦 户
4 1傀N 一 4 f

+ 10 :
4 1

.

N

M
a tu re sta g e

一 1 13 6

+ 2 8
,

勺H = 20
.

4 0 气彝
·弯

’

;

+

6

4 0

B响in g
72

.

0

3 9
3 9

1 15 1 16 1 17 1 18
.
E

1 1 5 1 16 1 17 1 18
o
E

Fig
.

3
.

T h e lig htn in g d istrib u tio n in th e d e ve lo Pin g Fig
.

4
.

A s in Fig
.

3
,

b u t fo r m a tu r e st a g e
.

s ta g e
.

C o n to u r s a r e d ra w n b ase d o n the n u m be
r

o f n e g a tiv e fl a she s o n g rid o f lo x 10 k m 2
.

T he

o u te r e o n to u r re Pre se n ts 1 n eg a tiv e fl a sh Per

g rid
.

In te r v a lb e tw e e n e o n to u r s 15 10
.

“+ , r eP re
-

se n ts the lo c a tio n o f Po sitiv e fl a sh
.
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400060
,山,‘
�.‘

�、no月�
�。quxnu恨困��、4 I

O

N

D is s ip a ti v e s t a g e

一 8 8
+ 10 ) vc lo p i n g sta g e

M
a t u r .

/
sta g e

4 0
O 今

今

⋯
今

B e
小

n

H =

卜

愁
1 2 0

8 0

3 9
4 0

1 15 1 16 1 17 1 1 8
o
E 1 30 0 1 5 0 0 17 0 0 19 0 0 2 10 0 B T

Fig
.

5
.

A s in F ig 3
,

b u t fo r d is s iPa tiv e s ta g e
.

F ig
.

6
.

T h e v ar ia ti o n o f lig h t n i n g fr e q u e n e y in e a r ly

st a g e o f st o rm
.

T h e r a tio o f Po s itiv e to n e g a tiv e fl a she s v a ri e s fr o m h ig he r to lo w e r a n d t o hig h e r a g a in
.

T o ta l lig h tn in g n u m b e r 15 hig he r in m a tu re s ta g e th a n tha t in fo rm in g a n d d is siPa tiv e s ta ge s
.

Fr o m this e a s e a n a lys is
,

it 15 e o n e lu d e d tha t d iffe r e n t d e v e lo Pin g st a g e s m a y b e d e term in e d

r o u g hly by th e Po s itiv e lig ht n in g r a tio a n d lig htn in g fr e q u e n e y
.

I n fa e t
, se v e r a l s a m Ple s o f

s e v e re
,

la r g e se a le e o n v e e tive s to rm
, su e h a s s to rm

s o n Ju ly 1 3
,

19 8 9
,

A u g u s t 7 a n d 1 1
,

19 9 0
,

s u PPo r t this c o n e lu sio n
.

I n a d d it io n ,

the n e g a tiv e fl a sh e s a r e m o re e o n e e n tr a t e d th a n Po sitiv e fl a she s , e sPe c ia lly in

d e v e lo Pin g a n d d is siPa tiv e s ta g e s
.

T h is ha s b e e n d is e u s s e d b y Y a n e t a l
.

a n d G e e t a l
.

( 19 9 2 ) in

d e ta il
.

T h e e m Ph a sis in this Pa Pe r w illb e Pu t o n th e s to rm fo r e c a s tin g
.

3
.

Th e N o w e as tl’n g of s to r m

(l) D e te r m in a t io n
of the e o n ve e live r eg io n a n d its de ve

loP ing Po ss l’b ill’ty

T he Pr o e e ss e s o f ch a rg e s e Pa r a tio n , a cc u m u la tio n a n d li g h tni n g d isch ar ge a r e c lo s e ly re la t
-

e d to the e o n v e e tiv e a e tiv ity
.

H o w e v e r th e u Pd ra ft o ft e n aPPe a r s fi r s t d u rin g the life tim e o f a

s to rm
.

It m ay b e Po ssib le to in fe r the c o n v e e tiv e re g io n
,

its lo c a tio n a n d the Po ss ib ili ty o f fu r th e r

d e v e lo Pin g
.

In th e r e g io n w he r e e a n n o t b e d e te e t e d by r a d a r o r w he r e n o r a d a r 15 in s ta lle d
,

li g h tn in g d a ta m a y b e u s e d to fo re e a s t th e e x iste n ce o f a s to rm in c o m b in a tio n w ith sa te lli te

d a ta
.

Pa r ti e u la r ly fo r the s t o rm w ith lo w e r e lo u d to P o r im Pe d e d b y he av y r a in o r th ie k c lo u d
,

li g h tn in g d a ta h a v e m o r e ad v a n ta g e s
.

Fig
.

6 sh o w s the tim e s e q u e n c e v a r ia tio n o f li g h tn in g fr e q u e n e y (the lig h tn in g n u m b e r Pe r

ho u r w ith in 30 m in u te s b e fo r e a n d 3 0 m in u te s a ft e r the m o m e n t) d u rin g th e e a r lie r s ta g e o f

m e s o sc a le c o n v e e tiv e s to rm o n Ju ly 13
,

19 5 9
.

O n t ha t d a y
,

th e fi r s t lig h tn in g o e c u r r e d a t a b o u t 12 4 3 B T
, 5 0 the e o n v e e tiv e a e tiv ity
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a PPea r ed b e fo re tha t m o m en t
,

b u t still h a d n o r a d a r e eh o e s e o r re sPo n d in g t o it
.

T he lig htni n g

fr eq u e n e y w e n t u P e v id e n tly w ith th e d ev e lo Pin g o f st o r m a lth o u g h the re w e re sm a llfl u c tu a tio n s

o n it
.

T his in d ie a tes tha t the s to rm w a s b ee o m in g se v er e g r a d u a lly
.

W h e n the sto rm ha d b ee n in

v ig o r o u s p e rio d o f m a tu r e s ta g e ,

lig h tn in g fr eq u e n e y e h a n g e d fr o m 3 h
一 1 a t 13 0 0 B T to 2 3 3

h
一 1 a t 2 loo B T

.

B a s ed o n the a b o v e a n a lysis it is p o ssib le fo r u s to fo r e e a st th e fu r the r d ev e lo p
-

m en t o f a st o rm by u sin g the tim e se q u en ee v a ria tio n o f lig htn in g fr eq u e n e y
.

(2 ) R 塔l’o n a lrhu n de rs ro rm fo
r e c a sr

ing
R efe rr in g to the ligh tn in g d a ta a n d r a d a r ec ho e s w ith in ten sity g re a te r tha n 3 0 d B z o cc u r

-

r in g in the sev e r e s to r m o n Ju ly 13 a n d th a t o n A u g u st 2 8
,

19 8 9
,

w e fi n d tha t th er e a re n o t a l
-

w a ys a etiv e ra d a r ee ho e s (g r e a ter th an 30 dB z ) in th e g r id s w ith lig h tn in g (li g h tni n g o ec u r r in g

w ithin 10 m in u te s w ith the m o m e n t b e in g m id 一Po in t)
.

M o r eo v er ,

th e g rid w ith the m a x im u m

lig htn in g n u m b e r m a y be in th e r eg io n w itho u t a e tive ee ho e s
.

So m etim e s there w a s a h o riz o n ta l

d ista n c e o f a b o u t se ve r a l ten kilo m ete r s betw e en th em
.

B u t
,

the re w ill be a een tre o f a c tiv e e ch
-

o es in th e g rid s w ith the m a x im u m ligh tn in g n u m ber a ft e r 3 0 Ini n u tes to a n h o u r
.

T h e sa m Ple

a n a ly sis su g g ests th a t the lo c a tio n s o f in te n siv e ra d a r e eh o e s m a y be fo re e a sted b y u sin g the g r id

lig htn in g d a ta o b ta in e d 3 0 mi
n u tes to a n h o u r be fo r e

.

A n ex am Ple o f r e g io n a l n o w e a stin g fo r

th e sto rm o n A u g u st 2 8 15 a s fo llo w s
.

L ig htn in g d a ta in the p r e sen t stu dy a r e re fe r r ed t o tho se in m a n y 10 x 10 km Z g rid s
.

E a eh

g rid 15 r ePr ese n ted by A一J in e o lu m n ,

l一 10 in r o w
, r e sPee tiv ely

.

B e
iji

n g 15 in F I
,
5 0 the r e g io n

d isc u s sed 15 b o u n d ed by 5 5 km n o r thw a r d a n d 4 5 km s o u thw a rd to B e
iji

n g
, a n d fr o m B e

ijin g to

10 0 k m ea s
tw

a r d to B e
ijin g

.

A t 2 0 0 0 BT
,

A u g u st 2 8
,

m o st o f lig h tn in g en ter e d the r eg io n
.

T a ble 2 sh o w s the lig htn in g

d istr ib u tio n fr o m 2 0 0 0 B T (in elu d in g 2 00 0
,

2 0 10
,

2 0 2 0 a n d 2 0 3 0 ) to 2 3 0 0 B T (in e lu d in g 2 3 0 0
,

2 3 10
,

2 3 2 0 a n d 2 3 3 0 )
,

w ith the tim e in te rv a l o f 1 h o u r
.

T he n u m ber in ea eh gri d r ePr esen ts the

n u m b er o f lig h tn in g o e eu r rin g 5 m in u te s be fo r e th e m o m e n t
.

A t 2 0 0 0 BT
,

C S h a d th e m a x im u m lig h tn in g n u m be r ,

7
.

In B 4
,

D 4 an d B S the re w e r e so m e

lig htn in g fl a she s a lso
.

F r o m m o v in g d ire e tio n o f lig h tn in g b efo r e 2 0 0 0 B T
,

it w a s in fe r r e d tha t

the in te n siv e e eh o w a s in th e n o r th o f th e r e g io n d is c u sse d a n d w a s m o vin g to w a rd th is r e g io n
.

T he e en tr e o f a e tiv e r a d a r ee ho es w o u ld be elo se to C S o n e ho u r la ter
.

T a ble 3 sh o w s the h o r i
-

z o n ta l d istrib u tio n o f a etiv e ec ho es a t 2 0 0 0
,

2 100
,

2 2 0 0 a n d 2 3 0 0 BT
.

A t 20 0 0 B T
,

m o st o f the

g r id s w ith lig h tn in g in elu d in g C S h a d n o a e tiv e e eh o e s
.

H o w e v e r ,

it 15 fo u n d th a t C S w a s fi lle d

by ae tiv e e c h o e s a t 2 10 0 BT a n d m o st o f g rid s w ith lig h tn in g a t 2 0 0 0 B T w e re a lso c o v e re d by

a etiv e ee h o es a t 2 10 0 B T
.

T he lig h tn in g o n E g a n d E 10 a lso in d ie ated tha t the r e w o u ld be se v er e

eo n v e c tiv e a e tiv ities
.

A t 2 0 10 B T
,

the ee n te r o f lig h tn in g a e tiv ity be g a n to m o v e so u th w a r d
.

T h e

m a x im u m lig h tn in g n u m be r m o v e d in to D S
.

T he d istr ib u tio n o f lig htn in g a t 2 0 10 BT w a s in

g o o d a g re em e n t w ith tha t o f e e ho e s a t 2 10 0 B T
.

A t 2 0 2 0 a n d 2 0 30 B T
,

the g rid s w ith lig htn in g

b e g a n t o m o v e to w a rd so u th w e st
.

G rid E S g o t m a x im u m lig htn in g n u m b er a t 2 0 3 0 BT
.

It 15

n o ted tha t th e c ello n E S w o u ld be the e en tr e o f a etiv e e c h o e s o n e ho u r a ft er
.

A t 2 10 0 BT
,

E g w a s th e ce n tre o f lig h tn in g
,

it 15 ex Pec ted tha t E g w o u ld be the ee n t re o f a c
-

tiv e r a d a r e eh o a t 2 2 0 0 B T
.

A n o the r lig htn in g Pea k o n JZ w a s g e n e r a te d b y a n o th er iso la ted c ell
.

It w o u ld b e the c e n tr e o f a n o th e r c ell a n h o u r la ter
.

E g w a s th e een tr e o f a c tiv e ec h o e s a t
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7

2 20 0 B T
, a n d the re w e re a etiv e e eh o e s a t 2 10 0 B T a lso

.

JZ ha d ac tiv e ec ho e s a t 2 20() BT a n d n o

a c tiv e e c ho e s a t 2 10 0 B T
.

5 0 th e lig h tn in g o n JZ a t 2 10 0 B T fo r e e a sted the d ev e lo Pm en t o f n e w

e ells a n h o u r la te r
.

T h e g r id s w ith m o r e lig htn in g fl a sh es a t 2 10 0 B T w e r e in a e e o r d a n ee w ith th e

d istr ib u tio n o f ec h o e s a t 2 2 0 0 B T
.

B etw ee n Z llo B T a n d Z 13 o B T
,
th e lig h tn in g fl a s

he
s w e r e

b a sie a lly in ae e o r d a n e e w ith th e a e tiv e ee ho e s a t 2 20 0 B T
·

H o w ev er ,

the s to r m e o n tin u e d to

m o v e s o u thw a r d in r e fe r en ee t o th e lig htn in g d istribu tio n
.

T his w a s Pr o v ed b y th e d is tr ib u tio n

o fe ch o e s a t 2 3 0 0 B T
.

A t 2 2 0 0 B T
,

lig htn in g fl a sh es w e r e d istr ib u te d o n m a n y g r id s
.

T he tw o c e lls c e n ter ed o n E g

a n d JZ a n ho u r a g o w e r e elo sed to ge the r g r a d u a lly
.

Lig h tn in g in 14 fo re ea sted the ee n tre o f a e
-

tive ee n t re a t 2 3 0 0 B T
.

A n o the r su b Pe a k o f lig h tn in g n u m be r in E S d id n o t fo r ee a st the a c tiv e

e ch o es
.

In a d d itio n ,

the m er g e r o f tw o ee lls in d iea te d by lig h tn in g d a ta a t 2 2 0 0 B T w a s v erifi ed

T ab卜 2
.

T h e D is trib u tio n o f L ig h tn in g N u m b e r d u rin g l0 M in u tes

门门门口口国国国国团团冈冈冈冈团团国国国国画画画国国同同国国团团国国国国同同间间网网回回口口口口同同同同冈冈国国国国困困冈冈同同同同同门门国国冈冈冈冈国国同同团团蔺蔺阿阿网网门门
冈冈冈口口日日口口曰曰口口曰曰曰曰口口曰曰曰曰曰曰曰曰曰门门曰曰口口曰曰曰曰曰曰门门口口冈冈日日曰曰曰曰曰曰门门曰曰曰曰曰曰曰曰门门门门门口口口口口口口口曰曰门门门门日日日日冈冈
间间间口口口口口口冈冈国国曰曰口口国国口口口口口门门曰曰国国口口图图国国口口门门门门口口回回口口门门曰曰曰曰口口门门团团口口门门曰曰曰口口曰曰口口口口曰曰门门国国门门门门曰曰回回
回回回口口曰曰国国国国冈冈门门曰曰曰曰曰曰日日日口口门门国国口口图图国国口口门门]]] 口口回回口口门门口口口口口口口口口口口口门门门门门门门口口口口国国曰曰曰曰门门门门曰曰曰曰回回
问问问口口口口曰曰冈冈曰曰口口口口口口冈冈国国国冈冈口口曰曰回回冈冈曰曰曰曰口口门门曰曰回回曰曰曰曰口口门门曰曰曰曰曰曰冈冈门门同同同曰曰曰曰曰曰口口曰曰曰曰门门冈冈冈冈团团网网
冈冈冈口口口口口口口口曰曰口口团团口口国国冈冈冈口口冈冈图图团团口口口口口口国国国国口口国国门门口口冈冈曰曰国国团团团团同同冈冈团团团门门口口口口口口曰曰曰曰间间阅阅国国冈冈国国
回回回曰曰国国图图日日曰曰门门国国口口曰曰口口口口口门门冈冈口口国国口口口口门门门门口口国国国国口口口口曰曰口口口口口口口口口口门门门曰曰曰曰曰曰冈冈曰曰门门门门门门口口门门回回
同同同口口口口门门门门曰曰曰曰口口门门口口门门门曰曰曰曰日日口口口口曰曰曰曰曰曰门门曰曰回回曰曰曰曰日日门门门门曰曰曰曰口口曰曰门门门门门门门门门曰曰曰曰门门门门门门曰曰曰曰同同
间间间口口口口口口]]] 曰曰]]] 口口口口口口]]]]] 门门门门口口口口口口口口口口]]] ]]] 口口回回曰曰门门门门曰曰口口口口门门门门门门门门门门门口口门门门门门门曰曰门门门门门门曰曰]]]
国国国口口曰曰曰曰曰曰门门门门门门曰曰曰曰]]]]] 曰曰]]] 门门曰曰门门口口门门]]] ]]] 口口国国]]] ]]] 冈冈门门门门]]] 门门门门]]] ]]]]] 曰曰门门阅阅门门门门]]] ]]] 门门门门口口国国
国国国口口门门]]] ]]] ]]] ]]] 口口]]] ]]] ]]]]] ]]] ]]] ]]] ]]] ]]] ]]] ]]] ]]] ]]] 门门国国]]] 阅阅冈冈曰曰]]] ]]] ]]] ]]] ]]] ]]]]] ]]] 冈冈冈冈]]] 门门]]] ]]] 门门曰曰曰曰国国

aaa 2 0 I O BTTT
口口口 口口

冈冈冈口口口口曰曰口口曰曰]]] 国国曰曰曰曰曰曰曰 口口口口口口口口口口口口国国门门口口囚囚口口]]] ]]] ]]] 口口口口口口口口门门门门门 曰曰门门曰曰门门曰曰]]] 门门门门门门冈冈
间间间口口口口]]] ]]] 门门]]] 口口口口]]] 门门}]]] 门门」」」」国国冈冈冈冈]]] 门门口口回回]]] ]]] ]]] 门门国国]]] ]]] ]]] 门门曰曰}曰曰门门曰曰门门门门]]] ]]] 曰曰门门曰曰]]]
同同同口口口口]]] 国国]]] ]]] 口口口口]]] 门门}曰曰]]] ]]] 口口]]] 冈冈]]] ]]] ]]] 口口回回]]] ]]] ]]] ]]] ]]] ]]] ]]] ]]] ]]] 门门}]]] ]]] ]]] ]]] ]]] ]]] ]]] 门门]]] 门门回回
回回回国国国国口口国国口口口口口口口口口口口口}口口口口口口国国口口口口口口口口]]] 口口回回口口口口口口口口]]] 口口口口]]] ]]] 回回}]]] 口口口口口口]]] ]]] ]]] 口口]]] 国国回回
国国国口口国国国国口口口口口口口口回回图图国国!口口口口」」口口口口口口困困国国国国国国回回口口」」口口国国国国图图国国囚囚国国门门}门门口口口口国国口口国国网网回回国国口口回回
国国国国国口口国国口口口口口口口口口口口口口口.国国图图国国国国口口口口口口口口口口口口国国口口口口口口国国囚囚图图口口口口口口口口!日日口口曰曰国国曰曰国国冈冈门门冈冈曰曰回回
回回回回回口口口口口口口口口口口口口口口口口口}国国口口口口口口口口口口口口口口口口口口回回口口口口口口口口口口口口口口口口口口口口}门门口口口口口口口口口口国国口口口口口口回回
回回回口口口口口口口口口口口口」」口口口口口口}口口口口口口口口口口口口口口口口口口口口回回口口口口口口口口口口口口口口口口口口口口}曰曰口口口口曰曰口口口口门门口口口口口口回回
冈冈冈口口口口口口曰曰曰曰曰曰」」口口口口曰曰!曰曰口口」」口口口口口口口口曰曰口口口口国国曰曰口口曰曰口口口口口口口口口口口口口口}曰曰日日国国曰曰门门]]] ]]] 口口口口曰曰国国
冈冈冈口口口口口口口口门门]]] 口口口口口口口口}门门门门门门]]] 口口口口门门]]] ]]] 口口国国曰曰门门国国门门曰曰曰曰]]] ]]] ]]] 口口}曰曰门门]]] ]]] 门门]]] ]]] 门门曰曰曰曰]]]

222 0 2 0 BTTT 1
’

2 0 3 o B丫丫 门门
2 1 2 0 B TTT ! 2 门

’

。 b f }}}口口
门门门国国冈冈冈冈冈冈冈冈同同团团间间网网画画同同冈冈冈冈冈冈冈冈同同曰曰阅阅蔺蔺回回曰曰困困国国冈冈团团闰闰同同冈冈间间网网画画网网团团冈冈冈冈冈冈同同冈冈冈冈间间回回]]]
冈冈冈口口口口口口曰曰口口曰曰口口口口口口日日旧旧曰曰门门门门曰曰门门曰曰曰曰门门口口冈冈门门口口曰曰曰曰门门口口口口口口口口口口旧旧口口曰曰曰曰日日门门门门门门门门门门冈冈

旧旧旧口口曰
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a t 2 3 0 0 B T
.

T he lig h tn in g d istr ib u tio n a t 2 2 10 B T w a s m u e h b e tter tha n tha t a t 2 2 0 0 B T fo r

fo r ee a s tin g the a etiv e ec ho es a t 2 30 0 B T
.

A t 2 2 20 a n d 2 2 3 0 B T
,

th e e en tr e o f lig ht n in g fl a she s

m o v ed o u tsid e the r eg io n d ise u ssed a ltho u g h th e g rid w ith m a x im u m lig h tn in g n u m be r d id n o t

ch a n g e
.

T he ee n t re o f lig h tn in g fl a sh e s a t 2 2 20 a n d 2 2 30 B T w e re in g o o d a g r ee m en t w ith th e a e
-

tiv e e c h o a t 2 3 0 0 B T in th e re
gi

o n d isc u ssed
.

A t 2 3 0 0 B T
,

m o st o f g r id s w ith lig h tn in g h a d a c tiv e e e ho e s ,

lig htn in g d a ta w e r e in g o o d

a g r e

em
e n t w ith r a d a r ee ho es

.

H o w ev er the e en tr e o f Iig h tn in g m o v ed o u tsid e th e r eg io n fr o m

so u th sid e , a n d the sto rm
e x Pa n d ed stillso u thw a rd

.

T a b le 3
,

T h e D istrib u tio n o fA e tiv e E e h o es w ith Its In ten sity G re a te r tha n 30 d B z

门门门门门同同冈冈冈冈冈冈冈冈冈冈冈冈同同网网网 口口回回口口回回冈冈冈冈同同同同冈冈网网]]]
冈冈冈曰曰曰曰曰曰 冈冈曰曰口口口口 门门门 口口口口曰曰

+++ 十十十十十

下下曰曰冈冈
同同同同同同同同同同同同同同 口口口

+++ 十十 +++++++++++++

同同
回回回曰曰刁刁刁刁 口口口口口口口口 口口口口

+++ +++

冈冈
+++++

口口门门门 问问
同同同门门门门 口口口口曰曰曰曰 口口口口 曰曰

+++ +++ +++

口口口口曰曰曰曰冈冈曰曰同同
国国国国国 日日日 尸尸尸尸尸尸 曰曰曰 口口

十十 +++++++

曰曰曰曰门门
+++

同同同同
国国国国国 日日日日厂厂日日日 曰曰曰曰门门门 日日日日 「「日日曰曰曰曰曰曰曰曰同同回回
同同同门门门门曰曰曰曰厂厂厂厂厂 门门曰曰曰曰曰 口口口 口口口口 曰曰曰曰曰 门门日日同同
同同同口口门门口口曰曰叮叮口口口口门门曰曰门门门 曰曰口口日日日日日 曰曰曰曰曰曰 回回
冈冈冈门门门门曰曰曰曰曰曰 口口门门曰曰门门门 口口口口口口口口口 曰曰曰曰门门门 口口
口口口口口门门曰曰曰曰曰曰 曰曰门门曰曰门门门门 下下日日日日 曰曰曰曰门门门门曰曰国国

222 0 0 0 B TTTTT 2 1 0 0 BTTT

门门
冈冈冈口口曰曰曰曰曰 曰曰口口冈冈冈冈曰曰门门门 日日口口口 口口口口口 门门门门曰曰门门冈冈
同同同门门门门门门门门门

+++ 十十

同同同 口口口口口 门门门门 口口口口口口同同
闷闷闷曰曰日日日日日日 日日下下同同厅厅厅 口口口口口 口口门门曰曰曰 口口曰曰同同
国国国国国国国国 厅厅

+++

同同
+++ +++++++++++++++++++++

门门曰曰同同
国国国国国 厂厂厂 曰曰曰

+++ +++ +++ +++++++++++++++++++++

下下冈冈回回
国国国国国国国国国国

+++ +++++++++++++++++++++ 十十

同同冈冈同同
同同同同

十十十 +++++++++++++

日日日日 口口口口
+++++++++

口口冈冈口口回回
回回回回

十十十十十十十

曰曰曰曰门门门 口口国国口口
+++++++

厅厅冈冈冈冈口口回回
冈冈冈冈冈曰曰曰曰日日曰曰曰 叮叮叮叮 门门门 口口口口

十十 十十

冈冈口口口口冈冈
十十 +++

国国
冈冈冈曰曰曰曰口口口口口口曰曰曰曰口口门门门门 口口国国口口口口口口曰曰冈冈冈冈冈冈

十十

]]]
222 2 0 0 BTTTTT 2 3 0 0 B TTT

口口

It 15 n o te d tha t the d istr ib u tio n o f a etiv e ee h o e s w a s n o t in g o o d a g r e em en t w ith the d istri
-

b u tio n o f g r o u n d lig h tn in g a t th e sa m e tim e ,

w he n th e c e ll w a s in the v ig o r o u s Pe r io d a n d m o re

Pr ec iPita tio n Pa r tieles ex isted in sto rm
,

bu t in g o o d a g r eem en t w ith tha t a t the Pre v io u s

m o m e n t
.

T he r ea so n fo r th is Perh a Ps 15 th a t tr iPo le e h ar g e str u e tu re in th e e lo u d ha d be e n w ell

d ev e lo Pe d d u r in g th is Pe rio d a n d m o st o f lig h tn in g fl a she s a t this tim e w er e in tr a clo u d

d iseh a r ge s a lth o u gh th e lig htn in g fr eq u e n cy w a s h ig h er
.

T he Po sitiv e eh a rg es a t th e b o tt o m o f

e lo u d shield th e d iseh a r g es be tw e en n eg a tiv e eh a r g es a t the m id d le Pa r t o f elo u d a n d the g r o u n d

Pa r tia lly
.

M o st o f c h ar g e s a re re lea s ed by in tr a elo u d d ise ha r g es (W
a n g e t a l

. ,

19 90 )
.

H o w e v er in

the e d g e o f in te n siv e e eh o e s ,

the e ha r g e s a r e ea sie r to b e d is eh a r ge d to th e g r o u n d
.

In the a etiv e

e e ho re g io n w he re th e s to r m h a s w ell d e v elo Pe d
,

ther e a r e fe w er g r o u n d lig htn in g fl a sh es w h ile

the re a r e m a n y in th e e d g e o f the re g io n
.

A s to the e c h o e s in C 4 a t 2 10 0 a n d in D S a t 2 20 0 B T
,
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9 57 1 0 0 7

蕊协

E c ho a t 10 57 公 醉ch o a t 10 5 7

10 0 km 100k m

B eijin g Be ijin g

对对对
Bc ijin g
拼拼拼

10 0 km Bc ijin g 10 0 km

Fig
.

7
.

T he e o m P a riso n o f e e ho e s a t 10 5 7 B T A u g u st 7
,

1 99 0 a n d the lig h tn in g lo e a t一o n s 3 0 m in u te s to a n h o u r b e fo r e
.

x in d ie a te s the lo c a tio n o f lig htn in g
.

o n A u g u st 2 8
,

the d istribu tio n o f lig htn in g a t the sa m e m o m e n t w a s n o t in g o o d a g r e e m e n t w ith

th e e o r re sPo n d in g a c tiv e ee ho
.

T h e ee ho e s o f s to rm in the se g r id s w er e w e a k a n d th e y in d ie a ted

th a t th e st o rm the re h a d n o t w e ll d ev elo Pe d
.

B u t th er e w er e m o r e g r o u n d fl a sh es the r e a n d the

r eg io n w a s e o v er e d w ith a etiv e ee ho e s la te r
.

5 0 ,

th e g r o u n d Iig htn in g a t Pr ev io u s m o m en t m a y

be u se d to fo ree a st th e d e v e lo Pm e n t o f ae tiv e ee h o es , a lth o u g h th e lig h tn in g d istr ib u tio n m a y b e

n o t in a ee o r d a n e e w ith sev e re e eh o e s a t the sa m e m o m e n t
.

T o illu str a te fu r the r this Ph en o m en o n ,

Fig
.

7 sh o w s a n o ther eo m Pa r iso n o f r a d a r e c ho a t

10 5 7 B T w ith lig htn in g d istribu tio n a t 3 0 m in u tes t o a n h o u r befo r e
.

T he re w e re n o a c tiv e e eh
-

o e s w ith in th e a r ea in e o n sid e r a tio n a t 0 9 57 B T
.

It e o u ld n o t be d e term in e d w h eth e r the e c h o a t

10 5 7 BT w a s th e m o v em en t o f e e h o es a n h o u r b efo re o r a lo c a l n e w一b o r n c ell in the sh o r ta g e o f

the eo n tin u in g ee h o e s
.

It m ig h t be a n ew 一b o r n e ell bein g d ev e lo Pin g sta g e by r efe r en ein g the

e eh o es a t 10 5 7 BT
.

A lth o u g h the r e w er e n o a c tiv e e eh o e s a n h o u r b efo r e ,

lig htn in g a t th a t tim e

ha d in d ie a te d tha t th e a e tiv e ee ho e s w o u ld o cc u r th e r e la te r
.

1 0 m in u tes la te r ,

the r e w e r e m o re

lig h tn in g fl a sh es in the r e g io n a n d this w a s a v e ry g o o d in d ic a to r o fthe in te n se e e h o e s a PPea rin g

th er e la ter a t 10 5 7 B T
.

L ig h tn in g a t 10 2 7 BT a lso w e llin d iea te d the Po sitio n o f a c tiv e e c h o e s a t

10 5 7 B T
.

In ad d itio n ,

the e ello e s a t 0 9 5 7 a n d 1 15 2 B T W er e a ls o w ell in d ic a te d b y the e o r re
-

sp o n d in g d istrib u tio n o f lig h tn in g o e c u r rin g 3 0 m in u te s t o a n h o u r b efo r e
.

A lth o u g h th e d iffe
r e n t sto rm Pr o c e sse s a n d d iffe

r e n t d ev elo Pin g situ a tio n s e a u s e d iffe
r e n t
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ch a r ge d istr ib u tio n s , a n d th e li g h tn in g in d ic a tio n o f a c tiv e e c h o es a p p e a rs in d iffe
re n t tim e ,

lig h tn in g m a y be u se d to fo r eea s t the d eve lo Pin g o f th e c o n v ec tive a e tiv ity in m o st o f the

m e s o se a le s to rm a s a n in d ie a to r o f a e tive e ch o e s
.

D u r in g th e d ev e lo Pin g a n d in itia l m a tu r e

sta g e s o f the m es o se a le sto rm
o n A u g u st 7

,

it W a s fo u n d tha t the r ad a r e eh o e s m a y b e in d ic a te d

by lig htn in g o e eu r rin g 3 0 m in u te s to a n h o u r b efo r e fr o m sev e r a lec ho e s
.

In fa e t
,

lig h tn in g d a ta

c a n in d ic a te the e o n ve etio n ea rlier
.

o n e o f the r e a so n s 15 th a t the eo n tin u in g o b ser v a ti o n o f L LS

ea n d ete et li g h tn in g in re a l tim e ,

w hile the r ep o r ts o f r a d a r , sa tellite a n d r e a lsitu a tio n o n g r o u n d

a r e lim ited by tim e
.

A n o th er r e a s o n 15 c o n v ee tiv e m e eh a n ism itse lf. L ig h tn in g 15 the Pr o d u et o f

eh a rg e sePa r a tio n , a n d it o

ccu
r s w he n u Pd ra ft s e a u se ch a r g e se Pa ra tio n

.

H o w ev e r it n ee d s a

lo n g tim e fo r the p r ee ip ita tio n p a r tic les to g r o w to th e siz e a n d he ig ht w h ie h c a n be d e tee ted b y

r a d a r
.

In g e n er a l
,

lig ht n in g m a y be u se d to r eg io n a lfo r ee a stin g a n d it e a n be a n ho u r to 3 0 m in
-

u te s e a r lier tha n r a d a r fo r fo r ee a stin g the a PPr o a e hin g o fst o rm
.

IV
.

R E S U L T S A N D D ISC U SS IO N

C lo u d一t o

一
ro u n d lig htn in g r e Pr e se n ts the sev e r e c o n v e c tio n ,

L L S e a n Pr o v id e th e lig h t
-

n in g lo e a tio n in fo rm a tio n in r e a l tim e , 5 0 the g r o u n d lig h tn in g d a ta m a y be u se d to d ia g n o se

a n d d e te rm in e the sPa eia l a n d tem Po r a lv a ria tio n o f la r g e一s c a le st o rm
.

C a se a n a lysis a ls o su g
-

g este d the a p p lie a tio n Po ten tia lity o flig htn in g d a ta in n o w ea s tin g
.

B e ea u se o f u n e o n tin u o u s o b ser v a tio n o f r a d a r a n d the lo n g e r o bse rv a tio n in terv a l
,

it 15 im
-

Po ssib le to tr ae k th e s to r m e o n tin u o u sly
,

thu s fo r ec a stin g the in ten se ra d a r e e ho es ’ e en te r b y u s
-

in g lig h tn in g d a ta o e eu r rin g 3 0 m in u te s to a n ho u r b e fo r e 15 a Pr elim in a ry stu dy
.

A ltho u g h th e

e o m Pr e hen siv e in d ic a to r c a n n o t b e fo u n d fo r fo r ee a stin g the sto rm eh a ra ete ristie s by u sin g

lig h tn in g d a ta fo r the lim ita tio n o f d a ta
,

th is Pre lim in a ry s tu d y g iv e s the e o n e ePt a n d Po ssib ility

o f Pr e lim in a ry fo r ec a stin g by u sin g lig htn in g d a ta
.

It 15 e x Pe e ted t o fu rth e r stu d y in e o m b in a tio n

o f sa tellite , su rfa c e r ePo r t a n d w in d fi eld
.
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