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Abstract: Lightning data, observed from total lightning detection system (TLDS) of KMA, for the recent five years
(2002-2006) have been analyzed for temporal and spatial characteristics of frequency, intensity, duration, and flash rate.
Lightning frequency varies largely with years (most frequent in 2006) and the lightning during the summer accounts for
75% of total flashes and only 0.6% of lightnings strike in cold season. In rainy season (JJAS), the ratio of positive
flashes to negative ones is as low as 0.15, but it increases up to 0.98 in February. The seasonal variation of lightning
duration is strongly linked with lightning occurrences, whereas flashes rates show weak seasonal variability. In a daily
scale, lightning, on average, occurs more often at dawn (2 am, 5-7 am) and in the mid-afternoon (15 pm), and the
lightning at dawn (around 5 am) is most intense during the day. The western inland areas and the West/South Sea show
high lightning density during JJAS, whereas eastern part and the Fast Sea exhibit a low density of lightning. Considering
the low ratio of positive flashes (0.15) for the whole analysis domain during summer period, Chungnam and Jeonbuk
areas have a high ratio of flashes over 0.4. However, these should be analyzed with much caution because weak positive
cloud-to-cloud discharges can be regarded as cloud-to-ground flashes. The western inland also exhibits long annual flash
hours (15-24). And the West Sea has high flash rates as a result of large density and low flash hours. The most frequent
time of lightning occurrence over most inland areas lies between mid-afternoon and early-evening, whereas mountainous
and coastal areas, and the northern Kyoungki and Hwanghae provinces show the maximum lightning strikes in the
morning and at dawn, respectively.
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Fig. 1. Distributions of seven IMPACT ESP sensors and seventeen LDAR II sensors currently operating in the South Korea
with topography. An inner dotted box is the analysis domain (33-39°N, 124-130°) used in this study.
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Fig. 2. An example of collected lightning data.
Table 1. Contents of lightning data observed by TLDS
No. Abbreviation Description Unit
1 Int Intensity with polarity KA (kiloampere)
2 M Maximum multiplicity
3 CEl Length of the semi-major axis of the confidence ellipse km
4 CE2 Length of the semi-minor axis of the confidence ellipse km
5 CEE Eccentricity of the confidence ellipse
6 CEA Confidence ellipse angle of orientation in degrees from north degree
7 CHI Chi-square value of the stroke
8 NRS Number of reporting sensors
9 T Type of lightning, “C” for cloud, “G” for cloud-to-ground
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Fig. 3. Annual frequencies (bar), fractions (dotted line), and mean values (horizontal solid line) of positive and negative flashes

for the whole analysis domain between 2002 and 2006.
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Fig. 10. Same as in Fig. 8 except for (a) median lightning intensity (KA), (b) inter quartile range (IQR) of intensity (KA), and

(¢) maximum intensity (KA).
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(a) Lightning density (km yr')y over 252 KA
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(b) Lightning density (km‘2 yr') over 16.9 KA
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Fig. 11. Same as in Fig. 8 except for the lightning density (km™ yr) over (a) 252 KA and (b) 169 KA, respectively.
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(b} Mean flash rate (flashes hr')
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Fig. 12. Same as in Fig. 8 except for (a) mean flash hour per year (br yr') and (b) mean flash rate (flashes hr ).
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Fig. 13. Same as in 8 except for the most frequent time of lightning strikes.

oM HEUET} T A EA] B NEAe 2
Ao 2 40 flashes hr' o) Fo® EA Jehly 28
USA YL $4AC2E 25 flashes hr! 0312 W
UeRdth web ke 9xd 29 9 39 Ao
Ha) Mafl= HE7E 2A1El) o]@7] W] ALA)
7R FA, Ao S HEE 2 Zee 73
O & 4 Slrh =3 UIEXGE sl v (B
3 ALl HE7E W] 2SR & A7 1A
g AMae] vl 9] JFEe 9oy B S Qo)
Fig. 13& Y29 Jea A7k dxd et 2
o2 Jepd Aot (ays 20029%E 200637}
A Bgd Ho dAANZEeZ YF KoM )
o] 40| vepdt), deAdela Ex] @ o} 2
A(Fig. DoME 2F FukA ok7H(15-204)
HE7F vep e ejiabels) swiabmo g o]o)z]
T A GeM s 91547l 97} 7 Wil
o} 3 BRIk geioke 2 oASd BN
7b wskom A7l ERAY 2 3w Gdxe
Aol H2)7h Zo] dEhs EAL Relth Y
A EE7 7P #=A JEE A 2 dellexe
Z¥zh e Zgnta Aol HuWleg Byt ol2d

o] HUdA AZke] FEER dd HES B
ol=tl, 2002} 20033 Al¥ Ful7b A uk
™, 200533} 200603 % b Jrhr} FEE)
A vepdtt.

£ dFME 713 Al HEiE AladeA &
z2g AT 53(2002-2006)] AEE olgEld Y3

=
N, e, ASAZ B qEge] 548 A - 570
o8 BAgdY. oY Aze Fz g A9

==

HE] B ES olslsta HE] o3 P E
A7 71BARE B 5 Jg Aol
o ug why wieE 20060 oF 76%F Wog
7P BRAL, 20043 oF 357 wlow s A
wAste] dxo) wet 9o d wWFol A
ARt 59 e g AT oM = 8Yol
oW ez JP Be HEE HYon 29de
3,500 W92 713 AA A Addore
5 o 949 75%7) BN, Agde
AA G219 0.6% F=rt FAElS AREEL FA

[o?

e

==

i



ettt A3 A4 937t 254 4939
15% B2 Jeh AR, ALl 434 JEl b
£o] ZUtske] 2970 98% AEE HAWAE By
o 9] &N GEEIee fARE A" 4 Y
HES Bou HEge] A-HES old Hjg)] oF
S Rt

UElo] Hlvs Fadow AMeAl, AT 9%
SRHISANO 7 e FHo7b YeRA S o] wla)
A9 Wl A Ytk 9E Ars 1549 7h

Zb okeh Wi A sA] AZeE oA 104 HIo) H
T&e] 22 KA ATz AYzke 2ok 252 KAS

BA
xS Awe) 48 dEle) viE A 5N A
A2 Yehga AR 49 W, 150 A% @

F F9e AAHQ Geuse sou Audes
[e]

FolM W=7t Wy 5 2 TeA
A Ve AA £G5S
1

=49 vlgol 015 Welz $A vehAR, F3

%239 AqeHe AgdE A4 Hlgo] 04

oPde ¥ debdth 9 el I
TE R AR A9E FHCE 6-10 KAGIW)
oka}

4

o Hlal Z3tAl vergtt. mebd £33 %
ARelX FF4 HEY] Hgo] g3 93
7F oksly] wiiel] #EE FFA hRe]
W g 7FsAel o] siidel] Fod gt

APHCummins et al., 1998; Wacker and Orville,

1999a, 1999b; Zajac and Rutledge, 2001; Orville et

al., 2002).

HE AEA 9 HElg EEoAM dE 2 P

AT WFEAGL HE)7F Bk NE9t o

AEANZME A7 1524 he FEE DA Y}

93 HEE FoU AEAZ

7F AEER o] HEmrt

et 7 GEvr dAEe AN Y

SHEZAA A B bR

9% FelM A Alelo] Hi= e}

AR o) e 8l FElt A

o of u to
o 2
i

it

o b

L 2 o
ﬁ‘

%

>
=
>
2
o
Y
12
N

o,
K
o
>
rlo
J
&

W2 oy
A £ R
D3
18 o=
o >
O [‘}L
o 1o

f
r\l

o
x
=
i
¢

T LIy wAst URlel SHN SN 221

AMe oA Blert 7P Bal A71EE 2SS
T XYM Aol HuWEE Hlrh HojuA
A7k F7REEE AddEe] A YERTh

E 3 A #AA H5uUlY A8 ATECIFR
o} F3ke, 2001, 94853 4ASE, 2003; Lim and
Lee, 2005y HaRle 4 Ad - d s A3}
tAZke] Zol7h Q= ol Aeld Hlolge &
A 9 A ) FHE S7HE BZAA, 7)FEde
Adis 9 71eus AR 24
o] Fo AR FAHET oWl ATelxE F

=g Busgol, Bduse] 23 #4
Ho} B el durEel deSyolda ok
A A
3 2

o] AFE 71 71HA71E N EAE (CATER
2009-3114)9} A Qo2 FY=UF YT

UsE, ZE2E 94, 38, 2005, THF EA w2
gt g B4 2A 309(1973-2002) 71354, =
273887, 26, 732-743.

S-S, AeH, 2003, =S Ul 71533} LPATS
dolelo] o3& shte AT 21 - A7),
17, 16-23.

ol WA, 1999, 2AEAE ol§%t Wiy 454
FEAY . SE1dEEA, 35, 511-518.

o1F:F, FAR, 2001, LY E EA] B ti7]A,
11, 255-258.

o3, mikk—, F3HE, 2003, Y8 FAFEA Ml
A3l BA ¥ el B @sATHEEA, 24,
181-189.

Hed, olFE, WA, AT, 2002, 71 A A=
Ade] BA 2 2AE F4et tl7]A), 12, 580-583.

&3], 74914, 1988, =AY Zdgee) WAl gk o
T =718, 24, 38-48.

I8 B UESE, 2006, A2 3047H1976-2005) -
Huel A4ee] Al - 7 WES A3, SRS
3}%], 27, 433-449.

Boccippio, D.J., Cummins, K., Christian, H.J., and Good-
man, S.J., 2001, Combined satellite and surface-based
estimation of the intracloud-cloud-to-ground lightning



ratio over the continental United States. Monthly
Weather Review, 129, 108-122.

Correoso, JF., Hemandez, E., Garcia-Herrera, R., Barriope-
dro, D., and Paredes, D., 2006, A 3-year study of
cloud-to-ground lightning flash characteristics of mesos-
cale convective systems over the Western Mediterra-
nean Sea. Atmospheric Research, 79, 89-107.

Cummins, K.L., Murphy, M.J., Bardo, E.A., Hiscox, W.L.,
Pyle, RB., and Pifer, AE., 1998, A combined TOA/
MDF thchnology upgrade of the U.S. national light-
ning detection network. Journal of Geophysical
Research, 103, 9035-9044.

De Pablo, F., Soriano, L.R.,, 2002, Relationship between
cloud-to-ground lightning flashes over the Iberian Penin-
sula and sea surface temperature. Journal of the Royal
Meteorological Society, 128, 173-183.

Hodanish, S., Sharp, D., Collins, W. Paxton, C., and
Orville, RE., 1997, A 10-yr monthly lightning climatol-
ogy of Florida, 1986-95. Weather and Forecasting, 12,
439-448.

Huffines, GR. and Orville, R:E., 1999, Lightning ground
flash density and thunderstorm duration in the continen-
tal United States: 1989-96. Journal of Applied Meteo-
rology, 38, 1013-1019.

Katsanos, D., Lagouvardos, K., Kotroni, V., and Argiriou,
A., 2007, Combined analysis of rainfall and lightning
data produced by mesoscale systems in the central and
eastern Mediterranean. Atmospheric Research, 83, 55-
63.

Lim, E. and Lee, T-Y., 2005, Statistical characteristics of
lightning over the Korean Peninsula for 1996-2000.
Journal of the Korean Meteorological Society, 41, 41-
55.

Livingston, E.S., Nielson-Gammon, J.W., and Orville, RE.,
1996, A climatology, synoptic assessment, and thermo-
dynamic evaluation for cloud-to-ground lightning in
Georgia: A study for the 1996 Summer Olympics. Bul-
letin of the American Meteorological Society, 77, 1483-
1495.

Orville, RE., 1991, Lightning ground flash density in the
contiguous  United States-1989. Monthly Weather
Review, 119, 573-577.

Orville, R.E., 1994, Cloud-to-ground lightning flash charac-
teristics in the contiguous United States: 1989-1991.
Journal of Geophysical Research, 99, 10833-10841.

Orville, RE. and Silver, A.C, 1997, Lightning ground
flash density in the contiguous United States: 1992-95.

Monthly Weather Review, 125, 631-638.

Orville, R.E., Huffines, GR., Burrows, W.R., Holle, R.L.,
and Cummins, K.L., 2002, The North American light-
ning detection network (NALDN)-First results: 1998-
2000. Monthly Weather Review, 130, 2098-2109.

Pineda, N., Rigo, R., Bech, J., and Soler, X., 2007, Light-
ning and precipitation relationship in summer thunder-
storms: Case studies in the North Western
Mediterranean region. Atmospheric Research, 85, 159-
170.

Reap, RM. and Orville, RE., 1990, The relationships
between network lightning locations and surface hourly
observations of thunderstorms. Monthly —Weather
Review, 118, 94-118.

Sheridan, S.C., Griffiths, JF, and Orville, RE., 1997,
Warm season cloud-to-ground lightning-precipitation
relationships in the South-central United States. Weather
and Forecasting, 12, 449-458.

Soriano, LR. and Pablo, FD., 2002, Study of lightning
event duration and flash rate in the Iberian peninsula
using cloud-to-ground lightning data. Atmospheric
Research, 61, 189-201.

Wacker, R.S. and Orville, RE., 1999a, Changes in mea-
sured lightning flash count and return stroke peak cur-
rent after the 1994 U.S. National Lightning Detection
Network upgrade: Part I. Observations. Journal of Geo-
physical Research, 104, 2151-2157.

Wacker, R.S. and Orville, R.E., 1999b, Changes in mea-
sured lightning flash count and return stroke peak cur-
rent after the 1994 U.S. National Lightning Detection
Network upgrade: Part II. Theory. Journal of Geophysi-
cal Research, 104, 2159-2162.

Zajac, B.A. and Rutledge, S.A., 2001, Cloud-to-ground
lightning activity in the contiguous United Sates from
1995 to 1999. Monthly Weather Review, 129, 999-
1019.

AAE, 2008, A5G HAeR <IF AF Isdw
1209, hitp:/newskhan. cokrkh news/khan art viewhtml?
artid=200805201637081&code=950312 (FAY: 2009. 2.
13)

717434, 2008, RH=AME.  hitp://webkma.gokr/open/info/
notify/notify.jsp?page=1&num=1187807&mode=
view&field=subject&text=%B3%AB%B7%DA&order=&
dir=&bid=notify&ses= (F4L: 2009. 2. 13.)

sbd e A YIEY=, 2008, Old-new system HIZ,
http://www.lightning.orkr /info/info_subl.jsp?menu=1 (#
Ael: 2009. 2. 13.)

2009 29 179 He
20094 39 249 AP H
2009 3Y 264 A



