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Spatiotemporal distribution of precipitation in Korea
related to weakening of tropical cyclones

Ho Seong Hwang

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

Spatiotemporal characteristics of precipitation in-Korea, associated
with the weakening of Tropical Cyclones(TCs) around the Korean
Peninsula(32-36°N, 122-132°E) over the last 30 years(1979-2008), were
investigated. Weakened TCs are classified as WEC(Weakened to
Extratropical Cyclone) and WTD(Weakened to Tropical Depression).

In WEC, precipitation was evenly distributed all over the Korean
Peninsula’ and the greater precipitation was recorded in the southern
coast. In WTD, the most precipitation was recorded in the southern coast
but low precipitation was recorded in the central and inland areas of
Korea. The difference of precipitation between WEC and WTD was not
statistically significant in Region 2(Jeollanam-do, Gyeongsangnam-do,
southeastern part of Gyeongsangbuk-do, Jeju-do); however, the
precipitation resulting from WEC was greater than that resulting from
WTD in Region 1(central area of Korea, Jeollabuk-do, inland of
Gyeongsangbuk-do).

In WEC, the developed upper-level potential vorticity(PV) and low-
level temperature trough shifted to the northwest of TCs approaching
Korea. In addition, an upper-level jet stream and strong divergence field
were observed to the northeast of the TCs. It was assumed that these

meteorological factors had induced baroclinic instability and diabatic



process, which created a large precipitation area around the TCs.
However, the intense PV, temperature trough, jet stream were not
observed in WTD, which created a small precipitation area around the
TCs.

In addition, spatial proportions of heavy rainfall area around the
representative TC events for WEC and WTD(MINDULLE 0407 and
NEIL 9905, respectively) are discussed on the basis of data obtained
from the Tropical Rainfall Measuring Mission(TRMM). The heavy
rainfall proportion had decreased from before the TC NEIL(9905) was
weakened to tropical depression. On the other hand, the large heavy
rainfall proportion continued or expanded even though the TC
MINDULLE(0407) had weakened to extratropical cyclone.

Key words: tropical cyclones, extratropical transition, upper level
divergence, precipitation
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2.1. A5

1979 ~ 20083 (30%) E<oF SHHFL: FW(32~36°N, 122~132°E)°l A
ofstd 2371 HIFSY 8= #1x R Aol thik JHE Regional
Specialized Meteorological Center(RSMC) Tokyo2] Best Track A}& = 5-F
& 1 Thhttp://www.jma.go.jp/en/typh). $h= AR 919 A 7|7E

[e]
e &

e

7137 A% 613 FEAH] FE o] &k ThFig. 1).
500hPa A 9354, 200hPa A E 5, 200hPa 2AHS], 850hPa 3 <,

171

of
=il

= \=]
'é“f':):}

ol

300-200hPa A 9+ =%, 850hPa R H A7)
$13] NCEP-NCAR(National Center for Environmental Prediction -

National Center forAtmospheric Research) ¢4 %= 2.5°% 2.5°, 6A] 3}

A AlEA A5 5 o] &8¢ t(Kalnay — et  al, 1996,
http://www.esrl.noaa.gov). aga YA r|ew oksly =

MINDULLE(0407)2} A thA]l A2 oFsl® NEIL(9905) 2+2+2] el
TH ALY wEXE FA87] 98l TRMM(Tropical Rainfall
ission) ¥4l 0.25° x 0.25°, 3A|1ZF A 7F9-7F = (mm hr')

Measuring

M
£ AF8-5} 9 th(http:/trmm. gsfc.nasa.gov).
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oATeA F2 2d HFd fEE oflE WA AdWehd,
TC(Tropical Cyclone)x= @A A 7]¢k, EC(Extratropical Cyclone):=
>4 719k,  ET(Extratropical  Transiton of TC)& TC9]
2 A4 71ss  owgh. a2lal TCE TD, TS, STS, TYZ
TFEeteEd BE T FH-FHd FE5o] ks WRQlI TCE TD

(Tropical Depression, GHA A SHH), AW F5 34-47kts 1 TC+=

TS(Tropical ‘Storm, €t 33), Htl F<5 48-63kts?] TC+ STS(Severe

il

Tropical | Storm, Z+sk  Hd] F3F) I3l 64kts ©]F<Sl TC
TY(Typhoon, EJ3)2t gtoh. A kot A& oA= TS, STS, TY &7

Fo\Fsha qlrk

2.2.1. 3} o) &

o

2]

=
o

_‘.'ﬁ',
rM
ol

309 F2H(1979-2008) HAEfH ol A LAY

ol
&=

T FW(32-36°N, 122-132°E)ell A ofstdl B 237]ct) <]
oA A7 e R okstE 74 9-(147)], Weakened to Extratropical
Cyclone(WEC))2} Edld ALF= <fstd 45971, Weakened to

Tropical Depression(WTD))9] 27FA|2 F&3}thFig. 2). Z2+2H9]
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245,

(a) WEC

Farol A e

(b) WTD

50N 50N _
- K . - E /
& . “
40N ( 40N {

30N ' 30N

120E 130E 140E 150E 120E 130E 140E 150E

Fig. 2. Points of tropical cyclones(TCs) weakened around Korea(32-
36°N, 122-132°E) during the period 1979-2008, and their tracks for (a)
WEC(weakened to extratropical  cyclone), (b) WTD(weakened to

tropical depression).

WECS} WTDel| #AgHuelE ofefiet Lol yriiltt. #e =49
TRro] - AgrellA AREE TCE| °F3t 3tolt)
*« WEC(Weakened to Extratropical Cyclone)

TY ->STS -> TS -> EC->AH

TY ->STS ->TS -=> TD -> EC->A'82

*» WTD(Weakened to Tropical Depression)

TY->STS->TS->TD->4~"d
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2.2.2. HE A AEY AHY

BAe o 9% 32°NE EysteE A AHS

=
ol
o
r
rE
=
fr
Ho

Sk o] S T A M (Affecting time point) &= 7 2] 3} 3] TH(Table
1). 18 aL o] A/HSZRY 12417F A& TCO F<* A5 (Approaching
time point)O. 2 3JFATE YL 32°NS FIFAFH 7lFow 3 AL
st ok EEe  7lsEel o $1%=. 32°N40°N, 4% 120°E-
138°E(7137%, 1996)8 W& astalr] wwelet. # dATeA =
WEC®t WID® 75-o hoiA zzte] HIA e vevs F3

7178742l AolE Hlalelal o]fjh Apo|ok Aot ojwit

Table 1. Definition of the affecting time point and approaching time
point of TC.

Definition

Affecting time point First time which TC begins to pass northward 32°N,

(0 hour) latitude criterion of TC affecting Korea
Approaching time
point 12 hours before the affecting time point
(-12 hours)
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3.1. HF9Y <k A|A
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WECSH WTD E|$ Zhzbe] FabAQl ofspA e
A A FE +7.7A13F, +24.0A1 2.2 L}EFGTH(Table 2). WTD9] °F3}

Azle] WECS] oks} AR Rk @48 %A Uepdt
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500hPa A L= AolA FEHE 2ol7t S & 7 ATk WECH

A5 ohdr) 71950l TC BENA FE-HMZ Sol4 gom, TC
Aol Flgkzel FalatAl GAsE AL B S7b ArhFie ). 3,
BEe APYFS BEZor frEsm g Fejolth WIDI
ASE oldul JIghsel TC HEZelA FAZ Hold gom,
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Table 2. Weakened time point of all TCs for WEC and WTD. The time
indicates the time difference between weakened and affecting time point

of TC(in Table 1).

WEC WTD

nufn(l:)er s name (::;::) nufnier AR Y (:::::)
8007 IDA +0 7911 JUDY +30
8403 ALEX +12 8110 OGDEN 6
8505 HAL +6 9112 GLADYS +42
8520 BRENDA +12 9209 [RVING 0
8605 NANCY +6 9211 KENT +24
8906 ELLIS +3 9407 WALT +9
9005 OFELIA +12 9413 DOUG +72
9015 ABE 0 9905 NEIL +24
9507 JANIS 0 9908 PAUL +9
9809 YANNI 9 mean +24.0
9917 ANN +30
0102 CHEBI 0
0407 MINDULLE +6
0515 KHANUN +12

mean +7.7
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(b) WID

50N

45N 4

40N 4

35N 4

30N 4

25N 1

Fig. 3. Mean path-of TC(interval 6hr) from approaching time point(-
12hr) of TC and 500hPa mean geopotential height(gpm).at approaching
time point for (a) WEC and (b) WTD:
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33. HEY olF &%

WECE =diA7|te= widd o T AT dge= e

Aerrg okslE o] F9reo] HAAZRTOE TC AW 7)<
FFS ol =7 £E2 o]53(Fig 3b, Fig. 4). B1F9] A AI-(-

12A17H5-E] 45A17F 5ot WECSl it olF&EEE 33m 5! o],
WTDE H¥ oJF5EEE 15m s'® WEC’} WID. ®t}p 2v] A%
w2tk WECS o5& 5w TC Hat AlA o]l% =i, F7tsithrt
+3A] k) o) E Sw7F 7h W] UbEETh o] & A48

tasteh a2inzel g el elEdsion o A3
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Moving speed (km/hr)

Time (hour)

Fig. 4. Moving speed of TC for WEC and WTD from the approaching
time point(-12hr) of tropical cyclone to 48 hours later.
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3.4. 3 BT 49 Hx

500nPa A9l EAA & 4 AFe] WIDY W ofd
1ol S 35°N ol delA vehtE e dtedge V|ddES
o] u] &l (Fig. 3b). AA 2 WTD2 A2 AA= 301d7+1979-2008')

793 govt Uelton g§do] 71 Be wmE ey thFig 5).

I}

b WECS] WAdl e gof 7b3k ok
W

F debgeh s AR EHE WECS

A

NgAEel e A oW e B T HRA BN

Frequency
s - N [&5] - o
EE

6 7 8 9 10
Month

Fig. 5. Monthly frequency of TCs weakened to extratropical
cyclone(WEC) and tropical depression(WTD).
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Fig. 6. Precipitation accumulated over 48 hours from approaching time
point(-12hr) of tropical cyclone for (a) WEC, (b) WTD and (c) their
difference(WEC-WTD). The dashed lines indicate negative value.
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Table 3. Mean precipitation accumulated over 48 hours at 61 stations

from the approaching time point(-12hr) of tropical cyclone and

maximum precipitation of all

the stations.

WEC WTD
Mean precipitation
of 63.3 mm 39.2 mm
61 stations
Ma.xi.mufn 110.3 mm 115.0 mm
precipitation ‘
and station Sancheong(289) Geoje(294)

Fo ) ARAE, DS, A, "HE, FF, E AF)S vug
Ay, WECAA = 771 A" BE5 Z= 617] A Hit3 v

xo]

o

ra
Hl

s UEHoHFig 7a). BFE WTDO) A= A=

)
FERT 20-25mm  AA- UERer - Rae Aw wFnt
60~70mmy4} o] YEFSETH(Fig. 7b).

WECSH WIDZHS] 2% Aol FHAW 2 WHA9e FHOR
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Fig. 12. 300-200hPa potential vorticity(shaded every 0.2 PVU starting at
0.4 PVU where 1 PVU = 10° K kg m* s™), 850hPa temperature(dashed

lines, C) and mean location of TC at the approaching time point(-12hr)
of tropical cyclone for (a)WEC, (b)WTD.
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Fig. 14. Vertical cross section over the dashed straight line in Fig. 13 for
(a) WEC and (b) WTD. The shaded area indicates the ascending current
(hPa hr"). The thick lines and thin lines indicate divergence (10° s™) and
convergence (10° s™), respectively. The square box indicates the

location of Korea.
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Fig. 15. Conceptual map of vertical cross section field(Fig. 14) between
TC and Korea at the approaching time point(-12hr) of tropical cyclone
for (a)WEC, (b)WTD. Each D200, C850 and C1000 mark indicate
region of 200hPa divergence, 850hPa convergence and 1000hPa
divergence, respectively. JET mark represents upper level jet stream and
dotted circles denote ascending current. Thick vertical arrows represent
relative scale of the real vertical velocities at 700hPa and these real

values(hPa hr') show below of all the arrows.
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Fig. 16. Rainfall intensity(mm hr™') over 48 hours from the approaching
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weakening time point, respectively, of each TC.
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