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Abstract

Topographically enhanced rainfall was examined through the analysis of the cases in which the
westerlies were dominant during the passage of cyclones or fronts in the Youngseo district, and for
the heavy rainfall cases in which the 24h-accumulated rainfall amount was above 100mm in the
Youngdong district. Numerical experiments by using the ARPS (Advanced Regional Prediction
System) model were performed to evaluate the precipitation distribution associated with
topography in the Youngseo district. Experiments were performed with various wind direction,
wind speed, the terrain height, and inclusion of surface physical processes to evaluate relative
importance of the factors which cause the orographically induced heavy rainfall in Youngdong
district.

In the 12 rainfall cases which are associated with passage of cyclones or fronts in the Youngseo
district, the area-averaged rainfall amount in the upstream side of the Tacback mountains is 7.8mm
larger than that in the downstream side. The total rainfall amount averaged at all stations for the 12
heavy rainfall cases occurred in the Youngdong district is about 120mm, which is 6 times larger
than that in the Youngseo district. It indicates locality of rainfall distribution due to topographical
distribution. Especially, the averaged rainfall rate at Taecgwallyong is 4.4mm/h, which means that
the forced lifting in the upslope side plays a role to increase rainfall.

In the numerical experiment for rainfall enhancement in the Youngseo district, rainfall
enhancement in the upstream side associated with passage of cyclones may be explained by the
process that the raindrops fallen from the upper level clouds coalesce into the droplets in the low-
level stratiform clouds condensed by the air which is lifted up along the mountain slope.

In the experiment of heavy rainfall in the Youngdong district, the simulation with northeasterly
wind below about Skm height produces the maximum rainfall amount at Taegwallyong,
corresponding to the observed rainfall. The rainfall amount which is resulted from the simulation
with the terrain height halved is smaller than that with the wind speed halved. The experiment with
the surface physical processes produces twice larger rainfall than without the processes. The
surface friction, heat flux and moisture flux play an important role in producing the rainfall rate
corresponded to the observed rainfall rate of 20 mm/h or higher.
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Table 1. Area-averaged rainfalls in the upstream (upper line) and downstream (lower line) regions for the 12 cyclones.

. Cyclone Area-averaged cyclone  Duration of Rainfall Fractional duration
Date and Time (LST) duration (h) total rainfall (:1m) rainfall (h) rate (mm/h) of rainfall (%)

12 May 0500-13 May 0800 28 21.0 20.5 1.02 73
1980 14.2 0.50 51
30 May 1800-31 May 2000 27 19.9 8.7 2.30 32
1981 254 15.2 1.67 56
6 May 0200- 6 May 0500 19 233 14.5 1.60 76
1982 9.8 0.60 52
3 Apr 1400- 3 Apr 2400 " 6.0 1.34 55
1983 24 0.22 22
26 Apr 0400-26 Apr 1300 10 14.2 6.5 2.18 65
1985 4.8 0.57 48
9 Mar 1000-10 Mar 0300 18 11.1 6.7 1.66 37
1986 4.8 0.85 27
6 Apr 1200- 7 Apr 1200 25 15.0 209 0.72 84
1987 14.5 0.63 58
11 Apr 2400-12 Apr 1300 14 21.3 9.5 2.24 68
1988 7.5 0.97 54
11 Mar 0700-12 Mar 1500 3 28.0 16.8 1.67 51
1990 19.8 15.0 1.32 44
27 Mar 2200-29 Mar 2100 43 27.3 26.0 1.05 52
1990 42.7 29.3 1.45 61
7 Apr 0400- 8 Apr 0100 ) 14.4 17.6 0.82 80
1990 9.8 0.24 45
18 Apr 0100-18 Apr 1500 s 245 9.5 2.58 63
1992 5.5 1.38 37
Average 225 19.0 13.6 1.60 61
over all cyclones 11.2 11.1 0.87 46
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Table 2. Area-averaged rainfalls in the upstream (upper line) and downstream (lower line) regions for heavy rainfall cases in the
eastern part of the region.

) Rainfall Area-averaged Duration of Rainfall Fractional duration
Date and Time (LST) . . . .
duration (h) total rainfall (mm) rainfall (h) rate (mm/h) of rainfall (%)
23 JUL 1500-26 JUL 0500 82.9 52.8 1.57 61
1982 87 8.8 17.2 0.51 20
25 AUG 1500-27 AUG 2300 221.0 54.2 4.08 95
1982 37 62.0 39.7 1.56 70
20 AUG 0100-22 AUG 0500 53 123.9 33.2 3.73 63
1984 15.0 12.0 1.25 23
12 JUN 1600-14 JUN 1400 63.3 38.2 1.66 81
1985 47 1.1 2.8 0.39 06
31 AUG 0300- 1 SEP 0100 90.7 16.8 5.39 73
1985 23 3.5 7.5 0.46 33
20 AUG 1000-22 AUG 1000 49 119.3 37.0 322 76
1986 25.0 9.4 2.65 19
20 SEP 0300-21 SEP 2000 0 121.8 36.7 3.31 88
1986 68.5 33.7 2.03 80
10 OCT 1600-11 OCT 2200 31 115.0 28.3 4.06 91
1986 20.4 11.3 1.81 36
23 JUN 1100-24 JUN 2100 64.5 32.7 1.97 93
1988 35 0 0.1 0.02 0
25 JUL 0600-28 JUL 1400 76.7 58.2 1.32 72
1988 81 49 94 0.52 12
24 SEP 1300-29 SEP 0500 230.5 79.5 2.90 70
1988 13 12.1 17.6 0.69 16
2 AUG 1500- 4 AUG 0300 116.4 33.7 3.46 84
1989 40 0.9 39 0.22 10
Average 548 118.8 41.8 3.06 79
over all cases ' 18.5 13.7 1.01 27
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Table 3. Area-averaged resultant winds in the upstream (upper line) and downstream (lower line) regions for heavy rainfall cases in
the eastern part of the region.

Date and Time (LST) Areajaveraged resultant Ar.ea-aYerag.ed resultant Area-a.veraged wind
wind speed (m/s) wind direction (degree) persistence (%)

23 JUL 1500-26 JUL 0500 24 54.2 77
1982 1.3 42.1 63
25 AUG 1500-27 AUG 2300 2.7 293 72
1982 0.7 12.7 49
20 AUG 0100-22 AUG 0500 3.7 48.6 87
1984 0.9 15.0 51
12 JUN 1600-14 JUN 1400 2.5 47.6 72
1985 1.6 29.1 75
31 AUG 0300- 1 SEP 0100 3.5 36.7 81
1985 1.4 35.5 77
20 AUG 1000-22 AUG 1000 1.8 36.6 70
1986 0.3 1.3 33
20 SEP 0300-21 SEP 2000 2.6 27.9 79
1986 1.1 2.6 63
10 OCT 1600-11 OCT 2200 38 225 76
1986 1.2 10.3 63
23 JUN 1100-24 JUN 2100 2.6 279 79
1988 24 18.7 85
25 JUL 0600-28 JUL 1400 2.6 29.1 84
1988 2.1 21.5 920
24 SEP 1300-29 SEP 0500 2.5 26.5 72
1988 1.1 16.8 81
2 AUG 1500- 4 AUG 0300 31 36.3 84
1989 23 14.8 89
Average 2.7 33.6 76
over all cases 1.4 18.4 74
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2 Ao olfE A 194 348 a9
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(71 HEYD Aoz Ao speiAE Qe

Y7t Gatatas FEEoz olRHmEZ o
E HAE] 8 g 49 vz g A}
A7) Al "t (Bader and Roach, 1976,
Richard eral, 1987, Robichaud and Austin,
1988). Table 4= A ¥9 g%olt},

dE AW AYAY 59 899 g W=
E BEH7] 93t 33 A H4E8E& A
Ak, mde] FAle 37.75°N(H#RH 9=
gkl al), 128.5°Eeln A4t 49 M=
280 km, ¥8e=2¥ 200 kme #Z7|olv}
(Fig. 6). 2 AgdE A&, 48 2% 4km

Table 4. Summary of experiments for Youngseo district.
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1200UTCe 4% #A=(Fig. 7)& A&k
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Sl de dRE 22T £ Ak APFE
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o g3+ & dyel Fasnz oY
2919 AAQ BHE Fopus] st 74
g Age thest 2o 49 12 8% 3 km
olste] olol 15 m/sel A E TFL B

Experiment Model Horizontal Integration Rainwater mixing ratio
P resolution (km) time (h) added at k=11 (g/kg)
1 2d 2 4 Not added
2d 4 0.020
3 3d 4 12 0.018
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(b) 4h integration.
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Fig. 10. Rain water mixing ratio (g/kg, upper panels) and accumulated rainfall amount (mm, lower panels) at (a) 2h and (b) 4h
integration for Experiment 2. Contour intervals for rain water mixing ratio are 0.025 g/kg.
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Fig. 11. Simulated 12h accumulated rainfall amount (2 mm
intervals) of Experiment 3.
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(a) Observed 24h accumulated rainfall amount (20
mm intervals) and (b) hourly rainfall amount (mm)
at Taegwallyong from 2100 LST 26 to 2100 LST 27
August 1982.
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Fig. 13. (a) Simulated 24h accumulated rainfall amount (20 mm intervals). (b) Vertical velocity (0.2 m/s intervals) at surface at 6h
integration, (¢) cloud water mixing ratio (0.1 g/kg intervals), and (d) equivalent potential temperature (2.5°K intervals) at

y=100 km at 6h integration for Experiment 4.
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Fig. 14. (a) Accumulated rainfall amount (10 mm intervals)
and (b) vertical cross-section of cloud water mixing
ratio (0.1 g/kg intervals) at y=100 km at 6h
integration for Experiment 5.
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Experiment 7.

S
=
2
1=
o
<
£
po}
O
w
Lis iaa Liasay
o] 64 128 192 256
Min=0.112E—15 Mox= 143. Inc= 10.0
West-East (km)
at t=21600.0 s (6:00:00) at j=26

&
=
=

<) 1

Q i J
I

4L a

192
Inc=0.100

(km)

64 128
Min=0.000E+00 Max= 3.70

West-East

Fig. 17. (a) Accumulated rainfall amount (10 mm intervals)
and (b) vertical cross-section of cloud water mixing
ratio (0.1 g/kg intervals) at y=100 km at 6h
integration for Experiment 8.

3 wlsett. AREEst A 2o FEE
g9 $AYFe) A% SUE(Fig. 17b)
g BW 7Eo AE TN 493 L
o AoAE AY 49 4ol AP AP
omRE g3} £Ro] FF ot T2
N % ozl oF wagsel 4 49 7



531
T8 WA §5FF ALl vpEel

1

k]
L4

ol

A7 B - ol 57

or

=

2A B A (RolA

BERFBEEE 32, 4. 1996

{n
N
Ho
No
—_—
o
ol

Ho

Ho

oju

Br
Y
——
1o
G

off

)
W

o

o
No

Hold 69% o149l &

ol2 7

W

29 AT,

A

Lo

S 7H171

=2

gz AR 2 7b
HHES

=)

=

55% A< ©

g t7]A

ol gle 22t 24 ]

Ho

G
il
4+

B

20

=g FF o

#ZolA Bol

Bege AEel

A 1600 LST Ale]

mm/h °]’<]

T4 8919 UF= HAFAA 3}

3 km °l3te]l ¥olel 15 m/s9] 4%

ks

ol

oF
o
=
P

o
ol
o
Br

3|

Ko

=

o

1

k]
“

=
©

9 HE 24N T

A& A3

]
=3

i

oK

or
04

7
5 km

ok
=

st ot

0]

AVl A Uhebstel,

=
P

3 v

=

=

Eis

8}

o

=X

H

<]

4

13

(o]
Rl

d F

1980~1992¢ 13

L

o

o] A7l

W
=

(o]

—

e

50

Ho
ol
e
&
70
of
-
~

H
&

A upA Q1 124 2l

o

o
i

N
o

3 A etz 9o

ted 1980~1989¢ 10d B¢ dF AHelA

S

Ao, 2y

Al

A

SEIE R

A=}
o

ke

100 mm °]/d<l 12749

24A 7k Aol

B
—_—
o
H
ofm

70

T
go

)
B
—
o)
A

oy

~

ob T W

4
=
ES
]
}5-]1

vE Ho
=

r

4
164

9

he
K2

2
< o 63

[e]
=2

sl

I3

3t 2 km 1% o4

S

1%
Zege RE AY Fd A 2%

ez Relo g &

[]

B Agen 2raw
MY golsh A7t AolA 7|

A

1

k]
134

? 3ot g

KR

=2

A

AE g7l wEel FFol AA

Ro g
A vebste.
A RetA
A el &2 AH

2
[<]

¥R o 30 mm AE Ao FedE
94

Ze ZAAtdedA A 40 mmE F

A,
A s
)E}
=

st

5]

4

Eas!

[3)

[$

=2

=

sl 2

7]

of %3250

Atel A& ApAciM e 0.73 mm/he

7b7b vebd

1] 9

]
=2

<

o}
2
H

s}

o] 1278 Atelel of

=

=

o

<

T 7.8 mm Y Bl

373

E]

Wt 33E 370 eAse 44

1271 Akl €]

Zolxel 74 Z71 29 o

A% A

L

Lo

%4
bol Abelo] R xw

3

e
3E

Aol A7) B FH Aol e

HoAFAn dadM Ao 3

)
Ko
—_—
)

Iil
110
B
il

,1
i

Lis

o
o

%o
pi!

—_

[+
wr

Ho



532 PUE T A AYY 2T

-
N
>
i
K
)
i
[524
44

718 #8371 98S g F4= A9 Atk oA 3AY - AR BN AERF
Al Hi ) E=G dHF divle BEAA= Z27] 27022 3 A7 AA 2d g ol g3 F
£ F7H7IE aclel HAUTH o|FA st A Az 2de FygeA Mg zaE W
A AdE Frle At 9@ deez HE Abste] F-y TR B F2) AP 27|
We koA §Fol dojd F Jemz A 82 Agste PHE AEEe HAA d5&
Fol E3 &9 FF°] e ASTEG 24 AEEE ¢ Az AlRET. olRozREH F
ol el ZA+#F F/HE KAt T ouirle wgn A" 43S 298 + A

mebd, JdF AW A LAl vdEbde oBg FWxe ¥ gnE vg A3
B3 e BRI £8% t7] 7R3 otgt 4 9l& Holo},
329 TR F&, A¥Ye Eold o3 AH
Ho #HZoAM Hole 20 mm/h °149 A
&S AW vAH (B 4 & FE 5 EF ZAL
e B8 HAFol Fagd 4¥L g o
. A& &% UM &3 FFol $A o] AT &= 3t Ado] AT 5%
& o e o] ALE AMAA dF A AT(94-0703-02-01-3)l 2l&te] o] Folxl 7
o 398 st Zo2HE AYo| A ojel, o] EEo #4E s =& & F
Fxo slo] 2% wiA d#sle] & BA Y Aol Al Attt #3lR adS =94FE
oz Zgsln JYde RE ¢ F UG, oy 72 AR gAA BA . F=X AlEdolMe A}
g Are ZF QR o] AAAE ukedst 439 ARPS(Advanced Regional Prediction
oot & AJAlSlY olr} x¥o] Ful AA System)Z A 93l & CAPS(Center for
Aol d wsle AEFE e AEE 2R2 G Analysis and Prediction of Storms)el #At
FAS Eg® T ofyil sdA e Eg =
o PlXe G g A7 BaFgFE 9fn|
gc},

AA Ao APAF Ao A slel A S R
28 ude AR BI29 ol Sld %o
AN =o® Ao od s T2 Uxte] #E AEF. AFY. FAHZ 1981 4F AW 78S
Bgel F4E B4 37k 4@ AT o MRS1L, 93797 -

Ae7d, 1991: 1990 19 29~29 1¥ W&

oulstr et aEm A MF JlFe= A W E Ao Be Ald AT, AMAbere =
AL AFES HAAZ d7] eFe] uwEe £, Agdgm, 46pp.

%

HeHA Mol <FaE AV FAaEHe A5 2. 32pp
g mEx 2lojob dvle HolAM o] He ColElY, 1994: @wte 5 Aute] A]¥o]
a2 Egsn stk SAZFH BAol ¢& 4l TE R A5 ¥ nAe 9% - 224 7
< 3
A

O\

ol
rlo
O

o

A AT, F=7]3EE A, 30(4). 565-582.

442 A A FRE Beoe s
I 1 AARAL T fo”“““‘ AZE. 1990: 53 2Hg 0|23 AFEANY 3
TS H2EAI17] Sldted o we At 53 molel 2R ZidRol it AT, MApe
glo] Haslvin gudET Awg. HALuldw, 64pp.

A% A A AA A5 43 APe £ %Ué%.’]19]942: ??%:}Aiu%*i?mﬂfi%i +A

- ~ 2o A%'BAS‘O%_‘:'}\ é‘m24pp

oz =A% %y| Aoz Ry Aoz A 20, A =

= o= ! : 2RH Agsoz A Bader, M.J. and W.T. Roach, 1977: Orographic rainfall in

2= = =

ZF wgel vyt AEo] vwA st # warm sectors of depressions. Quart. J. Roy. Meteor.
Zo|A Hole Z4ge 7-%4e RF 4 Soc., 103, 269-280.



HBIR GRS 32, 4, 1996

Bergeron, T., 1965: On the low-level redistriction of
atmospheric water caused by orography, Suppl., Proce.
Int. Conf. on Cloud Physics, Tokyo 1965, 96-100.

Browning, K.A., EF. Hill and C.W. Pardoe, 1974: Structures
and mechanism of precipitation and the effects of
orography in wintertime warm sector. Quart. J. Roy.
Meteor. Soc., 100, 309-330.

Businger, J.A,, J.C. Wyngaard, Y. Izumi and E.F. Bradley,
1971: Flux-profile relationships in the atmosheric
surface layer. J. Atmos. Sci., 28, 181-189.

Carruthers, D.J. and T.W. Choularton, 1983: A model of the
feeder-seeder mechanism of orographic rain including
stratification and wind-drift effects. Quart. J. Roy.
Meteor. Soc., 109, 575-588.

Deardorff, J.W., 1972: Numerical investigation of neutral and
unstable planetary boundary layers. J. Atmos. Sci., 29,
91-115

Grossman, R.L., and D.R. Durran, 1984: Interaction of low-
level flow with the western Ghat mountains and
offshore convection in the summer monsoon, Mon.
Wea.. Rev., 112, 652-672.

Gryning, S.E. and E. Batchvarova, 1990: Simple model of
daytime boundary layer height. The 9th Symposium on
Turbulence and Diffusion. Amer. Meteor. Soc., 379-382.

Hill, EF,, K.A. Browning and M. J. Bader, 1981: Radar and
raingauge observations of orographic rain over south
Wales. Quart. J. Roy. Meteor. Soc., 107, 643-670.

Klemp, J.B., and R.B. Wilhelmson, 1978: The simulation of
three-dimensional convective storm dynamics. J. Atmos.
Sci., 35, 1070-1096.

Lin, Y.-L. 1987: Two-dimensional response of a stably
stratified shear flow to diabatic heating. J. Ammos. Sci.,
40, 1375-1393.

Moeng, C.-H., 1984: A large-eddy-simulation model for the
study of planetary boundary-layer turbulence. J. Atmos.

NAR .ol 57 533

Sci., 41, 2052-2062.

Nieuwstadt, F. T. W, and H. Tennekes, 1981: A rate equation
for the nocturnal boundary-layer height. J. Atmos. Sci.,
38, 1418-1429.

Ogura, Y. and M. Yoshizaki, 1988: Numerical study of
orographic precipitation over the Eastern Arabial Sea
and the Ghat mountains during the summer monsoon. J.
Atmos. Sci., 45, 2097-2122.

Panofsky, H.A., and G. W. Brier, 1968: Some Application of
Statistics to Meterology, The Pennsyvania State
University, 224pp.

Passarelli, R.E., and H. Boehme, 1983: The orographic
Modulation of Pre-Warm-Front Precipitation in
Southern New England. Mon. Wea.. Rev., 111, 1062-
1070.

Richard, E., N. Chaumerliac, I.F. Mahfouf and E.C.
Nickerson, 1987: Numerical simulation of orographic
enhancement of rain with mesoscale model. J. Climate.
Appl. Meterolo., 26, 661-669.

Robichaud, A.J., 1988: On the modeling of warm orographic
rain by seeder-feeder mechanism. Quarr. J. Roy. Meteor.
Soc., 114, 967-988.

Smith, R. B., and Y.-L. Lin, 1982: The addition of heat to a
stratified airstream with application to the dynamics of
orographic rain. Quart. J. Roy. Meteor. Soc., 108, 353-
378.

Storebo, P. B., 1976: Small scale topographic influence on
precipitation. Tellus, 28, 45-49.

Xue, M., K. K. Droegemeier, V. Wong, A. Shapiro, K.
Brewster, 1995: ARPS Version 4.0 User’s Guide. CAPS.

Zhang, D.-L., and R. A. Anthes, 1982: A high-resolution
model of the planetary boundary layer - sensitivity tests
and comparisons with SESAME-79 data. J. Appl.
Meteo., 21, 1594-1609.



	한반도 중부 지방의 지형성 강수 분석과 수치 시뮬레이션 연구
	Abstract
	1. 서론
	2. 방법
	3. 영서 지방 지형성 강수
	4. 영동 지방 지형성 호우
	5. 모델 및 실험 설계
	6. 요약 및 결론
	감사
	참고문헌


