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ABSTRACT

A Study of Down—Slope Windstorms and Mountain
Waves of the Taebaek and the Sobaek Mountains

Shin, Ki-Chang
Advisor : Prof. Ryu, Chan-Su, Ph.D.
Department of Atmospheric Sciences

Graduate School of Chosun University

Down-slope windstorm as one of medium-scale atmospheric phenomena
caused by topographic effects from mountain chains is investigated and
analyzed. As the long-term Siberian High with lots of pressure gradient stays
at the Korean peninsula, it is known well the stronger wind blows. This
pressure gradient depends upon time and geography, and the continuity of
bigger pressure gradient can cause a strong windstorm. There are quite a lot of
cases that the wind velocities of upper-slope and down-slope show an
outstanding difference, and so this was caused by the effects of mountain
chains. In this study focuses on comparing the relationships between Fr
numbers(Froude number) showing the nonlinear effects and wind velocities were
conducted.

Characteristics shown in mountain waves were examined to define whether
the down-slope wind of the Taebaek and the Sobaek mountains was generally
caused by the mechanism of mountain heights. As the results, first, as the
aspect of gravity wave, the vertically uniform stream was passed through the
east and the west mountain chains-like geography to cause vibrations of the
east and the west waves. Buoyancy which is a kind of restoring force, was
caused the greatest amplitude wave on the ground of down-slope to bring a
windstorm on the ground of down-slope. And also this was connected to

reflection of wave breaking in the sky of down-slope to continuously cause a
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windstorm locally. Second, the inversion layer occurred around the top height of
mountain chains of upper-slope. Fr number was examined to find out
quantitatively whether blocking phenomena of upper-slope wind occurred or not.
As a result, both regions showed some hydraulic jumps. Kinetic energy of air
current flowed from the upper—slope of mountain chains was changed to
potential energy and conversed to Kkinetic energy when it went down to
down-slope, causing wind velocity of down-slope to be amplified. If the ratio of
potential energy and Kkinetic energy expressed by Fr number was closer to 1,
the windstorm of down-slope has shown the greatest amplification. Third, wind
velocity was amplified by pressure gradient of the east and the west mountain
chains. Air parcel that crossed over mountain chains by the law of absolute
vorticity conservation made an anticyclonic spin at the top altitude and a
cyclonic spin at down-slope. This made pressure gradient stronger regionally
between the top and the ground of down-slope to play a role of amplifying
windstorm.

Air current crossing over mountains was vertically delivered to cause warm
current of mountain wave up to the upper tropopause. Especially, mountain
wave as one of primary causes of air accident incurred by low altitude flight
was one of important weather elements causing air accidents. Therefore, if the
value of Fr number is obtained from recorded data and weather forecast of
warm current to be produced using data of windstorm occurring at down-slope,
it is assumed that more objective weather forecasts of mountain waves are
available.

The specific summery to be helpful for determining weather forecast is as
follows.

1) Windstorms at inner zone of down-slope Youngdong and Youngnam of the
Taebaek and Sobaek Mountains show a large number of frequency in Winter
and Spring. In Winter, windstorms occurred at the inner zone of Youngnam
region in distribution of West-High and East-Low systems relatively while in

Spring it did mostly at Youngdong region in distribution of South-High and
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North-Low systems. But also, a considerable windstorm was accompanied by
passing through system.

2) Temporal frequency shows the maximum between 12:00 and 16:00 when
the vertical unstability was shown, but the minimum at sunrise and sunset.

3) In down-slope Youngdong region of the Taebaeck mountains, south wind or
west wind was primary wind direction while at the inner zone of down-slope
Youngnam region of the Sobaek mountains was main wind direction. This
means that windstorm occurs when wind direction is made at a right angle in
two mountain chains.

4) As a result of comparing pressure change between Fr number and down-
slope and upper-slope, it made the difference of 2~3 hPa, and a large
difference was made when Fr number was smaller than 1. This means that

down-slope becomes cyclonic relatively for a cause to amplify wind velocity.
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Table 1. The number of days for windstorm occurrence.
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May

January
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5
7
3
2
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4
2
0

2
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1999
2000
2001

2002
2003

2004
2005
2006

2007
2008

Monthly
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54

6 21 42 20

Total
Seasonal

Yecheon: 42

Gangneung: 129

Yecheon: 59

Gangneung: 118

Total
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Table 2. The synoptic patterns of windstorm occurrence days.

. December ~ February March ~ May
Synoptic pattern

of surface Total
Gangneung Yecheon Gangneung Yecheon
South-high and 7 1 69 1 78
north-low
West high and 66 36 % 27 155
east-low
Passing trough 31 15 21 12 79
etc 14 7 13 2 36
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Table 3. The Fr number when windstorm occur of Gangneung and Yecheon.

Gangneung Yecheon
.- Svgfg . Buoyanc(el\I> Fr .- V;fen;i . Buoyanc?w Fr
e T

99.0208 165 9.4 1.82 99.01.07 155 9.07 1.70
99.03.01 18 16.06 112 99.01.08 16 12.60 1.26
P03HL 20 20.3 0.98 99.01.10 195 16.04 1.21
PUM 22 24.09 091 00125 165 12.49 1.32
PMI13 175 13.18 1.33 99.02.05 17 10.83 1.56
PM1L 18 16.50 1.09 00227 165 18.14 0.90
PML6 21 2394 0.87 00.01.07 15 13.25 1.13
P27 175 18.40 0.95 00.01.19 16 3.3 415
00.01.06 18 6.03 2.98 00.01.30 155 704 2.20
000208 175 7.40 2.36 00.02.15 16 5.22 2.89
000306 215 21.90 0.98 00.12.11 17 9.9 1.70
000318 17 18.40 0.92 01.01.03 18 19.61 091
000410 245 29.04 0.4 01.0201 175 14.92 117
060209 17 16,20 1.4 05.12.12 17 15.40 1.10
0603050 166 1804 1.02 0560131 155 14.89 1.4
060325 155 1852 0.83 05.02.01 18 17.04 1.05
060420 21 1890 1.11 05.04.20 16 17.93 0.89
060430 21 22.04 0.92 b2 175 1893 0.92
070130 19 3.09 6.14 061228 155 9.89 1.56
070203 185 390 2.07 06.02.03 15 13.00 1.15
07.03.06 17 16.04 1.05 060312 177 15.49 114
070310 165 1890 0.87 06.03.28 16 6.12 2.61
070327 18 17.00 1.05 06.04.19 17 17.02 0.99
07.06.04 17 2880 0.59 06.04.30 15 16.46 091
07.0008 22 21.02 1.4 (07.01.06 17 12.73 1.33
07.0017 215 2A.76 0.86 070214 165 13.08 1.26
070328 17 15,83 1.07 07.03.05 16 10.02 1.59
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Gangneung, Yecheon ground wind (kt)
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Fig. 11. The case of Fr>1, wind of the Osan on 600m and surface wind of the

Gangneung, Yecheon.
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Fig. 12. Same as Fig. 11 except for the case of Fr<1.
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& Upslope wind speed — Downslope wind speed

Froude number

Fig. 14. Same as Fig. 13 except for the surface wind speed of windward

and leeward.
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Fig. 15. Difference of the sea-surface pressure for the Fr number.
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Table 4. The specification of Numerical Weather Forecast Model for this

experiment simulation.

Items Description
U(velocity) 5, 10, 15m/s(vertical constant)
e 0.0001 S? vertical constant
(theta at ground level( 6)=270k)

horizontal scale (103-3)*2,000m=200km=200,000m
vertical Scale 3km(1.5km over is sponge layer)
nx(dimension) 103(to satisfy the radiation condition)
nz(dimension) 103

dx 2 km

dz 30 m

h(maximum height
of the mountain)
a(half width of the
mountain)

1 km (each 700m and 1,300m)

10km

k=2m/a = 0.00628 - k *=(2mn/a) *=0.39E—6
1=NU=0. 01 s ~Y(10m/s)=0.001m ~' I*=N?/U?=01E-5

R *<I * this is Hydrostatic Wave(each case varies).

N =2n/k=a=1 Okm
N, =21/1=2nU/N=2mx(10m/s)/(0.01s ~')=6,283.2m

1/Fr= Nh/u= 0.01s ~' x1,000m/(10m/s) = 1, (each case 2, 0.66, 1.32, 0.70)

dtbig 10 sec (integration time interval)
integral time 28,300 sec (8 hrs)
top boundary

.. sponge layer
condition pong Y

lateral boundary

. radiation condition use
condition

= turbulent process and ground courses (friction) disregard (inviscid flow) =
dry simulation =

steady-state, 2-D, nonrotating, dry, adiabatic flow assumption.
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