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Numerical Simulation of Katabatic Wind Profile at
Syowa Station, Antarctica

Takashi ADACHI*
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Abstract: The veitical profiles of the strong katabatic winds at Syowa Station,
Antarctica, are studied. A numerical solution of the equations of the Ekman layer
above the Antarctic coastal slope 1s obtained unde: the following assumptions,

(a) The steady state condition

(b) The wind component of normal direction to the sloped plane 1s zero

(c) The wind vectors are uniform along the slope at each height

(d) Monin-Obukhov’s similarity theory 1s valid 1n cach thin layer of Ekman
layer

(e) Localvalue of Monin-Obukhov length 1s defined by the local heat flux and
the local momentum flux

(f) New non-dimensional wind shear function (¢) 1s presented 1n neutial or
stable Ekman layet,

==(1412 z/L)1/2
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where,
¢ . Non-dimensional wind shear function which is defined by the local shear

stress and the local wind shear,
L : Local value of Monin-Obukhov length,
z . Height.
It 1s shown that the results of the numerical stmulation of the strong katabatic
wind profile agree well with the observed strong katabatic wind profiles at Syowa
Station.

1. Introduction

It is well known that the katabatic winds are the winds blowing down along the ice
slope on the Antarctic coast or the ice caps of Greenland.

The katabatic winds on the Antarctic coastal slope were studied by several research-
ers. For example, BALL (1956, 1960) studied and presented a simple theory on the
strong katabatic winds. MoORITA (1968) reported some characteristics of the observed
surface winds at Syowa Station. ADACHI (1974) found that the power spectra of vertical
wind fluctuations and air temperature fluctuations, observed at Syowa Station, have
some local peaks in a relatively lower frequency range, which corresponded to the periods
of 1-2 minutes. The local peaks of the spectra seem to be due to the katabatic motions
or the gravity waves.

KoBAyasHI (1978) reported the observational results and investigated the vertical
structure of katabatic winds in the Mizuho Plateau. The Mizuho Plateau is an inland
270 km away from Syowa Station. The Ongul Straight, which has a width of 5 km,
exists between Syowa Station and the Antarctic coast. Therefore, it seems that the
characteristics of the katabatic winds on the Mizuho Plateau are different from those at
Syowa Station.

LETTAU (1966) studied the theoretical profiles of wind and air temperature at Amun-
dsen-Scott Station on the gently sloping central Antarctic Plateau. The gradient of
this slope 1s 1.76+0.26 m/km. According to SHIMIZU et al. (1978), the Antarctic
coastal slope near Syowa Station is 41 X 10~ % in the area lower than 500 m, and 14 x 10~
between 500 m and 1000 m. Therefore, it seems that the characteristics of the winds
at Amundsen-Scott Station are different from those at Syowa Station.

Lykosov and GUTMAN (1972) obtained the numerical solution of the turbulent
boundary layer above a sloping underlying surface. However, it seems that the com-
parative study of the observed results with the calculated results is not enough in their
report.

It is the purpose of this paper to present the characteristics of the strong katabatic
wind profiles at Syowa Station and the numerical simulation of the strong katabatic
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wind profiles.

2. Observed Data

The aerological data of Rawinsonde in 1969-1971 at Syowa Station are used in this
analysis. The selection conditions of the data are as follows;

(a) 03 local time data

(b) Clear sky condition; Total cloud amount 1s equal to or less than 1.

(¢) Strong wind condition; Surface wind velocity is equal to or larger than 8 m/s.

The selected wind and temperature data are grouped for each month. First, the
observed wind direction and wind speed are converted to North-South wind component
and East-West wind component. Next, the vertical profiles of two wind components
are averaged on every month data. Then, the averaged every month data are again
converted to wind direction and wind speed.

Fig. 1 shows the vertical profiles of two wind components in January Fig. 2a
shows the vertical profile of the averaged wind speed in January. Fig. 2¢ shows the
averaged wind spiral in January

Temperature differences from surface air temperature are averaged for every month
(see Fig 2b)

Jan
Rawinsonde

(8runs)

v —
0 10 m/s 0 10 m/s
E -component N-component

Fig 1 The vertical profiles of the averaged wind components in January.
a E-W component of wind speed
b- N-S component of wind speed
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Fig. 2. Observed vertical profiles of wind speed (a) and temperature (b), and observed
wind spwral (c) in January.

Characteristics of wind speed profiles and wind spirals are that the height of maxi-
mum wind speed is about 200 m and the wind spirals are counterclockwise (see Figs.
2-5). Characteristics of temperature profiles are shown in Fig. 6. The temperature
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Fig. 3. Observed vertical profiles of wind speed (a) and temperature (b), and observed wind
spiral (c) in April.
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Fig 4 Observed vei tical profiles of wind speed (a) and temperature (b), and observed wind
spiral (¢) in July
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Fig 5 Observed veitical profiles of wind speed (a) and remperatuie (b), and observed wind
spiral (¢) in September

gradient between the surface and the 200 m height 1s about 1.8°C/100 m  The tem-
perature gradient between the heights of 1 2 km and 1.8 km 1s about —0.7°C/100 m
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Fig 6 Temperature gradiants between 1 2 km and 1 8 km heights (a) and between surface
and 200 m height (b)

3. Model of the Numerical Simulation of Katabatic Wind

3.1. Governing equations

The governing equations of Ekman layer are non-linear differential ones. Effects
of the stabilities, the baroclinisities and the slope are taken into consideration in this
model. The coordinates system is illustrated in Fig. 7.

The present assumptions are as follows;

(a) The stationary condition.

(b) The z-component of wind vector 1s zero on the sloped terrain.

(¢) The wind vector 1s independent on x and y coordinates, and dependent only
on z-coordinate.

() 2

Fig 7 Coordinate system for goverming equa-
« tions

(b)
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(d) Monin-ObukhovV’s similarity theory holds in each height of the Ekman layer.

(e) Local value of Monin-Obukhov length is defined by the heat and momentum
flux of each height layer.

The present governing equations are the following;

0:£<ij,—‘2’>+-f(v—vg)+g- sin a-(@—0)/0, (1)
0:£—<K§j~>—f(u—ug), @)
K=kzle/ol g, 3)
¢=(1+12z/L) ", “4)
r/‘o:K%{j : )
aIC,o=—K" . ©
z|L=k(g/0)(q/C,p)z/IT/0]*"* , ()
V=v-+i1v, (8)
Vi=u,t1v,, ©)
T=1,+I7,, (10)
Uy=11, . (11)
Vo=, , (12)
ve=—(g/f)-sin a-(0—6)/6 , (13)
Vye=ug+1v,, , (14)
V= it (15)
Vol = Vi1t Fv it , (16)
lz|= V7412, (17)
i=+/—1. (18)

List of symbols

x . Along slope coordinate (see Fig 7 a),
Rectangular to x (see Fig 7 a),

z : Normal coordinate to x—y plane (see Fig. 7b),

u : Wind component (x-axis),
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Wind component (y-axis),
Eddy diffusivity,
Coriolis parameter,

v
K
f
g : Gravity acceleration,
O : Upper layer potential temperature,
6 : Lower layer potential temperature,
a : Slope,
s - Geostrophic wind component (x-axis),
, . Geostrophic wind component (y-axis),
k : Von Karmén constant (k=0.41),
¢ : Non-dimensional wind shear function,
L : Local value of Monin-Obukhov length,
T : Shear stress vector,
p : Air density,
q : Heat flux,
C, : Specific heat,
zy : Roughness length.

Egs. (1) and (2) are the equations of motions. The third term of eq. (1) represents
the effects of the ice slope. Eqgs. (3) and (4) are the relation of eddy diffusivity and shear
stress at each level. Eq. (4) is a non-dimensional wind shear function. Eq. (6) is the
transfer equation of heat.

3.2. Non-dimensional wind shear function (&)
The functions (¢) of the surface boundary layer were reported by a number of

1 1 [ [ 1 / 1
& Non Dimensional Wind Shear
4 -
10" - 2z Height /
L Monin Obukhov s Stabilty Length z ’
¢'1”2T / x
(-F->0 stable) i L Y:':mm'o :nd
imanuki
10° | / (9e6) -7~ .
P - 1
/’ l'f’g’:(nzz.%)?

Fig 8 Example of non-dimensional wind shear functions.
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researchers. However, the function, ¢ generally applicable to the Ekman layer was not
found Fig. 8 shows some functions (¢) which were tested with numerical simulations
of the wind velocity in the Ekman layer by ADACHI (1979). Then eq. (4) was found fit
best for the neutral or stable Ekman layer.

In this paper the new function (¢: eq. (4)) 1s assumed in the stable Ekman layer at
Syowa Station.

4

3.3. Boundary conditions and input data
Boundary conditions of this simulation model are as follows;

V=0, at z=z,
V=V, and ©/o=0, at z—> o0

Input data of this simulation model are as follows;

(a) Potential temperature profile #(z) Observed potential temperature profile
1s used 1n this model

(b) Geostrophic wind profile V,(z).

(c) The slope of the terrain («).

The resultant geostrophic vector of the wind and the effect of the slope are assumed
to have the following gradient and value (see |V,.| of Fig. 9).

Mavgk {—2.5 m/s/1000 m, at z>1000 m (19)
oz —25 m/s/1000 m, at 0<<z<<1000 m ,
Zlgk:() . (20)

3.4. Procedure of computation
The non-linear differential equations are solved by the combination of the ap-
proximation method and the relaxation method. This combination method was em-

ployed by ApacHi (1970)

4. Results of Computation and Comparison with Observation

Fig. 9a shows the calculated vertical profile of the resultant wind speed. The
height of maximum wind speed 1s 150 m. This agrees with observed profile.

The computed wind spiral 1s shown in Fig 9b.  This wind spiral 1s counterclock-
wise, same as the observed spiral.

According to Fig 9 b, the angle between the direction of the surface wind and that
of the surface slope 1s 50 degrees  On the other hand, the observed values of that angle
are 29 ~ 50 degrees (see Figs 2c, 3c, 4c, 5¢)
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5. Concluding Remarks

The present numerical model successfully simulated the pattern of the strong kata-

batic wind profile.

sl

But it 1s a future problem to find the real geostrophic wind and the real effect of the

ope at Syowa Station.
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