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Air Temperature Profile Wind Profile Eddy Ditfusivity Profile
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Lied, ZORBGHBAOELL T

u = U({) exp (iwt), (32)
0" = 6() exp ({wt) (33)
B AR RET 5, IOCEREMN
U(0) = U(oo) = O(0) =0, (34)
©(0) = O, = constant (35)
HEETHE, w b O OEKHT
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i) sina=ew \/ng DEE
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Lich, IekB0OBL LDBHBLL T

w ({) = uy exp (—mL) sin (mf), (40)
0,(8) = 0% exp (—mL) cos (mf) , (41)

L
to =05/ g
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ekt e, REESBCETLMAME 0w 0o KRDI 552 BN D,

i) sinaf_Z_wQ/go—l"3 DEE

— —1 _C1 +C2 )
0, = tan (_—Sl ¥s, ) (42)

S-S,
— -1 1 2
0y = tan ( C1 Cz > (42)
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ii) sina<w\/ggé D&

—-C+C
¢y = tan™! <——S1-I—SZ 2 ) s (44)
. af Si+S. )
g = tan~! <—C1 ¥C, (45)
il Cy = exp(—#cos (1),  C, = exp(—mf)cos(ml),

Sy = exp (— ) sin (0), S, = exp (— £{) sin (¢5)
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Summary

Prandtl’s stationary theory has been renewed in the theoretical studies of slope
winds. It has been specified in several works that distributions of wind and temperature
predicted by him are in good agreement with observed ones. Height dependency of
eddy diffusivity, however, was taken no account of in his theory. Furthermore, the
value of the temperature disturbance 6 on the surface of a slope, which makes a great
contribution to a wind speed, must be arbitrarily determined as a boundary value.
Therefore, a wind profile cannot be obtained theoretically, even though we know at-
mospheric conditions and the characteristics of the slope, whereby the value of 4 should
be determined by considering a heat balance at a surface, i.e. a balance among net
radiation, sensible heat, latent heat, conductive heat from under the surface and so forth.

Now, the discussion is restricted to the case of a katabatic wind. Air is cooled
from the lower layer because of a large amount of emission of radiative heat from the
surface in the clear night. Then, the cooled air parcel is heavy enough to flow out
down the slope. The sensible heat from the upper layer increases because of turbulent
mixing with an increase of a wind speed. At last, the upward radiative heat begins to
balance the sensible heat, so that cooling at the surface is suppressed. As a conse-
quence, a katabatic wind develops no longer.

According to such considerations, the pattern of the katabatic wind development
during the night could be simulated by giving the characteristics of the slope and the
initial conditions of the atmosphere. The numerical model of katabatic winds was con-
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structed although it is a one-dimensional one.
The following were adopted as equations of momentum and energy :

ou 0 . 0 ou
—az—=<0_0—1>951na'+a—c‘<Kf>, (1)
o0 . 0 o0

¥ -%-uBsma=—*~ac <K~af>, (2)
oT *T

R (3)

where { is coordinate measured normal to the slope (Fig. 1), # component of wind ve-
locity parallel to the slope, # potential temperature, o potential temperature in the initial
state, K eddy diffusivity, B lapse rate of potential temperature in the initial state, «
angle of inclination of the slope, T temperature of the material forming the slope, &
its thermal diffusivity. (2) is connected with (3) by the following equations with regard
to the energy budgets at the interface:

Ry+H+C =0, (4)
Ry=(1—ag) Ist+i;—aTs, (5)
30
H = oC (K—) , (6)
v ac C:zo
_ (9T
c=-2(3F) . (7)

where Ry is net radiative flux, H sensible heat flux, C conductive heat flux, Is solar
radiation, Iz incoming long wave radiation, ay albedo for solar radiation, T surface
temperature, ¢ density of air, C, specific heat of air, z, roughness parameter of the
slope, 2 heat conductivity of the material forming the slope. But the latent heat was
considered negligible in (4). The empirical formulae by Kondo (1967) were used to es-
timate Iy and I;.

For the purpose of calculating eddy diffusivities from a wind and temperature
distributions, the equations obtained by Yamamoto and Shimanuki (1966) were rewritten

as follows:
¢* 05
7 = '—W cosa, (8)
I3%)
Rl
S| 21 =0, (9)
_ (kLN Ou

where ¢ nondimensional shear function, {* dimensionless height, # Karman constant, v
kinematic viscosity of air, ¢=15, p=0 for an unstable condition, p=1/6 for a stable

condition. Plausible values of eddy diffusivities could be calculated by assuming % =0,
besides these equations.
Numerical integration of (1), (2) and (3) was carried out, and the results were com-

pared with the data observed actually.
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Firstly, a comparison was made with the wind and temperature profiles obtained
by Imaoka (1961). The calculated results agree fairly well with the observational data
(Figs. 4 and 5) though observations were made in the valley (Fig. 3). Secondly, effects
of some important parameters used in this model on a wind profile were investigated.
Consequently, the following were found (Fig. 6):

1) A katabatic wind develops somewhat better on the slope covered with snow than
on the slope where soil is exposed.

2) A relatively strong air flow occurs with a decrease of the roughness parameter
of the slope.

3) A wind speed increases with a decrease of the angle of inclination of the slope
though it takes a longer time to develop a katabatic wind. But a katabatic air flow
is the strongest at the sunrise at places where a=0.2° (Fig. 7).

Finally, the katabatic winds in Antarctica were simulated. A katabatic air flow
occurs all day long on the slopes in Antarctica where radiational cooling dominates at
all times. Furthermore, it was found from the data obtained at Mizuho Camp that
winds had diurnal variations with an amplitude of 4~6 m/s at 5m and the phase difference
from variations of temperature at 1.8 m of 4~6 hours (Fig. 9). The simulation showed
that the phase difference between the wind speed and the temperature agreed fairly well
with the actual data, though their absolute values contradicted (Figs. 11 and 12). The
assumption of a static air condition as the initial condition and the one-dimensionality
of this model might have yielded the discrepancies. However, results obtained from
this model are looked on as satisfactory for a one-dimensional simulation.



