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Summary

The nocturnal radiative cooling was observed at different places in the interior of
Hokkaido in winters and springs in 1971 and 1972. The instrumentation has been
described previously. One of the results that was found is that the temperature
inversion in winter is more developed than in spring, a result to be expected. There
are several possible explanations of such a difference of the strength of the temperature
inversion, one of which may be the different characteristics of snow covers. In winter
the snow is dry. In spring the snow is melting during the daytime and the melt water
penetrates through the snow cover thus raising its temperature to the melting point.
At night, the surface frequently freezes owing to a long wave radiative loss, and part
of the snow melted during the previous day might refreeze.

Some simulations are carried out to calculate the vertical temperature profile by
considering a melting-refreezing cycle. The simple model is shown in Fig. 1. In the
model the snow depth is assumed to be 100 cm, with a temperature of 0°C at this
depth. The thickness of the atmosphere boundary layer is assumed to be 250 m above
the snow surface and in this boundary layer the air temperature and water vapor
pressure are assumed to be constant. No energy loss or gain by radiation or advection
is assumed for this 250 m thick air layer. Then the temperature profile is given by

2
gi aaz (K—g%) in eq. (8) for air and by aa;F =k%Z—’I; in eq. (9) for snow, where ¢

is potential temperature, K is eddy diffusivity, 7 is snow temperature, 4 is thermal
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diffusivity of snow.

At the snow surface, the energy balance equation is given by

= QentQuytQr+=Q.+=Qr =0 ‘ . (1)

where Qgy is short wave balance (Qsy=1Is—als, a=0.55~0.8, Albedo), Quy is long wave
balance (Quv=0T3—0cTh {1—(0.49'—0.066 vea)}), T, is surface temperature, Ty is air
temperature at 250 m, en is water vapor pressure (mb) at 250.m, ¢ is Stefan-Boltzmann
constant, Qg is latent heat flux, Qr is sensible heat flux and Q. is conductive heat flux
in the snow layer. Fluxes towards the surface are considered as positive, fluxes away
from the surface as negative. Qg is neglected in the calculations: this is a reasonable
assumption, because no large values of Qg were measured during the observational
periods. As long as the snow is wet, Q.=0. It is assumed that the energy loss during
night hours is balanced by freezing (Qu), which begins at the surface. A crust layer
develops and conduction takes place, as the snow is no longer isothermal near the
surface. .

Calculations were started at the time the net radiation balance became zero. In
the calculations, the values observed at the field when the net radiation balance became
zero were taken as the initial values at the boundary. At first, the surface temperature
was calculated by using (15). Equations (8)'and (9) were calculated by using a numerical
method shown in eqs (11) and (12). After this, the temperature distribution in air and
snow were obtained by using an iterative process with a time interval of 20~30 sec.

The results are shown in Figs. 2~3, and the components of the heat balance
which were obtained by the calculations are shown in Fig. 8. When initial cooling
takes place, the temperature decrease near the surface seems to be much slower in
spring as compared with winter. We might conclude that, although the model is very
simple, the different heat release from the snow cover during winter and spring is one
of the causes of the difference in the inversion strength.
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