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Summary

It was attempted, in this paper, to obtain a simple relationship between the abla-
tion rate due to sensible heat transfer and certain meteorological elements which can
be observed readily in mountain regions or glaciers, for instance the air temperature
and wind speed at a height of 1m. For this purpose, detailed heat balance studies
were carried out from April 14 to 29, 1968, at Moshiri, Hokkaido.

The heat balance at the snow surface may be expressed by the equation,

Qr+0a = Ou+Qe+Qc (1)

where Qr is the radiation absorbed by snow, Q4 is the sensible heat transferred by
turbulence from the air to the snow, Qu is the latent heat of snow melt, Qg is the
latent heat of evaporation (negative for condensation) and Q¢ is the heat of downward
conduction within the snow cover. When the snow is melting at a considerable rate,
Q¢ may be elliminated. The amount of Qa can not be measured directly, but it may
be obtained by eq. (1) using the observed data of net radiation, ablation and evaporation
(condensation). From the measurements of these elements concerning the heat balance,
an empirical formula of ablation rate due to sensible heat transfer may be determined.
Assuming that the Prandtl’s mixing length theory may be applicable, another empirical
formula of the same type can be derived using the results of the evaporation measure-
ments.

Throughout the period of the observations, the radiation absorbed by the snow
cover was continuously recorded by a net-radiometer, which had an ability of measure-
ment covering a range from a short wave (0.3 1) to a long wave, mounted at a height
of 1m above the snow burface. The air temperature, humidity, wind speed and evapo-
ration rate were measured continuously or hourly in the daytime.

Measurements of the ablation rate were made by two different methods: one was
carried out by measuring the snow-surface lowering and the other was made by con-
tinuous recording of the amount of water percolating through the snow cover. The
system is illustrated in Fig.1. It was found that the daily amount of percolated melt
water invariably largely exceeded the water equivalent of the corresponding surface
lowering, and it was also found that the maximum ablation rate measured at the bottom
of the snow cover appeared at 1~3hrs. after the maximum rate made its appearance at
the surface, as shown in Fig. 3. Figure 2 shows the relation between >,4h:0y, > 4h-Pq4
and X 4P, where 4h is the amount of surface lowering in a unit time, fw is the bulk
density, @4 is the dry density of the surface snow and 4P is the amount of percolated
water measured at the bottom of the snow cover in a unit time. The subsurface
melting of snow caused by absorption of solar radiation in the interior of the snow
cover may not be included in the amount of the surface lowering, therefore the method
of percolation measurement should be more reliable for the total daily ablation.

Basic data of the meteorological observations are shown in Fig. 4.

Ablation rate in a daytime (09h~18h) is expressed as M=},dP—M,—Cy (g/cm?:
9hrs.), where 1 4P is the total daily ablation measured by percolation, My is the abla-
tion rate in a nighttime (18h~00h) and Ca is the amount of water given by condensation
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and precipitation. The ablation rate due to sensible heat transfer denoted by M, was
obtained from the measurements of M, evaporation rate and net radiation, each in the
daytime. The values of M, in the daytime for 18 days plotted against V,- 7, are shown
in Fig. 5, where V| is the wind speed, 7, is the air temperature at a height of 1m
above the snow surface. From this relation, an empirical formula was led forth as
follows.
My =65x10"3V- T g/ecm?- hr " (4)

The evaporation rate for each 2 hours plotted against Vi -(¢;—e,) are shown in
Fig. 6. Where ¢ and ¢, are the water vapour pressure at the snow surface and at a
height of 1m. From this relation, another empirical formula is derived as follows,
assuming that the Prandtl’s theory of turbulent mass and heat transfer may be applied.

My =43%x1073V,- T, g/cm?-hr (10}

Many investigators hitherto have proposed various empirical formulae of the abla-
tion rate due to sensible heat transfer, based on indoor experiments or field experiments.
They are expressed as eq. (11) by Yosida et al® (1950), eq. (12) by Oguchi® (1954), eq. (13)
by Shidei et al'V (1955), eq. (14) by Adkins'® (1958), eq. (16) by Ishii'® (1959), eq. (18) by
Havens et al® (1965), and eq.(19) by Oura et al” (1969). Summarizing these results,
M, may be written as follows.

My =40~65x103V,- T, g/cm? - hr (20)

According to the theoretical formula derived from Prandtl’s theory, the numerical

value of the coefficient of the above empirical formula should be considered to vary
slightly with the difference of the geographical or climatic conditions.



