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SHORT NOTES

NEW DATA ON THE THERMAL CONDUCTIVITY OF
NATURAL SNOW

By Gunter E. WELLER
(Geophysical Institute, University of Alaska, College, Alaska 99735, U.S.A.)

and PETER SCHWERDTFEGER

(Meteorology Department, University of Melbourne, Parkville, Victoria 3052, Australia)

AnsTRACT. The thermal conductivity and diffusivity of natural snow computed from Fourier-type
analyses of annual snow temperature variations are shown to be strongly temperature dependent. The
computed temperature coefficients of —0.007 and —o.012 deg~! respectively, agree well with older laboratory
experiments carried out on polycrystalline ice.

Resumet. Nowvelles données sur la conductivité thermique de la neige naturelle. I)'aprés les analyses par séries de
Fourier des variations annuelles de la température de la neige, on montre que la conductivité et la diffusivité
thermique de la neige naturelle dépendent beaucoup de la température. Les coefficients thermiques calculés
égaux respectivement a 0,007 et —o0,012 deg!, sont en bon accord avec des résultats de laboratoire plus
anciens obtenus sur de la glace polyeristalline.

ZUSAMENFASSUNG. Neue Daten zur Warmeleitfahigkeit von naturlichem Schnee. Die Wirmeleitfahigkeit und—
durchlissigkeit natiirlichen Schnees—berechnet aus Fourier-Analysen von jihrlichen Anderungen der
Schneetemperatur—erweisen sich als stark temperaturabhingig. Die errechneten Temperaturkoeflizienten
von 0,007 bzw. 0,012 deg~! stimmen mit ilteren Laborergebnissen, die an polykristallinem Eis durchgefiihrt
wurden, gut tiberein.

Tue thermal conductivity of pure polycrystalline ice at 0°C is approximately four times that of
water at that temperature. The International eritical tables contain two values for ice at 0°C which
differ by 59%. Schofield and Hall (1927) selected a value of 2.20 W m deg ', whereas Van Dusen
(1929) gave a value of 2.09 W m~* deg~!. Subsequent measurements as listed by Powell (1958) have
confirmed that the L.C.T. values are approximately correct and have suggested that crystal anisotropy
could possibly account for the observed small differences. The position is much less satisfactory at
lower temperatures where large differences exist between the results of Lees (1905) and Jakob and Erk
(1929). The latter’s results appear to be more reliable, since Dillard and Timmerhaus (1966) have
reproduced these values experimentally and Ratcliffe’s (1962) values also agree to within about 12%
at —120°C with those of Jakob and Erk. All these values are for polycrystalline ice. Moreover, the
thermal conductivity of many crystalline materials has been found to be proportional to the reciprocal
of the absolute temperature within a certain temperature range (Euken, 1911). Such a relation down
to 100 K is more nearly satisfied by the data of Jakob and Erk than those of Lees, and also fits the data
of Dillard and Timmerhaus and of Ratcliffe. Recently, Fletcher (1970) has described a “hump”
effect in the temperature relationship at low temperatures. which has also heen accrseac: lavorawry  *
experiments carried out on polycrystalline ice.

Nowvelles données sur la conductivité thermique de la neige naturelle. D’aprés les analyses par séries de
ariations annuclles de la température de la neige, on montre que la conductivité et la diffusivite
thermique de la neige naturelle dépendent beaucoup de la température. Les cocflicients thermiques calculés
€gaux respectivement a 0,007 et —o,012 deg™!, sont en bon accord avee des résultats de laboratoire plus
anciens obtenus sur de la glace polyeristalline.

ZUSAMENFASSUNG. Newe Daten zur Warmeleitfahigkeit von naturlichem Schnee. Die Wirmeleitfahigkeit und-
durchlissigkeit natiirlichen Schnees— berechnet aus Fourier-Analysen von jahrlichen Anderungen der
Schneetemperatur—erweisen sich als stark temperaturabhingig. Die errechneten Temperaturkoeflizienten
von 0,007 bzw. 0,012 deg ' stimmen mit dlteren Laborergebnissen, die an polykristallinem Eis durchgefiihrt
wurden, gut iiberein.

e thermal conductivity of pure polycrystalline ice at o'C is approximately four times that of
water at that temperature. The International critical tables contain two values for ice at 0°C which
differ by 5%,. Schofield and Hall (1927) selected a value of 2.20 W m ! deg~', whereas Van Dusen
(1929) gave a value of 2.09 W m ' deg'. Subscquent measurements as listed by Powell (1958) have
confirmed that the LC.T. values are approximately correct and have suggested that crystal anisotropy
could possibly account for the observed small differences. The position is much less satisfactory at
lower temperatures where large differences exist between the results of Lees (1903) and Jakob and Erk
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at depths where non-conductive processes of heat transfer were shown to be negligible. By comparing
these results, listed in the table below, with mean weighted values of a series of measurements close to
the freezing point, taken from Mellor (1964), the temperature coeflicients of the thermal conductivities
and diffusivities could be deduced. They are assumed to be linear over the temperature range con-
sidered, as shown approximately by the laboratory results of Jakob and Erk (1929), Dillard and
Timmerhaus (1966), and Ratcliffe (1962). Changes of specific heat of the ice with temperature were
taken from Dorsey (1940).

TasLe I, THERMAL PROPERTIES OF ICE

Thermal Thermal Thermal Thermal
Denstty Temperature  conductivity — conductivity Temperature diffusivity  diffusivity Temperature
T at T at 0°C coefficient at T at 0°C coefficient
Mg m™ QG Wm! Wm! deg™? m?s ! m? st deg™!
deg! deg !
0.42 —60 0.71 0.50 —0.0070 0.6 % 107% 0.53 % 100 —0.0135
0.57 —17 0.91 0.82 0.0065 0.94 0.80 —0.0103
0.917 —6o 311 2.22 0.0067 1.99 1.18 —0.0114
Mean: —o.0067 Mean: —o0.0117

There is reasonable agreement between the temperature coefficients at different densities, and this
further confirms the values obtained by Jakob and Erk.

The temperature dependence of the thermal properties can be seen to be anything but negligible,
even for small temperature changes near the freezing point. This is usually not considered in heat-flux
computations in ice and snow and may lead to considerable errors.
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