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SHORT NOTES 
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ABSTRACT. The thermal conductivit y a nd diffusivity of na tura l snow computed from Fourier-lype 
analyses of annual snow temperature va riations a re shown to be strongly temperature d ependent. The 
computed temperature coeffi cients of - 0.007 a nd - 0 .012 d eg- ' respec tivel y, agree well with older la boratory 
experiments ca rri ed out on polycrys talline ice. 

RESUME. Nouvelles dOlZllees sllr la COlZdllctivile llzermiqlle de la Ileige Ilalurelle. D 'apres les ana lyses par series d e 
Fourier des variations annuelles d e la temperature d e la neige, on montre que la conductivite e t la diffus ivite 
thermique de la neige na turell e dependent beaucoup de la temperature. Les coefficients thermiques calcules 
egaux respecti vement a 0,007 et - 0,0 12 d eg- ' , sonl en bon accord a,'ec des resultats de labora toire plus 
anc iens obtenus sur de la glace polycristalline. 

Z USAMENFASSUNG . Nelle Dotell zur Wanneleiifahigkeil VOIl Ilatllrlichem Scl1I1ee. Die vVa rmeleitfa higkeit und
durchlassigkeit na tilrlichen Schnees- berechnet a us Fourier-Analysen von jahrlichen Anderungen der 
Schneetemperatur- erweisen sich als stark tempera tura bhangig. Die errechneten T emperaturkoeffi zienten 
von 0,007 bzw. 0,0 12 d eg- ' stimmen mit alteren Laborergebn issen, d ie a n polykrista llinem Eis durchgeflihrt 
wurden, gut libercin. 

THE 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 o°C which 
differ by 5% . Schofield and Hall (1927 ) elected a value of 2.20 W m- I deg- ' , whereas Van Dusen 
( 1929) gave a value of 2.09 W m- I deg- ' . Subsequent measurements as listed by Powell ( 1958) have 
confirmed that the I.C.T. va lues are approximately correct and have suggested that crystal an isotropy 
could possibly account for the observed small differen ces. The position is much less satisfactory at 
lower temperatures where la rge differences exist between the resu lts of Lees ( 1905) and Jakob and Erk 
( 1929) . The latter's results appear to be more reliable, sin ce Dilla rd a nd Timmerhaus ( 1966) have 
reproduced these values experimentall y and Ratcliffe's ( 1962 ) values also agree 10 within about 12% 
at - 120°C with those of Jakob and Erk. All these values are for polycrystalline ice . Moreover, the 
thermal conductivity of man y crystalline materials has been found to be proportional to the reciprocal 
of the absolute temperature within a certain temperature range (Euken, 1911 ). Such a rela tion down 
10 100 K is more nearly satisfied by the data of Jakob and Erk than those of Lees, and also fits the data 
of Dillard a nd Timmerhaus and of R atcl iffe. R ecently, Fletcher ( 1970) has described a " hump" 
effec t in the temperature relationship at low temperatures, which has also been accura tely measured 
by Klinger and N eumaier ( 1969) . 

In snow, numerous measurements of the thermal conductivity exist close to the melting point. 
Summarie of these (M antis, 195 1; Melior, 1964) show considerable divergence of the results owing 
partly to th e difficulties in measuring low snow den ities correctly a nd in neglecting structura l differences 
in snow samples, a nd convective and radiat ive heat transfer processes in the now. Theoretical attempts 
to formulate the thermal conductivity of snow as a function of density include a recent paper by 
Schwerdtfeger ( 1963) . No data on the temperature coefficients a re avai lable. 

The re-analys i of ea rlier measuremen ts (Schytt, 1958) of subsurface temperatures a l Maudheim, 
Antarctica has provided a new value of the thermal cond uctivity of ice of density 0 .57 M g m- 3 

(Dalrymple and others, 1966) . imilarly, a recent analys is of a nnual ub-surface tempera tures a t 
"Plateau" station on the cen tral Antarctic plateau has given a new value of the th ermal conductivity 
of snow of density 0.42 Mg m- 3 (Well er and Schwerdtfeger, 1968) . These two new values were deter
min ed from Fourier-type analyses at m ean a nnual snow temperatures of - 17°C a nd - 60°C respectively, 
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at d epths where non-conductive processes of h eat transfe r were shown to be negligible . By comparing 
these results, listed in the table below, with m ean weighted values of a series of m easurements close to 
the freezing point, taken from M elior ( 1964) , the temperature coeffi cients of the therma l conductivitie 
and diffusivities could be d educed. They are assumed to be linear over the temperature range con
sidered , as shown approximately b y the laboratory results of J akob a nd Erk ( 1929), Dillard and 
Timmerhaus ( 1966), a nd Ratcliffe ( 1962) . C hanges of specific heat of the ice with temperature were 
taken from Dorsey ( 1940) . 

TABLE J. THERMAL PRO PERTI ES OF ICE 

ThermaL ThermaL Therlllal ThermaL 
D ensity T emj)erature 

T 
conductivity conductivity T emperature diffusivit)' diffusivity T emperature 

at T at oOG co~fficit1Zt at T alooG co~cient 

Mgm- 3 °C V" m- I "" m- I deg- ' m2 S - l m2 S - 1 deg- ' 
deg- ' deg- ' 

0-42 - 60 0.7 1 0.50 - 0.0070 0.96 X 10- 6 0.53 X 10- 6 - 0.01 35 
0·57 - 17 0.9 1 0.82 - 0.0065 0·94 0.80 - 0.0 103 
0.9 17 - 60 3.1 I 2.22 - 0.0067 1.99 J.1 8 - 0.011 4 

Mean: - 0.0067 M ean: - 0 .0 11 7 

There is reasonable agreem ent between the temperature coe fficients at diffe rent d ensities, and this 
further confirms the values obtained b y J a kob and Erk. 

The tempera ture d ependence of the thermal properties can be seen to be anything but n eglig ible, 
even for small temperature changes n ear the freezing point. This is usually not conside red in h eat-flux 
computa tions in ice and snow and may lead to considel'able errol·S. 
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