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Our measurement on the north dome of the Barnes Ice Cap was made in hole Nooo at lat. 70° 01 ' N., 
long. 73° 25' W. at an elevation of approximately 1 115 m. Due to problems with the drill and to 
approaching bad weather, the hole reached a d epth of only 8.6 m and m easurements had to be made 
within 3 h of the time the hole was completed. Thus, thermal equilibrium clearly had not been re
established but measurements over a period of neady 2 h at the bottom of the hole again provide a basis 
for extrapolating to equilibrium. The equilibrium temperature at 8.6 m is estimated to be 
- 1 1.7 ± 0'3°C (Fig. 2). For comparison, the temperature at a depth of 17 m in hole Tooo at an 
elevation of892 m on the south dome of the ice cap is - 7.67°C. Tooo was drilled in July 1973 and was 
measured 1 year later. Hole Nooo penetrated highly permeable firn containing scattered ice lenses, 
indicating that this hole was in the percolation zone of the accumulation area. In contrast, at depths 
greater than 2- 3 m , hole Tooo was in superimposed ice with scattered firn layers characteristic of the 
soaked zone. The amount of percolating melt water at Tooo is thus g reater than at Nooo, and heat 
released by refreezing of this wate r is responsible for most of the temperature difference between these 
two sites. Based on numerical modeling of temperature profiles in Tooo and five additional holes at 
lower elevations on the south dome, the mean annual temperature at Tooo is estimated to be about 
- 13.0 ± 0.5°C (Hooke, 1976[a); unpublished data) . The mean annual temperature at Nooo is 
probably only a degree or so cold er. 
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SIR, On the non-linearity of glacier length response to climatic changes: 
comments on a pajler by H. W. Posamentier 

IN a recent paper in the Journal of Glaciology, Posamentier (1977) speaks of a new climatic model for 
glacier behaviour. This is indeed a title that will attract the attention of the scientific community and 
it nourishes the hope that, at least for the Eastern Alps, there is now a way of modelling or predicting 
the intricate relations linking g laciers and climate . 

When reading the paper, however, one becomes aware that it does not deal with the physical 
interaction of the atmosphere with glaciers and their dynamic response, nor with glacier behaviour in 
the complex sense but with a linear regression of the percentage of Austrian glaciers advancing or 
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retreating (out of the varying number counted each year) as a variable dependent on several combina
tions of precipitation a nd temperature values as recorded at Sonnblick observatory in the Hohe Tauern. 

Although it may be fel t by some readers that to speak of this as a climatic model is an exaggeration, 
it is worthwhile investigating the physical significance of rela ting any climatic variable or para m ete r 
to glacier lengths, of whose varia tions there exist long records. There is no doubt that we should make 
the best possible use of the m eticulous work of past generations which is continued up to date a nd 
includes length measurem ents as well as the work relating precipitation, heat budget, mass budget, a nd 
dynamic response to changes in glacier length . Climate influences the first two m embers of this chain, 
but the reaction of the glac ier terminus to mass balance changes is complicated by the dynamics of ice 
flow. 

If a glacier has reach ed a dynamically steady state then sm a ll changes of mass balance will result in 
changes of the terminus position that can be interpreted in terms of climatic variables provided that the 
effects of accumula tion and abla tion (heat budget) can be separated by means of independent infor
mation. 

The number of Austrian glaciers used for these statist ics varies from year to year (Patzelt, 1977). 
They include small and large glaciers, valley and plateau types, a g lacier that is known to surge, glaciers in 
the dry interior valleys and those of the wet marginal regions (e.g. Otztal versus Tauern), in short, g laciers 
of many different degrees of disequilibrium. The physical interrela tion of each of these glaciers' leng th to 
climate is different. G laciers that differ in accumulation , ablation (heat budget) , and topography may 
seem to furnish an ideally unbiased statist ical group, but in reali ty they are not apt to yield optimum 
information when lumped together over periods of time in which their spectral distribution varies. 

The response time, i. e. the period during which a glacier tel·minus is adjusting to a new equilibrium 
size, is d etermined by strain-ra te and diffusion, which in turn d epend on length, thickness, and topo
graphy of the glacier. The adjustment to a new size may still be taking place while th e first reaction to a 
new change in mass ba la n ce is being felt at th e terminus with a time lag of about a quarter of the period 
of that change. Depending on the respective frequencies and amplitudes of a series of mass-ba lance 
fluctuations, these will resu lt in a complex pattern of advances or retreats that is governed by the 
variables m entioned a bove (see, e.g. Nye, 1961 , or Paterson, 1969). The variety of reactions is well 
demonstrated by the behaviour of Hintereisferner, K esselwa ndferner, and Vernagtferner, which a ll lie 
within 10 km of each other. From 1974- 75 Hintereisferner reh·eated 10 m, whereas K esselwandferner 
advanced 19 m (Kinzl , 1976). While Vernagtferner is presently retreating, its a bility to surge is well 
documented for the past centuries (Hoinkes, 1969) ; its d ynamic response to changing climate was 
mod elled by Kruss (1976). 

The indiscriminate use of a ll observed Austrian glaciers for the establishment of a lag time therefore 
is a linearization which is bound to decrease the information content of the length records. It a lso 
in troduces an obvious bias that may be reversed in the coming d ecades. Presently, the tongues of major 
glaciers are receding, regardless of the sign of the glaciers' ac tual mass ba lance, in response to the 
climatic conditions of the forties and fifties whereas smaller ones are advancing after recent mass gain. 

Considering the inhomogeneities in the statistical population due to the different types of g laciers, 
and in the time doma in due to both different response times of the glaciers and a d egree of disequilibrium 
from past climatic conditions that varies within the sampling period, one should expect the correlation 
to improve with a subdivision of the sample. It would therefore seem likdy that an improvement of the 
correlation would be obtained if the statistics were subdivided according to g lacier size and time. 

One could, of course, try to describe the average Austria n glacier, neglecting a ll the difficulti es 
men tioned above. An a verage glacier would be well applicable to a number of problems like long-term 
hydrological forecasting. This concept of an average, however, would require a time scale that is larger 
than any of the periods o f climatic changes or of glacier response in question. To b e applicable it should 
be restricted to small g laciers, so that a subdivision of the sample is again wanted . 

The relation between Sonnblick climate and length variations as treated by Posa mentier is to a la rge 
degree non-linear. Therefore, the climatic change used to predict length variations, or the values of the 
latter u sed to infer climatic changes, must be small in order to apply a regression based on unweigh ted 
spectral averages, so small that it may well be that random changes such as induced by geology of the 
glacier beds may become predominant. The investigation should have first d ealt with the problem of 
how Austrian glaciers behave when there is no climatic change whatsoever. T hen this statistical exercise 
would h ave rested on some kind of physical basis and would have led to more fruitful discussions than 
the present one. 
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A word of cau tion against the select ion of variables by means of stepwise regress ion analysis is quoted 
from Draper and Smith (1966, p. 172) : "We believe this" (the stepwise regression analysis) "to be the 
best of the varia ble selection procedures ... however it can easily be abused by the 'amateur' statistician 
. .. sensible judgment is required in the initial selection of the variables and in the critical examination 
of the model through examination of residuals. It is easy to rely too heavily on the automatic select ion 
performed in the computer." 

P revious studies that have in vest igated the climate- g lacier relationship on a statist ical rather than a 
purely physical basis (Hoinkes and Steinacker, 1975) have found correlation coefficients that ranged 
from - 0.85 to - 0.94 depending on the degree of refinement of parameterization. T he quantit ies used 
were the mass balance of one g lacier and a combination of temperature and precipitation at the nearest 
valley stat io n . 

The correlat ion coefficients mentioned by Posamentier (1977) again show the loss of information 
that is caused by the correlat ion of a large regional and physical variety of glacier length changes with 
climatic parameters of one sing le station. Even over a small distance like that from Hohe Tauern to 
Otztal Alps the precipitation "egime changes m a rkedly because of the central position of the latter. 
This problem has long been treated by a lpine climatologists and can easily be verified by the correlat ion 
of July precipitation values of Sonnblick and Vent (Otztal, , 900 m ). Using the data of 1936- 69 
(Jahrbiicher der Zentralanstaltfur Meteorologie und GeodYllamik (Wien), 1936- 69; Lauffer, unpublished) one 
finds for a correlation of July precipitation Vent/Sonnblick ( ' 936- 69) : r = 0. ,6. In v iew of this poor 
correlation one must admit that yearly mass-balance values of the g laciers in the Otztal A lps, or the 
interaction of the atmosphere with the glaciers in that a rea, is poorly represented by records of precipita
tion at Sonnblick. Th is example seems sufficient to show that a subdivision of glaciers not only according 
to size and bed-topography but a lso according to climatic regions is physically justified and promotive 
of higher statist ical correlation even of such ancillary quantities as length and precipitation. 

Finally, w e a re left again w ith the question: What shall we do with the length records? What 
exactly do they tell us except how many glaciers of those observed were advancing? Variations of a n 
individual glacier can within certain li mitations be linked to cl imatic variations from the study of this 
century's c1imatological and g laciological records. The yearly leng th measurements on the Alpine 
glaciers are an undisputable and invaluable basis fOI' the reconstruc tion of the climate of past centuries. 
Their use in bulk correlation to one station's temperature and precipitation wi ll , however, not do 
justice to the present state of g lacia l meteorology. 

The author is indebted for valuable comments and discussions to H. Lang, Versuchsanstalt fUr 
Wasserbau, Hydrologie und G laz iologie and d el' ETH Zurich, an d O . R einwarth, Kommission fur 
G laziologie d el' Bayerischen Akadem ie del' Wissenschaften, Munchen. 

Institut fiir NIeteorologie und GeojJhysik, 
Ulliversitdt I nnsbruck, 

SchiijJjstrasse 4[, 
A -602o Innsbruck, Austria 

[[ October [977 

M. K UHN 

R EFERENCES 

Draper, N., and Smith, H. 1966. Applied regression analysis.. New York, etc. , John Wiley and Sons. 
Hoinkes, H . C. 1969. Surges of the Vernagtferner in the Otztal Alps since 1599. Canadian J ournal of Earth Sciences, 

Vol. 6, No. 4 , Pt. 2, p. 853- 61. 
Hoinkes, H. C., and Steinacker, R . 1975. Zur Parametrisierung de r Beziehung Klima-Gletscher. Rivista Italialla 

di Ceofisica e Scienze AJfini, Vol. 1 (Speciale), p. 97- 104. 
Jahrbiicher der ZentralanstaltJur Meteorologie lInd Ceod)'/wlIlik (Wien), 1936- 69. Bd. 73- 105 (Ganze Reihe Bd. 81 - 1 13). 
Kinzl , H . 1976. Die Gletscher del' Osterreichischen Alpen . .:(eitschrift Jiir Cletscherkunde 1lI1.d Clazialgeologie, 

Bd. 1 I , H t. 2, 1975, p. 257- 64. 
Kruss, P. 1976. Vernagtfemer numerical modelling (a /Jrogress report- I976 ). [Melbourne] , University of Melbourne. 

Meteorology Department, p. 1- 19. 
Lauffer, 1. U npublished. Das Klima von Vent. [Dr. phi l. thes is, U niversitat Innsbruck, 1966.] 
Nye, J. F. 1961. The influence of climatic var iations on glaciers. Union Ceodesique et Ceoplrysique Intemationale. 

Association Intemationole d'H),drologie Scielltifique. AsselllbLie generate de H elsinki, 25- 7- 6- 8 [960. Commission des 
Neiges et Claces, p. 397- 404. (Publication No. 54 de I' Association I nternationale d'Hydrologie Scicntifique.) 

https://doi.org/10.3189/S002214300001399X Published online by Cambridge University Press

https://doi.org/10.3189/S002214300001399X


JOURNAL OF GLACIOLOGY 

Paterson, W. S. B. 1969. The physics of glaciers. Oxford, Pergamon Press. (The Commonwealth and Interna tional 
Library. Geophysics Division. ) 

Patzelt, G. 1977. Statistik der Uingenmessungen an den osterreichischen Gletschern 1960 bis 1975. Z eitschrift 
fur Gletscherkllllde und Gla z ialgeologie, Bd. 12, Ht. I , 1976, p. 91 - 94. 

Posamentier, H. W. 1977. A new climatic model for glacier behavior of the Austrian Alps. JoumalofGlaciology, 
Vo!. 18, No. 78, p. 57-65. 

SIR, The origin oj the term "rock glacier" 

During the course of our work on rock glaciers, a minor but unclear point of nomenclature emerged. 
Numerous researchers (Wahraftig and Cox, 1959 ; Potter, 1972; White, 1976; Corte, 1976) have all 
followed suit in attributing the first usage of the term "rock glacier" to Capps ( 1910). Capps himself 
contributed to this misunderstanding of first usage when h e stated (Capps, 1910, p. 359-60) , "The 
special agents with which I wish to deal at present ... I have called rock glaciers". 

While other terms we re used in earlier literature, the term "rock glacier" first appeared in print in 
1905 (the internal text date is 1903) in an indirect manner. In describing the occurrence of rock glaciers 
in the Silverton, Colorado, area, Cross and Howe (1905, p. 25) wrote, "So noticeable was this [apparent 
viscous flow] that in the field they were spoken of as 'rock glaciers' and upon the map received the name 
'rock streams'''. Presumably the term "rock glacier" was used in the field at this time among some of 
the personnel of the United States Geological Survey ofwhich Cross, Howe, and Capps were all members. 
Cross and Howe either voluntarily changed their usage of the term "rock glacier" to "rock stream" or 
an editorial change was suggested by someone else. Apparently Capps was not so restricted and has 
received most of the credit for first usage of the term. 
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