SOME CONSEQUENCES OF THE RELATION
BETWEEN GLACIER VARIATIONS AND CLIMATIC
FLUCTUATIONS IN BRITAIN

By GorboN MANLEY
(Bedford College for Women, University of London)

(Abridgement of a paper read before the International Commission on Snow and Glaciers, Oslo, 1948)

LARGELY as a result of Scandinavian work it has become possible in recent years to correlate the
behaviour of glaciers with the trend of monthly and annual means of temperature at Stockholm
during the past 200 years.»2 While some have questioned the validity of the eighteenth-century
records 3 it is particularly interesting to note that other long series of monthly means, eliminating
the possible effects of urban exposure, have now become available for north-west England and
Holland.* 5 The trend of the independent English curves during the past 200 years is so much
in accord with that of Sweden as to give further confidence not only in the reality but also in the
amount and time of development of the present secular change. As a matter of interest it may be
added that reports of the behaviour of the semi-permanent Scottish snowbeds since the eighteenth
century indicate that they too have responded in broad agreement with the variations of the
Norwegian and Icelandic glaciers.

It is hoped to extend the English records at least back to 1715 and thus to reinforce Labrijn’s
figures (1706 onward) and I am not without hope of devising further methods of estimating the
extent and character of the temperature fluctuations for the later seventeenth century. If this can
be done we shall have a view of the temperature trend in north-west Europe covering
Thorarinsson’s curve of glacier oscillation in Iceland ¢ and about half of Matthes’s “Little
Ice Age.” From the nature of this curve it may be possible to estimate the character of the events
initiating the “Little Ice Age” and to suggest reasons why it may have begun in north-west
Europe two centuries before the great advance of the alpine glaciers.

In discussing glacier behaviour in relation to climatic fluctuations it is, however, necessary to
take a very general view and to disregard on the one hand the sometimes contradictory behaviour
of individual glaciers, or the results of individual exceptional seasons. Further, we are often using
very imperfect observations. Clearly one must think in terms of whole countries and of groups of
years—amounting to decades at least ; and one must try to bear in mind climatic agencies which
will take effect over groups of years of that order of length, and which will be capable of pre-
dominating over a century or more.

For north-west Europe one of the fundamental agencies of this kind must surely be sought
in the extent off east Greenland not merely of the Arctic pack, but of the melt water from the sea ice.

Ahlmann has shown that a slight rise or fall in spring and autumn temperatures is extremely
effective with regard to the behaviour of glaciers in Norway; although July temperatures may
remain unaffected, variations in May and October imply considerable changes in the length of the
ablation season. In the diagram (Fig. 1, p. 353) I have therefore put together the curves showing
ten-year running means of temperature of the three months’ period March-May, based on the
English and Dutch records. The rises and falls agree remarkably well with the general features
of Thorarinsson’s curve of glacier behaviour for Iceland.® But we may also note that the English
instrumental record, allied with that from Holland, for the period immediately preceding one of
the dates of maximum post-glacial advance of about 1745-50 7 suggests that the occurrence of
a small group of six or seven cold years, in which cold spring and autumn months were especially
notable, is sufficient to lead to sudden and marked glacier advance.
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Fig. 1. Ten-year running means of spring temperatures (March to May) in north England (continuous line) and Holland (dashed line); below, the
behaviour af Leeland glaciers
By courtesy of the Editor of the Quarterly Journal Royal Meteorological Society
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We must recall that in temperate insular and maritime climates in such months as May and
October the temperature of the sea surface is more significant than that of the land. From this it
can reasonably be suggested that one of the most important factors with regard to the temperature
variations in England, and to glacier behaviour in Norway and Iceland, is the location of the
border of the melt water from the Arctic ice. In these regions adjacent to the open north Atlantic
maritime-polar air masses are dominant. Curves derived from ten-year running means should
largely eliminate the effects of particular extreme months, and the multiple of such a curve, that
is the range of variation of successive ten-year means, should therefore largely derive from varia-
tions in the average temperature of maritime-polar air. ‘This average temperature in turn may be
presumed to reflect the extent of the spread of colder water off Greenland and Iceland. A careful
analysis of the small variations in mean temperature at stations ranging from Stykkisholm and
Lofoten to Plymouth, that is in the region where maritime-polar air from the North Atlantic
predominates, might make it possible to estimate the extent of the movement of this ““Arctic
convergence” during the past two centuries (cf. Ericksson 8).

Again, in the later eighteenth century the mean temperature for exceptionally warm winter
months such as December 1806 or January 1759 and 1796 approximated to that of the warmest
months of the same name in recent decades, e.g. December 1934. Remembering the properties of
air masses it would therefore appear that the sea temperature off the coast of south-west Europe
must have been much the same as at present. Hence for the climate as a whole to allow of glacier
advance it is difficult to resist the conclusion that maritime-polar air must have had a shorter travel
from its region of origin. Apart from the possibility of increased wind speed the conclusion seems
to be that there was a greater spread of Arctic water. Its limits would probably be approximately
defined by the outer limit of occurrence of drift ice.

But here we open up several further questions. In particular, where does the increased supply
of melt water come from? By what stages, and over what length of time does the relatively fresh
surface layer in the Arctic basin increase in thickness? Thirdly, at what rate does mixing of the
fresher surface layer with the underlying water of greater salinity proceed, for example in a direc-
tion south-eastward from the Greenland coast in the latitude of Iceland? The view of the physical
oceanographers with regard to these problems would be welcome.

Climatic fluctuations in Britain however include not merely the minor episodes of the past two
centuries. Since the Ice Age several larger scale variations are known and recent work in England ®
has confirmed the occurrence in late glacial times in this country of a period similar to the “Allergd
oscillation” already established in Denmark and Norway. The date of this period of climatic
amelioration can be put at about 10,000 to 8200 B.c. The extent and character of this oscillation
affecting north-west Europe might well be explained by adopting the view that a period of weak
atmospheric circulation prevailed for many hundred years at a time when the sea off north-west
Europe was still quite cold. The resultant mean temperatures near the coasts for July were of the
order of 10° C. (50° F.) in north Ireland and south-west Norway, that is about 4°-5° C. lower than
at present, based on botanical evidence.

This relatively warm ““Allergd” phase is named after the location in Denmark in which the
remains of birches were found sandwiched between layers in a peat bog devoid of such vegetation.
This clearly indicated that an interval of improved climate occurred during the late Glacial,
followed by a recession. Before this “Allergd” phase the climate, according to Mannerfelt,10
must have been characterized by vigorous atmospheric circulation, as, in his view, the manner
in which the ice cap wasted in Scandinavia at that time is to be explained as the result of increased
ablation by convection of maritime air from the open Atlantic. For long periods cloudy, windy
and stormy conditions would prevail in Scandinavia. Following Angstrém,2 the present-day
amelioration of climate during the last 50-100 years is similarly to be explained by “more vigorous
circulation.” After the “Allergd” period the subsequent deterioration can again be explained as
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the result of a lowering of the summer temperature with increased cloud and wind, at a time when
the north Atlantic was still much cooler than now. The intermediate warmer and drier phase was
probably characterized by more frequent and persistent anticyclones and less wind.

At a later stage during the post-glacial “climatic optimum” it has been shown by Iversen 11
that in Denmark (in the ““Atlantic” phase) the summer temperatures were a little warmer than at
present, while the winters were milder. This might well be explained by assuming the vigour of
the atmospheric circulation to be much the same as now, but with considerably less “Arctic
water” in the Norwegian Sea. During the Sub-Boreal we must again assume a predominance of
anticyclones for long periods, ie. “weak circulation.” Later, following Brooks 12 a rapid re-
advance of the Arctic water at a time when the circulation was still “vigorous” will explain the
climatic deterioration of the Early Iron Age (about 500 B.c.). Minor re-advances of the Arctic
water may also explain the other “recurrence-surfaces” for which the evidence has been sum-
marized by von Post.13 o &

These suggestions are made to illustrate the view that a careful study of all the evidence given
by the instrumental record during the past 300 years (i.e. the “Little Ice Age”) might go far
towards elucidating the causes of the Pleistocene Ice Age in north-west Europe.

But the volume of the Arctic melt water may, in the past, have owed a great deal to the Green-
fand Ice Cap as well as to the sea ice. In my view we should also take into account the views of
Wager that the Greenland Ice Cap was already in existence in the Miocene 14: his concept seems
to me to be extremely important in any discussion of Pleistocene glaciation. It may be bold ; but I
should like to suggest that geophysicists better qualified than I should study the rate at which the
cooling of the seas would then proceed, in order to explain the lapse of time before the peripheral
ice caps of Scandinavia and Laurentia became established. It would be interesting to have further
knowledge of the time of uplift of the Scandinavian mountain system to a level at which glaciation
would be initiated. For, as Dahl 5 has shown, it is still necessary to have a reasonably open sea
and relatively mild temperatures on the north-west coast of Norway at the height of the last phase
of glaciation.

But it is similarly necessary to have an open sea off Ireland, yet with a surface temperature
which could scarcely be more than 5° C. This is evident, because at the height of the glaciation the
firn line in north England even in midsummer can scarcely at best have exceeded 600 m. above
sea level. Further, the Atlantic off Scotland and north-west Ireland must have had a great deal of
scattered drift ice. These facts lead us to the conclusion that whereas pack ice did not completely
cover the Norwegian Sea the spread of cool surface water driven by the westerly winds may even
have extended to the parallel of 50° N. from its present position north and west of Iceland (¢f. here
the interesting maps in Flint 1¢ and the views of Simpson.l? One may regard this spread of
the cooler surface waters, overlying the warmer salt water of the North Atlantic drift between the
Labrador seas and the west of Ireland, as analagous to an “occlusion”.

Following up Wager’s view we may suppose a long period during which the Greenland Ice
Cap existed adjacent to an open sea. Ultimately a border of extensive pack ice developed, to such
an extent that we must assume that Greenland would be starved of precipitation, as the Antarctic
now is. Presumably, therefore, isostatic recovery of Greenland would in due time set in. If we
accept Umbgrove’s 18 views of the relationship of large-scale glaciation to the periods of orogenic
uplift it remains for geophysicists to explore the interesting possibility of explaining multiple
glaciation in terms of successive isostatic depression and recoveries, following a long period during
which the seas were slowly cooled as a result of the mid-Tertiary elevation of Greenland.

In such an event, based on Wager’s views and on such indications as we have from the
Antarctic, we should be able to equate in broad terms the length of the glaciation following the
Alpine orogeny with that suggested for the Upper Palaeozoic glaciation, namely twenty-five million
years,18
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No doubt this appears a tremendous leap from the contemplation of the instrumental observa-
tions of the eighteenth century kept by our ancestors in various parts of north-west Europe. But
I believe it is for a geographer to endeavour, even at some risk, to provide material for discussion
by those better qualified to make more detailed studies. Minor studies, centering round the reasons
for the small groups of colder years within the record, may nevertheless open up the major problem
of the ways in which the cooling of the seas was begun, both in the deep oceans and on the surface.
Now that it has been shown by the Scandinavian glaciologists that we have so recently emerged
from a period of maximum post-glacial advance we are in a position to link up and compare the
results from a variety of sources in the realms of glaciology, oceanography and meteorology. It is
not inappropriate that the countries round the North Sea which have done so much in these
realms of observational science should now bring together their results; I hope that these sugges-
tions may lead to further development.
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GLACIER FLUCTUATION IN THE ALPS 1947-48

In the summer of 1948 heavy precipitation caused an increase of the snow reservoirs in the upper
reaches of the glaciers, but rain at lower levels caused the general process of ablation to continue
although at somewhat lessened speed. Some glaciers even re-advanced. Dr. P-L. Mercanton in
his report * shows that during 1948 13 per cent of the glaciers had advanced, 10 per cent were
stationary and 77 per cent were in recession. In 1947 the respective percentage figures were o, 2
and 98.1

* Die Alpen, Vol. 25, No. 7, 1949, p. 267-73.

1 From details received from the Comitato Glaciologico Italiano (Revista del Club Alpino Italiano, N. 7-8, 1949,

p. 113-18) in 1947 42 per cent of the Italian glaciers under observation had advanced, 111 per cent w ere stationary
or indeterminate and 847 per cent were in recession.
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