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Context

Hermann Flohn’s (1963) publication “On the meteorological interpretation of Pleistocene climate variations” discusses from the perspective of atmospheric sciences the state
of knowledge of the Pleistocene climate, which in 1963
was mainly based on geological and geomorphological evidence. It interprets the Pleistocene cold and warm periods and the regionally detectable variations between wet
and dry episodes via changes in the large-scale meteorological flow pattern. Flohn identifies gaps and inconsistencies
in the prevailing explanations and expresses the hope that
with improved methods, in particular enhanced age determination and derivation of paleotemperatures, the Pleistocene
climate, which as he states “has been determined by the

rampant phantasies of some popular authors” (“ungezügelten Phantasie populärer Autoren”), will be in the future “realistically and physically consistently described using numerical model calculations” (“mit rationalen, physikalischmathematisch fundierten Erwägungen und Modellrechnungen”). Flohn’s paper was published in “Eiszeitalter und
Gegenwart”, and many of the references he cited are found in
Quaternary science or geological journals. In 1963, research
in paleoclimate changes and their meteorological interpretation was predominantly based on the proxy data of Quaternary sciences, and this topic had hardly entered the recognition of the meteorological community. In those days, meteorologists saw climate research as a necessary but unchallenging byproduct of their routine data collection. Flohn’s paper
presents the vision that meteorological modeling and Quaternary sciences will have an interdependence in the future.
Triggered by the discussion about the influence of mankind
on climate, from 1985 onwards the interdisciplinary research
into the paleoclimate has been intensifying. The central question was and still is as follows: is the currently experienced
global warming of anthropogenic origin (mainly by raising
the concentration of greenhouse gases in the atmosphere) or
does it stem from natural causes like changes in solar intensity, changes in the orbital parameters, or by the aerosols
emitted during volcanic eruptions? In an ongoing international effort, ice and sediment cores have been collected,
dated, and interpreted. Data representing the oceanic and atmospheric circulation have been sampled using in situ and
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satellite sources. Numerous numerical models have been developed which simulate the ocean, the atmosphere, the hydrosphere, and the biosphere and their interactions with each
other. The effort is coordinated in various national, European,
and international programs (WCRP, IGPB, PAGES, IODP).
The results are summarized on a quasi-regular basis in the
reports of the IPCC (https://www.ipcc.ch, last access: 6 December 2021). It has to be stressed that the current research
on the atmospheric paleoclimate focuses on the Holocene
due to the data availability and restrictions in the computing resources; the earlier periods of the Pleistocene climate
are still being interpreted on the basis of geological evidence.
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How has our current knowledge changed
compared to that presented by Flohn in 1963?

At the beginning, Flohn’s paper discusses the interaction of
the meteorological flow regimes with the glaciation of the
Northern Hemisphere, as well as the contribution of these
flow regimes to the buildup of the glaciers and their the melting. The general assumption in 1963 was that during the
glacials and interglacials the jet stream moves south- and
northwards, respectively. The climate zones are shifted synchronously with the glaciation events, linked with a shift of
pluvials. However, as Flohn pointed out, geological evidence
indicates that this is not consistently the case. He raises the
question of whether these inconsistencies are caused by uncertainties in the age determination or if a mechanism has
been overlooked that causes regional pluvials to develop independently from the glaciation state. Nowadays changes in
the large-scale precipitation pattern are attributed mainly to
a shift in the Intertropical Convergence Zone (ITCZ), which
follows the changes in the solar insolation induced by variations in the orbital parameters (Milankovic-cycles; Berger,
1978). These insolation changes are also seen as the main
driver leading to glaciations (Kaspar and Cubasch, 2007;
Wanner et al., 2008). The mechanisms Flohn had found
missing are feedback processes, which according to current
knowledge influence the formation of a regional wet climate.
One feedback mechanism that has been known for a long
time in agricultural meteorology consists of the feedback
loop in which enhanced precipitation leads to more vegetation, which in turn reinforces the evaporation, which then
leads to more precipitation. Its importance for the large-scale
climate, however, was only discovered more than 30 years
later by Claussen et al. (1999). He proved in model experiments that the vegetation cover of the Sahara is strongly dependent on this vegetation feedback. Flohn assumes that during some of the interglacials the Arctic was free of sea ice. He
deduces that this reduces the meridional temperature gradient in the Northern Hemisphere and that this would lead to a
stronger meridionalization of the airflow. This assumption is
still followed today: with enhanced global warming, the Arctic ice cover is dwindling in the present. The IPCC projecE&G Quaternary Sci. J., 70, 225–227, 2021
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tions for the high climate change scenarios indicate that the
Arctic ice will almost completely disappear within the next
100 years (IPCC, 2013). It has been found by Francis und
Vavrus (2015) that already now the decrease in the Arctic ice
coverage leads to a diminished Equator–North pole temperature contrast, which induces a wavier jet stream. Flohn calculated that the changes in the radiative balance alone would
not have been effective enough for the glacier melt and deduced that during the late- and post-glacials, the changes in
the large-scale circulation must have enhanced the advection
of warm air. He estimated that, in general, the available heat
within the climate system is sufficient to explain the melting of the glaciers and the induced sea level rise. At a first
glance, it is a bit surprising that Flohn focused on the atmospheric circulation and does not mention at all the contribution of the heat advection by oceanic currents. However,
if one takes the standard German textbook on Oceanography (Dietrich et al., 1975) as an indicator of the state of
knowledge of that time (12 years after Flohn’s paper was
published), only a very limited number of locally confined
estimates of the heat transport by the Gulf Stream (some of
them estimated during the 1930s) can be found but no comprehensive portrayal. It took more than a quarter of a century after Flohn’s work until Broecker (1991) summarized
the structure of three-dimensional oceanic circulation and its
heat and freshwater transport in terms of a “great conveyor
belt circulation”. Flohn presents quantitative estimates of the
amount of freshwater melting (freezing) during a deglaciation (glaciation). The order of magnitude of the glacier melting rates and the sea level change derived from the mass balance agree with the present-day estimate published by the
IPCC (2013). Flohn points to the fact that large quantities of
meltwater have to be transported in huge rivers. However, he
does not go so far as to speculate what impact these freshwater masses would have on the oceanic circulation since, as
mentioned before, little was known about the oceans in 1963.
The idea that the amount of freshwater flowing into the North
Atlantic ocean could lead to a change in the Gulf Stream circulation emerged about 20 years later after the analyses of
sediment and ice cores (Broecker et al., 1985). It was later
verified in model studies by Stocker und Wright (1991) and
Rahmstorf (1995).
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Summary

In summary, Flohn has compiled the indicators of the climate states during the Pleistocene and interpreted them with
his extensive experience in atmospheric circulation. Even
though he found contradictions and gaps in the available information, he was able to draw a consistent picture of the atmospheric circulation and its variability during that time period and offered a physically consistent explanation of the sea
level change during a glaciation cycle. His main statements
are still valid today. After decades of intensive research, one
https://doi.org/10.5194/egqsj-70-225-2021
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can nowadays fill some of the gaps and solve some of the
contradictions. Substantial advances have been made in the
understanding of the oceanic circulation, its role in the heat
and freshwater transport, and its variability. Furthermore, the
consideration of multiple feedback mechanisms of a biological, chemical, and physical nature led to an improved understanding of the reaction of the climate system to variations in
the external forcings (solar radiation, orbital parameter, volcanic aerosols). Substantial deficits in our knowledge of the
climate system still exist, particularly if one considers time
periods prior to the Holocene (IPCC, 2013). The tendency to
employ “rampant phantasies” to fill these gaps has not disappeared. Even almost 60 years after Flohn’s paper and after
a substantial increase in knowledge, the scientific community must continue to strive for an improved data coverage
and understanding of processes so that the paleoclimate in
its entirety can “realistically and physically consistently [be]
described using numerical model calculations”.
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