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Evidence for past climatic changes 

Outlining a few past geological events is useful to clarify the overall importance of climatic 

variations, and to place our perception of modern changes in a broader context.  

During an interglacial-glacial cycle, lasting for about 100 ka (kilo-years) years and occurring with 

fairly regular periodicity since mid-Quaternary about 800 ka ago (Lowe and Walker, 1997), polar 

regions have acted as ice-sheet nucleation areas during glaciations. The formation of high latitude ice 

sheets during the Quaternary (last 2.8 million years) has repeatedly led to fundamental shifts in the 

global climate system, caused by increased planetary albedo and globally altered planetary wave 

structure (see, e.g., Forman et al., 2002). In turn, 120-130 m global sea-level changes, caused by water 

exchange between ice sheets and oceans, affected both global ocean circulation and the bathymetry 

of the vast continental shelf seas that border northern Eurasia and Beringia (Weaver, 1995). Land 

bridges formed across sounds and between islands, in turn affecting ocean surface currents, shallow-

sea life and productivity, and opening and closing routes of migration for plants and animals. The 

Bering land bridge, existing due to lowering of sea level during the last glaciation, made possible the 

spread of humans from Asia to North America, as well as spread of large mammals like the woolly 

mammoth to the Siberian islands (Mandryk et al., 2001). The Quaternary Eurasian ice sheets termi-

nated in the Russian-Siberian lowlands and on the adjacent shallow continental shelf, modulating 

freshwater flux into the global ocean through blockage of two of the ten largest river systems in the 

world, the Ob and Yenisei rivers (Rudoy and Baker, 1993). Continental-scale proglacial lakes that 

may have formed with ice sheet damming of drainages in northern Siberia (Mangerud et al., 2001), 

re-routed fresh water from the Arctic Ocean to lower latitude seas, potentially impacting North 

Atlantic deep-water formation (Weaver, 1995), affecting temperatures and precipitation at lower 

latitudes. 

Following the termination of the last glaciation about 11.7 cal. ka BP (calendar years before present), 

comparatively warm conditions have characterised the global climate, but especially near the poles. 

Several important climatic variations, however, played out during the entire Holocene. These 

variations were superimposed upon initially a warm period, followed by a long-term cooling trend 

from about 5 ka BP. 

In Iceland the birch woodland therefore began retreating from 4 cal. ka BP, the mountain tree line 

fell, and heaths and peatlands expanded, indicating cooler and wetter climate (Hallsdóttir, 1995). 

Glaciers reformed and started expanding already by 5 cal. ka BP, but generally reached their Holocene 

maximum extension during the Little Ice Age in the later part of the 19th century (Gudmundsson, 

1997). In Svalbard, permafrost near sea level was reforming shortly before 3 cal. ka BP (Humlum et 

al., 2003). In Greenland, a late Holocene period of glacier growth was initiated 3.5-3 cal. ka BP, 

followed by major advances around 2 cal. ka BP (Kelly, 1980). In NE Greenland Hjort (1997) 

documented those fjords being ice-free during the early and mid-Holocene, became ice-covered after 

5.7 cal. ka BP.  

In western Norway, Nesje (1992) found that valley and cirque glaciers in the Jostedalsbre region 

reached their greatest Neoglacial extent during the mid-18th century, during the so-called Little Ice 

Age. Elven (1978) demonstrated that the glacier Omsbreen in southern central Norway most likely 
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began growing from almost nothing around 550 BP, reached its maximum size (14 km2) during the 

18th century, and underwent significant retreat during the 20th century. Grove (1972) examined 

historical documents from western Norway to assess the extent of landslides, rockslides, avalanches, 

and floods during the Little Ice Age. The study indicates that during the 17th and 18th centuries there 

was a much higher incidence of disastrous land, rock and snow slides/avalanches as well as more 

intensive flooding than was observed during previous and later warmer periods. 

The terms “Medieval Warm Period” and “Little Ice Age” have been used to describe two late 

Holocene climate epochs with ample historical documentation, covering roughly the period from AD 

(after birth of Christ) 900 to AD 1200 and AD 1300 to AD 1900, respectively. The exact timing of 

these relative warm and cold periods, however, vary somewhat from region to region. Apparently, 

the onset of the Little Ice Age was comparatively early in Greenland and at high latitudes, and 

somewhat later at lower latitudes. Conversely, the termination of the Little Ice Age was relatively late 

in high latitudes (around AD 1920), and early (around AD 1860) at mid latitudes. Neither of these 

periods were characterised by continuous relative warm or cold conditions. Both were interrupted by 

a number of periods with opposite temperature trends, and their relative ‘warmth’ or ‘cold’ derives 

from the dominating climatic situation.  

Arguments against continuing usage of the terms “Medieval Warm Period” and “Little Ice Age” have 

been presented by Crowley and Lowery (2000) and by Jones and Briffa (2001), suggesting that 

current evidence does not support globally synchronous periods of anomalous warmth or cold over 

these timeframes. Considered as periods with general climatic characteristics such as outlined above, 

however, there is overwhelming evidence for the “Medieval Warm Period” (MWP) and the “Little 

Ice Age” (LIA) representing roughly globally synchronous climate periods, superimposed upon a 

general late Holocene cooling. Also, the Summit (Greenland Ice Sheet) reconstruction of Holocene 

temperatures clearly shows both the MWP and the LIA periods (Dahl-Jensen et al., 1998).  

Ambrosiani (1984) examined how climatic change affected settlement patterns in Scandinavia during 

the mid- and late-Holocene, using multiple lines of evidence. Apparently tremendous agricultural 

production during the Medieval Warm Period led to population explosion and ultimately the 

expansion of farms to marginal highland areas. The climatic decline associated with the Little Ice 

Age (LIA) resulted in a decline in agricultural production, which led to the collapse of many agrarian 

communities, and increased starvation among Scandinavian people living in marginal environments. 

Lamb (1979) evaluated a variety of historical documents, including cod fishery and sea-ice reports 

from the Northeast Atlantic for the 17th and 18th centuries, in conjunction with the results of the 

CLIMAP analysis of deep-sea cores recovered from the North Atlantic and records of sea surface 

temperature (from AD 1867 onwards), to identify periods when winds were anomalously high and 

temperature anomalously low. The various lines of evidence indicate there was an enhanced thermal 

gradient between 55 and 65oN during the Little Ice Age, and that these conditions effected torrential 

windstorms along the European coastline; sea surface temperature was 3 to 5oC below the modern 

mean and Arctic sea-ice penetrated south beyond its normal extent.  

Lamb (1984) also examined historical documents from northern Europe, Iceland, and Greenland to 

identify how people living in marginal environments responded to climatic change during the 

Medieval Warm Period and the Little Ice Age. During the MWP, farmers were able to expand their 

agricultural fields to higher elevations and latitudes, and the northern fishing industry became very 

prosperous. In contrast, during the LIA, many farmers had to retreat from lands they were cultivating 

because the fields were overrun by glaciers. Many gave up farming and began working for shipping 

companies or fisheries to make a living. In AD 1690, however, also the fishing industry declined due 

to changes in oceanic circulation. Historical records also document more outbreaks of disease, 

possibly due to undernourishment.  

 



 

Figure 1. Danish frigate Højendal in icebound Copenhagen Harbour, surrounded by 

Swedish cavalry on 11. February 1658. During the preceding week the Swedish army 

commanded by King Karl X Gustav marched across the sea-ice from Jutland in western 

Denmark, to the island Funen, and then via the islands Langeland, Lolland and Falster 

to Zealand and the capital Copenhagen. By fully exploiting the tactical possibilities 

offered by an extraordinary cold winter the Swedish army successfully carried out a swift 

campaign (later known as Blitzkrieg), changing the political situation in northern Europe 

completely. 

Perceptions of climatic changes 

Most likely people have long been aware of ongoing climatic variations. Whether such changes were 

interpreted as manmade or natural depended on the general philosophy of the time (Storch and Stehr, 

2000). In Medieval time, change was seen as a natural process, the systematic deterioration of a living, 

and thus ageing, world. By the eighteenth and nineteenth centuries, interest focused on the effects of 

deforestation and other changes in land use. As an example, the colonies of North America were 

thought to have become more temperate as a result of deforestation during colonization. The modern 

concern about carbon dioxide as an agent of anthropogenic climate change can be traced back to the 

nineteenth century and French scientist Jean Baptiste Joseph Fourier (today best known for his 

Fourier series) and the Swedish chemist Svante Arrhenius. In the 1920s the increasing concentration 

of atmospheric greenhouse gases (especially CO2) was suggested as being the cause of atmospheric 

warming registered at that time, and future global warming was expected to follow. Contemporary 

studies suggested that from year 1850 to 1940, the mean thickness of sea ice in the Arctic Ocean had 

decreased by about 30 % and the surface extent by as much as 15 %. The Arctic Ocean was expected 

to be virtually ice free within a foreseeable future. 



Back in the 1960s and early 1970s, the timeframe of most scientists was still retrospective, rather than 

prospective (Oldfield, 1993). However, the revived notion of the Milankovitch theory then suddenly 

offered the new possibility of actual climate prediction. At that time there was relatively little 

emphasis on potential or actual ‘global warming’, and the idea was virtually unknown to popular 

consciousness. Indeed, a widespread belief at that time was that the planet was heading for a new ice 

age, fuelled by acceptance of the Milankovitch theory and new knowledge gained from isotope 

analysis of Greenland ice cores (Dansgaard et al., 1970, 1971). Hays et al. (1976) suggested that the 

observed orbital-climate relationships predict that the long-term trend over the next several thousand 

years would be toward extensive Northern Hemisphere glaciation. This period of global cooling in 

the early 1970s, thought to be the first indication of a new ice age, was seen as being accelerated by 

aerosols from industrial pollution blocking out sunlight. Such concerns in the mid-1970s brought 

together atmospheric scientists and the US Central Intelligence Agency (CIA) in an attempt to 

determine the geopolitical consequences of a sudden onset of global cooling. 

Late 20th century concerns about the future climatic development mainly stem from the increasing 

concentration of greenhouse gasses in the atmosphere. According to current GCM’s global climate 

should since year 1850 be experiencing man-induced increased greenhouse warming, foreseen to 

continue in the future.  

What can be learned from such profound and recurrent changes in scientific perception related to the 

climate issue? Apparently, climate science has limited inertia and is exposed to rapid paradigm-like 

shifts in common notion, in concert with observed 10–60-year surface air temperature variations 

(Chambers and Brain, 2002). All climate hypotheses, including the present one focusing on 

atmospheric greenhouse gasses, are by nature highly vulnerable to new trends in the observational 

evidence. Additionally, part of the reason for the lack of longevity of different 20th century climatic 

hypotheses may be the fact that climate science and climatology traditionally was considered a 

scientific backwater, with few eminent scientists such as Hubert Lamb (UK) and Christian Phister 

(Switzerland) as outstanding exceptions. Since about 1990, however, an increasing number of 

scientists, often without formal meteorological or climatologically training, oceano-graphers, 

hydrologists, biologists, etc., have all been redefined as climate scientists. More than anything, this 

indicates the degree to which the main research-agenda and -funding now is hitched to the political 

side of the climate issue.  

From empirical science to modelling 

Numerical models are increasingly used as tools for predicting how the global climate will respond 

to changes in atmospheric composition and land surface albedo. Such numerical models are typically 

developed only to reproduce the characteristics of modern climate and its inherent variability during 

a short period with relatively modest climate change. Using numerical models for projections of 

future climate therefore always involves extrapolation beyond the time range for which the models 

have been developed and tested. This contrasts with the prudence by which numerical models are 

applied in other and less complicated frameworks, e.g., engineering. In addition, even state-of-the-art 

GCMs only incorporate the theoretical effects of a limited number of well understood climatic forcing 

factors, while other potential, but less well understood drivers such as solar and cosmic rays effects 

are downplayed or left out. This is disturbing, as geological knowledge suggests that the celestial 

forcing represents a primary global climate driver on most time scales. In addition, the economic 

projections used in the IPCC emissions scenarios are based on models for population- and economic 

growth, which themselves are subject to debate and potential fallacious assumptions.  

Will improved understanding of theoretic greenhouse radiational effects effectively address the global 

climate change issue? Most likely the answer is no. No matter how firm our theoretical knowledge of 

greenhouse effects becomes, there is no way in which we can effectively ‘multiply-up’ or extrapolate 

that knowledge to address megascale, complex issues such as the dynamics of the Earth’s atmosphere. 

The atmospheric greenhouse radiative effects may be amenable to sophisticated instrumental and 

theoretical research, but the possible derived macroscale result (future global climate change) is not. 



Overwhelmingly, the published work on future climate change takes one process (greenhouse 

radiative effects) and the ensuing result (global warming) as unquestionable.  

This obviously represents an appropriate moment at which to invoke the ideas forwarded by Platt 

(1964). Modern climate modelling becomes an illustration of what Platt would state characterizes a 

discipline that is not robust and vigorous. Clearly what is needed in this instance is to scrutinize, 

challenge, and investigate the basic concepts rather than accept them as given. Such scepticism can 

conflict with other important features of science, such as the need for creativity and for conviction in 

arguing a given position. But organized and searching scepticism as well as openness to new ideas is 

essential to guard against the intrusion of dogma or collective bias into scientific results. Failure to 

adopt this sceptical approach, may have the consequence that a numerical model for future climate 

development will not serve as a test vehicle, but as a ‘regulative principle’ (von Engelhardt and 

Zimmermann, 1988). 

Improved empirical knowledge (field and lab. data) and techniques offer the prospect of enormously 

expanding our knowledge of global climate change, past and present. We cannot afford to put our 

scientific faith in improved modelling abilities alone. It will never be possible to span the full range 

of climatic spatial and temporal scales by merely multiplying-up our instrumented process research, 

because, as Church (1996) have noted, theoretical integration across many scales seems infeasible. 

What we do need to do is to focus our growing instrumental and modelling capacities on critical, 

sharply defined problems that are within the appropriate time- and scale range. We will serve 

ourselves poorly as scientists if we produce a climate science dominated by instrumentation and 

computer models, unrestrained by data or rigour. 

The focus on climate research over the last 20-25 years have resulted in an increased awareness that 

climate is not as constant as it may have previously appeared. In this context, even the most extreme 

and divergent forecasts of future climate may have done some good. This is, however, a situation that 

should not continue much longer, as it tends to confuse political decision-makers and the general 

public about the asserted extraordinariness of modern climate changes.  

Conclusion 

Today, the immediate need for science is to improve empirical knowledge on climate change, past 

and present, and to understand the limitations of each kind of approach to forecasting. Such 

accumulated knowledge is the very basis for improving the quality of computer-based modelling 

attempts. For the decision-makers the lesson is to allow wider margins for future climatic change, 

cooler as well as warmer, wetter as well as drier, windier as well as less windy, etc. Climate science 

remains a highly complex issue where simplification tends to lead to confusion, and where 

understanding requires knowledge, openness to new hypotheses, thought and effort. 
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