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Warm times in Iceland and the North Atlantic Arctic: providing a context for 20th 
century warming 

Proposed research activity in Iceland in connection with IPY 2007-2008 
Contacts: Áslaug Geirsdóttir, Earth Science Institute & Dept of Geosciences, University of 
Iceland & Gifford H. Miller, INSTAAR & Dept. of Geol. Sciences University of Colorado, 
Boulder 

Rationale 
Instrumental records show that the Earth warmed ca. 0.7 °C over the past century, with warming 
concentrated in the early 1900s and in the decades since 1970. The Arctic has experienced a similar 
pattern, but the magnitude is greater, with average annual temperature increases of 2 to 5 °C across 
much of the Arctic since the1960s, although the pattern of warming exhibits strong spatial variability. 
Supporting observations of this warmth include decreases in Arctic sea ice (both thickness and aerial 
extent) and snow cover, negative glacier mass balance, and increases in permafrost and ocean 
temperatures. The instrumental record throughout most of the Arctic is relatively short and spatially 
erratic. Coverage is reasonable since the early 1970s, modest since about 1950, and poor for the first half 
of the century. 
 
The short time span of direct observations limits our ability to evaluate the role of natural climate 
variability and greenhouse gas forcing in explaining these observations, but the pattern of change is 
consistent with General Circulation Model (GCM) simulations of the consequences of increased 
greenhouse gases. These simulations predict the greatest sensitivity to greenhouse warming will be in 
the Arctic. Strong positive feedbacks to warming, particularly through sea-ice reduction and shortened 
duration of seasonal snow cover, amplify warming in the Arctic and have global implications. Recent 
reconstructions showing that much of the Greenland Ice Sheet melted during the last interglaciation 
hint at even more dramatic impacts from the Arctic if the present warming continues. 
 
Our proposed research is designed to provide a Holocene context for 20th century Arctic warming. How 
unusual is the rate and magnitude of this warming? When was the Arctic last as warm as it is now? Is 
this degree of warmth within the range of natural variability or is it unprecedented? The paucity of 
instrumental records in time and space for the Arctic requires that we capitalize on archives of past 
climate data to address these questions. 
 
Within the Holocene, we target two specific warm periods with which to compare recent warming: the 
Medieval Warm Period, about 1000 years ago, and the early Holocene thermal maximum, some 7000 
to 9000 years ago. Evidence widely scattered about the North Atlantic Arctic documents a warm 
Medieval interval before the drop in temperatures to the Little Ice Age, with strong societal impacts. In 
the early Holocene, when solar radiation in the Arctic was 11% more than present in summer, many 
glaciers melted completely across Svalbard, Scandinavia, Iceland and the Eastern Canadian Arctic, and 
permanent sea ice withdrew into the Arctic Ocean. 

Project Summary 
The project is based on an integrated approach to reconstruct the changes in marine surface currents, 
terrestrial environments and evolution of ice sheets in and around Iceland during the Holocene. Iceland 
lies at the boundary between major oceanic and atmospheric currents and forms the entrance to the 
Arctic. Consequently, it is more sensitive to subtle circulation variations than are other North Atlantic 
landmasses, and even small changes in circulation would result in relatively large impacts. This 
sensitivity is well known from historic times. The unique sensitivity of Iceland to climatic variabilities 
provides a fertile arena for paleoclimatic 



reconstructions of the circum North Atlantic region. By integrating marine, terrestrial and ice sheet 
studies we expect to derive a state-of-the-art reconstruction of environmental change since the last 
deglaciation. Such a record will assist international modeling efforts to assess future climates. 
 
We propose to use a multiproxy approach to reconstruct environmental change through the Holocene, 
with an emphasis on physical characteristics of shelf and lake sediments, primary productivity changes, 
palynology, and ecological proxy climate indicators. Accurate dating of the shelf and lake sediment is 
possible with the AMS 14C dating and the presence of diagnostic tephras of known age. This will make 
available data that will aid in the evaluation whether there is a quasi-periodic cyclicity in Holocene 
environmental change on Iceland, as has been reported from the adjacent oceans and the Greenland Ice 
Sheet, and facilitate any assessment of model simulations that reconstruct North Atlantic circulation. 

The current status 
We have already retrieved a continuous Holocene sedimentary record from three lakes in Iceland lying 
on a south-north transect, which will allow us to reconstruct high resolution quantitative records of 
climate change for Iceland through the Holocene. This will also make available data that will aid in the 
evaluation of what happened to Iceland’s large ice caps such as Langjokull in the early Holocene 
warmth 
We plan to continue our work on these lake sediments in the years 2004-2006. 

Emphasis for IPY 2007-2008 
1) Obtain new cores from lakes within the areas in Iceland most sensitive to changes in the shifting 

position of the polar front; i.e. on a west-east transect along the north coast where the Polar and 
Atlantic surface currents meet. During the early Holocene, more intense Atlantic circulation 
might have forced polar waters away from Iceland, resulting in relatively warm Atlantic water 
along the entire north coast. 

2) Land-sea correlation in order to aid in the research of causes and consequences of climatic 
variability. Several marine cores are available from the northwest and north coast of Iceland. We 
will continue our analysis of these marine cores and compare to the land record retrieved from the 
lacustrine studies. An obvious gap in the coverage of cores from the shelf of Iceland is along the 
east coast, an area that retrieves the most sea ice in severe cold years. To compare terrestrial and 
marine records in a meaningful way requires a secure, independent correlation tool. We propose 
to utilize tephra layers and regional scale changes in the geomagnetic field preserved within 
magnetic minerals to synchronize marine and terrestrial sediment cores on and around Iceland. 

Significance of Proposed Research 
That the Arctic is warming is no longer in question. Why it is warming, and how much warmer it may 
become are questions of immense societal importance. By better defining how unusual the present 
warmth is, and by quantifying the rate of ice-cap melt, we will help focus the debate over greenhouse 
gases and the potential consequences of global warming. Our proposed research is designed to provide 
constraints on pressing questions that address the nature of 20th century Arctic warming. 


