Chapter 2. Past climate variability

Dear colleagues,

 We have discussed the final version of the Chapter 2.2. with the contributors and come to conclusion that chapter has to be Annex [Ax] with the information on climate change in the Baltic Sea Basin during the Postglacial time (between 14,000 – 11,000 cal yr BP). In the last years the Russian researches have obtained detailed data on climate and environment changes in the above period. Unfortunately these studies are mostly in Russian, thus in accessible to English – speaking colleagues. However,  it is obvious that not being able to read these materials is problematic to understanding the complete climate-environment change pattern over the entire area of the Baltic Sea Basin. In this period climate change was drastic and dramatic on the area free from glaciation including most part of the north –western Russia, the Karelian Isthmus,  a large part of the Baltica countries (Estonia, Litva and Latvia) and Poland. Summarizing this data of great impotent for estimating possible critical limits of climatic changes and their consequences on the continental biota primarily and hydrological indices also. We think that ANNEX “Climate changes during the Lateglacial time (15,000 – 11,500 cal yr BP) in the Baltic Sea Basin” will be include 10 – 15 Word pages and a few figures. Also we propose to place a detailed stratigraphic diagram of climate events in the Baltic Sea Basin for the last 14,000 years tied to the classic Scandinavian scale, ice core scale (Greenland cores Dye3, GRIP, CISP2 and NGRP) and tephra chronologies. Evidence of rapid climate changes and their consequences have acquired a special significance for understanding causes of the modern climate changes and for modeling climate.
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2.1. Introduction and summary (5 pp = 7 Word pages without figures)
Leader author: Irena Borzenkova, State Hydrological Institute, St. Petersburg, Russia

Introduction 

Quantitative past climate data obtained using new methods and technology have improved the testing and tuning of numerical climate models. In addition, this data helps understanding causes and mechanisms of climate variations. The 2007 IPCC Report includes paleoclimatic materials as an individual Chapter where it is emphasized that historical climate data might be very important when studying global climate system sensitivity to various internal and external factors. In practice, almost all future climate scenarios are based on the gradual, though relatively fast, increase in global temperature due to greenhouse gases concentration growth in the atmosphere, primarily, carbon dioxide and methane. 

However, analyses of the paleoclimatic records show that relatively long-term past warm periods were followed by a shift to much colder weather, and vice versa, cooling periods changed to rapid (of the order of a few decades) warmings. These abrupt climate changes are assumed to be related to nonlinear processes in the climate system. At some threshold values the climate system can transit “jump wise” from one stable condition to another one, almost “instantaneously” within first few decades. Chemical analyses of air trapped in Greenland and Antarctica ice cores indicate that the periods of abrupt warmings correlate with high concentrations of greenhouse gases in the atmosphere and coolings with their low values. The mechanism of these abrupt climate events is likely to depend on a massive influx of fresh glacial meltwater into the ocean and intensified hydrological cycle under global warming. In high latitudes, abrupt climate changes are most noticeable, especially in the areas adjoining the continental ice sheet. The Baltic Sea Basin is believed to be a key region in studying the causes of the past abrupt climate change. Independent tree-ring, ice-core, clay-varve, tephra ash layers, 14C, 10Be and other chronologies have been used to develop a detailed timescale with the accuracy of up to few years for Lateglacial-Holocene climate events.

The first timescale of climate events for this period was established for the Baltic Sea Basin about 100 years ago. For many years it has been used as a classic timescale to analyze paleodata from other regions of the Northern Hemisphere. Analyses of multiproxy data made it possible to quantitatively estimate the amplitude of climatic variations in different parts of the Baltic Sea Basin. As a result, an assessment has been made of environmental implications of these variations and their influence on the early human migration in this region.  Studying these processes based on paleodata analysis is directly related to developing long-term future climate forecasts for next decades. Of particular interest is the climate change data over the past thousand years.

Summary  

History of the basins that had existed on the territory of the modern Baltic Sea since the last deglaciation has been already studied for more than a hundred years.  Nevertheless, the issues are still questionable of both the chronologies of transgression-regression phases of the pre-historic Baltic basins and their spatial characteristics. Greenland ice cores with annual layers, abundant radiocarbon dates obtained from studies on lake and continental sections, varve chronologies and other data allow us to obtain both a detailed time frame of climate events for the past 14,000-15,000 years and to determine the age of warming-cooling boundaries revealed from spore-pollen records and tied to the classic Scandinavian scale.  Tree-ring chronologies are very important in reconstructing the Lateglacial-Holocene events. Attempts have been made to extend tree-ring Holocene chronologies to the Lateglacial by updating them with the “floating” sections of the dendrochronological scale. 

The final deglaciation stage in the Baltic Sea Basin is supposedly related to an abrupt warming at the Bølling/Allerød interstadial which started about 14,600 cal yr BP. At that time arboreal vegetation first appeared in ice-free regions of the Baltic Sea Basin. The warming was interrupted with a series of cold events. The strongest cooling of approximately 1000 years long (the Younger Dryas) has begun at about 12,700 cal yr BP and ended about 11,600-11,500 cal yr BP, at the Holocene boundary.

 About 11,200 years ago, a cold   interval– the Preboreal Oscillation – occurred which then shifted to an extended warming of 2000 years long and the arboreal vegetation expanded rapidly throughout the Baltic Sea Basin. The subsequent two cooling periods about 9,300 and 8350 – 8150 are indicated in Greenland ice cores, North Atlantic marine sediments, clay-varve chronologies, and other proxy data. 
The second 8.2 ka cool event of about 160 to 200 years long has been known long ago. This cold episode correlates with mountain glaciation in the Alps and Scandinavia and  reduction in warm-loving tree species in pollen spectra from different parts of the Baltic Sea Basin. These cold episodes are theorized to be related to a massive meltwater surge outflow to the North Atlantic from Ice Lakes Superior and Agassiz that were formed after the destruction of the Laurentian Ice Sheet. The 8.2 ka event was the last cooling episode of the Early Holocene followed by a stable and relatively warm climate period with summer temperatures of 1-20C higher than the present ones.

The period between 7500 and 5500 cal yr BP ago was the warmest one for the entire Baltic Basin area, though the times of maximum temperatures were not synchronous in different parts of the region. In Sweden territory, pollen and chironomids chronologies show that the times of maximum temperatures changed in parts of Sweden between 7900 and 5700 cal BP with the amplitude varying from 0.8 to 1.00C and higher. In the Northern Finland, maximum temperatures took place between 7500 and 7000 cal BP, and in north-western Russia, about 5800 to 5000 cal BP. The negative Northern Hemisphere temperature trend and increased climate instability are typical of the Late Holocene interval. 

The Baltic Sea region cooling about 5000 to 4500 cal yr BP coincided with decreased summer solar radiation incoming to the earth’s surface due to astronomical factors.  Greenland ice core data indicates significant oscillations in the concentration of greenhouse gases in the atmosphere, in particular, methane. Chironomids and pollen proxies allow us to reconstruct a two-stage nature of air temperature decrease in the Late Holocene. The first stage occurred between 5000 and 4500 cal yr BP and the second one between 4300 and 3300 (2800) cal yr BP . During each period the temperature drop was not less than 10C. A complicated climate changes in the Baltic Sea region in the Lateglacial and the Holocene was reflected in lake levels' status, vegetation changes, and in the formation of a complex hydrographical network. These environmental changes affected the stages of ancient man migration in this territory.
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Chapter 2.2 Structure:
2.2.1. Methods and sources of the paleoclimatic reconstruction for the Holocene time

          Pollen and plant macrofossils analysis

          Fossil insect data  

          Dendroclimatological evidence

          Archeological data

          Other evidence

          Dating control

2.2.2. Climate variability during the Holocene in the Baltic Sea Basin
           The Early Holocene oscillations

           The 8.2 ka cool event

           The Atlantic warming

           The late Holocene cooling

2.2.3. Causes of the climatic changes in the Late Glacial -  Holocene time

          Solar radiation factors (astronomical, solar activity)

          Volcanic eruptions influence

          Gas composition changes in the atmosphere

          Other factors

2.2.4 Climate changes and their consequences on the continental biota and ancient man’s migration during the Holocene in the Baltic Sea Basin 

 Conclusion
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Provisional Chapter Summary

In chapter 2.3 is described past climate variability of the Baltic Sea Basin area during the last millennium. Older climatic conditions of holocene contains the chapter 2.2, and contemporary climatic change of the last 200 years are presented in chapter 3. The results presents current state of knowledge and are based only on published scientific literature.
After short description of data sources and methods, the main climatic factors are presented. Among them solar factors, atmospheric circulation and volcanic eruptions seems be the most important. The anthropogenic factor is important for contemporary climate (see chapter 3). In the description of the climatic variability we pay attention mainly on thermal and precipitation conditions, with respect to extreme values. According to scientific literature during the last millennium were divide three phases: 

Medieval Warm Period (MWP before 1350 AD), Transitional Period (TP 1350-1550 AD) and Little Ice Age (LIA 1550-1850 AD). There exists also some shorter phases connected mainly with solar activity or large volcanic eruptions. In one annex are presented the most unusual climatic events for each Century of the last Millennium.
Chapter 2.3 Structure:
2.3.1. Data sources and methods

         Historical data

         Tree-rings data

          Other proxy data (peat-bogs deposits, laminated lake sediments, bore-hole temperatures etc.)

          Instrumental data

          Methods of climate reconstruction

2.3.2. Main climatic factors

         Solar factors

         Circulation factors

         Other factors (volcanic eruptions)  

2.3.3. Medieval Warm Period (before 1350 AD)

         Temperature conditions 

          Precipitation conditions

           Extreme Weather Events (cold and heat waves, droughts, floods)

2.3.4. Transitional Period (1350-1550 AD)

2.3.5. Little Ice Age (1550-1850 AD)
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