Matthew Maguire

Environmental Sensitivity and Change

Environmental Sensitivity and Change

Practical 2 – Ice Core Essay

What has the study and inter-comparison of ice sheet records in the Northern and Southern Hemispheres revealed about the operation of the global climate system?

Tutor:
Jonathan Butler
Tutorial: 
9am, Wednesday

Student: 
Matthew Maguire (0237001)

Ice Core Essay
What has the study and inter-comparison of ice sheet records in the Northern and Southern Hemispheres revealed about the operation of the global climate system?

The global climate system is a complex inter-relationship between five key factors: the atmosphere, oceans, cryosphere (ice sheets), biosphere (living organisms) and the geosphere (sediments and rocks). Each of these components constitutes a flow and energy and matter that drives the climate: a substantial change in any one area can cause distinct environmental changes (Giambelluca and Henderson-Sellers, 1996). To understand how the global climate system operates we need to look at how the climate has changed during Earth’s history. This information can be used to generate climate models, which can predict future climatic conditions. Reconstructing the climate of millions of years ago, known as Palaeoclimatology, is a diverse science, and uses an enormous array of empirical techniques to obtain proxy data, ranging from geological deposits, biological deposits to ice cores (Buchdahl, 1995). This essay focuses on the impact of ice core data on the development of our understanding of the global climate modelling, and thus, more specifically, how ice cores have helped us map out past climate change.
At this stage it is necessary to briefly outline the principle causes of climate change. It should be understood that there is no unanimous consensus on the precise causes, but current theories specify seven key factors. Considering that the climate is driven by energy, of which almost all derives from the sun, any change in the level of solar energy reaching the earth, through cyclical sun-spot variation, would have a direct effect on climate. Similarly, the astronomical relationship between Earth and the Sun, known as the Milankovich theory, effects to amount of insolation: any change in the Earth’s orbit, obliquity or procession on its axis would have direct consequences. Large volcanic eruptions or meteorite impacts throw dust into the atmosphere, offsetting the greenhouse effect, increasing precipitation and reducing insolation. Land use is a significant factor: ice and desert have high albedo’s (reflective qualities) and thus their relative abundance effects to global energy budget. These factors, however, are not considered to be responsible for every glacial fluctuation in Earth’s history - it is thought that changes in the composition of the atmosphere and changes in oceanic circulation have been responsible for the most of the glacial cycles. The composition of the atmosphere relates directly to the global energy budget, namely how much solar energy reaches the earth surface. The denser the atmosphere the more solar radiation is scattered and does not reach the surface, lowering the temperature. Conversely, increases in greenhouse gases such as Carbon Dioxide or Methane prevent energy from escaping, raising the temperature. Bearing in mind the tilt of the Earth relevant to the Sun, it should stand to reason that equatorial regions will receive more solar energy than the poles, thus it is the primarily the ocean currents which are responsible for distributing energy to the poles, which receive less insolation. The influence of ocean currents are complex, and are explain in greater detail later, but suffice it to say, any changes to ocean currents will alter global energy distribution, and untimely the climate (Waugh, 2000).

As it happens, ice core data is particularly useful for providing information relevant to the conditions of the atmosphere and ocean currents throughout history, so I have focused my research on these two factors. Ice cores have been extracted in many locations, but mainly from Antarctica and Greenland. Ice cores consist of annual accumulations of snow and ice, whose physical, biological and chemical composition provide clues as to the climatic conditions of when they were formed, which in turn, can be accurately determined through radiometric dating techniques (Buchdahl, 1995). At this stage it is necessary to explain exactly what information can be obtained from ice cores, eventually leading to comparison of results from ice cores at opposite latitudes, and what these differences infer about the operation of the global climate system.

18O is a stable isotope, that’s concentration is expressed as ‘deviations per mil’, and represents the deviation of the ratio between 16O isotope and 18O isotope in relation to a standard. Both isotopes are found naturally in sea water, and both have exactly the same properties, except that 16O is more readily evaporated due to its lighter mass. As such, the ratio between 16O and 18O varies with temperature: the higher the temperature, the greater the rate of evaporation, the more 16O is evaporated in relation to 18O (Bryand E, 1997). Considering that ice is formed from evaporated sea water that precipitates onto land, analysis of the ratio between the isotopes of a sample of ice will imply the surface temperature at which the water it contains was evaporated. When you incorporate this idea into the analysis of an ice core, you are effectively presented with a “palaeothermometer” (Bryand E, 1997, page 78). This type of analysis has allowed scientists to identify numerous separate glacial events in the last 400,000 years. It has also added support to part of the Milankovich theory, namely that major glacial periods occur, almost like clockwork, every 100,000 which, which equates to the processional period of the Earth around the Sun (Stauffer N, 1999). 
Air bubbles trapped within an ice core contain a snapshot of the atmosphere at the time of the ice layer’s formation. Carbon Dioxide is known to be heavily involved in global temperature regulation, such analysis of this can be used as a secondary palaeothermometer (Wauge, 2000). Methane has been used as a means of synchronising ice cores from different areas of the globe (Blunier et al., 1998). Particles carried across the ice and deposited by wind, such as calcium, silicon and dust, can indicate that major volcanic eruptions or meteorites events accorded near that time. These particles can be analysed to determine their origin, and can thus indicate the geographical range and speed of events (Alley RB, 2000).
Before any results from individual ice cores can be compared with those of others, it must be understood that there are numerous factors which need to be corrected to successfully synchronise different ice cores. During the formation of an ice core over thousands of years, the increasing pressure from the formation of new ice above causes the ice beneath to become increasingly compact. This combined with deformation and movement of the ice sheet results in an exponential decay of resolution with depth. As such, only the last 10,000 years can be determined accurately. Alongside this, the geographical location of the ice core determines an individual rate of ice accumulation, which affects the age-depth relationship. Complex equations have been developed to determine an exact rate of accumulation based upon environmental factors. Because different isotopes, such as 210Pb, 32Si and 39Ar , have different rates of decay, they can be used to examine different timescales in an ice core (Blunier et al., 1999).

Having synchronised different ice cores, differences become apparent between ice cores taken in Greenland (GRIP) and Antarctica (Vostok): in the last 20,000 years the GRIP core identified 22 interstitial (warmer) periods, while only 9 were identified from the Vostok core (Bender at al, 1999). Separate research has indicated that, between the period of 36 and 45 thousand years before present, the GRIP ice core lags behind Vostoc, in terms of reaction of climate change, by between 1k and 2.5k years (Blunier et al., 1999).  These differences hint as to the complexity of the global climate system. Blunier, in his article in Nature, continues by suggesting that the connection between the two hemispheres is in atmospheric and oceanic circulation. Atmospheric circulation is fairly rapid, and considering that the lag is upward of a thousand years, he concludes that the lag is primarily due to oceanic circulation. 
The ocean stores an enormous amount of heat energy, and is thus crucial to the distribution of temperature across the globe. Maritime Europe is warmed by the Gulf Stream, due to heat being released into the atmosphere when the warm water meets cold polar air in the North Atlantic. This cooled water sinks, forming the North Atlantic Deep Water (NADW) which flows southwards through the Atlantic, round Africa and Australia, into the Pacific. The differences in the temperatures of the two oceans cause a difference in salinity, which leads to the Global Thermohaline Ocean Circulation (Pinet P, 2003).  It is thought that during glacial periods, due the polar front being further into the Atlantic, the extent of the NADW is much reduced, causing the thermohaline ocean circulation to stop. This effectively means that while the northern hemisphere will be continually cooling, due to the reduced influence of the thermohaline ocean circulation, it may take an extended period of time for the southern hemisphere to react, hence the varying lag times (Blunier et al., 1999).
In conclusion, it can be seen that the global climate system is a complex interaction between numerous factors, of which atmospheric and oceanic circulation are the most important with respect to ice core research. Ice cores have been shown to provide a plethora of information, and once correctly synchronised can be compared with cores from across the globe to build not only a temporal but spatial picture of the Earth’s palaeoclimate. There are many aspects of the global climate system that are not yet fully understood, and many of today’s climate models are far from accurate representations, but Ice Core research has had a profound impact upon research nonetheless.
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