
Possible mechanisms driving this temperature trend are:

• Changes in ocean circulation;

• Greenhouse gas forced air-sea ice feedback;

• Changes in atmospheric circulation.

Whilst ice core data allows us to make inferences 
regarding longer term temperature changes, it is not so 
easy to examine the factors driving these temperature 
changes.  The aim of this work is to reconstruct 
characteristics of atmospheric  circulation from an ice
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In situ observations from the Antarctic Peninsula have 
shown a large and rapid trend in surface temperatures.  
Recent events, such as the collapse of the Larsen B ice 
shelf (Figure 1), compel us to place this warming trend 
in context of longer term changes not allowed by the 
relatively short Antarctic instrumental record (~50 yrs).

Figure 1: AVHRR image of 
the break up of the Larsen B 
ice shelf.  The background 
of this poster also shows the 
resulting icebergs from this 
break-up event.
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core from the eastern Antarctic Peninsula.

Figure 2: Composite back trajectory 
plot.  Each BT pattern represents the 
mean of the members of each cluster.  
It is rare for Antarctic sites get such a 
range of easterlies and westerlies.
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Below is a flow diagram describing the methodology employed 
in this work.  Reanalysis data in the high southern latitudes is
often of questionable quality so we have conducted a comparison 
between the ERA-40 driven trajectories and AVHRR images to 
show that they are reliable.  That work is not shown here.

Table 2: Correlation between the annual 
number of members in each cluster and 

the annual ice core chemistry data.

Comparing these patterns with the chemical data from the ice core 
(Table 2), it is clear that there is a striking relationship between 
nitrate (NO3) and the westerlies.  There is also a strong negative 
relationship   with   the  easterly   BT 
patterns.  This is pattern is due to the 
western sources of NO3 i.e. from 
open sea water and the stratosphere 
via the polar vortex.

Figure 2 shows the results of the cluster analysis of the 5-day back 
trajectories run for Dolleman Island.  Consideration of the MSLP 
anomalies associated with these BT patterns show that the 
westerlies (BT3-9) are associated with a deep and southern 
circumpolar trough (CPT) typical of a strong southern annular 
mode (SAM) index score.  Inversely, BT1-2 are associated with a 
weak SAM and/or blocking over or to the west of the peninsula.  
This pattern is the high latitude manifestation of an El Niño event.

Table 1: Number of members in 
each of the nine clusters.

Figure 3: 
Reconstruction of the 
CPI from the 1993 and 
1985 ice cores.  Very 
strong, strong and 
moderate SAM and El 
Niño events are also 
indicated.  Note 
effects of volcanic 
eruptions and the 
possible polynyas.

Given that the strong correlation between the BT patterns and 
nitrate is related equally strongly to westerlies (positive 
relationship) and easterlies (negative relationship), we created a 
Cross Peninsula Index (CPI).  This index is defined as the annual 
ratio of easterlies to westerlies – a high (low) CPI year will be 
associated with a low (high) concentration of nitrate in the core.  
If we then use a simple linear regression between the CPI and the 
ice core chemistry data, we have a powerful reconstruction tool.
The regression equation can then be applied to the full length of 
the ice core to reconstruct the CPI back to 1652 (Figure 3).

• Strong link between westerlies and nitrate, which allowed subsequent construction of a circulation index;

• Westerlies are driven by the southern annular mode (SAM) and easterlies are related to El Niño events;

• Higher (lower) frequency of easterlies (meridional transport) before 1780, especially for 1720-1780;

• Westerlies and meridional transport have become more frequent since 1780, notably for 1910-1930 and 
1950-1980, this is very likely to have contributed to the observed Antarctic Peninsula warming.

These results are of particular interest when considered in the 
context of the wider climatology.  For example, the prevalence of 
easterlies during the 18th Century is coincident with the latter period 
of the “Little Ice Age” (LIA).  This would be consistent with a 
cooler mid-latitude climate linked to stronger and/or more regular 
El Niño events.  Furthermore, the two periods of sharp increases in 
westerlies and meridional transport during the 20th Century are 
coincident with  globally recognized periods of  warming.  It would

higher resolution to perform a seasonal study.
be of interest to analyse an ice core from this region at much


