Climate change, cold weather - some explanations

In the middle of an exceptionally cold winter in Britain, one might reasonably ask if this is evidence against global warming due to the effect of man’s greenhouse gas emissions.  So here is my take on the issue.

Background

Britain has the good fortune to be situated on the western side of a continent at 55oN where it benefits from a succession of westerly depressions moving across the country from the warm waters of the Atlantic, fed by the Gulf Stream.  At the same latitude on the eastern fringes of North America, Labrador has four months with an average temperature below 0oF (-18oC).  Our winter mean is about 40oF (4.5oC).  We are at the same latitude as southern Hudson Bay, north Alberta, the Kamchatka peninsula in eastern Asia and Novosibirsk! So, this year’s weather is normal at 55oN - every other year is the exception!

Why is this year different?

Our weather in Britain is influenced by the position of the circum-polar jet stream and by pressure systems over the North Atlantic.  There is an interaction between the position of the jet stream and development of ‘blocking high pressure systems’ over and extending southward from Greenland.  The path of the jet typically has a meandering shape, and these meanders propagate east.  The path of jet streams steers cyclonic storm systems at lower levels in the atmosphere, and also influences the source and character of the atmosphere which reaches Britain.  This year the jet has taken on a more sweeping meandering pattern, typically further south over central North America and Europe but sweeping north over eastern Canada.  Figure 1 shows the pattern for 18 December 2010.

The usual pattern of meandering waves of the jet stream brings us a typical warm and wet winter with repeated Atlantic depressions crossing the country.  This year’s great sweeping meanders are like breaking waves and tend to enhance the incidence of blocking high pressure systems.  On either side of the blocking high, the jet stream buckles southward creating two troughs - one located over the central and eastern United States and another over western and central Europe.  
Whilst Britain, Northern Europe and Central North America are experiencing unusually cold and snowy weather, exceptionally warm weather is sweeping up into northern Canada and creating record high temperatures.  Note that the record that is being broken there is from 1963, which was a year of exceptional snow and cold in Britain.  The meteorological conditions of 1963 and December 2010 are similar.

Explanation can also be made on the basis of variation in the North Atlantic Oscillation (NAO) which is defined as the difference of atmospheric pressure at sea level between the Icelandic low and the Azores high.  However, the explanations tend to get too meteorological to be of interest to the general reader.  Suffice to say that when the NAO is positive (low pressure over Iceland and high over the Azores) we have our normal winter; when it is negative (high pressure over Iceland or Greenland) we tend to get cold winters.
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Is the cold weather likely to continue?

Blocking high pressure systems tend to 'get stuck', and can stay in the same position for several weeks or can reoccur in the same place, leading to extended cold periods in winter as the mild maritime westerly winds are replaced by continental north-easterlies and the land surface cools under cloudless skies.  An example is the winter of 1962 to 1963 when snowy conditions persisted from the end of December to early March.  However, persistence is not inevitable.  The last year in which we had similar snow in November and December (1965) turned out to be an otherwise normal winter.

Are we likely to get a run of cold winters?

Previous experience is a bit mixed.  The cold winter of 1962-63 was not preceded or followed by a severe winter.  However, there was a cluster of cold winters in 1978, 1979 and 1981-82.  So my opinion is that it would be premature to assume that we will need salt in the next few winters to cope with a winter as severe as this year.  There is a statistical adage that conditions tend to revert to the mean.  However see the note below on the influence of solar activity.

Are any underlying factors driving this weather? 
Solar activity during the current sunspot minimum (the low of an 11 year cycle) has fallen to levels unknown since the start of the 20th century.  A recent paper by Lockwood et al (2010) investigated the connection between cold winters in the UK and solar activity.  They showed that persistent blocking events in the eastern Atlantic tended to occur during low solar activity.  The Maunder minimum (about 1650–1700) of solar activity (without sunspots) was a prolonged episode of low solar activity which coincided with more severe winters in the United Kingdom and continental Europe.  Apart from the 11 year cycle of sunspots prediction of the strength of future solar activity is difficult.

What are the implications for man-made global warming?

Very little! Although we in Britain have had extremely cold weather early in 2010 and at the end of the year, the global average temperature in 2010 has been the second highest on record (after 1998).  The changes in weather pattern merely redistribute the temperature over the globe in a different way.  Lockwood et al also stress that the effect of solar activity on European winters is a regional and seasonal effect and not a global effect.
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