5: The Millennial Temperature Record
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(Also available as a PostScript file)

Considerable progress has been made in palaeoclimatology over the last twenty years. More
information about the last millennium is now known from more locations and from more diverse
proxies (trees, ice cores, corals, historical documents and some lacustrine and marine sediments).
Much of this information provides annually resolved temperature evidence, principally for the
growing season from many of the proxies.

Armed with all these series (most available from the National Geophysical Data Centre), groups
in the UK and USA have begun producing spatial reconstructions of past temperatures and
estimates of average temperatures for the Northern Hemisphere (NH). Figure 1 shows several of
these series for the NH for the millennium. Evidence for the Southern Hemisphere is increasing
also, but only about 5% of available proxy series come from this hemisphere.

How do these different compilations compare and what do they tell us? Agreement between the
compilations is good, but much of the credit for this is because all contain many common series,
so they can hardly be considered independent of each other. Methods of aggregation differ,
some simply averaging some of the available series, others weighting the reconstructions
according to their regressions with local temperatures.

The main feature of the series is the dramatic rise in temperatures during the 20" century,
making it the warmest of the millennium. The 1990s are the warmest decade and 1998 the
warmest year. Uncertainties are greater earlier in the millennium and we can only say that 1601
was probably the coldest year. The coolest centuries were the 17" and 19" with the former
coldest over Europe and the latter coldest over North America. The first five centuries were
warmer than the 16™ to 19" but were clearer cooler than the 20™.

Reconstructions of this sort are important because proxy evidence provides our only means of
estimating the levels of natural variability before meteorological instruments were used.
Knowledge of this variability is vital in detection and attribution studies of recent climate
change, which seek to explain the 20™ century rise as a result of anthropogenic activities. Much
of the record can be explained in terms of three mechanisms:
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changes in solar output

changes in the number and severity of explosive volcanic eruptions

changes in atmospheric composition as a result of human activities (increases in
greenhouse gases and sulphate aerosols)

Natural forcing from the sun and volcanoes dominate the pre-1850 part of the record and only
human activities appear to adequately explain the rise in temperature during the 20" century
(Crowley, 2000). More work is required, however, to fully understand the variations in the

series.
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