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ABSTRACT

A change of temperature at the surface of the earth produces a perturbation which
diffuses slowly into the earth. I t is thus possible to deduce the record of past climatic
changes from the analysis of temperatures measured within borehole& This technique
was tested at two boreholes (Kaikoura, South Island, 215m deep and Raetihi, North
Island, 240m deep). Past surface temperatures were reconstructed over the last 150
years, enabling a comparison to be made with the a i r temperatures measured a t
nearby climate stations of the New Zealand Meteorological Service.
Past surface temperatures from Kaikoura show the same trends as the climate
records of the New Zealand Meteorological Service. They show that a warming of
0.8°C has occurred this century, and that a cool period in the 1940s was followed by a
warmer period in the 1950s, which was followed by a cool period in the 1960s & 1970s,
and a warmer period in the 1980s. Past surface temperatures from Raetihi show that a
warming of 4°C has occurred this century, most of which is attributed to deforestation.
INTRODUCTION

It is not universally accepted that global
warming of about 1°C has occurred this century. A considerable amount of data has been
analysed worldwide to look for trends, and the
questions being asked are whether any trends
observed are universal, and whether they are
natural or man-made. The most obvious way
of appraising this issue i s t o examine the
paloeclimate, i.e. the climate records extending into the past. Meteorological records of
surface a i r temperatures have been k e p t
throughout New Zealand for over a century,
but in order to extend this record further back
in time other methods must be used, such as
glacier studies, t r e e r i n g analysis, o r t h e
method used here of analysing borehole temperature measurements.
The borehole temperature method is based
on the characteristics of thermal diffusion in a
solid, such as the earth, in which heat takes a
finite time to diffuse within the solid from one
region to another region. For example, ground
surface temperature fluctuations propagate

downwards into the earth as a temperature
wave, and because the process is slow, the
near-surface earth contains a history of the
most recent surface temperatures, whereas
deeper underground the earth contains the
history of surface temperatures from further
back in time. As the temperature wave propagates down, high frequency variations a r e
attenuated more strongly than low frequency
variations, and the ground therefore retains
the long period events from its surface temperature history. For example, diurnal temperature variations cannot b e detected a t
depths of more than a few metres, and seasonal temperature variations cannot be detected
at depths greater than a few tens of metres.
Accurate temperature measurements t o
depths of hundreds of metres can provide a
history of local surface temperatures during
the past few centuries; in particular, surface
temperature changes occurring over the past
four o r five centuries can be detected i n a
bore hole about 600m deep. However, the
resolution (in time) of surface temperatures
deteriorates rapidly when trying to look be-

