IS THERE AN INCONSISTENCY BETWEEN SATELLITE RECORDS OF
WARMING AND SURFACE MEASUREMENTS?

SUMMARY

Although there is solid evidence for global warming in the 20th century, much attention has focussed on the
period since 1979 when satellite records became available. These records provide a global measure of
temperature in the lower atmosphere. When this is compared with surface temperature measurements, the
lower atmosphere appears to have warmed less than the Earth’s surface.

This apparent inconsistency could be affected by three factors. Firstly, the lower atmosphere and the surface
are affected differently by factors such as stratospheric ozone depletion, atmospheric aerosols and EI Nifio.
Secondly, one might expect differences due to such a short sampling period. Thirdly, satellite measurements
require a number of adjustments before they can be converted to temperature data.

When corrections are made for some of these considerations, the satellite-based warming of the lower
atmosphere since 1979 is 0.18°C per decade, which is almost exactly the same as the surface warming
(0.17°C per decade).

There is solid evidence for global warming in the 20th century. There has been a warming of the
Earth’s surface, the lowest 8 km of the atmosphere and the upper 300m of ocean. Snow cover and ice
extent have decreased, global-average sea-level has risen, the frequency of extremely high
temperatures has increased and the frequency of extremely low temperatures has decreased (IPCC,
2001; Frich et al., 2002).

Much attention has focussed on the period since 1979 when satellite records became available. These
records provide a global measure of temperature in the lower atmosphere. From 1979-2001, the
surface warmed by 0.17°C per decade while satellite measurements suggested a slower warming of
the lower atmosphere. The difference occurs mainly over the tropics and sub-tropics. What could be
the cause of this apparent inconsistency?

Firstly, the lower atmosphere and the surface are affected differently by factors such as stratospheric
ozone depletion, atmospheric aerosols and El Nifio. Secondly, one might expect differences due to
such a short sampling period. Thirdly, as is the case with ground-based temperature measurements,
satellite measurements have uncertainties associated with them.

The satellite temperature record is made up of measurements from different satellites. Many
important non-climatic influences have been identified including diurnal temperature biases related to
changes in local sampling times, errors in the calibration of satellite data, and biases due to the
satellites slowly falling from their orbits (Fu et al., 2004). Santer et al. (2003) found that apparent
inconsistencies between surface and satellite results may be an artefact of satellite data uncertainties.
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Even when corrections are applied to the satellite data, different scientists find different rates of
warming in the lower atmosphere. For example, warmings of 0.24, 0.10 and 0.01°C per decade were
found by Vinnikov and Grody (2003), Mears et al. (2003) and Christy et al. (2003), for the periods
1978-2002, 1979-2001 and 1979-2002, respectively. As well, Fu et al. (2004) assert that there are
problems with the datasets of Christy et al. (2003) and Vinnikov and Grody (2003). Fu et al. (2004)
suggest that trends in satellite-based estimates of lower atmospheric temperatures are artificially
weak because a contribution from stratospheric cooling offsets the warming contributions from the
lower atmosphere. When corrections are made to the dataset of Mears et al. (2003), the satellite-
based warming becomes 0.18°C per decade, which is almost exactly the same as the surface
warming. Hence, the apparent inconsistency between satellite-based and surface-based measurements
of warming is very small.

Further well-organised international studies are underway, including all the groups that have
examined these satellite data sets, to confirm (or not) these findings and remove any remaining
uncertainties.
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