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1.  INTRODUCTION

1.1 Background

The data sets used to derive estimates of global-mean temperature
changes over the last century are widely used in climatology. They form
the basis for studies of climatic change on a variety of spatial scales and
are central to assessing the sensitivity of the climate system to external
forcing. However, these data sets have many shortcomings. The land-based
data sets (e.g. Jones et al., 1986a,b; Jones, 1988, Vinnikov et al., 1987;
Hansen and Lebedeff, 1987) only represent, at best, 30% of the Earth's
surface. Information from oceanic areas, which make up 70% of the global
surface area, has only very recently been added to the land-based data
(although ocean island and weather ship data have been used previously to
supply information from marine regions). To obtain global coverage it is
essential to combine land and marine data. On century and longer time
scales, the mean temperature changes of the ocean and land surface
fractions of the globe must be in accord (Wigley et al., 1985), so either
may be used as a reasonable proxy for global changes. However, the
strength of land/ocean links must diminish as the time scale decreases and
it is important to assess this relationship on shorter time scales.

Recently, two global compilations of marine data have been assembled.
These are the United Kingdom Meteorological Office (UKMO) compilation
(Shearman, 1983; Folland et al., 1984; Bottomley et al., 1989) and the
Comprehensive Ocean-Atmosphere Data Set (COADS) (Slutz et al., 1985;
Woodruff, 1985; Woodruff et al., 1987). The UKMO data set contains sea
surface temperature (SST) observations and marine air temperatures (MAT),
whilst COADS contains the complete set of shipboard observations. Although
there is considerable overlap between the two data sets, the COADS set
contains roughly 40% more raw individual SST observations than UKMO, mainly
due to differences after 1960 (compare Woodruff et al., 1987, with
Bottomley et al., 1989).



Previous analyses of hemispheric averages of SST and MAT have been
confined to individual data sets, e.g. Folland et al. (1984) for UKMO and
Jones et al. (1986¢c) for COADS. This report presents the first comparison

of the two data sets.

1.2 Homogeneity of the data sets

Both marine data sets (UKMO and COADS) are compilations of raw
observations taken on board so-called 'ships of opportunity' from the 1850s
onwards. Since that time, considerable changes have been made both to
shipping (in particular, the change during the late nineteenth century from
sail to steam power ships), to shipping routes, and to the instrumentation
used to take the MAT and SST measurements. These changes have introduced
numerous inhomogeneities into both MAT and SST time series during the last
130 years. Thus, hemispheric-mean temperature estimates from the raw MAT
and SST data show many features not apparent in homogeneous climatological
time series. These inhomogeneities have been described by Folland et al.
(1984) and Jones et al. (1986c).

It is generally agreed that raw marine data cannot be used without
some form of adjustment or correction. This has been known for some time
(e.g. Saur, 1963; Tabata, 1978). Nevertheless, some authors have failed to
realise the primary importance of the inhomogeneities (e.g. Paltridge and
Woodruff, 1981; Oort et al., 1987). The best way to correct the raw data
would be to reduce all the individual readings to a common standard. It
is, however, rarely known how and with what instruments individual readings
were made. Such information was either never recorded or has been lost.
When attempts have been made to use only observations of one type (e.g. in
the case of SST measurements, bucket or intake measurements), it has been
shown that compilations thought to contain only a single data type lead to
time series with similar inconsistencies to those based on 'mixed'

compilations (Barnett, 1984).



1.3 Correcting the marine data

The major question at present is how the two data compilations should
be corrected in order to remove the inhomogeneities. There are two

approaches, which can be classified as a priori or a posteriori

adjustments.

1.3.1 'A priori' corrections

In the a priori approach, first used by Folland et al. (1984) in
correcting MAT data, the adjustments are made on theoretical grounds.
Corrections can, in this approach, only be made for known and understood
causes.

Folland et al. (1984) argue that the MAT data set is affected by the
positioning of the screen used to house the thermometers. Consequently,
because solar heating during the day potentially affects many day-time
readings, they use night-time MAT data only (NMAT). Through time, the mean
ship height above mean sea-level has increased as ships have increased in
both size and tonnage. Earlier readings would therefore tend to be warmer,
even in the absence of any real temperature change. Corrections are
applied to the pre-1961 NMAT data to cool the values by 0.02°C to 0.15°C
based on estimates of the lapse rate near the ocean surface. From 1970,
ship heights have continued to increase and it has become necessary to
increase post-1970 NMAT values by 0.01 to 0.02°C (Bottomley et al., 1989).
(The correction factors given above differ from those originally given in
Folland et al. (1984) as more data on ship heights has become available
recently requiring minor adjustments to earlier corrections.)

Complex corrections must be applied to the NMAT series during the
years 1941-45, undoubtedly due to the problems of taking measurements in
war-time (Bottomley et al., 1989). Corrections applied in these years are
speculative in nature because both the areas with measurements and the

temporal density of measurements reduced dramatically in this period. This



is also the case for the period 1914-18.

If one assumes the adjusted NMAT data to be homogeneous, then SST data
can be corrected by comparison. In their analysis of the UKMO data set,
Folland et al. (1984) found a fairly consistent difference of about 0.3°C
between hemispheric means of the SST data and the corrected NMAT data prior
to 1942. They then corrected their SST data using this empirical result.
The reason for the positive correction to SST data before 1942 is that a
rapid change in instrumentation took place around this time from
measurements using uninsulated 'canvas' buckets beforehand to engine intake
readings afterwards. Some (insulated) bucket measurements have been made
since 1942, but the majority of measurements have been made via engine
intakes (Bottomley et al., 1989). Furthermore, it is generally believed
that since (except perhaps in recent years) the mix of engine intake and
bucket readings has remained constant (Barnett, 1984). Recently, there
has been a trend back towards bucket measurements, although the bucket
fraction is still thought to be small. A bucket/intake correction of order
0.3-0.79C 1is generally accepted due to the evaporative cooling of
uninsulated buckets (Saur, 1963; James and Fox, 1972; Tabata, 1978). This
is consistent with the empirical result noted above.

Folland and Parker (1986, 1989a,b) have extended the a priori approach
to SSTs using a model of an uninsulated bucket. The basic assumption here
is that a correction is required solely because of the evaporative cooling
of a canvas bucket between sampling and measurement. Because evaporative
cooling depends on temperature, relative humidity, etc., which vary
spatially and temporally, this allows one to calculate corrections which
vary according to month and to the region of the ocean. When the
theoretical bucket correction is averaged over the hemispheres, the
correction comes to a figure which is similar to the earlier empirical
estimate (Folland and Parker, 1986, 1989a,b). Further details of the

bucket model are given in Section 4.






























































































































































































































































































































































































































