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ABSTRACT

Land-based compilations of gridded monthly surface air temperature anomalies, averaged into hemispheric
values for the last 140 years, have been available for climatological analyses for the last 10 years or so. The
analysis techniques used in their construction, particularly the need for a common reference period, mean that
it is difficult to include, retrospectively, any of the new temperature datasets now available for some countries.
So, despite data availability improvements in some areas, the number of stations used has fallen since 1970,
both in the hemispheric averages and in their constituent grid-box datasets.

The present study is a reanalysis of both the existing and the newly available temperature datasets to produce
a grid-box dataset of 5° X 5° temperature anomalies. The reanalysis not only uses over 1000 more stations
(2961 in total), principally covering the period from the 1920s to about 1990, but also arrests the decline of
stations incorporated in real time for the latest years. Two hundred and fifty-two more stations are used in this
analysis for the 1991-1993 period, compared with earlier analyses. The purpose of the reanalysis, however, is
not just to calculate hemispheric averages. The improvements in station numbers used mean that the grid-box
dataset should better estimate time series for small subcontinental scales.

Despite the dramatic improvements in the numbers of stations used, the results change little from earlier
analyses for the Northern Hemisphere average, indicating the robustness of the earlier time series. Similar results
could have been achieved with as few as 109 stations. Over the Southern Hemisphere, comparisons of the results
indicate larger (but still relatively small) differences with earlier analyses, particularly over continental-scale

regions.

1. Introduction

Three groups, the Climatic Research Unit (Jones et
al. 1986a; Jones et al. 1986b; Jones 1988, henceforth
Jones), Goddard Institute for Space Studies (Hansen
and Lebedeff 1987, 1988, henceforth HL), and the
former Soviet Hydrometeorological Institute [Vinni-
kov et al. 1990, henceforth V) have monitored surface
air temperatures over the terrestrial regions of the earth.
Although the analysis techniques differ as do the exact
number of stations used, the fact that much of the data
are in common means that the results in terms of
hemispheric averages are in excellent agreement (Fol-
land et al. 1990; Folland et al. 1992). Many other re-
views of the data have been undertaken (see for ex-
ample Elsaesser et al. 1986; Jones and Briffa 1992;
Jones 1994).

The purpose of this paper is to reanalyze, improve,
and update the gridded land-based temperature data-
base of Jones. There are three reasons why such an
analysis is being undertaken at the current time. The
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first two reasons concern data availability. The original
Jones analysis required not only that station temper-
ature time series be homogeneous (Jones et al. 1985;
Jones et al. 1986¢), but also that each time series be
available for a reference period (1951-70) common to
all stations. Although some stations without this period
of data had reference periods estimated by the use of
neighboring data, a number of regions began recording
only during the 1950s (e.g., parts of the Middle East,
the Russian Arctic, some interior parts of South Amer-
ica and Africa, and the whole of Antarctica). A pro-
cedure for incorporating Antarctic data was used (Jones
et al. 1986b), but the 1951-70 reference period was
not strictly adhered to.

The first reason for the reanalysis is therefore to in-
clude, explicitly, station data for these regions using a
new and longer reference period (1961-90) common
to all stations. The second reason is to include many
more station records collected from some countries
during the course of other projects. The major source
of such additional station data has come from the at-
tempts to develop station temperature series of both
maximum and minimum temperatures (Karl et al.
1993). The rationale for collecting this data is to un-
ravel the causes of climate change over the twentieth
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century. Evidence presented in Karl et al. shows that
minimum temperatures are rising faster than maxi-
mum temperatures. Ideally, this present reanalysis
should be two separate analyses for the two temperature
extremes. Unfortunately, the spatial coverage of sta-
tions with monthly mean maximum and minimum
temperatures collected so far is limited not only in space
to 37% of the land area of the earth but also in time.
Only for a few countries do such data exist prior to the
1930s. Average monthly temperature is still the most
widely available indicator of the thermal climate, al-
though efforts by individuals and the World Meteo-
rological Organization are under way to improve the
situation.

The third reason concerns the uses to which the data
might be put. The original Jones data (gridded on a
5° latitude by 10° longitude grid) were combined with
marine 5° X 5° grid-box data (sea surface tempera-
tures) in anomaly form to produce 5° X 5° box values
for as much of the world as possible (Jones et al. 1991;
Jones and Briffa 1992). The resulting grid-box values
were expressed as anomalies from 1950 to 1979, the
reference period for the marine data. The land data
were adjusted to this period by the addition, by month,
of the difference between the grid-box values for 1950-
79 and 1951-70. This grid manipulation of the land
data is fine for large-scale averages and studies but can
lead to slight distortions at the local grid-box level. The
aim of this study will be therefore to create grid-box
values at 5° resolution for later simple incorporation
with marine information. One additional need for both
a finer resolution and a grid-box format is that regional
series developed from the gridded data will improve
and comparison with the results of general circulation
model experiments will be facilitated.

In summary, therefore, the aim of this paper is a
reanalysis of station monthly mean air temperature
series, with over 1000 more stations than previously
used and employing a 5° box resolution with a 1961-
90 reference period.

2. Data and gridding method

In Jones, the original number of stations used was
1873 (1584 in the Northern Hemisphere and 289 in
the Southern Hemisphere). All these stations had suf-
ficient data to calculate, or in a few cases accurately
estimate from neighboring stations, reference period
values for 1951-70. In addition to this, data from 16
stations in Antarctica were included, which were ref-
erenced to 1957-75 (Raper et al. 1984).

In this new analysis, data for 1088 extra stations are
included, for which reference period values could be
calculated for 1961-90, as well as some additional data
for the 1873 original stations used by Jones. Some of
these data had been collected as a result of a number
of projects (e.g., Karl et al. 1993) and included both
newly acquired stations and also data updates of some
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of the 1873 station series that were not routinely up-
dated through the WMO’s CLIMAT network and/or
Monthly Climatic Data for the World. In addition, there
were entirely new stations, from the routine sources,
that began recording in the late 1950s and so now had
enough data to create a 1961-90 reference period av-
erage. These include Antarctic stations. None of these
additional stations were previously rejected as non-
homogeneous in the earlier analysis (Jones et al. 1985;
Jones et al. 1986c¢).

The use of a reference period is essential for inter-
polation because of differing station elevations and dif-
ferent national methods for calculating monthly mean
temperatures (Jones et al. 1982; Jones et al. 1985; Jones
et al. 1986a; Jones et al. 1986b; Jones et al. 1986¢).
For a station to be included, it required data for 21
years ( for each month) out of the 30. Not all the orig-
inal 1873 station series fulfilled this requirement for
1961-90. One of the purposes of undertaking this
analysis was to try to improve coverage during the
1980s. By the end of this decade (1990), however, only
974 stations in the original Jones series (52%) were
being updated routinely. By 1992, this number had
fallen to about 700.

Therefore, to not lose some of the original 1873 sta-
tions, the 1961-90 reference period values were par-
tially estimated. The estimate is only a partial one, as
all 1873 stations have data for at least 1961-70. The
number requiring partial reference period estimation
is not as serious as might be assumed from (1873-974)
as many of the series were updated from the additional
sources (see above). The partial estimation was made,
if required, using the combined land and marine da-
tasets (Jones et al. 1991; Jones and Briffa 1992) de-
scribed earlier. Monthly fields were calculated on the
5° grid resolution from the weighted difference between
the 1971-90 (20 years)and 1951-60 (10 years) periods.
For all stations that required estimation in any 5° box,
the appropriate monthly adjustment was added to the
1951-70 station average from Jones. For a few stations,
where this could not be achieved, adjustments from
neighboring boxes were used.

Apart from calculating monthly reference period
values for 1961-90, for all 2961 stations, monthly sta-
tion standard deviation values for the 1941-90 period
were calculated. Despite all attempts to exclude suspect
data, such as transcription and submission errors and
data included for the wrong month, erroneous outliers
enter the station dataset. All values in excess of six
standard deviations from the mean were flagged. The
reference period means and standard deviations were
recalculated without these values and the process was
repeated once again.

The gridding method used is essentially the same as
that used by Jones, although no allowance for a station’s
position in the box is made. A grid-box temperature
anomaly is the average of all available station anomalies
in the 5° X 5° box. The values retained are the average
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TaBLE 1. Comparison of the new and original method.

Stations Percent of land
Station configuration used Boxes area of globe
This analysis 2961 779 35
Original 1873 680 31
New stations 1088 99 4
During 1991-93 1226 636 29
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temperature anomaly and the number of contributing
stations. The standard deviation field has been used to
eliminate erroneous outliers over the 1941-90 period.
For the years 1851-1940, the few outliers in excess of
six standard deviations from the 1961-90 mean were
also excluded. Since the beginning of 1991, the outliers
are also flagged, and a manual attempt to correct the
values is made using neighboring stations. If ¢orrection
is not possible, the suspect value is omitted.

How good are the improvements to the spatial cov-
erage compared to the original Jones method? Table
1 gives a basic comparison. In this, the original analysis
refers to the 1873 stations with the number of boxes
and percentage area calculated using the new method
of analysis to 5° boxes. The improvements are best
shown as maps of the world. Figure 1 shows the location
of 779 boxes with data for at least 21 years for each
month of the 1961-90 period. The improvement over
the original Jones analysis is shown in Fig. 2 (99 new
boxes that would never have had data before). The
improvements have come in five main regions, parts
of the former Union of Soviet Socialist Republics
(mainly Russia), Mongolia, parts of Australia, South
America, and a few boxes in the Middle East. Antarc-
tica is not actually an improvement since data were
incorporated in the Southern Hemisphere average
(Jones et al. 1986b) by assuming that the Antarctic
(65°-90°S) temperature anomaly (with respect to
1957-75) from Raper et al. (1984 ) could be weighted
by area represented with the Southern Hemisphere
anomaly (with respect to 1951-70) for 0°-60°S.
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F1G. 1. The locations of the 779 boxes with data for most of the
1961-90 period. The station for the South Pole contributes to the
box 85°-90°S, 5°W-0°.
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FiG. 2. The locations of the additional 99 boxes incorporated in
this dataset compared to Jones (1986a), Jones et al. (1986b), and
Jones (1988).

Finally, in this section, Fig. 3 shows the 143 boxes
with data during 1961-90 and without data during the
1991-93 period. Much of this is explained by station
data available to the late 1980s but not reported inter-
nationally from developed countries [e.g., the United
States (particularly Alaska), Canada, Russia, China,
Australia, and some Pacific and Atlantic islands]. Only
over parts of Africa and Southeast Asia can the problem
be blamed on inadequate reporting from the opera-
tional network. The closing down of the majority of
ocean weather ships causes some of the boxes to be
filled in the North Atlantic and North Pacific. Despite
the loss of 6% (35-29) of the area during the early
1990s, 252 more stations (i.e., 1226 minus 974) are
being used now than in the earlier Jones analysis. In
reality, because up to 200 of the 974 stations stopped
reporting during the 1980s, the percentage improve-
ment is higher.

3. Results

Figures 4 and 5 show seasonal and annual average
temperature series for the Northern and Southern
Hemispheres. In most respects, the new analyses are
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FIG. 3. The locations of the 143 boxes that do not
have data for the 1991-93 period.
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FIG. 4. Northern Hemisphere surface air temperatures for land
areas by season, 1851-1993. Standard meteorological seasons are
used: winter is December to February, dated by the year of the Jan-
uary. Data are expressed as anomalies from the period 1961-90.
Time series in this and subsequent plots have been smoothed with
a 10-year Gaussian filter.

remarkably similar to those produced by Jones. This
indicates the robustness of the earlier conclusions con-
cerning the course of surface temperature change over
the land areas of the world (Jones; Folland et al. 1990;
Folland et al. 1992, and many other references therein).
The striking feature of the early 1990s is the dramatic
cooling that took place between 1991 and 1992, par-
ticularly during the 1992 summer and autumn seasons
and to a slightly lesser extent in the same seasons in
1993 in the Northern Hemisphere. Cooling in the
Southern Hemisphere was less seasonally specific. The
cause of the cooling is probably the dust veil caused
by the eruption of Mt. Pinatubo. The lack of any cool-
ing in the boreal winter season in the Northern Hemi-
sphere, noticed by Robock and Mao (1992) using the
Jones data for periods with other explosive volcanic
eruptions, is seen here.

Figure 6 shows the effect of changing spatial coverage
through time as a percentage of the area of each hemi-
sphere with data. When compared with the earlier
analysis (Jones), the percentage figures are smaller, but
this is entirely due to the change of analysis from a 5°
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FiG. 5. Southern Hemisphere surface air temperatures for land
areas by season, 1858-1993. Standard meteorological seasons are
used: summer is December to February, dated by the year of the
January. Data are expressed as anomalies from the period 1961-90.

X 10° grid to a 5° X 5° box. An individual station can
now represent only half (one 5° box) the area of the
earlier analysis. This avoids the extrapolation of single
stations to large areas in data-sparse regions. The im-
plication of this for a new combined land-marine da-
taset is that the recent global warming will appear to
be reduced because the warming has been greater over
land than over the ocean.

For the Northern Hemisphere mean, standard de-
viations are greatest during the winter months and least

1860 1880 1900 1920 1940 1860 1980
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FI1G. 6. The coverage of grid boxes with data for the
Northern and Southern Hemispheres.
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TABLE 2. Standard deviations of the new analysis and correlations
with the earlier Jones analysis, 1901-90.

Northern Hemisphere Southern Hemisphere

1901-90 Correlation 1901-90 Correlation
7 r T r
Jan 0.55 0.98 0.28 0.87
Feb 0.61 0.98 0.30 0.90
Mar 0.48 0.96 0.28 0.88
Apr 0.36 0.97 0.27 0.89
May 0.30 0.97 0.33 0.92
Jun 0.25 0.98 0.27 0.88
Jul 0.24 0.98 0.25 0.86
Aug 0.25 0.98 0.28 0.87
Sep 0.26 0.98 0.25 0.85
Oct 0.33 0.98 0.26 0.89
Nov 0.40 0.98 0.28 0.90
Dec 0.51 0.97 0.29 0.90
Annual 0.25 0.99 0.19 0.95

during the summer ( Table 2). For the Southern Hemi-
sphere, this annual cycle of variability is also found,
although the amplitude is negligible. Comparison with
the earlier Jones analysis (see Jones and Briffa 1992)
indicates that in the new analysis standard deviations
are slightly higher although not in every month in the
Southern Hemisphere. Also included in Table 2 are
the correlation coefficients between hemispheric mean
estimates based on the present analysis and those based

_on the earlier Jones analysis for the 1901-90 period.
Calculation of both of these statistics over the entire
length of the series (1851-1992 for the Northern
Hemisphere and 1858-1992 for the Southern Hemi-
sphere) yield very similar results. Standard deviations
for the longer period are up to 25% highér, indicating
the greater year-to-year variability of the nineteenth
century data. In Jones et al. (1986a) and Jones et al.
(1986b), it was shown by frozen grid analyses that this
greater variability was due principally to the sparser
availability of data during that time. Correlations, in-
cluding the nineteenth century data, are very similar
to those presented for 1901-90 in Table 2. It must be
remembered, however, that hardly any of the additional
data series included in the new analysis incorporated
extra data for the nineteenth century. Differences in
this period, therefore, represent the effects of both the
change in the method used to calculate the grid-box
values and the change of the reference period.

The greatest difference between Jones and the new
analyses is evident in the correlation values for the
Southern Hemisphere. As a proportion of the original
data, the increase in grid boxes with data is greater (see
Fig. 2), with increases coming mainly in South America
and Australia and with Antarctic data treated correctly.
In the Northern Hemisphere, the increases were mainly
in middle to high latitude areas of Asia.

" Table 3 lists the temperature change accounted for
by month when fitting a linear trend to the present
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analysis. Inspection of the temperature time series in
Figs. 4 and 5 shows that a linear function is a poor fit
and a gross oversimplification of the seasonal temper-
ature series (see also the discussion in Folland et al.
1990; Folland et al. 1992). However, Karl et al. (1994)
have shown that century timescale trends, estimated
from surface data, have errors that are an order of
magnitude smaller than the values (e.g., 0.5°C per
century) themselves. For comparison purposes, only
the results of calculations over the two periods 1861-
1990 and 1901-1990 are presented. Trends are cal-
culated both by standard techniques and by the robust
trend method given in Hoaglin et al. (1983). In the
robust trend calculation, the trend is estimated by a
straight-line fit between the median value of the first
and last third of the time series. For the Northern
Hemisphere, the results are similar to those presented
in early analyses (see Folland et al. 1990; Folland et
al. 1992). For the Southern Hemisphere, however, the
results are only similar for the 1901-90 period. The
few additional stations over Australia (see later) during
the nineteenth century and the change in reference pe-
riod have warmed the 1870s causing the trends over
the 1861-1990 period to be about 0.2°C less than ear-
lier analyses.

4. Discussion

Although this reanalysis, with over 1088 additional
stations, has improved both the extent and, in some
regions, the accuracy of available grid-box temperatures
by increasing the number of contributing stations, the
effect on hemispheric averages is negligible. This result
both confirms the robustness of the hemispheric-mean
temperature series and suggests that similar results
could have been achieved with fewer stations. This

TABLE 3. Comparison of the trend of surface air temperatures for
land areas of both hemispheres for two periods, 1861-1990 and 1901-
1990 (TR = trend coefficient X 10% °C yr~! and RTR = robust trend
coefficient X 10% °C yr™).

1861-90 1901-90
NH SH NH SH

TR RTR TR RTR TR RTR TR RITR
Jan 059 049 021 0.17 041 043 043 040
Feb 054 040 026 020 084 0.89 044 036
Mar 0.68 058 026 028 080 0.68 044 032
Apr 047 047 0.19 023 078 0.86 032 027
May 043 045 046 060 070 0.64 064 0.78
Jun 0.17 0.5 038 046 050 036 037 0.37
Jul 008 009 034 034 036 027 044 043
Aug 020 025 028 023 037 023 059 069
Sep 030 035 0.16 0.09 038 0.18 040 044
Oct 0.63 056 022 027 037 030 050 053
Nov 080 0.7t 022 0.14 052 032 058 047
Dec 0.71 042 0.15 0.17 074 061 052 0.58
Year 047 043 026 025 056 0.58 047 0.56
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suggestion might be posed in a statistical way. Because
of spatial correlation between the 2961 stations used
here, what is the effective number of independent sta-
tions (or degrees of freedom) for the land areas of the
world? This question is applicable only when estimating
the hemispheric or some other large-scale average. If
the dataset developed here is to be used for any of the
numerous other purposes for which it was developed,
it is essential that it be as accurate as possible for each
grid box. This can be achieved only by using as many
stations as possible. Because the individual grid-box
accuracy will be principally dependent upon the num-
ber of contributing stations, the accuracy varies from
one region to another.

What methods are available for estimating the ef-
fective number of independent stations? A common
method of dimension reduction is principal compo-
nents analysis. There are a number of rules (see, e.g.,
Preisendorfer et al. 1981) for deciding how many com-
ponents contain significant information. The number
retained would be the effective number, and rotation
of the components might indicate where the sites might
be located. Another means of estimating the effective
number would be to use the correlation decay-length
concept discussed by Briffa and Jones (1993). The
correlation decay length / is the distance at which the
correlation between one station and another falls to a
value of 0.37(//e) estimated from the formula

r=e",

where r is the correlation and d is the distance between
the stations. With / at a typical value of 1500 km for
midlatitudes, a station would have to be less than 520
km away to maintain half the variance (r = 0.71) in
common with its neighbor. The 5° resolution, in terms
of latitude, gives a spacing of approximately 550 km.
Although the spacing would reduce in the longitudinal
direction, particularly at high latitudes, correlation de-
cay lengths are shorter here. To correctly account for
variable correlation decay length would require a grid-

Latitude
Latitude

Longitude

F1G. 7. Locations of the 172 selected subset of stations. Three
station pairs in Australia were chosen to help long-term series over
central parts of the continent. One of the pair extends from the last
century to the early 1980s, while the other extends to the present
from 1961.
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FI1G. 8. Northern and Southern Hemisphere surface air-temperature
series estimated from the full analysis (thick line) (Figs. 4 and §)
and the 172 (NH 109, SH 63) subset (thin line). All series have been
smoothed with a 10-year Gaussian filter.

box size that varied not only with latitude but also with
season, as decay lengths are shorter in the boreal sum-
mer season.

The correlation decay-length concept can also be
used to estimate the minimum number of stations that
might approximate the hemispheric average from land
stations. Any analysis would only be approximate, but
both the correlation decay-length approach and prin-
cipal components would indicate that the effective
number of independent stations would be smaller in
the northern winter and larger in the northern summer
in the Northern Hemisphere (NH ), with little seasonal
difference over the Southern Hemisphere (SH). In the
above example, the number of stations required to
cover the earth at a spacing of 520 km is about 594
(assuming the earth’s radius is 6340 km). With the
approximate land fractions of 40% (NH) and 20%
(SH), this gives 119 stations for the NH and 59 in the
SH. The approach is now tested by selecting a subset
of stations from the 2961. The selection was done sub-
jectively by the author, choosing stations roughly
equally spaced from predominantly rural locations and
with relatively long periods of record. The location of
the 172 stations (109 in the NH, 63 in the SH) is shown
in Fig. 7. Hemispheric averages were now computed
by simply averaging the station temperature anomalies
(from 1961-90) together, weighting the stations by the
cosine of their latitude. Unlike the reanalysis performed
earlier, no grid box “weighting” was performed. The
cosine weighting, here, is an attempt to allow for the
slightly greater number of mid- and high-latitude sta-
tions compared with tropical ones.
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TABLE 4. Interannual correlations (1901-90) between the present
analysis and the 172 selected station subset (109 in NH, 63 in SH).

JOURNAL OF CLIMATE

NH SH
Jan 0.94 0.85
Feb 0.93 0.83
Mar 0.91 0.80
Apr 0.91 0.88
May 0.90 0.90
Jun 0.94 0.78
Jul 0.92 0.77
Aug 0.91 0.84
Sep 0.93 0.89
Oct 0.93 0.85
Nov 0.91 0.84
Dec 0.93 0.84
Annual 0.96 0.89

The resulting hemispheric-average time series are
compared (after the application of a 10-year Gaussian
filter) in Fig. 8 with the full analysis undertaken earlier.
Correlation coefficients czlculated using the raw un-
smoothed data over the 1901-90 period are given in
Table 4. On the timescales depicted in Fig. 8 for the
Northern Hemisphere, there is practically no difference
between the two sets of analyses. The correlations are
the same order as those that have been found between
the three “independent” analyses (Jones; HL; V) dis-
cussed in the introduction (see Folland et al. 1990).
Differences tend to be greater in the nineteenth century,
but for this current period, the number of stations has
dropped to 43 in the NH and 12 in the SH (see Fig. 9
for their locations). Interannual correlations ( Table 4)
are lower for the SH, and the smoothed series in Fig.
8 differ more markedly than in the north. However,
even with only 12 stations, the annual curve is well
replicated for the 1871-1900 period, partly due to
compensating biases in the seasonal data. There are
only ninor differences in the overall trends in the se-
lected station set and the full analysis over the 1901-
90 period. Based on linear and robust trends (°C yr™!
X 10?) the selected set for annual data warms relative
to the full analysis by 0.12°C in the NH and cools by
0.08°C in the SH.

One might conclude from this study that over the
NH the number of selected stations could be reduced
even further. Inferences from how well the 43 stations
performed in the nineteenth century cannot be taken
too far as some large regions are missing from the full
analysis during this time. Since the 1940s though, when
almost all the 109 stations have data, decadal variations
in the NH average series are well approximated. For
the SH, the 63 stations perform reasonably well, al-
though never as well as in the NH. Data reduction in
the SH, therefore, is considerably less (only 15%, 63
of 421) than in the NH (4.3%, 109 of 2540). This may
result partly from the four distinct landmasses com-
pared to the much larger two landmasses in the NH.
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FIG. 9. Locations of the 55 stations of the subset in Fig. 7
with data series beginning in the nineteenth century.

The greater differences between the full reanalysis
and Jones, in terms of hemispheric analyses, have oc-
curred over the SH. Differences are also greater over
the SH in the subset selection analysis (Figs. 8 and 9
and Table 4). In this section, we will compare the re-
analysis and the original Jones analysis for the conti-
nents of Australia and South America. Monthly con-
tinental temperature anomalies were calculated from
both analyses, areally weighting the grid boxes or grid
points in the two regions (South America, 5°-55°S,
30°-80°W; Australia, 10°-50°S, 110°-160°E). Com-
parisons of the two sets of time series are shown in Fig.
10 (using 10-year Gaussian-filtered data). No attempt
has been made to correct for the two reference periods
used, 1961-90 and 1951-70. Interannual correlation
coeflicients over the 1901-90 period are given in
Table 5.

AUSTRALIA SOUTH AMERICA
0.5 0.0
0.0 -0.5
-0.5 -1.0

Summer Summer

0.5 0.0

0.0 -0.5

-05 -1.0
Autumn A

utumn

W

Winter

0.5 0.0
0.0 -0.5
-0.5 : -1.0

Spring Spring

0.5 0.0

-0.5 -1.0

Winter

0.5 0.0
0o W 05
0. -1.0
05 Annual

Annual

1860 1880 1900 1920 1940 1360 1980 18601880 1900 1920 1940 19601980

F1G. 10. Surface air-temperature series estimated for Australia
(10°-50°S, 110°-160°E) and South America (5°-55°S, 30°-80°W)
from this analysis (thick line) and the earlier Jones analysis (thin
line). All series have been smoothed with a 10-year Gaussian filter.
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TABLE 5. Interannual correlations (1901-90) between the present
analysis and that of Jones over Australia (10°-50°S, 110°~160°E)
and South America (5°-55°S, 30°-50°W).

Australia South America
Jan 0.85 0.93
Feb 0.89 0.94
Mar 0.89 0.95
Apr 0.92 0.94
May 0.94 0.96
Jun 0.96 0.97
Jul 0.95 0.97
Aug 0.95 0.96
Sep 0.95 0.90
Oct 0.90 0.94
Nov 0.89 0.92
Dec 0.89 0.92
Annual 0.89 0.91

For South America, the two analyses are in excellent
agreement since 1940, and agreement does not become
poor until the nineteenth century for some seasons.
There is little difference in reference period values for
South America as a whole, the 1970s being cooler and
the 1980s warmer than the 1951-70 average. For Aus-
tralia, however, there is a clear difference in the refer-
ence periods, 1961-90 being on average about 0.15°C
warmer than 1951-70. This difference causes the orig-
inal analysis to be plotted higher than the new analysis.
The difference has a seasonal bias, being greatest in
summer and least in winter. The bias also diminishes
and even changes sign during the nineteenth century.
Long-term warming trends (°C yr ™! X 10?) estimated
for 1901-90 from the original analysis will be consid-
erably greater than the new analysis (0.38 for original
of 0.24 for the new). The figures would be even greater
for longer periods. Thus, much of the difference be-
tween the new and original analysis, noted in Table 3
for the SH, is coming from the Australian sector.

The results of these two analyses could lead to some-
what paradoxical conclusions being drawn. While re-
liable estimates of NH average temperatures could be
obtained from about 100 stations, estimates for con-
tinental-scale regions are reliable only since the 1940s
when trend estimates were similar. Reducing the scale
still further to local regional series, estimated from the
average of a few boxes, will probably also result in sim-
ilar, or even greater, problems as in the examples shown
in Fig. 10, except probably where station numbers per
grid box are high (>5) over parts of North America
and Eurasia. The only inference that can be drawn
about the construction of a 5° X 5° grid-box dataset
is that as many stations as possible should be used in
order to produce a dataset that is the best possible for
a multitude of uses. Although it might be possible to
estimate accurately hemispheric temperatures from as
few as 170 stations, such an analysis only has this one
use. Only through analyzing all available station time
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series can we be confident about the accuracy of the
subset analysis.

5. Conclusions

An improved and revised analysis of land-based
temperature data has been presented that incorporates
over 1000 more stations than previously included.
Comparisons with earlier analyses indicate that the re-
sults differ most over the Southern Hemisphere. Here,
improvements to the data availability represent a
greater proportion of the hemisphere than in the north.
Improvements here have come from additional data,
principally over Australia but also over South America.
The change of the reference period to 1961-90 means
that Antarctic data can be incorporated easily. The ro-
bustness of this and the earlier analyses for the Northern
Hemisphere is confirmed by the fact that the additional
800+ stations has only a negligible effect on the results.
Indeed, reasonable hemispheric estimates can be made
from as few as 109 stations. We can be confident of
this, however, only by analyzing all available data. As
expected, estimation errors are larger for smaller re-
gions up to continental in scale.

Of greatest concern is the dramatic reduction in real-
time reporting from stations in some countries during
the late 1980s and early 1990s. Improvements to the
network are being planned by the World Meteorolog-
ical Organization to report monthly mean maximum
and minimum temperatures. To make use of this, his-
torical time series of these variables will be required to
place the new information in context. Work by Karl
et al. (1993) is an important first step in this regard.
Sadly, however, there are no plans to improve the den-
sity of stations reporting mean temperature.
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