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An abrupt drop in Northern Hemisphere sea surface

temperature around 1970
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The twentieth-century trend in global-mean surface temperature
was not monotonic: temperatures rose from the start of the century
to the 1940s, fell slightly during the middle part of the century, and
rose rapidly from the mid-1970s onwards'. The warming-
cooling-warming pattern of twentieth-century temperatures is
typically interpreted as the superposition of long-term warming
due to increasing greenhouse gases and either cooling due to a
mid-twentieth century increase of sulphate aerosols in the tro-
posphere®™, or changes in the climate of the world’s oceans that
evolve over decades (oscillatory multidecadal variability)>*.
Loadings of sulphate aerosol in the troposphere are thought to have
had a particularly important role in the differences in temperature
trends between the Northern and Southern hemispheres during
the decades following the Second World War*>™*. Here we show that
the hemispheric differences in temperature trends in the
middle of the twentieth century stem largely from a rapid drop
in Northern Hemisphere sea surface temperatures of about 0.3 °C
between about 1968 and 1972. The timescale of the drop is shorter
than that associated with either tropospheric aerosol loadings or
previous characterizations of oscillatory multidecadal variability.
The drop is evident in all available historical sea surface temper-
ature data sets, is not traceable to changes in the attendant meta-
data, and is not linked to any known biases in surface temperature
measurements. The drop is not concentrated in any discrete region
of the Northern Hemisphere oceans, but its amplitude is largest
over the northern North Atlantic.

Significant events in the hemispheric or global-mean surface tem-
perature records are obscured by year-to-year variability induced by a
variety of physical processes, notably: changes in the Northern
Hemisphere high-latitude wintertime atmospheric circulation that
modulate the strength of the advection of warm, marine air masses
over the cold continents; the El Niflo Southern Oscillation (ENSO)
cycle, which modulates the exchange of heat between the atmosphere
and ocean; and/or volcanic eruptions, which inject long-lived, reflec-
tive sulphate aerosols into the stratosphere. Two recent analyses of
global-mean surface temperatures®” describe a method of suppressing
the effects of these three processes from the surface temperature record
to reveal or highlight significant events without reducing the time
resolution of the data, thereby preserving the statistical degrees of
freedom in the raw time series.

Figure 1a shows the results of applying this methodology to remove the
effects of the three processes listed above from the time series of global-
mean surface temperature (ref. 7; Supplementary Information). The
residual global-mean temperature time series (Fig. 1a, bottom) indicates
that the apparent hiatus in global warming during the mid-twentieth
century is mainly the result of two distinct events: an abrupt drop in
temperatures in 1945 and a roughly decade-long dip in global-mean
temperatures that began in the 1960s. The drop in 1945 was identified
in ref. 6 and is linked to biases in the sea surface temperature (SST) data.
The purpose of this study is to highlight prominent but previously over-
looked aspects of the nature of the cooling event that began in the 1960s.

The upper two time series in Fig. 1b show SST's averaged over the
Northern and Southern hemispheres. Northern Hemisphere SST
exhibited little upward trend between about 1945 and 1980, but then
warmed quite rapidly during the 1980s and 1990s. In contrast,
Southern Hemisphere SST rose much more steadily throughout the
second half of the twentieth century. That the mid-twentieth-century
warming was more pronounced in the Southern Hemisphere than in
the Northern Hemisphere has been widely noted' and is consistent
with hemispheric differences in the history of tropospheric sulphate
aerosol loadings: anthropogenic emissions of sulphate aerosols
increased most rapidly in the mid-twentieth century over North
America, Europe and Asia, and hence the rate of aerosol-induced
cooling—which counters greenhouse warming—should have been
more pronounced over the Northern Hemisphere than over the
Southern Hemisphere® ™. However, when the Southern Hemisphere-
mean SST time series is subtracted from the Northern Hemisphere-
mean SST time series (NH — SH SST; Fig. 1b, bottom), it becomes
apparent that Northern Hemisphere SST did not cool relative to
Southern Hemisphere SST over a period of decades, as would be
expected if the cooling were in response to a gradual build-up of
sulphate aerosol loadings. Rather, Northern Hemisphere SST dropped
sharply relative to Southern Hemisphere SST between 1968 and 1972,
and NH — SH SST stayed low relative to pre-1970 values throughout
the remainder of the twentieth century (Fig. 1b, bottom time series).

The sudden drop in NH — SH SST centred around 1970 stems
almost entirely from the Northern Hemisphere. Figure 1c shows the
data from Fig. 1b adjusted to suppress the variance associated with the
ENSO cycle and the response to volcanic eruptions, as described in the
Supplementary Information and ref. 7. The upper two time series in
Fig. 1c show the discontinuity in the SST data in 1945, which is appar-
ent in both hemispheres. But they also show a second drop centred
around 1970, which is apparent only in the Northern Hemisphere.
This latter drop is comparable in amplitude to the drop due to instru-
ment biases in 1945, and it seems to be responsible for most of the
sudden drop in NH — SH SST shown in the bottom time series of Fig.
1b. The NH — SH SST time series at the bottom of Fig. 1c is nearly
identical to the unadjusted version shown at the bottom of Fig. 1b,
because the signatures of ENSO and volcanic eruptions are effectively
removed from the unadjusted data when the hemispheric means are
subtracted from one another.

The prevailing view of twentieth-century SST variability is that
Northern Hemisphere SST decreased smoothly in the decades follow-
ing the Second World War, and/or oscillated continuously on multi-
decadal timescales throughout the twentieth century>®*™". This view is
derived from analyses based on either spectrally filtered®® or low-pass
filtered>'*" versions of the data, which are incapable of revealing
sudden changes in SSTs owing to the method of their construction.
The monthly-resolution residual time series in Fig. 1c give a different
picture of observed mid-century SST variability. Northern Hemisphere
SSTs did not oscillate continuously on multi-decadal timescales, but
rose steadily throughout the twentieth century apart from two discrete
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events: the drops in 1945 and around 1970. The suddenness of the drop
around 1970 becomes apparent when we adjust the Northern
Hemisphere data to suppress the effects of ENSO and volcanic erup-
tions without reducing the time resolution of the data (Fig. 1c, top), or
when we subtract the monthly-resolution Northern Hemisphere SST
and Southern Hemisphere SST from one another (Figs 1b and ¢, bot-
tom). The suddenness of the drop in Northern Hemisphere SSTs is
reminiscent of ‘abrupt climate change’, such as has been inferred from
the palaeoclimate record™, but is inevitably obscured in analyses of
twentieth century decadal variability based on low-pass filtered ver-
sions of the SST data. A similar drop is evident in the fourth empirical
orthogonal function of the global SST field"®, but such high-order
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Figure 1 | Global- and hemispheric-mean surface temperatures since 1900.
a, The raw (top) and residual (bottom) global-mean temperature time series
(Iand + ocean) from the HadCRUT3 data set. The residual time series has been
adjusted to suppress the effects of ENSO, temperature advection, and volcanic
eruptions, as described in the Supplementary Information and ref. 7. The data
are described in the Methods Summary. b, Northern Hemisphere mean SSTs
(top); Southern Hemisphere mean SSTs (middle); NH minus SH (NH — SH)
SSTs (bottom). Results are based on data from the HadSST2 data set. NH,
Northern Hemisphere; SH, Southern Hemisphere. ¢, As in b, but for residual
SST time series that have been adjusted to suppress effects of ENSO and
volcanic eruptions, as described in the Supplementary Information and ref. 7.
The full decomposition of the Northern Hemisphere and Southern
Hemisphere SST time series is shown in the Supplementary Information. The
dashed vertical lines in all figures correspond to the months September 1945
and January 1970.
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empirical orthogonal functions are difficult to reproduce and to inter-
pret physically owing to the orthogonality constraints placed on them.

Unlike the discontinuity in global-mean SST's at 1945 (ref. 6) the
drop in NH — SH SST around 1970 is not linked to any known biases in
the SST data. As shown in Fig. 2a, the drop is evident in the uncorrected
gridded summaries calculated from the International Comprehensive
Ocean-Atmosphere Data Set version 2.4 (ICOADS2.4; ref. 16), and also
the recently available ICOADS update (ICOADS2.5; ref. 17). It is pres-
ent in all historical SST products derived primarily from ICOADS
measurements, including the Met Office Hadley Centre’s SST data
set (HadSST2), the Extended Reconstruction SST (ERSSTv3b) prod-
uct developed at the US National Oceanic and Atmospheric
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Figure 2 | Establishing the robustness of the drop in NH — SH SSTs around
1970. a, The NH — SH SST time series calculated for the HadSST2 data
(duplicated from Fig. 1b) plotted alongside the NH — SH time series calculated
for two versions of ICOADS, the COBE, ERSSTv3b and Kaplan SST data sets,
and night-time marine air temperature data. See text and Methods Summary
for details of the data sources. b, The number of 5° X 5° grid boxes populated
with data re-gridded from ICOADS2.4 (red) and ICOADS2.5 (blue). Note that
the number of observations does not change noticeably around the drop in
1970. ¢, The residual Northern Hemisphere SST time series duplicated from
Fig. 1c (top) and the residual land temperature time series from the CRUTEM3
data set (bottom). The residual land time series has been adjusted to suppress
the effects of ENSO, temperature advection, and volcanic eruptions, as
described in the Supplementary Information and ref. 7.
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Administration’s National Climatic Data Center, the Kaplan Extended
SST data set developed at the Lamont-Doherty Earth Observatory, and
the Centennial in situ Observation-Based Estimates (COBE) SST prod-
uct developed at the Japanese Meteorological Agency (Fig. 2a; see
Methods Summary for data sources). The drop is not tied to any appar-
ent changes in the volume of available observations (Fig. 2b) or any
known changes in SST measurement techniques recorded in the meta-
data (Supplementary Information), and it is not unique to observations
made by ships from a single country of origin (Supplementary
Information). A drop around the same time is also evident in measure-
ments of night-time marine air temperature data, which are processed
very differently from the SST data (Fig. 2a bottom). And a concurrent
drop is evident in the fully independent Northern Hemisphere land
temperature data, particularly when those data have been adjusted to
suppress the effects of variations in the high-latitude atmospheric cir-
culation, ENSO, and volcanic eruptions (Fig. 2c, bottom; see
Supplementary Information for details of the adjustment). The rapid
drop in NH — SH SSTs around 1970 seems to be a real and robust
aspect of twentieth-century climate variability.

The timescale of the drop is important, because it is considerably
shorter than that typically associated with either tropospheric aerosol
forcing®™ or oscillatory multidecadal SST variability***. The hori-
zontal structure of the drop is also of interest, because it indicates that
the drop might reflect atmosphere-ocean interaction in the dynam-
ically active northern North Atlantic. We investigated the structure of
the drop by regressing SST data that have been weighted by a triangular
function centred about 1970, with end points in 1940 and 2000, onto a
time series of the drop formed by fitting a polynomial function to the

a
75° N 01 _
Q
o
el
50° N1 005 o
ES
25° N1 5
o @
0° 5
Q
25° 81 -0.05 9
=
50° S ] ]
T T T T T T T T -0.1
100°E 150°E 160°W 110°W 60°W 10°W 40°E 90°E
b | |
0.25 ) ! NH-mean
0 1
-0.25 ! ! .
! | North Pacific-mean
. 0.28 1 (0-70° N; 120° E-80° W)
O
9; -0.25 ! k North Atlantic-mean
I 0-70° N; 70° W-0°,
g o2 ( )
S -0.25 | !
el 1 1
'g I North Atlantic-mean
[ | (50° N-70° N; 70° W-0°)
0.25
0
-0.25 ; ‘
| |
| |
1900 1920 1940 1960 1980 2000
Year

Figure 3 | Identifying the horizontal structure of the drop. a, The regression
map formed by regressing SST data that have been weighted by a triangular
function centred about 1970, with end points in 1940 and 2000, onto a time
series of the drop. The time series of the drop was generated by fitting a third-
order polynomial fit to the NH — SH time series from Fig. 1b for the period
1968-1972, and then extending the resulting fitted time series backwards and
forwards over various time intervals centred about 1970 using fixed pre- and
post-drop values for years before 1968 and after 1972. Units for regressed SST
are degrees Celsius per degree in the drop around 1970. Details of the analysis
and the fitted time series of the drop are included in the Supplementary
Information. b, Residual SST time series for the regions indicated. The residual
SST time series have been adjusted to suppress the effects of ENSO and volcanic
eruptions, as described in the Supplementary Information and ref. 7.
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NH — SH SST time series (see Supplementary Information for details
of the regression). The resulting regression map reveals that the drop is
reflected throughout much of the world’s ocean, but has its largest
amplitude over the northern North Atlantic (Fig. 3a). The spatial
concentration of the drop can also be seen in residual SST time series
calculated for select Northern Hemisphere ocean areas; it is evident in
area averages for the entire North Atlantic and North Pacific Oceans,
but has its largest amplitude in data averaged over the northern North
Atlantic, above 50°N (Fig. 3b). This region is marked by large
exchanges of heat between the ocean and atmosphere that are consid-
ered capable of influencing hemispheric-mean temperature®'®. The
timing of the drop corresponds closely to a rapid freshening of the
northern North Atlantic in the late 1960s/early 1970s (the ‘great salin-
ity anomaly’™").

The spatial and temporal structures of the drop in NH — SH sea-
surface temperatures suggest that the hemispheric differences in sur-
face temperature trends during the mid-twentieth century derive not
from hemispheric asymmetries in tropospheric aerosol loadings*™ or
oscillatory decadal variability in the ocean®'*. Rather, the hemispheric
differences seem to derive in large part from a discrete cooling event in
the Northern Hemisphere oceans that was not geographically loca-
lized, but had its largest amplitude over the northern North Atlantic.

METHODS SUMMARY

All data used in the analyses are available through the online Supplementary
Information. We obtained the primary data sets from the Climatic Research
Unit (http://www.cru.uea.ac.uk). They are: the CRUTEM3 monthly-mean land
surface data set*’; the HadSST2 SST data set™'; and the HadCRUT3 combined land
and sea surface temperature data set™.

The ICOADS data are described in refs 16 and 17, and we obtained the gridded
summaries of [COADS2.4 from http://ghrsst.nodc.noaa.gov/intercomp.html. The
ICOADS2.5 data are described in ref. 17 and we obtained the gridded summaries
(the ‘standard’ product) and climatological means (based on the latest ‘enhanced’
product) from http://www.esrl.noaa.gov/psd/data/gridded/data.coads.2deg.html
and http://www.esrl.noaa.gov/psd/data/gridded/data.coads.Itm.html, respect-
ively, and re-gridded them onto a five-degree grid. The World Meteorological
Organization Publication No. 47 metadata files (which are also preserved in the
online Supplementary Information) are described in ref. 22.

We obtained the COBE SST analysis* and the Kaplan SST data set* from
http://ghrsst.nodc.noaa.gov/intercomp.html. We obtained the ERSSTv3b data®
from http://www.ncdc.noaa.gov/oa/climate/research/sst/ersstv3.php. The night-
time marine air temperature data are from the Hadley Centre Marine Air
Temperature data set (HadMAT; ref. 21).

The COBE SST analysis is based on ICOADS2.0 and additional data from the
Kobe collection (later incorporated into ICOADS2.5). The ERSSTv3b data set is
based on ICOADS2.4. The Kaplan SST data set is based on data from COADS (ref.
26) and the Met Office Marine Data Bank (both sources are now incorporated into
ICOADS2.5).

The methodologies used to estimate the effects on area-averaged temperatures of
the advection of warm, marine air masses over the cold continents, the ENSO cycle,
and volcanic eruptions are based on statistical and thermodynamic models of the
climate system, and are described in the Supplementary Information and in ref. 7.
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