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ABSTRACT

Time series for the Southern Oscillation Index and mean global near surface temperature anomalies are compared for
the 1950 to 2012 period using recently released HadCRU4 data. The method avoids a focused statistical analysis of the
data, in part because the study deals with smoothed data, which means there is the danger of spurious correlations, and
in part because the El Nifio Southern Oscillation is a cyclical phenomenon of irregular period. In these situations the
results of regression analysis or similar statistical evaluation can be misleading. With the potential controversy arising
over a particular statistical analysis removed, the findings indicate that El Nino-Southern Oscillation exercises a major
influence on mean global temperature. The results show the potential of natural forcing mechanisms to account for
mean global temperature variation, although the extent of the influence is difficult to quantify from among the vari-

ability of short-term influences.
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1. Introduction

Walker circulation and El Nifo-La Nifia oscillations are
tropical Pacific atmosphere-ocean phenomena, but their
influence on climate can be seen globally [1-5]. The de-
tailed mechanisms driving these changes, known collec-
tively as El Nifio Southern Oscillation (ENSO), are un-
certain, but large-scale changes in global circulation are
involved. Particularly important are relationships be-
tween the ENSO, the meridional Hadley Cell Circulation
and the zonal Walker Circulation. Although these rela-
tionships are not always straightforward [6], some gene-
ralizations are possible.

During El Nifio conditions, there is a decrease in
Walker Circulation, an increase in meridional Hadley
Cell Circulation and intensification of subtropical highs.
A more vigorous overturning of the Hadley Cell Circula-
tion leads to an increase in heat transfer from tropical to
higher latitudes in both hemispheres [7]. In contrast,
during La Nifia conditions the Hadley Cell Circulation
diminishes and the Walker Circulation is enhanced, with
well-defined and vigorous rising and sinking branches in
the western and eastern extremes of the Pacific Ocean
respectively. This results in stronger than normal easterly
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equatorial surface winds. In later work, [6] found that
during La Nifia conditions the Hadley Cell Circulation in
both hemispheres weakens. The anomalies in the strength
of the Hadley Cell Circulation are also strongly and in-
versely correlated with the anomalies in the strength in
the Walker Circulation. As meridional circulation changes,
there are global teleconnections, although the physical
processes causing the linkages are often unclear (e.g.
[8-11]). Through these variations in zonal and meridional
transfer and the various teleconnections, the ENSO sig-
nal is correlated with global climate variation, which in
turn is reflected in global temperature.

Improved understanding of the extent to which ENSO
forcing explains variation in the mean global temperature
(MGT) might assist in the prediction of climate variabil-
ity and the preparation of successful extended climate
forecasts [12]. For this and other reasons the nature of the
relationship between ENSO and MGT has been the sub-
ject of several studies using a variety of datasets [5,13-
15]. Here we use the recently released HadCRUT4 data-
set to investigate this further.

2. Method

The work here examines the relationship between ENSO
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and MGT for the period 1950 to 2012. To represent
ENSO variability, we use the Southern Oscillation Index
(SOI) as a measure of the state and strength of ENSO
[16-18].

The SOI is based on the monthly atmospheric pressure
differences between Tahiti in the mid-to-east Pacific and
Darwin in the west Pacific. The SOI data used here are
those provided by the Australian Government Bureau of
Meteorology [19]. These data are the Troup SOI, which
is the standardised anomaly of the monthly mean sea
level pressure difference between Tahiti and Darwin di-
vided by the standard deviation of the difference and
multiplied by 10 [20].

Using this method, the SOI ranges are theoretically
open ended but realistically extend from about —35 to
about +35 with negative values associated with El Nifio
conditions and positive values with La Nifia. El Nifio
events are usually marked by several months of strongly
negative SOI values, while La Nifia events coincide with
several months of strongly positive SOI values.

For MGT data we use the HadCRUT4 dataset for the
period December 1950 to June 2012, based on the most
recent revision of data HadCRUT.4.1.1.0. HadCRUT4 is
a 5-degree gridded dataset (i.e. 5 degree latitude x 5 de-
gree longitude) of global historical monthly surface tem-
perature anomalies relative to a 1961-1990 reference
period average. The dataset is a collaborative product of
the UK Met Office Hadley Centre and the Climatic Re-
search Unit at the University of East Anglia [21]. The
dataset is a blend of the CRUTEM4 land-surface air
temperature dataset and the HadSST3 sea-surface tem-
perature (SST) dataset. According to [21], quality control
takes into account non-climatic factors affecting near-
surface temperature observations in so far as they are
understood. The methodology used in the creation of the
HadCRUT4 dataset aims take into account uncertainty
arising from changes in SST measurement practices, ho-
mogenisation of land station records and the potential
impacts of urbanisation. To compensate for different spa-
tial coverage of the Northern Hemisphere (NH) and
Southern Hemisphere (SH), calculated as (NH + SH)/2 to
avoid the better covered NH from dominating the global
average.

Had CRUT4 is based on additional stations compared
to HadCRUT3, the omission of a small number of Had-
CRUTS3 stations, updated meteorological data from ob-
servation stations and the inclusion of additional sea sur-
face temperature observations. The HadCRUT4 data are
not interpolated or variance adjusted. In this paper, plots
of SOI and MGT data are for the period January 1950 to
June 2012, but any statistical processing is for whole
years ending in December 2011.

Large volcanic eruptions affect climate by injecting
sulphur dioxide into the stratosphere where it is con-
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verted into sulphate aerosols that reflect incoming solar
radiation [22,23]. This reduces the amount of solar en-
ergy absorbed at the Earth’s surface and ultimately the
energy available for heating the troposphere [24,25].
Data for volcanic eruptions that are relevant to this work
are shown in Table 1. The Volcanic Explosivity Index
(VEI) values are according to the Smithsonian Institute’s
extension of work by [26] and indicate the impact on
stratospheric aerosol optical depth. The Dust Veil Index
(DVI) values are according to [27-29], who regarded
values greater than 100 as significant. We use the global
DVI values (DVIG) rather than hemispheric because this
work relates to global average temperature. ENSO is a
tropical Pacific phenomenon, albeit with influence out-
side that zone; therefore the volcanoes listed in Table 1
are all from that region.

3. Results

We start with 12-month running means of the data. This
approach can minimise significant data and give undue
emphasis to insignificant data, so it is used here simply to
establish a contextual record. To allow for the radiative
effects of atmospheric aerosols and particulate matter
from volcanic emissions, data for the period of volcanic
eruptions was removed along with the data for the sub-
sequent 12 months; the latter being required in order that
the 12-month running means do not include data from
periods of volcanic activity. These omissions are made
because we have reservations about the accuracy of
compensatory temperature adjustments for the cooling
influences of emissions of sulphurs and silicates, and the
period of that compensation, which according to [30] can
be for up to 3 years after eruption.

Derivatives of the Troup SOI and MGT are used to
determine the likely time lag between changes to SOI
and related changes in MGT. This derivative was a sim-
ple 12-month running mean, with data omitted for the
period of volcanic eruptions at Agung, Awu, El Chichon
and Pinatubo (see [15]). The results are shown in Table 2.
It is noticeable that the correlation diminished signifi-
cantly between 2005 and 2012, with temperature anoma-
lies across those periods being poorly linked to the con-
temporaneous Troup SOIL. The results in Table 2 suggest
no specific well-defined lag period, but maximum corre-

Table 1. Major volcanic eruptions, 1950-2012 (based on
McLean et al. 2009).

Location Duration VEI DVIG
Agung Feb 1963-Jan 1964 5 800
Awu Aug 1966-Oct 1966 4 200
El Chichon Mar 1982-Sep 1982 5 800
Pinatubo Apr 1991-Sep 1991 6 Not given
13G
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Table 2. Pearson correlation coefficients for 12-month run-
ning means of SOl and MGT using different time lags from
1950 to the specified end year (2012 data ends in June) with
maximum correlations highlighted for each period.

(Tn'qrggt:ig) to 2012 to 2005 to 2000 to 1995
0 —0.221 —0.412 —-0.422 -0.577
1 -0.247 -0.439 —0.464 -0.620
2 0269 ~0.460 ~0.499 ~0.654
3 0284 0474 0525 ~0.676
4 0293 0479 ~0.540 0,687
5 -0.296 ~0.476 ~0.546 ~0.686
6 0293 0465 ~0.541 ~0.674
7 0284 0,448 ~0.529 -0.652
8 0270 0425 ~0.509 ~0.622
9 0252 0397 ~0.484 0,585
10 —-0.231 —0.366 —0.453 —0.541

lations occur with a 4-month delay. It is noticeable that
correlations deteriorate as the data extend further into the
post-2000 period.

To examine the relationship between the SOI and
MGT over the study period, monthly data were plotted
together. Figure 1 shows relationship when a 4-month
delay is introduced. It shows SOI and MGT cohere over
the 62-year period, although the relationship breaks
down at times of major volcanic eruptions. Figure 1(c)
also shows a clear shift in the lines beginning in the mid-
1990s. This shift is also seen in Figure 2, which shows
the difference between mean monthly Northern Hemi-
sphere (NH) temperature anomalies and the mean mon-
thly temperature anomalies for the Southern Hemi-
sphere (SH), that is NH — SH. Because the MGT is (NH
+ SH)/2, the divergence of NH and SH anomalies natu-
rally causes a shift in the MGT. The reason for this sepa-
ration beginning in the mid-1990s is not clear.

Figure 3 shows the four-month shifted SOI anomalies
alongside monthly MGT anomalies for the period from
the beginning of the shift in 1995 to 2012. The dark line
indicates SOI and the light line indicates MGT. Note that
the Y-axis scale is different to that in Figure 1. It is clear
from Figure 3 that the close correlation of MGT and SOI
continues after about 1995, albeit with shifted monthly
values relative to the earlier data.

4. Discussion and Conclusions

The results show that, by and large, the Southern Oscilla-
tion has a consistent influence on mean global tempera-
ture. Changes in temperature are consistent with changes
in the SOI that occur about four months earlier. The rela-
tionship weakens or breaks down at times of major vol-
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canic eruptions. Since the mid-1990s, little volcanic ac-
tivity has been observed in the tropics and global average
temperatures have risen and fallen in close accord with
the SOI of four months earlier; although with the unex-
plained divergence of NH and SH average temperature
anomalies modifying the earlier relationship.

The strength of the SOI-MGT relationship may be in-
dicative of the increased vigor in the meridional dispersal
of heat during El Nifio conditions and the delay in the
temperature response is consistent with the transfer of
tropical heat polewards. The mechanism of heat transfer
is likely the more vigorous Hadley Cell Circulation on
both sides of the Intertropical Convergence Zone distrib-
uting warm air from the tropical regions to higher lati-
tudes. The process of meridional heat dispersal weakens
during La Nifa conditions and is accompanied by a
lower than normal MGT. Hadley Cell Circulation is
weakened when the Southern Oscillation is in a state
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Figure 1. Four-month shifted SOl anomalies with monthly
MGT anomalies shown for periods 1950 to 1970 (a), 1970 to
1990 (b) and 1990 to June 2012 (c), where the Y-axis scale is
identical in each case. The dark line indicates SOI and light
line indicates MGT. Periods of volcanic activity are indi-
cated (see text).
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Figure 2. Difference between mean monthly temperature
anomalies for the Northern Hemisphere (NH) and Southern
Hemisphere (SH).
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Figure 3. Four-month shifted SOl anomalies with monthly
MGT anomalies shown for the period 1995 to June 2012.
Dark line indicates SOI and light line indicates MGT. Note
the Y-axis scale is different to that in Figure 1.

associated with La Nifia conditions (i.e. positive Troup
SOI values), but strengthens as the Southern Oscillation
moves to a condition consistent with El Nifio conditions
(that is negative SOI values) [6,7].

The precision of the 4-month lag period is uncertain,
but the credibility of a lag of some length is not in dis-
pute. Researchers [31] found that mean tropical tem-
peratures for a 13-year record lagged outgoing longwave
anomalies by about three months, while [32] found war-
ming events peak three months after sea surface tem-
perature (SST) in the Nifio-3.4 region. On the same
theme, [33] founds lags between 1 - 3 months with SST
in the Nifio-3.4 region for the period 1950-1999. Along
the same lines [14] determined that the correlation be-
tween SST in the Nifio-3 region and the MGT anomaly
was optimum with a time lag of 3 - 6 months. The se-
quence of the lagged relationship indicates that ENSO is
driving temperature rather than the reverse. Reliable
ENSO prediction is possible only to about 12 months
[34], which implies that improved temperature forecast-
ing beyond that period is dependent on advancements in
ENSO prediction.

The reason for the post-1995 period shift in the SOI-
MGT relationship illustrated in Figure 1(c) is puzzling.
An explanation may lie in changes in global albedo due
to changes in lower-level cloud cover. In an analysis of
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Australian data, [34] found positive values of SOI anoma-
lies to be associated with increased cloudiness and de-
creased incoming solar radiation. Data from the Interna-
tional Satellite Cloud Climatology Project (ISCCP) indi-
cate that, from 1984 to 2005, mid-level cloud cover in
the tropics was relatively constant but both lower and
upper level cloud cover declined slightly. In the exotrop-
ics (latitude > 20 degrees, low-level cloud progressively
decreased from 1998 onwards. It is not clear whether the
change is a cause or an effect of a parallel temperature
change [35]. The post-1995 shift appears unrelated to
carbon dioxide increase because it occurred long after
atmospheric CO, was known to be rising. It is important
to see the shift as more of discrete (i.e. step) change
rather than a divergence, with the relationship re-establi-
shed after 2 - 3 years. Another possibility is that there are
problems with the HadCRUT4 1.1.0 data. For example,
we note that the published monthly average global tem-
perature anomalies are not equal to the mean of the two
published corresponding hemispheric values.

The approach used here avoids a focused statistical
analysis of the data, in part because the study deals with
smoothed data, which means there is the danger of spu-
rious correlations, and in part because the ENSO is a
cyclical phenomenon of irregular period. In these situa-
tions, the results of regression analysis or similar statisti-
cal evaluation can be misleading. With the potential con-
troversy arising over a particular statistical analysis re-
moved, the findings reported here indicate that atmos-
pheric processes that are part of the ENSO cycle are col-
lectively a major driver of temperature anomalies on a
global scale. All other things being equal, a period
dominated by a high frequency of El Nifio-like condi-
tions will result in global warming, whereas a period
dominated by a high frequency of La Nifia-like condi-
tions will result in global cooling. Overall, the results
imply that natural climate forcing associated with ENSO
is a major contributor to temperature variability and per-
haps a major control knob governing Earth’s temperature.
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