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Summary

A novel multi-timescale analysis method, Empirical Mode
Decomposition (EMD), is used to diagnose the variation of
the annual mean temperature data of the global, Northern
Hemisphere (NH) and China from 1881 to 2002. The
results show that: (1) Temperature can be completely
decomposed into four timescales quasi-periodic oscillations
including an ENSO-like mode, a 6–8-year signal, a 20-year
signal and a 60-year signal, as well as a trend. With each
contributing ration of the quasi-periodicity discussed, the
trend and the 60-year timescale oscillation of temperature
variation are the most prominent. (2) It has been noticed
that whether on century-scale or 60-year scales, the global
temperature tends to descend in the coming 20 years. (3)
On quasi 60-year timescale, temperature abrupt changes in
China precede those in the global and NH, which provides a
denotation for global climate changes. Signs also show a
drop in temperature in China on century scale in the next
20 years. (4) The dominant contribution of CO2 concentra-
tion to global temperature variation is the trend. However,
its influence weight on global temperature variation ac-
counts for no more than 40.19%, smaller than those of
the natural climate changes on the rest four timescales.
Despite the increasing trend in atmospheric CO2 concen-
tration, the patterns of 20-year and 60-year oscillation of
global temperature are all in falling. Therefore, if CO2

concentration remains constant at present, the CO2 green-
house effect will be deficient in counterchecking the natural
cooling of global climate in the following 20 years. Even
though the CO2 greenhouse effect on global climate change
is unsuspicious, it could have been excessively exaggerated.
It is high time to re-consider the trend of global climate
changes.

1. Introduction

On interdecadal timescales, whether the global
temperature will continue to warm up or to drop
in the coming 20 years is not only a hot spot but
also a daunting task in global climate change
research as shown in many studies (Stott and
Ketteborough, 2002; Schneider and Held, 2001;
Michael and Jeffrey, 1995).

In recent decades, scientists have paid more
attention to the CO2 greenhouse effects on
global climate changes. Some modeling studies
(Caldeira and Duffy, 2000; Sarmiento et al, 1998;
Manabe and Stouffer, 1993) indicated a relatively
significant Southern Ocean sink due to anthro-
pogenic CO2. Many researches (Houghton et al,
2001; Joos et al, 1999; Sarmiento and Quere,
1996; Manabe and Stouffer, 1994) argued that
when CO2 doubled in the atmosphere, the global
mean temperature would increase by about 1.4
to 5.8 �C. That means the global mean tempera-
ture will rise as a result of the increase of CO2

in the atmosphere. But Petit et al (1999) and
Stauffer et al (1998) thought that the increasing
greenhouse effects would only partly induce the
global to warm up as a natural variation process.
And the past records have indicated that the
increase of CO2 concentration did not occur be-
fore the warming up as shown by some studies



(Fischer et al, 1999; Schlesinger and Ramankutty,
1994). Since it is now obvious that the CO2 con-
tent in the atmosphere does not decrease, will the
global temperature go on warming up in the fol-
lowing decades like that in the 20th century?
Global climate change is affected not only by
anthropogenic activities (the increase of CO2 con-
centration in the atmosphere), but also through
natural factors in climatic system (driving forces)
such as solar activities. The natural driving forces
and combined forces generally display multi-
timescale oscillations. Thereby, to answer this
question, it is primary to ravel whether the cli-
matic period (quasi-period) variation on different
timescales or the natural variation trend is af-
fected by the variety of CO2 concentration in
the atmosphere, or which climatic quasi period
is most affected by the increase of CO2 concen-
tration in the atmosphere.

Fourier analysis is used as a general tool
for examining time series. Although it is valid
under general conditions, there are some crucial
restrictions of Fourier analysis, i.e., the system
must be linear and the data must be periodic or
stationary. However, climate dataset is both non-
linear and non-stationary with multi-timescale
oscillations. By applying the traditional time-
series techniques based on Fourier Transforms,
one can get a time-frequency distribution through
sliding the window successively along the time
axis. Meanwhile, it has to assume the data to
be strictly stationary. Furthermore, the window
width must be narrow, and the frequency resolu-
tion requires longer time series. The wavelet
approach is essentially an adjustable window
Fourier spectral analysis, and it is of non-adap-
tive nature. Once the basic wavelet is selected,
one will have to use it to analyze all the data.
SSA is the Fourier transform of the empirical
orthogonal function (EOF), so we have to
ensure that each EOF component is stationary.
Otherwise, the Fourier spectral analysis will
make little sense as for the EOF components.
Unfortunately, we cannot guarantee that EOF

components derived from a nonlinear and non-
stationary dataset are both linear and stationary.
Hereby, in order to overcome the difficulty of
studying nonlinear and non-stationary time ser-
ies, a method called the Empirical Mode Decom-
position (EMD) was developed in 1998 by
Huang et al (1998; 1999) to facilitate the decom-

position of climate records in terms of natural
oscillatory patterns and trends.

We try to use this method to analyze the max-
imum weight of CO2 greenhouse effect on global
temperature variation on multi-scales. Based on
it, it is possible for us to forecast whether global
climate will continue to warm up or to cool down
in the next 20 years.

2. EMD method and data

The EMD method is suitable for nonlinear and
non-stationary time series. This method naturally
decomposes nonlinear oscillatory patterns into a
number of characteristic intrinsic mode function
(IMF) components. The decomposition is based
on the direct extraction of the energy associated
with various intrinsic time scales, the most im-
portant parameters of the system.

The EMD method can simply use the envelope
calculations defined by the local maxima and
minima separately. Once the extrema are identi-
fied, all the local maxima and minima are con-
nected by a cubic spline interpolation line as the
upper and lower envelopes. Their mean is desig-
nated as m1, and the difference between the data
and m1 is the first component, h1, i.e.,

h1 ¼ xðtÞ � m1: ð1Þ
However, h1 is still not a stationary oscillatory

pattern, by repeating the above process, with h1

replace by xðtÞ, m2 is the mean envelope of h1,

h2 ¼ h1 � m2: ð2Þ
By repeating the above process time after time,

once the mean of the envelope is close enough to
zero, or the sifting process can be stopped by a
criterion: standard deviation, SD, a typical value
for SD can be set between 0.2–0.3 or less than it,
the first IMF results.

SD ¼
XT
t¼0

jðhi�1ðtÞ � hiðtÞÞj2

h2
i�1ðtÞ

" #
: ð3Þ

c1 is the first IMF component from the data.
We can substract c1 from the original timeseries
by

r1 ¼ xðtÞ � c1: ð4Þ
r1, still containing information of longer per-

iod components, is treated as the new data and
subjected to the same sifting process as described
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above. This process can be repeated on all ri and
the result is:

r1 ¼ xðtÞ � c1; r2 ¼ r1 � c2; . . . ; rn ¼ rn�1 � cn;

ð5Þ
i.e.,

xðtÞ ¼
Xn
i¼1

ci þ rn: ð6Þ

Thus, we achieve a decomposition of the data
into IMFs and a residue, rn, which can be either
the mean trend or a constant.

Although a powerful method, EMD must be
used cautiously. One difficulty encountered is
the influence of the end points. The envelopes
are calculated by a cubic spline, which, however,
is notoriously sensitive to end points. It is im-
portant to make sure that the end effects do not
propagate into the interior solution. Here, this
problem is dealt with by extrema extending
method as shown in Hao and Huang’s study
(2001).

The results presented in this paper are based
on a 122a (1881–2002) global and NH annual
mean temperature dataset provided by Jones
(2003; 1999; 1994). Hemispheric and global
temperature anomaly time series, which incor-
porate land and marine data, are continually
updated and expanded by P. Jones of the Climatic
Research Unit (CRU) with help from col-
leagues at the CRU and other institutions. The
grid-box resolution of the temperature anomalies
is 5� � 5�. They have areal averaged grid-box
temperature anomalies, with weighting according
to the area of each 5� � 5� grid box, into hemi-
spheric values; then averaged these two values to
create the global-average anomaly. And as well
as the same epoch air temperature dataset in
China provided by Wang et al (1998) and ex-
panded to 2002. An annual mean temperature
series were constructed for ten regions of China:
Northeast, North, East, South, Taiwan, South
central, Southwest, Northwest, Xinjiang and
Tibet on the basis of temperature observations,
documentary data, ice core data and tree-ring
data. A series of temperature in China was ob-
tained by averaging of the ten regional series in
considering area size of the region.

The CO2 records presented here is provided by
the Carbon Dioxide Information Analysis Center,

a compendium of data on global changes, Oak
Ridge National Laboratory, U.S. Department of
Energy, Oak Ridge, Tennessee, from their Web
site at http:==www.cdiac.esd.ornl.gov=trends=
co2=contents.htm. The CO2 data from 1881 to
1965 are derived from three ice cores obtained
at Law Dome, East Antarctica from 1987 to
1993 (Etheridge et al, 1988, 1996; Morgan et al,
1997). Concentrations of carbon dioxide mea-
sured in the air bubbles trapped in the ice are
shown in Antarctic ice core from Law Dome near
Australia’s Casey Station. The CO2 data from
1966 to 2002 are measured by the South Pole
site to be considered indicative of uncontami-
nated background air.

3. Multi-scale analysis of global
and NH temperature variation

Figures 1 and 2 show that the global and NH
mean temperature is completely decomposed
into four modes (IMF) and a trend (Res) by
EMD method. It indicates that both the global
and the NH temperature variation contain four
quasi-period oscillations on various timescales
and a trend of larger timescale in the last century.

Each IMF component denotes the variation
on different timescales. There are cases when
a phenomenon on certain scale is intermittent,

Fig. 1. The global mean temperature is decomposed into
four intrinsic mode functions (IMF) and a trend by EMD

method. The first IMF is 3–4-year period. The second IMF

has 6–8-year period. The third IMF corresponds to 20-year
period. The fourth IMF contains 60-year cycles. The Res
indicates larger timescale oscillation
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IMF component will have pattern confusion,
but signals on the same timescale would never
occur at the same location in two different IMF

components (Huang et al, 1998, 1999). The first
IMF has 3–4-year period. The second IMF has
6–8-year period. The third IMF corresponds to
20-year period. The fourth IMF contains 60-year
cycles. And the Res indicates a larger-term trend.
These IMF components contain not only peri-
odic variation of exterior forces, but also non-
linear feedback effect in climatic system.

The data adopted here are annual mean tem-
perature, while the biennial cycle and other smal-
ler scale are omitted. Nevertheless, quasi-periods
of 3–4-year, 6–8-year and 18–22-year emerge
prominently. Though they do not contain the
quasi-11a period relative to sun radiation, IMF2
component of the global and NH temperature
presents a quasi 11-year oscillation before 1900
and after 1980. The quasi 60-year oscillation is
consistent with an earlier study (Schlesinger and
Ramankutty, 1994).

By calculating the variance explained of
IMF1–IMF4 and Res components (Table 1),
we find that the variance contribution of the trend
in the global is the largest (40.19%), followed by
the quasi 60-year low-frequency oscillation
IMF4 (24.15%). As for temperature in NH, the
variance contribution of the trend is the most sig-
nificant (62.71%), followed by the quasi 60-year
low frequency oscillation IMF4 (15.31%).

In Figs. 1 and 2, IMF3 with quasi 20-year peri-
odicity oscillation and IMF4 with quasi 60-year
periodicity oscillation in global and NH temper-
ature have been decreasing since the year 2000.
Hence, we consider that global temperature will
witness a drop on 20–60-year timescales in the
following 20 years.

To have a profound understanding of the future
global temperature variation, the Res and IMF4
of global and NH temperature, whose variance
explained amount to 64.34 and 78.02%, res-
pectively, are used to reconstruct mean tempera-
ture on century scale (Fig. 3).

From Fig. 3, we see clearly that global and NH
temperature will drop on century scale in the next
20 years.

Now that the trend of global and NH tempera-
ture has arrived at the peak and their IMF4 have
been cooling since this century, we tend to con-
clude that global temperature shows a falling ten-
dency on 20–60-year timescales in the next 20
years.

It is now apparent that CO2 content in the
atmosphere will not decrease in the next 20–60
years. And global climate change is affected not

Fig. 2. The northern hemisphere mean temperature is de-
composed into four intrinsic mode functions (IMF) and a
trend by EMD method. The first IMF has 3–4-year period.
The second IMF has 6–8-year period. The third IMF cor-
responds to 20-year period. The fourth IMF contains 60-
year cycles. The Res indicates larger timescale oscillation

Table 1. Variance explained by IMF1–IMF4 and Res com-
ponents of the NH, global and China mean temperature (%)

IMF1 IMF2 IMF3 IMF4 Res

NH 10.58 8.90 2.50 15.31 62.71
Global 17.55 11.34 6.77 24.15 40.19
China 19.85 11.09 8.59 28.50 31.97

Fig. 3. Reconstructed mode by using IMF4 (60-year time-
scale) and Res (century timescale) components for mean
temperature in global (real line) and NH (dashed) from
1881 to 2002
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only through increasing CO2 concentration in the
atmosphere, but also via climatic driving forces.
Thereby, to diagnose the trend of global climate
changes accurately, it is primary to understand
how much is the influenced weight of the CO2

greenhouse effects on the global temperature
variation.

4. Multi-scales analysis of atmospheric CO2

concentration variation in the last century

Now we will answer the two important questions
put forward above: how much is the influencing
weight of CO2 greenhouse effect in the atmo-
sphere that leads to global temperature variation?
Whether the climate periodical (quasi-period)
variation on various timescales or the natural var-
iation trend is affected by the variation of CO2

concentration in the atmosphere?
In Fig. 4, the time series of CO2 concentration

in the atmosphere from 1881 to 2002 is separated
into two modes and a trend that indicates an
increase over time by EMD method.

In Table 2, the variance explained of the trend
of CO2 is 99.52%. And the variance explained

of IMF1 and IMF2 are 0.26% and 0.22%, re-
spectively. We have calculated the correlation
coefficients between IMFs of CO2 and the IMFs
of the global, and found that they are very small.
The IMFs components of CO2 are all dissimilar
to IMFs of the global temperature. Since their
variance explained only account for a mere
0.48%, we presume the IMFs of CO2 are just
some noise. Therefore, the greenhouse effect of
CO2 in the atmosphere on global temperature
variation is mainly the century scale trend. And
CO2 concentration in the atmosphere has little
effect on periodical variation on the rest of the
timescale.

Here we stress two points: (1) the variance
explained of the trend of global temperature is
only 40.19%, while that of the trend of CO2 con-
centration in the atmosphere tops to 99.52%; (2)
Accordingly, the contribution of CO2 concentra-
tion to global temperature variation is no more
than 40.19%, or in other words, 59.81% of the
weight of global temperature variation is caused
by non-greenhouse effect.

Despite the increasing trend of atmospheric
CO2 concentration, the components IMF2, IMF3
and IMF4 of global temperature changes are all
in falling. Thus, if CO2 concentration remains
constant at present, the effect of greenhouse
warming is deficient in counterchecking the nat-
ural cooling of global climate change in the com-
ing 20 years. Consequently, we believe global
climate changes will be in a trend of falling in
the following 20 years.

5. Multi-scales analysis of China
temperature variation

The mean temperature in China is decomposed
into four IMFs and a Res (trend) by EMD meth-
od (Fig. 5). It illuminates the temperature varia-
tion in China is consistent with the global and
NH in the aspects that they all have four quasi-
period oscillations on various timescales and a
trend of larger time scale in the last century,
and that the variance explained of each compo-
nent is similar (see Table 1).

However, temperature variation in China is
quite different from that in the global and NH
since its trend has been falling in recent years.

The reconstructed curve of IMF4 with a quasi
60-year period oscillation and Res, a larger scale

Fig. 4. The CO2 concentration is decomposed into two
intrinsic mode functions (IMF) and a trend (Res) by
EMD method

Table 2. Variance explained by IMF1–IMF2 and Res com-
ponents of concentration of CO2 (%)

IMF1 IMF2 Res

CO2 concentrate 0.26 0.22 99.52
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trend (its variance explained amounting to
60.47%), both are components of temperature
in China (Fig. 6). It appears to agree with the
above conclusion: temperature in China has been
falling on century scale in the next 20 years.

Comparing Fig. 6 with Fig. 3, it is possible for
us to forecast the trend of global or NH tempera-
ture variation according to the trend in China
where the temperature variation reveals a leading
phase of approximately 5–10 years ahead. So
temperature variation in China has a leading sig-
nificance in the forecast of global temperature
changes.

6. Discussions

EMD method can decompose climate dataset
into various timescale oscillations and each
IMF component indicates temperature variation
on different timescales. The trend and the quasi-
60-year oscillation are the most prominent in
temperature variation in the global, NH and
China. In the meantime, temperature variation
in China precedes that in the global and NH,
so it provides a denotation for global climate
changes. Noticeably, the interdecadal oscillations
of temperature in China which was at its peak in
2001 have been falling recently. It thus indicates
that whether on century scale or on the periods of
quasi 60-year oscillations, the global climate will
be cooling down in the next 20 years.

It should be noted that we did not forecast it on
the timescale of month or year. On the month or
year timescale, the influencing factors in climate
change are both numerous and inconstant. There-
fore, climate change is of multi-frequencies or
frequency conversion. But on 60-year to century
timescale, the influencing factors in climate
change are relatively stable. So, we consider glo-
bal temperature will be in falling on 60-year
timescale in the coming 20 years.

And again, our primary conclusion, i.e., that
atmospheric CO2 concentration is not a key
determinant of periodic variation of the global
temperature. The global climate warming is not
solely affected by the CO2 greenhouse effect.
The best example is temperature obviously cool-
ing however atmospheric CO2 concentration is
ascending from 1940s to 1970s. Although the
CO2 greenhouse effect on global climate changes
is unsuspicious, it could have been excessively
exaggerated. It is high time to re-consider the
global climate changes. We consider that CO2

greenhouse effect impact on the trend of global
temperature, simultaneity we expect to find the
effect on climate change on different timescales
by analysis the solar activity, earth movement
(nutation, rift and volcano activity) and the
others greenhouse gases using EMD method.
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Fig. 5. The China annual mean temperature is decomposed
into four intrinsic mode functions (IMF) and a trend by
EMD method. The first IMF has 3–4-year period. The
second IMF has 6–8-year period. The third IMF corre-
sponds to 20-year period. The fourth IMF contains 60-year
cycles. The Res indicates larger timescale oscillation

Fig. 6. Reconstructed mode by using IMF4 (60-year time-
scale) and Res (century timescale) components for China
mean temperature from 1881 to 2002
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