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Summary

Although climate change deeply affects China, climatic
time series are expected to show quasi-periodic behavior.
This hypothesis has been tested by means of Autocorrela-
tion Spectral Analysis (ASA) to detect quasi-periodicities
in precipitation time series of 132 climate stations spread
over China for the period from 1951 to 2002. A Continuous
Wavelet Transform (CWT) has also been applied in order to
examine if these quasi-periods are stable in time. Finally,
it has been tested whether precipitation series recorded at
neighboring stations show similar spectral behavior and can
thus be grouped.

All in all, our hypothesis regarding quasi-periodicities
has been verified. Most of the time series show significant
quasi-periods. A 2–3 year quasi-periodicity is predominant
in many different regions of China. The result of ASA
is that precipitation series from neighboring stations often
show similar quasi-periods and therefore a grouping seems
to be justified. However, the outcome of CWT provides
more detailed information. In north-eastern China several
series show similar quasi-periods which are statistically
significant at different times; here, a grouping would be
incorrect. In addition, the results of CWT show a less uni-
form pattern of quasi-periods in the southern inland regions.
Whereas ASA shows a relatively uniform pattern of 2–3
year quasi-periods, CWT detects 2–3, 4–5 and 6–7 year
quasi-periods. Nevertheless, although the quasi-periods are
detected as being unstable, time series from neighboring
stations sometimes show analogous significant quasi-peri-
ods within the same time frame and can thus be grouped.
This can be seen in the northern part of central China, near
the border to North Korea and along the coast of the South
China Sea.

1. Introduction

Due to rising damage caused by extreme weather
events over the last years, global climatic change
has led to growing interest both within the scien-
tific community and the general public. Numerous
studies about climate change on a global scale
(e.g. Easterling et al., 1997; IPCC, 2001; Salinger,
2005) show positive as well as negative tempera-
ture and precipitation trends for the different re-
gions of the world.
Recently, several studies about climatic trends

in China have been published. Based on instru-
mental observations and documenting climatic
changes not exceeding 60 years, these surveys
include countrywide studies (e.g. Qian and Qin,
2006; Zhai et al., 1999) and studies on a regional
scale (e.g. Gemmer et al., 2004; Su et al., 2005).
Also, there are studies on a regional scale in
which climate variability is analyzed by using in-
formation from historical documents during the
last �1000 years (e.g. Jiang et al., 1997, 2005),
and there have been surveys on a local scale doc-
umenting climate variability by proxy indicators
such as pollen since the late Pleistocene (e.g.
Zheng and Li, 2000; Zhang et al., 2005).
However, there is still a need of surveys on

quasi-periodicities within climate signals such as
has been done by Rodriguez et al. (1999) for the



Barcelona precipitation series, and by To�ssi�cc and
Unka�ssevi�cc (2005) for the Belgrade precipitation
series. Although climate change deeply affects
eastern, north-eastern and south-eastern China
(IPCC, 2001), climatic time series are expected to
show quasi-periodic behavior. This study is going
to test this hypothesis and – if possible – detect
quasi-periods in precipitation time series. It will
also be analyzed, if these quasi-periods are stable
in time.

The terms quasi-periodicity and quasi-period
express that weather can never be periodic in the
true sense of repeating a given cycle over some
period of time (Burroughs, 1992). In the follow-
ing, the shorter terms periodicity and period are
used instead of quasi-periodicity and quasi-period.

2. Data

In the context of this study, precipitation time se-
ries from 132 climate stations spread over China
have been analyzed. These data were provided
by the National Climatic Centre (NCC) of the
Chinese Meteorological Administration (CMA)
and contain daily values from January 1951 to

December 2002. Figure 1 shows the location of
the stations.
The short length of the database does not fa-

cilitate the detection of long periods. However,
setting up a database consisting of long-term pre-
cipitation time series from all over China would
be impossible. The earliest instrumental observa-
tions in China started in 1873 in Shanghai. There
are very few records (e.g. Beijing, Tianjin,
Qingdao, Wuhan) starting in the second half of
the 19th or the first half of the 20th century and
most of them contain several gaps. Furthermore,
all of these stations are either located along the
coast or in the Yangtze River catchment, which
makes it impossible to detect periods all over the
country and find groups of precipitation series
showing similar periods. The establishment of a
country wide network of climate monitoring sta-
tions started after the foundation of the People’s
Republic of China in 1949. Therefore, the au-
thors decided to use the data from 132 stations
spread over the country for detecting short peri-
ods. Oscillations exceeding a length of 17.3 years
are not considered further because of the short
period of available data.

Fig. 1. Location of the selected climate stations
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3. Methodology

First of all, the daily precipitation records
were summed up to annual records. Then, the
Kolmogorov-Smirnov test was applied to con-
firm approximately normal distribution at the 5%
level. The homogeneity of the precipitation series
was tested by calculating the von Neumann ratio,
the cumulative deviations, and the Bayesian pro-
cedures (Buishand, 1982) and by applying the
Standard Normal Homogeneity Test (SNHT)
(Alexandersson, 1986). No more than one test
rejected the null hypothesis of ‘‘homogeneity’’
at the 1% level for all precipitation series which
were used in the present study. Preprocessing of
the data included the removal of the linear trend
for the Autocorrelation Spectral Analysis (ASA)
and the data normalization for the Continuous
Wavelet Transform (CWT).

For analyzing periodicities in the precipitation
time series, firstly the ASAwas applied (Blackman
and Tuckey, 1959), where the Fourier transform
of the autocorrelation function is calculated. For
avoiding leakage the Welch window was used
as a smoothing function (Fundel, 2001). The sig-
nificance tests computed in the present study
are based on a first-order autoregressive (AR1)
Markov process, where the �2-test is used in order
to determine the confidence limits (Sch€oonwiese,
1987, 2000).

Subsequently, the CWT was used to construct
a time-frequency representation by decomposing
the standardized frequency signal into wavelets.
Wavelets are small oscillations that are highly
localized in time. Whereas all time-localized in-
formation is lost with Fourier transformations, the
wavelet transform provides localized time and
frequency information without requiring the time
series to be stationary (Jiang et al., 1997). A
CWT is desirable for detecting possible changes
in cyclicity characteristics over time. A complex
wavelet function was used, namely the Morlet
wavelet, due to its good adaptability for captur-
ing oscillatory behavior (Torrence and Compo,
1998). The Morlet wavelet, which consists of a
plane wave modified by a Gaussian envelope, is
one of the most widely used continuous wavelets
(Lau and Weng, 1995). General information on
the application and algorithms of the CWT can
be seen in Torrence and Compo (1998), Lau and
Weng (1995), Jiang et al. (1997) and Grinsted

et al. (2004). Significance testing is based on the
assumption that the time series has a mean power
spectrum (formulas given by Torrence and Compo
(1998)); if a peak in the wavelet power spectrum
is significantly above this background spectrum,
it can be supposed to be true with a certain per-
cent (in the present study with 90, 95 and 99%)
confidence. In order to determine the confidence
levels, the background spectrum was multiplied
by the 90th, 95th and 99th percentile value for �2

(Torrence and Compo, 1998).
Finally, significant periods as well as their sta-

tistically significant time were imported into a
Geographical Information System for analyzing
their spatial distribution and for detecting groups
of precipitation series showing similar spectral
behavior.

4. Quasi-periodicities in precipitation time
series

The periodicities which have been detected by
the various methods will be discussed in the fol-
lowing. It needs to be pointed at out that long
periods (>10 years) generally have to be consid-
ered with care due to the length of the available
time series.

4.1 Results of ASA

Table 1 summarizes the results of ASA; it shows
which periods can be detected at how many sta-
tions and at which confidence levels. The spa-
tial distribution of the results can be taken from
Fig. 2. All of the periods shown in Fig. 2 exceed

Table 1. Number of stations with a periodicity above a
certain confidence level (cl)

Periods ASA CWT

cl 99% cl 95% cl 90% cl 99% cl 95% cl 90%

2–2.9 66 83 91 33 83 106
3–3.9 13 29 34 15 36 47
4–4.9 11 21 21 12 28 33
5–5.9 5 10 11 6 19 27
6–6.9 2 3 4 2 8 8
7–7.9 3 6 9 4 13 19
8–8.9 9 11 13 1 12 14
9–11.9 4 7 7 2 10 15
12–14.9 – 1 2 1 6 9
15–17.3 4 6 8 – 3 9
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at least the 95% confidence limit. 16 out of 132
precipitation time series show no significant pe-
riods with 99% confidence; 5 out of these 16 se-
ries also show no significant periods with 95%,
and 2 out of these 5 series also show no signif-
icant periods with 90% confidence. 9 out of the
16 series not reaching the 99% confidence limit
are located about 28�N and between 100� and
122� E (Fig. 4: Hongjia). The other series show-
ing no highly significant periods were recorded in
north-eastern China and in north-central China.

A 2–3 year periodicity is predominant in many
different regions of China – especially in the
southern inland regions (Fig. 4: Yuxi), in north-
western China, in the northern part of central
China (Fig. 4: Linxia) and in the Yangtze River
catchment area. Another eye-catching feature is
an 8–9 year periodicity which can be found for 7
series from central China (Fig. 4: Hanzhong) and
for 3 series from southern China. On the coast of
the South China Sea 3–4 year periods are detected
for two series (Fig. 4: Haikou). Near the border
to North Korea 4 stations showing 10–11 year pe-
riods are detected (Fig. 4: Zhangdang). East and
south-east of these 7 neighboring stations show

4–5 year periods (Fig. 4: Xingcheng and Beijing).
Generally, in the north-eastern part of China
longer periods than elsewhere are detected.
All in all, it can be pointed out that the spectra

of precipitation series recorded at neighboring
stations often show analogous periods.

4.2 Results of CWT

The results concerning most significant period-
icities obtained by CWT are slightly different
from the ones achieved by ASA. The results are
summarized in Table 1. Figure 3 shows the spa-
tial distribution of the periods and their most sig-
nificant decade. All of these periods exceed at
least the 95% confidence level. According to the
methodology of significance testing, we find sig-
nificant periods in all precipitation series. For ex-
ample the series recorded at Hongjia station, in
which no significant periodicity is detected by
ASA (Fig. 4: Hongjia), shows a highly significant
2–3 year period (Fig. 5: Hongjia).
Like for ASA, a 2–3 year periodicity is pre-

dominant in many different regions of China.
Nevertheless, whereas ASA shows a relatively

Fig. 2. Spatial distribution of periods in precipitation time series. Results based on ASA
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uniform pattern of 2–3 year periods in the south-
ern inland regions (Fig. 4: Yuxi), CWT detects
2–3 year, 4–5 year and 6–7 year periods (Fig. 5:
Yuxi). Also, the time range for which the peri-
odicity is most significant differs for series from
neighboring stations in this region. The most uni-
form pattern concerning periods and their most
significant time range comes from the northern
part of central China. Here, 14 neighboring sta-
tions show either 2–3 or 3–4 year periods which
are most significant in the 1960s (Fig. 5: Linxia).
The classification into 2–3 year and 3–4 year pe-
riods is problematic for this region because the
spectra tend to show mainly 2–4 year periods.
The 8–9 year period detected in the series re-
corded at Hanzhong station is found by apply-
ing the ASA (Fig. 4: Hanzhong) as well as by
using the CWT (Fig. 5: Hanzhong). Neverthe-
less, the wavelet power spectra of series from
neighboring stations show significant periodici-
ties in different time ranges and some of them
even show shorter periods. The 8–9 year periods
detected in 3 series from southern China are
also found by CWT. These periods are most sig-
nificant in the 1980s. Additionally, two series

showing 3–4 year periods – as previously de-
tected by ASA – are found in this region, also
being most significant in the 1980s (Fig. 5:
Haikou). Furthermore, the CWT of the Haikou
precipitation series shows an additional significant
8–9 year period as detected for the surrounding
series. The 10–11 year periods, which are detected
in the ASA spectra of 4 series recorded at neigh-
boring stations near the border to North Korea,
are also found by CWT as being most significant
in the 1980s (Fig. 5: Zhangdang). Six of the seven
series recorded east and south-east of these,
which show 4–5 year periods by applying ASA
(Fig. 4: Xingsheng and Beijing), also show sig-
nificant 4–5 year periods by using CWT (Fig. 5:
Xingsheng and Beijing). However, the time
ranges in which the most significant periodicity
occurs are non-uniform for these six series. For
the Xingsheng precipitation series the 4–5 year
period is significant in the 1990s and for the
Beijing series in the 1950s.
After using the CWT it can be concluded that

not all of the neighboring stations, whose series
show analogous periods by applying the ASA,
can be grouped. This is due to the fact that not

Fig. 3. Spatial distribution of periods in precipitation time series and their most significant decade. Results based on CWT
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Fig. 4. ASA spectrum of annual precipitation totals at eight stations
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Fig. 5. Continuous wavelet power spectrum of eight precipitation series applying the Morlet algorithm. The cone of influence
where edge effects might distort the picture is illustrated as a lighter shade
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all of these series show their most significant pe-
riods within the same time range.

5. Discussion

There are very few studies on periodicities in
precipitation time series from China. This is due
to the small amount of climatic data derived by
instrumental observations prior to 1951. However,
a comparison of our results with the findings
from analyses of reconstructed climatic time se-
ries is restricted. The main aim of the latter sur-
veys is predominantly the detection of long-term
periodicities. Some of these findings are summed
up by Burroughs (1992). For the Yangtze River
region and the region north of the Huanghe, a
significant quasi-biennial oscillation is documen-
ted. For the south of China a significant 5–6 year
period and for parts of the Huanghe region and
the south-east of China an 11 year period is de-
tected. The other identified periods are incom-
parable with the findings of the present study
because they are too long, which is caused by
the length of the reconstructed time series.

Concerning the quasi-biennial oscillation for
the region north of the Huanghe, our results agree
with the findings listed by Burroughs (1992).
To some extent they also agree with the Yangtze
River region where, for series from 19 stations,
a 2–3 year period can be found by CWT. Fur-
thermore we detect 3–4 year periods mainly in
the Yangtze River’s southern middle reaches and
5–6 year periods in the Yangtze River’s upper
reaches. Even some longer periods up to 8 years
are detected in the northern middle reaches (Fig. 3).

The results of the present study differ clearly
regarding periods in the south and the south-east
of China due to the fact that the results presented
by Burroughs (1992) are based on data for the pe-
riod from 1470 to 1974. If we focus on the ASA
spectrum of the series recorded at the Haikou
station a 3–4 year period is prominent (Fig. 4:
Haikou). If we look at the wavelet power spec-
trum we find this period being significant in the
1980s (Fig. 5: Haikou). In addition we detect an
8–9 year period being significant in the 1970s.
It seems to be obvious that the 11 year period
was dominant prior to the 1950s. For the regions
south of the Huanghe we detect mostly 2–3
and 3–4 year periods (Fig. 4: Linxia and Fig. 5:
Linxia) in contrast to Burroughs (1992) who lists

an 11 year period. CWT shows that the 2–3 and
3–4 year periods are significant in the 1960s.
Once more it seems to be clear that the 11 year
period was significant prior the 1950s.
Zhao and Han (2005) examined the precipi-

tation series from Beijing for the period from
1749 to 2001 by the means of CWT. Besides an
11 year period and some long-term oscillations,
they detect a 4 year period which fits with our
results of ASA (Fig. 4: Beijing) and CWT
(Fig. 5: Beijing): both showing a highly signifi-
cant 4–5 year period. Like in our CWT result, the
4–5 year period is significant in the 1950s. Due to
the length of their time series they detect signifi-
cant 4 year periods in the 1790s, 1850s, 1870s,
1890s and 1920s in addition.

6. Conclusion

In most of the time series, significant quasi-
periods are detected. A 2–3 year periodicity is
predominant in many different regions of China.
The result of ASA is that precipitation series
from neighboring stations often show similar pe-
riods and therefore a grouping seems to be justi-
fied. However, the outcome of CWT shows that a
grouping would sometimes be incorrect when the
detected periodicities are significant in different
time ranges. Several series recorded at stations in
north-eastern China show similar quasi-periods
which are statistically significant at different
times. Here, a grouping would be incorrect. In
addition, the CWT results show a less uniform
pattern of periods in the southern inland regions.
Whereas ASA shows a relatively uniform pattern
of 2–3 year periods, CWT detects 2–3, 4–5 and
6–7 year periods. Nevertheless, although the pe-
riods are detected as being unstable, time series
from neighboring stations sometimes show anal-
ogous significant periods within the same time
frame and can thus be grouped. This can be seen
in the northern part of central China (2–3 and
3–4 year periods being significant in the 1960s),
near the border to North Korea (10–11 year peri-
ods being significant in the 1980s) and along the
coast of the South China Sea (8–9 year and 3–4
year periods being significant in the 1980s).
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