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ABSTRACT: Daily precipitation data of 148 weather stations located in the Yangtze River basin (P.R. China) are analysed
to detect cycles in the annual frequency of occurrence of precipitation events of 1-, 5- and 10 days duration. These events
were defined in terms of exceedances of some selected thresholds. The events corresponding to 10, 25 and 30 mm thresholds
for 1-, 5- and 10-day precipitation totals, respectively, are analysed in detail. For the identification of cycles, basin-wide
averaged standardized time series of frequency of precipitation events are used. It is found that peaks in the smoothed
time series occurred around 1974, 1982 and 1991. The Fourier, autoregressive and wavelet analyses reveal distinct cycles
of 7–9 and 2–3 year periods, which dominate large parts of the time series. In addition, a shift towards a 4–5 year
period in the annual frequency of precipitation events is noticed since the mid- to late-nineties. Major peaks in the annual
frequency of occurrence of precipitation events are expected to occur around 2012, 2015 and 2018 according to the
spectrum analyses. Copyright  2007 Royal Meteorological Society
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1. Introduction

Climate change has generated a growing interest in the
scientific community and in the general public in recent
years. This is partly due to increasing damage caused
by extreme weather events (for example, Kunkel et al.,
1999; Pielke and Landsea, 1998). Numerous studies
about climatic change on a global scale (e.g. Easterling
et al., 1997; IPCC, 2001) show both positive (increasing)
and negative (decreasing) temperature and precipitation
trends for different regions of the world.

China – especially the eastern, North-eastern and
south-eastern part, is strongly affected by temperature
and precipitation trends (IPCC, 2001). Numerous studies
on climate trends and variability in China have been
published. These studies range from a regional (Gemmer
et al., 2004; Su et al., 2006) to a country-wide scale
(e.g. Zhai et al., 1999; Qian and Zhu, 2001; Bai et al.,
2006). The data used in these studies generally do not
exceed 100 years. In addition, climate variability has
been studied on a local scale using proxy indicators since
the late Pleistocene (e.g. Zheng and Li, 2000; Zhang
et al., 2005).

Fewer studies were conducted on the cyclicity of pre-
cipitation or temperature time series for identifying cli-
mate change signals. It has been observed in studies of

* Correspondence to: S. Becker, Department of Geography and Urban
Planning, University of Wisconsin Oshkosh, Algoma Blvd. 800,
Oshkosh 54901, USA. E-mail: beckers@uwosh.edu

various world regions that precipitation trends are often
superposed by distinct cycles (for example, Karl and
Knight, 1998). The recent increase of flood disasters in
the Yangtze River basin gives rise to the question whether
the extreme rainfall events causing them represent precip-
itation peaks in cycles of recurring events. If precipitation
patterns in the Yangtze River basin indeed follow a cycli-
cal pattern, it would be possible to use extrapolations
from these cycles to predict future precipitation patterns.

2. Data

Precipitation time series from 151 climate stations located
in the Yangtze River basin have been analysed. Figure 1
shows the location of the stations. The data were provided
by the National Climatic Centre (NCC) of the Chinese
Meteorological Administration (CMA) and consist of
daily values from January 1961 to December 2002. A
description of the dataset can be found in Feng et al.
(2004).

The homogeneity of the annual precipitation records
was tested by calculating the von Neumann ratio, the
cumulative deviations, and the Bayesian procedures
(Buishand, 1982). In addition to these tests, the stan-
dard normal homogeneity test (Alexandersson, 1986) was
also used. The null hypothesis of ‘homogeneity’ at the
1% level was rejected for seven of the 151 stations by
at least one of the tests. Three stations with more than
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Figure 1. Location of the precipitation measuring stations in the Yangtze River basin (P.R. China).

one test rejecting the null hypothesis of homogeneity
at the 1% level were excluded from the study. Most
homogeneity violations occurred according to the stan-
dard normal homogeneity test. The Bayesian procedures
and the cumulative deviation procedures appeared to be
somewhat less sensitive, whereas no violations of homo-
geneity were detected by the von Neumann ratio test.

3. Methodology

3.1. Selection of precipitation events

Precipitation events can be defined using aggregations
of one day or more (i.e. n-day precipitation totals, with
n being an integer number). For this study, 1-day, 5-
day and 10-day precipitation totals were chosen. The
calculation of the precipitation sums over several days is
not as straightforward as it appears because the outcome
depends strongly on the setting of the time frame. For
example, it is not meaningful to start on 1 January and
simply add up all values of five consecutive days because
other settings might produce higher sums. It is advisable
to choose a flexible setting of time frames with the aim
to produce the highest possible sums. A moving window
technique was used to derive 5-day (10-day) precipitation
events in such a way that two adjacent events were at least
5 days (10 days) apart. The latter restriction is required to
obtain independent sums. The algorithms for the moving
window technique are explained in the appendix.

3.2. Selection of thresholds

The frequencies of precipitation events above certain
thresholds were calculated for each station. One common
approach is to calculate various percentiles (e.g. median,
75th, 80th, 90th, 95th, and 99th) and base further
calculations on these values. Another approach is to

take fixed threshold values and standardize the results
subsequently. After applying both approaches, it was
found that they lead to almost identical results regarding
the identification of cycles. In the following, we will
confine ourselves to presenting the procedures and results
for the latter approach. Therefore, daily precipitation
events above 2, 4, 6, 8, 10, 15, 20 and 25 mm were
counted for each year. In addition to that, 5-day and 10-
day precipitation events above 5, 10, 15, 20, 25, 30, 35,
40 and 45 mm were counted for each year.

In the following, we will use the notation X(d,u) to
represent the time series of frequency of occurrence of
precipitation events corresponding to various levels of
aggregation d and threshold u. Thus, X(d,u) denotes a
time series of frequency of occurrence of precipitation
events corresponding to the event duration d (in days)
and the threshold u (in mm). Time series of frequency of
occurrence of precipitation events of 1-day duration and
threshold 10 mm will therefore be denoted with X(1,10).

The calculated frequencies were standardized and aver-
aged to facilitate a comprehensive evaluation of the pre-
cipitation patterns for the Yangtze River basin. The stan-
dardization was carried out according to the formula

Z(d,u) = x(d,u) − µ(d,u)

σ(d,u)

(1)

where µ(d,u) is the mean and σ(d,u) the standard devi-
ation of the time series of frequency of occurrence of
precipitation events X(d,u).

3.3. Methods for periodicity analyses

The Savitzky–Golay filter (for details Press et al., 1992
or Lohninger, 1999) was used for a low-pass filtering
of the data. This time-domain method of smoothing is
based on least-squares polynomial fitting with a moving
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window across the data points. The fundamental idea
is to fit a different polynomial to the data surrounding
each data point. The smoothed points are computed by
replacing each data point with the value of its fitted
polynomial (Krumm, 2001). The method was originally
designed to preserve the higher moments within time-
domain spectral peak data (Press et al., 1992). This
method was considered to be preferential to adjacent
averaging because it tends to preserve features of the
data such as peak height and width, which are usually
‘washed-out’ by adjacent averaging.

Given the size of the Yangtze River basin, it cannot
be taken for granted that spatial homogeneity persists for
the entire region. Bai et al. (2006) analysed trends of
wet spells from 1951 to 2003 in China and found striking
regional differences between the south-eastern and north-
western region. Given these differences, a basin-wide
analysis only presents an overall picture of the cyclic
behaviour of precipitation events as a first step towards
understanding such behaviour. In order to investigate the
true nature of the cyclicity of precipitation events in the
Yangtze River basin, individual sub-regions have to be
studied separately.

Figure 2 shows the X(1,10) time series for the Yangtze
River sub-catchments (Jingsha, Minjiang & Tuojiang,
Wujiang, Jialing, Hanjiang, Dontinghu, Middle reaches,
Poyanghu, Lower reaches, Taihu). Despite some differ-
ences, we observe cycles with relatively synchronous
peaks for most of the sub-catchments. The peaks in the
early eighties and nineties are clearly more prominent
in the southern and eastern regions. The peaks in the
late sixties to mid-seventies, although rather prominent
in most sub-catchments, are characterized by somewhat
larger temporal scattering. The cyclicity is generally not
well-developed in the relatively dry northern and north-
western sub-catchments (Jingsha, Minjiang&Tuojiang,
Jialing). Nevertheless, the similarities in the curves of all
sub-catchments make it meaningful to analyse the cyclic-
ity in the occurrence of precipitation events for the entire
Yangtze River basin on the basis of a one-time series
that will be derived from the standardized series of all
available stations.

The location of the peaks in the smoothed datasets
was determined by a peak fitting procedure. Therefore, a
Fast Fourier Transform (FFT) filter with three points for
smoothing was applied. Subsequently, the baseline (min-
imum value) of the series was determined and subtracted
from the data. Gaussian peaks were determined according
to the formula

y = A

w
∗

√
4 ln(2)

π
∗ e

−4 ln(2)
(x − xc)

2

w2
(2)

where X represents the frequency of occurrence of
precipitation events (X(d,u)), Xc is the centre of the peak,
A is the peak area and w is the full width at half
maximum. The fitting of the peaks was accomplished
iteratively until the fit converged to a tolerance of 0.05.

Figure 2. Smoothed time series of standardized averaged number of
occurrences of precipitation events greater than 10 mm per day for
the Yangtze River sub-catchments. Number in brackets indicates the

number of stations in the sub-catchments.

Fractal dimensions (Hurst exponent based on the
growth in cumulative range algorithm) were calculated
to determine the existence of memory effects in the
time series. A memory effect is defined as the effect
where a subsequent point is dependent on a series of
data elements preceding it (for details on the calculation
and application of the Hurst exponent Hurst et al.,
1965). Several statistical tests which are discussed in the
following paragraphs have been applied for studying the
cyclical variation of time series data.

The Fourier spectra were calculated to express the time
function in terms of the frequencies (harmonics) it is
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composed of. For the signal processing, the Fourier trans-
form is used to decompose a signal into its component
frequencies and their amplitudes. The function is then
expressed in terms of sinusoidal basis functions, i.e. as
a sum or integral of sinusoidal functions multiplied by
some coefficients (‘amplitudes’). A more detailed infor-
mation on Fourier spectra can be taken from Seasolve
Software Inc (2003) or Schönwiese (1986, 2000).

If a model can be successfully fitted to a data stream, it
can be transformed into the frequency domain instead of
the data upon which it is based, producing a continuous
and smooth spectrum. This is the basic premise of the
spectra produced using autoregressive (AR) modelling.
In an AR model, a value at time t is based on a linear
combination of prior values (forward prediction), a com-
bination of subsequent values (backward prediction), or
both (forward–backward prediction). The linear models
allow rapid and robust computations. Information on the
AR spectral algorithms can be found in Marple (1987),
Schönwiese (1986, 2000), or Kay (1988). The AR coef-
ficients can be computed from autocorrelation estimates,
from partial autocorrelation (reflection) coefficients and
from least-square matrix procedures (Seasolve Software
Inc, 2003; for detailed information on the computation of
the AR coefficients Marple, 1987). The AutoCorr algo-
rithm, also known as the Yule–Walker method, is used
in this study.

The continuous wavelet transform (CWT) is used
to construct a time-frequency representation by decom-
posing the standardized frequency signal into wavelets.

Wavelets are small oscillations that are highly localized
in time. While all time-localized information is lost with
Fourier transformations, the CWT’s basis functions are
scaled and shifted versions of the time-localized mother
wavelet (Seasolve Software Inc, 2003). The CWT was
used in this study because it is desirable to detect possible
changes in cyclicity characteristics over time. The most
commonly used CWT wavelet is the Morlet wavelet.
In addition, the Paul wavelet was used for this study.
It decays more quickly and generally enables simpler
wavelet structures that support reconstruction. General
information on CWT application and algorithms can be
found in Seasolve Software Inc (2003) and Torrence and
Compo (1998).

4. Results

Several averaged standardized time series of frequen-
cies of precipitation events were calculated and com-
pared, e.g. X(1,2), X(1,4), X(1,8), X(1,10), X(1,20), X(5,10),
X(5,25), X(5,40), X(10,15), X(10,30), X(10,40). The compari-
son revealed that the choice of the duration and threshold
did not affect the general features of the resulting time
series (Figure 3). It was expected that X(1,2) and X(1,20)

would not be highly correlated to the other series, because
the 2 mm daily precipitation is a rather common event
while events with 20 mm of daily precipitation are rare.
However, even X(1,2) and X(1,20) are characterized by
similar features concerning the appearances of maxima

Figure 3. Averaged standardized time series of frequencies of occurrence of precipitation events in the Yangtze River basin.
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and minima although they show considerable differences
in magnitude (upper left panel in Figure 3). It is inter-
esting to observe that the largest discrepancy in the fre-
quencies appears in the flood year 1998 with a distinct
maximum in X(1,20) but only an average value in X(1,2).
Some deviations are also recognizable in the seventies.
X(1,10) appears to be one of the suitable time series for
further analyses.

X(5,25) and X(5,40) are also highly correlated (upper
right panel in Figure 3); some deviations – particularly in
the seventies and in 1998 are observed in comparison to
X(5,10). Due to the low threshold it does not appear to be
meaningful to use X(5,10) to evaluate precipitation events.
Therefore, X(5,25) will be used for all further analyses.

A similar rationale leads to the exclusion of the X(10,15)

time series from further analyses. X(10,30) and X(10,40) are
highly correlated (lower left panel in Figure 3) and are
similarly suitable for the evaluation of the frequency of
precipitation events.

The lower right panel in Figure 3 shows that X(1,10),
X(5,25), and X(10,30) are all highly correlated. Therefore,
the choice of the time series will not affect the results of
the subsequent cyclicity analyses significantly.

It is understood that the signal at each station is a
composite of the short-term variability and an underlying
trend over the entire time period. It is generally mean-
ingful to eliminate this trend at the stations to facilitate
the detection of the cyclicity in the short-term variabil-
ity. An analysis of trends for the precipitation time series
can be found in Su et al. (2006). In fact, various stations’
signals showed trends in both directions even though no
significant trend could be observed for the averaged stan-
dardized signal. Consequently, the differences between
detrended and the not detrended averaged standardized
signals were negligible so that the detrending of the
datasets did not yield any difference in the results of the
subsequent analyses.

Averaged standardized frequencies and their smoothed
versions, using the Savitzky–Golay filter, for X(1,10) are
shown in Figure 4(a) and those for X(5,25) in Figure 4(b).

Distinct peaks appear in the early to mid-seventies, early
eighties and nineties. The beginning and the end of
the time series are also characterized by relatively high
values; however, it is difficult to place any confidence at
the end points of the time series because smoothed curves
are estimated from a limited number of data points.

A peak fitting procedure was applied to the smoothed
data to locate the peaks. The FFT-smoothed data and the
fitted peaks can be seen in Figure 5. A good agreement
between the smoothed data and fitted peaks is clearly
visible. The peaks in all the smoothed time series of
frequency of occurrence of precipitation events occur
approximately at the same time. The examples show three
distinct peaks for the X(1,10), X(5,25) and the X(10,30) time
series between 1961 and 2002. The first peak occurs
around 1974, the second around 1982 and the third
around 1991. Very similar patterns were observed for the
other threshold values. The high values in the early sixties
and late nineties suggest the existence of additional peaks
around these times. This leads to a relatively regular
pattern, which will be analysed in the following.

Figure 6(a) shows the results of the fractal dimen-
sion calculations for the X(1,10) time series. The calcu-
lations are based on the Hurst equation (Seasolve Soft-
ware Inc, 2003). A Hurst exponent of 0.5 indicates no
long-term memory effect; higher values point towards an
increasing presence of such an effect. The Hurst expo-
nent for this series is 0.79, which clearly indicates the
presence of a memory effect. The goodness-of-fit index
r2 of a straight line plot is 0.97. The R̂/Ŝ curve dis-
plays a threshold around the 7th or 8th observation.
Results of the Fourier and AR frequency analyses can
be seen in Figure 6(b). Distinct frequency peaks can be
found at 0.114 (8.77 years), 0.219 (4.56 years), 0.309
(3.23 years), and 0.404 (2.37 years). The figure also
shows that the results of the Fourier analysis are in agree-
ment with the results of the AR analysis. Detailed results
of the frequency analysis are given in Table I.

The values of the power in Table I illustrate that
the higher frequencies (i.e. shorter periods) contribute

(a) (b)

Figure 4. (a) X(1,10) time series (lines with symbols) and Savitzky–Golay smoothed signal thereof (lines without symbols); (b) X(5,25) time
series (lines with symbols) and Savitzky–Golay smoothed signal thereof (lines without symbols).
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Figure 5. FFT smoothed precipitation events frequencies (grey lines) and results of the Gaussian peak fitting process (black lines) for X(1,10)

(upper left), X(5,10) (upper right), X(5,25) (lower left), and X(10,25) (lower right). χ2 is the chi-square coefficient, CC is the correlation coefficient.

Table I. Results of the Fourier frequency analysis for standard-
ized frequencies of X(1,10) time series.

Frequency Amplitude Phase Power %

0.1149 0.1490 4.5208 0.4664 21.07
0.2198 0.1166 2.5593 0.2856 12.90
0.3092 0.1867 2.4413 0.7321 33.08
0.4046 0.1863 3.8332 0.7289 32.93

2.2131 100.00

considerably to the variability of the signal. More than
60% of the signal is explained by the out-of-phase high
frequency waves with periods in the range of 2–3 years.
The low frequency at 0.1149 contributes around 21%
to the explanation of the time series. This observation
is in agreement with the findings of several studies
which have shown an obvious biennial oscillation in
summer monsoon rainfall in eastern Asia, especially in
the Yangtze, Huaihe and Yellow River valleys and North
China (Miao and Lau, 1990; Yasunari, 1991; Lau and
Shen, 1992; Yin et al., 1996).

The linear optimization based on the four Fourier
frequency sine components (Figure 7(a)) reveals a good
agreement between measured and modelled signals. A
good agreement exists regarding the time of occurrence
of peaks; it is somewhat weaker regarding the magnitude
of the peaks. The estimated peaks for 1973, 1975 and
1998 are unsatisfactory as compared to those for 1980,

1983 and 2002, which are predicted exceptionally well
with regard to timing and magnitude. The predictions
for the future (Figure 7(b)) are clearly characterized by
the emulation of the short period (i.e. 2–3 year) cycles.
According to the prediction analysis, major peaks are
expected to occur in 2008, 2012, 2015 and 2018.

The outcome of AR models can be strongly dependent
on the chosen algorithm (Seasolve Software Inc, 2003).
Several tests with different algorithms were conducted.
The multi-frequency AR spectrum based on the AutoCorr
algorithm provided the best fit. The order selection
based on the minimum descriptive length (MDL) and
the Akaike information criterion (AIC) pointed towards
an optimum model order of 33, which in fact led to
a good fit (Figure 8(a)). Details on the model order
determination in AR models are provided by Seasolve
Software Inc (2003). The analysis yields a very high
goodness-of-fit index (r2 = 0.99), however, the future
prediction clearly suffers from an over-interpretation of
the numerous frequencies and leads to no interpretable
confidence or prediction intervals for the predicted future
values. Therefore, we used a model with a lower order
which will be described in the following.

An AR model based on the AutoCorr algorithm
with order 21 yields a slightly lower goodness-of-fit
index (r2 = 0.89) but the predictions are clearly more
meaningful (Figure 8(b)). The most prominent peaks
are located at frequencies of 0.315 (31.7 years), 0.401
(2.49 years), 0.102 (9.8 years), and 0.128 (7.8 years).
According to the results of AR analysis, significant peaks
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(a)

(b)

Figure 6. (a) Fractal dimension of the X(1,10) time series: Range divided
by standard deviation values (R/S) plotted against the number of
observations (n) for the calculation of the Hurst exponent; (b) X(1,10)

time series: Fourier frequency and AR spectra. Frequency labels are
derived from the four prominent Fourier frequencies.

are expected in the years 2012, 2015, and 2018. Changes
in the AR algorithm parameters generally still yield
predicted peaks in these years.

Forecasts according to the Fourier and AR models
generally agree in the timing of peaks but disagree
during the first decade of the 21st century. One reason
for this appears to be the inconsistency in the cyclicity
that can be seen in the late nineties (Figure 7(a)). This
inconsistency will be analysed by wavelet analyses. The
late nineties seem to be characterized by a change of
patterns compared with the rest of the series.

Figure 9 shows the results of the wavelet analyses of
the X(1,10) time series according to the (a) Morlet and
the (b) Paul algorithms. The continuous wavelet time-
frequency spectrum illustrates that frequencies between
0.1 and 0.15 (periods between 10 and 6.6 years) dominate
the spectrum from the seventies to the early nineties. This
has led to the dominant frequencies (0.102 or 9.8 years,
0.128 or 7.8 years) in the Fourier and AR spectra. Higher
frequencies between 0.3 and 0.5 (periods between 3.3
and 2 years) dominate the spectrum before the mid-
eighties and appear to be becoming less dominant in
the later part of the series. The scenarios which were
based on the Fourier and AR spectra do not account for
this observation. The new dominant frequencies from the

(a)

(b)

Figure 7. (a) Non-linear optimization of the X(1,10) time series based
on the Fourier spectrum frequencies. The graph shows observed values
(black line with symbols) and estimated values (grey line without
symbols). The dotted lines indicate the 95% prediction interval. The
r2 of the fit is 0.53; (b) Non-linear optimization and forecast of the
X(1,10) time series based on the Fourier spectrum frequencies. The
graph shows observed values (black line with symbols) and estimated
values (grey line without symbols). The dotted lines indicate the 95%

prediction interval.

mid-nineties onward appear to be located between 0.2
and 0.25 (periods between 5 and 4 years) according to
the Morlet algorithm. The Paul algorithm attributes even
more power to these frequencies. Unfortunately, the time
series is not long enough to verify the persistence of these
new features in the time series. However, they help to
explain why the predictions of the time series with the
Fourier or AR models appear to show some weaknesses
towards the end of the nineties and early 2000. If the
dominance of the new frequencies will persist during
future years, the predictions which were based on the
Fourier and AR spectra will have to be adapted.

Very similar features are observed for other time series
of frequencies of occurrence of precipitation events, i.e.
X(5,25). The 0.1 to 0.15 (7–10 year periods) frequencies
of this series are replaced with 0.2 to 0.25 frequencies
(4–5 year periods). Given the fact that most of the
precipitation occurs in the summer months due to the
monsoonal circulation, it is not surprising that exactly the
same periodicities were found by analysing the summer
precipitation only. This sheds new light on the biennial
cycles of the monsoonal precipitation, which have been
detected by Miao and Lau (1990), Yasunari (1991), Lau
and Shen (1992), and Yin et al. (1996). The dominance
of these biennial cycles appears to be discontinued since
the mid-nineties and replaced by 4–5 year cycles.

Copyright  2007 Royal Meteorological Society Int. J. Climatol. (in press)
DOI: 10.1002/joc



S. BECKER ET AL.

(a)

(b)

Figure 8. (a) Non-linear optimization and forecast of the X(1,10) time
series based on 16 AR spectrum frequencies. The graph shows observed
values (solid line with symbols) and estimated values (solid line without
symbols). The 95% prediction interval is not depicted because it is
entirely out of the range. The r2 of the fit is 0.99; (b) Non-linear
optimization and forecast of the X(1,10) time series based on 10 AR
spectrum frequencies. The graph shows observed values (solid line with
symbols) and estimated values (solid line without symbols). The dotted

lines indicate the 95% prediction interval. The r2 of the fit is 0.89.

5. Conclusion

Time series of frequencies of occurrence of 1-day, 5-day
and 10-day precipitation events above 10, 25, and 30 mm
thresholds in the Yangtze River basin are characterized by
distinct cycles. Though there are considerable differences
in precipitation patterns and amounts between the stations
and sub-catchments, it is meaningful to analyse the region
as one entity because of similar cyclicity features. Fourier

and AR analyses are well-suited to identify distinct
cycles in the time series of frequencies of occurrence
of precipitation events. On the basis of these analyses,
we found that these time series are clearly marked by
out-of-phase 7–8 and 2–3 year cycles. Peaks in the time
series occurred around 1974, 1982, and 1991. A future
scenario which is based on the Fourier analysis projects
significant peaks in the years 2008, 2012, 2015, and
2018; the AR analysis projects significant peaks in the
years 2012, 2015, and 2018. However, the predictions
of future occurrences do not take into account the
changes in cyclicity patterns towards the late nineties.
Wavelet analyses led to the hypothesis that a 4–5 years
cycle has developed as a dominant feature of the time
series of annual frequency of occurrence of precipitation
events since the late nineties. The aggregation of flood
catastrophes along the Yangtze River in the nineties
(1991, 1996, 1998) is clearly associated with the peak in
the smoothed precipitation time series in the early nineties
and possibly related to the shift in cycles in that decade.
The 4–5 years cycle did not stand out in the Fourier
and AR spectra. The available data are not sufficient to
establish whether this 4–5 years cycle will develop into
a dominant feature or remain a transitional irregularity.
Therefore, the analysis of data beyond 2002 is required
to test this hypothesis. More confidence could be placed
in the predictions for the future years if the predominance
of this shift could be verified.

6. Outlook

The cyclicity of precipitation patterns which is analysed
in the present study is the result of cyclicities or vari-
abilities of various influencing atmospheric and oceano-
graphic parameters. Some of these influencing param-
eters, the cyclicity of which has not yet been analysed,
are discussed in the following. Becker et al. (2006) estab-
lished a link between summer precipitation in the Yangtze
River basin and v-wind patterns at the 850 hPa level
and the resulting varying levels of moisture transport

(a) (b)

Figure 9. (a) Results of the wavelet analyses of the X(1,10) time series according to the Morlet algorithm; (b) Results of the wavelet analyses of
the X(1,10) time series according to the Paul algorithm.
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to central China. Mao and Wu (2000) found a positive
correlation between the sea-surface temperature (SST)
anomalies over the equatorial Indian Ocean in May and
precipitation in the Yangtze River valley in July. Deng
et al. (1989) indicated that summer precipitation in the
Yangtze River valley has a 2-month lagged positive corre-
lation with the SST in the Arabian Sea. Guo et al. (2002)
observed positive SST anomalies over large parts of the
Indian Ocean and large moisture transports from the Bay
of Bengal to the Yangtze River valley during the years
with heavy precipitation in the Yangtze River basin (e.g.
1998). Huang et al. (2003) traced summer precipitation
variability and flood events back to the variability of the
East Asian monsoon, and later again back to the variabil-
ity of SST, Southern Oscillation and the thermal effect of
the Tibetan Plateau. Huang and Sun (1992, 1994) found
a close relation between rainfall patterns in eastern Asia
and the thermal state of the western Pacific warm pool.
Huang and Yan (1999) explained inter-annual variations
in precipitation through the East Asia/Pacific (EAP) tele-
connection pattern which refers to 500 hPa height anoma-
lies. Huang et al. (2003) provide an overview of the
complex causes and factors of the inter-annual variabil-
ity of rainfall patterns and their impact on severe climate
disasters in the study region. The dominant factors were
the Indian Monsoon, the West-Pacific Subtropical High,
the West-Pacific Warm Pool, the ENSO-cycle, the Tibetan
Plateau, disturbances in the middle latitudes, land surface
processes, and polar ice and snow cover. An interaction
of all these factors is expected to be responsible for the
precipitation cyclicity which is presented in this study.
Additional research is needed to explain the observed pre-
cipitation cycles as a result of cycles in the influencing
factors.
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A1. Appendix

In the following, we explain the algorithms for the mov-
ing window technique to calculate 5-day precipitation
totals. For this procedure, it is mandatory that the pre-
cipitation of one day can only be used for the calculation
of one 5-day sum. Algorithms for this purpose are shown
below for the example of 5-day sums. The calculations
were done on a spreadsheet (Appendix AI) with column
B showing the daily precipitation values and column
H showing the resulting maximum 5-day precipitation
sums. The formulae in the explanation refer to the equa-
tions which were used in Microsoft Excel.

Column A: Day
Column B: Daily precipitation values
Column C: 5-day precipitation sum

C3 Example: C3=SUM(B3:B7)
Column D: Comparison of the precipitation sum of

the relevant day with the precipitation sums of the four
consecutive days. If the precipitation sum of the relevant
day is higher than the other values it is taken over,
otherwise it is set to ‘0’.

D10 Example: D10 = IF(AND((C10>C11), (C10>

C12), (C10>C13), (C10>C14)), C10,0)
Column E: Comparison of the precipitation sum of

the relevant day with the precipitation sums of the
four subsequent and the four preceding days. If the
precipitation sum of the relevant day is higher than the
other values it is taken over, otherwise it is deleted.

E5 Example: E5 = IF(AND((D5>D6), (D5>D7),
(D5>D8), (D5>D9),(D5>D4), (D5>D3), (D5>D2),
(D5>D1)), D5,′′′′)

Table AI. Calculation of maximum 5-day precipitation sums (left: schematic illustration, right: example
taken from the station Yibing).

A B C D E F G H 
06/12/65 0.0 0.1 0.0  0.0 0.0  
07/12/65 0.0 0.2 0.0  0.0 0.0  
08/12/65 0.0 0.2 0.0  0.2 0.0  
09/12/65 0.1 0.2 0.0  0.2 0.2 0.2 
10/12/65 0.0 0.1 0.0  0.1 0.1  
11/12/65 0.1 7.7 0.0  0.0 0.0  
12/12/65 0.0 13.4 0.0  0.0 0.0  
13/12/65 0.0 15.4 0.0  0.0 0.0  
14/12/65 0.0 16.3 0.0  0.0 0.0  
15/12/65 7.6 16.7 16.7 16.7 0.0 0.0 16.7 
16/12/65 5.8 9.1 9.1  0.0 0.0  
17/12/65 2.0 3.3 3.3  0.0 0.0  
18/12/65 0.9 1.3 1.3  0.0 0.0  
19/12/65 0.4 0.4 0.0  0.0 0.0  
20/12/65 0.0 0.6 0.0  0.0 0.0  
21/12/65 0.0 0.6 0.0  0.0 0.0  
22/12/65 0.0 0.6 0.0  0.0 0.0  

A B C D E F G H 
1 B1 C1 D1 E1 F1 G1 H1 
2 B2 C2 D2 E2 F2 G2 H2 
3 B3 C3 D3 E3 F3 G3 H3 
4 B4 C4 D4 E4 F4 G4 H4 
5 B5 C5 D5 E5 F5 G5 H5 
6 B6 C6 D6 E6 F6 G6 H6 
7 B7 C7 D7 E7 F7 G7 H7 
8 B8 C8 D8 E8 F8 G8 H8 
9 B9 C9 D9 E9 F9 G9 H9 

10 B10 C10 D10 E10 F10 G10 H10 
11 B11 C11 D11 E11 F11 G11 H11 
12 B12 C12 D12 E12 F12 G12 H12 
13 B13 C13 D13 E13 F13 G13 H13 
14 B14 C14 D14 E14 F14 G14 H14 
15 B15 C15 D15 E15 F15 G15 H15 
16 B16 C16 D16 E16 F16 G16 H16 
17 B17 C17 D17 E17 F17 G17 H17 
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Column F: Control if the values for the four preceding
and the four subsequent days have been omitted by the
previous procedures. If so, it is taken up again.

F5 Example: F5 = IF(SUM(E1:E9)=0,C5,0)
Column G: Second comparison of the precipitation

sum of the relevant day with the precipitation sums of
the four subsequent and the four preceding days. If the
precipitation sum of the relevant day is higher than the
other values it is taken over, otherwise it is deleted.

G13 Example: G13 = IF(AND((F13>F14), (F13>

F15), (F13>F16), (F13>F17)), F13,0)
Column H: Comparison of the precipitation sum of

the relevant day with the precipitation sums of the
four subsequent and the four preceding days. If the
precipitation sum of the relevant day is higher than the
other values it is taken over, otherwise it is deleted.

H5 Example: H5 = IF(AND((G5>G6), (G5>G7),
(G5>G8), (G5>G9),(G5>G4), (G5>G3), (G5>G2),
(G5> G1)), G5,′′′′)

Further repetitions of the steps shown in the three
columns were necessary occasionally to ensure that
no precipitation events were omitted in the procedure.
10-day precipitation sums were calculated analogously.
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