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Summary

Daily precipitation data of 148 measuring stations in the
Yangtze River basin (P.R. China) for the period from 1961
to 2002 have been analyzed to detect quasi periodicities in
the frequency of occurrence of extreme precipitation events.
Extreme precipitation events of duration 1-day and 10-day
were defined in terms of 90th percentile threshold exceedances
for each station. The time series were standardized, averaged
and detrended for each subbasin. Distinct temporal agglom-
erations of Gaussian peaks in the smoothed time series for all
subbasins were detected for certain years. Quasi periodicities
features in the time serieswere analyzed bymeans of spectrum
analyses. Characteristic differences were found for the subba-
sins with typical significant quasi periodicities in the 2–3 and
3–4 year ranges.Wavelet analyses revealed that the stability of
the observed quasi periodicities over time also varied between
the subbasins. This results in various degrees of confidence
that can be placed on the future extrapolation of Fourier
emulations. Our extrapolations suggest occurrences of peaks
in the frequencies of extreme precipitation events for most
subbasins around the years 2012–2013 and 2017–2018 even
though major differences between the subbasins are expected.

1. Introduction

For thousands of years, annual precipitation var-
iability in China and particularly in the Yangtze

River basin has determined floods or droughts,
prosperity or disaster. Numerous studies on pre-
cipitation variability in China have been pub-
lished which range from a regional (Gemmer
et al. 2004; Su et al. 2006) to a countrywide scale
(e.g. Zhai et al. 1999; Qian and Zhu 2001; Bai
et al. 2006). In addition, precipitation 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
have been conducted on the quasi periodicities of
precipitation time series for identifying climate
change signals (Hartmann et al. 2007). All the
studies show that annual or seasonal precipitation
totals in various regions in China were subject to
various long- and short-term trends, quasi peri-
odicities with varying period lengths and strong
annual variations. Precipitation in the Yangtze
River basin is mainly influenced by the Southeast
Asian monsoonal circulation and shows a prom-
inent summer maximum. High precipitation
events in the coastal area can also be associated
with typhoons. A stagnating monsoon front over
one or more subbasins in summer is typically the
reason for extreme precipitation events in that
region. The variability of the monsoonal charac-
teristics and consequently precipitation patterns
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is dependent on numerous factors such as sea
surface temperatures and pressure patterns. A
comprehensive study of quasi periodicities of pre-
cipitation patterns or extreme precipitation fre-
quencies in the Yangtze River subbasins has not
yet been conducted. Therefore, it is one aim of the
current study to detect quasi periodical patterns
in annual frequencies of extreme precipitation
events. We will test the hypothesis that the fluc-
tuation of the precipitation totals in the Yangtze
subbasins can be emulated by harmonic functions.
Zhang et al. (2005) show the close relationship

between rainfall patterns (including extreme rain-
fall events) and runoff in the Yangtze basin. The
recent increase of flood disasters in the Yangtze
River basin gives rise to the question whether the
extreme rainfall events which have caused these
represent precipitation peaks in periodicities of
recurring events. If precipitation patterns in the
Yangtze River basin indeed follow a quasi peri-
odical pattern, it will be possible to use extrapo-
lations from these periodicities to contribute to
the discussion of future extreme precipitation
probabilities and consequently flood risks in the
region. We will test the hypothesis that some of
the observed quasi periodicities have been stable
over decades and subsequently provide an out-
look on future probabilities.

2. Data

Precipitation time series of 151 climate stations
located in the Yangtze River basin were analyzed

for the study. The location of the stations can
be taken from Fig. 1. 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
which has been updated in the meanwhile can be
found in Feng et al. (2004).

The homogeneity of the annual precipita-
tion records was tested by calculating the von
Neumann ratio, the cumulative deviations, the
Bayesian procedures (Buishand 1982), and the
standard normal homogeneity test (Alexanderson
1986). 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 one test rejecting the null hypo-
thesis of ‘‘homogeneity’’ at the 1% level were
excluded from the study. Most homogeneity vio-
lations occurred according to the standard normal
homogeneity test. The Bayesian procedures and
the cumulative deviations procedures appeared
to be somewhat less sensitive whereas no viola-
tions of homogeneity were detected by the von
Neumann ratio test.

3. Methodology

3.1 Definition of extreme precipitation events

Extreme precipitation events can be defined us-
ing a single or multiple day totals (i.e. n-day
precipitation totals, where n being an integer

Fig. 1. Research area and lo-
cation of the weather stations
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number). For this study, 1-day and 10-day pre-
cipitation totals were chosen. A moving window
technique was used to derive 10-day precipitation
events in such a way that two adjacent events
were at least 10 days apart. The latter restriction
is required to obtain independent sums. It is not
meaningful to define extreme precipitation totals
in terms of absolute thresholds due to the pre-
cipitation variability in the study region. For ex-
ample, 10mm per day precipitation events are
extremely rare in the dry northwestern region
but relatively common in the wet southeastern
areas. Extreme precipitation was therefore de-
fined in terms of daily or 10-day precipitation
events exceeding the 90th or 95th percentile of
each station. Percentiles of precipitation data are
widely accepted as a standard to define extremes
(Bell et al. 2004; Jones et al. 2004; Diffenbaugh
et al. 2005; Wu et al. 2006).

3.2 Spatial agglomeration

Given the size of the Yangtze River basin it can-
not be taken for granted that spatial homogeneity
persists for the entire region. Bai et al. (2006)
analyzed trends of wet periods from 1951 to
2003 over China and found striking regional dif-
ferences between the southeastern and north-
western region. Su et al. (2006) also subdivide
the Yangtze basin into three sub-regions. The
large spatial variability of rainfall patterns in this
region made it necessary to examine them at an
even higher level of spatial differentiation. There-
fore, the Yangtze River basin was subdivided

into its subbasins and reaches (Jingsha, Minjiang
& Tuojiang, Jialing, Upper Reaches, Wujiang,
Hanjiang, Middle Reaches, Dontinghu, Lower
Reaches, Poyanghu, Taihu, see Fig. 2).

The calculated frequencies were standardized
for each station and averaged for each subbasins
to facilitate the evaluation of the precipitation
patterns. The standardization was carried out ac-
cording to the formula

Z ¼ x� �

�
ð1Þ

where � is the mean and � the standard deviation
of the time series.

3.3 Periodicity analyses

Quasi periodicities in precipitation series have
been analyzed for several decades by means of
a variety of mathematical and statistical methods
such as harmonic analyses, methods of spec-
tral analyses of variance or numerical filtering
(Brázdil 1986). Descriptions of these methods
can be found in Brázdil (1986), Wilks (1995)
or Sch€oonwiese (2000).

The Savitzky-Golay filter (for details see 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 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

Fig. 2. Subbasins and reaches of the Yangtze River basin
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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.
A peak fitting procedure was applied to the

smoothed data to locate peaks in the data series.
Gaussian peaks in the smoothed data series of
the subbasins were determined according to the
formula

y ¼ A

w
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4 lnð2Þ

�

r
� e�4 lnð2ÞðX�XcÞ2

w2 ð2Þ

where Xc is the center of the peak, A is the peak
area, and w is the full width at half maximum.
The fitting of the peaks was accomplished itera-
tively until the fit converged to a tolerance of
0.05.
Potential quasi periodicities in the precipitation

time series were analyzed with the maximum en-
tropy spectral analysis (MESA), the Fourier anal-
ysis, and the Wavelet analysis of detrended time
series of extreme precipitation event frequencies.
Detrending was achieved by removing linear
trends from standardized averaged series for each
subbasin.
Details on the determination of spectral esti-

mates in MESA can be found in Brázdil (1986)
or Olberg (1982). The gradual calculation of au-
toregression coefficients for this procedure was
carried out according to the Burg algorithm. A
filter length of 8 was chosen, which is within the
recommended length of 10–30% of the size of
the original series (N¼ 42).
The Fourier spectra were calculated to express

the time function in terms of the frequencies
(harmonics) it is composed of. For the signal pro-
cessing, the Fourier transform is used to decom-
pose a signal into its component frequencies and
their amplitudes. The function is re-expressed in
terms of sinusoidal basis functions, i.e. as a sum
or integral of sinusoidal functions multiplied by
some coefficients (‘‘amplitudes’’). More detailed
information on Fourier spectra can be found in
Sch€oonwiese (1986, 2000) or Seasolve (2003).
The continuous wavelet transform (CWT) was

used to construct a time-frequency representation
by decomposing the standardized frequency sig-
nal into wavelets. Wavelets are small oscillations

that are highly localized in time. Whereas all time-
localized information is lost with Fourier trans-
formations, the CWT’s basis functions are scaled
and shifted versions of the time-localized mother
wavelet (Seasolve 2003). The CWT was used in
this study because it is desirable to detect possible
changes in cyclicity characteristics over time. We
used the Morlet wavelet which is the most com-
monly used CWTwavelet. General information on
CWT application and algorithms can be seen in
Torrence and Compo (1998) and Seasolve (2003).

3.4 Extrapolation

An extrapolation of the periodical patterns in the
subbasins based on the Fourier frequencies was
done for extreme precipitation event frequencies
between 2002 and 2020 in the Yangtze River
subbasins. The extrapolations will contribute to
the discussion regarding the probability of future
extreme precipitation events in the region. It is
evident that knowledge regarding extreme pre-
cipitation probabilities for future years will con-
tribute in a positive way to disaster preparedness
in that region. Applying the extrapolation method
is based on the assumption, that the underlying
periodicities of the period 1961–2002 will be
continued in the following decades. It is needless
to say that an unexpected change in the periodic-
ity would render the results worthless. The wave-
let analysis will provide valuable information on
the stability of the observed cycles over time.
Extrapolations for regions that are characterized
by distinctive disruptions or changes in the peri-
odicity patterns or non-significant Fourier or
MESA frequencies are considered to be doubtful.
More confidence is placed on extrapolations that
are based on persistent and significant cycles.

4. Results

Figure 3 shows the 90th percentiles of daily pre-
cipitation totals for the stations in the Yangtze
basin, spatially interpolated by the ordinary
kriging method. Extreme precipitation events ac-
cording to the 90% precipitation total threshold
occur in the southeast when daily precipitation is
higher than 12.5mm (maximum of 19.5mm in
Huangshan), whereas daily totals even below
5mm qualify as extreme events in the northwest
(minimumof 2.3mm in Tuotuohe andWudaolian).
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The variability in precipitation within some of
the subbasins is still considerable as can be seen
in Table 1. The variability, as expressed by the
standard deviation in comparison to the mean
values for the percentiles, is relatively small in
the southeastern high-rainfall subbasins whereas
it is somewhat more problematic to consider the
dryer western subbasins as homogenous. There-
fore, conclusions regarding the extreme precipi-
tation quasi periodicities have to be considered
with care especially in the Jingsha, Minjiang &
Tuojiang, and Jialing subbasins.
Figure 4 shows the original and smoothed data

for standardized and averaged frequencies of ex-
treme precipitation events (days above the 90th

percentile) in each subbasin. Some subbasins
(such as Jingsha) show a relatively small vari-
ability over time, others (such as Hanjiang) show
considerable annual variations in the original
data set as well as outstanding peaks in the

smoothed data set. The subbasins in the north-
west (Jingsha and Minjiang and Tuojiang, and,
to a lesser degree, Jialing) are characterized by
similar features regarding extreme precipitation
frequencies. The overall variabilities are relative-
ly small, with slightly higher values observed
during the mid-sixties, mid-seventies and around
the year 2000 whereas the early seventies and
the mid-nineties show slightly lower values. The
southeastern subbasins (Taihu, Poyanghu, Lower
Reaches) generally show pronounced interannual
variabilities with peaks in the smoothed data in
the mid-seventies in increasing values in the mid-
to late nineties. The Dongtinghu, Middle Reaches
and Hanjiang subbasins are characterized by pro-
nounced interannual variabilies and peaks in the
smoothed data in the early eighties and, somewhat
less pronounced, the early nineties.

Figure 5 shows the frequencies of Gaussian
peaks that were detected in the smoothed data
series of the subbasins. Distinct temporal agglom-
erations of peaks in the subbasins have been de-
tected for the between 1961–1965, 1972–1974,
1979–1984, and 1989–1992. Frequent peaks
are also observed from the late nineties onward,
however, they appear to be less concentrated on
certain years.

Figure 6 shows the results of the MESA power
spectrum analyses of the standardized, averaged
and detrended time series of extreme precipita-
tion frequencies for daily values above 90th per-
centile in the subbasins. The spectra for the
corresponding 95th percentiles generally showed
very similar features. The peaks of Fourier and
Autoregressive spectra generally corresponded
very well to those of the MESA power spectra.

In the western region we find significant peaks
in the Jingsha subbasin around the 4–5 and 10–

Fig. 3. Interpolated values of
the 90th percentile of daily pre-
cipitation in the Yangtze basin

Table 1. Arithmetic means (�xx), standard deviation (s), and
variability (v ¼ s

�xx) of daily precipitation extremes for the
Yangtze subbasins

Subbasin 90th percentile 95th percentile

�xx s v �xx s v

Jingsha 6.1 2.0 32.8 11.7 3.9 33.3
Minjiang &
Tuojiang

7.9 2.1 26.6 15.0 4.3 28.7

Jialing 6.4 1.7 26.6 13.7 3.5 25.5
Upper Reaches 8.7 0.7 8.0 17.0 1.8 10.6
Wujiang 8.8 1.4 15.9 17.2 2.5 14.5
Hanjiang 6.5 1.1 16.9 14.3 2.2 15.4
Middle Reaches 11.8 2.6 22.0 22.6 3.5 15.5
Dontinghu 11.8 1.6 13.6 21.8 2.3 10.6
Lower Reaches 10.3 3.9 37.9 19.9 5.7 28.6
Poyanghu 14.6 1.2 8.2 25.9 1.7 6.6
Taihu 10.0 1.5 15.0 18.9 1.5 7.9
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Fig. 4. Standardized and averaged frequencies of extreme precipitation events (days above the 90th percentile) in the
subbasins
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14 year periods and a somewhat lower peak
around the 2.5–3-year period. Similar features
regarding the two higher frequencies can be seen
in the Jialing subbasin with somewhat lower
significance. The Minjiang and Tuojiang basin
peaks are found at similar frequencies, however
the most significant peak points towards the 2–
3-year period.
In the southern to central region the 2.5–3-year

peaks clearly stand out in the spectra of the
Poyanghu, Dongtinghu and Upper Reaches and,
less significant, around 3–4 years in the Wujiang
subbasin.
In the northeastern region Taihu, Lower and

Middle Reaches as well as Hanjiang are charac-
terized by distinct peaks for frequencies in excess
of 0.4 (periods below 2.5 years) and secondary
peaks around 3–4-year period.
The observation of predominately high fre-

quencies resulting in typical periodicities of three
years and lower 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).
Figure 7 shows the results of the MESA power

spectrum analyses of the standardized, averaged
and detrended time series of extreme precipi-
tation frequencies for 10-day values above 95th

percentile in the subbasins. Again, the spectra
for the corresponding 90th percentiles generally
showed very similar features. The spectra for
the 1-day and the 10-day extreme precipitation
events (based on the 90th or 95th percentiles)
show similar features for most of the subbasins.

In general we observed peaks at frequencies
between 0.3 and 0.5 which correspond to approx-
imately 2–4 year periods. The distinct low fre-
quency peaks in the Jingsha basin were replaced
by a significant peak for the 3-year period. The
Jialing subbasin is characterized by a significant
peak for the 3.5-year period and some of the
significant lower frequency peaks in the other
subbasins, which characterized the daily spectra,
cannot be seen in the 10-day spectra.

Figure 8 shows the non-linear optimization
of the of the standardized, averaged and de-
trended time series of extreme precipitation
frequencies (daily values above 90th percentile)
based on the Fourier spectrum frequencies. The
Fourier spectrum frequencies are generally in
good agreement with the MESA frequencies
which were discussed above. It can be seen
from the graphs that the reconstructed frequen-
cies of extreme precipitation events from 1961
to 2002 correspond reasonably well to the ac-
tual frequencies. The coefficients of determina-
tion (r2) for the fits are between 0.5 and 0.6. A
closer look at the curves reveals that extreme
peaks are often smoothed out by the Fourier
emulations. Therefore, more confidence can gen-
erally be placed on the timing of the peaks than
on their magnitude.

Based on the observed quasi periodicities we
extrapolated frequencies of extreme precipitation
events up to the year 2020. These extrapolations
are often clearly characterized by the emulation
of the short period (i.e. 2–3 year) periodicities.
The extrapolation of the periodicities points to-
wards a significant increase of daily extreme
precipitation events between 2007 and 2009 in
the Jingsha, Minjiang, Jialing, Hanjiang, Middle

Fig. 5. Frequency of peaks in
the smoothed data sets of stan-
dardized and averaged frequen-
cies of extreme precipitation
events (days above the 90th per-
centile) in the subbasins
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Reaches, and Dongtinhu subbasins. Around 2012
and 2013 extrapolations yield an increase in the
Jialing, Hanjiang, Lower Reaches, Poyanghu,
and Taihu subbasins. In the later years of the next
decade peaks are extrapolated for most subbasins
(Minjiang, Jialing, Wujiang, Hanjiang, Middle
Reaches, Lower Reaches, Poyanghu, and Taihu).
Figure 9 shows the results of the wavelet

analyses for the standardized, averaged and de-

trended frequency of daily extreme precipita-
tion events (90th percentile) in the subbasins.
These analyses reveal that some of the identi-
fied frequencies are not stable over time. It is
not possible to conclude, whether the discon-
tinuation of certain dominant frequencies to-
wards the end of the time series can be rated
as a temporary feature or rather a sign for a
lasting change in the periodicity pattern. Some

Fig. 6. Results of the MESA power spectrum analyses of the standardized, averaged and detrended time series of extreme
precipitation frequencies (daily values above 90th percentile). Calculations of the MESA spectra were based on the algorithms
provided by �SSt�eepánek (2005)

S. Becker et al.



discontinuations may be due to the edge effect
(Zheng et al. 2000).
The relatively low frequency around 0.2 and

0.25 (4–5 year period) in the Jingsha subbasin
appears to be relatively stable over time. Higher
frequencies around 0.35–0.4 (2.5–3 years) or
0.45–0.5 (2–2.5 years) are losing their signifi-
cance in the nineties.

The wavelet analysis shows that the significant
peak in the Minjiang and Tuojiang MESA signal
around 0.4 (2.5 years) is relatively stable over
time but subject to a shift towards a slightly low-
er frequency in the late 1980s. The resulting peri-
odicities, however, still remain below three years.
Periodicities with lower frequencies are general-
ly not well developed or persistent.

Fig. 7. Results of the MESA power spectrum analyses of the standardized, averaged and detrended time series of extreme
precipitation frequencies (10-day values above 95th percentile)
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Fig. 8. Non-Linear Optimization of the standardized, averaged and detrended time series of extreme precipitation frequencies
(daily values above 90th percentile) based on the Fourier spectrum frequencies



The Jialing subbasin shows a decreasing signif-
icance of the high frequency periodicities towards
the nineties but a stable, increasingly significant
periodicity of the 5-year periodicity. The corre-
sponding extrapolation based on the Fourier fre-
quencies clearly relies on this 5-year periodicity.
Significant periodicities in the Upper Reaches

subbasin were shifting from a frequency around

0.4 in the 1960s and 1970s to distinct frequencies
around 0.4–0.45 (2–2.2-year period) and 0.3
(3.3-year period). The Fourier based extrapolation
is emulating the both frequencies, which leads to
curve without distinct extremes. The MESA spec-
trum for the Wujiang subbasin does not show a
frequency which is significant at the 95% confi-
dence level. The wavelet analysis reveals that the

Fig. 9. Results of the wavelet analy-
ses for the standardized, averaged and
detrended frequency of daily extreme
precipitation events (90th percentile)
in the subbasins
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distinct frequency at 0.3 (3.3-year period) is not
stable over time and is fading out in the late 1980s.
Nevertheless, the emulation of the peaks in the
1990s by the Fourier frequencies is in good agree-
ment with the data. Periodicity in the Hanjiang
subbasin is characterized by a frequency around
0.3 which is stable over time and a high frequent
periodicity (around 0.45–0.5 or 2–2.5 years)
which has only developed since the late 1980s.
The timing of the peaks by the Fourier emulation
is acceptable for the whole length of the time se-
ries, the magnitude of the emulation often under-
estimates the values especially in the earlier years.
Wavelets of Middle Reaches time series are char-
acterized by a shift in the high frequency spectrum
from 0.4 to 0.45 (around 2.5 years) in the mid-
1980s and a frequency around 0.3 (3.3 year peri-
od) which has developed since the 1970s.
The wavelet analysis reveals further that the

significant peak at the frequency around 0.4
(2.5-year period) in the MESA or Fourier spectra
of the Dongtinghu time series is only stable up
to the early 1980s. More stability over time can
be ascribed to the significant frequencies in the
Lower Reaches subbasin. High frequent periodi-
cities around 0.45–0.5 (2–2.5 years) and peri-
odicities with frequencies around 0.3 (3.3-year
period) and 0.15 (6–7 years) develop to some
significance in the 1970s and prevail for the rest
of the time series. Frequencies around 0.4 (2.5
years) and 0.27 (4 years) in the Poyanghu sub-
basin lose their significance in the 1980s. It
would be expected that the Fourier emulations
for the later part of the time series are not reliable
any longer, however, even though some deviation
can be observed for the late 1980s and early
1990s there is a general agreement of the curves.
The most significant frequency in the Taihu

spectrum is located around 0.07–0.08 (approxi-
mately 12–14-year period; cannot be seen on the
illustration). This is the only frequency that is
stable over time in this subbasin. The higher fre-
quencies (around 0.3 and 0.47; 3.3 and 2.1 years
respectively) develop to some significance in the
1980s and 1990s. Consequently, the high interan-
nual variability that is produced by the Fourier
emulations does not provide accurate values for
the earlier part of the time series. The timing of
the peaks is reproduced relatively well since the
late 1980s; better estimations for magnitude of
the peaks are achieved since the late 1990s.

5. Discussion

The analyses show that two to three frequencies
appear to be sufficient to explain the main features
of past variability in many time series. This is a
clear indicator towards the fact that the past vari-
ability is driven by significant periodicities. The
fact that some of the quasi periodicities have been
stable over several decades makes future extrapo-
lations meaningful. Even though it is impossible to
predict the future stability of the quasi periodicities
for any time series it is meaningful to assert that
more confidence can be placed on extrapolations
which rely on stable than on unstable frequencies.

Consequently, the extrapolation for the Jingsha
subbasin appears doubtful because it still emu-
lates the unstable high frequencies resulting in
a high variability of the values between 2010
and 2015. Due to unstable frequencies we also
consider the extrapolations for the Upper Reaches,
the Dongtinghu and the Poyanghu to be doubtful
with regard to timing and magnitude of extremes.
The change in the high-frequency pattern in the
Middle Reaches appears to be responsible for the
inaccuracy in the emulation of the magnitude of
peaks especially in the earlier part of the time
series. This observation and the fact that the fre-
quency around 0.3 (3.3-year period) appears to
be losing some significance towards the end of
the time series casts some doubt on the reliability
of the extrapolation of the magnitude of future
peaks, whereas more confidence can be placed
upon the extrapolation of their timing.

More confidence is also placed on the more
prominent extrapolated peaks in the Jingsha sub-
basin which result from stable lower frequen-
cy periodicities and on extrapolations for the
Minjiang and Tuojiang subcatchments which are
characterized by a high interannual variability
resulting from relatively stable frequencies. Due
to stable frequencies we also consider the ex-
trapolations for the Jialing, Hanjiang, Lower
Reaches and Taihu subbasins to be meaningful.
The 1980s’ disarrangement in the Wujiang sub-
basin appears to be more an intermediate dis-
ruption rather than a permanent change in the
periodicity pattern. Consequently, sufficient con-
fidence can be placed in the extrapolation of
peaks up to the year 2020.

It should be recognized that the extreme pre-
cipitation periodicities are the result of patterns
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and quasi periodicities of influencing variables
which have been analyzed in numerous studies.
Influencing variables for precipitation patterns in
the Yangtze River basin are, for example, v-wind
patterns (Becker et al. 2006), sea surface tem-
peratures (Deng et al. 1989; Huang and Sun
1992, 1994; Mao and Wu 2000; Guo et al. 2002),
the Southern Oscillation, and the thermal effect
of the Tibetan Plateau (Huang et al. 2003). It is,
however, impossible to directly explain the ob-
served quasi periodicities in the precipitation pat-
terns as a result of the well known periodicities.
The reason for this is most likely the complex
interaction of all the influencing parameters.
Miao and Lau (1990), Yasunari (1991), Lau

and Shen (1992), and Yin et al. (1996) detected
quasi biennial periodicities of the monsoonal pre-
cipitation in the Yangtze basin. Hartmann et al.
(2007) found 2–3 year periods in this region, 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. They also
detected some longer periods up to 8 years in the
northern middle reaches. Our analyses reveal that
the dominance of these quasi biennial periodici-
ties with regard to extreme precipitation events
appears to be relatively stable over time only for
some subbasins and is often replaced or supple-
mented by higher period quasi periodicities in
the recent decades. Consequently, the observa-
tion of 3–4-year periods of extreme precipitation
event frequencies corresponds to the findings of
Hartmann et al. (2007) for general precipitation.
However, significant 5–6 or even 8-year periods
could not be detected in our dataset. Patterns in
the frequency of occurrence of extreme precipi-
tation events can therefore not be derived directly
from seasonal precipitation patterns.

6. Conclusion and outlook

Time series of extreme precipitation events in the
Yangtze River basin are characterized by distinct
quasi periodicities. The hypothesis that the fluc-
tuation of the precipitation totals in the Yangtze
subbasins can be emulated by harmonic func-
tions was verified. We also verified the hypothe-
sis that some of the observed quasi periodicities
have been stable over decades. Peaks in the
frequencies of extreme precipitation events are
expected for most subbasins around the years

2012–2013 and 2017–2018 even though major
differences between the subbasins are expected.

Due to a lack of stability over time in the pe-
riodical patterns there is only little confidence
placed in frequency extrapolations of extreme
rainfall events in the Upper Reaches, the
Dongtinghu and the Poyanghu subbasins. More
confidence can be placed on the predictions for
the Jingsha, Minjiang and Tuojiang, and Jialing
basins; however, it needs to be considered that
precipitation in these subbasins is not distributed
homogenously. Therefore, most confidence is
placed on predictions for the Wujiang, Hanjiang,
Middle and Lower Reaches Reaches, and Taihu
subbasins.

The study shows clearly that years with high
frequencies of extreme precipitation events gen-
erally do not occur randomly but they are often
the result of underlying periodical patterns. The
extrapolation of these years for the next decades
in combination with the well known link between
rainfall and runoff patterns provides a valuable
tool for flood risk forecast and related disaster
preparedness. Additional research is needed to
explain the observed precipitation periodicities
as a result of periodicities of the influencing fac-
tors and thereby possibly contribute to a short-
term prediction of summer rainfall patterns.
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