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Abstract. Middle reaches of the Yangtze River are the worst against flood disasters from generation to generation. It has
flooded segments along the Yangtze River. It is important tolong been known as “China’s sorrow” for the lives that have
understand and study the variations of frequency and maglost and properties have been damaged by the frequent and
nitude of historical floods in this area and how were they re-violent floods.

lated to or affected by El Nio in a long historical period. We  oyriginating in Tibetan Plateau, the river flows eastward
applled the statistics and time series to study and analyze hignrough central China on its way to Donghai (East China
torical floods (1470-2000) and EI b events (1525-1995).  geq) in Shanghai on China’s east coast (Fig. 1). In its middle
The results show that the more floods occurred in the lateskection, it passes through the immense Jianghan Plains from
200 years. The power-spectral analysis suggests the main Cysichang to Wuhan, named Jing-Jiang. Because of the limited
cl_e of flood variation is Ipnger than that of EIf\ events. El capacity of flood discharge, this region is the worst flood-
Nino shows the fluctuations of about 2-year andiy/ear pe-  jng area of the whole Yangtze River. For instance, the ca-
riod while the flood variation is not so significant but can also pacity of flood discharge in Jing-Jiang is about 60 0G0sm

be identified in the period of 2, 8 and 40 years (it exceeds thggyever, there were an estimated 108 disastrous breaks in
level of confidence 0.03). Time series analyses of the fluctuyhe river embankments across the Jing-Jiang reaches from
ation of flood and EI Nino indicate that there is a significant 1505 AD to 1995 AD and more than 24 years in which flood

correlation b_etween the two at both high and moderate fre'discharges have exceeded this capacity after 1892 (Table 1),
quency sections. The result shows that the response of th@ausing great damage.

floods along the middle reaches of the Yangtze River to the Th ¢ flood disch dbv h .
effects of EI Nino events is not only delayed one or more than i et(ra]x reme fioo h'SC aftr?hes q/(veretcau;_e y "eavyltrqm—
one year as suggested by many Chinese scientists, but it aléi")l In the upper reaches of the vanglze River valley. 1t 1S

can be somewhat longer delayed up to about 8 years. Th ommonly known that the climate of China i? strongly |n
result also indicates that the shorter the interval of Eid\i uenced by the East Asian monsoon. The primary physical

events, the sooner the flood events follows. In other words,manIfeStatlon of the summer monsoon is persistent, heavy

flood could be delayed with longer time if the interval time precipitation identified as a coherent and well-defined rain-
of EI Nifio events is longer band. Because of the variations in monsoons, the rainband

has inter-annual variability anomalies over the Yangtze River
valley that causes yearly rainfall totals to fluctuate greatly,
especially rainfall during the flooding season.

El Nifio is a recurring pattern of climate variability in the
eastern equatorial Pacific that is characterized by anomalies
with warming periods of sea-surface temperature. As the re-

in China. It reflects the Chinese history and prosperity andmarkable connective signal between the entire near-global-

development of Southern China. Since ancient times, peopléCale climatic change and sea-surface temperature, fidl Ni

in the Yangtze Rive basin have suffered from and fightingevents profoundly affect f[he reg|onal_ cI|me_1te. Thgre have
been thus far many studies on EIifgi and its relation to

Correspondence toY. Wu global and regional climates through atmospheric circulation
(wuyijin@public.wh.hb.cn) (Chang et al., 2001). And also recent research shows that El

1 Introduction

As the third largest river in the world and the largest one in
China, the Yangtze River is very important to human society
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are now available for this study. In this paper, historical flood
data are derived fromfftbod and drought distribution atlas
of China in the last 500 years(China Central Meteorology
Bureau, 1989) . Data have been compiled and sorted for the
selected stations in the middle reaches of Yangtze Rive such
as Yichang, Jingzhou, Yueyang, and Wuhan. These data are
relative complete and continuous. The location of these sta-
tions are well distributed and they are in the proximity to
flood-sever areas. The data are extended to modern time by
methods used in above atlas and converted into rainfall by
the method proposed by Anyuan et al. (1999). Therefore,
both frequency and magnitude of floods and total amount of
rainfall are calculated to check the data consistency.

The flood data used in this paper are from 1470 to 2000
and spatially weighted using Thiessen polygons method
(Linsley et al., 1975) to create a “middle reaches of Yangtze

Nifio Events has some effect on regional long-term precipi-River basin” flood index for each year.
tation in China.

Fig. 1. The middle reaches of the Yangtze River basin.

3 Calculation and analysis

2 Dataresource and process In this paper, we attempt to study the variation and fluctuat-

Quinn and Neal (1992) has presented the data about thig of botrl floods in the middle rea_ches.of the Yangtze River
strength of El Niio events. They identified, evaluated, and and EI Nio events, and the relationships between the two

examined many detailed reports from sailing vessel logs, di_pased on some hlgtorlcal data by using statistic methods and
ime series analysis.

aries of conquistadors and their entourages, missionaries, pF
rates, privateers, historians, geographers, engineers, geolgj1 The variation/cycle of historical floods
gists, hydrologists, newspapers, and scientists. They pro-
vided a rather broad and extensive information on areas diBy using the following model, the flooding indexes of the

rectly affected by EI Nio and areas affected by other unusual yiqgle reaches of the Yangtse River are calculated to analyze
conditions related to EI Nio (e.g. the droughts that often af- e variation of floods.

fect southeastern Peru and adjacent parts of Bolivia during an

El Nifio) in the period of 1525 to 1987. Historical Elidi 24: (1 +n2) + 3

Events Data and the strength of Elffdievents are classified =1 u z

into several categories, that is, very strong (VS), strong (S),If - 4

and moderate (M). Among them, the S+, M+ and-Mre > N +10

added to supplement those EIfidievents whose intensities i=1

are not in the standard categories. For the compound type ofvhere/; is the flooding index of each 10-year perioeh;
activity over the distant past, the signals of M/S oM+ andny; are the number of flood (degree 1) and extreme flood

are used to cover two events of different intensities. (degree 2) years respectively for the interval of 10 years. For
For quantitative purposes, those categories are tabulated ithe historical period, the degree of flooding is dependent on
as shown in Table 2. the damage described in historical documents (China Cen-

Trenberth (1997) defined the EI i Event as 5-month  tral Meteorology Bureau, 1989)N; is the total number of
running averages of sea surface temperature (SST) anoméeecorded years for the interval of 10 years. Since the his-
lies in the El Nfio 3.4 region (BN-5° S, 120-170 W) ex- torical yearly records are not always in succession, the value
ceeding 0.4C for 6 months or more. We find this definition of N; is sometimes not exactly equal to 1.0represents the
matches very well with W.H.Quinn’s for their common years calculated station. The results are shown in Table 3.
during modern time. Therefore, the Eliidi events time se- It can be seen from Table 3 that most of more flood periods
ries defined by W.H.Quinn is extended to 1995 by adding theappears in the last 200 years. In order to understand this more
El Nifio events 19931992, 1993 and 19941995 derived easily, Fig. 2 is presented below based on the values from
from Kevin E. Trenberth’s results. Table 3.

As is probably well know, the Chinese have the best and It is clear in Fig. 2 that with time both lower and higher
most complete phonological records that exist (Rosenbergpoints of index line show a steady rise. This is also reflected
1982). During the Ming and Ch’ing dynasties from the 15th in the floating average line. It shows that there are two waves
through the 18th centuries, Chinese regional geographicadluring the 330 years of 14741800. The amplitude of the
records (gazette) were carefully reviewed so that archives ofwo waves is not very large, which indicates less flooding
historical floods, droughts, and many other climatic eventsevents with milder variation during this period. However, the
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Table 1. Extreme Flood Discharges At Yichang Station After 1892 (dischargés)m
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Year Discharge Year Discharge Year Discharge Year Discharge
1892 64600 1917 61000 1931 64600 1954 66 800
1896 71100 1919 61700 1936 62300 1958 60200
1898 60600 1920 61500 1937 61900 1974 61600
1905 64400 1921 64800 1938 61200 1981 70800
1908 61800 1922 63000 1945 67500 1989 61800
1909 61100 1926 60800 1946 62100 1998 63600

Table 2. Intensity categories of historical EI Rib events and corresponding numeric value.

categories very strong(VS) S+ strong(S) M+ moderate (M) - MM/S M—/M+
digital 3 2.5 2 1.5 1 05 05 0.3
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) iy 8 0.04
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floating average line has risen sharply since 1800. Within
the 200 years since, there are more than two waves and th
amplitude of them is larger than those before 1800, which
shows that not only are floods more concentrated than beforgig
but also the interval time between floods is shorter. It also
displays we are currently at the beginning of the third wave,
which indicates that there will be more flooding disasters in3_2 Cycles of EI Niio events and its teleconnection with
the near future.

To analyze the cycles of historical floods, power-spectral

_la_rr:aly3|s was a?phec! tciﬁa(:h Olf the memb(terst ggﬂoods S_?rr]'e%ame as the analysis of historical floods, The power-spectral
e maximum lagk) in the analysis was set at 80 years. The for EI Nifio events was also calculated and shown in Fig. 4,

computational procedure is the same as outlined in WMO's . . ;
. : which reveals that the highest peaks of power-spectral occurs
Technical Note ortlimate changg€1966). g b P P

=78, 4 41, all of which .01 f con-
The result of smoothed power-spectral for floods (Fig. 3) atk=78, 48 and 41, all of which exceed 0.01 degree of con

) fidence. This simply means that the time series of Hid\i
shows the highest peaks of power-spectral occuis@s, 19 events have the cycles of about 2-year, and Jears. This

and 4, gxceedmg 0.02, 0.03 and .0'01 degree of ConfldencPesult is a little more convergent than that of Amy Clement
respectively. That turns out the time series of the Yangtze, colleagues of the Lamont-Doherty Earth Observatory in
floods have the cycles of about 2-year, and 8, and 40 yearS'PaIisades, New York (2001). They say that ENSO occurs
roughly every two to seven years as a result of heat and en-
ergy exchanging between the atmosphere and the oceans.
The cross-spectral was calculated to analyze the relation-
ship between the power-spectrums of Efiblievents and the

1 7 13 19 25 31 37 43 49 55 61 67 73 79

The number of lag

. 4. The result of power spectrum for El hb events.

the Yangtze floods
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Table 3. Index of Yangtse River's flood since 1470s.

Year Index Year Index Year Index Year Index Year Index

1470s  0.263  1580s ¢0.067 1690s 0.156 1800s 0.111 1910s A0.378

1480s  0.053  1590s a0.371 1700s a0.435 1810s 0.180 1920s 0.258
1490s 0.200 1600s 0.342 1710s 0.261 1820s 0.340 193608.583

1500s 0.167 1610s 0.222 1720s 0.333 183w0.560 1940s  0.308

1510s 0.222  1620s 0.116 1730s 0.080 1840s aA0.380 1950s  0.347

1520s 0.211 1630s 0.227 1740sa0.380 1850s 0.220 1960s  0.280
1530s 0.196 1640s ¢0.120 1750s 0.160 1860s 40.420 1970s 0.180

1540s 0.149 1650s 0.298 1760s 0.304 1870s 0.178 198@9.460

1550s 0.231 1660s 0.357 1770se0.140 1880s 0.200 1990s A0.500

1560s A0.400 1670s 0.240 1780s 0.326 1890s 0.279

1570s A0.455 1680s 0.220 1790s 0.184 1900s 0.311

The symbol 'A” stands for the period of more floods, while”stands for the period of less floods.

£0.8 control does not meet its requirements, strengthening of flood

% 0.6 control is underway. The most highlight event is the project

0.4 of three gorges that will be taken its role in 2009. However,

é 0.2 | climate change will be still regarded in flood control. The
© 0 variation and cycles of historical floods analyzed since 1470
1 7 13 19 25 31 37 43 49 55 61 67 73 79 in this paper show the floods may be frequent events, espe-

The number of lag cially in the near future.
The cross-spectral analysis for the cycle of the Yangtze
Fig. 5. The calculated result of coagulation function. floods and EI Nino events indicate that there is a significant

correlation between the two at both high and moderate fre-
guency sections. The result shows that the response of the

Table 4. Coincidence coagulation function peaks with different pe- . .
net gulation function b win P® floods along the middle reaches of the Yangtze River to the

riods.
effects of EI Nino events is not only delayed one or more than
Harmonic Valuek) 20 26 80 one year as suggested by many Chinese scientists, but it also
Period (year) 8 6 2 can be somewhat longer delayed up to about 8 years. The

result also indicates that the shorter the interval of Eid\i
events, the sooner the flood events follows. In other words,
flood could be delayed with longer time if the interval time

Yangtze floods. The results (see Fig. 5) shows that ther@f EI Nifio events is longer. o

are three frequencies at which the significant correlation of Just as Ga et al. (1994) demonstrated that significant lo-
those two time series excess 0.01 level at the peaks 290, cal effects of El Nino events in the Pacific Ocean can be ex-
26 and 80 respectively. From that, it can be concluded thatrémely long-lived, not only lasting up to two years as other

the responding of the floods in the middle reaches of thescientists think. The above result turns out that the oceanic
Yangtze River to El Nio events happens not only at high effects of El Nino events on _the floods _along _the middle

frequency, but also at moderate frequencies (see Table 4). [ffaches of the Yangtze River is not only immediately delay

other words, the floods in the middle reaches of the Yangtzd©r One year or more as suggested by many Chinese scien-
River might occur not only in the following year of EI R tists!, but also it can be somewnhat further delayed up to 8

events, but also as long as 8 years delay. The result also i€ars or even longer.
dicates that the shorter the interval between Hid\events . ) ,
occurred, the sooner the following flood would happen. OnAcknowIedgementsThe authors wish to thank L. King for his

the other side, delay time of flood will be longer when the fma_nqal support work|_ng on th's project. It would be impossible
. . - to finish this paper without his encouragement. We also want
interval of El Nifio events is extended.

to extend our thanks to our colleagues in the Department of
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4 Conclusions and discussion

. . . Edited by: P. Fabian and J. L. Santos
At the moment, flood risk appears to be on the rise againreviewed by: J. Bendix and another anonymous referee
witnessing the series of floods of the last 20 years and the
serious flood in 1998. Since it is now recognized that flood  Ihttp://www.coi.gov.cn/hyzh/ernn/ernn10.htm
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