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The features of the decadal evolution of different durations of continuous Meiyu precipitation and their possible cause from the
viewpoint of the low-level intraseasonal oscillation (ISO) are examined in this study. It is found that the total frequency of Meiyu
precipitation events of certain duration gradually decreases as the duration of the events increases, and the main center of the
events moves from the northern Yangtze-Huaihe River Valley (YHRV) to the southern YHRYV. The linear trends of different du-
rations of continuous Meiyu precipitation indicate that longer-duration precipitation has become significantly less frequent since
2000, while 2-day and 3-4-day continuous precipitation processes have become more frequent. At the same time, a close rela-
tionship between the variation in the low-level ISO and the decadal evolution of frequency of longer-duration Meiyu precipitation
is detected. Clearly, since 2000, the low-level ISO has significantly decreased, and a single peak of longer-duration events has
been replaced by several peaks of shorter-duration events, which has resulted in a significant decrease in the frequency of
longer-duration precipitation. Meanwhile, low-level baroclinicity increased (decreased) during each period, which is in accor-
dance with the increasing (decreasing) frequency of longer-duration precipitation. It is confirmed that longer-duration precipita-

tion has significantly decreased in recent years.
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Meiyu is a unique rainy season over East Asia during the
northward progress of the East Asian summer monsoon
from late spring to middle summer. In addition, it is an im-
portant weather and climate phenomenon affecting eastern
China during summer. The intensity of Meiyu precipitation,
the length of the Meiyu season and other parameters not
only reflect the seasonal evolution of atmospheric circula-
tion over Asia and the adjustment of the circulation process,
but also directly relate to the persistence of drought and
flood over the Yangtze-Huaihe River Valley (YHRYV,
28°-34°N, 110°-122°E). Consequently, the evolution of
Meiyu climate change is an important issue in understand-
ing the regional climate and climate change throughout the
YHRV.
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Chinese meteorologists have carried out many studies on
the decadal variation of Meiyu systems. Wei et al. [1] and
Chen et al. [2] examined the abrupt shift of Meiyu parame-
ters during 1885-2005. Their results indicated an abrupt
shift of the length and onset of Meiyu. Furthermore, oscilla-
tion of the Meiyu belt was investigated on interannual and
decadal scales. On the basis of daily precipitation data re-
corded at 180 stations throughout eastern China, Xu et al.
[3] found an abrupt shift of the boundary and area index of
the Meiyu region during the late 1970s and early 1980s. Wu
et al. [4] compared station data from China, Japan and
South Korea and found that the rainy mode for southeastern
China, the middle and lower reaches of the Yangtze River,
and northeastern China abruptly shifted around 1978-1979.
Xu [5] reported a strong decadal change in the Meiyu period
for the mid-lower Yangtze basin in the late 1970s for a

csb.scichina.com  www.springer.com/scp



Huang D Q, et al.

study period of 1885-2000: a weak Meiyu stage in 1959
—1978 abruptly transformed into a strong stage in
1979-1999, and a new stage of weaker Meiyu started in
2000. In recent years, many scholars have mentioned a new
evolution of Meiyu: since 2000, Meiyu precipitation has
increasingly concentrated on the Huaihe River Basin north
to 33°N [6-8].

The previous studies paid more attention to the decadal
shifts of the Meiyu parameters, Meiyu precipitation and
rainfall belt. However, continuous precipitation is one of the
most important features during the Meiyu season and is
closely related to persistent floods over the YHRV. There-
fore, it is of interest to understand the evolutions of different
durations of continuous Meiyu precipitation and establish
whether the frequency of the longer-duration precipitation
has significantly decreased since 2000. Furthermore, the
causes of any decrease in frequency would need to be in-
vestigated. To date, less attention has been paid to the fea-
tures of different durations of continuous precipitation, but
they are worthy of analysis. Here we examine the evolution
of various features of continuous precipitation, especially
longer-duration precipitation, which will help clarify the
“atypical changes” of Meiyu.

1 Data and methods

The daily precipitation data of 738 stations in China were
provided by the National Meteorological Information Cen-
ter. The period is from January 1960 to December 2007. In
this study, the stations over the YHRV are selected. Be-
cause most droughts and floods during June and July have
been caused by Meiyu precipitation anomalies, we docu-
ment the Meiyu period as June and July over the YHRV in
this study.

In the analysis of the characteristics of different kinds of
continuous Meiyu precipitation, continuous precipitation
was firstly divided into periods of 2-day, 3-day, 4-day,
5-day, and 6-day continuous rainfall and so on, giving a
total of 10 categories. Comparing the characteristics of dif-
ferent durations of continuous Meiyu precipitation, we
found that the features of some durations of continuous
rainfall are similar (figure omitted). Finally, 2-day (C2),
3—4-day (C34), and more than 5-day continuous rainfall
(C5) were selected in this study. Various durations of con-
tinuous precipitation were calculated independently; for
example, C34 does not include C2. The frequency of certain
duration of continuous precipitation is the number of such
rainfall events in a year.

The atmospheric data for analysis are taken from
NCEP/NCAR (National Centers for Environmental Predic-
tion/National Center for Atmospheric Research) reanalysis
daily datasets, with a spatial resolution of 2.5°x2.5° in lon-
gitude and latitude and a period from January 1948 to Janu-
ary 2010. We considered variables of zonal wind, merid-
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ional wind and temperature at 850 and 700 hPa. Because
there are uncertainties in NCEP/NCAR reanalysis datasets
at low levels around 1979 [9-12], the atmospheric dataset
from the European Centre for Medium-range Weather
Forecasts (ECMWF) reanalysis daily datasets named
ERA-40, with a spatial resolution of 2.5°x2.5° in longitude
and latitude and a period from September 1957 to August
2002, were used for comparison with NCEP/NCAR data.
According to the bandpass-filter technique based on the
work of Hamming [13], the intraseasonal oscillation (ISO)
with a 30-60-day period was extracted from the daily data-
sets of NCEP/NCAR and ERA-40. The ISO daily data dur-
ing the Meiyu period were used to represent the ISO signal
during the Meiyu period in each year. Meanwhile, the baro-
clinicity was represented by the maximum Eady growth rate

(MEGR) [14,15], calculated as o3=0.31gN""T™'|8T /oy,

where T is the zonal mean temperature and N is the
Brunt-Vaisala frequency calculated using 7. The value re-
flects the baroclinicity.

2 Results

2.1 Frequency

Figure 1 shows the frequency distribution of different dura-
tions of continuous Meiyu precipitation during 1960-2007.
As shown in Figure 1(a), the total frequency of C2 is greater
than 100, being less in the southern YHRV and more in the
northern YHRV. Figure 1(b) and (c) indicates large centers
of C34 and CS5 located over the middle of the YHRYV,
Yangtze River Delta and lower reaches of the southern
YHRYV. Overall, it is apparent that the total frequency of a
particular duration of continuous Meiyu precipitation de-
creased gradually with increasing duration, and the largest
center moves from the north to the south of the YHRV.

2.2 Standard deviation

Many important studies have illustrated that the location of
the Meiyu belt and Meiyu precipitation experienced a nota-
ble regime shift around 1979/1980 [16-21]. Meanwhile,
recent studies revealed a new evolution of Meiyu precipita-
tion since 2000 [5-8]. To compare decadal differences, es-
pecially the features of different durations of continuous
precipitation since 2000, the total study period of 1960—
2007 was divided into three sub-periods as 1960-1979,
1980-1999 and 2000-2007.

From the analysis of total frequency, the features of three
different durations of continuous precipitation are revealed.
However, it needs to be determined if there are annual fluc-
tuation anomalies in different periods. The extent of change
in each year can be found from the standard deviation.

Over time, the large centers of the standard deviation of
C2 (Figure 2(a), (d), (g)) are located over the northeastern,
northwestern and southeastern YHRV. In these areas, the
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Figure 1 Total distribution of different durations of continuous precipita-
tion during 1960-2007 (unit: times) (values above 130, 110, and 70 are
shaded in (a), (b) and (c), respectively).
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2-day continuous precipitation occurred more frequently in
some years and less frequently in other years. In the spatial
distribution of the standard deviation of C34 (Figure 2(b), (e),
(h)) during the three sub-periods, the large centers are all found
in the southern YHRYV, especially during the period of
1960-1979, while the standard deviation of C34 is less for
2000-2007. Figure 2(c), (f), (i) present the patterns of the stan-
dard deviation of C5 during 1960-1979, 1980-1999, and
2000-2007, respectively. They suggest that during 1980—-1999,
the maximum center was located in the northeastern YHRYV,
while during 1960-1979 and 2000-2007, the large centers
were in the southeastern YHRYV, especially after 2000.

2.3 Linear trend

Figure 3 shows the spatial distribution of significant linear
trends of different durations of continuous Meiyu precipita-
tion during the period of 1960-1979. For C2 (Figure 3(a)),
there is a significant increasing trend concentrated along the
Yangtze River Valley. The significant trends of C34 (Figure
3(b)) are located over the eastern YHRYV at 118°E. There is a
boundary almost running along 30°N, with significant in-
creasing trends to the south and decreasing trends to the
north. The north-south dipole was found for the trend distri-
bution of C5, with significant increasing trends in the north-
ern YHRYV and decreasing trends in the southern YHRV.
Similar to Figure 3, significant linear trends during the
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Figure 2 Standard deviation distributions of different durations of continuous precipitation during each period (values above 1.45, 1.3, and 0.95 are shaded

in (a), (d), (g), (b), (e), (h) and (c), (f), (i), respectively).
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Figure 3 The linear trend distribution of different durations of continu-
ous precipitation during 1960—-1979 (unit: times/a) (values with magnitudes
larger than the 95% confidence level are indicated in the figures).

period of 1980-1999 are presented in Figure 4. Clearly,
there are significant differences in the trends of different
durations of continuous precipitation. Significant decreasing
trends (Figure 4(a)) are found for C2, especially in the
Yangtze River Delta. There are significant decreasing trends
in the distribution of C34 (Figure 4(b)), except in northern
Hunan province. There is an apparent “+ — +” pattern from
south to north over the YHRV. The distribution of C5 has a
similar pattern in 1960-1979; there is a north—south dipole
pattern with increasing trends in the southern YHRV and
deceasing trends in the northern YHRV.

For the period of 2000-2007 (Figure 5(a)), significant
increasing trends of C2 are found in a southwest-northeast
line, and the frequency of C2 peaks over the Yangtze River
Delta. Significant increasing trends of C34 (Figure 5(b)) are
found to the east of 116°E, while the trends over the north-
ern YHRYV are the opposite. Figure 5(c) indicates that the
significant increasing trends of C5 move from the southern
YHRY to the northern YHRYV, which corresponds well with
what is observed for 1980-1999. The shift is also in accor-
dance with the results of the latest study by Si et al. [7],
which detected a northward shift of the Meiyu belt. Overall,
it is seen that longer-duration precipitation decreased sig-
nificantly during 2000-2007.
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Figure 4 As for Figure 3, but for 1980-1999.

Opverall, the present study finds that in recent years (2000—
2007), longer-duration precipitation decreased significantly
over the southern Yangtze River, and there was an associ-
ated increase in the frequency of C2 and C34 as a result of
unexpected precipitation events. However, this is inconsis-
tent with typical features of the Meiyu period (e.g. longer
rain events with less sunlight and more humidity [22]),
which also be evidence for atypical change of the Meiyu
season in recent studies [5-8].

3 Possible relationship with low-level ISO

The above significant increasing trends of C5 were found
over the YHRYV for the period of 1980-1999, while after
2000, longer-duration precipitation significantly decreased,
especially over the southern YHRV. We now attempt to
explain the decadal variation in continuous precipitation,
especially the abrupt shift in longer-duration precipitation
around 2000. Previous studies have suggested that there is
close relation between continuous heavy precipitation and
ISO signals, especially in the case of low-level ISO winds
[23-30]. In this study, we attempt to discuss the possible
relationship between the low-level ISO winds and decadal
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Figure 5 As for Figure 3, but for 2000-2007.

variation in longer-duration precipitation over the YHRV.
First, with the backgrounds of different periods, the dif-
ferent durations of continuous precipitation change. Be-
cause baroclinicity reflects uneven heating and the strength
of atmospheric instability, it directly affects precipitation
processes. Figure 6 gives the differences of low-level
MEGR during each period. Comparing the average MEGR
between 1980-1990 and 1960-1979 (Figure 6(a)), an ap-
parent east-west “+ - dipole is found at middle and high
latitudes. The baroclinicity is significantly enhanced in the
YHRYV, which increases precipitation during the period of
1980-1999. However, comparing the average MEGR be-

(a) NCEP +——+ 1960-1979
2.71 S e—e1980-1999
2.4 J |, =*2000-2007
2'1 ] . . L ]

184 : = A

] 9 &
1.57

1.24
0.94
0.61
0.37

0 T T - - v
Jun1t  Jun10  Jun20 Jun30  Jul10  Jul20  Jul30

Chinese Sci Bull

February (2011) Vol.56 No.4-5

10°N -+ . T y : ? T
70°E 90°E 110°E 130°E 150°E

Figure 6 The difference in MEGR at 850 hPa between the average for
1980-1999 and the average for 1960-1979 (a) and the average for
2000-2007 and the average for 1980-1999 (b) (unit: 10° d™"). Values with
magnitude larger than 90% confidence level are shaded.

tween 2000-2007 and 1980-1999 (Figure 6(b)), a south-
north “— +” dipole is found at middle and high latitudes. The
area of the negative anomaly extends to the YHRV, which
corresponds well with the decrease in longer-duration pre-
cipitation over the YHRV.

As mentioned above, the background biases in different
periods have not been conducive to maintaining the longer-
duration precipitation over the YHRYV in recent years. We
ask whether this can be verified from the daily low-level
ISO winds during different periods. Figure 7 presents the
time series of daily low-level ISO winds during the Meiyu
season in different periods. It is noted that in the NCEP/
NCAR reanalysis data (Figure 7(a)), a longer-duration peak
of the low-level ISO winds is found approximately from
late June to mid-July during 1960-1979, which is in accor-
dance with the longer-duration precipitation processes. In
1980-1999, the distribution is similar to that in 1960-1979,
while the peak time is slightly delayed. However, in recent
years, the structure with a longer-duration single peak has

(b) ERA40
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Figure 7 The daily evolution of low-level ISO wind speed during the Meiyu season in different periods (unit: m/s).
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been replaced by a distribution with several shorter-duration
peaks, and the occurrence of continuous precipitation proc-
esses is earlier. This is in accordance with the latest studies
[5] and verifies that there have been significantly less proc-
esses of longer duration in recent years than in the first two
periods. Similar conclusions are found in the analysis of the
ERAA40 reanalysis data (Figure 7(b)).

To further examine the decadal evolution, Figure 8 gives
the latitude and longitude average time evolution of the
frequency anomalies of C5 during 1960-2007. Clearly, the
frequency of C5 significantly decreases during 1960-1965,
and the rainy belt is from 28°N to 33°N. Otherwise, during
the period of 1990-2007, C5 changed acutely. In 1990-
2000, the frequency of longer-duration precipitation sig-
nificantly increased south of 32°N over the YHRV, while it
significantly decreased in the same region after 2000.
Meanwhile, as well as the increase/decrease in the fre-
quency of C5 in different periods, there is also a rainy belt
in a south—north direction. In addition, similar results are
found for the distribution of the longitude-average evolution
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(Figure 8(b)), and over time, the frequency of longer-dura-
tion precipitation extends from east to west.

Similarly, the latitude-time cross section of the longitude
average of low-level ISO winds is given in Figure 9. In the
case of the NCEP/NCAR reanalysis data (Figure 9(a)), the
positive center of the ISO is in accordance with that of the
frequency of CS5, especially during the period of 1990-2007.
In 1992-2000, significant positive anomalies are found in
the ISO and the frequency of longer-duration precipitation,
especially along 20°N and 35°N. However, in recent years,
the low-level ISO wind anomalies have changed to a nega-
tive phase, which is in agreement with C5 anomalies. The
ERAA40 reanalysis data (Figure 9(b)) can well capture the
features of positive anomalies during the 1990s, which ex-
tend to 35°N, while negative anomaly signals are found
between 25°N and 40°N after 2000. This is in accordance
with the evolution of longer-duration precipitation. The re-
sults for the latitude-average time cross section are similar
to those for the longitude-average fields (figure omitted),
which indicates a close relation between ISO anomalies and

b g,ﬁ.‘%
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10°E L : [ & Harss |
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Figure 8 Latitude-time cross section averaged for 110°~122°E (a) and the longitude-time cross section averaged for 28°-34°N (b) for the C5 anomalies

during the Meiyu season in 1960-2007 (unit: times).
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Figure 9 Latitude-time cross section of low-level ISO wind speed anomalies averaged for 110°~122°E during the Meiyu season in 1960-2007 (unit: m/s).

(a) NCEP/NCAR: 1960-2007; (b) ERA40: 1960-2002.
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the evolution of longer-duration precipitation.

4 Conclusions

This paper analyzed the features of varying durations of
continuous Meiyu precipitation. Since 2000, a significant
decreasing trend of longer-duration precipitation over the
YHRYV during the Meiyu season was revealed from daily
observation data. From the viewpoint of low-level ISO
winds, a possible mechanism for the decadal evolution of
the frequency of C5 was discussed. The following conclu-
sions were obtained.

(1) In the case of the climatological mean, during the
Meiyu season over the YHRYV, the frequency of C2 is larg-
est, while C5 is the least. Furthermore, with an increase in
the number of days of continuous precipitation, total fre-
quency has gradually decreased, and the rainy belt has
moved from the northern to the southern YHRV.

(2) In the standard deviation fields, the annual differ-
ences in the frequencies of different durations of continuous
precipitation were the largest during 1980-1999, especially
for the C34 distribution. However, in recent years, the in-
terannual difference in each duration of continuous Meiyu
precipitation has decreased, and the center of the maximum
is over the southeastern YHRV.

(3) The linear trends for different durations of continuous
precipitation significantly increased for the C2 distribution
over the southern Yangtze River and decreased over the
northern Yangtze River during the periods 1960-1979 and
1980-1999. In the C5 distribution, there were significant
increasing trends over the southern YHRYV, especially dur-
ing 1980-1999. In recent years, the frequency of C2 has
significantly increased, especially for the Yangtze River
basin. However, the opposite distribution is found for the
frequency of C5, especially in the area of 28°-30°N.

(4) There has been a close relationship between the de-
cadal evolution of the frequency of C5 and ISO anomalies,
especially during 1990-2007. Since 2000, a longer-duration
single-peak structure has been replaced by a distribution
with several shorter-duration peaks, and the occurrence time
of the continuous precipitation processes has become ear-
lier. Meanwhile, low-level baroclinicity has increased (de-
creased) during each period, which is in accordance with the
increasing (decreasing) frequency of longer-duration pre-
cipitation. It was confirmed that longer-duration precipita-
tion has significantly decreased in recent years.

It should be pointed out that the present study is a pre-
liminary diagnostic analysis. A related numerical simulation
and dynamical analysis needs to be carried out as future
work.
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