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VARIATION OF PRECIPITATION CONCENTRATION FROM
1960 TO 2014 IN THE MIDDLE AND LOWER REACHES OF
YANGTZE RIVER BASIN, CHINA

L. ZHAO, J.M. WANG, Z. ZHAO, J. FANG*

School of Resource and Environmental Sciences, Wuhan University, China.

ABSTRACT. Based on the daily rainfall data of 127 stations from 1960 to 2014,
this study investigated the spatial-temporal variation of PCD (precipitation-
concentration degree) and PCP (precipitation- concentration period), and their
possible relations with ENSO (El Nifio-Southern Oscillation) in the middle and
lower reaches of Yangtze River of China. Main results have indicated that, firstly,
the mean PCD was generally below 0.5 across the whole study area, with the
lower value located in the northeast and south. Besides, there was a positive
trend of concentrated precipitation in the west part while negative in the east.
Secondly, the mean PCP ranged from May to July and delayed from south
to north, along with a trend of advancing rainy season in the central part. In
addition, PCD had a positive relation with ONI (Oceanic Nifio Index), while
PCP negative. El Nifio led the rainy season earlier and the precipitation more
concentrated. This study could not only shed a light on the understanding of
the variation of precipitation pattern, but also provide theoretical support for
regional disaster risk governance and water resources management in the
middle and lower Yangtze River Basin.

Variacion dela concentracion de precipitacion desde 1960 a 2014 en la cuenca
media e inferior del Rio Yangtze, China

RESUMEN. Basandose en la precipitacion diaria de 127 estaciones desde 1960
hasta 2014, este estudio se ha centrado en la variacion espacio-temporal del
PCD (Grado de concentracion de la precipitacion) y el PCP (Periodo de con-
centracion de la precipitacion), y sus posibles relaciones con ENSO (Oscilacién
Meridional de El Nifio) en los tramos medio e inferior del Rio Yangtze de China.
Los principales resultados indican en primer lugar que el PCD medio estuvo
generalmente por debajo de 0,5 en todo €l area de estudio, localizandose el valor
mas bajo en el nordeste y en el sur. Ademas, hubo una tendencia positiva de la
precipitacion concentrada en la parte occidental, mientras que fue negativa en
la oriental. En segundo lugar, el PCP medio oscilé de mayo a julio y se retra-
sO de sur a norte, junto con una tendencia a avanzar la estacién lluviosa en la
parte central. Por otro lado, e PCD tuvo una relacion positiva con ONI (indice

CIG 42 (1), 2016, p. 205-220 205



Zhao et al.

Oceanico de EL Nifio), siendo negativa con €l PCP. El Nifio hizo que la estacion
[luviosa ocurriera antesy que el periodo de precipitacion fuera mas concentrado.
Este estudio pudo no sdlo arrojar mas luz a la comprension de la variacion de
los patrones de precipitacion, sino también proporcionar un apoyo tedrico a la
gobernanza de los riesgos de desastres regionales y la gestion de los recursos
hidricos en la cuenca media e inferior del Rio Yangtze.

Key words: precipitation concentration, spatio-temporal variation, ENSO,
Yangtze River Basin.
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1. Introduction

Under global warming, the impacts of climate change upon the extreme
meteorological events have drawn more and more concerns among the international
scientific issues and the public (IPCC, 2007, 2013). The climate change impacts have
various spatial-temporal scales and different characteristics. As one of the vital factors
in global water cycle, mean precipitation and extremes have been affected globally by
climate change in recent decades (IPCC, 2007, 2013). Due to the variation of its driving
factors, precipitation patterns vary among different regions and seasons (Huang et al.,
2013; Marvel et al., 2013). The concentration of precipitation in space and time is very
senditive to climate change and would induce the occurrence of more frequent extreme
climate events. The uneven distribution of rainfall can lead to more flood or drought,
soil erosion and other related disasters, which will affect agriculture ecosystem, grass
and forest ecosystem, the safety of property and citizens, and so on (Arnaud et al., 2002;
Huang et al., 2013; Wang et al., 2014). Therefore, studying the temporal and spatial
distribution of the precipitation concentration is of great importance to help us facing
therisk of climate change and understanding the regularity and formation mechanism of
climate change (Stott et al., 2010; Gu and Andler, 2015).

In recent years, a few tools have been developed to measure the distribution and
concentration of rainfall, such as MFI (Modified Fournier Index; Arnoldus, 1977), PCI
(Precipitation Concentration Index; Oliver, 1980) and PCD (Precipitation Concentration
Degree; Zhang and Qian, 2003). Based on long-term rainfall intensity data, MFI and PCI
could be used to estimate the rainfall erosivity (Renard and Freimund, 1994; Munka et
al., 2007; Mdloet al., 2013). After comparing PCI with MFI, Apaydin et al. (2006) stated
that PCI was more suitable to reflect the concentration of precipitation. Another method
of calculating the precipitation concentration, PCD (precipitation concentration degree)
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and PCP (precipitation-concentration period), were developed in 2003 (Zhang and Qian,
2003). By using composite vector, they are more suitable to show the concentration and
the barycenter date of rainfall and their comprehensive effects. Thus, PCD and PCP
became widely used in China (Zhang and Qian, 2004; Bai and Liu, 2010; Wang et al .,
2013; Kong et al., 2015) and may also be suitable for other places (Silva and Lucio,
2015). The characteristics of PCD and PCP depend on the diverse distribution patterns of
precipitation, and differ significantly across China. Generally, the concentration degrees
in the arid or semi-arid regions of China were larger than that in humid regions, which
have long rainy seasons (Zhang and Qian, 2003; Kong et al., 2015).

Asthemost typical river in the humid region of China, Yangtze River isthe longest and
largest river in China (also the third longest river in the world), flowing across 19 provinces
(Fig. 1). The uneven temporal distribution of precipitation in the Yangtze River basin makes
it very prone to droughts and floods (Zhang et al., 2008; Zhai et al., 2010). Furthermore,
the middle and lower reaches of Yangtze River, of subtropical monsoon climate, are more
sensitively affected by the summer Asian-Pacific monsoon (Wang and Ho, 2002; Liu €t al.,
2011). The frequent extreme precipitation and its variation in the middle and lower reaches of
Yangtze River will have negative effects on grain-producing, water supply and social security.

Therefore, the purpose of this study is to analyze the spatial and temporal distribution
and variation of precipitation concentration in the middle and lower reaches of Yangtze
River from 1960 to 2014. By utilizing PCD/PCP as the indicator of the concentration of
precipitation, this study aims to clarify the temporal and spatial characteristics of PCD/
PCP and further explore their possible relationships with ENSO events. The results will
be of great importance for further understanding of climate change impact and regional
disaster risk reduction.
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Figure 1. Location of the study area and weather stations.
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2. Data and methods
2.1. Sudy area and datasets

The location of the middle and lower reaches of Yangtze River basin and the
weather stations are depicted in Fig. 1. There are 78 stations located in the study area and
49 stations in the around buffer zone 100km out of the study area boundary. The daily
precipitation data of 127 stations used in this study are provided by ChinaMeteorological
Data Sharing Service System (http://cdc.nmic.cn), covering the period between 1960 and
2014. Data quality has been checked before they were used for calculation of PCD and
PCP. The seasonality of rainfall and the changing trend of annual rainfall in this area
are shown in Fig.2. Besides, according to Zhang et al. (2004), in early 1990s, there were
obvious jump points for the trends of PCD and PCP based on the M-K test. Thus, we also
separate the whole period into two sub-periods 1960 to 1989 and 1990 to 2014, for the
purpose of the following comparison and transition analysis.
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Figure 2. Monthly mean precipitation (right) and changes in annual precipitation (left) in the
middle and lower reaches of Yangtze River basin.

2.2. Computation of PCD/PCP

The PCD and PCP were proposed by Zhang et al. (2003) to measure the distribution
of rainfall and the peak rainfall date. They were calculated as follows:
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wherei referstotheyear (1960, 1961, ..., 2014), j istheday of that year (1,2,3......364,365),
R isthe amount of rainfall of ayear, r isthe precipitation of thej, day inthei, year.

a; = arctan(R,;/R,;) (5)
a; (Ry{' = O’R.ﬂ = 0)
D, =1a; +360° (R, > 0,R, <0)
a;+180° (R, <0) ©)
PCP;=D -
.= . %
£ 3600 )

where D, is the azimuth of PCP. During a non-leap year, n=365, while in a leap year,
n=366. Actually, the scale (including i and j) can be adjusted to meet the specific need.
In this study, we use daily precipitation and calculate the PCD/PCP of each year.

In formula (4), PCD is the ratio of resultant vector to total amount of precipitation,
which is able to reflect the concentration degree of rainfall during a year. If PCD equals
1, the resultant vector equals to the total, indicating the max degree of concentration,
whereas, if every component equals, the min PCD is 0. It is shown in formula (5), (6) and
(7) that PCP nearly demonstrates the barycenter date of precipitation during a year. More
details of this method can be found in Zhang et al. (2003).

2.3. ENSO index and typical events

2.3.1. The Oceanic Nifio Index (ONI)

The Oceanic Niho Index (ONI) is the 3-month moving average of ERSST.v4 SST
anomalies in the Nifo 3.4 region (5°N-5°S, 120°-170°W). A warm period, when ONI>0.5
for at least 5 consecutive months, refers to an El Nifio event. Similarly, cold periods,
when the ONI is below -0.5 for more than 5 months continuously, generally represent
La Nifia events. The ONI data are provided by the climate prediction center of National
Weather Service (http://www.cpc.noaa.gov). As most of the El Nifio or La Nina events
contain aperiod from June to February of next year, we averaged the monthly ONI from
June to February (including summer, autumn and winter) and denoted as ONIsaw to
represent the phenomenon of ENSO in that year.

2.3.2. Selection of typical ENSO events

According to the ONI time series from 1960 to 2014, the beginning and ending
time of each abnormal period along with their average ONI are shown in Table 1. The
termination year of ENSO events was used to denote the specific ENSO event. In this
study, we choose 2 typical El Nifio events (1973, 1998), and 2 of La Nina events (1974,
2011), of which the absolute value of average ONI rank first in the two sub-periods
respectively.
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Table 1. Average ONI and the beginning and ending time of ENSO events from 1960 to 2014
(Selected typical ENSO events are in Bold)

Sub-periods El Nifio Temy“égf“"” Avgmge La Nifia Te”;‘égﬁ“"” Avgmge
1963.7-1964.2 1964 0.99 |1964.5-1965.1 1965 -0.70
1965.6-1966.4 1966 122 |1967.12-1968.4 1968 -0.64
1968.11-1969.6 1969 0.75 |1970.7-1972.1 1972 -0.88

1960 1969.8-1970.1 1970 0.70 |1973.6-1974.7 1974 -1.26

o 1972.5-1973.3 1973 1.32 | 1974.10-1976.3 1976 -0.93
1976.9-1977.2 1977 0.68 |1984.10-1985.6 1985 -0.77

1989 1977.9-1978.1 1978 0.68 |1988.5-1989.5 1989 -1.23
1979.10-1980.2 1980 0.54
1982.4-1983.6 1983 1.30
1986.9-1988.2 1988 1.09
1991.6-1992.7 1992 1.01 |1995.8-1996.3 1996 -0.78

1990 1997.5-1998.5 1998 156 |1998.7-2001.3 2001 -0.99

© 2002.6-2003.2 2003 0.94 |2007.8-2008.6 2008 -0.99
2004.7-2005.4 2005 0.62 |2010.7-2011.4 2011 -1.11

2014 2006.9-2007.1 2007 0.78 |2011.8-2012.3 2012 -0.70
2009.7-2010.4 2010 0.90

3. Results

3.1. PCD and PCP from 1960 to 2014

Fig. 3 shows the temporal variation of averaged PCD/PCP, spatial distribution of
annual mean PCD and PCP and their linear trends in the middle and lower reaches of
Yangtze River from 1960 to 2014. From Fig. 3a, it can be inferred that generally the
mean PCD of whole study area is 0.39 and lower than that in arid and semi-arid regions
of China (Zhang et al., 2004). PCD of over 93% areas are under 0.5, which may be
attributed to the long rainy season in this study area. Secondly, the mean PCD varies
slightly in this area. Areas with PCD between from 0.3 to 0.5 occupy nearly 90% of the
whole region. Besides, the PCD increases gradually from south to north in general. It is
fairly high (over 0.5) in northwest, while low (under 0.3) in the south of the central (low
latitude) and the northeast (near seaside) part.

For the PCP (Fig. 3b), the mean of the whole region is 24th week, when the East
Asian rainy season starts in most regions. PCP of over 97% areas are between the 20th
to the 29th week of year (the 133th to 203th day of year), leading to regular floods in
this study area. Meanwhile, the spatial variation of PCP is much more obvious than that
of PCD. From southeast to northwest, the PCP increases significantly, indicating that
precipitation in this area is dominated by East Asia monsoon, in which the rain belt
moves from southeast to northwest.
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Figure 3. Mean PCD and PCP and their linear trends from 1960 to 2014 (aismean PCD, bis

mean PCP, ¢ is the linear trend coefficient of PCD, d is the linear trend coefficient of PCP, e is
the time series of averaged PCD, f is the time series of averaged PCP).

The linear trend coefficients of PCD were depicted in Fig. 3c. Generally, the
trends of PCD differ significantly from east to west. Specifically, negative trends occur
in the east part, whereas positive trends locate mainly in the middle and west. Higher
positive trend coefficients are found in northwest and southwest part. In other words, the
precipitation became more and more concentrated in the west part from 1960 to 2014,
while more and more even in the east part. This indicates that the risk of extreme climate
events such as floods and droughts grows in the northwest part of this study area.

Fig. 3d shows the linear trend of PCP from 1960 to 2014. It illustrates that most
area have a positive liner trends of PCP (1-3d/10a), especially in the middle part. The
neutral or negative linear trend coefficients are distributed in some other parts of the
study area. This indicates that the barycenter of annual precipitation has a remarkable
trend of delaying rather than advancing in the middle part, which means that monsoon
dominating major precipitation delay gradually.
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Taking this region as a whole, there is no significant trend of average PCD during the
whole period (Fig. 3e). For average PCP (Fig. 3f), there is a slight increasing trend from
1960 to 2014, which indicates lag of precipitation concentration period. The increasing
trend of PCP after 1990 is significant.

3.2. Transition of PCD/PCP during two sub-periods

3.2.1. Transition of PCD during two sub-periods

The spatial variations of mean PCD during two sub-periods (1960-1989, 1990-2014)
are illustrated in Fig. 4a and Fig. 4b. Generally, the spatial distribution of mean PCD
during two sub-periods are very similar to that from 1960 to 2014 (Fig. 4a8). Higher
values occur in the northwest part, while lower valuesin the south and east part. Most of
the mean PCD during these two sub-periods also range from 0.3 to 0.5. However, minor
changes can till be found. From former sub-period (1960-1989) to latter sub-period
(1990-2014), the mean PCD of the south part turns to be higher. Meanwhile, the PCD of
the southeast part turns to be lower.

Trend{100*-1)
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N 05005
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L] 0.01-001
£ 001-0.08
[ 0.05-05

I 05-1
—— Yuesgtre Rives |

107°E N3E 19E
c d
Figure 4. Annual mean PCD and the linear trends during two sub-periods (a is annual mean

PCD in 1960-1989, b is annual mean PCD in 1990-2014, c is the linear trend coefficient of PCD
in 1960-1989, d is the linear trend coefficient of PCD in 1990-2014).

Fig. 4c and Fig. 4d show the significant transition of PCD trend from 1960-
1989 to 1990-2014. Overall, the spatial pattern of PCD trend coefficients from 1960 to
1989 is generally similar to that from 1960 to 2014 (Fig. 3c), demonstrating that negative
trend occur in the east part and positive in the west part. However, the spatial distribution
of PCD trend from 1990 to 2014 differs a lot, with positive trends mainly in the north
and south part and negative trends in the middle part (Fig. 4d). In addition, there is
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a significant transition of PCD trend from positive to negative in the southwest part,
and negative to positive in the southeast part. Furthermore, the comparatively higher
PCD value (Fig. 4a-b) and its positive trend (Fig. 4c-d) in the northwest part reveal that
precipitation in this specific area is becoming more and more concentrated, which will
cause a high risk of suffering from flood or drought.

3.2.2. Transition of PCP during two sub-periods

As is shown in Fig. 5a-b, the spatial distributions of mean PCP during two sub-
periods are very similar in general. As what is indicated in Fig. 3b, the mean PCP
increases gradually from southeast to northwest part in both periods, except for an area
in the south part with higher PCP than the surrounded regions.

)
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B 22nd-23rd
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I 26th~27th
(=1 28th-29th
— 3 29th-End
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Figure 5. Annual mean PCP and the linear trends during two sub-periods (a is annual
mean PCP in 1960-1989, b is annual mean PCP in 1990-2014, c is the linear trend
coefficient of PCP in 1960-1989, d is the linear trend coefficient of PCP in 1990-2014).

Spatial distributions of liner trend coefficients of PCP during 1960-1989 and 1990-
2014 are significantly different from each other (Fig. 5¢ and Fig. 5d). In the former sub-
period, the positive PCP trends occur in about 60% of the area except for the southeast and
northwest part. While in the latter sub-period, the positive PCP trend occurs in almost the
whole study area, with the higher value in the north part. This manifests that the delay of
monsoon induced precipitation become more and more notable in most region of the study
area. Especially in the north part, the mean PCP and PCD are both high and their trends
are poditivetoo (Fig. 4 and Fig. 5), which make it very susceptible to more extremerainfall
in rainy seasons and frequent and severe droughtsin non-rainy season.
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3.3. Relationships between ONI and PCD/PCP
3.3.1. Correlation between ONI and PCD/PCP

To further reveal the possible driving factor of PCD/PCP variations, we investigated
the relationships between PCD/PCP and ENSO, which may impact the major timing and
intensity of precipitation in East Asia. The Spearman correlation coefficients between
ONI and PCD/PCP in different periods are shown in Fig. 6. In general, it indicates
almost all positive correlations between ONI and PCD, while negative between ONI and
PCP except for the period from 1960 to 1989.

During the entire period (1960-2014), the majority of coefficients in Fig. 6a are less
than 0.3, indicating an overall weak positive correlation between ONI and PCD, while there
are higher significant positive coefficients in the middle part (R>0.3 and P<0.05). For PCP,
though there are significant negative coefficients (R<-0.3 and P<0.05) in the northeast and the
southeast parts, most of the correlation coefficients in the middle and west are between -0.3 to
0, indicating an overall weak negative correlation between ONI and PCP (Fig. 6b).

107°E 1I'E 19'E

107°E 1MIE 19E
e f
Figure 6. Correlation coefficients between PCD/PCP and ONI (a,c,e are for PCD-ONI
correlation in 1960-2014, 1960-1989, 1990-2014 respectively, b,d,f are for PCP-ONI

correlation in 1960-2014, 1960-1989, 1990-2014 respectively).
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During the two sub-periods (1960-1989 and 1990-2014), there are different trangitions
regarding to correlation of ONI-PCD and ONI-PCP. For PCD, there is no significant
transition between two sub-periods (Fig. 6¢ and Fig. 6e). The correlations between ONI
and PCD are positive in general and the spatial patterns are similar to that of the entire
period which indicates an area with higher coefficient in the central part. By comparison,
the positive correlation between ONI and PCD from 1960 to 1989 is much stronger than
that from 1990 to 2014. As far as the correlation between ONI and PCP is concerned,
there is significant transition from general positive to negative in the central part during
two sub-periods (Fig. 6d and Fig. 6f). The overall strong negative correlation from 1990 to
2014 contributes a lot to the general weak negative correlation in the entire period. These
results above manifest that El Nifio/La Niha will probably cause the precipitation in this
study area more concentrated/even in a year cycle. Besides, El Nino/La Nifa may lead to
the rainy season earlier/later, especially during recent three decades.

3.3.2. PCD and PCP in typical ENSO events

Comparative analyses of PCD/PCP during typical El Niflo/La Niha events are
presented in Fig. 7 and Fig. 8. Regarding to PCD during EI Nifo events (Fig. 7a and Fig.
7b), the departure percentage of PCD are generally positive. Table 2 indicates that 91.5%
of area are under positive departure of PCD in El Nifio 1973 especially in the central part
where the departure percentage is over 30%, while only a small part of northwest is under
weak negative departure of PCD. In El Nifo 1998, 80.5% of area is also under positive
departure of PCD, while a small part of east shows negative. This result is in accordance
with that indicated in Fig. 6, which manifests positive correlation between ONI and PCD.

N
34N e k
30°NA PCD departure
percentage
.100%--60%
=-60%~-30%
0-30%-0%
26°N- - S0%~30%
28 . =30%-60%
T T T
107°E NIE MYE
(&

Figure 7. PCD departure percentages in 1973(a), 1998(b), 1974(c), 2011(d) (a and b are El Nifio
events, while c and d are La Nifia events).
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Figure 8. PCP departuresin 1973(a), 1998(b), 1974(c), 2011(d) (a and b are El Nifio events,

while c and d are La Nifia events).

In contrast, during La Nifia events, the performances of PCD during these two events
(1974 and 2011) are not consistent. In La Nina 1974 (Fig. 7c), although the departure
percentage is not so high, 70.8% of area are under negative departure of PCD, which is
in well agreement with the general strong positive correlation between ONI and PCD
during 1960-1989 presented in Fig. 6¢c. While in La Nifia 2011 (Fig. 7d), 72.1% of area
are under positive. From this point of view, generally it seems to be not in agreement
with the correlation result showed in Fig. 6e. However, specifically the northeast and
northwest parts which are under positive departure in La Nifa 2011 (Fig. 7d) also agree

with the weak negative correlation presented in Fig. 6e.

Table 2. Percentages of area under positive/negative PCD departures during four typical
ENSO events.

Percentages of area

El Nifio events

La Nifa events

1973 1998 1974 2011
Positive departure 91.5% 80.5% 29.2% 72.1%
Negative departure 8.5% 19.5% 70.8% 27.9%

Regarding to PCP during typical El Nifio/La Niha events, the PCP departures are
negative/positive in general. However, the percentage of area that are under negative
or positive departure do not dominate in El Nifio 1973 (Fig. 8a, Table 3) and La Ninha
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1974 (Fig. 8c, Table 3), which partly proves the general weak correlation between ONI
and PCP from 1960 to 1989 (Fig. 6d). By comparison, the whole area is under negative
departure in El Nifio 1998 (Fig. 8b, Table 3), mostly over one week ahead of time. In La
Niha 2011 (Fig. 8d, Table 3), the whole are is under positive departure, mostly delaying
more than 2 weeks. This totally negative/positive departure of PCP in El Nifio/ La Niha
further confirms the strong negative correlation between ONI and PCP from 1990 to
2014 that isindicated in Fig. 6f.

Table 3. Percentages of area under positive/negative PCP departures during four typical

ENSO events.
El Nifio La Nifa
Percentages of area
1973 1998 1974 2011
Positive departures 49.2% 0.0% 53.5% 100.0%
Negative departures 50.8% 100.0% 46.5% 0.0%

4. Discussion and Conclusions

In this study, the spatial-temporal variation of PCD/PCP and their possible relation
with ENSO from 1960 to 2014 in the middle and lower reaches of Yangtze River have
been investigated. Mgor results revealed that:

(I) The annual PCD in this area ranged from 0.3 to 0.5, while PCP from May to
July, which agreed with previous studies (Zhang and Qian, 2003; Wang et al., 2013;
Kong et al., 2015). Both PCD and PCP of this region is lower /earlier (for PCP) than
most area in China including the upper reaches of Yangtze River (Zhang and Qian,
2003; Wang et al., 2013; Kong et al., 2015). The lower PCD were mainly located in
the northeast and south, probably resulting from the long rainy season especially in the
seaside and lower latitudes. Meanwhile, the variation of mean PCP across the whole
area significantly ranged from May to July, and delayed gradually from south to north,
which can be attributed to the fact that the summer monsoon and the subtropical rain belt
spread from south to north.

(2) PCD had an increasing trend in the west part while negative in the east. PCP had
a trend of advancing mainly in the central part. These results were similar to the study
conducted by Wang et al. (2013). The changes in PCD may be related to the number
of rainy days (Cortesi et al., 2012), the plum rains season (Wang et al., 2013), summer
rainfall (Zhang et al., 2009) or extreme precipitation (Alexander et al., 2006). Besides,
there was a significant transition of PCD trend from positive/negative to negative/positive
in the southwest/southeast part during two sub-periods. Furthermore, the comparatively
high PCD and its positive trend and late PCP in the northwest part indicated that there
would be more spring and autumn drought and summer flood (High PCD and Late PCP).

(3) PCD had a weak positive correlation with ONI, while PCP negative. The
variation of precipitation pattern is a complicated progress, thus large scale circulation
may be a leading factor (Wang et al., 2013). Previous studies had also illustrated that
the abnormal precipitation or drought/flood in East Asia (especially China) was usually
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affected by ENSO events (Larkin, 2005; Chen et al., 2013; Shuai et al., 2013; Rasanen
et al., 2015). The results of this paper have stated that in El Niho years (high ONI), the
rainy season may come earlier and the precipitation may be more concentrated. It could
be inferred that El Nifho might cause more droughts/floods in the dry/rainy season and
earlier rainy season. On the contrary, during La Nifa, precipitation would be distributed
more evenly and rainy season probably came later.

Though some reliable conclusions have been addressed in this study, there are
other issues worthy of more examination in the future study. Firstly, as a time-depend
index, PCD is prone to indicate the precipitation symmetry degree during a given period.
But this does not coincide with the concept of concentration very well. However, other
indices also have some shortcomings. Such as PCI (Oliver, 1980; Luis et al., 2011; Shi et
al., 2015), which just takes the total rainfall amount into consideration while ignoresthe
timing, and CI (concentration index) based on the contribution of daily precipitation to
the total rainfall amount (Martin-Vide, 2004). Hence, the improvement of indicator for
reflecting the real concentration of precipitation needs further work.

Secondly, whether the precipitation concentrates or not and whether rainy season
comes early or late may also affect corresponding seasonal droughts and floods. It is
worth further investigation on the relationships between precipitation concentration and
drought/flood indicated by meteorological indices, such as SPI (standardized precipitation
index; McKee et al., 1993) and SPEI (standardized precipitation evapotranspiration
index; Vicente-Serrano et al., 2010). And the effect of rainfall concentration changes
on hydrological cycle and its effect on natural and human processes also need further
studies.
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