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Extreme precipitation has significant impacts on human society and agriculture development under
global climate change as well as severe eAects on rice development. However, little research has been done
on the characteristics of extreme precipitation in different rice growth stages. Taking the South China
region as a case study, the characteristics of extreme daily precipitation in the early rice season
(April–July) from 1960 to 2009 were investigated by using percentile method. Results indicated that
extreme precipitation threshold increases since the tillering stage, and there is big difference between the
Brst and the rest growth stages. Extreme precipitation is serious in the eastern part than in the western
part of South China during the seeding and tillering stage, and reverse since the booting stage. Frequency
of extreme precipitation increases in recent decades after the booting stage. Finally, Cood risk regions
form more easily in the coastal cities and the western part of South China in the 1990s and 2000s since the
tillering stage.
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1. Introduction
Rice feeds more than half of the world’s population,
and is one of the main food crops produced in
China; nearly 60% Chinese population live on rice
(Wu et al. 2013; Abid et al. 2015). The stability of
rice production is the most important project in
food safety in China. South China is located in the
monsoon region; rice grows twice a year and it is
one of the main rice cropping places in China (Pan
et al. 2017). Flood causes serious damage to South
China, and becomes the most severe meteorological
disaster for rice cropping (Lu 1990; Zeng and
Huang 2001). Traditionally, rainy season in South
China starts from April and end in June, called the
Brst rainy season. The second rainy season starts
from July and end in September (Yang et al. 2008;

Wu et al. 2010; Potty et al. 2012). Numerous
studies have been done to understand past and
potential future of the extreme precipitation during
the rainy season of South China (Huang and Du
2010; Wang et al. 2011). However, most of this
research focuses on either the Brst or second rainy
season. Less research has focused on the rainfall
characteristics of the different growth stages of rice
cropping. With the developing of global warming,
scientists have found that extreme precipitation in
South China is becoming more frequent (Ding and
Ren 2008; Li et al. 2013; IPCC 2014; Luo and Chen
2015). However, the levels and trends of extreme
precipitation in different growth stages of the late
rice period in South China remain unclear. Therefore, there is a need to develop better overall
understanding of the past changes in extreme
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precipitation during the rice season over South
China. In this study, Bve stages of the early rice
season (April–July) are taken as the research
object. Using daily precipitation data and the
percentiles method, spatial and temporal aspects of
extreme precipitation during different stages of
early rice season are investigated for the period
1960–2009. The data and methodology are
discussed in section 2. Results are presented in
section 3. Conclusions are following in section 4.

2. Data and methodology
2.1 Precipitation data
The daily precipitation dataset was provided by
the Climate Data Center of the China Meteorological Administration (CMA), which includes 730
stations covering mainland China for the period
1960–2009. Among these stations, 47 in the South
China region were extracted for analysis and are
almost Brst- and second-class national climate
stations. The distribution of the stations is shown
in Bgure 1. Heavy rainfall definition in this paper is
following the indices of CMA: for one station, a day

is called heavy rainfall day, if accumulated
precipitation of that day is 50 mm or more.
2.2 Percentiles method
In China, heavy rainfall event is traditionally
deBned as event with daily precipitation amount
[50 mm. However, this precipitation amount may
cause a variety of damage for different cities or
regions. In this paper, percentile method is used to
deBne the proper extreme precipitation threshold
value for each station over South China. Each
day with precipitation exceeding the percentile
threshold value was deBned as an extreme precipitation day. The idea of examining trends in such
relative extreme events has been widely explored in
recent studies (Bonsal et al. 2001; Joshi et al. 2014;
Prasanna 2016; Cao et al. 2019). The employed
method was as follows:
Trends in precipitation percentiles are used to
assess changes in the distribution of daily precipitation over South China. For each station, the 95th
percentile of daily precipitation distributions is
estimated. This investigation incorporates the formula introduced by Beard (1943) and described in
detail by Jenkinson (1977). Daily precipitation for

Figure 1. Location of 47 rainfall stations over South China region.
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each season is Brst ranked in ascending order X1,
X2, …, Xn. The probability P that a random value
is less than or equal to the rank of that value Xm is
estimated by
ðm  0:31Þ
:
ðn þ 0:38Þ

For example, seeding stage of early rice season
contains 40 days’ precipitation data (for one
station). From 1960 to 2009 (50a), it includes 200
precipitation values (n = 200). These values are
ranked in ascending order. When P = 0.95 and n =
200, the equation is solved (m = 190.7). The 95th
percentile value of this station is when m = 190.7
in the 200 ascending data, which is linearly
interpolated between the 190th-ranked value and
the 191st-ranked value.
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Figure 2. Accumulated rainfall amount for each growth
period during early rice period (I. seeding stage, II. tillering
stage, III. booting stage, IV. heading stage, V. maturity stage).
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2.3 Rice growth stages

3. Results
3.1 Rainfall and heavy rainfall characteristics
In this section, regional average characteristics of
rainfall and heavy rainfall during the early rice season are examined. Figure 2 shows the accumulated
rainfall for each growth stage. Besides heading stage,
accumulated rainfall in each stage exceeded 150 mm.
The maximum accumulated rainfall occurred in the
tillering stage (II), while the minimum occurred in
the heading stage (IV). The growth stages were
ranked in descending order of regional accumulated
rainfall as follows: II, III, V, I and IV. Total rainfall of
the early rice season reached 844 mm, with 309 mm
(37%) resulting from heavy rainfall (Bgure 3).
Heavy rainfall during the early rice season is serious
and will easily lead to Cood and aAect the growth of
rice. According to Bgure 3, maximum accumulated
heavy rainfall occurred in the booting stage (III),
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South China is located in the monsoon region; rice
grows twice a year. The early rice season normally
begins in April and end in July. In this paper,
definitions of the Bve stages of the early rice season
are as follows: seeding stage (stage I): starts from
11th March to 20th April; tillering stage (stage II):
starts from 21st April to 20th May; booting stage
(stage III): starts from 21st May to 1st June;
heading stage (stage IV): starts from 11th June to
20th June; maturity stage (V stage): starts from
21st June to 10th July.
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Figure 3. Accumulated heavy rainfall amount for each growth
period during early rice period (I. seeding stage, II. tillering
stage, III. booting stage, IV. heading stage, V. maturity stage).

accumulated heavy rainfall amount reached 82 mm,
while the minimum occurred in the seeding stage (I).
Ratio of heavy rainfall amount shares on total
rainfall amount is used to analyze the heavy rainfall intensity. Figure 4 presents a different ranking
order compared with Bgure 2. The growth stages
were ranked in descending order as follows: IV, III,
V, II and I. Heavy rainfall ratio increased rapidly
after seeding stage. Heavy rainfall was most serious
in the heading stage (43%), even though the total
rainfall amount was far more less than the other
stages.
3.2 The 95% extreme precipitation thresholds
Heavy rainfall is serious during the early rice season, especially since the tillering stage. However,
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Figure 4. Ratio of heavy rainfall amount and total rainfall
amount (I. seeding stage, II. tillering stage, III. booting stage,
IV. heading stage, V. maturity stage).

the intensity and spatial distribution of heavy
rainfall in South China is uneven among the stages.
Figure 5 presents the spatial pattern of South
China’s highest one-day precipitation episodes in
each stage of the early rice season. Occurrences of
rainfall 100 mm/day or more can be found in many
places in each stage. Higher extreme precipitations,
highest one-day rainfall reached 300 mm/day or
even more, were more likely to occur since the
booting stage. For example, at the Lingshan

station, near the southwestern coast of South
China, highest one-day rainfall in the booting stage
is 498.3 mm; Xuwen station (471.5 mm), coastal
city in the southern part of South China.
Since the extreme precipitation intensity varied
from stage to stage, it is inconvenient to use the same
standard for different stages of the early rice season.
The 95% extreme percentile method is used to deBne
the extreme precipitation threshold for different
stations in different stages of the early rice season.
The regional averages of 95% extreme precipitaion threshold values for each stage are shown in
table 1. It is found that besides the seeding stage,
regional average of 95% extreme precipitation
threshold values exceeded the traditional heavy
rainfall definition (50 mm/day). The 95% extreme
precipitation thresholds ranked from large to small
is IV; III; V; II and I, same as the ranking order of
heavy rainfall shares on total rainfall amount
(Bgure 4). But extreme precipitation threshold for
each stage is different. Extreme precipitation
threshold in the heading stage is the largest (65.2
mm/day), almost twice as much as the seeding
stage’s (35.81 mm/day). Percentiles method is
more accurate in reCecting extreme precipitation in
different regions than traditional heavy rainfall
definition.

(a)

(b)

(c)

(d)

(e)

Figure 5. Highest one-day extreme rainfall in South China: (a) seeding stage, (b) tillering stage, (c) booting stage, (d) heading
stage, and (e) maturity stage.
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Table 1. Regional average of extreme heavy rainfall for each stage in early rice period.
Stage
95% extreme precipitation threshold (unit: mm/d)

I

II

III

IV

V

35.81

57.11

64.01

65.2

58.68

(a)

(b)

(c)

(d)

(e)

Figure 6. Spatial distribution of 95% extreme precipitation of each stage during early rice period average from 1960 to 2008:
(a) seeding stage, (b) tillering stage, (c) booting stage, (d) heading stage, and (e) maturity stage.
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Figure 7. Percentage frequencies of extreme precipitation for each stage during early rice period: (I) seeding stage, (II) tillering
stage, (III) booting stage, (IV) heading stage, and (V) maturity stage.

Spatial variability of 95% extreme precipitation threshold (Bgure 6) can help to Bnd out
the intensity zones of extreme precipitation

region. During the seeding stage, extreme
precipitation threshold values were under 50
mm/day, highest threshold value occurred at
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Figure 8. Spatial distribution of percentage frequencies of extreme precipitation for seeding stage: (a) 1960–1969, (b) 1970–1979,
(c) 1980–1989, (d) 1990–1999, and (e) 2000–2009.
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Figure 9. Spatial distribution of percentage frequencies of extreme precipitation for tillering stage: (a) 1960–1969,
(b) 1970–1979, (c) 1980–1989, (d) 1990–1999, and (e) 2000–2009.

the Zengcheng city (50.2 mm/day). Intensity of
extreme preicpiation starts to get stronger in
the tillering stage, especially in the eastern
part of South China with maxmium of center
occurred at the Dianbai city (114.1 mm/day).

Increasing extreme precipitation in western
part of South China can be found since the
booting stage. And it became more obvious in
the heading and maturity stage, extreme precipitation in western part of South China
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Figure 10. Spatial distribution of percentage frequencies of extreme precipitation for booting stage: (a) 1960–1969,
(b) 1970–1979, (c) 1980–1989, (d) 1990–1999, and (e) 2000–2009.
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Figure 11. Spatial distribution of percentage frequencies of extreme precipitation for heading stage: (a) 1960–1969,
(b) 1970–1979, (c) 1980–1989, (d) 1990–1999, and (e) 2000–2009.

became stronger than that in eastern part of
South China. High extreme precipitation
threshold center occurred at the Rongan
(heading stage) and Qinzou stations (115.1
mm/day).

3.3 Decadal variability of the 95% extreme
precipitation
Global warming brings more extreme precipitation to South China. To know the decadal
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Figure 12. Spatial distribution of percentage frequencies of extreme precipitation for maturity stage: (a) 1960–1969,
(b) 1970–1979, (c) 1980–1989, (d) 1990–1999, and (e) 2000–2009.

characteristics of extreme precipitation during the
different stages of the early rice season, frequencies of extreme precipitation in each decade were
calculated (Bgure 7). Extreme precipitation
occurred often in 1980s during the seeding and
tillering stage, both exceeded 3%. Since booting
stage, extreme precipitation was more common in
recent decades especially during the heading and
maturity stage. This result consists with conclusion of Li et al. (2010), which found that heavy
rainfall amount and frequency increased obviously
since the 1990s in South China during the rainy
season.
To Bnd the change in Cood risk region, the decadal spatial variability of each stage is studied
(Bgures 8–12). For the seeding stage (Bgure 8),
high probability of extreme precipitation centers
was found in western part of South China during
1960s–1970s. Extreme precipitation occurred more
in the eastern part of South China since 1980s, for
example: at Wuhua and Guangzhou stations.
Highest Cood risk period also occurred in the 1980s
during the tillering stage (Bgure 7). But unlike the
seeding stage, highest Cood risk region mainly
occurred among the coastal cities of the southern
part of South China (Bgure 9). The increased Cood
risk along the coastal cities of southern South
China continues in the following stage
(Bgures 10–12). During the heading and maturity

stage, the evidence of increase in Cood risk is
clearly noticed, especially since 1990s (Bgure 7).
The obvious coastal Cood risk region occurred at
the Dongxin, Xinyi, Taishan and Yangjiang stations. Besides, high frequency is also found in the
northern part of South China in the heading stage
since 1990s, such as the Hechi and Mengshan
stations.

4. Conclusions
The preceding sections reveal the noticeable
changes in the extreme precipitation during the
early rice season. According to the results, regional
averages of 95% extreme precipitation percentile
threshold are higher than the traditional heavy
rainfall definition during the early rice season,
except the seeding stage. Analysis of one-day
extreme rainfall has shown that the intensity of
extreme precipitation increases since the tillering
stage. Higher extreme precipitation threshold
occurs in the eastern part of South China during
the seeding and tillering stages, and then occurs in
the western part of South China since the booting
stage.
Decadal analysis reveals high frequency of
extreme precipitation occurred in 1980s in the
seeding and tillering stage, while obvious increase
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of frequency were found since 1990s in the heading
and maturity stage. For the seeding stage, Cood
risk region occurred in the western part of South
China before 1980s, then switched to the eastern
part of South China. Increased Cood risks region
occurred among the coastal cities and north-western part of South China during the last two decades
since the tillering stage.
For conclusion, this study improves overall
knowledge about the extreme precipitation for different stages in the early rice season of South China.
Flood occurs in different regions of South China
during different growth stages. For seeding stage,
extreme precipitation is more likely to occur in the
western and eastern parts of South China. However,
more attention should be paid in the coastal cities
when it comes to the rest of the growth stages, for
example, at the Dongxing and Yangjiang cities. This
research may be helpful for crop planning and
disaster managements in South China.
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