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vious regional feature over Jiangxi. Increasing trends in annual extreme preci-

these positive trends were shown by the statistical tests. In spring, four indices
exhibited significant increasing trends in Northeast and Southwest Jiangxi;
however, in summer, only MPI had a remarkable positive trend across almost
all of Jiangxi. For the other indices, few stations had remarkable trends. In
autumn, MPI and SPF showed remarkable increasing trends in most regions
of Jiangxi, while SPA and SPD showed increasing trends at only 6 stations
and 3 stations, respectively, which were scattered in the northern and middle
parts. In winter, the stations with remarkable upward trends in SPA and SPD
were mainly located in the middle of the region, whereas the significant pat-
terns of MPI and SPF were located in the south and middle of the region.
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1. Introduction

In recent decades, global climate change has captured a large amount of atten-
tion by worldwide scholars [1] [2] [3] [4] [5] owing to its devastating effects on
human life, the environment, and social and ecological implications [6]. In addi-
tion to changes in global climate, atmospheric circulation anomalies [7] [8], sur-
face evaporation [9], and so on, these factors all influence precipitation ex-
tremes. From a global perspective, Frich et al [10] found a significant increase in
extreme precipitation events, although spatial variation patterns show strong re-
gional characteristics. Otherwise, trends in extreme precipitation have been largely
studied on specific regional and national scales around the world [11]-[16]. The
majority of regions that have been exposed to extreme precipitation events, such
as in America [17] [18] [19] [20], Europe [13] [14] [21] [22], and Asia [23] [24],
are displaying an increasing trend. However, no significant trends were detected
in Africa [25].

Previous studies have shown that the trends of extreme precipitation events
around the world have regional and seasonal diversity. On a national scale, a
small trend has been shown for total precipitation amount [26] [27]; however,
on the whole, the amount, frequency and intensity of extreme precipitation in
China exhibit an upward trend [28] while showing regional characteristics [29]
[30].

Regionally, increasing trends in precipitation extremes have been found in
Northwest China [4] [31], Southwest China [24] [32], East China [33] [34] and
South China [27], although decreasing trends have been observed in North Chi-
na [35] [36] [37] and Northeast China [38].

Any positive or increasing trend in extreme precipitation is a serious concern
[39]. However, compared to more developed cities, Jiangxi, a large agricultural
province that is extremely vulnerable to flood and landslide hazards [40] [41]
[42], has not received enough concern, and no comprehensive studies have been
carried out in relation to climate change. This study focuses on detecting the
trends of four annual and seasonal extreme precipitation indices as well as the
magnitude of the trends in Jiangxi using the Mann-Kendall test and Sen’s slope
estimator. The effective sample size (ESS) method, defined as a modified
Mann-Kendall test in this title, was employed to eliminate the influence of serial
correlation. Although this is not the first study employing Mann-Kendall test
and Sen’s slope estimator for precipitation over China [43], it is the first analysis

of precipitation extremes over china using the ESS method.

2. Materials and Methods
2.1. Study Area Description

Jiangxi (Figure 1) is situated at approximately 24°29'N to 30°04'N latitude and
113°34'E to 118°28'E longitude, encompassing a total area of approximately
105,000 km?. Jiangxi is a southern province in the People’s Republic of China,
spanning from the banks of the Yangtze River in the north to the hillier areas of
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Figure 1. Locations of meteorological stations in Jiangxi province.

the south. Mountains surround Jiangxi on three sides, with the Mufu Mountains,
Jiuling Mountains, and Luoxiao Mountains to the west, the Huaiyu Mountains
and Wuyi Mountains to the east, and the Jiulian Mountains and Dayu Moun-
tains to the south. In addition, the Gan River dominates the province, flowing
through its entire length from south to north. It enters Lake Poyang in the north,
which is the largest freshwater lake in China. The region has a subtropical mon-
soon climate, with the mean annual precipitation from 1424 mm to 1995 mm.
The annual precipitation is largely concentrated in the rainy season from March
to September and decreases from northwest to southeast (Figure 2(a)). Above

all, Jiangxi was selected as the study area due to its unique geographical location.

2.2. Data and Data Pre-Processing

In this study, the daily precipitation records from 50 representative meteorolog-
ical stations were obtained from Jiangxi Provincial Meteorological Information
Center. The locations of the weather stations in Jiangxi can be found in Figure 1.
Jiangxi has more than 90 synoptic stations. However, only 50 stations have con-
sistent quality records. The 58-year period betweenl961 and 2018 was consi-
dered as the study duration to ensure an adequate record length. The daily data
were used to calculate the seasonal and annual precipitation, which were used in
the trend analysis. Definitions of extreme precipitation thresholds are various.
Some studies choose a fixed precipitation value as a threshold and determine

that precipitation greater than this threshold is extreme precipitation. For example,
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Figure 2. Spatial distribution of rainfall amount and four extreme precipitation indices in Jiangxi during 1961-2018: (a) total
rainfall amount, (b) SPA, (c) MPI, (d) SPD, (e) SPF.

China generally refers to precipitation events with daily precipitation over 50
mm as heavy rains and daily precipitation over 25 mm is called heavy rain. In
fact, Different regions have individual climates and natural environments; thus,
if only absolute thresholds are used to define daily precipitation extremes, there
would be a lack of comparability between the various regions. Currently, a per-
centile value is used to denote the threshold and has been widely employed to
research extreme weather events caused by global climate change [10] [44] [45].
In this paper, using daily precipitation data from Jiangxi, the thresholds of ex-
treme were estimated in terms of the 95th percentiles, and the precipitation ex-
tremes were identified. Four indices of extreme precipitation (strong precipita-
tion amount (SPA), mean precipitation intensity (MPI), strong precipitation day
(SPD) and strong precipitation frequency (SPF)) were used to describe flood
hazards. A detailed definition of each index is described in Table 1.
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Table 1. Statistical indices of strong precipitation and their definition.

Term Definition Unit
Strong precipitation amount (SPA) Total precipitation amount for top 5% of all wet events mm
Mean precipitation intensity (MPI) The average daily precipitation amount (conditional) mm/day
Strong precipitation days (SPD) The total days for daily precipitation amount for top 5% of all wet events day
Strong precipitation frequency (SPF) The percentage of SPA days from rain days (conditional) %

2.3. Methodology

The modified Mann-Kendall test, Sen’s slope estimator and ArcGIS software
were employed for the trend analyses. The modified Mann-Kendall test and
Sen’s slope estimator were used for detecting and estimating trends in the time
series of the annual and seasonal values of strong precipitation indices. For mo-
notonic trend analysis, the non-parametric Mann-Kendall test was used, and for
slope of linear trend estimation, the non-parametric Sen’s slope estimator was
used. There are three phases in trend analysis. First, the modified Mann-Kendall
test was used to identify the tendency of strong precipitation indices at 4 signi-
ficance levels, including 0.1 (+), 0.05 (*), 0.01 (**) and 0.001 (***). Second, Sen’s
method was employed to calculate the magnitude of the trend, and finally, Arc-
GIS 9.3 was applied to map the spatial distribution of stations with significant

changes in tendency at the different significance levels.

2.3.1. Modifying the Mann-Kendall Test

The non-parametric Mann-Kendall test, used to detect a statistically significant
trend in a time series, has been widely used to examine randomness and trends
in hydrology and climatology [11] [36]. The Mann-Kendall statistic S of the pre-
cipitation series xis calculated by the formula:

S:Z,z sgn(xj—x[), (1)

Here, sgn is the signum function. The variance associated with §is computed
by the following equation:
n(n _1)(2” + 5)_2:;1ti (ti _1)(2ti +5)

Var(S)= 3 , (2)

Here, m is the number of tied groups and ¢, is the number of data points
in the i" group. In cases where the sample size 7 > 10, the test statistic Zwas

calculated using the formula:

§-1

— if §>0
Var(S)
Z= 0 if $=0, (3)
S i s<o
Var(S)

Positive (negative) values of Z denote increasing (decreasing) trends. When
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examining either upward or downward monotonic trends at each significance
level, the null hypothesis of no trend was rejected for an absolute value of Z
greater than Z1 — a/2, as obtained from the standard normal cumulative distri-
bution tables [44].

Missing values are allowed, and the data need not be distributed normally.
The Mann-Kendall test has some of the same priorities; however, positive serial
correlation will increase the possibility of rejecting the null hypothesis of no
trend, which is actually true; in contrast, negative correlation will reduce the
possibility of rejecting the null hypothesis of no trend [45]. Durbin and Watson
indicated that the rainfall data exhibited serial correlation [46]. Thus, the ESS
method [47] was applied to correct the influence of serial correlation by mod-
ifying the variance of the Mann-Kendall statistic. The modified variance of S is
given by Equation (4):

n

Var*(S):Var(S)-n* , (4)

Here, n' is the ESS. The formula provided by Matalas and Langbein was used

to calculate n* for the lag-1 autoregressive process [47]:
* n
n = P > (5)
1+2.p1 l—n-p]2+(};l—l)p1
n(p-1)

Here, n is lag-1 serial correlation, by replacing the variance Var(s) with

Var'(s), the original Mann-Kendall statistic, Z is replaced by Z" in Equation
(6). According to this test, the modified Mann-Kendall statistic was used to
identify any significant tendency of the strong precipitation indices.

7" = Z\/Z , (6)
n

If a time series is assumed to have a linear trend, then the true slope of the exist-

2.3.2. Sen’s Slope Estimator

ing trend Figure 2(a) shows the distribution of rainfall amount over Jiangxi
from 1961 to 2018. The geographical distribution of precipitation is generally
increasing from west to east. Figures 2(b)-(e) gives the distribution of four in-
dices of extreme precipitation. As shown, however, the distribution of SPA was
similar to SPD while MPI was similar to SPF, the four indices had some similar
spatial features. Wuyi Mountain area over the eastern part of central Jiangxi
showed a large value area for all the indices, moreover, Poyang Lake sediments
alluvial plain area and western part of central Jiangxi showed a low value area,
and the spatial distribution of total precipitation also had the two similar fea-
tures. However, we calculated the correlation coefficients between site elevation
and extreme precipitation, total precipitation respectively. The results showed a
significant positive correlation between four extreme precipitation indices and
the topography, which all passed the significance level test of a = 0.01, while the
correlation between total precipitation and topography sex was not significant.
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Extreme precipitation in the high altitude area is stronger and more easily lead
to water erosion, debris flow and other issues (as change per unit time) can be
estimated by using a consistent non-parametric procedure [25]; Sen’s slope es-
timator, combined with the M-K test, is often used to reveal the trend and am-

plitude of variation and is defined by

f(t)=0t+B, (7)
X, —X,

Qi: ; .]’ (8)
j-i

Here, Q is the slope of trend, B is a constant and ¢ is time. O, is Sen’s
slope estimator of the slope, and x; and x, are numerical data at times ; and
J (j > i), respectively, if the series length of values is N, the overall slope is
defined by Equation (9).

Onea = Oyl N is odd
2

0= X , 9)
Qmed == QN +QN+2 N iS cven
A
Finally, a two-sided normal distribution test for is given at the 100 (1 — a) %
confidence level, and the true slope may be obtained by a non-parametric test. In
this study, the magnitudes of strong precipitation indices were examined by us-
ing the procedure in MAKESENS, which was developed by Salmi et al [48].

3. Results and Analyses
3.1. Spatial Variation of Annual Precipitation

Figure 2(a) shows the distribution of rainfall amount over Jiangxi from 1961 to
2018. The geographical distribution of precipitation is generally increasing from
west to east. Figures 2(b)-(e) gives the distribution of four indices of extreme
precipitation. As shown, however, the distribution of SPA was similar to SPD
while MPI was similar to SPF, the four indices had some similar spatial features.
Wuyi Mountain area over the eastern part of central Jiangxi showed a large value
area for all the indices, moreover, Poyang Lake sediments alluvial plain area and
western part of central Jiangxi showed a low value area, and the spatial distribu-
tion of total precipitation also had the two similar features. However, we calcu-
lated the correlation coefficients between site elevation and extreme precipita-
tion, total precipitation respectively. The results showed a significant positive
correlation between four extreme precipitation indices and the topography,
which all passed the significance level test of a = 0.01, while the correlation be-
tween total precipitation and topography sex was not significant. Extreme preci-
pitation in the high altitude area is stronger and more easily lead to water ero-

sion, debris flow and other issue.

3.2. Annual Trends

Annual mean, annual trends and the amplitudes (in mm/year) of four extreme
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precipitation indices are given in Table 2. As shown, the annual trends found by
the modified Mann-Kendall test were almost similar to the trends exposed by
Sen’s slope estimator. In addition to the SPA of one station (Poyang) and the
SPDs of three stations (Shanggao, Dayu, Xinfeng) that showed negative trends,
the other extreme precipitation indices series had positive trends. Station Zixi,
with an SPA of 272 mm, an MPI of 5.7 mm/day, an SPD of 15.6 day and an SPF
of 7.2, showed the strongest extreme precipitation, while Wanzai showed the

weakest extreme precipitation.

Table 2. Mean annual, values of statistics Z* of the modified Mann-Kendall testand Q of the Sen’s slope estimator for extreme

precipitation indices.

SPA MPI SPD SPF
Station  Mean Mean Mean Mean
Annual z Q Annual ’ Q Annual z 0 Annual Q

Tonggu 694.9 0.84 2.5 8.7 3.02**  0.056 12.4 0.59 0 5.6 2.11* 0.043
Yifeng 725.8 0.82 1.824 8.5 2.25% 0.03 12.1 0.94 0.029 6 1.58 0.026
Wanzai 271.8 0.80 1.438 5.7 2.94**  0.033 5.2 0.61 0 2.7 1.55 0.021
Shanggao  465.2 0.04 0.07 6.5 3.53 % 0.047 8 -0.13 0 3.7 1.63 0.025
lianhua 438.1 0.49 1.019 6.6 3.30 ¥ 0.041 7.9 1.37 0.03 3.5 2.68**  0.039
Fenyi 467.7 1.73 + 2.95 6.6 3.71 %% 0.043 8.2 1.15 0.036 3.8 2.44 % 0.044

Xiaping 578.3 2.33 % 5.216 7.4 3.66 ***  0.071 9.5 2.69**  0.095 4.7 323  0.076
Yongxin 492.2 1.40 2.686 6.9 3310 0.043 8.3 1.75+  0.067 3.9 2.56 % 0.055

Wanan 677.6 1.67 + 3.15 8.1 245* 0.027 10.3 1.43 0.047 5 2.10% 0.035
Suichuan 753 1.31 2.192 8.1 2.05* 0.017 12.7 1.51 0.045 5.1 2.01% 0.032
Taihe 367.9 2.04% 3.414 6 2.61*  0.032 6.4 194+  0.071 3.3 2.49* 0.053
Nankang  515.7 0.54 0.942 7.1 3.04*  0.027 9.4 0.27 0 4.1 1.17 0.018
Dayu 812.3 0.39 0.33 8.7 2,92 0.025 13.2 -0.46 0 5.5 0.61 0.007
Xinfeng 511.1 0.67 0.853 7.3 333 0.032 8.9 -0.11 0 4.3 1.72 + 0.02
Jiujiang 779.6 0.12 0.095 8.8 2.11% 0.032 13.8 0.66 0 5.6 1.62 0.027
Ruichang  516.7 1.44 2.684 7.5 2.72%  0.044 8.8 1.98 * 0.056 4 2.68 ** 0.05
Yongxiu 579.5 1.01 2.767 7.8 241% 0.038 10 0.99 0.036 4.7 1.65+ 0.033

Hukou 365.4 0.58 1.184 6.3 1.78+  0.029 6.7 0.76 0.024 34 1.26 0.031

Xinzi 392.3 0.67 1.668 6.8 1.50 0.02 7.1 1.11 0.026 3.6 1.27 0.022
Poyang 594.5 -0.05 -0.065 8.5 1.56 0.022 10.6 0.41 0 5.1 1.07 0.02
Jing dezhen 572.1 1.30 4.231 8.1 3.30 % 0.083 10.7 0.88 0.03 5.1 2.23% 0.052
Wuyuan 497.1 1.33 4.132 7.8 3.25*  0.074 8.6 1.23 0.038 4.1 2.53% 0.05

fengxin 849.1 1.30 3.013 9.6 293¢  0.038 13.9 0.92 0.026 6.9 1.65+  0.029

Anyi 634.4 0.60 0.967 8.1 2.52* 0.04 11 0.64 0 5.4 1.62 0.027
Gaoan 456.8 1.35 2.84 6.8 3.13** 0.05 8 1.42 0.04 3.7 2.23% 0.04
Yugan 458.8 1.70 3.916 7.3 327 0.073 8.2 1.58 0.063 4.6 2.75**  0.065
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Continued
Jinxian 443.3 3.23 7.465 7.6 3.46 ***  0.053 8.2 3.52 0.122 3.9 3.82**  0.077
Wannian  523.2 0.80 2.177 8.1 2.65 ** 0.05 9.5 1.34 0.042 5.1 2.27* 0.045
Dongxiang 611.4 1.81 + 4.385 8.1 3.38 ¥ 0.067 10.6 1.64 0.059 5.2 2.61**  0.052
Leping 593.2 1.91 + 5.306 8 3.30 ***  0.079 10.8 1.69 + 0.07 5.1 2.61**  0.067
Hengfeng  369.7 1.89 + 6.138 7 2.43% 0.043 6.7 1.93 + 0.1 34 2.14 % 0.058
Guangfeng 646.7 1.55 3.721 9.1 1.53 0.025 12.2 1.59 0.056 6.3 1.84 + 0.033
Xinjian 646.6 1.50 3.367 8.5 2.13% 0.036 11 1.59 0.042 5.2 1.90 + 0.036
Xingan 734.5 1.55 4.111 8.6 2.97 **  0.057 12.1 2.18* 0.075 5.6 3.14**  0.068
Yongfeng  744.5 1.37 2.843 9.8 3.17 % 0.064 11.9 2.26* 0.069 6.5 3.42 %% 0.067
Jishui 555.2 1.35 2.22 7.9 3.25*  0.039 9.5 2.06 * 0.061 5 3.06 **  0.048
Jinxi 786.2 1.74 4.227 8.9 2.44 % 0.033 13.7 2.29% 0.083 6 2.68**  0.059
Zixi 970.4 2.00 5.269 10.7 3.76 *** 0.083 15.6 2.57 % 0.091 8 3.65**  0.079
Yihuang 864.9 1.84 + 3.351 9.7 3.96 ***  0.089 13.8 2.09 % 0.073 7.2 2.98**  0.082
Nanfeng 591.8 0.96 2.317 7.8 3.23*  0.056 10.8 1.24 0.036 5.1 2.69 **  0.042
Lichuan 537.8 1.35 2.983 8.2 3.84 %% 0.074 9.8 1.98 0.056 5.1 3.51*  0.057
Xingguo 804.8 2.03* 3.785 9.8 2.67 ** 0.03 13.9 1.05 0.029 6.7 1.94 + 0.034
Ningdu 479.5 1.56 3.38 8.3 2.97 %%  0.036 7.9 1.33 0.042 4.8 2.11* 0.035
Shicheng 530.7 1.43 3.025 8.6 1.46 0.019 9.2 1.09 0.03 5.6 1.55 0.023
Yudu 669.1 1.21 1.4 8.9 2.45% 0.029 11.2 0.82 0 5.9 2.13*% 0.031
Huichang 701.4 1.38 1.943 9.3 3.90 ***  0.038 11.7 1.41 0.026 6.5 2.85**  0.035
Anyuan 387.2 0.67 0.822 7.7 3.78 ¥*% 0.043 7.1 0.93 0 4.2 2.87**  0.045
Quannan 602.2 0.10 0.364 9.1 3.22%% 0.048 10.7 0.11 0 6.3 1.94 + 0.035
Longnan 474.1 1.46 2.61 8 3.28*%  0.045 8 1.71 0.048 4.7 2.92*% 0.043
Dingnan 916.9 0.45 0.79 10.8 3.50 *** 0.04 14.9 0.73 0 7.8 2.36* 0.03

Note: ***, ** * and + indicate the trends are significant at 99.9%, 99%, 95% and 90% level of confidence, respectively.

Except for the SPA of Poyang, which had an insignificant negative trend of
0.05, the other stations showed positive trends, with series from nine stations
showing a remarkable trend at the significance level. The significant increasing
trends varied between 2.92 mm/year at Fenyi station and 6.14 mm/year at
Hengfeng station. The significant increasing annual trends varied between 2.92
mm/year at Fenyi station and 6.14 mm/year at Hengfeng station.

All the trends of MPI were increasing. Moreover, significant increasing trends
were found at almost all the stations, with thirty-five stations showing remarka-
ble trends above the 95% confidence levels, which accounted for 70% of the sta-
tions. The significant positive annual trends of MPI ranged from 0.025 (Dayu
station) to 0.089 mm/day (Yihuang station).

Similar to MPI, the mean annual SPF of all the stations, ranging from 2.7 per-

cent for station Wanzai to 8 percent for station Zixi, was also increasing. Signif-
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icant trends were detected at thirty-nine stations, accounting for 80% of the sta-
tions. Moreover, eighteen stations showed significant trends above the 95% confi-
dence levels. The significant positive annual trends of SPF ranged from 0.025
(Dayu station) to 0.089 percent/day (Yihuang station).

In addition to three stations (Shanggao, Dayu and Xinfeng) with insignificant
decreasing trends, the SPD of all the others were increasing. However, only
twelve stations showed significant trends above the 90% confidence levels, which
accounted for 24% of the stations. The significant positive annual trends of SPD
ranged from 0.056 mm/year at Ruichang station to 0.lmm/year at Hengfeng sta-
tion.

Above all, the increasing trends in extreme precipitation indices in Jiangxi
were obvious, especially for MPI and SPF, and the majority of these positive trends
were identified by the statistical tests.

Figure 3 presents the spatial distribution of stations with a remarkable trend
in annual extreme precipitation indices at four significance levels (a = 0.001***,
0.01**, 0.05%, 0.14+). When comparing the stations distributions that had a re-
markable trend of the four extreme precipitation indices, it shows that MPI and
SPF have similar spatial distributions, and SPA is similar to SPD. The MPI of 46
stations and the SPF of 39 stations displayed significant upward trends at the a <
0.6 significance level and were rather evenly distributed in the whole region. The
SPA and SPF showed an increasing trend for 9 stations and 12 stations, respec-
tively, which were mainly distributed in the northeast and central regions of

Jiangxi.

3.3. Seasonal Trends

The modified Mall-Kendall test was also applied to detect the seasonal trends
inprecipitation extremes for Jiangxi. Figures 4-7 shows a significant spatial dis-
tribution of extreme precipitation indices in four seasons: spring, summer, au-
tumn and winter, respectively.

In spring, the significant spatial distributions of SPA and SPF were similar; the
SPA of 14 stations and the SPF of 21 stations, mainly in the northeast and

southwest of Jiangxi, demonstrated a remarkable trend at the a < 0.1 significance

Year_SPA

o

Legend
® 0.001

H 0.01

A 0.05

Year_MPI Year_SPD Year SPF | » 0.1

Figure 3. Spatial distribution of stations with a significant trend of annual extreme precipitation indices at the four significance

levels.
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Figure 4. Spatial distribution of stations with a significant trend of extreme precipitation indices in spring at the four significance

levels.
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Figure 5. Spatial distribution of stations with a significant trend of extreme precipitation indices in summer at the four signific-

ance levels.
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Figure 6. Spatial distribution of stations with a significant trend of extreme precipitation indices in autumn at the four signific-

ance levels.
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Figure 7. Spatial distribution of stations with a significant trend of extreme precipitation indices in winter at the four significance

levels.
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level. The MPI of 30 stations had significant trends. For SPD, 11 stations, mainly
in the northeast, exhibited a remarkable increasing trend. The area northeast of
Jiangxi exhibited a remarkable increasing trend for each index selected in the
study.

In summer, SPA, SPD, and SPF exhibited significant upward trends for only 2
- 4 stations, including Taihe and Jinxian stations; the rest had no significant
trends. However, the MPI of 24 stations showed a remarkable increasing trend,
and the spatial distribution was similar to the pattern observed in the spring.

In autumn, the MPI of 25 stations and the SPF of 18 stations demonstrated
significant positive trends (a < 0.6), evenly distributed in Jiangxi, except for the
northern region of South Jiangxi. The SPA and SPD showed an increasing trend
for only 6 and 3 stations, respectively, which were scattered in the northern and
middle regions.

In winter, the SPA, MPI, SPD and SPF had significant trends (a < 0.6) for 13,
18, 11 and 19 stations, respectively. The SPA and SPD showed similar significant
patterns, and the stations with remarkable upward trends were mainly located in
the middle of the region, whereas the significant patterns of MPI and SPF were
located in the southern and the middle of the region.

In general, the trend of seasonal precipitation extremes showed a diverse pat-
tern. Under the background of a little change of total precipitation, precipitation
events had an obvious trend of extremeness, and then the distribution of preci-
pitation would have an obvious trend of extremeness, and the distribution of
precipitation will become more asymmetric, which might bring with negative
effects on the eco-environment, and especially the agricultural production in

Jiangxi.

4, Results and Discussions

This study applied the M-K test, the Sen’s estimator and GIS tools to recognize
the trends and spatial variation of four extreme precipitation indices at 50 sta-
tions in Jiangxi between1961 and 2018. The results revealed a significant increas-
ing trend in annual precipitation events for most parts of Jiangxi. In addition to
the SPA of one station and the SPD of three stations that showed a negative trend,
the rest had positive trends. Station Zixi showed the strongest extreme precipita-
tion, with an SPA of 272 mm, an MPI of 5.7 mm/day, an SPD of 15.6 day and an
SPF of 7.2, while Wanzai station showed the weakest extreme precipitation.

The trends of each index showed an obvious regional feature over Jiangxi, and
the variability of the annual and seasonal precipitation extremes was most pro-
nounced in Jiangxi. In spring, four indices showed remarkable increasing trends in
Northeast and Southwest Jiangxi; however, in summer, only the MPI had a signif-
icant increasing trend across almost all of Jiangxi. For the other indices (SPA, SPD,
SPF), few stations showed a remarkable trend. In autumn, the MPI and SPF
showed remarkable increasing trends in most regions of Jiangxi, except for the

northern part of southern Jiangxi; in contrast, the SPA and SPD showed an in-
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creasing trend for only 6 and 3 stations, respectively, scattered in the northern
and middle parts. It can be deduced that moderate-intensity rainfall could be in-
creasing more remarkably than extreme rainfall in summer and autumn, which
caused mean precipitation intensity (MPI) in summer and autumn to show a sig-
nificant increasing trend in most regions. In winter, for SPA and SPD, the stations
with remarkable upward trends were mainly located in the middle of the region,
whereas the significant patterns of MPI and SPF were located in the southern and
middle parts of the region. It is concluded that winter extreme rainfall in the mid-
dle of Jiangxi had a significant increasing trend, while moderate-intensity rain-
fall was possibly more remarkable in the southern region of Jiangxi.

This study presents the analyses results for four extreme precipitation indices
trends during the 58-year-period of 1961 to 2018. In conclusion, spring precipi-
tation extremes in most regions of Jiangxi and winter extreme rainfall in the
middle of Jiangxi showed significant increasing trends. In addition, winter mod-
erate-intensity rainfall in the area south of Jiangxi had a more remarkable up-
ward trend than precipitation extremes in general. However, in summer and
autumn, for most regions in Jiangxi, moderate-intensity rainfall could be in-
creasing more remarkably than extreme rainfall. Further studies are required to
seek the causes and influencing factors affecting the spatial variation in trends of
precipitation extremes. Moreover, rainfall amount trends (figures omitted) of
only four stations demonstrated a remarkable trend at the a = 0.1 significance
level while most of stations showed that extreme precipitation indices series have
had significant positive trends at the a < 0.1 significance level. Under the back-
ground of a little change of total precipitation, precipitation events had an ob-
vious trend of extremeness, and the distribution of precipitation, precipitation
events had an obvious trend of extremeness, and the distribution of precipitation
became more asymmetric, which might be one of the main causes of the higher
frequency and enhanced intensity of drought and flood, and bring with negative
effects on the eco-environment, and especially the agricultural production over
Jiangxi. However, the forcing mechanisms of increasing precipitation extremes

are very complicated and need to be studied in subsequent work.
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