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Abstract: In order to give guidelines for the execution of countermeasures in response to extreme precipitation events.

the tempo-spatial variation characteristics of extreme precipitationare are analyzed by 11 extreme precipitation indexes

during the past 60 years (1955-2015) in Shijiazhuang City. The results showed that the extreme precipitation of Shiji-

azhuang City generally showed a downward trend in the past 60 years,and the wet day precipitation (PRCPTOT) ex-

hibited the most obvious downward trend. There were significant spatial differences in the trend of extreme precipita-

tion indexes. According to the spatial superposition of the historical trend of extreme precipitation index and Hurst

index, the extreme precipitation intensity indexes in most areas of Shijiazhuang city will continue to decline in the fu-

ture,and the extreme precipitation intensity indexes in some central areas will continue to rise.
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1 Introduction

The frequency and intensity of extreme
weather events continue to increase with global
warming. Extreme climate events often bring seri-
ous adverse effects, which have aroused great at-
tention from governments around the world"!”.
Extreme precipitation events are an important part
of extreme climate events. Natural disasters such
as flood, drought and debris flow caused by ex-
treme precipitation events have directly or indi-
rectly caused serious impacts on global ecosystem
economic develop-

stability and social and

[2-3]

ment-*?', Unlike extreme temperatures, extreme
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precipitation events do not have global consisten-
cy, for example, the total precipitation in some re-
gions decreases or remains unchanged, but the fre-
quency and intensity of extreme precipitation
show an increasing trend"*’. Due to the complexi-
ty and harm of extreme precipitation, more and
more scholars have paid attention to the study of
extreme precipitation events, which has important
theoretical and practical significance for the for-
mulation of scientific disaster prevention and miti-
gation measures,

Many studies have been conducted on the occur-
rence and trend of extreme precipitation around the

world. Results showed that extreme precipitation
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presented great regional variability. The frequency
and intensity of extreme precipitation events are
increasing in most parts of the world, such as the
United States, Europe, eastern Australia, Indo-
Pacific region, India, southwestern Africa and
Thailand"'?!, while extreme precipitation events
are decreasing in western India, western central

813141 Tn line

Africa,and western alpine Australia
with the global trend, the frequency and intensity
of extreme precipitation events in most areas
of China have an increasing trend, such as in
northeastern and southeastern China, eastern
Tibetan Plateau and Xinjiang, whereas there are
decreasing trends in north China and southwestern
China 1%,

Due to China’' s complicated topography and
huge differences in regional atmospheric circulation
backdrop, regional disparities have their own dis-
tinctive distribution pattern and evolution tenden-
ey, Therefore, it is necessary to further study
the spatio-temporal characteristics of extreme pre-
cipitation at different regional scales in Chinat'®.
The World Meteorological Organization Commis-
sion for Climatology (WMO-CCI) proposed several
core precipitation indices, including Sen’s slope.,
linear trend rate, Mann-Kendall nonparametric
test, correlation analysis, and Hurst index, which
can comprehensively and systematically describe
and capture the spatio-temporal variation charac-
teristics of regional extreme precipitation intensity
and frequency. These core precipitation indices
have advantage of relatively weak extremes, low
noise,and strong significance.

Shijiazhuang City is located in the semi-humid
and semi-arid area of north China, which is an im-
portant grain-producing area and population con-
centration area in China. The annual precipitation
is unevenly distributed, and the spatial difference of
precipitation is large. The special geographical lo-
cation, landform and climate conditions are the im-
portant reasons for the occurrence of extreme pre-
cipitation events in this region, which poses a great
threats to the natural and social systems. Previous
studies mostly focused on the changes in precipita-

[20-21]

tion in Shijiazhuang City , while there are fe-
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wer studies on the temporal and spatial characteris-
tics of extreme precipitation in Shijiazhuang City.
The existing studies involve low density of meteor-
ological stations, fewer extreme precipitation inde-
xes, or shorter time scales, and it is difficult to
comprehensively and deeply analyze the temporal
and spatial characteristics of extreme precipitation
events in this region. The daily precipitation data of
35 precipitation stations in Shijiazhuang City were
taken. A variety of extreme precipitation indexes
were selected. Sen's slope, linear trend rate, Mann-
Kendall nonparametric test, correlation analysis,
and Hurst index were used to analyze the temporal
and spatial variation of extreme precipitation and
predict the future trend of extreme precipitation in
Shijiazhuang City in recent 61 years based on a va-
riety of extreme precipitation indexes. The results
will provide a scientific basis for preventing natural
disasters caused by extreme precipitation events
and regulating agricultural production in this re-

gion.
2 Materials and methods

2.1 Study area

Shijiazhuang City (113° 31'E~115° 29'E, 37°
27"N ~ 38° 46" N) is located in the central and
southern part of Hebei Province, China, which is
one of the important central cities in the Beijing-
Tianjin-Hebei region. It has 22 county-level admin-
istrative regions under its jurisdiction (Fig. 1),
with a total area of 14,464 km?® and a total popula-
tion of 11. 031 2 million, making it the most popu-
lous city in Hebei Province. Shijiazhuang City
straddles Taihang Mountain and north China
plain. The terrain is high in the west and low in the
east, and the landform is middle mountain, low
mountain, hill and plain from west to east. This re-
gion is located at the eastern edge of Eurasia conti-
nent in the middle and low latitude, It has a tem-
perate monsoon climate with distinct dry and wet
periods. The annual average temperature is 13.3 C,
the annual average sunshine duration is 2 514
hours, and the annual precipitation is 530 mm,

mainly concentrated in June to September.
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Fig. 1  Shijiazhuang City and 35 precipitation stations used in this study

2.2 Selection of extreme precipitation inde-
xes and data source

The data used are the daily precipitation data-
set of 35 gauging stations from 1955 to 2015
provided by the Bureau of Hydrology and Water
Resources of Hebei Province (Fig. 1). The data
have been strictly controlled with good integrity.
At present, 27 extreme climate indexes recom-
mended by WMO-CCL and the Expert Team for
Climate Change Detection Monitoring and Indices
(ETCCDMID are mainly used in extreme climate
research'??', 11

were selected to describe extreme precipitation

extreme precipitation indexes

events, including precipitation intensity index and
precipitation frequency index, based on the com-
prehensive consideration of the distinct dry and
wet climate conditions and the definition of ex-
treme precipitation index. Among them, the pre-
cipitation intensity indexes include simple daily in-
tensity index (SDII) , maximum 1-day precipitati-
on ( Rxl day), maximum b5-day precipitation
(Rx5 day) , wet day precipitation (PRCPTOT) ,
very wet day precipitation (R95) , extremely wet
day precipitation (R99) , and the precipitation fre-
quency indexes include consecutive dry days
(CDD) , consecutive wet days (CWD) , number of
moderate precipitation days ( R10 mm) , number
of heavy precipitation days (R20 mm) , number of

rainstorm days (R25 mm). The definitions of

these 11 extreme precipitation indexes are shown

in Tab. 1.
2.3 Methods

2.3.1 Trend analysis

Linear trend rate is widely used in the trend
characteristics analysis of hydrological time se-
riest?. This method is adopted to analyze the trend
change and annual growth rate of extreme precipi-
tation. The regional average value of precipitation
is calculated by the arithmetic mean value of all
precipitation stations in the study area. In addition,
the moving average method is used to analyze the
inter-annual variation of extreme climate, The
trends of 11 extreme precipitation indexes on time
scale are analyzed.

In order to quantify the spatial variation trend
of extreme precipitation in the study area, Sen’s
slope is used to calculate the degree of time varia-
tion trend of extreme precipitation at each precipi-
tation station in the study area. Sen’s slope can
avoid the influence of time series data missing and
data distribution morphology on the results, and
can also eliminate the interference of outliers on
the time series. Assuming a time series of n statis-
tics (1 55+ »x,) s the formula of Sen's slope is as
follows:

-

J

S=Median ( ;

X . .
E) D
Where Median () is the median function, f is the

KxKFR < 693 -
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value of Sen's slope of extreme precipitation se-
quence, x; and x; are the data values of extreme
precipitation index at time ¢ and j. 8 value reflects

the degree of the trend change: >0 indicates that

the extreme precipitation index shows an upward
trend; 3<<0 indicates that the extreme precipitation
index shows a downward trend; 3=0 indicates that

the trend change is not obvious.

Tab. 1 Definitions of 11 extreme precipitation indexes

Number Classification Index Abbreviation Definition
1 Simple daily intensity index SDII Daily precipitation amount on wet days /(mm « d~ 1)
2 Maximum 1-day precipitation Rx1 day Maximum 1-day precipitation for one year /mm
. _ L _ Maximum consecutive 5-day precipitation for one year/
3 Maximum 5-day precipitation Rx5 day
mm
Precipitation
4 . . Wet day precipitation PRCPTOT Annual total precipitation in wet days /mm
intensity index
L _ Total precipitation when precipitation =>95th percentile
5 Very wet day precipitation R95 . o
of 1955-2015 daily precipitation /mm
. Total precipitation when precipitation =>99th percentile
6 Extremely wet day precipitation ~ R99 . .
of 1955-2015 daily precipitation /mm
. . . Maximum number of consecutive days with precipitation
7 Consecutive dry days CDD
<1 mm for one year /d
. . . Maximum number of consecutive days with precipitation
8 Consecutive wet days CWD
=1 mm for one year /d
9 Precipitation Number of moderate precipitati- R0 Annual count of days when precipitation =10 mm for
mm
frequency index on days one year /d
Number of heavy precipitation Annual count of days when precipitation =20 mm for
10 R20 mm
days one year /d
. Annual count of days when precipitation =25 mm for
11 Number of rainstorm days R25 mm
one year /d
2.3.2 Mutation test a
die= Dimis 2< k <n (3)
Abrupt climate change refers to the rapid i=1
. . . _kk -1
change in climate from one climate state to an- Eld) = T (4)
other. Mann-Kendall nonparametric test is a k(k — D2k +5)
Var(d,) = &)

method commonly used to analyze the trend
change of meteorological data"?*!. It can not only
detect the mutation point of data, but also has
the advantage of showing whether the data se-
quence is significant. The mutation years of 11
extreme precipitation indexes in Shijiazhuang
City from 1955 to 2015 are analyzed by the
Mann-Kendall method combined with the sliding
t-test method.

When using Mann-Kendall to perform the mu-
tation test on the extreme precipitation sequence
data, it is assumed that the cumulative number of y;<y;
(1<<CD) in the sequences y;,yz,**s, is m;,and the
formula for the statistic UF is as follow:;

di —E(d)

UF, = (2
Y Var(dy)
e 694 - K x KK R

72

Then the extreme precipitation sequence
data are arranged in reverse order, the statistic
UB is calculated according to the above formula,
and the statistics UF and UB are drawn into a
line graph. UF > 0 indicates that the extreme
precipitation data series shows an upward trend,
whereas the extreme precipitation data series
shows a downward trend. The UF curve exceeds
the range of the critical line (x ==+ 1.96),
indicating that the trend change is significant and it
is the time region where the mutation occurs. When
UF and UB curves intersect and the intersection
point is within the critical line,the time
corresponding to the intersection point is the
beginning time of the mutation of the extreme

precipitation data series.
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2.3.3 Trend prediction

The Hurst exponent (H) is a robust statistical
method used for detecting the long-term processes in
data time series using rescaled range (R/S) analysis
based on fractal theory*!. It can predict the possibility
of future extreme precipitation increase by obtaining
the long-term memory character of the extreme
precipitation indexes. For a given time series
{f@®}(=1,2,++,n),the time series is divided into e
sub series x(¢) ,and the Hurst exponent for this time
series is calculated as follows;

R(e)
S(e)

where R(¢) is the range sequence and S(e) is the

Hurst = (6)

standard deviation sequence R(e) and S(e) can be
calculated as:

R (¢) = maxX(t,e) —minX(t,e),1 << r<e
e=1,2,,n W

ol

S(E):[li(f(l)_(f)sz} 7521729'“971
€ =2
8

€

. . : 1
where the arithmetic mean sequence is /.= — > (1)
€ =1

e=1, 2, *=, n and the cumulative deviation is

X(to)= D) (fw)— f) 1<t<e.

u=1

The value of H ranges from 0 to 1. A value of
H=0.5 means no sustainability for the extreme
precipitation time series. A value of 0.50<CH <C
1. 00 indicates that the future trend of extreme pre-
cipitation is positively correlated with the historical
trend. Moreover, a greater value will indicate
greater sustainability for the extreme precipitation
time series. A value of 0<UH <C0.50 indicates a
trend of anti-sustainability,and a smaller value will
indicate greater anti-sustainability. The sustainability

classification of the Hurst exponent is shown in Tab. 2.

Tab. 2 The sustainability classification for the Hurst exponent

Classification Range Sustainability Classification Range Anti-sustainability
1 0. 50<<H<=C0.55 very weak —1 0. 45<<H<<0. 50 very weak
I 0. 55<CH<0. 65 weak —1 0. 35<CH<C0. 45 weak
1 0. 65<CH<20. 75 relatively strong — 1l 0. 25<<H<0. 35 relatively strong
v 0. 75<ZH=<<0. 80 strong —N 0. 20<<H<C0. 25 strong
Vv 0. 80<CH<1.00 very strong -V 0<CH<0. 20 very strong

3 Results

3.1 Spatial variation characteristics of ex-
treme precipitation
3. 1.1 Spatial variation trend of precipitati-
on intensity index
Fig. 2 shows the spatial distribution of Sen's
slope and significance level of the trend change for
the precipitation intensity indexes in Shijiazhuang
City. SDII of 94. 3% precipitation stations showed
a decreasing trend, and only the Xinle station and
Shijiazhuang station showed an increasing trend.
Among them,60% of precipitation stations passed
the significance test, indicating that the daily
precipitation intensity in the whole region of
Shijiazhuang City had a significant decreasing trend
from 1955 to 2015. Rxlday of 80.0% precipitation
stations showed a decreasing trend,among which 7

stations passed the significance test. Rxlday of pre-

cipitation stations concentrated in the central area
of Shijiazhuang showed an increasing trend. but
none of them reached the significant level of more
than 90%. The Sen's slope values of Rx5day for all
precipitation stations were less than 0, indicating
that Rx5day of the whole region presented a down-
ward trend, and the downward trend is significant
in parts of northwest and southwest. From the
trend change and the distribution of precipitation
stations, PRCPTOT and R95 had similar change
characteristics, with 80. 0% and 85.7% of precipi-
tation stations showing a decreasing trend., respec-
tively,and 9 stations of them have passed the sig-
nificance test of more than 95% , mainly located in
the southwest and northwest of Shijiazhuang City.
Whereas, PRCPTOT and R95 in Xinle County,
Zhengding County, Gaocheng County and Wuji
County located in the central and northern parts of

Shijiazhuang City showed an increasing trend, but

KxKFR < 695 -
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none of the precipitation stations pass the signifi-
cance test. R99 of 88. 6% precipitation stations
showed a downward trend,among which 8 stations

reached the significant level of more than 90%.

The Sen's slope values of R99 at four precipitation
stations of Xinzhuang, Xinle,Zhengding and ILuancheng,
were greater than 0,indicating an upward trend, but

none of them passed the significance test.

Fig. 2 Spatial distribution of Sen’s slope and significance level of the trend change for the precipitation intensity index

3.1.2 Spatial variation trend of precipitati-
on frequency index

CDD of 57. 1% precipitation stations showed a
decreasing trend, among which CDD of Lingshou,
Pingshan, Gaocheng and Wuji Counties had a sig-
nificant decreasing trend. In addition, CDD of
28. 6% precipitation stations presented an upward
trend and CDD of 14.3% precipitation stations
showed no obvious trend change. there was no ob-
vious trend change for CWD of most precipitation
stations,and only decreased in Lingshou and Xinle
Counties in the north of Shijiazhuang City. R10 mm
of 40% precipitation stations showed a decreasing
trend, mainly distributed in the southwest and
northwest of Shijiazhuang City, and the decreasing
trend was significant. R10 mm of 14. 3% precipita-
tion stations showed an upward trend, mainly dis-
tributed in Xinle, Zhengding, Gaocheng and Wuji
Counties. The spatial variation trends of R20 mm
and R25 mm at precipitation stations were similar,
and more than half of precipitation stations had no
obvious trend change;42. 9% and 34. 3% precipita-
tion stations respectively showed a decreasing trend,

which were mainly concentrated in the southwest and

+ 696 « KX KK R

northwest of Shijiazhuang City, and the decreasing
trends in the regions were significant.
3. 2 Temporal variation characteristics of
extreme precipitation

3.2. 1 Inter-annual trend analysis of ex-
treme precipitation

The inter-annual variation of 11 extreme pre-
cipitation indexes in Shijiazhuang City showed a
decreasing trend in general (Fig. 4). For the pre-
cipitation intensity indexes, the overall downward
trend of PRCPTOT was the most obvious, with a
decline rate of 13.77 mm/10 a, followed by R95
and Rx5 day with decline rates of 11. 77 mm/10 a and
10. 43 mm/10 a, respectively. The average annual
wet day precipitation (PRCPTOT) was 508. 17
mm in Shijiazhuang City in recent 60 years. The
maximum value of PRCPTOT was 991. 11 mm in
1963, while the minimum value was 239. 81 mm in
1972, indicating obvious inter-annual wet day pre-
cipitation variation in this study area. It can be seen
from the moving average curve of PRCPTOT that
the annual wet day precipitation in Shijiazhuang
City showed a fluctuating downward trend. It was

on the rise before the mid-1960s,and mainly on the
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decline in the following 10 years. After the mid-
1970s, PRCPTOT showed a trend of slight fluctua-
tion,and after the mid-1990s., it showed a trend of
first decline and then rise. The five indexes of
SDII, Rxlday, Rx5 day, R95 and R99 fluctuated
greatly in individual years,and the maximum val-
ues all appeared in 1963, which were 18. 12 mm/d,
218. 62 mm, 609. 39 mm, 896. 11 mm and 483. 27

mm respectively. Their minimum values occurred

in 2014, 1965, 1972, 1972 and 1962 respectively.
These five indexes showed similar inter-annual var-
iation trends by their 5 a moving average curves.
They were rising before the mid-1960s, and then
mainly falling slightly in the following 40 years.
After the mid-1990s, they turned into an upward
trend within five years, and then showed a down-

ward trend again in the 21st century.

Fig. 3 Spatial distribution of Sen’s slope and significance level of the trend change for the precipitation frequency index

For the precipitation frequency indexes, CDD
generally showed a large downward trend, with a
decline rate of 1. 98 d/10 a, a maximum value of
100. 49 d and a minimum value of 34. 91 d. Accord-
ing to the 5 a moving average curve of CDD, it
showed a decline before the mid-1960s, an upward
trend in the following 10 years, and a downward
trend from the mid-1970s to the mid-1990s. There
was a fluctuating trend after the mid-1990s. The
decline rate of CWD was significantly lower than
that of CDD,with a maximum value of 8. 34 d and
a minimum value of 2. 69 d,indicating the insignifi-
cant inter-annual change. According to the 5 a
moving average curve of CWD, the trend was main-
ly upward before the mid-1960s, followed by a
downward trend in the next 10 years, the upward
trend in the 10 years after the mid-1970s, and a
slight downward trend after the mid-1985s. The
variation trends of R10 mm,R20 mm and R25 mm

were similar. The maximum values of these three

indexes all appeared in 1956 which were 25.00
mm, 13. 83 mm and 10. 63 mm, and the minimum
values appeared in 1972, which were 6.89 mm,
2.69 mm and 1. 80 mm respectively.
3. 2.2 Mutation characteristics of extreme
precipitation

The mutation analysis of 11 extreme precipita-
tion indexes in Shijiazhuang City was further car-
ried out by Mann-Kendall nonparametric test (Fig.
5). The UF (positive sequence) and UB (reverse
sequence) curves of some extreme precipitation in-
dexes had multiple intersections, indicating that
there were certain interference points. In order to
exclude false mutations, the sliding z-test was fur-
ther used to determine the mutation year. The mu-
tation years of SDII, CDD and CWD were 1970,
1963 and 1970 respectively based on Mann-Kendall
mutation test. According to Mann-Kendall muta-

tion analysis and sliding z-test, the mutation years

KxKFR < 697 -



Vol.20 No. 4 South-to-North Water Transfers and Water Science & Technology Aug. 2022

of Rxlday and Rx5 day were 2008 and 2009, respec-
tively. The UF and UB curves of PRCPTOT had mul-
tiple intersections. Two mutation years were finally de-
termined for PRCPTOT by combined with the sliding
t-test, namely 1963 and 2003. Although the UF and
UB curves for R95 and R99 intersected at several
points,no obvious mutation points were found in both
R95 and R99 by sliding t-test, The UF and UB curves
of R10 mm, R20 mm and R25 mm had similar trend
changes, and there were multiple intersection points
between UF and UB curves. Combined with the

sliding #-test, the mutation time of these three indi-

ces all occurred in 2007. From the significance lev-
el, the UF curves of SDII and CDD exceeded the
critical value line at the 0. 05 level, indicating that
the two extreme indexes had experienced a signifi-
cant downward trend during the study period. In
general, Rxlday, Rx5day, R10 mm, R20 mm and
R25 mm mutations mainly occurred around 2008,
Both SDII and CWD mutations occurred in 1970;
Both CDD and PRCPTOT mutations occurred in
1963, showing a significant downward trend. In
addition, PRCPTOT also mutated in 2003, showing

a significant upward trend.

Fig. 4 Trends of the study area for 11 extreme precipitation indexes by linear trend rate and moving average methods

3.3 Correlation analysis of extreme precipi-
tation index

Previous studies have shown that the changes

of annual precipitation and extreme precipitation

were similar,and the correlation of extreme precip-

itation indexes can directly reflect the extreme pre-

122.26] "The correlation coefficients among

cipitation
extreme precipitation indexes are shown in Tab. 3.
3.4 Prediction of the future trend for ex-

treme precipitation
The superposition of the historical trend of
extreme precipitation index and Hurst index can ana-

lyze and predict the sustainability of extreme precipita-

+ 698 « KX KK R

tion in the future, Fig. 6 shows the spatial distribution
of Hurst index and the spatial precipitation of sustain-
ability for 11
Shijiazhuang City. Results showed that the Hurst val-

extreme precipitation indexes in

ues of the extreme precipitation indexes in Shijiazhuang
City are all above 0. 50, which is consistent with the
historical trend. From the Hurst values of extreme pre-
cipitation indexes at 35 precipitation stations, the four
extreme precipitation indexes of PRCPTOT, Rxlday,
R95 and R20 mm showed strong sustainability in
the northern part of Shijiazhuang City; SDII mainly
showed strong sustainability in the northeastern

part of Shijiazhuang city; CWD showed strong or
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very strong sustainability in most areas of central

and eastern Shijiazhuang City; R10 mm showed

strong sustainability in some areas such as the

northwest and east of Shijiazhuang City.

Fig. 5 Mann-Kendall mutation test for time series of extreme precipitation indexes
Tab. 3 Correlation analysis of extreme precipitation indexes

Index SDII Rxlday Rx5day PRCPTOT R95 R99 CDD CWD R10 mm R20 mm  R25 mm
SDII 1 0.750** 0.831*  0.808*  0.882*  0.813* 0. 246 0.579*  0.554*  0.726*  0.773*
Rxl1day 1 0.930*  0.715*  0.829*  0.963* 0. 089 0.445*  0.281~ 0.418*  0.484*
Rx5day 1 0.731*  0.850*  0.946* 0. 078 0.540*  0.305% 0.457*  0.530*
PRCPTOT 1 0.964*  0.798*  —0.042 0.625*  0.856™  0.896*  0.887*
R95 1 0.913* 0.033 0.632*  0.717*  0.818*  0.844*
R99 1 0. 055 0.535™  0.396*  0.527*  0.590*
CDD 1 0. 069 —0.110 0. 051 0.015
CWD 1 0.484*  0.570"  0.610*
R10 mm 1 0.929*  0.847*
R20 mm 1 0. 949 *
R25 mm 1

where % represents the significance level of 0. 01 and * represents the significance level of 0. 05

4 Discussion

Based on meteorological data and extreme pre-
cipitation index, the analysis of spatial-temporal
variation characteristics of regional extreme precip-
itation can provide scientific basis for accurate pre-
diction of extreme precipitation events and regional
ecological management.

It can be seen from the spatial variation trend

distribution of precipitation intensity indexes that
there have been significant spatial differences in
precipitation intensity indexes in Shijiazhuang City
in the past 60 years. The western region and a
small part of eastern region were dominated by a
downward trend and the regions with significant
declines were mainly concentrated in counties such
as Pingshan, Jingxing, Zanhuang, Lingshou. The

central region was dominated by an upward trend,

KxKFR <+ 699 -
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but the trend was not significant. Combined with
the spatial trend analysis of extreme precipitation
intensity indexes, it was found that, except for
CWD,all extreme precipitation indexes had similar
spatial trend change,which could reflect the distri-
bution and change characteristics of regional ex-
treme precipitation,accurately analyze precipitation
events, intensity change and distribution, and then
reduce the risk of disasters.

It can be seen from their 5 a moving average
curves that the trend was mainly downward before
the mid-1970s, followed by a slight increase and
then a downward trend in the following 15 years,a
slight increase in the mid-1980s,a first decline and
then an upward trend after the mid-1990s. The
decrease range of R10 mm was slightly higher than
that of R20 mm and R25 mm, indicating that the
number of moderate precipitation days decreased
significantly than that of heavy rain and rainstorm.
Generally speaking, Shijiazhuang City had an obvi-
ous trend of aridification during the period of 1955
to 2015.

Except for the poor correlation between CDD
and other extreme precipitation indexes, other ex-
treme precipitation indexes had an extremely sig-
nificant positive correlation, indicating that these

extreme precipitation indexes can better character-

ize the extreme precipitation in Shijiazhuang City
and had a good indicator effect, that is, the change
of extreme precipitation in Shijiazhuang City will
have a significant impact on the precipitation
change. This will provide a reasonable basis for ex-
treme precipitation process change, trend analysis
and future prediction.

Combined with the historical trend of time series
of each extreme precipitation index in Shijiazhuang
City,it can be concluded that the extreme precipitation
intensity indexes in most areas of Shijiazhuang City
have a continuous downward trend, while the
extreme precipitation intensity indexes in some
central areas have a continuous upward trend.
Except for CDD, the extreme precipitation frequen-
cy indexes in most areas of Shijiazhuang City also
showed a continuous downward trend. The spatial
sustainability of CDD is not obvious, in which
34. 3% precipitation stations continue to rise, and
65. 7% precipitation stations continue to fall. The
precipitation in Shijiazhuang City will decrease in
the future, and there is a possibility of drought.
Timely response measures can reduce the adverse
impact of extreme climate disasters on agricultural
production and regional water resources manage-

ment in this region.

Fig. 6 Future variation patterns for 11 extreme precipitation indexes
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Variation characteristics of extreme precipitation from 1955 to 2015 in Shijiazhuang City, Hebei Province

5 Conclusion

This study analysis variation Characteristics of
extreme precipitation in Shijiazhuang City, Hebei
Province from 1955 to 2015. The results showed
that the extreme precipitation of Shijiazhuang City
generally showed a downward trend in the past 60
years,and the wet day precipitation (PRCPTOT)
exhibited the most obvious downward trend.
Except for SDII, CWD and CDD, the mutation

years of other extreme precipitation indexes
occurred after 2000. There were significant spatial
differences in the trend of extreme precipitation
indexes. Except for CWD, other extreme precipita-
tion index generally presented a pattern of "south-
west and northwestern regions with a significant
downward trend, easternmost region dominated by
a downward trend, and central region dominated by
an upward trend". The regions with a significant
decline were mainly concentrated in Pingshan
County, Jingxing County, Zanhuang County, and
Lingshou County. According to the spatial super-
position of the historical trend of extreme precipi-
tation index and Hurst index, the extreme precipi-
tation intensity indexes in most areas of
Shijiazhuang City will continue to decline in the fu-
ture, and the extreme precipitation intensity inde-
xes in some central areas will continue to rise. The
extreme precipitation frequency indexes, except for
CDD, showed a continuous downward trend in
most areas of this study area. The results can pro-
vide a scientific basis for preventing natural disas-
ters caused by extreme precipitation events and
regulating agricultural production in this region.
On the other hand, this paper only analyzed
the change characteristics of extreme precipitation
in the last 60 years. The significant increase or
decrease of extreme precipitation index in different
periods may cancel each other after processing,
resulting in the overall change trend is not signifi-
cant. In the future.,it is necessary to focus on more
detailed analysis of the change trend after muta-
tion. In addition, the spatial differentiation of
extreme precipitation is sensitive to terrain and

geomorphology,and the spatial interpolation meth-

od used does not consider the influence of terrain
factors. Therefore, there may be errors in complex
terrain areas,which still need to be improved. With
the gradual decrease of extreme precipitation e-
vents and slight increase in the number of dry
days,there is a potential drought risk in some areas
of Shijiazhuang in the future. In terms of ecological
construction and agricultural production activities,
drought may inhibit the growth and development
of vegetation and crops,or even kill them, and ad-
versely affect the local economic development.
Therefore, it is necessary to strengthen the re-
search on vegetation drought response in the fu-
ture. At the same time, the risk of drought and cli-
mate warming may also increase the risk of forest
fires,and it is necessary to strengthen regional for-
est fire prevention. The research on the change
characteristics and occurrence regularity of extreme
precipitation will help relevant departments to take
more effective measures to cope with the impact of

climate change.
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