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Abstract: Accurately identifying and predicting droughts can provide local managers with a basis
for decision-making. The Xinyang region is prone to droughts and floods, which have a large impact
on local agriculture and socio-economics. This paper employs precipitation data from the Xinyang
region to provide a scientific basis for drought and flood control measures in this region. The data
are first treated with standardized precipitation indices (SPIs) on three-month, six-month, and nine-
month time scales. Subsequently, a Morlet wavelet analysis is performed for each of the three time
scales analyzed for the SPI. The results show multiple time scales of drought and flood disasters in
the Xinyang region. The cycles of drought and flood disasters in the Xinyang region show different
fluctuations on different SPI scales. The SPI time series reflect a strong fluctuation period of 17a for
drought and flood disasters in the Xinyang region. An analysis of the variance of the wavelet coef-
ficients showed that the first main cycle of drought and flood disasters in the Xinyang region is 7a,
and the second and third sub-cycles are 4a and 13a, respectively. We conclude that floods are more
frequent than droughts in Xinyang and are more likely to occur from 2017 to 2021, with a subsequent
shift to droughts. Local managers should put drought prevention measures in place to deal with
droughts after 2021.

Keywords: Xinyang region; SPI; drought and flood cycles; Morlet wavelet analysis; multi-time-scale
drought

1. Introduction

In the context of global warming, the frequency, intensity, and impact of extreme
meteorological and hydrological events such as droughts, heat waves, and floods are
changing due to atmospheric circulation anomalies [1,2]. Drought events since the 1980s
have been characterized by their long duration, widespread impact, high intensity, and
high temperatures. Droughts are a frequent natural phenomenon and disaster in human
societies, and due to their chain of transmission effects, they can cause a range of ecolog-
ical problems [3]. Droughts can cause a range of ecological problems, such as cyclical wa-
ter deficits in vegetation, reduced net primary productivity, changes in the species diver-
sity of vegetation communities, shifts in vegetation types, and reduced ecosystem resili-
ence [4]. These ecological issues lead to a chain reaction in human societies that depend
on the affected vegetation for key resources and services [5]. The 2012-2015 1000-year
drought in California, USA, led to widespread coniferous forest die-off [6]. The 2002-2010
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1000-year drought in Australia caused over AUD 8.0 x 108 in ecological losses to key ser-
vices provided by hydrological ecosystems in the Murray-Darling region [7]. The 2018
severe drought in northwestern Europe caused EUR 9.0 x 108 in losses to Danish agricul-
ture alone [8].

Drought indices are important for describing drought variability and quantifying
drought intensity [9]. Most drought indices are derived by transforming a drought indi-
cator or integrating multiple drought indicators to produce a new series that allows for a
more accurate analysis of characteristics such as drought onset, intensity, and impact [10].
Prior to the 1970s, drought indices were mainly constructed based on station precipitation
data. In 1970, with the development of remote sensing technology, a number of new large-
scale drought monitoring indices emerged [11]. Researchers now use a range of analytical
methods to apply remotely sensed precipitation data to drought monitoring. These in-
clude the calculation of long-term precipitation anomalies and precipitation indices, such
as the precipitation condition index (PCI) [12], the standardized precipitation index (SPI)
[13], and the standardized precipitation evapotranspiration index (SPEI) [14]. The SPI de-
veloped by McKee et al. is one of the most commonly used precipitation indices for re-
motely sensed data and can be calculated using only the precipitation amounts [15]. It has
the same probability of occurrence and can represent flood and drought events in contin-
uous statistics. Until recently, the application of the SPI in remote sensing studies has been
limited by the need for long-term precipitation records for its calculation (traditionally 30
years). With the advent of long-term records, the SPI can be calculated using remote sens-
ing data alone, greatly improving the monitoring of meteorological droughts at large spa-
tial scales [16].

At present, there have been a large number of studies on drought indicators by re-
lated scholars in China. Huang Wanghua et al. [17] used precipitation distance level per-
centages to analyze seasonal droughts' spatial and temporal characteristics in southern
regions. Ma Jianyong et al. [18] used a Morlet wavelet analysis to conclude that the pre-
cipitation in northeast China showed 9a and 24a periodic oscillations from May to Sep-
tember 1961-2009. Qiao Li et al. [19] used the Palmer drought index and precipitation
spacing percentages for a comparative analysis of drought characteristics in Shaanxi Prov-
ince. Due to the large number of parameters required for the relative wetness index, the
Palmer drought index is limited by the number of stations, the surface structure, and the
level of data assimilation [20]. Many scholars have used different analytical methods to
analyze the characteristics of temperature—climate, and precipitation changes in Henan
Province since the 1950s and 1960s [21-23]. Zhong Xinghua, Zhu Wenjie, and Yang Jins-
heng mainly explored the characteristics of the formation mechanism of heavy rainstorms
in the Xinyang area [24-28]. Using SPI, Ye Zhengwei analyzed the characteristics of
drought and flood evolution in Yancheng City between 1960 and 2009 [29]. Zakari used
SPIs indicators from 13 stations to analyze the drought characteristics, trends, and cycles
of the stations [30]. There are many current drought indicators that reflect regions, but the
SPI is considered by most scholars to be the most valid indicator because of its different
time-scale properties [31]. In addition, using the M-K test to find quantitative and quali-
tative aspects of rainfall trends has proven very effective [32]. Along with the methods
above, using a wavelet analysis can effectively identify the periodicity of droughts and
will improve the accuracy of drought trend determination [33].

The study of the cycles of droughts and floods in the Xinyang region can provide an
important reference for the short-term and medium-to-long-term forecasting of droughts
and floods in the region. This is of great importance to agriculture, ecology, industrial
production, and life in the region. However, there are no studies on the cycles of multiple
droughts and floods in the Xinyang region of China. How can the cycles and frequency of
droughts in the Xinyang region be identified to provide a scientific basis for local drought
and flood control measures? In this paper, we aim to (1) characterize the different drought
fluctuations in the Xinyang region through different scales of the SPI; (2) characterize the
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periodicity of droughts in the Xinyang region through a wavelet analysis; and (3) deter-
mine the sudden changes in and trend effects of droughts in the Xinyang region through
the M-K test. The main contributions of this study are the identification of drought and
flood cycles in the Xinyang region and the further exploration of the frequency of droughts
and flooding in the Xinyang region. The study can provide a basis for local managers to
make decisions. The research framework of this paper is as follows (Figure 1).

Precipitation
3 Months 6 Months 9 Months
SPI Wavelet Analysis Menn—Kendall
Frequency of
Droughts & Periodicity Sudder Chanee
Test
Floods
the Location of Cycles of Whefher Qroughts qnd
. Flooding will Occur in the
Droughts and Flooding Future

Figure 1. Research framework.

2. Materials and Methods
2.1. Study Area

The Xinyang region is located in the southernmost mountainous region of Henan
Province, China, in the upper reaches of the Huai River (Figure 2). It is located at 31°125'N
and 114°06'E. It is connected to Anhui in the east and Hubei in the south, with the Tongbai
and Dabie mountains in the west and south, hilly and mountainous areas in the center,
and plains and depressions in the north. The total area of the city is 18.90 x 103 km?, with
a population of 8.81 x 10¢ [27,34]. The city’s topography is high in the south and low in the
north, with a variety of shapes and forms. Its subtropical monsoon climate has a clear
transition from the subtropical to the warm zone, abundant rainfall, and humid air.
Xinyang has abundant rainfall, with an average annual rainfall of about 1300 mm, mainly
in the summer, and an average annual temperature of 15.1-15.3 °C. There are many rivers
in Xinyang, belonging to the two major water systems of the Yangtze and Huai Rivers. The
city’s rivers have a water surface area of 370 km? and the per capita water resources rank
first in Henan Province [35].
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Figure 2. Geographical location and basic overview of the Xinyang region.

Floods are frequent in Xinyang City. According to the hydrological and climatic his-
tory of droughts and floods in Henan Province and the statistical data of the “Chronology
of Great Floods and Droughts in Henan Province,” the number of years of floods in
Xinyang City was 164 during the 612 years from 1400 to 2011. The frequency of floods was
26.8%, averaging about once every three years. The total arable land in the city is about
37.00 x 10° km?, with rice, wheat, corn, and oilseed rape as the main crops, making it an
important food and oil production base in Henan Province. Xinyang Mao Jian tea is one
of the top ten most famous teas in China and one of the famous specialties in Henan Prov-
ince. Xinyang is the only industrial city in the upper reaches of the Huai River and is an
important part of the Huai River flood control, which is a difficult task. Xinyang is also
among the 81 most important flood control cities in China, and flooding has been one of
the most serious natural disasters in the region. In the summer of 2014, heavy rains in
Xinyang caused about 20,000 people to be affected and economic losses amounting to
CNY tens of millions, so the importance of flood control in the Xinyang area is significant.

2.2. Data Sources and Pre-Processing

The data were obtained from the China Meteorological Administration (CMA) for a
total of 45 years, from 1961 to 2015, from the Xinyang meteorological station located at
32°13'N, 114°05'E. The monthly precipitation data were calculated separately from the
daily precipitation data. These are shown in Table 1 below.
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Table 1. Basis for the treatment of precipitation characteristic values.
Numerical Value Description Processing Result (0.1 mm)
32,766 No data Linear interpolation
32,700 Slight or icy 0
32XXX Fog, dew, and frost 0
31XXX Snow (sleet and snow storms) Value minus 31,000
30XXX Rain and snow Value minus 30,000

The precipitation was processed for special values, and the exact data were populated
using linear interpolation (Table 1). Then, we calculated the annual precipitation in the
Xinyang area and tested it statistically using a one-sample t-test. The test results showed
that the precipitation in the Xinyang region was statistically significant (Table 2).

Table 2. Results of one-sample t-test analysis of precipitation in Xinyang.

Sample Size Minimum Value Maximum Value Mean Star.xdafrd t 4
Deviation
55 494.30 1561.70 111542  261.77  29.21* 0.00 **

Note: * p <0.05; ** p < 0.01.

For the SPI processing, the average SPI values for the 12 months of the year were used
as the SPI values for the region. The SPI was graded using the grading method provided
by the US Drought Mitigation Center [36]. This is shown in Table 3 below.

Table 3. Drought classification based on SPI values.

Numerical Value Drought and Flood Rating
2.0 and above Heavy flooding
1.5~1.99 Moderate flooding
1.0~1.49 Light flooding
-0.99~0.99 Normal
-1.0~-1.49 Light drought
-1.5~-1.99 Moderate drought
-2.0 and below Severe drought

The main factors affecting drought are less precipitation and higher temperatures
[37]. After processing the meteorological data, we preliminary analyzed the temperature
and precipitation in the Xinyang area from 1961 to 2015 (Figure 3). In the last 20 years, the
temperature has gradually increased, and the precipitation volatility has increased.
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Figure 3. Trends in temperature and precipitation in the Xinyang, 1961-2015.

2.3. Research Methodology

US scholars developed the standardized precipitation index (SPI) to provide a quan-
titative characterization of the lack of precipitation over different time periods. The SPI
drought index itself has the advantage of multiple time scales, such as the
SPI, SPI3,SPIg, SP1,,, etc., for different time scales of study. Under extreme conditions,
the SPI outperforms the Z index [38,39]. Yuan Wenping [40] compared the Z index and
the standardized precipitation index and concluded that the SPI was better than the Z
index and could better predict droughts and floods. The SPI is widely used to analyze the
drought and flood situation of a region because the raw data are easily available, the cal-
culation is relatively simple, and it can better reflect the intensity and duration of droughts
in the region.

A multi-level time-scale structure and localization characterize climate change in the
time domain, but a traditional Fourier analysis cannot analyze this feature. The rapid de-
velopment of wavelet analysis methods in recent years has overcome this shortcoming by
allowing the multi-scale refinement of functions or signal sequences to study the evolu-
tion of different scales over time. Due to the properties of the Morlet wavelet transform
for time—frequency domain analysis [41], this paper uses Morlet wavelets for calculations.

2.3.1. SPI Calculation Method and Coefficient Setting

The SPI refers to the fact that, since precipitation varies greatly from time to time and
from region to region, it is difficult to compare precipitation amounts on different spatial
and temporal scales directly, and the precipitation distribution is skewed, not a normal
distribution. Therefore, in precipitation analyses, the probability of the I distribution of
precipitation in that time period should be calculated first. Then, the calculation results
should be normalized to obtain the SPI value. The results mainly reflect the phenomena
of drought and flooding based on precipitation.

The detailed steps for calculating the standardized precipitation index are as follows:

(1) Assuming that the amount of precipitation in a given time period is a random varia-
ble, x, the probability density function of its I" distribution is given by

fx) = x¥ e /B x>0 (1)

BYT(y)

where > 0 and y > 0 are the scale and shape parameters, respectively. § and y are
found using the maximum likelihood estimation method as follows:

1+/1+44/3 @

y= 4A
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p=x/7 )

n
1
A=1 -——21 ;
gx n'_lgxl 4)

where x; is a sample of precipitation information and x is the average precipitation.

After determining the parameters in the above probability density function, the prob-
ability of the event x < x, can be found for a given year of precipitation x, and is calcu-
lated as follows:

Fx < xo) = f 'F() dx 5)

Using numerical integration, it is possible to calculate an approximate estimate of the
probability of an event after bringing in Equation (5) using Equation (1).
(2) The following equation estimates the probability of the event when the precipitation
data are zero:

F(x =x5) =m/n (6)

where m is the number of samples with zero precipitation and # is the total number
of samples.
(3) The probability values obtained from the above two equations are brought into the
following normal distribution function to normalize the probabilities of the I" distri-
bution:

1 *o 2
F(x <x =—f e 212 gy 7
( 0) m o ( )
An approximate solution to the above equation yields

(et +c)t + ¢
[(dst + dy)t +d;]t + 1.0

FZ=S{t— ®)

where t = \/ln% and F is the probability derived from Equation (5) or Equation (6).

When F>0.5,F S=1,and when F<0.5, S = —1. co=2.515517; c1 = 0.802853; c2 = 0.010328;
d1=1.432788; d2=0.189369; and ds = 0.001308.

The Z value derived from Equation (8) above is the standardized precipitation index,
SPL

Depending on the time scale, the standardized precipitation index can be classified
into SPIi, SPIs, SPIs, ..., SPI, etc.

The SPIi represents the SPI value for the current month. It can reflect short-term soil
moisture and crop stress during the crop-growing season and can be approximated as the
crop moisture index (CMI).

The SPIs represents the last three months of precipitation data for droughts and
floods. For instance, the SPIs for July of a year results from the precipitation data calcula-
tion for May, June, and July of that year. The SPIs reflects an area's short- and medium-
term moisture conditions and provides seasonal precipitation estimates. In agricultural
areas, the SPIz is a more sensitive indicator of the effective moisture conditions in agricul-
ture than the Palmer index [20].

The SPIs is calculated using the last six months of precipitation data. The SPIs is con-
sidered a more sensitive indicator of medium-term precipitation and trends than the
Palmer index.

The SPIv is calculated using the last nine months of precipitation data. The SPIs is able
to reflect precipitation patterns on a moderate time scale for an area. As droughts usually
take a season or more to develop, if the local SPIs < —1.5 or SPIs > 1.5 for a given area, then
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droughts and floods are likely to have already occurred and affected sectors such as agri-
culture, reservoirs, and groundwater levels in the area. Relevant government departments
should pay sufficient attention to abnormal fluctuations in the SPIo.

The SPliz, SPI, and longer SPI indices are in good agreement with the results of the
Palmer index, and the differences between the two analysis methods are relatively small,
so they were not used in this paper. In this paper, the three time scales of SPIs, SPIs, and
SPIy were mainly used to analyze the droughts and floods in Xinyang City.

2.3.2. Morlet Wavelet Analysis

Choosing a suitable basis wavelet function is a prerequisite for wavelet analysis. Ac-
cording to the specific problem under study, the Morlet wavelet basis function was used
in this paper for analytical calculations.

The wavelet function ¥(t) € L2(R) conforms to

f g (t)dt =0 (9)

where W(t) is the Morlet wavelet basis function, which can form a family of cluster func-
tions by studying the scale-stretching transformations and translations on the time axis as
follows:

t—b>b
Wep® = lal 2% (—=) abeRa=0 (10)

where W, ,(t) is the subwavelet; a is the scale factor, reflecting the period length of the
wavelet; and b is the translation factor, reflecting the translation in time.

If W,,(t) is a subwavelet given by Equation (10) for a given energy-limited signal
f(t) € L3(R), its continuous wavelet transform is

WiCa,b) = a7 [ £ % (2) ae a1

where We(a, b) is the wavelet transform coefficient; f(t) is a signal or square produc-
table function; a is the scaling scale; b is the translation parameter; and P (%) is the
complex conjugate function of ¥ (?)

As the time-series precipitation data used in this study were discrete, the function
f(kAt) (k = 1,2, ...,N; At is the sampling interval) can be set. Then, the transformed con-
tinuous wavelet transform function takes the form of

(12)

kAt — b)
a

N
W.(a b) = |a|"V2At Y f(kAt) ©
; Z (

The above-transformed variance gives the corresponding wavelet coefficients, which
can be analyzed to obtain the evolutionary characteristics of the time series for different
SPI values.

Integrating the squared values of the wavelet coefficients over the b-domain gives the
wavelet variance, i.e.,

Var(a) = f +o0|w,c(a, b)|* db (13)

The process of variation in the wavelet variance with scale a is called a wavelet vari-
ogram. The strength of the perturbations at different scales under the time series and the
principal periods present can be determined by analyzing the wavelet variogram.



Atmosphere 2023, 14, 1196

9 of 19

2.3.3. Trend Analysis

One of the most common non-parametric methods used to test for trends or muta-
tions in hydrological time series is the Mann-Kendall (MK) test. This test has the ad-
vantages of not requiring the sample to follow a certain distribution, not being disturbed
by a few outliers, being more applicable to type and order variables, and being simpler to
calculate [42,43]. Under the assumption of random independence of the time series, the
statistic can be defined as

+oo

Var(a) = f |W;(a, b)|” db (14)

For a time series X with 1 sample sizes, an order column can be constructed:

1 xi>xj

j=1,2,-,1 1
0 else J ! (15)

Se=Xian n= {

It can be seen that the order column, §;, is the cumulative count of the number of

values at moment i greater than the number of values at moment j. Under the assump-
tion of the random independence of the time series, the statistic is defined as

Sy —E(S
UFk = k—(k) k — 1,2,"',7’1 (16)

JVar(S,)
where UF; =0 and E(S,) and Var(S,) are the mean and variance of the cumulative,
Sk, respectively. They can be calculated by the following equation when x;, x,.., x, are

independent of each other and have the same continuous distribution (where E(Sy) =
n(n-1)

i
n(n—1)(2n+5)
72

UF; is the standard normal distribution, which is a sequence of statistics calculated
in the order of time series, x: x;, xj,.., X, given a significance level a. The normal dis-
tribution table is checked, and if |UF;| > U,, it indicates that there is a significant trend
change in the series. The above procedure is repeated for time series x in reverse order:
Xp, Xp-1, ..., X1, while making UB,, = —UF,, (k =1,2,+--,n)and UB; = 0.

The graphs of UF, and UB; were analyzed. Values greater than 0 indicated an up-
ward trend, while values less than 0 indicated a downward trend. The upward or down-
ward trend was significant when it exceeded a critical line. The range beyond the critical
line was identified as the time region where the sudden change occurred. If the two curves
intersected and the point of intersection was between the critical lines, then the intersec-
tion point was when the mutation began. As there have been numerous studies in this
area [44], this paper used a multivariate Mann-Kendall test to analyze the precipitation
trends in the Xinyang area.

Var(S,) = (17)

3. Results and Discussion
3.1. Temporal Characteristics of Droughts and Floods in Xinyang

Figure 4 shows the SPIs, SPIs, and SPIs variation curves of Xinyang City for 3, 6, and
9 months from 1961 to 2015, respectively. The analysis is based on the precipitation data
for a total of 45 years, from 1961 to 2015. Additionally, the moving average of the three
SPI variation curves is computed for 9, 18, and 36 months, respectively. The three SPI
curves averaged 9, 18, and 36 months, respectively. In general, Xinyang City experienced
sharp fluctuations in its drought indices during 1962-1967, 1979-1984, and 1999-2003.
They all went through the process of changing from normal to heavy flooding to moderate
drought to exceptional drought. The droughts and flooding in Xinyang City during this
period were significant and included periods of sharp changes, with a period of sharp
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changes of about 17a severe drought and flooding fluctuations. There is a higher possibil-
ity of drought and flooding in the next four years.

—— SPI;
— 9 pt SG smooth of SPI;

10) o
— 18 pt SG smooth of SPI,
I

. “MM 1L “t;i A 1) i‘”i AR
AR Wil ‘"lﬂlw lu it

1© —s—SPI,

B Heavy flooding Light drought
b Moderate flooding Moderate drought
: Light flooding m Severe drought ) ) !
1965 1975 1985 1995 2005 2015
Years

Figure 4. (a) SPI5, (b) SPIs, and (c) SPIs sequences and 9-, 18-, and 36-month slide average charts for
Xinyang in 1961-2015.

The distribution of the SPIs shows that the SPIs can better reflect the characteristics of
short-term droughts and floods, i.e., the intra-year seasonal variation in droughts and
floods. This indicates that droughts and floods have become more frequent and severe in
recent years. For the distribution of the SPIs, there were still fewer severe floods than se-
vere droughts, with four and seven, respectively. There were two consecutive years of
severe droughts in 2001 and 2002. The SPIs better reflected the long-term drought and
flood characteristics, and the fluctuations in the drought index were relatively stable, with
general flooding in the 1960s and 1970s followed by a gradual averaging and a large
change after the 1990s.

The specific characteristics of droughts and floods in Xinyang City are as follows: (1)
In general, there are more flood years and fewer drought years; (2) the frequency of floods
is high; (3) the frequency of droughts is low; and (4) the sharp alternation of droughts and
floods shows cyclical characteristics.
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3.2. Cycle Variation Characteristics of Droughts and Floods in Xinyang
3.2.1. SPIs Cycle Variation

A cyclical analysis of the SPI index was carried out in order to explore the in-depth
cyclical variation of the longer time-series aridification trend in the Xinyang region (Figure
5). The period analysis mainly used a Morlet wavelet transform. At present, Morlet wave-
lets have been commonly applied to meteorological analyses [41]. By performing a Morlet
wavelet analysis on the SPI time-series data of the Xinyang region, three contour maps
were generated: a wavelet real part contour map, a modal contour map, and a modulus
squared contour map. These maps reflect the variation in the time series of the SPI values,
the period of variation, the energy density over the studied time region, and the SPI oscil-
lation energy at different periods, respectively, with the modal contour map correspond-
ing to the mode value. The larger the mode value, the more periodic the corresponding
time period or scale.
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Figure 5. Morlet wavelet real part contour map (a), modal contour map (b), and modulus squared
contour map (c) of the SPIs time series.

The temporal distribution of the SPIs showed three main types of scales of cyclical
variation in the evolutionary process: 14-18 years, 8-13 years, and 3-7 years. However,
the 18-27-year time scale had the strongest energy and the most significant period, alt-
hough the periodicity became weaker and started to decline during 1998-2015. The 13-
18-year time scale had the second strongest energy and a stronger periodicity, and the
time-scale energy showed a gradual weakening during 1998-2015 when the periodicity of
the precipitation started to decline.

3.2.2. SPIs Cycle Variation

In the time-series distribution of the SPIs (Figure 6), the temporal changes were less
obvious than those in the short term. There was a similar pattern of cyclical changes to
that of the SPIs, with the 18-27-year time scale decreasing in periodicity and the cycle's
center not changing significantly. However, there were two trends in the oscillatory en-
ergy during the period 1998-2015. The time scale became weaker in this time frame, and
the periodicity began to decline. The 7-13-year time scale had little change in energy and
was more stable, and its cyclical peak began to shift downwards, showing the character-
istics of a constant and shorter periodicity.
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Figure 6. Morlet wavelet real part contour map (a), modal contour map (b), and modulus squared
contour map (c) of the SPIs time series.

3.2.3. SPIs Cycle Variation

Figure 7 shows the characteristics of the time-series distribution of the SPIo. The 18—
27-year time-scale modulus was lower during 1970-1980 and 2000-2015, and the signifi-
cance of the time-scale periodicity showed alternating changes. For the 14-18-year time
scale, the periods 1975-1985 and 20002015 exhibited smaller energy densities, while the
remaining time periods had higher energy densities. This observation indicates that the
periodicity of the 14-18-year time scale showed alternating significant-non-significant
variation, with periodic variations in its periodicity. The 8-13-year time scale had a higher
energy density of periodic variation and a more significant periodicity. The 1998-2015 pe-
riod had weaker time-scale energy, and the periodicity started to decrease.
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Figure 7. Morlet wavelet real part contour map (a), modal contour map (b), and modulus squared
contour map (c) of the SPIy time series.

3.2.4. Discussion

In the course of precipitation evolution in Xinyang, the SPIs and SPIs on a 3-7-year
time scale showed local variations in periodicity, with periodic changes in the strength of
the periodicity. The SPIs only showed this in a small local area (1977-1982) with less en-
ergy and a slightly reduced periodicity, but the overall periodicity did not change much
[35]. The time-scale cycle variation was the most pronounced. In general, a quasi-four os-
cillation in the alternating dry abundance occurred on the 14-18-year scale; a quasi-five
oscillation existed on the 8-13-year time scale. It can also be seen that the cyclical variabil-
ity of both the 14-18-year and 8-13-year scales was very stable throughout the analyzed
time period and was global in nature. In contrast, the cyclical variability of the 3-7-year
time scale became less cyclical in the mid-1990-2000 period and became more pronounced
from 2000 to 2015 and onwards.

The precipitation indices at different scales are specified as follows: For medium- and
long-term hydrological measurements, such as reservoir and groundwater levels, the pe-
riodicity of the two drought and flood cycles at 18-27 and 14-18 years fluctuated up and
down, while the periodicity of the 8-13-year scale was more stable. On the other hand, for
short-term hydrological measurements, such as for agriculture, the periodicity was more
stable at the 18-27-year scale, and the periodicity at the 14-18- and 8-13-year time scales
fluctuated up and down [34].

3.3. Characteristics of the Variability of Droughts and Floods in Xinyang

The 30a Morlet variance was calculated for the multi-time-scale SPI to identify the
main cycles present in the evolution of droughts and floods. As can be seen from Figure
8, there were four more distinct peaks in the wavelet variance plot, which corresponded
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to the time scales of 4a, 7a, 13a, and 18a in order from small to large. The peaks of the
wavelet variance in the SPIs were 4a, 7a, 13a, and 19a, respectively. Similarly, in the SPIs,
the peaks occurred at 4a, 7a, 13a, and 18a, respectively. Likewise, in the SPIy, the peaks
were observed at 4a, 7a, 13a, and 18a, respectively. In addition, there were small peaks of
30a in the three time scales, which were not credible and are not discussed in this paper
due to the small time scale of the study and the low confidence level.

‘+ Wavelet Variance‘

0.58 0.55 (.46
41.10.9
.88 0.42 0.34 (.46
0.39

Time Scale

Figure 8. Morlet wavelet coefficient variance figure of the (a) SPIs, (b) SPIs, and (c) SPIs sequences.

The second and third peaks corresponded to time-scale values of 4a and 13a, which
are the second and third main cycles, respectively. The fourth peak corresponded to a time
scale of 18a, which is the fourth main cycle of drought and flooding. The fluctuations in
the above four cycles reflected the evolution of droughts and floods in the Xinyang region
throughout the time domain. This indicates that the 7a cycle is dominant in the Xinyang
region, followed by the 4a and 13a cycles, and the 18a cycle is the least dominant.

3.4. Sudden Climatic Changes in Droughts and Floods in Xinyang

The Mann-Kendall test for precipitation over the years in Xinyang City showed that
precipitation declined from the 1970s to the 21st century. This trend greatly exceeded the
confidence interval of 0.95 for the significance level, with a clear trend towards a decrease
in the surface. The point of abrupt change in precipitation can be seen in the UF and UB
curves (Figure 9), with a sudden climatic change beginning in 1996. This subsequent in-
crease became progressively more pronounced, with the significance level test exceeding
the 0.05 threshold from 2005 to 2015.
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Figure 9. Mann-Kendall test of Xinyang precipitation in 1950-2010.

According to Figure 8, the trend suggests that there may be a crossover between the
UF and UB curves after 2015. This indicates that there will be a sudden change in precip-
itation in the future. The rapid increase in precipitation in Xinyang may be a response to
the greenhouse effect, which is not unrelated to the development of society and human
activity. The city’s managers should have taken early steps to deal with this very likely
change.

4. Conclusions

This paper accurately presents the trends and patterns in regional climate change in
Xinyang City through a long time-series analysis. The evolutionary characteristics of
droughts and floods in the Xinyang region were derived from an analysis of the SPI indi-
ces from 1961-2015. The period of change for the drought and flood patterns in the
Xinyang region analyzed by the first half of the SPI time-series plot was about 17a, which
is different from the 7a, 4a, and 13a periods of droughts and floods reflected by the wavelet
variance in the latter part of the paper. The authors believe this is due to the obvious de-
layed effect of drought and flood changes and the accumulation of different cycles—for
example, the accumulation of one cycle of 13a and one cycle of 4a or the accumulation of
two cycles of 7a and one cycle of 4a. The results of the analysis are as follows:

4.1. Research Conclusions

(1) The Morlet wavelet analysis based on the standardized precipitation index is able to
analyze the drought and flood cycles of a particular region very well.

(2) The standardized precipitation indices of precipitation in the Xinyang region can re-
flect the changes in droughts and floods in the Xinyang region in a more ambiguous
way. On long time scales, the drought and flood cycles in Xinyang fluctuated up and
down, and the standardized precipitation indices fluctuated differently on different
scales.

(3) The evolution of droughts and floods in Xinyang has obvious cyclical characteristics.
It fluctuates up and down on the four time scales of 7a, 4a, 13a, and 18a.

(4) The SPI time-series diagram reflects that the drought and flood patterns in the
Xinyang area have a clear 17a cycle and fluctuate over a time period of about 5a.

(5) Floods occur more frequently in Xinyang than droughts, and they are more likely to
occur in the future. The prevention and control of droughts and floods should be
based on combining the drought and flood cycles in the Xinyang region, focusing on
floods.

(6) According to the analysis results in the paper, there is a greater possibility of drought
and flood disasters occurring during 2017-2021.
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4.2. Policy Recommendations

According to the analysis results of this paper, Xinyang City had high precipitation
in 2018-2019, and flooding may occur, which will later turn into a drought. Relevant gov-
ernment departments should pay attention to this and implement effective flood preven-
tion and mitigation in advance.

4.3. Research Shortcomings and Outlook

The availability of meteorological data limited the study in this paper, as the latest
data are not publicly available, resulting in a study that did not track the time frame to the
latest year. Using remote sensing data allows for the acquisition of up-to-date monitoring
data for the entire study area. However, using remote sensing data to accurately estimate
drought conditions in the area will be a major challenge. The use of classical methods (e.g.,
the SPI in this paper) combined with new technologies (remote sensing) for regional
drought monitoring will be our future research direction.
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