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Longitudinal analyses of hydro-meteorological vari-
ables are extremely important for climate studies and
water resources planning. Precipitation across the
most severely eroded areas of Huangfuchuan Water-
shed in the Loess Plateau, China was analysed using
data from 10 rainfall stations during the period 1954—
2010. The ensemble empirical mode decomposition
(EEMD), Hurst exponent, and Mann—-Kendall meth-
ods were utilized to detect periodicities, discontinuities
as well as long-term persistence of precipitation. The
results show abrupt changes (i.e. discontinuities) in
spring during the period 1963-1969 and in 1975, the
summer period of 1962 and 1986-1994, the autumn of
1978, and the winter of 1964. These abrupt changes
were determined to be statistically significant at the
P=0.05 level. There were inter-annual periods of
quasi-3- and quasi-6-year for annual and the four
seasons, and decadal periods of quasi-10-, quasi-15-,
quasi-25- and quasi-50-year for different seasons.
However, periodical features in inter-annual periods
were not statistically noticeable. Moreover, Hurst
exponent analysis indicated that the current trends of
precipitation over the four seasons would continue in
the future. The results also indicate that the EEMD
method is able to effectively reveal deviations in long-
term precipitation series at various timescales and
could be utilized for complex analysis of non-
stationary and nonlinear signal change. These findings
could provide important information for ecological
restoration and farming operations across the study
region.

Keywords: Ensemble empirical mode decomposition,
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TIME series analysis of observational hydroclimatic data
generates direct information regarding changes in hydro-
logy. Therefore, this type of analysis is extremely impor-
tant for understanding and managing water resources.
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Large-scale variations in water-cycle parameters and
hydrological variables require further studies to deter-
mine their potential impacts on hydrologic hazards and
water resources. In this context, precipitation is an impor-
tant climatic parameter as it directly affects the availabil-
ity of water resources.

During the last several years, many studies have been
conducted that quantify precipitation variation using vari-
ous approaches and in several different regions. For ex-
ample, Coulibaly' used the cross-wavelet and wavelet
methods to identify and describe temporal and spatial
variation of seasonal precipitation in Canada. This study
provided insights into the dynamic relationship between
the dominant modes of climate variation in the northern
hemisphere and seasonal precipitation. Li et al.® evalu-
ated the variation in seasonal and annual precipitation
using the Hurst exponent and Mann—Kendall (MK) test
methods in Xinjiang, China. Xue ef al.’> decomposed the
autumn precipitation series in the Weihe River Basin,
China, using the ensemble empirical mode decomposition
(EEMD) method and determined the precipitation perio-
dicity characteristics at various scales. Deng et al.* ana-
lysed precipitation during summer and spring within the
watershed of the Yangtze River, China using the empiri-
cal mode decomposition (EMD) method. They showed
that there were similar periods of rainfall in these sea-
sons.

The middle reaches of the Yellow River, China, flow
through semi-arid and arid regions. However, few studies
have investigated the impact of precipitation changes on
water resources and hydrology. The Huangfuchuan River
is a major tributary of the Yellow River and one of the
main sources of coarse sand. Due to sparse vegetation,
thick loess that is highly susceptible to erosion, the rela-
tively high intensity of rainstorms, uneven temporal dis-
tribution of rainfall and harmful human activities, soil
erosion in the Huangfuchuan Watershed, Loess Plateau
has caused substantial damage. Rainfall is the main dyna-
mic factor that causes soil loss as its level and intensity
can influence the occurrence of soil erosion. This can
lead to altered land-use management strategies, agricul-
tural practices and vegetation growth conditions.

The periodicity of precipitation is a characteristic that
is often utilized in the analysis of hydrologic time
series’ . There have been a significant number of studies
on precipitation periodicity that have employed various
methods and techniques for the identification of peri-
ods*’. However, hydrologic time series typically exhibits
non-stationary and nonlinear characteristics'’, and the
limitations of these traditional techniques cannot satisfy
the requirements of current hydrologic research’. In order
to improve the identification of periodicity in time series,
various novel methodologies have been employed in the
hydrological literature. EEMD has widespread use for the
analysis of time series data, such as surface temperature1 l
tree ring data'” and changes in the onset of seasons'”.
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To date, most of the studies on precipitation variation
have focused on annual variation. Furthermore, few stu-
dies have been conducted to identify climate change sig-
nals via the periodicity of precipitation time series in the
Huangfuchuan Watershed. Therefore, the objectives of
the present study were to investigate the periodicity char-
acteristics of annual and seasonal precipitation using
monthly precipitation datasets during 1954-2010, to ex-
plore future trends in seasonal and annual precipitation
via the Hurst exponent method and to evaluate abrupt
changes in annual and seasonal precipitation.

The Huangfuchuan Watershed is situated in the north-
ern area of the Yellow River Basin within 110°18'-
11°12'E and 39°12'-39°54'N. The Huangfuchuan River
has a length of 137 km and the watershed area is
3246 km®. The annual precipitation is 350-450 mm, and
>80% of the precipitation falls during the period June—
September. Vegetation in this area has been largely
destroyed. The removal of vegetation, in conjunction with
the large terrain height difference and strong rainfall, has
caused severe soil and water loss. The area introduces
approximately 0.15 x 10° tonnes of sediment into the
Yellow River each year. This has led to devastating
impacts on the ecological communities and agriculture
conditions (Figure 1)".

Lo 110°40E 11150
L T
China i
r\\/j o —— \,»"L A
;"'ﬂl oo Q e
N g NP
o/ 1}/ - L~ Y
e &y p ¢
\-\_.»? I E’ “r' Loess Platean \:
. S __/mr-f
N
400N F

I6°40N |

DEM (m)

P iiich ;1478

®  Rainfall station

[ Boundary of Huangfuchuan Watershed

Figure 1. Map of the study region.
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Rainfall data from 10 stations were analysed in this
study (Figure 1), including annual precipitation and
monthly precipitation during 1954-2010. Considering the
hydrogeology conditions of the study area and the fact
that the distribution of precipitation in the rainy season is
the driving force for soil erosion, we defined winter as
December—February, spring as March—May, summer as
June—August and autumn as September—November.

MK is a non-parametric statistical test that has been
frequently used to determine the significance of patterns
in hydro-meteorological time series'>'®. For more details
on the MK test, readers may refer to Zhang et al.'’. Here,
we employ the MK test for studying annual and seasonal
trends and to identify abrupt changes in precipitation
trends within the Huangfuchuan Watershed.

EEMD is a central component of the Hilbert—Huang
transformation. It is an adaptive technique that can de-
compose a time series into intrinsic mode functions
(IMFs) and a long-term trend'®. Each IMF represents a
specific frequency range, i.e. from high- to low-frequency
modes. The frequency of the IMFs decreases with their
order, with the first IMF having the highest frequency.
The summation of the long-term trend and these IMFs
recreates the original time series. The number of IMFs is
dependent on the duration of the time series. The EEMD
method improves upon the EMD method'**°. The latter is
an adaptive method that is able to decompose any com-
plex data series into a finite set of amplitude—frequency-
modulated oscillatory components. Additional details
regarding EMD and EEMD can be found in Wu and
Huang®'. In this study, we have used 100 as the ensemble
number and set the amplitude of added white noise to 0.2
times the standard deviation of data, based on suggestion
by Wu and Huang?”".

The Hurst exponent method is used to quantify the
long-term memory of the time series, and the Hurst expo-
nent is estimated using range/standard deviation (R/S)
analysis. It is a method of time-series analysis that util-
izes fractal theory. This technique has widespread use in
climate change and geographic research’’. Here, Hurst
exponent analysis is used to study future precipitation
trends. The Hurst index (H) has the ability to project
future time-series trends according to past trends; it has
been used to predict hydrological and climatological
processes” . H ranges between 0 and 1. If (1) H = 0.50,
it suggests that the various essential elements are entirely
independent and the change is random. An H value be-
tween 0.50 and 1.00 indicates that the long-term trend of
the time series will probably continue in the future. The
closer the H value is to 1.00, the stronger the likelihood
of this continuation. An H value between 0.00 and 0.50
also suggests that the time series has a long-term trend.
However, this value range indicates that the future ten-
dency will be the opposite of the long-term trend. The
closer the H value is to 0.00, the higher the likelihood for
a reversal of the long-term trend.
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Table 1. Statistics for annual and seasonal precipitation within the Huangfuchuan Watershed during 1954-2010
Statistics P (mm) P, (mm) P, (mm) P5 (mm) P4 (mm)
Mean 362.0 479 235.8 71.1 7.4
Minimum 94.3 1.5 38.6 17.5 0.0
(year) (1955) (1955) (1955) (1965) (1954-58)
Maximum 838.1 136.6 732.3 157.1 232
(year) (1959) (1991) (1959) (1960) (1978)
Median 356.3 435 221.8 59.2 7.6
Standard deviation 117.4 30.7 103.4 37.8 5.6
Confidence levels (95.0%) 31.2 8.2 27.4 10.0 1.5
Coefficients of variation 0.324 0.642 0.438 0.531 0.765

P represents annual rainfall; P, represents rainfall in spring; P, represents rainfall in summer; P; represents rain-

fall in autumn; and P, represents rainfall in winter.
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Figure 2. Mean annual and seasonal precipitation in the Huang-

fuchuan Watershed during 1954-2010.

The average precipitation in the study region during
spring, summer, autumn, winter and the entire year was
47.9, 235.8, 71.1, 7.4 and 362.0 mm respectively (Table
1). The average precipitation during summer accounted
for 65.1% of the average annual precipitation. The range
between the minimum and maximum values for each
variable was quite large. The coefficients of variation

CURRENT SCIENCE, VOL. 111, NO. 4, 25 AUGUST 2016

(CVs) for the seasonal precipitation ranged from 0.438
(in summer) to 0.765 (in winter), implying unstable
changes. From 1954 to 2010, the average spring precipi-
tation and average winter precipitation significantly in-
creased with linear trends, while precipitation in the other
seasons and the annual precipitation exhibited no signifi-
cant trends as can be seen in Figure 2.

The figure thus presents the observed annual and sea-
sonal precipitation during 1954-2010 in the study area.
Table 2 provides the corresponding results of the MK
tests. During the study period, there was a decrease in
precipitation for summer, autumn and the entire year. The
average annual decrease rates were —1.197, —0.147 and
—0.345 mm/a respectively. Precipitation in spring and
winter showed a significantly increase trend. The average
annual rates of increase were 0.706 and 0.173 mm/a re-
spectively.

There were no abrupt changes in annual precipitation,
while they were detected for all four seasons (Table 3).
The abrupt change of precipitation in summer occurred
during 1986-1994, which is similar to the results of Ding
et al.** for east China and those of Su et al.*® in the Yang-
tze River basin. Furthermore, abrupt changes within the
range 1963-1998 were consistent with annual precipita-
tion found in the Yellow River basin®.

By employing the EEMD technique, the original an-
nual and seasonal rainfall time series were decomposed
into one residue and four independent IMFs respectively.
Figure 3 a—e shows results of this process for the sea-
sonal and annual precipitation. It can be observed that
precipitation data are decomposed into IMFs. It can also
be seen that the IMFs present various wavelengths, fre-
quencies and amplitudes. IMF1 exhibits the shortest
wavelength, maximum amplitude and highest frequency.
The IMF components increase in wavelength and de-
crease in amplitude and frequency as their rank increases.
The residue (RES) represents a mode that is slowly vary-
ing about the long-term average.

Within the EEMD method, each IMF component cap-
tures fluctuation characteristics at different timescales
from high to low frequency, and the residue component
reflects the original data trend over time. In general, each
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Figure 3 a—e. Ensemble empirical mode decomposition of (a) annual precipitation time series, (b) spring precipitation time
series, (¢) summer precipitation time series, (d) autumn precipitation time series and (e) winter precipitation time series from 1954
to 2010.

IMF component captures the oscillation in the original determined by significance testing, and different signifi-
series of inherently different characteristic scales. The cance levels reflect the robustness of the physical inter-
physical meaning contained in IMF components can be  pretation.
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Table 2. Trend analysis for annual and seasonal precipitation during

1954-2010 in the Huangfuchuan Watershed
Mann—Kendall

Variable Z statistic Significance level

Annual precipitation —0.18 -

Spring precipitation 2.96* 0.01

Summer precipitation -1.25 -

Autumn precipitation —-0.39 -

Winter precipitation 4.65* 0.01

*Represents significance at the P = 0.01 level.

Table 4 clearly shows that IMF4 (quasi-52-year cycle)
of precipitation in autumn as well as IMF2 (quasi-6-year
cycle) and IMF4 (quasi-48-year cycle) of precipitation in
winter are significant at the P =0.05 level. This suggests
that these IMFs are relatively more important and reflect
more physically meaningful information. It should be
noted that although there is less physically meaningful
information contained in most of IMFs, they are still
involved in our calculation for the variance contribution
rate to maintain the total energy of the signal (Table 4).
Taking the spring precipitation as an example, when con-
necting Figure 3 b and Table 4, the IMF1 contribution to
precipitation variance in the quasi-3-year is greatest and
approaches 31.40%. The amplitude of the precipitation
oscillates strongly within a decrease—increase—decrease
trend and is markedly higher in the early 1960s and late
1990s. The IMF2 component contributes approximately
25.50% to the precipitation variance of the quasi-6-year
cycle, indicating higher precipitation levels in the early
1960s and early 1990s. The IMF3 component contributes
21.10% to the quasi-12-year precipitation variance, which
indicates a relatively larger amplitude in the early 1960s
and late 1990s. The IMF4 component contributes 13.90%
to the precipitation variance of the quasi-25-year cycle,
which indicates that the precipitation amplitude and in-
stability of variation rise at this timescale. The trend
components contribute up to 8.10% towards the variance,
which indicates that the overall average annual spring
precipitation in the Huangfuchuan Watershed during
1954-2010 exhibits a nonlinear increase as precipitation
increases.

In this study, we utilized the EEMD statistical method
to investigate periodicities in the precipitation of the
Huangfuchuan Watershed in the Loess Plateau. Although
the EEMD method can reveal the characteristics of inter-
nal changes in precipitation, it is not sufficient for mecha-
nism analysis. Similar research also showed that although
some IMFs contained less information with actual physi-
cal meaning, they are also involved in the calculation of
the variance contribution rate in maintaining the total en-
ergy of the signal’’. In addition, the IMFs extracted by
EEMD may not be authentic due to the addition of white
noise sequence suggested by Wu and Huang®'. In this
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study, the variance contribution of the first two IMFs ac-
counted for more than 50% of the total variance. This in-
dicates high-frequency characteristics in both annual and
seasonal precipitation. However, only a few IMFs passed
the significance tests, and most of the information in the
IMFs was white noise”. This further indicates that there
were only quasi-52-year cycles of precipitation in autumn
as well as quasi-6-year cycles and quasi-48-year cycles of
precipitation in winter in the study area.

The period of precipitation in autumn was quasi-3-,
quasi-5-, quasi-14-, and quasi-52-year. This is consistent
with the study of Xue ef al’, who autumn rainfall in
high-frequency modes in Weihe River Basin. The period
of precipitation in spring was quasi-3-, quasi-6-, quasi-
11-, and quasi-25-year; and in summer the periods were
quasi-3-, quasi-5-, quasi-10-, and quasi-50-year. These
results are in agreement with those of Deng er al* for
spring and summer rainfall in high-frequency modes in
the Yangtze River Basin. The IMF1 and IMF2 compo-
nents of seasonal precipitation levels in Table 2 illustrate
that there is noticeable periodic variability within 3 years
and 5-6 years respectively. According to multiple time-
scale analysis of sea surface temperature (SST) data over
the last 100 years®, there is also obvious periodic variabil-
ity within 3—4 and 6-8 years. Hence the high-frequency
components of the seasonal rainfall series are consistent
with SST and demonstrate that the short-term variation in
the study area may be affected by SST. The observed
temporal variability in seasonal rainfall may be explained
by periodicities associated with the North Atlantic Oscil-
lation and the Atlantic Multidecadal Oscillation.

Table 5 shows the Hurst indices based on the annual
and seasonal precipitation time series from 1954 to 2010.
The H value for annual precipitation was 0.49, while for
seasonal precipitation levels it ranged from a minimum of
0.53 (in summer) to a maximum of 0.77 (in winter). An H
value which is greater than 0.50 indicates that the future
trend should be similar to the past trend, with a greater
value suggesting a greater likelihood of persistence.
Therefore, the results suggest persistence in the long-term
trends of seasonal precipitation. These results are in
agreement with those of Li ef al.%, in a study conducted in
Xinjiang, China.

Thus the analysis of the trends, abrupt changes and
periodic variabilities of annual and seasonal precipitation
in the Huangfuchuan Watershed provides the following
conclusions.

The MK test results indicate the occurrence of abrupt
precipitation change in all four seasons. The abrupt
change years ranged from 1962 to 1994. There were
abrupt changes during spring in 1963-1969 and 1975,
during summer in 1962 and 1986—-1994, during autumn in
1978, and during winter in 1964. The annual precipitation
exhibited no abrupt change.

The annual and seasonal precipitation levels in the
Huangfuchuan Watershed are subject to quasi-3-year and
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Table 3. Abrupt change in annual and seasonal precipitation during 1954-2010 in the Huangfuchuan Watershed

Annual/seasonal Annual Spring

Summer Autumn Winter

Year —

(1963-1969)* and 1975*

1962* and (1986—1994)*

1978* 1964*

*Represents significance at the P = 0.05 level.

Table 4. The mean periods of various timescale components obtained by ensemble empirical mode
decomposition for annual and seasonal precipitation during 1954-2010 in the Huangfuchuan Watershed

Annual/seasonal Variable IMF1 IMF2 IMF3 IMF4 RES
Annual Period (yrs) 2.7 5.2 8.1 19.2

Contribution (%) 32.00 23.10 19.80 13.50 11.60
Spring Period (yrs) 3.0 5.7 11.4 24.8

Contribution (%) 31.40 25.50 21.10 13.90 8.10
Summer Period (yrs) 2.7 5.2 9.5 49.7

Contribution (%) 29.20 22.00 20.80 17.90 10.10
Autumn Period (yrs) 2.6 52 14.3 51.6*

Contribution (%) 30.10 23.20 21.00 15.70 10.00
Winter Period (yrs) 3.0 6.2% 9.3 47.8%

Contribution (%) 28.40 23.10 19.40 17.80 11.30

*Represents significance at the P = 0.05 level.

Table 5. R/S analysis for annual and seasonal patterns during 1954—
2010 in the Huangfuchuan Watershed

R/S analysis ~ Annual Spring  Summer Autumn Winter

Hvalue 0.49 0.58 0.53 0.75 0.77

quasi-6-year interannual periodical features according to
the EEMD analysis, whereas decadal periods are domi-
nated by quasi-9-year and quasi-49-year periods. How-
ever, the interannual periodicity is not statistically
significant. The IMF4 (quasi-52-year cycle) of precipita-
tion in autumn as well as the IMF2 (quasi-6-year cycle)
and IMF4 (quasi-48-year cycle) of precipitation in winter
are statistically significant at the P = 0.05 level. This sug-
gests that these IMFs are important components that con-
tain more physically meaningful information. The other
IMFs are not statistically significant, which suggests that
they contain less physically meaningful information. Fur-
ther studies are required to explain the relationships be-
tween these precipitation periodicities and the climatic
factors.

The Hurst exponent analysis indicates that the H value
is greater than 0.50 for all four seasons and less than 0.50
for annual precipitation. This means that the current
trends of seasonal precipitation will continue in the
future.
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Predatory stress paradigm to induce

anxiety-like behaviour in juvenile male
CS7BL/6J mice
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The present study deals with a chronic stress para-
digm to induce anxiety-like behaviour in male
C57B1/6J mice, using Wistar rats as predators. The
predatory stress paradigm includes placing the mice
in a cage protected by a metallic screen, which is
placed inside a larger metallic cage, containing adult
male Wistar rats. Male mice (21 days old) were put in
indirect contact with Wistar male rats for 1 h daily for
12 days. The anxiety behaviour of mice was analysed
by means of elevated plus-maze test, after 12 days of
predatory stress daily (first behavioural assessment)
and 12 days after the stress protocol (second behav-
ioural assessment). We demonstrate that this preda-
tory stress paradigm induces anxiety-like behaviour in
male juvenile mice C57Bl/6J. We conclude that the
predatory stress paradigm used is capable of inducing
anxiety in male C57Bl/6J mice after a short duration
(12 days) of predatory stress with Wistar rats.

Keywords: Anxiety, elevated plus maze test, juvenile
mice, predatory stress.

ONE of the psychiatric disorders associated with the dam-
aging effects of stress is anxiety. Unfortunately, we know
very little about how the changes in stress load with time
are related to changes in anxiety prodromal symptoms
and to the development of an anxiogenic disorder'. In
order to understand the ethology of anxiety and its
relationship with stress and stressors, laboratory animals
have been used in different studies, whereby a probable
situation suffered in various forms of discomfort.
As noted by Nunes and Hallak’, these studies provide
important inputs for the treatment of stress and its
effects.
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