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Abstract: Poyang Lake basin is one of the most biodiver-
sity areas in China. Fluctuation of water level is an im-
portant factor of hydrological process which is a guaran-
tee of ecosystem health and biodiversity conservation. To
measure its spatial-temporal variation, classical statisti-
cal methods and permutation entropy were employed: 1)
Variation of water level downstream of Poyang Lake dur-
ing one year follows a periodical pattern, while it is ran-
dom in upper reaches. That is, the range of water level
in upper reaches is much less than that in downstream.
2) Fluctuation of water level in winter and spring is more
complicated, more irregular and more random than that in
other seasons. This is because in winter and spring, pre-
cipitation directly causes rising in water level rather than
generating surface runoff, while it is reversed in summer.
3) The ranges, standard deviation, coefficient of variation
and fluctuation of water level decrease with rising in eleva-
tion. 4) In sub-basin scale, fluctuation of water level in up-
per reaches is more complicated than that in downstream,
especially along one river. Mechanically, catchment size
and confluence process may be the main factors influenc-
ing fluctuation of water level over Poyang Lake basin.
Keywords: water level; spatial-temporal fluctuation; clas-
sical statistical methods; permutation entropy; Poyang
Lake basin

*Corresponding Author: Changxiu Cheng: State Key Laboratory
of Earth Surface Processes and Resource Ecology, Beijing Normal
University, Beijing 100875, China

Key Laboratory of Environmental Change and Natural Disaster,
Beijing Normal University, Beijing 100875, China

Center for Geodata and Analysis, Faculty of Geographical Sci-
ence, Beijing Normal University, Beijing 100875, China, E-mail:
chengcx@bnu.edu.cn

Lixin Ning, Jing Yang, Changqging Song, Shi Shen: State Key Lab-
oratory of Earth Surface Processes and Resource Ecology, Beijing
Normal University, Beijing 100875, China

Key Laboratory of Environmental Change and Natural Disaster,
Beijing Normal University, Beijing 100875, China

Center for Geodata and Analysis, Faculty of Geographical Science,
Beijing Normal University, Beijing 100875, China

1 Introduction

Basins, the basic unit of the earth’s surface, are relatively
independent and integrated natural geographic part that
are composed of the water system and the land resources
in a special region [1, 2]. As a critical zone of intense in-
teraction between various circle layers of the earth [3-5],
there exist numerous of energy flow and material circu-
lation in basins, especially the downstream of low eleva-
tion, due to the intense interaction within internal ele-
ments [6]. Meanwhile, basins provide many necessary re-
sources for human living and production; especially, the
downstream area of low elevation is of great significance
for human living as the main accumulation area of hu-
man [7, 8]. In addition, it plays an irreplaceable role in
the protection of biodiversity [9], climatic regulation [10],
flood storage and drought relief [11], water conservation
and purification [12], and maintenance of ecological bal-
ance [13]. Basins are known as “the kidney of the earth” for
its special values [14, 15]. Besides its function for providing
material and protecting ecosystem, basins also have great
value in other aspects, such as leisure, spirit and culture.
However, with the growth of population and the develop-
ment of the economy, in the next 40 years, more than 100%
of fresh water and 50% of healthy food are needed to meet
increasing human needs [16, 17]. Unfortunately, basins, as
the main provider of fresh water and healthy food, are fac-
ing unprecedented challenges. Therefore, it is urgent for
us to comprehensively understand the characteristics of
basin, especially the downstream of low elevation, to ef-
fectively protect and utilize the resources and functions.
Water level is a hydrological variable and its fluctu-
ations will affect a series of chemical, physical, and bi-
ological processes in basins [18, 19]. And they play an
important role in shaping the landscape and have a di-
rect impact on the structure and function of basins for
the reason that water is the most important medium of
material transfer and the fundamental factor to maintain
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the existence and occurrence of basins [20, 21]. During
the past decades, a number of studies on the spatial pat-
tern [22], temporal variation [23, 24], process [25] and fore-
casting [26] of water level have been carried out. It should
be noted that the spatial-temporal variation of water level
fluctuation at a basin scale has not been given enough at-
tention, and the evidence of this is demonstrated in the
number of relative research papers. Furthermore, those
abovementioned studies on fluctuation of water level were
mostly conducted by traditional statistical methods. Nev-
ertheless, the time series of water level is non-stationary
owning to the fact that the atmospheric system is a com-
plex, nonlinear dynamic system [27]. Consequently, there
are some shortcomings of analyzing water level time series
by traditional statistical methods.

With the development of science and the improvement
of the human cognitive level, complexity science, as a new
inter-discipline, has been gradually recognized. Recently,
awave of researches related to complexity science are aris-
ing worldwide [28, 29]. Under this condition, many com-
plexity methods are emerging, which can be used to de-
scribe the laws that are impossible for the traditional sta-
tistical methods [30, 31]. For instance, the Hurst exponent
is used to analyze the long-range correlation of events [32,
33]; the Power Spectrum is calculated to describe peri-
odic characteristics of events [34]; and Information The-
ory is used to quantify the uncertainty of events [35]. Per-
mutation entropy (PE) is a measure of the complexity of
a dynamic system based on the comparison of neighbor-
ing values [36]. It is a method used to describe the ran-
domness or unpredictability of time series [37], which is
widely used to analyze the economy [38], instrument sta-
bility [39], and physical fitness diagnosis [40, 41]. Addi-
tionally, the method is also used to analyze geographical
phenomena successfully [42].

Poyang lake basin is one of the most important grain
production bases and fisheries bases in China [9, 43]. Wa-
ter level is needed to guarantee water availability for agri-
cultural production and biological protection purposes.
And its fluctuation is an important factor in the ecolog-
ical and hydrological process. In the current study, tra-
ditional statistical methods and the complexity method,
named permutation entropy, are employed to analyze the
spatial and temporal variation of fluctuation of water level
over the Poyang Lake basin. In addition, the correlation
between fluctuation and elevation is discussed in detail.
The specific objective of the research is to help people un-
derstanding how water level fluctuation vary with the ele-
vation at a basin scale, which is a part of hydrological pro-
cess. The main objective of the research is to provide a ref-
erence to correctly plant grain and vegetables according to
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local conditions, as well as effectively formulate ecological
planning to protect biodiversity.

2 Materials and Methods

2.1 Study Area

Poyang Lake basin, located in the middle reaches of the
Yangtze River (Figure 1), has a total area of 162200 km?,
which accounts for nearly 9% of the whole area of Yangtze
River basin and 97% of the whole area of Jiangxi Province.
The area is approximately located in middle reaches of
Yangtze River between 27°3'18"N and 29°5535"N latitude
and between 114°41'35'E and 11°50'26 E longitude. The
basin is one of the most important grain production bases
and fisheries bases in China [9, 43]. Such a unique advan-
tage of the basin is owing to the complete basin system
combining mountains, lands, rivers and lakes [44]. Ad-
ditionally, there exists a large number of plants and an-
imals, and the biodiversity in Poyang Lake basin is ex-
tremely rich because of the abundant water and heat re-
sources [45]. The area is characterized by subtropical hu-
mid monsoon climate, with an annual average tempera-
ture of approximately 18°C and annual precipitation of
approximately 1634 mm [46]. The spatial and temporal
distribution of precipitation is uneven in this area, and
heavy rainfall frequently occurs over the period from April
to June, which notably affects water resource distribution
and brings about the frequent occurrences of drought and
flood. The basin is divided into two parts by Songmen
Mountain. Poyang Lake is located in the northern part,
which is the largest fresh lake in China. As shown in Fig-
ure 1, five major rivers, the Ganjiang River, Fujiang River,
Xinjiang River, Raohe River and Xiuhe River, discharge
into Poyang Lake. Affected by seasonal precipitation, the
water area of the lake fluctuates greatly during the year.
The area of the lake can reach up to 3000 km? in the wet
season while shrinking to less than 1000 km? in the dry
season [47]. The topography of Poyang Lake is complex
and diverse, such as mountains, hills, alluvial plains. The
mountains are mostly spread in western and eastern parts,
and the maximum elevation is 2200 m above the sea level.
On the ontrary, the low alluvial plains are mostly spread
in its central area. It has aboudant sunlight with 1473.3 to
20775 h annually during the period of 1961-2000. In the
past few decades, a series of eco-environment problems,
such as environmental pollution and biodiversity decline,
have gradually appeared along with the growth of popula-
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tion and development of economy. The zone is facing se-
vere challenges of sustainable development[48].

2.2 Data

The data used in this study mainly include water level
data and precipitation data. Water level data was recorded
every day by the author at approximately 9 a.m. from
the website of the Water Resources Department of Jiangxi
Province (http://www.jxsl.gov.cn). The water level was au-
tomatically measured using pressure transducers or non-
contact transducers, based on reference of elevation sys-
tem of Wusong. In order to study the hydrological regime
of the whole basin of Poyang Lake, the totally 24 observa-
tion stations over the entire Poyang Lake basin were se-
lected and their locations are shown in Figure 1. Hukou
and Xingzi stations are located at the channel which joins
the Poyang Lake and Yangtze river. In addition, two sta-
tions, three stations, ten stations, three stations, and three
stations are located at Xiushui river basin, Raohe river
basin, Ganjinag river basin, Fuhe river basin, and Xinjiang
River basin respectively. Precipitation data was acquired
from the website of The China Meteorological Data Service
Center (http://data.cma.cn/), and the daily precipitation is
the total precipitation fallen in the 24 hours and recorded
at 8 p.m.. The time period selected for this study was from
March 1, 2015 to February 28, 2017, for 731 days, or 2 years,
in total. Other datasets are also needed, such as the DEM
acquired from the website of the Geospatial Data Cloud
(http://www.gscloud.cn/) and the boundary of the Poyang
Lake basin. The elevations of all observation stations were
picked up from the DEM by the author.

2.3 Method

Permutation entropy (PE) is a natural complexity measure
for time series [36], which is drawn from chaos theory and
can tell how much a series deviates from a completely ran-
dom one [49, 50]. The advantages of PE are its robustness,
simplicity and fast calculation. The calculation process is
as follows:

For a scalar time series {x(i),i = 1, 2, ...}, let us first
reconstruct a m-dimensional space:

Xi={x@,x(i+d),...,x(i+(m-1)d)}. (1)

where m is called the embedding dimension and d the de-
lay time. Here, m= 3 and d= 1.

Then, the m number of real values X; = {x(i), x(i +
d),...,x(i+(m - 1)d)} can be arranged in an increasing
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order:

x({+ Gy -1Dd) <x(i+ (G- 1)d) <...<x(i +({m — 1)d).

©)

Where j is a new series according to the processing before.

When an equality occurs, e.g., x(i + (j; — 1)d) = x(i +
(ji — 1)d) we order x according to their corresponding j. If
ji1<jin, we write x(i + (j;; — 1)d) < x(i + (ji — 1)d).

Therefore, any vector X; is uniquely mapped onto {j;,
j2 ..., jm}, which is one of the m! permutations. When each
permutation is considered as a symbol, then Xi is repre-
sented by a symbol sequence. The number of distinct sym-
bols can be at most m!.

Let Py, P, , ..., Py, represent the probability distribu-
tion for the distinct symbols, where k < m!. Then, PE is
defined as:

k
PE(m) = - " P;InP 3)
j=1

The maximum of PE(m) is In(m!). And it is convenient to
work with

0 < PE = PE(m)/In(m!") < 1 (4)

Thus, PE gives a measure of the departure of the time series
under study from a completely random one. Here, O < PE <
1,. If PE = 1, the time series is completely randomness. The
smaller the value of PE, the more regular the time series is.
More details and a simple example of PE can be found in
the paper [51].

3 Results

3.1 Classical Statistical Methods to Analyze
Water Level

3.1.1 Temporal variation of water level

For the temporal variation in water level, Xingzi Station
and Xiashan Station were selected as two examples to
describe the temporal variation of water level (Figure 2).
This is because of their different locations and elevations,
where one is one of the lowest elevation stations located
in the channel connecting Poyang Lake with the Yangtze
River, and the other is one of the highest elevation stations
located in the upper reaches (Figure 1).

In general, the variation in water level at Xingzi Sta-
tion and Xiashan Station in 2015 displays different pat-
terns. A periodical pattern, approximately a single peak or
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Figure 1: Location of the study area and observation stations

a sinusoid, can be easily found for the variation of water
level at Xingzi Station. Precisely, the water level in June
and July was highest, and then it decreased until Febru-
ary, which was lowest during the year. After February, the
water level experienced a significant increase until June.
The average water levels of these two periods are 18.00 m
and 11.26 m, respectively. In contrast, there is no obvious
periodic pattern of water level fluctuation at Xiashan Sta-
tion, except for one highest value which may be caused by
extreme precipitation or measuring error. In other words,
there is no obvious difference of water level between sum-
mer and winter. As seen in the figure, the range of the water

level at Xiashan Station is especially narrow, and the value
basically fluctuates around 109.5 m.

3.1.2 Spatial variation of water level

The water level data of 24 observation stations in Poyang
Lake basin were collected to calculate values, such as
range, standard deviation and coefficient of variation, us-
ing traditional statistics methods. The results are pre-
sented in Table 1, which includes some of the descriptive
statistical values for water level at different observation
stations.
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Table 1: Traditional statistics of water level at 24 observation stations in 2015

Stations  Hukou Jiujiang Nanchang Boyang Fengcheng Xingzi Yongxiu Zhangshu Gaoan Waizhou Loujiawun Geyang
Range 9.85 9.64 7.84 5.98 9.6 9.65 6.19 9.36 4.88 8.12 3.85 7.58
Standard

Deviation 2.527 2.485 1.689 1.487 1.98 2.429 1.477 2.038 0.73 1.734 0.598 0.954

Coefficient

of Variation 0.191 0.181 0.102 0.097 0.109 0.18 0.09 0.089 0.031 0.104 0.018 0.025
Elevation 1 5 12 19 22 27 28 30 38 43 43 44
Stations  Xingan Jian Hushan Wanjiapu  Meigang  Dufengkeng Lijiadu Shangrao Ganzhou Liaojiawan Xiashan Xinfeng
Range 7.36 8.06 71 7.1 9.36 3.9 6.19 2.57 8.13 3.86 2.34 3.47
Standard

Deviation 1.421 1.212 1.117 0.831 1.488 0.494 1.08 0.542 1.132 0.363 0.204 0.513

Coefficient

of Variation 0.046 0.027 0.054 0.04 0.08 0.021 0.045 0.008 0.012 0.01 0.002 0.004
Elevation 47 47 55 60 65 87 92 98 100 117 127 150

In general, the maximum range of water level in 2015
appears at Hukou Station which is 9.850 m, while the mini-
mum appears at Xiashan Station which is 2.34 m. The max-
imum standard deviation of water level appears at Hukou
Station, while the minimum appears at Xiashan Station,
and it ranges from 0.204 to 2.527 m. The maximum coeffi-
cient of variation of water level appears at Hukou Station,
while the minimum is at Xiashan Station, and it ranges
from 0.002 to 0.191 m. In addition, it is easy to find that
Jiujiang and Hukou are stations of lowest elevation, while
Xiashan is the station of highest elevation.

To understand the relationship between elevation and
the descriptive statistical values, the Pearson correlation
coefficient was calculated. As seen in Table 2, there are sig-
nificant correlations between elevation and range, stan-
dard deviation, coefficient of variation of water level at
the 24 stations. Range, as well as standard deviation and
coefficient of variation, will decrease with the increase
in elevation, and the Pearson correlation coefficients are
-0.694, -0.782, and -0.761, respectively.

3.2 PE to Analyze Fluctuation of Water Level
3.2.1 Temporal variation in fluctuation of water level

For the temporal variation of fluctuation of water level, the
PE method was applied to the seasonal water level data
of different stations (Table 3). This paper selected periods
from March to May, from June to August, from September
to November, and from December to February as spring,
summer, autumn and winter, respectively.

In general, there is a difference in fluctuation of water
level over Poyang Lake basin, and the correlation between
elevation and PE varies with seasons. The average PE value
of water level at 24 stations in winter was 0.862, which
was the maximum, followed by spring, autumn, summer,
whose average PE values were 0.848, 0.840 and 0.825, re-
spectively. This implies that the fluctuation of water level
in winter and spring is more irregular and random than
that in other seasons, while it is reversed in summer. An in-
teresting appearance that can be observed is that the max-
imum PE value of water level appears at Xinfeng Station,
whose elevation is 150 m, the highest of all stations, while
the minimum PE value appears at stations which almost
have lowest elevation.
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Table 2: Correlation between elevation and classical statistical value of water level in 2015

Pearson
Elevation Range Standard Deviation Coefficient of Variation
Correlation Coefficient
Elevation 1 -0.694** -0.782** -0.761**
Range - 1 0.886** 0.744**
Standard Deviation - 1 0.941**

Coefficient of Variation -

** Correlation is significant at the 0.01 level (2-tailed)
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Figure 2: Temporal variations of the water level during period from
March 1, 2015 to February 29, 2016: (a) temporal variation of wa-
ter level at Xingzi Station; (b) temporal variation of water level at
Xiashan Station.

Pearson correlation coefficient were calculated to an-
alyze the correlation between PE value and elevation (Ta-
ble 3). A separate analysis for each season indicated that
there is a significantly positive correlation between the el-
evation and PE of water level, while it varies with seasons.
The highest Pearson correlation coefficient occurs in sum-
mer, and the coefficient is 0.738, followed by spring, win-
ter, autumn, whose coefficients are 0.652, 0.556, and 0.548,
respectively.

3.2.2 Spatial pattern in fluctuation of water level

For the spatial pattern of fluctuation of water level, the PE
method was applied to the water level data at 24 observa-
tion stations distributing over the whole study period (Ta-
ble 4).

The results show that there are obvious different PE
values at 24 stations distributing over the Poyang Lake
basin. In general, all PE values of water level are higher
than 0.6, which varies with elevation. The maximum PE
appears at Xinfeng Station, while the minimum appears at
Jiujiang Station, and the range is between 0.628 and 0.989.

Furthermore, correlation analysis was applied again,
and Pearson correlation coefficients are listed. It shows
that a significant positive correlation can be found be-
tween elevation and PE values, and the correlation coef-
ficient is 0.655. This suggests that the PE of water level in-
creased obviously with the increase of elevation over the
Poyang Lake basin. That is, the degree of water level fluc-
tuation increased.

Of course, this is a general trend of fluctuation of wa-
ter level over the basin. It should be noted that a more
pronounced characteristic is that in the sub-basin scale,
the fluctuation of the water level in the upper reaches is
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Table 3: PE values of water level in different seasons and their correlations with elevation in 2015

Station Elevation Spring Summer Autumn Winter
Hukou 1 0.573 0.580 0.741 0.595
Jiujiang 5 0.573 0.603 0.688 0.585
Nanchang 12 0.783 0.767 0.668 0.821
Boyang 19 0.782 0.680 0.745 0.745
Fengcheng 22 0.853 0.768 0.823 0.881
Xingzi 27 0.556 0.589 0.710 0.663
Yongxiu 28 0.949 0.795 0.840 0.982
Zhangshu 30 0.901 0.844 0.907 0.910
Gaoan 38 0.848 0.877 0.906 0.877
Waizhou 43 0.783 0.758 0.686 0.834
Loujiacun 43 0.915 0.902 0.909 0.885
Geyang 44 0.935 0.853 0.875 0.922
Xingan 47 0.881 0.889 0.868 0.951
Jian 47 0.917 0.912 0.954 0.938
Hushan 55 0.852 0.826 0.851 0.859
Wanjiapu 60 0.873 0.892 0.944 0.965
Meigang 65 0.780 0.695 0.810 0.866
Dufengkeng 87 0.922 0.985 0.929 0.955
Lijiadu 92 0.922 0.877 0.845 0.881
Shangrao 98 0.947 0.969 0.970 0.916
Ganzhou 100 0.920 0.848 0.765 0.836
Liaojiawan 117 0.972 0.970 0.870 0.944
Xiashan 127 0.919 0.946 0.887 0.898
Xinfeng 150 0.992 0.979 0.966 0.983
Average 0.848 0.825 0.840 0.862
Pearson Correlation Coefficient 0.652** 0.738** 0.548** 0.556**

** Correlation is significant at the 0.01 level (2-tailed)
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Table 4: PE values water level at 24 stations and their correlations with elevation in 2015

Station Jiujiang Hukou Xingzi
Elevation 5 1 27 28 60 43
PEvalue 0.628 0.638 0.647 0.914 0.930

0.789

Yongxiu Wanjiapu Waizhou Nanchang Dufengkeng Boyang Hushan Meigang Geyang

Station Shangrao Gaoan Zhangshu Fengcheng Lijiadu Loujiacun Liaojiawan

Elevation 98 38 30 22 92 43

PEvalue 0.959 0.885 0.902 0.859 0.888

0.910

12 87 19 55 65 44
0.790 0.960 0.754 0.860 0.807 0.904
Xingan Jian Ganzhou Xiashan Xinfeng
117 47 47 100 127 150
0.948 0.916 0.940 0.855 0.920 0.989

Pearson Correlation Coefficient:

0.655** (PE=0.0017 x Elevation + 0.7626)

** Correlation is significant at the 0.01 level (2-tailed)

more complicated than that in the downstream. To make
it more obvious, the five main sub-basins were extracted,
which are shown in Figure 3, as well as the river and
stations. Take the Xinjiang River basin (Figure 3c) as an
example, the PE value of water level at Meigang Station
is 0.807, which is located in the downstream of the sub-
basin. While at Geyang Station, located in the middle
reaches, the PE value is 0.904, which was lower than PE
at Shangrao Station located in the upper reaches. A simi-
lar trend can be found in the Xiushui River basin, Raohe
River basin, and Fuhe River basin. However, in the Gan-
jilang River basin, the variation of PE is more complicated.
Jian Station and Waizhou are exceptions, whose PE values
are higher than the stations located in the upper reaches.

4 Discussion

The spatial-temporal variability of fluctuation of water
level in Poyang Lake in 2015 was analyzed, and some
meaningful results were drawn. Furthermore, The Spatial-
temporal variability of water level fluctuation in 2016 was
also analyzed by the same methods, and similar results
were drawn (Tables and Figures in supplementary mate-
rials).

Climate change, land use, sediment deposition, and
geological hazards affect the fluctuation of water level to
varying degrees [52, 53]. In general, spatial fluctuation in
water level is mainly affected by spatial variation in pre-
cipitation [54]. Therefore, in order to analyze the spatial
variation of precipitation and its correlation with the fluc-

tuation of water level over Poyang Lake, some values, such
as PE, average, range, standard deviation and coefficient
of variation, were employed using daily precipitation data
at 26 precipitation monitoring stations in 2015, which dis-
tributing over the Poyang Lake basin. Furthermore, the
Pearson correlation coefficient was calculated to quantify
the correction between elevation and the abovementioned
values (Table 5).

As we can see in Figure 1, 26 precipitation stations are
evenly distributed over the whole Poyang Lake basin. In
addition, an important result is that there is no obvious
spatial characteristics of PE, average, range, standard de-
viation, coefficient of variation, or total precipitation over
basin. Furthermore, the Pearson correlation coefficients
are not high enough to say that they significantly corre-
lated with elevation (Table 5). In other words, there is no
significant correlation between elevation and characteris-
tics of precipitation over the whole basin. Consequently,
it is a correct conclusion that the fluctuation of water level
increased with the increasing of elevation over the Poyang
Lake basin.

For the temporal variation of water level fluctuation, it
appears that the fluctuation of water level is more random
in winter and spring than that in other seasons, while it is
more regular in summer. Several researches have demon-
strated that meteorological factor, e.g. precipitation and
air temperature, may contributed to the temporal varia-
tion of water level in basin on a long timescale [55-57]. By
analyzing the water level changes in Polish lakes, Wrze-
sifiski [55] discovered that variable precipitation will di-
rectly result in fluctuation of water level, and high tem-
perature will cause intensive evaporation of surface wa-
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Figure 3: PE values of stations in the five sub-basins of the study area: (a) Xiushui River Basin, (b) Raohe River Basin, (c) Ganjiang River

Basin, (d) Fuhe River Basin and (e) Xinjiang River Basin.

ter bodies which will affect water level. But, on a sea-
sonal timescale, the effect of evaporation on water level is
significantly smaller than precipitation [57, 58]. Mechani-
cally, there is less precipitation in winter and spring. Ad-
ditionally, due to human irrigation and utilization, water
resources in this basin have been extensively used. Con-
sequently, the water level is lower at different reservoirs
and rivers, as well as observation stations, in winter and
spring. Indeed, when precipitation occurs, it will directly
replenish the local water resources, raising the water level
instead of generating surface runoff. It may be occurring
only when the rainfall is large enough. In contrast, there is
enough precipitation in summer. The water level at hydro-
logical stations and reservoirs has reached its saturation.
Hence, precipitation will cause surface runoff once rainfall
happens, which results in lower fluctuation of water level
in summer.

For the spatial pattern of water level fluctuation, it ap-
pears that the water level in upper reaches tends to fluc-
tuate around a certain value, while the variation of water
level downstream tends to have a periodical peak pattern
and its fluctuation is lower than that in the upper reaches.
This tendency can be attributed to catchment size (Table
6), for the reason that the correlation between calculated
values and catchment size of stations are more significant.

This suggested that the size of the catchment area is the
main reason for the spatial variation of water level over the
basin. In the upper reaches of Poyang Lake basin, there is
no certain period of variation of water level due to the ran-
domness of precipitation, slope and topography. In con-
trast, the variation of water level downstream reflects the
variation of precipitation over the whole basin, and it is
mainly influenced by the basin climate rather than pre-
cipitation at a certain point. The process of surface runoff
was responsible for this phenomenon. Physically, precip-
itation may be random at a certain zone, while it is reg-
ular and periodic over the whole basin. All of the above-
mentioned reasons contribute to randomness and unpre-
dictability of water level in the upper reaches of the Poyang
Lake basin than that in downstream areas. Furthermore,
the trend is more obvious at the sub-basin scale, especially
along one river. That is, along one river, the fluctuation
of water level at a higher elevation, whose PE is close to
1, is more complicated than that at lower elevation. This
could be confirmed by water level fluctuation in Xiushui
River basin, Raohe River basin, Fuhe River basin, and Xin-
jiang River basin. However, in Ganjiang River basin, Jian
and Waizhou Stations do not conform to this trend. Their
spatial location caused this phenomenon. Take Jian Sta-
tion as an example. The station is located in the Lujiang
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Table 5: Values of all precipitation stations and their correlations with elevation in 2015

Standard  Coefficient Total
Station Latitude Longitude Elevation PE Average Range
Deviation  of Variation  precipitation

57598 29.033 114.567 146.800 0.855 5.140 96.300 12.641 2.459 1881.3
57696 28.400 114.783 91.700 0.912 5.644 78.400 11.671 2.068 2065.6
57789  27.133 113.950 194.500 0.892 5.490 157.400 13.611 2.479 2009.2
57793 27.800 114.383 131.300 0.892 5.699 128.800 12.581 2.208 2085.8
57799  27.050 114.917 71.200 0.877 6.045 88.400 12.993 2.149 2212.3
57894 26.583 114.167 843.000 0.922 5.861 97.100 10.865 1.854 2145.2
57896 26.333 114.500 126.100 0.873 5.243  96.500 11.348 2.164 1918.8
57993  25.867 115.000 137.500 0.864 5.038 114.200 11.584 2.299 1843.9
58506 29.567 115.983 1164.500 0.884 7.389 283.500 21.180 2.866 2704.3
58507 29.250 115.117 116.000 0.814 5.033 164.400 14.558 2.893 1842.0
58519 29.000 116.683 40.100 0.836 5.187 134.800 13.565 2.615 1898.5
58527 29.300 117.200 61.500 0.860 6.381 88.100 14.277 2.237 2335.4
58600 28.867 115.367 78.900 0.852 5.472 166.000 14.242 2.603 2002.9
58606 28.600 115.917 46.900 0.876 5.951 119.700 15.048 2.529 2177.9
58608 28.067 115.550 30.400 0.888 6.087 133.000 13.928 2.288 2228.0
58622 28.950 117.583 88.500 0.882 7.549 244.300 19.254 2.551 2762.8
58626 28.300 117.233 60.800 0.883 6.630 97.200 14.655 2.210 2426.7
58634 28.683 118.250 116.300 0.903 7.043 169.200 16.947 2.406 2577.6
58637 28.450 117.983 118.200 0.901 6.378 107.400 13.467 2,11 2334.4
58705 27.333 115.417 85.700 0.883 6.580 133.900 15.831 2.406 2408.3
58715 27.583 116.650 80.800 0.906 7.133  95.300 14.878 2.086 2610.8
58718  27.217 116.533 111.500 0.902 7.131 139.600 15.785 2.214 2609.8
58806 26.483 116.017 209.100 0.853 8.745 172.100 18.368 2.100 3200.7
58813 26.850 116.333 143.800 0.871 7.771  92.200 15.867 2.042 2844.1
59092 24.917 114.817 206.300 0.864 5.274 131.800 13.099 2.484 1930.2
59102 24.950 115.650 303.900 0.871 5.585 102.400 12.529 2.243 2044.2
Pearson Correlation Coefficient 0.235 0.156  0.455* 0.270 0.114 0.156

** Correlation is significant at the 0.01 level (2-tailed)
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Table 6: Correlation all values with total precipitation at the year and seasonal timescale
Station Catchment Size  Standard Deviation Coefficient of variation  Range PE
Hukou 162225 2.527 0.191 9.850 0.638
Wanjiapu 3548 0.831 0.040 7.100 0.930
Waizhou 80948 1.734 0.104 8.120 0.789
Dufengkeng 5013 0.494 0.021 3.900 0.960
Hushan 6374 1.117 0.054 7.100 0.860
Meigang 15535 1.488 0.080 9.360 0.807
Lijiadu 15811 1.080 0.045 6.190 0.888
Loujiacun 4969 0.598 0.018 3.850 0.910
Liaojiawan 8723 0.363 0.010 3.860 0.948
Xiashan 15975 1.132 0.012 2.340 0.920
Pearson Correlation Coefficient 0.882** 0.929** 0.598 -0.908**

Note: The catchment size of the 10 stations were acquired from the literature [59]. However, the catchment area of

other stations could not be found.

River, which is a tributary of Ganjiang River. Hence, the
catchment area and confluence process of Jian Station are
very different from other stations.

Even though the combined effect of the two meteoro-
logical factors, namely precipitation and air temperature,
can determine the variation of water level, catchment size
is of key important to the spatial variation of water level.
As demonstrated in a paper studying water level chang-
ing in Polish lakes [55], lake of precipitation or its shortage
does cause a decrease in the water level in a basin when it
occurs in a reason that precipitation is not necessary. The
current research found that, in winter, smaller amount of
precipitation could result in intensive fluctuation of water
level than that in summer in Poyang Lake.

The analysis of water-level time series over a whole
basin plays an important role in understanding hydro-
dynamic characteristics and formulating ecological plan-
ning. However, many published research mainly focuses
on the long-term behavior of a basin using he monthly av-
erage value of water level influenced by climate chang-
ing [55-57]. Realistically, effectively ecological planning
needs to consider not only the temporal variation of water
level during a long time scale but also the spatial pattern
of water level at a basin scale. The research is of great help
for people to understand how water level fluctuation vary
with the elevation at a basin scale.

5 Conclusions

5.1 Conclusions

The paper considered water level data of 24 monitoring
stations and precipitation data of 26 monitoring stations
in daily units over the period from March 1, 2015 to Febru-
ary 28, 2017 in Poyang Lake basin. The temporal varia-
tion and spatial pattern of water level fluctuation were
analyzed with the help of traditional statistical methods
and permutation entropy. Additionally, the correlation be-
tween the fluctuation of water level and elevation is em-
phatically discussed. The results showed the following. 1)
Variation of water level downstream of Poyang Lake dur-
ing one year follows a single peak or a sinusoid, while it
is random in upper reaches. That is, the range of water
level in upper reaches is much less than that in down-
stream. 2) Fluctuation of water level in winter and spring
is more irregular and more random than that in other sea-
sons. This is because in winter and spring, precipitation
directly causes rising in water level rather than generat-
ing surface runoff, while it is reversed in summer. 3) The
ranges, standard deviation, coefficient of variation and
fluctuation of water level decrease with rising in elevation.
4) In sub-basin scale, fluctuation of water level in upper
reaches is more complicated than that in downstream, es-
pecially along one river. Mechanically, spatial terrain and
confluence process, i.e., catchment areas, may be the main
factors influencing fluctuation of water level over Poyang
Lake basin.
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5.2 Prospects

To measure the temporal variation and spatial pattern of
water level fluctuation, permutation entropy is calculated
to quantify the fluctuation of water level and their corre-
lation with elevation. This analysis has achieved various
results, which may provide supplementary reference for
us to formulate regional ecological planning to protect
biodiversity. However, there are still certain limitations
that need to be investigated in the future. Precisely, a
spatial variation of water level fluctuation has been ana-
lyzed and mapped, and a correlation with elevation has
been found. Mechanically, spatial terrain and confluence
processes may be responsible for this phenomenon. But
how? At the same time, many works, such as dams which
have been built recent years, may affect the process to
a certain extent. Complexity science and methods may
provide a new way to understand the influencing factors.
Thus, this should be considered in the future.

Supplementary Materials: Figure 4: Temporal variations
of the water level during period from March 1, 2016 to
February 28, 2017: (a) temporal variation of water level
at Xingzi Station; (b) temporal variation of water level
at Xiashan Station., Table 7: Traditional statistics of
water level at 24 observation stations in 2016., Table
8: Correlation between elevation and classical statisti-
cal value of water level in 2016., Table 9: PE values of
water level in different seasons and their correlations
with elevation in 2016., Table 10: PE values water level
at 24 stations and their correlations with elevation in 2016.
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