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Abstract

This research investigates the spatial and temporal trend analysis of precipitation time series. 
Precise predictions of precipitation trends can play an imperative role in economic growth of  
a country. This study examined precipitation inconsistency for 23 stations at Dongting Lake, China, over  
a 52-year study period (1961-2012). Statistical, nonparametric Mann- Kendall (MK) and Spearman’s 
rho tests were applied to identify trends within monthly, seasonal, and annual precipitation.  
The trend-free pre-whitening method was used to exclude sequential correlation in the precipitation time 
series. The performance of the Mann-Kendall (MK) and Spearman’s rho tests was steady at the tested 
significance levels. The results showed a fusion of increasing and decreasing trends at different stations 
within monthly and seasonal time scales. The results obtained with the Mann-Kendall and Spearman’s 
rho tests showed agreement in their assessments of monthly, seasonal, and annual precipitation trends. 
The variability of negative and positive trends at various stations points to the need for more detailed 
studies on the climate change of this region. In the case of whole Dongting basin on the monthly time 
scale, a significant positive trend is found, while at Yuanjiang River and Xianjiag River both positive 
and negative significant trends are identified. Only Yuanjiang River has shown a significant trend  
on the seasonal time scale. No significant trends have been exhibited on the annual time scale in any 
case. In the case of monthly, Nanxian station exhibited the maximum positive increase in monthly 
precipitation during the months of July and September. In the case of seasonal, only Tongren station 
showed a positive trend on the monthly level, and no significant negative trends were detected in both 
spring and autumn seasons.
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Introduction

The discovery of variations in precipitation is a 
vital and hard issue that is of growing interest because 
of its central role in the development of future water 
resources and flood safety. Numerous statistical tests 
and dynamic approaches have been established to detect 
trends in hydro-meteorological and hydrological time 
series, categorized as parametric and nonparametric 
tests [1]. Parametric tests stand dominant but data 
should be normally distributed and independent or 
autonomous, which is hardly the case in hydrological 
time series data. On the other side, nonparametric test 
data should be independent, but other conditions can 
be better tolerated. Scientists have found that the most 
common nonparametric tests are the Mann-Kendall [2], 
Spearman’s rho, and Theil Sen’s [3] for investigating 
the trends in time series data. The Mann-Kendall test is 
the most commonly applied by researchers in studying 
hydrologic time series trends [4, 5]; less common, Theil 
Sen’s and Spearman’s rho are used to detect magnitude 
and monotonic trends in hydro-meteorological data, 
respectively [6]. In several types of research, Spearman’s 
rho is used as the combination with the Mann-Kendall 
test for evaluation purposes [7-9]. 

Dongting Lake, the largest interior lake in China, 
is located in the middle Yangtze River region. Over 
the past decades, Dongting has experienced intensified 
human activities. The lake margins have been reclaimed 
heavily for agriculture, and deforestation has prevailed 
in its upper catchment and adjacent area [10]. It is 
anticipated that Dongting will continue to shrink, and 
in the near future may serve only as a river channel 
during no-flood conditions. However, the construction 
of large hydraulic works such as the Three Gorges Dam 
may help decelerate lake shrinkage, as a large fraction 
of sediment will be trapped behind the dam [11]. The 
complexity of this background gives added significance 
to studies of the middle Yangtze region. For example, 
Chen et al. [12] analyzed the trends on precipitation time 
series in the Yangtze River Basin by using precipitation 
data together with discharge data. The spatial-temporal 
variability of precipitation during the last half century 
in the Yangtze River Basin was analyzed and the Trend-
Free Pre-Whitening (TFPW), Mann-Kendall (MK) 
statistical test was applied to assess the significance of 
trends [13]. Wang and Zhou [14] examined the long-
term trend and periodic variation of temperatures 
and precipitation in the Chuanjiang Section of the 
Yangtze River were analyzed using both parametric 
and nonparametric methods. The possible association 
between climate change trend over the Tibetan Plateau 
and the variability of water resources in the upper 
reaches of the Yangtze River was then investigated [15]. 

Most previous studies have focused on regional 
climate change in the Yangtze River Basin or its upper 
reaches. However, a few studies have been done on the 
climate tendencies in the middle Yangtze River, except 
for trend analysis variation mainstream of the middle 

Yangtze River [16]. There has been increasing concern 
about the threat of global warming in the past decade. 
Global climate warming and its impacts have been a 
key research area during recent decades. According 
to the Fourth Assessment Report (AR4) from the 
Intergovernmental Panel on Climate Change (IPCC), 
observational evidence for all continents and most oceans 
show that many natural systems are being affected by 
regional climate change, particularly by the increase of 
air temperature and precipitation [17]. The annual and 
seasonal trends of seven meteorological variables were 
analyzed for twelve weather stations in Serbia during 
1980–2010. The non-parametric Mann-Kendall and 
Sen’s methods were used to determine whether there was 
a positive or negative trend in weather data with their 
statistical significance. In general, the results of using 
the Mann-Kendall and Sen’s tests demonstrated the 
good agreement of performance in detection of the trend 
for meteorological variables [18]. Numerous researchers 
have led a large number of investigations around the 
world to notice the climate change and carrying out 
trend analysis. Yunling and Yiping [19] analyzed the 
trends in climatological variables in China beside the 
Lancer River for 19 stations between 1960 and 2000. Gu 
et al. [20] applied the Mann-Kendall test for detecting 
the runoff trend in major river basins of China, and the 
results have shown a great deal of accuracy. Fan and 
Wang [21] calculated temperature trend by applying the 
Mann-Kendall method in Shanxi Province in China and 
found an increasing temperature trend. Jiang et al. [22] 
examined wind speed trend during 1956-2004 in China 
by applying Mann-Kendall. They used two datasets and 
found that the trend is decreasing in the area. Most of 
these studies concentrated on regional precipitation 
fluctuations in the Yangtze River Basin.  

An increasing annual precipitation trend was 
found by using Mann-Kendall and Sen’s slope tests in 
the Uttrakhand region of India from 1901-2010 [23]. 
Investigating precipitation trends is carried out by 
applying Mann-Kendall (MK) and Spearman rho (SR) 
tests for detecting the trend on the seasonal and annual 
basis at 5% significance level for the time period of  
51 years (1961-2011) in the Swat River Basin of Pakistan. 
The performance of MK and SR tests was found to be 
consistent in detecting the trend at different stations 
[24]. On the western part of the French Mediterranean 
area, namely the Pyrénées-Orientales and Aude, 
the non-parametric MK test was applied to identify 
significant trends at the local scale and, because of the 
natural spatial variability of the Mediterranean climate, 
regional interpretation was also performed. The regional 
annual and seasonal precipitation trends at the Langat 
River Basin, Malaysia, for the period of 1982–2011 were 
examined using MK. From the annual scale perspective, 
all three regions showed positive trends [25, 26]. MK 
was applied to identify existing trends in annual, 
seasonal, and monthly rainfall at thirteen stations in the 
Onkaparinga catchment in South Australia during the 
period 1960-2010. Most of the trends, whether positive 
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or negative, started during the mid-1970s to mid-1980s 
[27]. The Mann-Kendall non-parametric Spearman 
correlation coefficient (rho) was used to determine the 
interannual variability in precipitation trends in central 
Finland during the period 1959-2009. The performance 
of MK and SR tests was consistent in detecting the trend 
at different stations [28]. The homogeneity analysis 
of temporal (monthly, seasonal, and annual) climate 
aridity index trend was accomplished for 43 climate 
measurement stations in South Korea by applying MK. 
The study results showed the temporal and regional 
homogeneity of climate aridity index trends for 
individual and entire 9 regions [29].

In further studies, Singh et al. [30] used MK to detect 
precipitation trend and relative humidity in India, and 
have found an increasing trend in relative humidity in 
most parts of the river basin. Sequential MK technique 
is becoming popular for determining the start of a trend 
and abrupt change in trends [31, 32]. The objectives 
of this study were to investigate trends in annual 
precipitation, sunshine duration, wind speed (u 2), and 
annual and monthly minimum temperatures (T min), 
maximum temperature (T max), and relative humidity 
(RH), and the adaptation strategies for the Senegal 
River Basin. Annual precipitation, T min, T max, RH, 
sunshine duration, and u 2 for the period of 1950–2000 
recorded at St. Louis, Bakel, Dagana, Fanaye, Podor, 
and Matam have been analysed using MK and Sen’s 
slope estimator [33], which were employed to determine 
precipitation trends at 48 stations located in the core 
of the North American monsoon. The results disclose 
a significant upward trend in the intensity of P95 
increases in mountainous stations, suggesting a greater 
contribution of precipitation associated with TCs [34, 
35]. Spectral analysis of Lake Urmia level time series 
and impact of climate and hydrological variables on it 
using MK also has shown a great deal of applicability 
[36]. By using the MK method, the effects of short- and 

long-term persistence on identifying temporal trends 
were examined by [37]. By using MK streamflow 
trends and climate variability, the impacts in Poyang 
Lake basin have been analyzed by Zhao et al. [38], who 
found that the nonparametric tests have a tendency to 
produce better results. At Urmia Lake Iran, three types 
of nonparametric test have been used and all of these 
tests have shown a great deal of accuracy [39]. Gridded 
rainfall data of 0.5×0.5° resolution (CRU TS 3.21) was 
analyzed to study long-term spatial and temporal trends 
on annual and seasonal scales in Wainganga river 
basin located in central India during 1901-2012. Theil 
and Sen’s slope estimator test was used for finding the 
magnitude of change over a time period. Though most 
of the grid points show a decreasing trend in annual 
rainfall, only seven grids show a significant decreasing 
trend during 1901-2012 [40].

The present study examined monthly, seasonal, 
and annual precipitation from 23 main meteorological 
stations during the period of 1961-2012 in Dongting 
Lake. The short-term trends of monthly and long-term 
trends of precipitation on seasonal and annual time 
scale were analyzed in Dongting Lake. At the same 
time, the characteristics of precipitation trends at each 
sub-basin as well as the entire basin were investigated 
for the first time in this paper. The outcomes of this 
research may possibly deliver significant evidence for 
the preparation of upcoming water resources and flood 
safety mechanisms in Dongting Lake.

Material and Methods

Study Area

This study investigates the variability in precipitation 
time series for a 52-year period (1961-2012) in Dongting 
Lake (Fig. 1). Dongting is situated on the south shoreline 

Fig. 1. Locations of meteorological stations at Dongting Lake.
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of the middle ranges of the Yangtze River. The lake 
observed a frequent progression procedure beginning 
from small to big and big to small, which is thoroughly 
connected to the evolution of the Jingjiang network. 
The inflow of Dongting Lake largely comes from the 
Yangtze. Since 1948, numerous structural developments 
have been upsetting the state of the water flowing to 
the lake, primarily the assembly of Tiaoxian Dam, the 
project of Jingjiang and Wanjiangfengxi Reservoir, 
Zishuituoxi Reservoir, Gezhouba Dam, and the Three 
Gorges Reservoir. 

Data and Method

The total Dongting catchment area is 262,108 km2, 
which is about 12% of the total Yangtze River, having 
23 meteorological stations. It covers Hubei and Hunan 
provinces in the administrative division. The important 
branches include Lake Region (A1), Lishui River (A2), 
Yuanjiang River (A3), Zishui River (A4), and Xiangjiang 
River (A5). The catchment areas for these basins are 
27965 km2, 28328 km2, 91319 km2, 19669 km2, and 
94826 km2, respectively. For the entire Dongting Basin 
(A), mean value of precipitation at the corresponding 
stations is used [41]. It also has a few small rivers, like 
the Xinqiang, Miluo, and additional smaller rivers. 
In the north, it contains four canals, i.e., Tiaoxian, 
Hudu Songzi, and Ouchi, and is linked to the Yangtze 
and putative water of the Yangtze River. Water and 
sediment from Dongting are dumped into the Yangtze at 
Chenglingji, which is situated at the passage of the lake. 
Precipitation data were also categorized into seasonal 
(winter, spring, summer, and autumn) and annual data 
series as given in Table 1.

Statistical Tests

Prior to applying MK and SR tests to identify 
precipitation trends over the time series from 
selected stations, data were tested conferring to test  
requirements. The trend-free pre-whitening (TFPW) 
method was used to remove serial or sequential 
correlations in the time series data. The scale of the 
slope in time series data was attained by using Sen’s 
slope method. The statistical methods used are briefly 
discussed below [42-46].

Trend-Free Pre-Whitening Approach 

In the case of the non-parametric tests, the data 
set should be serially autonomous or independent. On 
the basis of previous studies, the presence of serial 
correlation will raise the prospect for important trend 
finding. That clues to an inconsistent refusal of the 
null hypothesis of no trend, while the null hypothesis 
is really true. Thus, the impact of serial correlation 
should be removed. For this purpose, few methods 
such as variance correction, pre-whitening [47], and 
TFPW [48] have been recommended. The TFPW 
method offered here delivers a good valuation of  
the significance of the trends for serially correlated  
data than the other methods. In this research, to 
eliminate the consequence of serial correlation on both 
tests (MK and SR) the TFPW technique was used  
for time series with significant autocorrelation 
coefficient (r1) at 5% significant level (see Eq. 1). The 
autocorrelation was tested against the null hypothesis by 
using Eq. 2:

         (1)

        (2)

The MK Test

This is an overgrown statistical nonparametric  
test established by Mann-Kendall [49]. For this test, the 
null (H0) and another hypotheses (H1) are equivalent 
to the absence and is a trend in the time series of  
the present observational data, correspondingly. The 
associated equations to calculate the MK test statistic 
S and the consistent test statistic ZMK are as follows: 
mathematical equations 3 for calculating Mann-Kendall 
Statistics (𝑆), and standardized test statistics 𝑍 are as 
follows:

     (3)

 
(4)

 
(5)

Sr. number Season Month

1 Anually Jan-Dec

2 Winter Dec-Feb

3 Spring Mar-May

4 Summer Jun-Aug

5 Autumn Sep-Nov

Table 1. Different seasons for analysis.
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  (6)

…where Xi and Xj represent sequential data values in 
the years i and j, n shows the length of series, tp is a 
number of bonds for the pth value, and q shows the 
number of tied values. Positive values of ZMK and 
negative ZMK values postulate increasing and decreasing 
trends in the time series. The null hypothesis (Ho) is 

rejected when Z>Z1-α/2, and a significant trend exists in 
the time series. Z1-α/2 is the acute value of Z from the 
standard normal table, for 5% significant level the value 
of Z1-α/2 is 1.96.

Spearman’s rho Test

This test is also a rank-based statistical 
nonparametric technique applied for trend analysis and 
used for comparison purposes with the Mann-Kendall 
test [50]. In Spearman’s rho test, which undertakes that 
time series data are autonomous or independent and 
distributed identically, the null hypothesis (H0) yet again 
specifies no trend over time; the alternative hypothesis 
(H1) is that a trend should be present and that data rise 
or fall with mathematical equations for calculating 

Station-ID StationName Latitude Longitude Altitude Average mm max skew kurt std

57554 Sangzhi 29.40 110.17 322.20 117.94 671.70 1.80 4.09 105.85

57574 Nanxian 29.37 112.40 36.00 104.10 614.30 1.50 3.71 80.27

57584 Yueyang 29.38 113.08 53.00 109.79 571.60 1.53 3.09 88.66

57671 Yuanjiang 28.85 112.37 37.00 112.55 653.90 1.52 4.07 83.97

57682 Pingjiang 28.72 113.57 106.30 125.31 600.10 1.31 2.22 95.24

Lishui River

57545 Laifeng 29.52 109.42 459.50 111.91 614.40 1.45 2.97 94.16

57562 Shimen 29.58 111.37 116.90 113.01 595.10 1.58 2.84 97.28

Yuanjiang River

57649 Jishou 28.32 109.73 208.40 116.15 558.00 1.44 2.21 94.16

57655 Yuanling 28.47 110.40 151.60 118.13 503.70 1.46 2.02 99.03

57662 Changde 29.05 111.68 35.00 122.38 2374.60 9.83 120.98 176.35

57741 Tongren 27.72 109.18 279.70 105.37 415.80 1.12 0.87 83.70

57745 Zhijiang 27.45 109.68 272.20 103.86 561.30 1.52 3.48 83.80

57825 Kaili 26.60 107.98 720.30 100.62 497.60 1.23 1.31 84.68

57832 Sanhui 26.97 108.67 626.90 91.98 367.30 1.16 1.10 69.87

57845 Tongdao 26.17 109.78 397.50 120.54 510.00 1.39 1.92 94.65

Zishui River

57669 Anhua 28.38 111.22 128.30 142.32 778.70 1.57 4.24 104.88

57766 Shaoyang 27.23 111.47 248.60 110.00 471.90 1.17 1.59 81.00

57853 Wugang 26.73 110.63 341.00 114.02 438.10 1.00 1.09 75.47

Xiangjiang River

57774 Shuangfeng 27.45 112.17 100.00 112.64 484.20 1.24 1.78 83.14

57776 Nanyue 27.30 112.70 1265.90 169.12 652.10 1.10 1.59 109.12

57866 Yongzhou 26.23 111.62 172.60 117.52 497.60 1.16 1.68 85.92

57872 Hengyang 26.90 112.60 104.90 111.35 615.80 1.27 3.09 79.62

57965 Daoxian 25.53 111.60 192.20 126.17 568.20 1.11 1.28 96.72

Table 2. List of meteorological stations used in the DTL in this study.
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Stations TEST JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Sangzhi
MK 1.98 1.00 -0.21 -1.03 -0.67 0.40 1.02 -0.80 -0.70 -0.29 0.40 -1.29

Tt 2.08* 1.02 -0.17 -1.05 -0.70 0.27 0.93 -0.81 -0.65 -0.39 0.39 -1.27

Nanxian
MK 2.37* 0.44 -0.39 0.23 -0.62 -0.73 2.31* 0.20 -0.66 0.17 0.17 -0.99

Tt 2.53* 0.48 -0.48 0.27 -0.51 -0.64 2.55* 0.21 -0.69 0.03 0.26 -1.17

Yueyang
MK 2.15* 1.05 -0.96 -0.15 -0.02 -0.81 2.63* 0.84 0.48 -0.29 0.71 -0.66

Tt 2.49* 1.17 -1.10 -0.14 0.09 -0.71 2.89* 0.93 0.47 -0.35 0.65 -0.70

Yuanjiang
MK 1.91 -0.01 -0.88 -0.89 -0.58 -0.81 1.70 -0.12 -0.59 -0.12 0.84 -0.67

Tt 1.93 0.00 -0.90 -0.83 -0.57 -0.70 1.75 -0.24 -0.46 -0.29 0.83 -0.83

Pingjiang
MK 1.91 -0.31 -1.03 -1.40 -1.16 0.81 1.08 1.41 0.17 -0.79 0.54 -0.13

Tt 1.88 -0.25 -0.96 -1.48 -1.15 0.82 0.88 1.54 -0.08 -0.70 0.53 -0.11

Laifeng
MK 1.02 1.07 -0.92 -0.97 -1.05 -0.31 0.29 -0.42 -1.74 -0.81 -0.66 -1.37

Tt 1.08 1.09 -0.84 -0.84 -1.02 -0.40 0.29 -0.45 -1.78 -0.70 -0.66 -1.44

Shimen
MK 1.94 0.62 -0.47 -0.86 -0.53 0.13 1.44 -0.83 -1.25 0.00 0.01 -0.92

Tt 1.87 0.43 -0.09 -1.39 -0.67 0.00 1.55 -1.05 -1.30 -0.02 -0.02 -0.88

Jishou
MK 1.91 -0.29 -1.14 -2.14* -1.14 1.35 1.21 -0.73 -1.76 -0.99 -0.19 -1.08

Tt 2.23* -0.71 -1.01 -2.23* -0.87 1.07 1.23 -0.91 -1.80 -1.15 -0.36 -1.01

Yuanling
MK 1.16 -0.13 -0.64 -1.65 -0.80 0.07 0.83 -0.23 -0.42 0.25 0.45 -0.97

Tt 1.22 -0.20 -0.75 -1.70 -0.67 0.12 0.74 -0.30 -0.46 0.27 0.42 -0.84

Changde
MK 1.94 0.66 -0.77 -0.28 -0.20 0.24 2.47* -0.84 -0.61 -0.35 0.70 -1.03

Tt 2.30* 0.73 -0.92 -0.35 -0.11 0.36 2.63* -0.81 -0.63 -0.60 0.68 -1.26

Tongren
MK 1.21 0.90 0.07 -2.94* -0.75 0.96 1.10 -0.47 -0.37 -2.34* -1.26 -1.19

Tt 2.00* 0.42 0.83 -2.52* -1.72 1.32 0.97 -0.38 -0.31 -1.82 -1.17 -1.08

Zhijiang
MK 1.85 0.54 1.11 -2.42* -1.60 1.11 1.03 -0.47 -0.40 -1.71 -1.35 -1.02

Tt 1.80 0.25 0.17 -2.16* -1.72 0.56 1.00 -0.74 -1.92 -1.21 -0.61 -0.79

Kaili
MK 2.29* 0.50 1.21 -1.31 -1.03 0.23 0.56 -1.38 -0.61 -1.03 -1.80 -0.51

Tt 2.27* 0.48 1.30 -1.50 -1.09 0.29 0.43 -1.39 -0.69 -0.99 -1.90 -0.72

Sanhui
MK 0.97 0.31 1.85 -1.59 -1.78 0.01 0.39 -2.11* 0.43 -1.94 -1.14 -1.10

Tt 1.03 0.30 1.83 -1.67 -1.76 -0.02 0.47 -1.98 0.43 -1.87 -1.21 -1.06

Tongdao
MK 2.56* 1.05 1.79 -2.63* 0.44 1.41 0.34 -1.32 -0.34 -0.84 -1.31 -0.83

Tt 2.61* 1.18 1.74 -2.50* 0.43 1.41 0.28 -1.18 -0.17 -0.84 -1.21 -0.81

Anhua
MK 1.77 -0.39 -0.28 -0.84 -0.43 1.10 1.78 -1.30 -0.70 -0.84 -0.02 -0.84

Tt 1.83 -0.31 -0.43 -0.76 -0.28 1.08 1.86 -1.29 -0.76 -0.94 -0.12 -0.53

Shaoyang
MK 2.18* -0.10 0.18 -3.24* -0.51 0.06 0.47 -0.02 0.04 -1.13 -1.03 -0.28

Tt 2.17* -0.09 0.13 -3.30* -0.64 0.08 0.36 -0.09 0.21 -1.09 -0.89 -0.25

Wugang
MK 2.03* 0.62 1.19 -2.55* -0.62 -0.37 0.26 -0.54 -0.17 -1.60 -0.96 -0.61

Tt 2.01* 0.49 1.13 -2.50* -0.68 -0.21 0.30 -0.62 -0.16 -1.51 -0.92 -0.64

Shuangfeng
MK 2.38* -0.07 0.32 -1.92 0.21 0.75 1.11 -0.18 0.79 -1.05 -0.61 0.02

Tt 2.47* -0.14 0.12 -1.93 0.05 0.83 1.08 -0.24 0.88 -1.18 -0.68 0.03

Nanyue
MK 0.75 -0.88 0.62 -1.93 -0.39 1.18 0.66 0.88 1.13 -2.47* -1.56 -0.77

Tt 0.91 -0.83 0.65 -1.77 -0.59 1.22 0.50 0.83 1.17 -2.59* -1.59 -0.77

Table 3. MK and SR tests results for precipitation in monthly time series.



1403Identifying Half-Century Precipitation...

Table 3. Continued.

Yongzhou
MK 1.80 0.36 1.08 -2.83* -0.04 0.92 0.84 -0.29 0.06 -1.68 -0.70 -0.72

Tt 1.90 0.43 1.08 -2.76* 0.04 0.91 0.77 -0.33 -0.02 -1.76 -0.65 -0.65

Hengyang
MK 2.23* 0.02 0.99 -1.77 0.18 0.00 0.91 -0.01 1.08 -1.68 -0.16 -0.89

Tt 2.38* 0.16 1.09 -1.66 0.14 0.12 0.80 0.00 1.10 -1.88 -0.15 -0.70

Daoxian
MK 1.60 0.28 0.12 -2.17* 0.48 0.53 1.08 -0.88 -2.00* -1.13 -0.55 -0.85

Tt 1.80 0.25 0.17 -2.16* 0.65 0.56 1.00 -0.74 -1.92 -1.21 -0.61 -0.80

∗Significant trend at 5% significance level of two-tailed test

Fig. 2. Locations of stations with positive, negative, and no trends at 5% significance level for the monthly precipitation time series.
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Spearman’s rho statistical 𝑅sp and standardized statistics 
𝑍sp are given in the following equations:

                 (7)
 

                  (8)

…where 𝐷𝑖 represents the rank of 𝑖th data observation, 
i represents sequential order number, 𝑛 represents 
total length of the time series data, and 𝑍sp is Student’s 
𝑡-distribution with (𝑛 − 2) degree of freedom. Positive 
values of Zsp and negative Zsp values specify increasing 
and decreasing trends in the time series. The critical 
value of 𝑡 at a 0.05 significance level of Student’s 
𝑡-distribution table is defined as (𝑛−2,1−𝛼/2). Null 
hypotheses (H0) is rejected if |𝑍sp| > (𝑛−2,1−𝛼/2), and a 
significant trend occurs in time series.

Fig. 3. Fluctuations in monthly precipitation time series in stations with the most significant trends during 1961-2012.
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River Name Station Name TEST Annual Winter Spring Summer Autumn

Lake Region

Sangzhi
MK 0.04 1.71 -1.07 0.40 -0.72

Tt 0.11 0.32 -0.94 0.62 -0.77

Nanxian
MK 0.31 1.32 -0.65 0.81 -0.56

Tt 0.31 1.39 -0.67 0.84 -0.64

Yueyang
MK 1.03 1.91 -0.71 0.97 0.32

Tt 1.03 2.08* -0.68 0.98 0.30

Yuanjiang
MK -0.09 1.22 -1.40 0.64 0.21

Tt -0.02 1.24 -1.34 0.58 0.20

Pingjiang
MK -0.09 1.21 -1.87 1.93 -0.21

Tt -0.16 1.28 -2.02* 1.95 -0.14

Laifeng
MK -1.32 1.00 -1.38 -0.07 -2.22*

Tt -1.28 0.90 -1.49 -0.19 -2.19*

Shimen
MK -0.29 0.94 -1.29 0.80 -1.35

Tt -0.26 1.05 -1.14 0.82 -1.40

Yuanjiang River

Jishou
MK -1.03 0.68 -2.30* 0.83 -1.73

Tt -1.05 0.58 -2.37 0.94 -1.68

Yuanling
MK -0.92 0.19 -1.81 0.77 -0.02

Tt -0.84 0.04 -1.72 0.57 -0.05

Changde
MK 0.67 1.39 -0.65 0.78 -0.24

Tt 0.47 1.36 -0.65 0.84 -0.34

Tongren
MK -1.08 0.89 -2.53* 1.00 -2.19*

Tt -1.19 1.18 -2.63* 1.04 -2.33*

Zhijiang
MK -1.41 0.90 -2.51* 0.99 -1.13

Tt -1.52 0.99 -2.79* 0.87 -1.34

Kaili
MK -1.65 1.03 -1.40 -0.29 -1.88

Tt -1.69 1.44 -1.56 -0.22 -1.94

Sanhui
MK -1.74 0.43 -1.60 -0.36 -1.58

Tt -0.09 1.94 -0.76 0.68 -0.90

Tongdao
MK 0.00 1.78 -0.81 0.69 -0.74

Tt -0.09 1.94 -0.76 0.68 -0.90

Zishui River

Anhua
MK 0.04 1.03 -0.61 0.65 -0.95

Tt 0.06 0.95 -0.57 0.70 -1.11

Shaoyang
MK -0.51 1.60 -1.84 0.49 -1.29

Tt -0.57 1.69 -2.00* 0.47 -1.18

Wugang
MK -1.29 1.23 -1.78 -0.06 -1.51

Tt -1.29 1.75 -1.76 -0.17 -1.54

Xiangjiang River

Shuangfeng
MK 1.03 1.62 -0.59 1.35 -0.86

Tt 0.92 1.73 -0.73 1.39 -0.89

Nanyue
MK 0.15 -0.07 -0.05 1.37 -1.45

Tt -0.02 -0.01 -0.24 1.44 -1.49

Table 4. MK and SR tests results for precipitation annual time in seasonal and series.
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Sen’s Slope Estimator

This nonparametric technique was applied to assess 
the scale of trends in the time series data:

                       (9)

…where 𝑥𝑗 and 𝑥𝑘 represent data values at time 𝑗 and 𝑘, 
respectively. Consider positive values of Qi and negative 
Qi values specify increasing and decreasing trends in the 
time series Eq. 6.

        (10)

Results and Discussions

Monthly Analysis

The MK and Spearman’s rho (Tt) tests were used 
on a monthly scale to identify trends in precipitation 

series at different stations. Table 3 shows the results and 
illustrates that the results of both tests were similar to 
one another. The magnitude of statistically significant 
trends on a monthly scale was detected using Sen’s 
slope estimator. At different stations, monthly trend 
tests showed a mix of positive and negative trends. 

At Sangzhi, Kaili, Shuangfeng, and Hengyang 
stations statistically significant positive trends were found 
in January, and no significant trends were detected for 
other months. Significant positive trends were detected 
at Nanxian, Yueyang, and Changde stations in January 
and July. Jishou, Tongdao, Shaoyang, and Wuganag 
stations exhibited statistically significant positive and 
negative trends in January and April, respectively. In 
April, Zhijiang station showed a significant negative 
trend. Tongren Station exhibited a significant positive 
trend in January but had a significant negative trend 
in April and October. Like this station, Nanyue is the 
only one that shwoed a significant negative trend in 
the month of October. Stations that showed statistically 
significant negative trends in August include Sanhui and 
Yongzhou. Significant negative trends were detected at 
Daoxian Station in April and November. All remaining 
stations had not shown any statistically significant 
trends in any case in any month. Fig. 2 shows the spatial 

Xiangjiang River

Yongzhou
MK 0.02 0.92 -0.67 1.11 -1.14

Tt -0.04 1.12 -0.71 1.22 -1.30

Hengyang
MK -0.17 1.29 -0.02 0.12 -1.05

Tt -0.29 1.43 -0.16 0.06 -0.94

Daoxian
MK -0.62 0.89 -0.86 0.65 -1.84

Tt -0.45 0.82 -0.69 0.58 -2.00*
*Significant trend at 5% significance level of two-tailed test

Table 4. Continued.

Fig. 4. Locations of stations with positive, negative, and no trends at 5% significance level for seasonal and annual precipitation times.
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variation in the monthly precipitation time series in the 
Dongting region from 1961 to 2012. The results show 
that trends at Nanxian and Daoxian stations were rapid 
as compared to other stations. Nanxian station had  
the maximum positive increase in monthly precipitation 
(1.86 mm/month) and maximum negative decline  
(0.032 mm/month) during the months of July and 
September. Jishou, Tongdao, Shaoyang, and Wugang 
stations showed a sharp change from significantly 
positive to negative trends in January and April, 
respectively. Fig. 3 shows the trends in maximum 
monthly precipitation variation at the different stations.

Seasonal and Annual Analysis

The MK and Spearman’s rho tests were also used 
to identify trends in seasonal and annual precipitation 
from 1961 to 2012 (Table 4). Similar to the monthly 

analysis, results from both statistical tests, MK and SR, 
were consistent with one another. A mix of negative 
and positive trends was seen at different stations. Many 
stations that had shown a great deal of significance 
in monthly precipitation time series did not exhibit 
significant seasonal and annual trends. 

Most importantly for the annual precipitation series, 
no significant trends were detected at any station.  
The statistically significant positive trend was detected 
at Yueyang Station in the winter. At Pinjiang, Jishou, 
Zhijiang, and Shaoyang stations, there were statistically 
significant negative trends in the spring. At Tongren, 
significant negative trends were detected in both spring 
and autumn. At Daoxian, a significant negative trend 
was detected in the autumn. 

All other stations showed no significant trends in 
seasonal as well as annual precipitation time series. 
Fig. 4 presents the spatial distribution of seasonal 

Fig. 5. Fluctuations in seasonal and annual precipitation time series in stations with the most significant trends during 1961-2012.
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precipitation trends. Fig. 5 shows the trend magnitude  
in seasonal precipitation variation at the different 
stations.

Trend Analysis over the River Basin

The effect of climate change on precipitation was 
also analyzed for the entire Dongting region basin by 
applying MK and Spearman’s rho (Tt) tests on monthly, 
seasonal, and annual scales. As Fig. 1 showed, the entire 
Dongting River catchment (A) is divided into five sub-
basins: Lake Region (A1), Lishui River (A2), Yuanjiang 

River (A3), Zishui River (A4), and Xianjiang River (A5). 
Table 5 presents trends in monthly precipitation across 
the sub-basins and for the entire basin.

Table 5 shows significant positive trends in the 
months of January and July for the Lake Region (A1). In 
the Lishui River (A2), statistically no-significant trends 
were identified. In the Yuanjiang River (A3), statistically 
significant positive and negative trends were recognized 
in January and April. The Zishui River (A4) showed 
statistically significant positive trends in January. The 
maximum numbers of significant cases (three) were 
observed in results from the Xianjiang River (A5), which 

River Name TEST JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Lake Region
MK 2.22* 0.54 -0.73 -0.92 -0.80 -0.28 1.96 0.53 -0.40 -0.26 0.58 -0.77

Tt 2.29* 0.57 -0.89 -0.92 -0.81 -0.25 2.12* 0.53 -0.42 -0.29 0.53 -0.89

Lishui River
MK 1.63 0.83 -0.37 -0.67 -0.34 0.29 1.07 -0.92 -1.52 -0.20 -0.59 -1.29

Tt 1.64 0.85 -0.41 -0.73 -0.58 0.28 1.09 -1.00 -1.57 -0.25 -0.47 -1.23

Yuanjiang 
River

MK 2.09* 0.58 0.36 -2.17* -1.21 0.59 1.48 -1.54 -0.95 -1.82 -1.11 -1.33

Tt 2.13* 0.57 0.28 -2.36* -1.19 0.65 1.48 -1.44 -0.96 -1.93 -1.09 -1.19

Zishui River
MK 2.08* 0.02 0.26 0.86 -0.15 0.37 1.10 -0.70 -0.54 -1.43 -0.70 -0.70

Tt 2.15* 0.04 0.18 0.97 -0.59 0.49 1.10 -0.80 -0.47 -1.43 -0.65 -0.58

Xiangjiang 
River

MK 1.92 -0.17 0.53 -2.35* 0.23 1.18 1.21 -0.18 0.43 -1.92 -0.59 -1.33

Tt 2.06* -0.05 0.52 -2.30* 0.20 1.11 1.07 -0.25 0.48 -2.01* -0.66 -1.25

Dongting 
Basin

MK 2.11* 0.50 -0.04 -1.44 -0.61 0.39 2.09* -0.67 -1.07 -1.40 -0.28 -1.00

Tt 2.46* 0.48 -0.10 -1.42 -0.66 0.39 2.13* -0.68 -1.09 -1.55 -0.35 -1.03
*Significant trend at 5% significance level of two-tailed test.

Table 5. MK and SR tests results for monthly precipitation time series in the entire Dongting basin and sub-basin.

River Name TEST ANNUAL WINTER SPRING SUMMER AUTUMN

Lake Region
MK 0.20 0.75 -1.67 1.07 -0.13

Tt 0.19 0.45 -1.62 1.07 -0.22

Lishui River
MK -0.80 -1.21 -1.62 0.47 -1.85

Tt -0.76 -1.30 -1.47 0.51 -1.90

Yuanjiang River
MK -0.91 -1.60 -2.34* 0.50 -1.60

Tt -0.93 -1.65 -2.28* 0.46 -1.63

Zishui River
MK 0.00 -0.06 -0.15 0.53 -1.44

Tt -0.02 -0.07 -0.38 0.48 -1.46

Xiangjiang River
MK 0.17 0.69 -0.64 0.95 -1.27

Tt 0.14 0.74 -0.71 1.00 -1.23

Dongting Basin
MK -0.45 -0.47 -1.41 0.83 -1.60

Tt -0.43 -0.64 -1.35 0.78 -1.52
*Significant trend at 5% significance level of two-tailed test.

Table 6. MK and SR results for seasonal and annual precipitation time series in the entire Donting basin and sub-basin.
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showed a significant positive trend during January and 
significant negative trends were identified in April and 
October. 

In the entire Dongting Basin (A), statistically 
significant positive trends were detected in January and 
July. As a simpler summary, significant positive trends 
in precipitation over time were seen in January and July; 
negative trends over time were seen in April and October 
in different Dongting sub-basins. To detect precipitation 
trends in each sub-basin and the entire Dongting basin, 

the Mann-Kendall and Spearman’s rho tests were again 
applied to seasonal and annual precipitation data for the 
52-year study period (1961-2012) at 23 meteorological 
stations.

As Table 6 shows, both test methods showed similar 
results. Except for Yuanjiang River (A3), the other entire 
Dongting River catchment (A), Lake Region (A1), Lishui 
River (A2), Zishui River (A4), and Xianjiang River (A5) 
showed statistically insignificant positive or negative 
trends. Only Yuanjiang River (A3) showed a significant 

Fig. 6. Fluctuations in monthly and seasonal precipitation time series in basins and sub-basins with significant trends during 1961-2012.
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negative trend in the spring season. Fig. 6 shows the 
trends in maximum monthly precipitation variation in 
the whole Dongting basin and sub-basins.

Comparing Results

Results from both statistical tests, MK and 
Spearman’s rho tests were in agreement with each other. 
The percentages of statistically significant trends cases 
to total verified cases for the MK and Spearman’s rho 
tests were 8.20% and 8.30%, respectively, showing 
agreement across methods [51]. 

Discussion 

This study investigated variability in monthly, 
seasonal, and annual precipitation at 23 stations  
in the Dongting basin over a 52-year study period  
(1961-2012). Precipitation trends were also analyzed 
for each sub-basin and the entire Dongting Lake basin.  
The mean annual precipitation at different stations 
showed considerable variation. 
1. The Nanxian, Yueyang, Changde, Kaili, Shuangfeng 

and Hengyang stations showed significant positive 
trends (increased precipitation over time) at 5% 
significance level in the annual precipitation series. 

2. Shaoyang station showed the maximum  
decreasing slope (indicating sharpest change over 
time) of -0.06 mm/year among the selected stations 
in Dongting Lake Basin. 

3. These variations in precipitation trends may lead 
China toward more water-related disasters such as 
droughts and floods in the near future. Basistha et 
al. [52] proposed possible causes of the changing 
precipitation trends, such as global climate shifts, 
dwindling global monsoon circulation, the decline 
in forest cover [53], use changes and practices (e.g., 
irrigated agriculture), and increasing aerosols from 
anthropogenic activities [54]. Findings were also 
consistent with the studies by Song et al. [55] and 
Tian et al. [56] in northwestern Zhejiang, where a 
mix positive and negative trends of precipitation for 
annual and seasonal data was found. 

4. The results of the present study were found to be 
consistent as predicted in previous studies [57, 58], 
in which significant positive trends detected in 
precipitation time series during the 20th century. The 
mostly grid stations at high elevation exhibit higher 
temperature and precipitation trends and follow the 
same results found by Tang et al. [59]. 

5. These positive trends can affect the water resources 
of the area. Runoff in the study area did not 
significantly increase (increase insignificantly) due 
to positive trends in precipitation and temperature, 
and there was no shortage of water demands for 
agriculture, hydropower, and domestic use. Also, this 
increasing water flow can cause flooding in the area, 
as stated by Piao et al. [60] in the 20th century. 
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