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Abstract

The Qinghai-Tibet Plateau is a more sensitive area of climate change and fragile zone of ecological 
environment. Qinghai Province is an important component of the Qinghai-Tibet Plateau, and the study of 
streamflow in the province is of great significance for understanding the situation of water resources. Based 
on hydrological data of hydrological stations in Qinghai, the spatiotemporal variations of streamflow from 
1956 to 2013 were analyzed by Mann-Kendall analysis and Morlet wavelet analysis. The results indicated 
that the annual streamflow of the Yangtze River basin, Qaidam basin, Qinghai Lake basin, and Lantsang 
River basin showed significantly increasing trends during 1956-2013, while the Yellow River basin 
showed no significant trends or downward trends. Changes in precipitation, glacier melt, and snowmelt 
caused by climate warming might be a major driver of changes of streamflow in the source regions of the 
Yangtze River and Lantsang River basins. The trend variations of flow in the Yellow River basin may be 
affected by precipitation, evaporation caused by increased temperature, and anthropogenic impacts. The 
abrupt changes of streamflow at Tuotuohe, Delingha, and Nachitai stations were mainly in the early 2000s, 
while the abrupt changes of streamflow in Zhimenda station, stations in the Yellow River basin, Qinghai 
Lake basin, and Lantsang River basin appeared primarily in the early 1960s and the early 2000s. Most of 
the streamflow in Qinghai Province was abundant after about 2007, and the dominant periods with low 
frequency fluctuation (about 12 years) and inter-decadal (about 44 years) oscillations in Zhimenda and 
Tangnaihai stations and low frequency fluctuation (about five years) in other stations.
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Introduction

Against the background of global warming, the space-
time variation of hydrological factors has been the focus 
of researchers’ attention [1-2]. Qinghai Province is the 
protective ecological barrier of the northeastern part of 
the Qinghai-Tibetan Plateau, where surface water faces 
various problems due to the complex geographical 
location, permafrost degradation, and climate change 
[3]. In addition, the rapid development of agriculture  
and industry, and the rapid growth of population in  
Qinghai Province in recent years not only has  
exacerbated the situation of water resource shortages, but 
also seriously restricted the development of the regional 
economy [4-5]. Therefore, a study on the characteristics of 
variation in streamflow in Qinghai Province – especially 
streamflow in the Three-River Source Region (TRSR: 
the origin of the Yangtze, Yellow, and Lantsang rivers, 
which has a significant effect on runoff of the major 
rivers in China) – plays a very important role in rational 
development and the utilization of water resources, 
making water conservancy planning decisions and 
improving the ecological situation of the environment.

There are many studies on runoff in the source  
region of the Yangtze River Basin and the Yellow River 
Basin. Bian, H. Q. and Wu, S.S. Bian and Wu [6-7] 
studied the effects of climate change and glacier retreat  
on streamflow in the source region of the Yangtze. Qian 
et al. [8] used the Morlet wavelet method to reveal the 
periodical characteristics of base flow in the source 
region of the Yangtze. Zhang and Hu [9-10] studied  
runoff variation and climate linkages in the TRSR and  
the source region of the Yellow River, respectively. 
However, most of these studies focus on the impact of 
climate change on water resources, and less systematic 
analysis of the formation process of runoff and its 
temporal and spatial evolution rules and causes, and  
few studies have been done on the streamflow within 
Qinghai Province as a whole, so that there is great  
need to conduct a comprehensive study on Qinghai 
streamflow.

Various methods have been used to analyze the 
trend, abrupt change, and periodicity of streamflow. In 
recent years, the statistical method of Mann-Kendall and 
wavelet analysis has developed rapidly, with the Mann-
Kendall statistical test being widely used in different 
regions to identify whether monotonic trends and abrupt 
change exists in streamflow [11-13], and wavelet analysis 
has been widely used in different regions to identify the 
periodicity of streamflow [14-15].

To fill the knowledge gap as identified above, in this 
study we used the Mann-Kendall trend test and change-
point analysis to analyze the trends and abrupt changes 
of streamflow in the Yangtze River, Yellow River, 
Lantsang River, Qaidam, and Qinghai Lake basins of 
the province to reveal the spatial and temporal evolution 
of the hydrological cycle. Meanwhile, wavelet analysis 
was used to understand the periodicity and the change of 
abundance and drought of streamflow in each station to 

systematically research dynamic changes of streamflow 
in Qinghai Province.

Materials and Methods

Study Area

Qinghai Province is located in northeastern Qinghai 
Tibet Plateau (31°09′N-39°19′N, 89°35′E-103°04′E;  
Fig. 1). The total area is more than 71.75 × 104 km2, which 
includes the Qinghai-Tibet Plateau and Loess Plateau 
[16]. The average altitude of the province is 4,000 m 
above sea level. This region belongs to plateau conti-
nental climate with characteristics of low temperature, 
large diurnal difference of temperature, less concentrated 
rainfall, long periods of sunshine, and strong solar 
radiation [17]. Annual precipitation is 273.7-467.8 mm, 
with about 75% distributed between July and Sep- 
tember, the rainy season. The annual mean temperature  
is 0.0-3.4ºC. The annual duration of sunshine is about 
2,700 h and total annual radiation reaches 690.8-753.6 
kJ/cm2. The Yangtze, Yellow, Lantsang, Heihe and other 
famous rivers originate in Qinghai.

Data

The Tuotuohe gauge station at the head region of the 
Yangtze River Station and Zhimenda gauge station at the 
Tongtianhe River, a tributary of the upstream Yangtze, 
were selected to analyze the variation of streamflow in 
the Yangtze basin.

The Huangheyan gauge station at the headwater region 
of the Yellow River, the Tangnaihai gauge station on the 
main stream, and Minhe gauge station on the Huangshui 
River (a tributary of the Yellow River) were selected to 

Fig. 1. Location of the study area.
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analyze the variation of streamflow in the Yellow River 
basin.

There are great differences in hydrological condition 
between southern and northern Qaidam Basin, resulting 
in different streamflows. The Delingha gauge station 
on the Bayin River in the northern region of Qaidam 
basin, the Nachitai gauge station on Naijin River in 
the southwestern region of the Qaidam basin, and the 
Chahanwusu gauge station in the southeastern region 
of Qaidam were selected to analyze the variations in 
streamflow in the Qaidam basin.

The main rivers in Qinghai Lake basin are the Buha, 
Shaliu, and Haergai rivers, the largest of which is the 
Buha. Buhahekou guage station was selected to analyze 
the variations of streamflow in the Qinghai basin. 

Xiangda guage station was selected to analyze the 
variations of streamflow in the Lantsang River basin. 
All the basic information of the gauge stations are 
summarized in Table 1.

Methods

In this study the Mann-Kendall trend test and  
change-point analysis are used to investigate the trends, 
and abrupt changes of streamflow and wavelet analysis 
are used to understand the periodicity of streamflow in 
Qinghai.

Mann-Kendall Trend Test

The Mann-Kendall trend test is the rank-based 
nonparametric test for assessing the significance of a 
trend, and has been widely used in hydrological trend 
detection studies [18-19]. The null hypothesis H0 is 
that a sample of data (xi, i = 1, 2…n) is the nonexistence 
of a monotonic trend in a variable over time. The 
alternative hypothesis H1 is that a monotonic trend 
exists in x [20]. The MK test statistic (S) is calculated as 
follows:
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…where xi and xj are the date values of x in years i and j, 
and n indicates the length of the date values. Mann (1945) 
and Kendall (1975) observed that when n>10, the statistic 
S is approximately normally distributed with the mean, 
and the variance is given by:
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The standardized MK statistic Z follows the standard 
normal distribution with a mean of zero and variance of 
one. At a 5% significance level, the null hypothesis of no 
trend is rejected if │Z│>1.96

 
[21]. A positive value of Z 

denotes an increasing trend, and the opposite corresponds 
to a decreasing trend [22-23].

Basin Station name Latitude and 
longitude

Drainage area 
(km2) Time interval Location description

Yangtze River
Tuotuohe 33.2N, 92.4E 15,924 1956-2013 Headwater area

Zhimenda 33.0N, 97.2E 137,704 1956-2013 Tongtianhe control gate 

Yellow River

Huangheyan 34.9N, 98.1E 20,930 1956-2013 Headwater area

Tangnaihai 35.5N, 100.2E 121,972 1956-2013 Main stream control gate

Minhe 36.3N, 102.5E 15,342 1956-2013 Huangshui control gate

Qaidam
Basin

Delingha 37.4N, 97.4E 7,281 1956-2013 Bayin River control gate

Nachitai 35.9N, 94.5E 5,973 1956-2013 Naijin River control gate

Chahanwusu 36.2N, 98.1E 4,434 1956-2013 Chahanwusu River control gate

Qinghai Lake Buhahekou 37.1N, 99.7E 14,337 1956-2013 Buha River control gate

Lantsang River Xiangda 32.3N, 96.4E 17,909 1956-2013 Zhaqu River control station

Table 1. Basic information of selected gauge stations.
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Mann-Kendall Change-Point Analysis

Under the null hypothesis (no abrupt change point), 
the normally distributed statistic Sk can be calculated by 
the following formula:
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Mean and variance of the normally distributed statistic 
Sk can be given by the following formulas:
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The normalized variable statistic UFk is estimated as 
follows:

k
( )UF     ( 1,2,3, )

( )
k k

k

S E S k n
Var S
−= = 

(9)

The normalized variable statistic UFk is the forward 
sequence, and the backward sequence UBk is calculated 
using the same equation but with a reversed series of data. 
The values of UFk (UBk) constitute a forward sequence 
curve UF (UB). For the given α significance level and Uα 
(the critical value of the standard normal distribution), 
if UFk>Uα, it means the forward sequence curve (UF) 
has a trend α significance level [24]. The detection of 
an increasing (UFk>0) or a decreasing (UFk<0) trend is 

indicated. The intersection of the UF and UB curves of 
the test statistic appears in the confidence interval and 
indicates an abrupt change point [25]. All the trend and 
change point analyses were carried out using MATLAB 
R2014a software.

Wavelet Analysis

Based on the results of time-scale distribution, wavelet 
transform makes it easy to analyze the periodicity of 
streamflow series [26]. For time series f(t) ∈ L2(R), the 
continuous wavelet transform (CWT) is defined as the 
sum over all time of the real signal f(t); multiplied by the 
scaled, the definition of CWT is:
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…where the wavelet coefficients Wf(a, b) are the result 
of the CWT of signal f(t), and a and b are scale and 
translation, respectively.

In this study, the complex Morlet wavelet was 
adopted to analyze the periodic characteristics of natural 
streamflow in relation to time. The complex Morlet 
wavelet is a single-frequency complex sinusoidal function 
tapered with a Gaussian window, and is expressed as:

2 /2( ) ict tt e eψ −=                       (11)

…where c is a constant and i represents an imaginary 
part. The main period of on-time series is obtained by 
wavelet variance, which is expressed as follows:
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Since wavelet variance denotes the distribution of 
wavelet energy by scale (period), the domain predominant 

Station Slope of regression Z statistic Intersected time Main periodicity

Tuotuohe 0.67 2.87 2001, 2003 29, 19, 8, 5

Zhimenda 0.46 2.02 1967, 2006 44, 29, 20, 12

Huangheyan 0.03 0.02 1961, 1991, 2009 56, 13, 6

Tangnaihai -0.16 -0.46 1989 56, 44, 25, 12

Minhe -1.29 -1.33 1964, 1989 43, 12, 5

Delingha 0.28 2.28 2001 44, 25, 12, 9, 5

Nachitai 0.58 5.31 2001 44, 8, 5

Chahanwusu 0.27 1.87 1967 56, 25, 12, 5

Buhahekou 0.22 0.84 1963-68, 2007 56, 48, 34, 18, 12, 5

Xiangda 0.58 1.57 1962-97 57, 43, 29, 21, 13, 5

Table 2. Summary of hydrological results at the 10 stations.
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periods of one time series can be obtained from its 
extreme values. All the wavelet transform processes were 
carried out using MATLAB R2014a software.

Results

Yangtze River Basin

Tuotuohe Station

Linear regression exhibits annual streamflow at 
Tuotuohe Station with an upward trend during 1956-
2013 (Table 2 and Fig. 2a). Analyzing further the virtue  
of the MK test, the Z statistic of streamflow is 2.87 
(│Z│>1.96), which showed that the annual streamflow 
is not only on an upward trend, but also the trend is 
significant at 95% confidence level. The intersection 
points of UF and UB curves indicate two abrupt changes 
of streamflow at Tuotuohe – in 2001 and 2003 (Table 2 
and Fig. 2b).

By using Morlet wavelet transformation, streamflow 
periodicity at Tuotuohe within a 58-year scale is detected. 
From the real part wavelet coefficient, there were five 
periodical patterns within the 58-year scale, namely 
>50 years, 25-35, 15-23, 6-9, and about 5 years. For  
the >50 years scale, there are circa two-cycle 
oscillations. The periods of 1963-79 and 2003-13 are 
abundant-water periods (wave coefficients>0), while 
1956-62 and 1980-2002 are low-water periods (wave 
coefficients<0). For the 6-9- and 5-year scales, there are 
more cycle oscillations, and the oscillation frequencies 
are more complicated. The main period can be obtained 
from the peak values of wavelet variance. Within a  
58-year scale, there are circa 5, 8, 19, and 29 periods,  
and the 19-year period is the strongest (Table 2 and  
Fig. 2c).

Zhimenda Station

Linear regression exhibits annual streamflow at 
Zhimenda Station with an upward trend during 1956-2013 
(Table 2 and Fig. 2d). The increasing rate of streamflow 
at Zhimenda was slower than that at Tuotuohe. The Z 
statistic of streamflow is 2.02(│Z│>1.96), and showed a 
significant upward trend at the 95% confidence level. The 
intersection points of the curves at Zhimenda appeared in 
1967 and 2006 (Table 2 and Fig. 2e).

The streamflow series at Zhimenda has four periodical 
patterns: namely 38-47, 26-32, 10-15, and <10-year 
periodical character within the 58-year scale. For the 38-
47 scale, there are three-cycle oscillations. The periods 
of 1956-63, 1980-92, and after 2007 are the abundant 
water periods, while 1964-79 and 1993-2006 are low-
water periods. Within a 58-year scale, the periodicity of 
the streamflow is located into circa 12-, 20-, 29-, and 44-
year periods, and the 44-year period is the most obvious 
(Table 2 and Fig. 2f).

Yellow River Basin

Huangheyan Station

Different from the Yangtze River Basin, the 
streamflow series at Huangheyan Station of the Yellow 
River presents no significant trend during 1956-2013, 
and the slope of the linear regression was 0.03 (Table 2 
and Fig. 3a). The MK test shows that the Z statistic of 
streamflow was 0.02 (|Z|<1.96). The intersection points of 
UF and UB curves occurred at circa 1961, 1991, and 2009 
for the streamflow at Huangheyan (Table 2 and Fig. 3b).

The streamflow at Huangheyan presents the periods 
of 50-58, 9-15, and <8 years. For the 50-58-year scale, 
there are two-cycle oscillations. The periods of 1968-86  
and after 2007 are the abundant water periods, while 
1956-67 and 1987-2006 are the low-water periods. The 

Fig. 2. Trend, abrupt change, and periodicity of streamflow in the Yangtze River Basin.
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main periodicity of 6, 13, and 56 years for the streamflow 
was obtained from wavelet variance, and the 56-year 
period is the strongest with the 58-year scale (Table 2 and 
Fig. 3c). 

Tangnaihai Station

The streamflow series presents a downward trend at 
Tangnaihai Station during 1956-2013. The result of the 
MK trend test show that the Z statistic of streamflow was 
-0.46 (|Z|<1.96), which showed that the downward trend 
was not significant at 95% confidence level (Table 2 and 
Fig. 3d). The intersection points of UF and UB curves at 
Tangnaihai appeared in 1989, and the two curves were 
between the two confidence lines, so the abrupt change 
took place at 1989 (Table 2 and Fig. 3e). 

The periods of streamflow at Tangnaihai were  
50-58, 40-47, 20-32, and about 12 years. For the 50-
58 scale, there are two-cycle oscillations. Streamflow 
was plentiful during 1956-65, 1978-92, and from 2006 
to a certain year in the future, and have been in low 
streamflow during 1966-77 and 1993-2005. The main 
periodicity of 12, 25, 44, and 56 years is obtained, and  
the 44-year period was the most obvious in Tangnaihai 
(Table 2 and Fig. 3f). Considering the control areas of 
the two stations (more than 100,000 km2), the dominant 
period with low frequency fluctuation is about 12 years 
and with inter-decadal oscillations is about 44 years, 
which is the same as the characteristics at Zhimenda 
Station.

Minhe Station

The streamflow series at Minhe Station presents a 
downward trend during 1956-2013, when the slope of 
the linear regression was -1.29 (Table 2 and Fig. 3g). But 
the trend was not significant at the 95% confidence level  
(Z = -1.33). The result of MK test for abrupt change 
showed that the intersection points of UF and UB curves 
appeared in 1964 and 1989 (Table 2 and Fig. 3h). 

The streamflow series at Minhe presents periods of 
40-49, 10-15, and 4-6 years. Based on the calculation 
of wavelet variance, quantitative periodicity is located 
into circa 5, 12, and 43 years, and the 43-year cycle is 
the most obvious (Table 2 and Fig. 3i). Moreover, through 
contour maps of wavelet coefficients there are three-
cycle oscillations in the 40-49 scale. The stream was in 
low-flow conditions during 1965-80 and 1994-2007, and 
abundant during 1956-64, 1981-93, and after 2007.

Qaidam Basin

Annual streamflow at Delingha, Nachitai, and 
Chahanwusu stations showed a significantly increasing 
trend based on the MK test (Table 2). It can be seen from 
Figure 4 that the intersection point appeared in 2001 at the 
Delingha and Nachitai. Although the intersection point 
was not between the two confidence lines at Nachitai, 
there was a significant sudden streamflow increase to a 
certain extent in 2001.

The quantitative periodicity Delingha station is 
located in circa 5, 9, 12, 25, and 44 years, and the  

Fig. 3. Trend, abrupt change, and periodicity of streamflow in the Yellow River Basin.
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44-year cycle is the most obvious (Table 2 and Fig. 4c). 
The streamflow series at Nachitai present periods with 
>55, 40-45, 8-9, and 4-6 years. Based on the calculation of 
wavelet variance, quantitative periodicity is located into 
circa 5, 8, and 44 years, and the 44-year cycle is the most 
obvious (Table 2 and Fig. 4f). Streamflow was in low 
streamflow condition during 1956-66 and 1983-2001, and 
abundant during 1967-82 and after 2004. The quantitative 
periodicity at Chahanwusu Station is located in circa 5, 
12, 25, and 56 years, and the 25-year cycle is the most 
obvious (Table 2 and Fig. 4i).

Considering the control areas of the three stations 
(less than 10,000 km2), the dominant period with low 
frequency fluctuation is about 5 years at Chahanwusu 
Station, which has the same characteristics as Delingha 
and Nachitai.

Qinghai Lake Basin

The streamflow series presents an increasing trend at 
Buhahekou Station during 1956-2013 (Table 2 and Fig. 
5a). There are several intersection points from 1963-68, 
with more performance for a periodic fluctuation and 
another intersection point appearing in 2007 (Table 2 and 
Fig. 5b). 

The streamflow series at Buhahekou presents periods 
with >50, 23-40, 10-18, and 4-6 years. Based on the 
calculation of wavelet variance, quantitative periodicity is 
located in circa 5, 12, 18, 34, 48, and 56 years, and the 34-
year cycle is the most obvious (Table 2 and Fig. 5c). There 
are three-cycle oscillations in the 34 scale. The periods of 
1962-73, 1985-96, and after 2007 are the abundant-water 
periods, while 1956-61 and 1997-2006 are the low-water 
periods.

Fig. 4. Trend, abrupt change, and periodicity of streamflow in the Qaidam Basin.

Fig. 5. Trend, abrupt change, and periodicity of streamflow in the Qinghai Lake Basin.
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Lantsang River Basin

The streamflow series presents the increasing trend 
at Xiangda Station during 1956-2013 (Fig. 6a). There 
have several intersection points from 1962-97, and more 
performance for periodic fluctuation (Table 2 and Fig. 6b).

Based on the calculation of wavelet variance, 
quantitative periodicity is located into circa 5, 13, 21, 
29, 43, and 57 years. The most obvious periodicity is  
43 years for the streamflow series. Through contour maps 
of wavelet coefficients, there are three-cycle oscillations 
in the 43 scale. The periods of 1956-65, 1979-92, and  
after 2007 are the abundant-water periods, while 1966-
78 and 1993-2006 are the low-water periods (Table 2 and 
Fig. 6c).

Considering the control areas of the five stations 
(14,000-21,000 km2), the dominant periods with low 
frequency fluctuation are about 5 years at Xiangda 
Station, which is the same as the characteristics  
at Tuotuohe, Huangheyan, Minhe, and Buhahekou 
stations.

Discussion

Trend

In the period 1956 to 2013, streamflow shows  
increasing trends in the Yangtze River, Qaidam, Qinghai 
Lake, and Lantsang River basins. On the contrary, the 
streamflow trend in the Yellow River Basin is no significant 
trend in Huangheyan Station (streamflow increased 
by 0.03 mm/a) and a downward trend in Tangnaihai 
(streamflow decreased by 0.16 mm/a) and Minhe Station 
(streamflow decreased by 1.29 mm/a). This was indicated 
in the sense that Minhe in the Yellow River Basin is at 
the highest risk of water scarcity among the investigated 
river basins, with Tangnaihai less severe than Minhe. In 
contrast, the other four basins in Qinghai Province show a 
general increase in streamflow over the study period and 
might not, therefore, be threatened by water scarcity in the 
near future. Similar results show that there is a potential 
water resource crisis in the Yellow River basin because 
continued low levels from the 1990s could be seen from 
the study of He B [27]. The eastern agricultural area is 
less than 5% of the total area of Qinghai Province, which 
is inhabited by 75% of the population; the western animal 

husbandry area accounts for more than 95% of the total 
area, but is only 25% of the total population. Moreover, 
in recent decades – especially after reform and opening 
up in China – reclamation, construction of reservoirs, 
afforestation, and other human activities have intensified. 
Hence the trend variations of flow in the Yellow River 
Basin may be affected by anthropogenic impacts such 
as reservoirs [28], water consumption for irrigation, and 
increasing forest cover [29-30]. Similar analysis can also 
be seen in previous studies [28].

Minhe is the last gauge station in the Huangshui River, 
a tributary of the Yellow. According to the corresponding 
historical precipitation and temperature records of 
Minhe, annual precipitation is seeing a downward trend, 
while the annual temperature saw an upward trend during 
1956-2013 (Fig. 7). The significant correlation (R = 0.61, 
P<0.01) between streamflow and annual precipitation of 
Minhe, which exhibits precipitation, is the key variable 
influencing streamflow. A negative correlation (P>0.05) 
between streamflow and annual temperature of Minhe 
was found in this research [26]. An increase of temperature 
leads to the increase of potential and actual evaporation, 

Fig. 6. Trend, abrupt change, and periodicity of streamflow in the Lantsang River Basin.

Fig. 7. Changes of streamflow, precipitation, and temperature at 
Minhe Station in the Yangtze River Basin.
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and then results in evaporation from soil, vegetation, and 
part of streamflow. Therefore, the changes in precipitation 
and evaporation caused by increased temperature might 
be major drivers of changes of streamflow in the Yellow 
River Basin.

The largest increase changes in streamflow are 
observed at Tuotuohe Station (streamflow increased by 
0.67 mm/a) in the head region and Zhimenda Station 
(streamflow increased by 0.46 mm/a) in the upstream 
reaches of the Yangtze River, and Xiangda Station 
(streamflow increased by 0.58 mm/a) in the head region 
of the Lantsang River Basin. Tuotuohe is the first gauge 
station in the Yangtze River Basin, at an altitude of more 
than 4,700 m, which is the highest altitude gauge station 
in the study area. Annual precipitation and temperature 
in Tuotuohe increased during 1956-2013 (Fig. 8). The 
positive correlation between streamflow, precipitation, 
and annual temperature of Tuotuohe was found in this 
research. Glaciers became shorter, narrower, and thinner 
in the head region of the Yangtze River under the effect of 
atmospheric warming [7, 31]. Considering links between 
altitude, glacier melt, precipitation, and temperature [32], 
the changes in precipitation, glacier melt, and snowmelt 
might, therefore, be major drivers of change in streamflow 
in the mountainous headwater catchments of the Yangtze 
and Lantsang river basins, as well in Qaidam and Qinghai 
Lake basins. The conclusions in our study agree with 
previous studies [33-34], which indicated that such shifts 
in snowmelt timing or glacier melt due to increasing 
temperatures have been observed for mountainous 
catchments in western China since the beginning of 
the 21st century [35]. The influence of temperature 
on streamflow cannot be ignored, and factors such as 

glaciers, snow deposits, and frozen soil are closely related 
to temperature. The increasing temperatures may be a 
major driver of increasing streamflow in the mountainous 
headwater catchments. Due to the special geographical 
location of Qinghai Province, our future study should 
focus more on the effects of climate change on snow and 
glacier melting intensities as well as their contributions to 
streamflow hydrology. 

Abrupt Change

Our results also found that most of the streamflow 
in Qinghai Province was abundant from circa 2007 to 
a certain year in the future, including the upper reaches 
of the Yellow River Basin as the source of the Yangtze, 
Yellow, and Lantsang rivers [36]. The result of MK test 
for abrupt change in Minhe showed that the intersection 
points of UF and UB curves appeared in 1964 and 1989 
(Table 2 and Fig. 3). In reviewing prior reports and other 
relevant documentation [37], a large area of precipitation 
occurred in the flood season in 1989, which may cause 
an abrupt change in Minhe Station. Li [38] demonstrated 
that abrupt climate change is the direct cause of natural 
runoff, and abrupt change of the sunspot and the rotation 
period of the earth is the root cause of the change of runoff. 
The reasons for this phenomenon were not considered in 
the present study and need to be further investigated in 
the future.

Periodicity

In our study, the streamflow in Zhimenda and 
Tangnaihai stations (more than 100,000 km2) exhibits 
the dominant periods with low frequency fluctuation 
(about 12 years) and inter-decadal oscillations (about 44 
years). Other stations (less than 20,000 km2) exhibit the 
dominant periods with low frequency fluctuation (about 
5 years). In short, the area of the basin affects the low 
frequency fluctuation. No regulars were found with inter-
decadal oscillations when considering the control areas 
of the stations. This probably is due to the short period in 
our studies. Recent research also showed that the inter-
annual variation of runoff is very distinct, and the domain 
periods include high-frequency fluctuation time domain 
and the lower [39]. It should be pointed out that the 
distinguishing periodicity of streamflow may be caused 
by special geomorphic features.

Conclusions

Based on the observation streamflow data of 
representative stations in Qinghai Province, temporal 
and spatial trends, abrupt change, and periodicity of 
streamflow has been analyzed. The main conclusions of 
this paper are:
1. The annual streamflow at the Yangtze River, Qaidam, 

Qinghai Lake, and Lantsang River basins shows 
a significantly increasing trend during 1956-2013, 

Fig. 8. Changes of streamflow, precipitation, and temperature at 
Tuotuohe Station in the Yangtze River Basin.
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while it shows no significant trend or downward trend 
at the Yellow River Basin. This showed that there is 
a potential water resources crisis in the Yellow River 
Basin.

2. The trend variations of flow in the Yellow River 
Basin may have been affected by precipitation and 
evaporation caused by increased temperature and 
anthropogenic impacts, such as building reservoirs, 
water consumption for irrigation, and increasing forest 
cover, etc. The changes in precipitation, glacier melt, 
and snowmelt might, therefore, be a major driver of 
changes of streamflow in the mountainous headwater 
catchments of the Yangtze River and Lantsang River 
basins. 

3. The abrupt changes of streamflow in Qinghai Province 
were studied. The abrupt changes of streamflow 
at Tuotuohe, Delingha, and Nachitai stations were 
mainly in the early 2000s, while the abrupt changes 
of streamflow in Zhimenda Station, and stations in 
Yellow River, Qinghai Lake, and Lantsang River 
basins appeared primarily in the early 1960s and the 
early 2000s.

4. Wavelet transform shows that most of the streamflow 
in Qinghai Province was abundant from circa 2007 
to a certain year in the future. In addition, there are 
exhibited the dominant periods with low frequency 
fluctuation (about 12 years) and inter-decadal (about 
44 years) oscillations in Zhimenda and Tangnaihai 
stations, and low frequency fluctuation (about 5 years) 
in other stations.
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