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Abstract: The research of basin runoff is one of the most important areas of research in surface 

water hydrology. This paper made an analysis of the runoff change trend and mutation 

characteristics of Wei River basin by the mathematical statistics of Kendall rank correlation 

coefficient and M-K mutation test method with the annual and monthly runoff data of Hua Country 

hydrological station from 1960 to 2005. The result showed the runoff of Wei River basin had a 

trend of decline all four seasons and the change trend would remain in the future. The annual runoff 

mutation of Wei river basin occurred in 1981, the runoff mutation of spring occurred in 1966 and at 

the earliest time, the runoff mutations of summer and autumn respectively occurred in 1977 and 

1985, close to the annual runoff mutation time, the runoff mutation time of winter was uncertain. 

The precipitation didn’t change too much before and after mutations, the mutations may be caused 

by human activities. 

 

Introduction 

Wei River, also known as Wei Water, the birthplace is bird and rat mountain in Gansu province. 

The tributaries of Wei River have Hulu River, Jing River and Luo River , etc. As the largest 

tributary of the Yellow River, the total length is 818 km and the basin area reach 1.34×105km2. The 

landscape of Wei River basin is complex, the mountains include the north slope of Qinling 

mountain across Shanxi and Gansu province, Six Pan mountain and Long mountain, the fault basins 

include Guanzhong alluvial plain and loess platform. Wei River basin mostly is covered by deep  

loess, rich in calcium carbonate and vulnerable to erosion, the vegetation was destroyed by the 

long-term excessive reclamation in history and the single agricultural production mode led to 

serious water and soil loss, these made Wei River become a heavy sediment river. The water mainly 

came from the right blank branch and the sediment from the left. The climate belongs to continental 

climate, the annual averaged temperature is 6~13˚C and the annual precipitation is about 

500~800mm. More than 60% occurred in 6~9 month, mainly for short-term heavy rain.  

 

The analysis method and data 

This paper made an analysis of the runoff change trend and mutation characteristics of Wei River 

basin by the mathematical statistics of Kendall rank correlation coefficient and M-K mutation test 

method with the annual and monthly runoff data of Hua Country hydrological station from 1960 to 
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2005. In this paper, spring, summer, autumn and winter were divided to March to May, June to 

August, September to November, December to February of next year[1].  

The change of climate is an important phenomenon generally existing in the climate system, which 

is a change of the climate transition from a relatively stable status to another status and a kind of 

performance of the nonlinear nature of climate system. The stable climate sequence ia as a 

prerequisite of M-K mutation test. which is random independent and an equal probability 

distribution. The M-K method is described as follows[2,4]. 

Assuming the climate sequences are nxxx ,,, 21  , the order list 
kS are the accumulative 

number of the i  sample 
ix  greater than jx . The computation formula is as follows 
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When nxxx ,,, 21   are independent of each other and with the same continuous distribution, 

the mean value  kSE  and variance  kSVar  of accumulative number 
kS  can be calculated by 

the formula as follows 
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kS is standardized under the assumption of original sequence random independence  
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The process above is repeated with the reverse column 11 ,,, xxx nn   of time series x ,at the 

same time make 
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Where 1,,1,  nnk , 01 UB  

The steps of M-K method are as follows: 

（1）Computing the order kS  of time sequence, and computing kUF  by Eq.（5）. 
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（2）Computing the reverse order 
kS  of time sequence, and computing kUB  by Eq.（6）. 

（3）The significant horizontal line and the statistic curves of 
kUF  and 

kUB  are drawn on a        

graph under the premise of g given significance level.  

In the curve graph of 
kUF  and 

kUB , if 0kUF or 0kUB , it shows the sequence is a trend of 

increase, if 0kUF or 0kUB , it shows a trend of decrease. When the value of 
kUF  and 

kUB  are 

more than the reliability line, it shows sequence has an obvious trend of increase or decrease, the 

range above the reliability line is the time range occurring mutation, 
kUF  raises over or falls below 

the critical value and the curve of 
kUF  and 

kUB  appear a intersection show the sequence occur 

mutation. The intersection of 
kUF  and 

kUB  is the beginning of mutation, 
kUF  raises over the 

critical value shows the mutation from low to high, 
kUF  falls below the critical value shows the 

mutation from high to low, if kUF  and 
kUB  have no intersection, the mutation can be considered 

to not happen[5,6]. 

 

Analysis of characteristics of change  

Analysis of runoff change trend  

The maximum annual runoff was 1.94×1010m3 and occurred in 1964 could be seen from fig. 1(a),  

The overall showed a decreasing trend and the decreasing rate was 1×106m3/10a. The fig.1(b) 

presented the runoff of four seasons in Hua country station also showed a decreasing trend and the 

decreasing rate respectively were: the rate of spring was 9.6×107m3/10a, summer was 

3.36×107m3/10a, autumn was 1.8×108m3/10a, winter was 2.3×107m3/10a, the decreasing rate of 

autumn was the most obvious. The table 1 showed the Kendall rank correlation M  of spring and 

autumn were greater than the critical test value )01.0(69.2  Ma [7], The M  of summer and 

autumn were less than aM  and decreased significantly. 
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Seasons M Trend Ma Significance 

Spring -3.22 Decline 2.69 significant 
Summer -0.98 Decline 2.69 non-significant 
Autumn -2.89 Decline 2.69 significant 
Winter -1.38 Decline 2.69 non-significant 

y=-0.001x+2.09 
 

          (a)Annual runoff change  

y=-0.096x+195.31 
 

Spring Summer 
 

y=-0.034x+75.47 
 

Autumn 

y=-0.18x+368.2
7 

 

Winter 

y=-0.02x+48.3 
 

(b）Runoff change of four seasons 

 Figure 1 Runoff change 

Table 1 

Runoff change trend of four seasons 
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The analysis of runoff mutation point 

The mutation time of annual runoff and runoff of four seasons of Wei River can be shown on the 

KUBUF k
 figure by the M-K mutation test method[8,9]. The mutation of the annual runoff 

occurred in 1981, The mutation of spring occurred in 1966 and was the earliest, the summer was in 

1977, the autumn was in 1985, the mutation time of winter was uncertain. The runoff mutation 

times of summer and autumn were most closely to the annual mutation time. The annual runoff was 

9.08×109m3/a before mutation and was 7.4×109m3/a after mutation, which decreased 1.69×109m3/a. 

The runoff of summer and autumn respectively decreased 2.26×109m3/a and 6.06×109m3/a, but the 

runoff of summer increased 1.19×109m3/a after mutation, the runoff change of spring was most 

closely to annual runoff change, the runoff change of summer was the most obvious.  

                          

Conclusions 

(1)This paper concluded the conclusions of the runoff decreasing rate of four seasons respectively 

were: the rate of spring was 9.6×107m3/10a, summer was 3.36×107m3/10a, autumn was 

1.8×108m3/10a, winter was 2.3×107m3/10a, the decreasing rate of autumn was the most obvious. 

The table 1 showed the Kendall rank correlation M  of spring and autumn were greater than the 

critical test value )01.0(69.2  Ma , The M  of summer and autumn were less than aM  and 

decreased significantly. 

(2)The mutation of the annual runoff occurred in 1981, The mutation of spring occurred in 1966 

and was the earliest, the summer was in 1977, the autumn was in 1985, the mutation time of winter 

was uncertain. The runoff mutation times of summer and autumn were most closely to the annual 

mutation time. It concluded the runoff changes of summer and autumn were the most contribution 

to the annual annual runoff change[10,11].  
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