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Abstract—The analysis of rainfall for agricultural purposes must include information concerning the trends or changes of 
precipitation, the start end and length of the rainy season, the distribution of rainfall amounts through the year and the risk of 
dry and wet spells. The present study is mainly concerned with the changing trend of rainfall over Nethravathi river basin, 
located in coastal region of Karnataka state. Nethravathi river originates in the peaks of western ghats and flows towards 
westwards. The climate over the basin is humid and has large elevation difference varying from 0 to 1400 m above msl. 
Precipitation trend analysis based on elevation, rain gauge stations were grouped into two regions with similar precipitation 
characteristics to perform a regional analysis. Daily rainfall data of 40 years from 1971 to 2010 has been processed in the 
study to find out the monthly variability of south west monsoon (June, July, August, and September) season. Mann-Kendall 
(MK) test and Sens’s slope estimator has been used to determine trend and slope magnitude. Long-term analysis (1971 to 
2010) was carried out for both regions and results have been compared. Monthly precipitation trend has been identified here 
to accomplish the objective which shows 40 years of data. From the analysis, it is found that there are decreasing trend of 
precipitation in some months and increasing trend in some other months. The statistical tests which are used in the study are 
indicative of overall changes in precipitation trend during the south west monsoon.  
 
Keywords- Mann-Kendall Test, Nethravathi river, Sen’s Slope, south west monsoon, Trend analysis 
 

 
I. INTRODUCTION 

 
Changes in catchment response as a result of 

climate change and/or variability continue to be of 
alarm to hydrologists and water managers. It is also 
recognised that precipitation is one of the important 
climatic variables that affect both the spatial and 
temporal patterns on water availability. It is therefore 
becoming clearer that analysis of precipitation trends 
is important in studying the impacts of climate change 
for water resources planning and management.  

Impact of climate change in future is quite severe 
as given by IPCC reports which signify that there will 
be reduction in the freshwater availability because of 
climate change. This has also been revealed that by 
the middle of 21st century, decrease in annual average 
runoff and availability of water will project up to 10– 
30% [1]. Central Water Commission [2], reported that 
annual average precipitation received by India is about 
4000 billion cubic metres (BCM). Out of that, utilised 
surface water and groundwater resources are 
approximated to be only 690 and 432 BCM 
respectively.  

Again, in the report of [3], the annual average 
precipitation has been approximated to be 3882.07 
BCM and utilisable total surface water and total 
replenishable ground water is estimated to be about 
690 BCM and 433 BCM correspondingly. Therefore, 
it is apparent from the report that there is reduction in 
the annual average rainfall over the country signifying 
decreasing trend in the precipitation. So there will be 
fluctuation in the availability of water and due to 
irregularity of rainfall in most areas.   

CUSUM (Cumulative Summation) test and MK 
Test has been used to analyse the long term rainfall 
trend in Zambia by [4]. The trend of precipitation and 
run-off is also studied by [5] in major Chinese rivers 
in order to find out any human intervention in the 
trend from 1951 to 2000. He has also used the Mann-
Kendall statistics for the detection of the trend of 
precipitation. According to some researchers, [6, 7], 
rising pressure of man on the landuse are the cause of 
adverse impact on environment resulting in extreme 
weather conditions and change in climatic parameters 
for short term period. 

The present study is attempt to study both Mann-
Kendall and Sen’s Slope statistics for the detection of 
the trend of precipitation over Nethravathi river basin. 
The main objective of the study is analysed 
precipitation trend for different regions within the 
same catchment. The catchment is classified into two 
regions, region 1 represents the coastal area and 
region 2 represents the mountainous area.  

 
II. STUDY AREA 

 
Nethravathi River is one of the major west flowing 

rivers in Karnataka. The geographical location of 
Nethravathi river basin lies between 12º29'11" to 
13º11´11" N latitudes and 74º49´08" to 75º47´53" E 
longitudes shown in figure 1. The Nethravathi River 
originates in the south of Samse village, at an altitude 
of approximately 1200 meter from mean sea level in 
the Western Ghats of Karnataka. The river flows 
towards westward for about 103 kilometres with a 
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drainage area of 3657 km2 [8] and empties into 
Arabian Sea at Mangalore city.  

The river is joined by Mundaja Neriya, Shishla 
Uppar, Kumaradhara and Beltangady nallas from 
either side. Average annual rainfall in the region is 
about 3930 mm with 90% of rainfall contribution 
from South west monsoon (June – September) alone 
and rest during pre and post monsoon. Nethravathi 
River provides water supply for Mangalore city, 
industries, hydropower production and agricultural 
activities in the basin.  

 
Figure 1. Location map of study area 

 
III. DATA AND METHODOLOGY 

 
The daily rainfall data were collected for 11 

stations which are uniformly distributed over 
Nethravathi river basin from National Data Centre, 
IMD, Pune and Karnataka State Irrigation department 
for a period of 1971 to 2010.  

In the present study, trend analysis has carried out 
by using non-parametric Man- Kendall test. This is a 
statistical method which is being used for study the 
spatial variation and temporal trends of hydro-climatic 
series. A non parametric test is taken into 
consideration over the parametric one since it can 
avoid the problem roused by data skew [9]. Man-
Kendall test is preferred when various stations are 
tested in a single study [10]. Mann-Kendall test had 
been formulated by [11] as non-parametric test for 
trend detection and the test statistic distribution had 
been given by [12] for testing non-linear trend and 
turning point. The test has been described as the 
following manner [13].  

 
 Autocorrelation 
Trend detection in a series is largely affected by 

the presence of a positive or negative autocorrelation 
[13]. With a positive autocorrelation in the series, 
possibility for a series of being detected as having 
trend is more, which may not be always true. On the 
other hand, this is reverse for negative autocorrelation 
in a series, where a trend is not detected. The 
coefficient of autocorrelation ρk of a discrete time 
series for lag k is projected as 

 

     (1) 

 
where, xt and Var (xt) are considered as the sample 

mean and sample variance of the first (n−k) terms 
respectively, and        xt+k  and Var (xt+k) are the 

sample mean and sample variance of the last (n − k) 
terms respectively. Further, the hypothesis of serial 
independence is tested by the lag-1 autocorrelation 
coefficient as H0 : ρ1 = 0 against H1 : |ρ1| > 0 using  
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where the t test statistic has a Student’s t-
distribution with (n − 2) degrees of freedom [13]. If |t| 
≥ tα/2, then the null hypothesis about serial 
independence is rejected at the significance level α. 

Mann-Kendall Test: The Mann-Kendall statistic S 
is given as 
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The application of trend test is done to a time 
series xi that is ranked from i = 1,2,………n-1 and xj, 
which is ranked from j = i+1,2,……….n. Each of the 
data point xi is taken as a reference point which is 
compared with the rest of the data point’s xj so that,  

 

   (4) 
It has been documented that when n ≥ 8, the 

statistic S is approximately normally distributed with 
the mean. 

 
  E(S) =0    (5) 
 
The variance statistic is given as  
 

         (6) 
 
where ti is considered as the number of ties up to 

sample i. The test statistics Zc is computed as  
 

    (7) 
 
 Zc here follows a standard normal distribution. A 

positive (negative) value of Z signifies an upward 
(downward) trend. A significance level α is also 
utilised for testing either an upward or downward 
monotone trend (a two-tailed test). If  Zc appears 
greater than Zα/2 where α depicts the significance 
level, then the trend is considered as significant.    

Modified Mann–Kendall test 
Pre-whitening is being used for detecting a trend 

in a time series in the presence of autocorrelation [15]. 
Nonetheless, pre-whitening is stated to reduce the rate 
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of detection of significant trend in the MK test [13]. 
Thus, the Modified MK test has been used for trend 
detection of an autocorrelated series. In the present 
study, the autocorrelation between ranks of the 
observations ρk has been estimated after subtracting an 
estimate of a non-parametric trend such as Sen’s 
median slope from the data. Significant values of ρk 
have only been used for calculating the variance 
correction factor n/n*

s as the variance of S is 
underestimated for the positively autocorrelated data:        

          
where n represents the actual number of 

observations, n*
s   is represented as an effective 

number of observations to account for the 
autocorrelation in the data and ρk is considered as the 
autocorrelation function for the ranks of the 
observations. The corrected variance is then calculated 
as [12].  

 
where V (S) is from Equation (6). The rest is same 

as in the MK test.  
 
Sen’s Slope Estimator Test 
 The magnitude of trend is predicted by the Sen’s 

estimator. Here, the slope (Ti) of all data pairs is 
computed as [14]  

 
where xj and xk are considered as data values at 

time j and k (j>k) correspondingly. The median of 
these N values of Ti is represented as Sen’s estimator 
of slope which is given as: 

 
Sen’s estimator is computed as Qmed=T(N+1)/2 if 

N appears odd, and it is considered as 
Qmed=[TN/2+T(N+2)/2]/2 if N appears even. At the 
end, Qmed is computed by a two sided test at 100 (1-
α)% confidence interval and then a true slope can be 
obtained by the non-parametric test. Positive value of 
Qi indicates an upward or increasing trend and a 
negative value of  gives a downward or decreasing 
trend in the time series. 

 
 

IV. RESULTS AND DISCUSSION 
 

Trend analysis of Nethravathi river basin has been 
done in the present study with 40 years of 
precipitation data from 1971 to 2010. The basin is 
divided into two different regions on the basis of 
mountainous and costal area of the basin as mention 
below.  

Region 1 = Coastal region = Elevation < 100 
meter.   

Region 2 = Mountainous region = Elevation >100 
meter 

 
Mann-Kendall and Sen’s Slope Estimator has been 

used for the determination of the trend. The trend 
analysis is carried out for both regions by using 
average rainfall data yearly, seasonal and monsoon 
months (June, July, August and September).  

 
The precipitation trends of yearly, seasonal and 

monsoon months (June to September) for the coastal 
part (Region 1) of Nethravathi basin shows in figure 2. 
The decreasing trend is observed for yearly, seasonal 
and in monsoon months July and August. The 
September month shows increasing trend while there 
is no change occurred in June month.  

 
The precipitation trends of yearly, seasonal and a 

monsoon month (June to September) for the 
mountainous (region 2) of the Nethravathi basin 
shows in figure 3. The same trend is observed as 
compare to region 1. From the figure 2 and 3 the 
coefficient of correlation (CC) of August months are 
0.168 and 0.039 for region 1, region 2 respectively. 
The figures also indicates that percent of precipitation 
decreases is more in coastal area as compare to 
mountainous area within the Nethravathi basin for 
month of August. The value of September months 
shows the percent of precipitation increases is more in 
mountainous area as compare to coastal area.   

 
In the Mann-Kendall test the Zc statistics revealed 

the trend of the series for 40 years for individual for 
monsoon months from June to September which are -
0.1981, -1.3399, -2.6215, and 0.5476 within region 1 
while region 2, the values are  -0.4078, -0.5243, -
0.8272, and 0.3845 respectively. For June, July, 
August, there is an evidence of negative trend while 
Zc value is showing positive trend in September. The 
Zc values for yearly and seasonal precipitation trend 
shows a negative trend for both regions (Fig.4 and 5). 

 
Table No.1and 2 is demonstrating the Sen’s Slope 

which is also indicating slope magnitude for yearly, 
seasonal and monsoon month (June to September) for 
40 years. The yearly and seasonal average rainfall 
trend show negative Sen’s Slope. In monsoon months 
June, July, August and September result is quite 
significant as the months where Mann-Kendall trend 
analysis has shown negative trend, similar negative 
slope has been observed for the Sen’s Slope and vice 
versa. 

 
V. CONCLUSIONS 

 
The present study carried out on precipitation 

trend using Mann-Kendall and Sen’s Slop Estimator 
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statistical test. The following conclusion can be made 
on the basis of test result.  
 The Zc value of MK Test represents both 

positive and negative trend in the area. 
Individually month September is showing 
positive trend and months of June, July and 
August are depict negative trend in the Zc 
value. 

 Sen’s Slope is also indicating increasing and 
decreasing magnitude of slope in 
correspondence with the MK Test values. 
There are 3 months with decreasing trend and 
Zc value along with the decreasing slope 
magnitude, September month show increasing 
or positive Zc value and Sen’s Slope for both 
coastal as well as mountainous region within 
the Nethravathi basin. 

 Yearly and seasonally precipitation trend 
shows negative Zc value and Sen’s Slope. 
From both statistical test results it can be 
concluded that there is evidence of some 
change in the trend of precipitation of the 
region in these 40 years. 
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Figure 2. Precipitation trends for yearly, seasonal and monsoon months (June, July, August, September) within region 1. 
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Figure 3. Precipitation trends for yearly, seasonal and monsoon months (June, July, August, September) within region 2. 
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Fig.4 Zc statistics value for region 1 within basin 
 

 
 

Fig.5 Zc statistics value for region 2 within basin 
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Table No.1 Estimated Sen’s slope from data 1971-2010 for region 1 
 

 Yearly Seasonal June July August September 

Minimum 2598.50 2056.10 478.35 397.00 568.97 52.13 
Maximum 5623.63 5058.73 1918.87 1917.40 1506.33 859.23 
Mean 3850.17 3362.34 1045.32 1143.83 834.37 301.23 
Std.deviation 697.22 678.93 311.20 380.14 243.62 193.39 
Kendall’s tau -0.113 -0.149 -0.023 -0.149 -0.290 0.062 
Sen’s slope -8.781 -10.655 -0.667 -6.857 -5.611 1.34 

 
Table No.2 Estimated Sen’s slope from data 1971-2010 for region 2 

 
 Yearly Seasonal June July August September 

Minimum 2976.54 2108.80 366.63 608.43 659.90 125.10 
Maximum 5727.98 4939.54 1550.97 1920.83 1477.38 764.53 
Mean 4212.02 3552.86 905.18 1233.37 956.17 386.26 
Std.deviation 617.19 601.53 288.70 315.62 206.58 154.21 
Kendall’s tau -0.023 -0.028 -0.046 -0.059 -0.092 0.044 
Sen’s slope -1.473 -1.896 -1.758 -2.004 -2.379 1.073 
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