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Introduction  
Long instrumental climatological records assume a paramount role in the studies 
of variation of the atmospheric conditions. They provide vital information about 
climate variability, trends and cycles. Unfortunately, long-term series often contain 
inhomogeneities caused by a number of non-climatic factors that could provide 
unrealistic trends, shifts and jumps These inhomogeneities are originated by 
changes in instruments of station, and locations surrounding environment.                                                                      
Methods of preliminary data treatment such inhomogeneities have severe affect 
on the information of instruments was noticed many researches earlier in the study 
of homogenization of Portuguese long-term temperature data series detected and 
corrected the data series to be used in any kind of further analysis [1]. The 
simplest way to detect the shift-like inhomogeneities is a visual analysis, 
preferably by an experienced meteorologist, It is clear that this method is very 
subjective and could be used as an initial part of the analysis,  providing 
information about doubtful periods that have to be studied thoroughly with other 
objective. The methods developed to detect a break in the time series data are 
belong to one of three likelihood-based methods, linear-regression based 
methods, and non-parametric methods. In climatic studies the most commonly 
used methods are the standard normal homogeneity test and its variations, the 
Buishand cumulative deviation test, the non-parametric rank Pettitt test. These 
methods were used to estimate not only the level of inhomogeneity in the series, 
but also detect the highly probable homogeneity break points. The other tests, like 
the von Neumann ratio test do not give any information about the date of the 
break, but estimate the overall level of inhomogeneity in the data.                                                          
 
Material and Methods 
To detect homogeneity in the rainfall data here we have used the four test 
methods were selected to test the departure of homogeneity in the time series are  
The standard normal homogeneity test (SNHT), Buishand range test (Buishand, 
1982), Pettitt test and Von Neumann ratio test. All four tests define the null 
hypothesis that the annual values Yi of the testing variable Y are independent and 
identically distributed. (there is no break in the data). These three tests are 
capable of locating the year where a break is likely to be present in the series. 
Where in case of Von Neumann ratio test assesses the randomness of the series,  

 
 
but does not give information about the year of the break. 
 
Van Neumann ratio 
The Van Neumann ratio N is defined as the mean square successive (year to 
year) difference, When the sample is homogeneous the expected value is N=2. If 
the sample contains a break, then the value of N tends to be lower than this 
expected value. If the sample has rapid variations in the mean, then values of N 
may rise above two. This test gives no information about the location of the shift. 
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Pettitt’s test 
Pettitt during (1979) describes the test can be used for detection of change point. 
The test is conducted by giving ranks to the data series.  
The test is also more sensitive to the breaks in the middle of the series.  
The ranks r1……...r n. of the Y1………. Yn are used to calculate 
the statistics. The null and alternative hypotheses in this test are the same as in 
the Buishand test. 
 
Null hypothesis: The variables Y follow the same distribution/ No change of point 
in the data series.  
 
Alternative hypothesis:  At a time, t there is a change of distribution/change of 
point in the data series 
 𝑋𝑘 = 2 ∑ 𝑟𝑖

𝑘
𝑖=1 − 𝑘(𝑛 + 1) 

If a break occurs in year K, then the statistic is maximal or minimal near the year 
k= K. 
Xk=Max |Xk| 
      1≤k≤n 

The statistical significance (for probability level) is given as 
Xck =  | − ln α (n3 + n2)/ 6|1/2 

Reject the null hypothesis if value of Xk is greater than the Xck at specified level of 
α. 
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Abstract: Climatological records assume a paramount role in the studies of variation of the atmospheric conditions. They provide vital information about climate variability, trends and 
cycles. To identify such in the current study using non-parametric test such as Van Neumann ratio test, Pettitt test, standard normal homogeneity test and Buishand range test. Study 
concludes that there is a break in annual rainfall data of Yadgir district from SNHT and it was found to 1983 i.e., maximum annual rainfall received year.  
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Test for Homogeneity of Rainfall in Yadgir District of Karnataka 
 
The standard normal homogeneity test      
The standard normal homogeneity test (SNHT) was developed by Alexandersson 
during 1986. SNHT is one of the most popular homogeneity tests in climate 
studies used to detect a point of change in series of rainfall data. SNHT is more 
sensitive to the breaks near the beginning and the end of the series. 
Statistic T(k) to compare the mean of the first k years of the record with that of the 
last (n-k) years 

𝑇(𝑘) = 𝐾𝑍1
2 + (𝑛 − 𝑘)𝑍2
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If a break is located at the year K, then T(k) reaches a maximum at year k = K. The 
test statistic T0 is defined as 
T0=Max T(k) 
1≤k≤n 

H0: The T variables Xi follow same distribution/No change of point /no break 
Ha: The variables Xi does not follow same distribution/there is change of 
point/there is a break  
 
Buishand rang test 
The Buishand range test is also a non-parametric test checking presence of a 
change-point in the given data, a change of the location parameter (average 
values) distribution.  
The null hypothesis H0 implies data homogeneity in terms of the location 
parameter i.e., absence of a change regarding the said parameter over time.  
The alternative hypothesis H1 implies presence of a change-point involving an 
increase or decrease of the average value of the observed feature. 
In this test, the adjusted partial sums are defined as  
S0=O 

𝑠 ∗ 𝑘 =  ∑(𝑌𝑖 − 𝑌̅)

𝑘

𝑖=1

 

k=1,2,……K  
When a series is homogenous the values of s*k will be fluctuated around zero, 
because no systematic deviations of the Yi values with respect to their mean will 
appear. If a break is present in year, then Sk* reaches a maximum (negative shift) 
or minimum (positive shift) near the year k=K. 
The significance of the shift can be tested with the rescaled adjusted rang R, 
which is the difference between the maximum and minimum of the Sk* values 
scaled by the sample standard deviation but it is more sensitive to breaks in the 
middle of a time series  
Q = max │s*│  
R= (max Sk* - min kS*) / s  

Buishand gives critical values for 𝑅/√𝑛 
 
Conclusion 
From above observation of [Table-1] we can conclude by Van Neumann ratio test 
statistic value is less than 2 i.e., there exists a break in the data, but in this 
illustration we noticed that SNHT test was found to be significant with a break in 
the year 1983 and other test are non-significant. Based on illustration we can 
conclude that test for homogeneity of rainfall can be taken by the standard normal 
homogeneity test (SNHT), The Buishand range test, Pettitt test, Von Neumann 
ratio test. Von Neumann ratio test can clearly define whether there exists a break 
in the data are not and from both illustrations can be noticed that there exists a 
break in the data. 

Form illustration a break was noticed in the year 1983 from the SNHT and this 
year as received the maximum rainfall. From non-parametric test (Pettitt test) 
break was noticed in the year 1990 for illustration. From SNHT was found to be 
significant in finding a break in the data i.e., in the 1983. 

Table-1 Results of test for homogeneity of rainfall in Yadgir District 
Name of Test Test Statistic Critical value (α= 0.05 , n= 34) 

Van Neumann ratio 1.98 -- 

Buishand rang test  0.62(1983)  1.54 

Pettitt’s test  102(1998)  142 

SNHT test  8.52(1983)  7.93 

 
Application of research: The time series analysis helps in forecasting the market 
price in future for farmers in order to take better decision to augment the 
profitability. 
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