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ABSTRACT: Rainfall analysis is crucial for designing engineering projects and managing water resources. 

This paper focuses on the statistical study of rainfall in Hamirpur District, Himachal Pradesh, over a 30-

year period, aiming to provide essential information for water resource planners, farmers and urban 

planners in the region. Mean, standard deviation, coefficient of variation, skewness, and kurtosis of 

monthly and annual rainfall were computed. Results revealed an unpredictable rainfall pattern, 

emphasizing the need for accurate input values in engineering design and crop planning. The study utilized 

various plotting position formulae and probability distribution functions to analyse the return period of 

yearly rainfall, identifying the Chegodayev technique as the most fitting distribution for this purpose. The 

projected rainfall for 5, 10, 50, 100, and 150 years return periods are 1279.57 mm, 1362.06 mm, 2021.97 

mm, 2846.86 mm, and 3671.76 mm, respectively. This research contributes valuable insights into the 

specific rainfall dynamics of Hamirpur District, Himachal Pradesh, enhancing the relevance of the findings 

for local water management and infrastructure planning. The study faced challenges in dealing with the 

inherent unpredictability of rainfall patterns, particularly in months with lower variability. Additionally, 

ensuring the accuracy of input values for engineering structures and crop planning posed a significant 

challenge. This research makes significant contributions by providing in-depth statistical insights into the 

rainfall patterns of Hamirpur District. The identification of the Chegodayev technique as the optimal 

method for analysing return periods enhances the accuracy of rainfall projections for various planning 

horizons. The findings serve as a valuable resource for water resource planners, farmers and urban 

planners, facilitating informed decision-making in the development of engineering structures and crop 

planning strategies. The study underscores the importance of robust statistical analyses in understanding 

and managing the variability of rainfall, thereby contributing to the resilience and sustainability of water-

related projects. 
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INTRODUCTION 

Hamirpur (H.P.) is located in the south-western part of 

Himachal Pradesh. Geographically, this area falls under 

the Shivalik range of mountains. The land here is made 

up of conglomerate rock formation, produced by the 

solidification of loose rocks as well as other materials 

that have been eroded from the Lesser Himalayan areas. 

However, in many places the soil is poorly 

consolidated. Pine forests are regular features of this 

land in important hills traversing through Hamirpur. 

The average elevation of Hamirpur ranges from four 

hundred meters to eleven hundred meters. Tracts of flat 

land are also seen here and there.  As in the rest of 

Shivalik range, we can find many sub ranges traversing 

the region. Among them Jhak Dhar, Chabutra Hills and 

Sola Singhi Dhar need special mention.  

The Hamirpur is watered by many big and small rivers.  

Among the big rivers we have Beas and Sutlej. River 

Beas runs through the northern edge of the district. 

Kunah Khad, Bakar Khad and Man Khad are some of 

the perennial streams that run northward to mingle into 

Beas. In the south we have, Sukkar Khad and 

Mundkhar Khad draining into Seer Khad, which in its 

turn drains into River Sutlej. (Source-

https://www.hpsamb.org/hamirpur_home)  

Hamirpur district falls in sub-humid sub-tropical zone. 

The winter prevails from November to March, spring in 

April and May, summer from June to September and 

transition season from October to November. The 

minimum temperature in the winter goes to 4°C and 

rises to maximum 38°C in summer. The average annual 

rainfall is about 1600 mm. There are two seasons of 

rainfall during the year one from December to March, 

associated with the passage of western disturbances and 

the other which is the main one, extending from middle 

Biological Forum – An International Journal             15(1): 737-742(2023)  

 

 

 

https://www.hpsamb.org/hamirpur_home


Singh & Sharma               Biological Forum – An International Journal     15(1): 737-742(2023)                                     738 

of June till middle of September, caused by the south 

west monsoons. Some rain is also received in the post 

monsoon month of October. A major portion of 

precipitation (74%) is received during monsoon period 

from June to September.  July and August are the 

wettest months. (Source-

https://www.hamirpuronline.in/city-guide/geography-

of-hamirpur) 

In the recent years, a number of studies have been 

carried out to interpret various trends across the globe 

focusing mainly on mean temperature and rainfall as 

they are the most important hydrological parameters 

due to climate change and global warming that have 

been affected (Shadmani et al. (2012); Sridhgar and 

Raviraj (2017); Alhaji et al. (2018); Nourani et al. 

(2018). Gocic and Trajkovic (2013) have studied annual 

and seasonal trends of seven meteorological variables 

for twelve weather stations in Serbia using Mann-

Kendall test and Sen’s slope estimator test during 

(1980-2010). Eastman & Khan (2022) conducted a 

study at Botanical Gardens rain-gauge in Georgetown 

and analyzed 30-year rainfall data for engineering 

projects, showing unpredictability, bi-modal pattern, 

and return period projections. Mondal et al. (2012) have 

carried out similar study with same statistical tests for 

the northeast part of Cuttack, India district by 

processing rainfall data from (1971-2010). Yadav et al. 

(2014) have studied the trends for precipitation and 

temperature for thirteen districts of Uttarakhand, India 

during (1971-2011). The results of their trend analysis 

suggested insignificant changes in the studied area. 

Chinchorkar et al., (2015) analyzed the above-

mentioned hydrological parameters for Anand district, 

India for the period 1(970-2011). They have found the 

increasing trend in mean maximum temperature, while 

decreasing trend in total monthly rainfall. Shaikh and 

Lodha (2020) have analyzed the aforesaid hydrological 

parameters for Hathmati river basin, India for the 

period (1966-2015). It was found that the trend for the 

hydrological parameters   was positive, which showed a 

clear proof of climate change and that it will be causing 

severe effects on the hydrological parameters.  

Some more studies relating to changing pattern of 

rainfall over India have observed that there is no clear 

trend of increase or decrease in average rainfall over the 

country (Mooley and Parthasarthy (1984); Thapliyal 

and Kulshrestha (1991); Lal (2001); Sinha Ray and De 

(2003); Kumar and Jain (2010). Though the all-India 

monsoon rainfall exhibited no significant trend over a 

long period of time, pockets of significant long-term 

rainfall changes on regional scale were identified in 

some studies (Jagannathan and Parthasarathy (1973); 

Raghavendra (1974); Chaudhary and Abhyankar 

(1979); Singh and Sen Roy 2002; Kumar et al. (2005); 

Goswami et al. (2006); Guhathakurta and Rajeevan 

(2006); Dash et al. (2007); Singh et al. (2008). Using 

high resolution gridded rainfall data (1951-2003), 

Goswami et al. (2006) have found increase in 

frequency and magnitude of extreme rainfall events 

during monsoon season over central India. Dash et al. 

(2007) have found decreasing trend in monsoon and an 

increasing trend in the pre-monsoon and post-monsoon 

rainfall during (1871-2002). Singh et al. (2008) have 

found an increasing trend in annual rainfall in nine river 

basins of northwest and central India. Based on high 

resolution daily gridded rainfall data of (1901-2004), 

Rajeevan et al. (2008) have concluded that the 

frequency of extreme rainfall events shows significant 

inter-annual and inter-decadal variations. Hari Pal 

Singh et al. (2010) conducted a study of potential rain 

water harvesting in H.P. Hem Chander and Gulsan 

Kumar (2018) highlighted the importance of rainwater 

harvesting to tackle the issue of water shortage. Gouda 

et al. (2022) conducted a study on extreme rainfall 

event analysis over the state of Himachal Pradesh. 

Lohani et al. (2015) conducted a study on rainfall data 

processing and trend analysis in H.P. Ashok Jaswal et 

al. (2015) conducted seasonal and Annual rainfall 

trends in H.P. during (1951-2005). Tirkey et al. (2020) 

conducted analysis of precipitation variability over 

Satluj basin, H.P. There is significant amount of 

research to be done in the selected study area in order to 

understand the rainfall pattern 

Study Area: The main aim of the study is to conduct 

an analysis of rainfall of Hamirpur District using 

statistical techniques. It  is situated between 

76º18 ′  to 76º44′ East longitude and 31º25′ to 

31º52′ North latitude (Fig .  1).  In this study, 30 

years (1994-2023) rainfall are used since they offer a 

constant time frame for analysis. Based on the 

observed data, findings from the analysis will provide 

extensive information on the estimated maximum 

rainfall to be predicted for the various return times. This 

analysis will be extremely important for irrigation 

engineers and water planners for selecting the best 

crops to produce in the area, designing irrigation 

schemes, building rainwater harvesting structures, and 

designing water infrastructures.  

 
Source: https://www.mapsofindia.com/maps/himachalpradesh/districts/ hamirpur.htm 

Fig. 1. Location map of Hamirpur. 

https://www.hamirpuronline.in/city-guide/geography-of-hamirpur
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MATERIAL AND METHOD 

Monthly and annual precipitation data of 30 years 

(1994-2023), were collected from the Jal Shakti Vibhag 

Hamirpur and Met Centre Shimla for the rain gauge 

stations located in the district. The long-term variability 

and trend of the area's rainfall pattern were evaluated 

using statistical techniques such as mean, standard 

deviation, skewness, kurtosis and coefficient of 

variation on these data. The return period of yearly 

rainfall was also evaluated using plotting position 

formulas such as California, Hazen, Weibull, 

Chegodayev, Blom and Gringorten. It is commonly 

recommended that a return period of 5 to 100 years be 

used for soil and water conservation measures, dam 

building, irrigation and drainage works, therefore 

estimated rainfall is calculated for 5, 10, 50, 100 and 

150 years. 

Plotting Position Methods. Table 1 shows the plotting 

position methods used in this research. These are the 

most commonly used empirical equations for 

determining P, according to Subramanya (2013). The 

results from these methods  are usually good for small 

extrapolations as errors increases with the number of 

extrapolations. 

Table 1: Plotting Position Methods. 

Plotting Position Method Equation for P 

California 
m 

N 

Weibull 
m 

( N +1) 

Hazen 
(m−0.5) 

( N ) 

Chegodayev 
m−0.3 

( N +0.4 ) 

Blom 
( m−3/ 8) 

( N +1/ 4) 

Gringorten 
( m−0.44) 

( N +0.12) 

Where, m is rank of the data, and N = number of the sample (no. of years). (Source-Subramanya (2013). 

To determine the return period, the rainfall data were 

ranked in descending order and several plotting 

positions and probabilistic methods were used. The 

rainfall-return period equation acquired from the graphs 

for the different plotting position methods were used to 

determine the rainfall magnitudes for various return 

periods 

RESULTS AND DISCUSSION 

Yearly Rainfall Analysis. The yearly rainfall 

distribution of Hamirpur district has been analyzed for 

30 years (1994-2023). The annual rainfall and average 

are depicted in Fig. 2. The maximum rainfall 

(1728.20mm) occurred in 1997, followed              by 1569.90 

mm occurring in 2006. The minimum rainfall (817.20 

mm) occurred in 2017, and the second-lowest year 

(843.2 mm) occurred in 2018. It is shown that the 

average annual rainfall for the 30- y e a r  period is 

1274.45 mm. 

 
Fig. 2. Annual Rainfall of Hamirpur District. 

For the year 1997, July received the highest rainfall of 

560.50 mm out of 1728.20 mm. 

Table 2 displays the descriptive parameters for annual 

rainfall from 1994-2023. The fairly high standard 

deviation value of 220.35 indicates that there is a 

significant variance in the annual rainfall values. The 

rainfall is erratic, as evidenced by the coefficient of 

variation, which measures how far data points in a data 

series are from the mean and is determined to be 17.29 

%. With an average value of (-) 0.49, skewness which 

is a measure of asymmetry around the mean in 

frequency distributions indicates that the annual 

precipitation is asymmetric and skewed to the right of 

the mean. Kurtosis, a measure of how peaky or        flat a 

frequency distribution is, has a value of 0.17 which is 

near to zero and suggests that it has a mesokurtic 

distribution. 
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Table 2: Descriptive Parameters for Annual Rainfall 

from 1994-2023. 

Description Descriptive Statistics 

Mean Rainfall (mm) 1274.45 

Standard Deviation 220.35 

Co-efficient of Variation 17.29% 

Skewness (-)0.49 

Kurtosis 0.17 

 

Analysis of Plotting Position Methods. Table 3 shows 

the annual rainfall for different return periods for the 

different plotting positions. The California method 

yields the highest value for rainfall for various return 

periods, whereas the Hazen method yields the lowest 

value and is hence unsuitable for the analysis. Unlike 

other methods of distribution, the Chegodayev 

approach offers a maximum rainfall that is roughly 

99.7% of the average maximum rainfall and offers the 

best fit distribution for yearly rainfall data. The Chi-

square test was also used to assess the fit of these 

distributions. Chegodayev method provides the lowest 

Chi-square and was determined to be the best match for 

the distribution. 

The rainfall for any return period can be projected, 

using the equation of the line, as shown in Fig. 3. Using 

Chegodayev plotting position method, the exceedance 

probability of the greatest rainfall of 1718.20 mm 

(1997) recurring is 2.3% and the second highest rainfall 

of 1569.90 mm which resulted in the 2006 is 5.6 %. 

Monthly Rainfall Analysis. Month wise rainfall 

distribution of Hamirpur district has been analyzed for 

30 years (1994-2023). A plot of the mean monthly 

rainfall data for the period (1994–2023) is depicted in 

Fig. 4 which shows rainfall pattern of Hamirpur 

District. The maximum mean rainfall occurred in the 

month of August (374.19mm), followed              by July 

(325.58mm). The minimum mean rainfall (15.31mm) 

occurred in November, and the second-lowest month 

(18.93mm) occurred in the month of December.  

Table 3: Maximum Annual Rainfall (mm) - Based on Different Plotting Position Methods. 

Method/Return Period 5 10 50 100 150 

Weibull 1295.46 1415.96 2379.97 3584.99 4790.01 

Califonia 1299.48 1424.00 2420.14 3665.33 4910.51 

Hazen 1270.30 1327.12 1781.66 2349.83 2918.01 

Chegodayev 1279.57 1362.06 2021.97 2846.86 3671.76 

Blom 1276.56 1349.44 1932.48 2661.28 3390.07 

Gringorten 1272.92 1337.43 1853.50 2498.58 3143.67 

Average 1282.38 1369.33 2064.95 2934.48 3804.00 

 

 
Fig. 3. Return Period of Annual Rainfall of Hamirpur District. 

 
Fig. 4.  Mean Monthly Rainfall of Hamirpur District. 

Descriptive Parameters. From Table  4, it is observed that higher average rainfall values are received in the 
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months of July, August and September ( 325.58 mm, 

374.19 mm and 137.42 mm respectively) The 

standard deviation values are less than the 

corresponding mean values with the exception of 

October, November and December out of which 

November indicating the largest variation in the 

distribution of rainfall. A high variability is noted in 

rainfall data for October, November, and December 

(137.24%, 186.46% and 133.70%) respectively and 

lower variability in rainfall for July, August and 

September (36.04%, 30.61% and 39.58%) respectively. 

Table 4: Descriptive Parameters for Monthly Rainfall Analysis. 

Descriptive Parameters for Monthly Rainfall Analysis Hamirpur 1994-2023 

Month 

Mean 

Rainfall 

(mm) 

Standard 

deviation 

(mm) 

Coefficient of 

Variation 

(%) 

Skewness Kurtosis 
Minimum(m

m) 

Maximum 

(mm) 

JAN 57.87 41.58 71.84 1.27 2.03 0.00 181.00 

FEB 68.82 50.53 73.42 0.63 -0.33 1.80 170.20 

MAR 53.53 43.40 81.08 1.30 2.85 0.00 195.25 

APR 36.12 28.28 78.30 0.61 -0.71 0.00 96.90 

MAY 40.62 29.35 72.27 0.85 0.34 0.00 114.00 

JUN 122.19 68.65 56.19 0.67 -0.30 17.10 273.30 

JUL 325.58 117.33 36.04 -0.40 -0.17 88.40 560.50 

AUG 374.19 114.53 30.61 0.38 -0.70 185.00 602.30 

SEP 137.42 54.38 39.58 0.22 -0.67 39.50 250.51 

OCT 23.88 32.77 137.24 2.98 12.77 0.00 167.80 

NOV 15.31 28.55 186.46 3.24 13.12 0.00 140.00 

DEC 18.93 25.31 133.70 1.51 1.90 0.00 91.20 

 

From the above table it is clear that the data series are 

generally positively skewed, with the exception of July 

which is slightly negatively skewed. The range of 

kurtosis for all the data series is from (-) 0.71 to 

13.12. Negative kurtosis, which denotes flat 

distributions, and is seen in the months of February, 

April, June, July, August and September whereas 

positive kurtosis, which denotes peaked distributions, is 

visible in all other months. 

CONCLUSIONS 

Statistical analysis of rainfall data of Hamirpur District 

(H.P.) for (1994–2023) was done to understand the 

rainfall pattern of the Hamirpur District. The mean, 

standard deviation and coefficient of variation of yearly 

and monthly rainfall were determined to check the 

rainfall variability. From the calculated results, the 

rainfall pattern is found to be erratic. The greatest 

rainfall of 1728.20 mm occurred in 1997, followed by 

1569.90 mm in 2006 while the minimum rainfall of 

817.20 mm occurred in 2017, and average annual 

rainfall for the 30-year period is 1274.45 mm. The 

highest mean rainfall value is in August (374.19 mm) 

and the least is in November (15.31 mm). Generally, A 

high variability is noted in rainfall data for October, 

November and December (137.74%, 186.46% and 

133.70%) respectively and lower variability in rainfall 

for July, August and September (36.04%, 30.61% and 

39.58%) respectively. 

Agriculture engineers, farmers, and planners of water 

resources will all benefit from this analysis. It will 

provide assistance to them in determining the 

availability of water and design the   appropriate storage. 

For instance, given the very unpredictable rainfall 

pattern, good drainage systems in  areas where they do 

not already exist can be properly designed which will 

avoid flooding, in agricultural stabilization and also 

offer farmers security when making long-term 

investments. It will also aid in a better understanding of 

climate and rainfall patterns on a regional and global 

scale. 

Once adequate data becomes available, it is 

recommended that similar studies be performed for 

other districts of Himachal Pradesh. Short duration 

storms which higher intensities, as opposed to longer 

storms with higher constant loading, can have different 

effects on drainage systems. 

The findings of this study lay the groundwork for future 

research endeavors in the field of rainfall analysis and   

water resource management. Subsequent studies could 

explore the integration of advanced meteorological 

models and climate change projections to enhance the 

accuracy of long-term rainfall predictions. Additionally, 

investigations into the impact of unpredictable rainfall 

patterns on specific agricultural practices and urban 

infrastructure development could provide valuable 

insights for adaptive planning. The incorporation of 

emerging technologies, such as remote sensing and 

machine learning, could further refine our 

understanding of regional rainfall variations and 

contribute to the development of more robust 

engineering solutions and sustainable water 

management strategies. 
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