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ABSTRACT: The extent to which rainfall amount varies 
across an area (spatial) or through time (temporal) is an 
important characteristic to determine the climate of an area. The 
discipline that covers this area in Meteorology/Climatology is 
known as “Rainfall variability”. It is of two types: Areal (Spatial) 

and Temporal. The temporal variability of rainfall means 
variation of rainfall as time varies but the area of the location 
remains the same. The temporal variability of rainfall of a place 
helps in knowing the rainfall variability with time. Rainfall 
variability plays an important role in understanding climate 
change. In this fast growing world, urbanization and 
industrialization has led to the problem of global warming. As a 
result of this, there has been a drift rise in temperature. The 
present research work was taken over to analyze the temporal 
trend of Rainfall over Ranchi during 1975-2017 and to study its 
correlation with temperature over Ranchi, Jharkhand during 
1975-2009. To analyze the trend in rainfall over Ranchi, rainfall 
data from 1975-2017 was studied. The annual rainfall ranged 
from a minimum of 734.6 mm to a highest of 1771.335 mm. The 
mean, median, coefficient of variance and standard deviation was 
also found on the monthly, seasonal and annual basis. Through 
time series graphs of rainfall, a positive trend is detected in 
summer season while annual, winter and southwest monsoon 
rainfall appeared as a negative trend. On the other hand, by 
utilizing non-parametric tests such as Mann-Kendall trend test 
and Sen Slope, it was found that there was no significant trend at 
95% confidence limit in any case. Through the study, it was 
found that there is a significant correlation of rainfall with 
temperature over the years 1975-2009. Although it was found to 
be negative in Summer, Monsoon and Annual data, whereas 
there was a positive correlation between rainfall and temperature 
during the winter season.  

Keywords: Man-Kendall, Rainfall Variability, Sen Slope, 
Trend Analysis 

I. INRODUCTION 

Rainfall is the important meteorological phenomenon and 
its amount is an important parameter .Rainfall being the 
most significant part of precipitation is the most important 
part of hydrological cycle that connects the atmosphere and 
lithosphere together and is the prime source of the 
availability of water.  
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In developing countries, like India, Rainfall variability is 
the major factor influencing the agricultural productivity, 
depending on rain fed areas .The knowledge of Rainfall 
variability is of great importance. The extent to which 
rainfall amount varies across an area or through time is 
important characteristic to determine the climate of an area. 
Precipitation and air temperature are other important 
climatic variables. Precipitation is an important component 
of rainfall- runoff analysis as well as it influences 
assessments of drought, flood etc. Researchers have shown 
that global surface temperature rises at a rate of 0.74 ± 
0.18°C over 1906–2005 (IPCC 2007).As per IPCC 2007 
there will be reduction of fresh water in future due to severe 
climate change .It has been forecasted that by the end of the 
twenty first century rainfall will increase up to 15-30%. By, 
Bureau (2004), and Dorde et al., (2009) the world 
population of 60% will be residing in cities by 2030. Due to 
urbanization there has been a considerable change in land 
use and land pattern. Urbanization changes the natural land 
to artificial land and therefore changes the temperature and 
moisture of the surface (Hung et al 2006), thus affecting the 
availability of water resources. Tigga and Malini (2011)did 
a study on “Temperature Trends in Ranchi City , Jharkhand” 

over the time course of  1901-2010 using linear and moving 
average .The study of linear trend increasing trend in 
average and maximum temperatures and decreasing trends 
in minimum temperature. They observed that these periods 
were closely associated with the period of industrialization 
and phase of urbanization. The analysis of temperature on 
monthly and seasonal basis showed that there was sharp 
decline in minimum temperature throughout winter season 
and particularly in the coldest month (January) than any 
other seasons or month. The availability of adequate or 
satisfactory freshwater of felicitous quality has become a 
limiting factor for the development worldwide. In arid and 
semiarid regions of the world, water scarcity and low per 
capita water allocation has always been a overriding 
challenge. The situation has further exacerbated due to 
increase in population and the associated expansion of 
urbanization and economic activities, all of which demand 
additional water and thus impose a cosmic pressure on the 
insufficient water resources. In Ranchi district the river 
system is comprised of Subarnarekha River. Apart from 
housing a hydel project in Ranchi, the river also serves as a 
main source for municipal water supply and 
industries. According to India Water Portal, The pitiful state 
of Subarnarekha stands testimony to the changing times. 
The present study aims to study the monthly, seasonal and 
annual rainfall trends in Ranchi (1975-2017), the trend 
analysis of rainfall in Ranchi (1975-2017), the trend analysis 
of temperature in Ranchi (1975-2009), the correlation 
between the seasonal and annual rainfall and temperature in 
Ranchi (1975-2009). 
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II. MATERIALS AND METHODS 

A. Description of the study area 
Ranchi is a district of Jharkhand with its geographical 

locations as 23°21'-23°87' North latitude and 85°75'-85°87' 
East longitude. Its elevation is 500 to 700 meter above mean 
sea level. The municipal area of Ranchi is about 251.75 
square miles, or 652.02 km2. Ranchi lies at 23°22′N and 

85°20′E near the Tropic of Cancer. The local river system is 

comprised mainly of The Subarnarekha River and South 
Koel River. The Subarnarekha river, a rain fed peninsular 
river originates from Piska More near Ranchi. Ranchi is 
characterized by subtropical climate wherein the months of 
March, April and May are referred to as Summer, June, 
July, August and September are Monsoon months and 
November, December, January and February are the Winter 
months. The temperature of Ranchi district ranges from 
20˚C to 37˚C during summer and 3˚C to 22˚C during winter. 
Ranchi has mean rainfall of about 1530 mm. Maximum 
rainfall of the study region has been observed from June to 
September which accounts for 90% of the total annual 
rainfall. The study region receives its rainfall from 
Southwest monsoon Temperature ranges from 20 0C to 42 
0C during summer whereas its winter temperature ranges 
between 0°C to 25°C. December and January are generally 
considered to be the coolest months of the year. 

 

Fig. 1: Layout of study area 

B.     Data used 

The monthly mean precipitation right from 1975 to 2002 
has been used as an input parameter for the Rainfall 
variability and it has been taken from 
http://www.indiawaterportal.org/met-data/. The data of 
monthly mean precipitation over the years 2003-2010 has 
been taken from 
https://www.indiawaterportal.org/datafinder. The data of 
monthly mean precipitation over the years 2011 -2017 was 
taken from http://dsp.imdpune.gov.in/ . The monthly mean 

temperature over the years 1975-2009 has been taken from 
http://dsp.imdpune.gov.in/. 

C.     Methodology 

The excel spread sheet and Mann Kendall test has been 
used for trend analysis and to find the correlation between 
temperature and rainfall. These methods can be extensively 
categorized into parametric and non-parametric methods. 
Parametric method deals with an underlying distribution 
(typically normal) for the values of interest such as in 
regression analysis, whereas non-parametric method do not 
such as Mann –Kendall test. 

Mann-Kendall’s Trend Test: In the present study, the 
statistical intent of the trend in monthly, seasonal and annual 
series was analyzed using the non-parametric Mann-Kendall 
(MK) test. The Mann-Kendall Trend Test analyzes the sign 
disparity between earlier and later data points. Every value 
is compared to its preceding value, thus giving us a total of 
{n*(n-1)/2} pairs of data. 
Here, n= number of observations 
MANN KENDALL ANALYSIS 
1.    ‘S’ computation 
‘S’ refers to Mann Kendall Statistic. 
The initial value of S=0. 
If the data value of the succeeding period > the previous 
data value, S=S+1 and vice versa. 
The final result after considering all the data values is the 
ultimate S value. 
i.e., statistically, 

𝑆 =  ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑘)

𝑛

𝑗−𝑘+1

𝑛−1

𝑘−1

 

Here, j>k, 
(xj-xk) is the difference between two data points. 
A high positive S value depicts an rising trend whereas a 
low negative value depicts a falling trend. 
2.      To compute the variation of S 

𝑉𝐴𝑅(𝑆) =
1

18
[𝑛(𝑛 − 1)(2𝑛 + 5)

− ∑ 𝑡𝑝(𝑡𝑝 − 1)(2𝑡𝑝 + 5)

𝑔

𝑝−1

 

         Here, g= number of tied groups (number of data sets that 
have same value belong to one tied group) 
tp = Number of observations in a group ‘p’ 
 For example: 
If we have a data sequence in time as {1, 9, 3, 9, 1, 1, 5, 6, 
1, 6}, 
We get, g=4. For the tied value 1, t1=4. 
               Similarly, for the tied value 9, t2=2. 
And so on. 
2. To compute the Mann-Kendall Test Statistic: 

𝑍𝑀𝐾     =  
𝑆−1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 > 0  

             = 0 𝑖𝑓 𝑆 = 0 

=  
𝑆 + 1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 < 0 
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ASSUMPTIONS INVOLVED 
1.      When no trend is present, the observations or data that 

are obtained over time are equally distributed and are 
not co-related. 

2.      The observations collected over time represent the true 
conditions at any time when the sample was taken. 

3.      The data collection, handling and measurement 
methods provide unbiased observations of the real-
time conditions. 

 SEN’s Slope 
The magnitude of the linear trends present in the hydro-
metrological time studies which was evaluated using Theil- 
Sen slope approach (TSA), (Sen, 1968) and As per the study 
of Hirsch et al. (1982) the TSA is considered more sound 
than the least-squares method due to its comparative 
insensitivity to extreme values and better performance even 
for normally distributed data. The magnitude of trend in 
hydro-meteorological data series and all necessary details 
are available in Lettenmaier et al. Slope (𝑇𝑖) of all data pairs 
is computed as (Sen, 1968). In this method, the slopes (𝑇𝑖) 
of all data pairs are first calculated by: 

𝑇𝑖 =  
𝑥𝑗−𝑥𝑘

𝑗−𝑘
     for i=1,2,3,…….,N 

 
Here, xj and xk are data values at a particular time j and k 
(where, j >k) respectively. The median of these N values of  
𝑇𝑖  is Sen’s estimator of slope which can be estimated as: 

𝛽 = {

𝑇𝑁+1

2

               𝑁 𝑖𝑠 𝑜𝑑𝑑

1

2
(𝑇𝑁

2

+ 𝑇𝑁+2

2

)  𝑁 𝑖𝑠 𝑒𝑣𝑒𝑛
 

In statistics, co-efficient of variation is used to compare the 
degree of variation from one data series to another. 
Mathematically, it represents the ratio between standard 
deviation and mean.  
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑂𝑓 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛

=  
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑀𝑒𝑎𝑛
× 100 

 
In this study, rainfall variability has been depicted by co-
efficient of variation. 

III. RESULTS AND DISCUSSIONS 

A. Monthly rainfall trends in Ranchi (1975-2017) 

In month of January, there is a gently decreasing trend. 
But the year 2012 provides an exception with a sudden 
increase in its rainfall value. In the February and March, the 
trend is decreasing and the slope is almost twice as that of 
January. In month of April, the trend is quite similar to the 
month of January.  

In the years 2004 and 2016, a characteristic increase in 
their rainfall values can be seen. In the month of May, there 
is no significant change in the trend line. In the years of 
2006 and 2009 a sudden increase in rainfall observed and 
the trend line remains almost parallel to the x-axis. In June, 
there is significant increase in rainfall over the years, there 
seems to be a negligent decrease in the trend line. In month 
of July, 1990 rainfall data proofs an exception and the curve 
represents a fair decrease in trend. In month of August, the 
slope is fairly decreasing. In September, the value of this 
slope is less than the month of August, an overall decrease 

in the values of rainfall provide a significant decrease in its 
trend. In month of October, the years of 2003 and 2014 are 
exceptions that show a sudden increase in their rainfall, the 
graph represents that there is a slight increase in trend. In the 
November month, 2012 curve depicts a sudden increase in 
the rainfall data, the overall increase in trend remains almost 
negligible. In month of December, the data shows a number 
of variations with a high rainfall in 1992, whereas negligible 
rainfall between the years of 1993 and 1996. Again, the 
years between 1999 and 2009 show a fall in the rainfall data 
whereas, there is a sudden increase in 2010 rainfall. 

B. Seasonal rainfall trends in Ranchi (1975-2017) 

 

  Fig. 2: Monsoon rainfall in Ranchi (1975-2017) 

 

 Fig. 3: Winter rainfall in Ranchi (1975-2017). 

 

Fig 4: Summer rainfall in Ranchi (1975-2017) 
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Fig. 5: Annual rainfall in Ranchi (1975-2017) 

As it can be conformed from the above graphs, the 
maximum rainfall in summer season is 225.959 and the 
minimum rainfall is 19.7. Here the slope is -0.7181. The 
square of correlation (R2) is 0.0387. It is observed from the 
above graph that there is very less rain in the Summer 
Season. Moreover there is a decreasing trend in rainfall over 
the years during this season. The highest value of rainfall in 
Monsoon season is 1490 and the lowest value of rainfall is 
581.8. Here the slope is -5.1789. The square of correlation 
value is 0.0819. The monsoon season of Ranchi starts from 
June and ends in September. The district Ranchi receives its 
rainfall during Monsoon is due to south-west monsoon 
which accounts for 75% of the annual rainfall with the 
maximum amount of rainfall in month of July. The 
southwest monsoon originates from the Indian Ocean and 
advocates its appearance in Southern Kerala by the end of 
May. 
The onset of monsoon is accompanied by the high speed(30-
70 kmph) south-westerly winds and low pressure areas at 
the advancing edge.The south-west monsoon wind advances 
over the country in two branches: (1) Arabian Sea and (2) 
Bay of Bengal. The Bay of Bengal branch marks its set in 
Assam and firsts covers the north eastern regions and then 
turns westwards to proceeds into Bihar, Jharkhand and UP. 
It increses from June to July and starts to weaken in 
September. In winter season, the maximum rainfall is 79 and 
the minimum rainfall is 0.2. Here the slope is -0.3172. The 
square of correlation, i.e., R2=0.0368. During the month of 
November, the no. of cyclones formed in the Bay of Bengal 
is the twice the no. of cyclones formed in Arabian Sea due 
to low pressure areas and a north-easterly flow of air that 
picks up moisture .It causes the intense rainfall, Whereas in 
the months of December to February the rainfall is due to 
Western disturbances. As it can be seen from figure 4, the 
maximum Annual rainfall is 1771.335and the minimum 
rainfall is 734.6. Here the slope is -5.9604. The square of 
correlation, i.e., R2=0.0971. As it is visible, there has been a 
significant decrease in rainfall over the years. 

C. To study the trend analysis of temperature in 
Ranchi 1975-2017) 

The seasonal and annual changes in temperature have been 
shown in the graphs below: 

 

Fig. 6: Summer temperature trend in Ranchi (1975-
2009) 

 

Fig. 7: Winter temperature trend in Ranchi (1975-
2009) 

 

Fig. 8: Monsoon temperature trend in Ranch i(1975-
2009) 

 

Fig.9: Annual temperature trend in Ranchi (1975-
2009) 
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D. Correlation between temperature and rainfall 
during the summer months. 

The value of correlation between total summer temperature 
and total summer rainfall is -0.43876. This implies that 
summer temperature is negatively correlated with summer 
rainfall by a considerable amount. 

E. Correlation between temperature and rainfall 
during the Monsoon months. 

The value of correlation between total monsoon temperature 
and total monsoon rainfall is -0.51095. This implies that 
monsoon temperature is negatively correlated with monsoon 
rainfall by a considerable amount. 

F. Correlation between temperature and rainfall 
during the winter months. 

The value of correlation between total winter temperature 
and total winter rainfall is -0.088867. This implies that 
winter temperature is negatively correlated with winter 
rainfall by a considerable amount. 

G. Annual correlation between temperature and 
rainfall  

The value of correlation between annual temperature and 
annual rainfall is -0.40334. This implies that annual 
temperature is negatively correlated with annual rainfall by 
a considerable amount. 

IV. SUMMARY AND CONCLUSIONS 

This section describes about the overall analysis of temporal 
variability of Rainfall and Temperature and there correlation 
over Ranchi, Jharkhand. The rainfall variability gives an 
overall insight of temporal variability of rainfall in Ranchi, 
Jharkhand. Regarding this approach monthly rainfall data 
had been arranged from India Water Portal right from the 
year 1975-2010 except for the year 2003 and the years 2011 
to 2017 where monthly mean rainfall was arranged from 
data supply portal of Indian Meteorological Department, 
Pune. For Temperature, data was taken from the year 1975 – 
2009. These has been depicted in the project through the 
graph plots and through tables. For rainfall through the 
graph analysis, a positive trend is ascertained in summer 
season while annual, winter and south-west monsoon 
rainfall showed a negative trend whereas by Mann-Kendall 
trend test and Sen Slope, it was found that there was no 
trend at 95% confidence limit in any case. Through the 
study it was found that there is a significant  correlation of 
rainfall with temperature over the years 1975-2009 
Although it was found to be negative in Summer, Monsoon 
and Annual data whereas there was a positive correlation 
between rainfall and temperature during the winter season .  
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