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Abstract:
The present study has been taken up the statistical analysis 
of different hydrological changes of monthly and annual 
rainfall. In this paper we estimate and workout the prob-
ability of exceedance, return period, standard deviation, 
runoff and percentage deviation of rainfall of lower Gan-
ges basin area for the period of 1901-2011(110 years). The 
data is collected from IMD (India Meteorological Depart-
ment) and IITM (Indian Institute of Tropical Meteorol-
ogy), Pune. This paper consists of the statistical analysis 
on the assessment of the recent researches of IPCC (Inter 
Governmental Panel on Climate Change), CPCB (Central 
Pollution Control Board), CWC (Central Water Commis-
sion) and WMO (World Meteorological Organization) 
etc. Comparative study of climate change of lower Gan-
ges basin with entire India is also included in this paper. 
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Annual rainfall, Climate change, Statistical analysis, low-
er Ganges basin. 

INTRODUCTION:
The Ganges River is one of the prime river of India. The 
Ganges flows east through the Gangatic plain of north-
ern Indian into the country of Bangladesh. The Ganges 
originates as Bhagirathi from the Gangotri glaciers in the 
Himalayas of an elevation of about 7010 Metres. in Ut-
tarkashi district of Uttarakhand. After its confluence with 
the Alakananda at Devprayag, the river assumes the name 
of Ganges and flows for the total length of about 2525 
K.M. up to its outfall into the Bay of Bengal. The basin 
is divided into (1) Upper Ganges Segment (Gangotri to 
Haridwar) (2) Middle Ganges (Haridwar to Varanasi) and 
(3) Lower Ganges plain (Varanasi to Gangasagar) drain-
age system.  The lower Ganges plain drainage system 
is constituted by the tributaries and distributaries of the 
main Ganges where Padma and Bhagirathi being the most 
important of Ganges. The Hoogly - Bhagirathi act as main 
stream in the lower Ganges plain which joins the Bay of 
Bengal near the Sagar Island. 
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The study area is Varanasi to Sagar Island having Latitude 
21.72690 N - 25.316760 N and Longitude 82.97390 E - 
88.10960 E.The main objective of this paper 1.It gives 
the guideline of the future researcher and designer of ir-
rigation and drainage projects. 2. It helps the planner for 
water resource development project.

Materials and Method:
The present study is based on the rainfall data collected 
for 110 years from IMD and IITM Pune. 

i) Estimation of Mean, Standard deviation 
and Percentage deviation:
Mean X0=(X1+X2+X3+………………. +Xn)/n , 
x1,x2,x3……..xn = Annual rainfall, n= Total number of ob-
servation,

Standard Deviation, σ=√[∑(x-x0)2/n-1]
The Intensity of drought is determined using the criteria 
suggested by IMD (1971) 

which is based on percentage deviation of rainfall from its 
long term mean and it is 
given by Di = (Pi -µ)/µ   X 100 %               
Di = Percentage deviation, 
Pi = Annual rainfall in mm, 

= Long term mean of Annual rainfall in mm,μμ

ii) Probability of exceedance (Px):
The probability of exceedance refers to the probability of 
occurrence is expressed as a faction or as a percentage 
change with a scale ranging from zero to 100 percentage.
It is estimate by using Girngorten formula (WMO, 
1983).

Px = [(r-o.44) / (n+o.12)] X 100 %
r = Rank number of observed data, listed with descending 
order (high to low)
n = Total number of observation. 

Impact of Climate Change on Rainfall Pattern in Lower 
Ganges Basin
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iii) Return period or Recurrence interval 
(ICTP – 2013):

It is expressed in number of years in which the annual 
observation is expected to return. It is the reciprocal value 
of the probability when expressed as a fraction 
Tx = 1/px 

iv) Determination of weather condition:
ICTP - 2013 and Guide line of WMO No. 100 - 1990, 
FAO (Smith 1992) uses the following rules for the deter-
mination of dry, Normal and humid weather condition: 
1. The weather condition in a Period is called dry if the 
probability of exceedance of having 80%.
2. The rainfall in a period is called normal if the probabil-
ity of exceedance is equal to 50%. 
3. The weather condition in a period is called humid if the 
probability of exceedance having 20%. 

Result and Discussion:
Studies related to changes in rainfall both all over India 
and Lower Ganges basin have shown that there is no clear 
trend of increase or decrease in annual average rainfall 
(Mooley and Parthasarathy 1984, Sarkar and Thapliyal 
1988, Thapliyal and Kulshrestha,1991). 

The examination of trend of annual rainfall both Lower 
Ganges basin and all over India have indicated that 10 
years running mean has fluctuated from normal rainfall 
within (-)8.40 to (+)9.99%(Lower Ganges basin, refer-
ence table-1A and (-)8.12% to (+) 5.90% (all over India, 
reference table-2).

• In table – 1A, Percentage deviation up to (-) 19% rep-
resents no drought (ND), (-) 20% to (-) 59% represents 
Medium drought (MD) and - 60% and above deficiency 
represents severe drought.

• From statistical analysis, in lower Ganges basin (table 
– 1B) we found that in the year of (i) 1932 for the period 
of 1931 to 1941.   (ii)  1965 & 1966 for the period for the 
period of 1961 to 1970.  (iii) 1971 and 1979 for the period 
of 1971 to 1980 (iv) 1992 for the period of 1991 - 2000 
occurs medium drought and mean 1229.56 mm.

• But when we observe all India data (Table - 2), there are 
no drought, mean is 1179.98 mm and Standard Deviation 
is 48.52mm.

• In table - 3, here we analyzed and estimate for the pe-
riod of 1961-2006 (46 Years) data; we found that different 
probabilities and return period changes the climate.

Statistical analysis:
Lower Ganges basin  Table -1A

• Mean , Standard Deviation and Percentage Deviation-
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•	 D R = Deficiency of rainfall.
•	 Data source : www.tropmet.res.in/pub/data/rain-series/3-nci.txt

Intensity of drought analysis: Table- 1B

•	 M D = Medium drought.
•	 Data source: www.tropmet.res.in/pub/data/rain-series/3-nci.txt.

All India Rainfall data analysis:	Table-2

•	 D R= Deficiency of rainfall. 
Data source: IMD district rainfall data series.

Statistical analysis of probability of exceedance and return period for 1961-2006 (46 years) of lower Ganges basin. 	
Table - 3
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Data source: www.tropmet.res.in/pub/data/rain-series/3-nci.txt.

Graphical representation of Rainfall Vs Time Period (1901-2006) of lower Ganges basin:
Reference from table-1A.	 Graph- 1

Graph shows the Percentage deviation of Rainfall Vs Time period (1901-2006) of lower Ganges basin:

From reference table- 1A,	 Graph- 2

Graphical representation of Rainfall Vs Time Period (1901-2006) of entire India:

Reference from table-2		  Graph- 3
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Conclusion: 
From the study (110 years analysis), we found that the 
normal rainfall of lower Ganges basin fluctuates in be-
tween 835.4mm to 1615.2mm and annual mean rainfall 
1229.56mm and no drought occurs in maximum years. 
Moderate drought has found in few years which is a natu-
ral trend. From the analysis, we observed that last few de-
cades rainfall in this area is decreases or deviates with re-
spect to long term mean and rainfall changes the weather 
condition. The result suggested that the proper planning 
development and management of water resources need to 
be governed by national perspectives.
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Graph shows the Percentage deviation of Rainfall Vs Time period (1901-2006) of entire India:

From reference table- 2,		 Graph- 4,


