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INTRODUCTION 

 India is an agriculture based country, where more than 50% of working people depend on agriculture and agricultural allied sectors and accounts for 16 % of India's gross domestic product. This study presents  a thorough analysis of the Indian Summer 
Monsoon Rainfall (June to September) for East India (Odisha, Chhattisgarh, Jharkhand and Bihar). The long-term climatology, variability  has been analysed by using IMD high-resolution (0.25˚×0.25˚) gridded dataset for 116 years (1901-2016). Also, 
regional drought characteristics (frequency, severity) of meteorological droughts occurred in the East India has been analysed for the same period of time. To analyse the changes in seasonal rainfall, study period is divided into two halves, earlier period (P1: 
1901-1958) and recent period (P2: 1959-2016).  In the recent period, the seasonal rainfall of all India gets reduced and  significantly reduction is observed over East India. This study is useful for the drought management, water management and policy-
making.  

OBJECTIVES
1.Identify and analyze the major drought prone area over India in the changing climate scenario
2.Finding the linkages between different atmospheric variables such as temperature, wind, moisture with drought.
3.Check the predictability of different regional climate models to simulating major drought prone area in hind cast mode 

and produce the future predictions for that area.

Characteristics of meteorological droughts in East India

DATA  AND  METHODOLOGY
The high-resolution gridded rainfall dataset (0.25°× 0.25°) from 1901 to 2016 provided by IMD is used in this study and 
it is available in the archive of National Data Centre IMD, Pune (Pai et al. 2014). For this study rainfall during Summer 
Monsoon season (June to September: JJAS) has been considered. The Student’s t-test has been applied to determine the 
statistical significance for mean differences. 
The IMD JJAS rainfall data follows the normal distribution was used to calculate the SPI index (Svoboda et al., 2002) 
shown in equation (1)  

      ··· (1)  
Where ‘RF’ is the yearly value of JJAS rainfall, ‘RFm’ is the mean of JJAS data, and ‘σ’ is the standard deviation of 
JJAS rainfall.

Category  Departure from mean (%)
Moderate drought -25 to -45

Severe drought -45 to -60
Extreme severe drought  -60 and less

Table 1. Classification of district level drought based on the percentage departure of seasonal rainfall from its long term mean 
(Amrit et al. 2017)

RESULTS  
1. Selection  of the region

P2 -P1

Figure 1: Difference of all India summer monsoon mean rainfall  and probability 
density function during P1 and P2. The blue color line shows the earlier period 
P1 (1901-1958) and red line shows the recent period P2 (1959-2016). The 
hatches indicates the changes are significant at 95% confidence level. 

2. Seasonal rainfall climatology and various rainfall 
events analysis over East India

Figure 2: In the recent period P2 (1901-1958), significant (at 95% of 
confident level) reduction in the seasonal rainfall observed over 
EI and it is mainly due to a significant decrease in the frequency 
of medium-intensity rainfall (MR and RHR) events.
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                  5. Future Projections

Figure  3: The normalized time-series of summer monsoon 
(JJAS) season rainfall of East-India from1901 to 
2016, years co-occurred with El-Nino and La-Nina 
is shown by pink and blue circles respectively 

Figure  4: The normalized time-series of summer monsoon (JJAS) season rainfall of East-India 
from1901 to 2016, years co-occurred with El-Nino and La-Nina is shown by pink and 
blue circles respectively 

Figure 6: Future Projections of JJAS Rainfall from Raw and Bias corrected CORDEX-SA RCMs with different emission 
Scenario (a) RCP4.5 and (b) RCP8.5 for the period 2006 to 2070. The orange line shows multi-model ensemble  
(MME) for raw data (without bias correction) and dark blue line shows MME after bias correction. The spread of raw 
data is shown by cream color and spread of bias corrected data is shown by light blue color. Observation (IMD) is 
shown by black color.2006 to 2016 is control period (validation time). Bias corrected data from both scenarios shows 
good agreement with IMD data (dark black line). 

CONCLUSIONS
1. The eastern part of  monsoon core zone has shown a declining in summer monsoon rainfall in the recent decades.
2. ISMR significantly decreased over the central part of EI because of the significant decrease in the frequency of  medium-

intensity rainfall events and wet days.
3. Most of districts of the East India experiencing moderate droughts frequently and Districts of Bihar are experiencing all 

category of droughts compare to other states.
4. Both RCP scenarios (4.5 and 8.5) shows reduction in mean rainfall for near future (2020–2049) and increase in rainfall for far 

future (2041–2070).
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