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Abstract: 

Drought is a hydro-meteorological hazard which 

causes a wide variety of losses. A series of major 

drought disasters were witnessed in the Indian 

subcontinent and during the last three decades 

(1980-2015), more than 751 millions of people across 

India affected due to the consequences of drought, 

and millions were forced to abandon their land. 

Drought-prone areas generally confined to Western 

and Peninsular India –primarily arid, semi-arid and 

sub-humid regions. However, in recent years 

occurrence of droughts become more persistent even 

in the humid climate like North Eastern Region (NER). 

Here, we present spatial pattern of drought 

development in the state of Assam as it becomes a 

critical issue for this region and frequency of drought 

has been expected to rise under climate change. 

Based on the meteorological data, our analysis 

indicates that since 2000 especially Assam and 

Meghalaya states have faced worst drought episodes 

during 2001–02, 2005–06, 2009–11, and 2013 in 

terms of magnitude, dispersion and duration and has 

substantial impacts on agricultural production. The 

cultivated areas in NER are typically rainfed 

dependent and hence frequent drought can pose 

serious threats to food security and consequently 

other social problems may exaggerate.   
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Introduction  

Drought is a hydro-meteorological hazard and is a recurrent climate process that affects essentially all climatic 

regions of Southeast Asia. Drought often causes widespread impact on society and often has resulted 

economic consequences. This demands better understanding and preparedness for governments to deal with 

the social and environmental impacts. Among the many affected sectors, agriculture is most vulnerable sector 

in India that weakens the national food security and became the prime concern in conjunction with climate 

change [1]. Drought generally caused shortage of drinking water, migration for employment, and creates other 

social issues such as debt, farmer’s suicide, social insecurity etc [2]. Nearly two-thirds of the geographical area 

in Indian is vulnerable to drought and these regions are mostly confined to Western and Peninsular India. India 

is an agrarian country wherein nearly two-thirds of population depends on agriculture and related activities 

and thereby the deficient rainfall and resulted drought can pose a threat to overall economy of the country as 

well as it affects farming community substantially. Since India’s crop production apparently dependent on 

Southwest (SW) monsoon season rainfall (~80 % rainfall over June to September), agriculture business remains 

at risk. It was estimated that rainfed agriculture accounts for ~60% of cultivated area [3] and because of this 

temporal and spatial distribution of rainfall during SW monsoon rainfall is critical and any deviation of rainfall 

pattern has a direct impacts on agriculture.    

 

Drought is classified into four major groups: meteorological (deficit in precipitation), hydrological (deficit in 

groundwater), agricultural (deficit in soil moisture), and socioeconomic (supply and demand of goods and 

social response) droughts [4]. Indian Meteorological Department (IMD) defined meteorological drought based 

on percentage rainfall departure from the climatological mean of that area and classified as: Excess (more 

than +20%), Normal (+19% to -19%), Deficient (-20 to -59%), and Scanty (-60% or below) [5]. Historically, 

frequency of drought in India observed from once in 2–3 years (i.e. Western India) to once in 15 years over 

North east regions (NER). However, in recent years occurrence of drought is observed as more frequent in NER 

than the Western part of India. For instance, drought in 2005, 2006 and 2009-11 has affected several districts 

of Assam and Meghalaya which diminished agricultural and horticultural production. Agricultural productions 

projected to be further diminished due to increasing temperature, water stress, El Niño events, and decreasing 

rainy days [6].  As a result, droughts pose a threat to agriculture in NER in the recent years. Hence, in this study 

we explored the spatial variability of drought at district level especially over Assam state in NER wherein we 

analyzed the percentage rainfall departure obtained from IMD [5].              

 

Drought is monitored by various indicators and these indicators are generally either based on meteorological 

observation stations or remote sensing based geospatial data [7, 8]. Geospatial tools provide a newer 

dimension to visualize drought pattern, temporal variability, and to assess their impacts on agriculture on 

various scales. To investigate drought pattern over this state we have analyzed the long-term records of 

percentage rainfall departure over the period 1990 to 2015 in conjunction with the observed El Niño years. 
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The El Niño years were retrieved based on the Oceanic Niño Index that is being maintained by Climate 

Prediction Center, NOAA [9].   

 

Results and Discussion 

District-wise rainfall departure was shown and compared between two El Niño years 2006 and 2015 over 

Assam. Figure 1 exhibits the rainfall departure (%) during SW monsoon season during 2006 which signifies that 

nearly 10 districts of Assam state were classified as Deficient. According to IMD classification, these 10 districts 

were shortage of rainfall from the normal and hence meteorological drought was observed. Among these 

districts, Dhuburi, Kamrup, and Sonitpur were largely affected by meteorological drought wherein rainfall 

departure was >50%. Often deficient rainfall and meteorological drought can lead to agricultural drought in 

the absence of irrigation facility. It was reported that agricultural production in Assam state was substantial 

lower in 2006 because of drought in conjunction with the El Niño event. The adverse impacts of drought on 

agriculture were mainly from these districts that were classified as Deficient.     

 

 
Fig: 1 Rainfall departure (%) during SW monsoon season 2006 over Assam state where Excess, Normal, and Deficient 
indicate >20%, +19% to -19%, and -20 to -59% of normal rainfall, respectively. The number for each districts indicate 

the respective rainfall departure.  
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During 2015 only two districts namely Golaghat and Nagaon were under the Deficient category (Fig. 2). Even 

though 2015 was observed as El Niño year, its impacts were not significant on agriculture in the state. These 

results showed that most of the districts were as Normal category in 2015. Hence, the SW monsoon season 

rainfall variability and occurrence of drought plays a critical role even over the humid climate across NER.        

  

 
Fig: 2 Rainfall departure (%) during SW monsoon season 2015 over Assam state where Excess, Normal, and Deficient 

indicate >20%, +19% to -19%, and -20 to -59% of normal rainfall, respectively.  
 

 

We analyzed rainfall departure (%) at state level and especially Deficient category for the Assam and 

Meghalaya state covering the period 1990 to 2015 (Figure 3). Our results indicate that nine years were 

observed as Deficient rainfall within 26 years that indicate the occurrences of drought was once in 3 years. 

Notably during 1990s, the only year 1994 was observed as Deficient rainfall, whereas the frequency of 

occurrences of drought has been increased in the recent years (2000–2015). The years classified as Deficient 

are 2001–02, 2005–06, consecutive three years from 2009–11, and 2013. Over the period 2000–2015, five El 

Niño events (2002, 2004, 2006, 2009, and 2015) were noticed, however, three El Niño events (2002, 2006, and 

2009) were associated with drought. This indicates nearly 40% of drought probability was linked to El Niño.     
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Fig: 3 Deficient category of rainfall departure (%) during SW monsoon season over the period 1990 to 2015 over Assam 
and Meghalaya state. The dotted and shaded lines indicate El Niño events.    

 

 

Conclusion 

NER has humid climate and historically drought events are typically unusual and drought frequency is often 

considered as once in 15 years. By contrast, our results exhibited that meteorological drought is persistent in 

NER in the recent decade mainly after 2000. Over 16 years (i.e. 2000–2015), eight years such as 2001–02, 

2005–06, 2009–11, and 2013 have experienced drought wherein nearly half of the districts in the state of 

Assam were classified as Deficient rainfall. Notably, in the recent decade the frequency of drought becomes 

once in 2 years. We found that 3 consecutive years viz. 2009–2011 have experienced drought due to shortage 

of rainfall and have resulted adverse impacts on both agricultural and horticultural production in the state of 

Assam. The geospatial approaches provide a platform to visualize and mapping of affected regions and their 

impacts. We obtained that drought probability associated with El Niño was nearly 40% in NER that signifies 

most of the drought events can be associated with the variability of rainfall of SW monsoon season. The 

association of drought and El Niño was not that strong in India [10] and thus the normal SW monsoon rainfall 

may prevail even with El Niño events [11]. Most of the cultivated areas in NER are rainfed dependent and 

therefore, in the absence of irrigation facilities it could lead to frequent agricultural drought and can pose 

serious threats to food security and consequently other social problems. The adverse impacts of drought on 

agriculture may be exacerbated owing to climate change in NER and thereby water management practices 

become crucial for this region.         
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