
Introduction
The issue of climate change in northeast India is not very seriously 
studied and most of the studies related to climate change are 
oriented to its causes and effects in the environment but there is 
also another dimension of social impacts which needs to be studied. 
The northeastern region is mostly a rural society with average 72.67 
percent of its people living in rural (Census 2011) and the people are 
more dependent on the primary activities for their source of income 
and livelihood. Agriculture in this region is dependent on the 
monsoons and use of machineries and mechanized farming 
techniques are low. The industrialized and developed countries who 
are considered to be the main emitters of carbon dioxide and other 
greenhouse gases responsible for global warming and climate 
change are less vulnerable as they have technology, capital and 
alternative options to support their economy, the most vulnerable 
are the least developed countries whose emission level is low. 
Countries like Bhutan also has to face the impacts of global climate 
change directly or indirectly despite being a carbon negative 
country. One such is the northeastern region of India which has 
most of its area under the forest cover. One of the threats of global 
climate change is the rise in the sea level which may lead to 
submergence of many small island countries and low lying coastal 
regions. Many are expected to become climate change displaced 
people or refugees in the neighboring countries. The article also 
focuses on one such future problem of human mobility and 
migration due to the global climate change and sea level rise in the 
Bay of Bengal's water.  

Global climate change is a reality
Climate change refers to drastic or secular changes in heat balance 
of the earth-atmosphere system, moisture, cloudiness and 
precipitation caused by either various external or internal factors. As 
per the report of the Intergovernmental Panel on Climate Change 
(IPCC, 2001) if the concentration of atmospheric CO2 increases to 

st540-970 ppmv by the end of the 21  century, the average surface air 
temperature at global level would register an increase between 1˚C 
to 5.8˚C. Expressed as a global average, surface temperatures have 
increased by about 0.74˚C over the past 100 years (Trenberth and 
others. 2007). O Mertz and others (2009) observes that the largest 
share of the increase (0.55˚C) has occurred over the past 30 years 
and the largest temperature increases have occurred over land and 
in the arctic and subarctic regions. If this increase in temperature 
further continues at the present rate then there is every possibility of 
higher sea level rise in the future. Through the Climochronology and 
studies of climate change indicators and evidences it is known that 
our earth's climate has been changing and it was never static. The 
sea level have been also changing for many years resulting from 
glaciation and deglaciation or plate tectonics but the present day 
concern for  global climate change and sea level rise is due to the 
fear of catastrophic effects on different spheres of man and future 
generations. As per the �fth Assessment Report (IPCC 2014) the 
projections for the global sea level rise are much higher than the 

fourth Report. For high emissions IPCC now predicts a global rise by 
52-98 cm by the year 2100 and with aggressive emissions 

1reductions, a rise by 28-61 cm is predicted.  Though the predictions 
about the rate of sea level rise faced many criticisms and questions 
around the world and always remains a controversial issue we have 
to accept that certain parts of the world has started witnessing the 
change.

Fig.1. IPCC projections for very high emissions (red, RCP8.5 
scenario) and very low emissions (blue, RCP2.6 scenario). Source: 
IPCC AR5 Fig. 13.27.

The mass balance of the Greenland Ice Sheet decreased in the late 
1990s to -100 gigatonnes per year (Gt a-1) or even <-200 (Gt a-1) for 

2the most recent observations in 2006.  There is no doubt that the 
Greenland Ice Sheet is losing mass and very likely on an accelerated 
path since the mid-1990s. The mass balance for Antarctica as a 
whole is close to balance, but with a probable net loss since 2000 at 
rates of a few tens of gigatonnes per year.

Within the uncertainty of the measurements, the following 
generalizations are justi�able. Since the mid-19th century, small 
glaciers have been losing mass at an average rate equivalent to 0.3-
0.4 mm a-1 of sea level rise, this rate has varied. There was a period of 
reduced loss between the 1940s and 1970s, with the average rate 
approaching zero in about 1970. We know with very high 
con�dence that it has been accelerating since then and cannot now 
be near to zero. The best estimate of the current (2007) mass balance 
is near to -380 to -400 Gt a-1, or nearly 1.1 mm SLE a- 1 ; this may be an 
underestimate if, as suspected, the inadequately measured rate of 
loss by calving outweighs the inadequately measured rate of gain 
by “internal” accumulation.
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Sea-level rise, with associated effects such as increased frequency of 
severe storm surges, will be one of the greatest impacts of a 
warming world on human societies. Even if global warming 
stabilizes, the ice sheets will continue to add to sea level for many 
centuries into the future. The melting of ice sheets also freshens the 
ocean water, with consequent impacts on ocean circulation (and 
hence global climate), marine environments, and the rate at which 
the ocean absorbs greenhouse gases such as carbon dioxide from 
the atmosphere. From 1850–1899 to 2001–2005, average global 
surface air temperature increased by 0.76°C (IPCC, 2007) leading to 
warming of the oceans and melting of ice on land. Church and White 
(2006) used a combination of tide-gauge records and more recent 
satellite-altimeter data to reconstruct global sea level from 1870 to 
2004, showing a global average rise of 0.17 m during the 20th 
century. The IPCC AR4 estimated that the two largest contributions 
to 20th century sea level rise were ocean thermal expansion and the 
melting of glaciers and ice caps.

Climate change projections
Indonesia being the world's third largest emitter of greenhouse 
gases is receiving world's attention, as the increase in greenhouse 
gases are the main causes of the present global climate change. 
Indonesia is the world's largest archipelago comprising up to 17000 
islands and is known for its lush green natural beauty, forest, diverse 
species and resources, but the fast and continuing environmental 
degradation is becoming a problem. Unlike in most industrialized 
countries, Indonesia's greenhouse gas emissions are mostly the 
result of forest �res and environmental degradation (M. Measey 
2010). For example, air pollution has cost the Indonesian economy 
approximately $400 million per year (World Bank, 2010). Whereas 
downward trends in precipitation have been observed in the tropics 
from 10˚S to 30˚N since the 1970s (Trenberth and others 2007). It has 
become wetter in eastern parts of South America and northern and 
central Asia but drier in the Sahel, southern Africa, and parts of 
southern Asia. In accordance with this, more intense and longer 
droughts have been observed over wider areas since the 1970s, 
mostly in the dry tropics and subtropics (Dai and others 2004). These 
droughts have often been linked with prolonged heat waves. There 
have been substantial increases in heavy precipitation events in 
many land regions, even in regions with no change or reductions in 
total rainfall (Groisman and others 2005), where droughts might be 
exacerbated if the reduced rainfall is increasingly falling in heavy 
precipitation events.

Globally, estimates of potential destructiveness of tropical cyclones 
show a signi�cant upward trend since the mid-1970s (Emanuel 
2005), with a trend toward longer lifetimes and greater storm 
intensity (Emanuel 2005). This is strongly correlated with the higher 
tropical sea surface temperatures. Even though these observations 
depend critically on data quality and the choice of start date (Chan 
2006), the data available suggest that the potential destructiveness 
has not previously been as high as now (Trenberth and others 2007). 
The largest increases in intense tropical cyclones have been 
observed in the North Paci�c, Indian, and southwest Paci�c Oceans 
(Trenberth and others 2007). The warming in Africa is projected to 
be above the global annual mean warming throughout the 
continent and in all seasons (Boko and others 2007). The annual 
rainfall is projected to decrease in much of the Mediterranean Africa, 
northern Sahara, and southern Africa. The mean annual rainfall in 
eastern Africa is likely to increase, whereas projections of changes in 
rainfall in the Sahel, the Guinean Coast, and the southern Sahara 
remain uncertain (Christensen and others 2007). The analysis of the 
tide gauge stations at four points along the Croatian Adriatic coast 
(Rovinj, Bakar, Split and Dubrovnik) showed very different trends. 
For example, in Rovinj and Split, sea-level is falling relative to the 
land by a rate of -0.50 mm/y and - 0.82mm/y respectively, while in 
Bakar and Dubrovnik, sea-level is rising relative to the land by a rate 
of +0.53mm/y and +0.96mm/y, respectively (Dobra klima za 
promjene, 2008, 71). Warming is projected to be similar to global 
mean warming in Southeast Asia, stronger over South Asia and East 
Asia, and greatest in the continental interior of Asia (Cruz and others 
2007). Precipitation is projected to increase in northern Asia, East 

Asia, South Asia, and most of Southeast Asia but to decrease in 
central Asia (Christensen and others 2007). These changes will be 
associated with an increase in frequency of intense precipitation 
events in South Asia and East Asia, partly associated with likely 
increase in tropical cyclone intensity in East Asia, Southeast Asia, 
and South Asia.

Threat to northeast India 
The northeast India comprises of eight states, which are known for 
their scenic beauty with lofty mountains and green valleys, namely 
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, Sikkim and Tripura which constitutes only 7.98 percent of 
the country's total geographical area. Thin population and the love 
for the nature by more than hundred different tribal groups living 
here make this region account for nearly one fourth of country's 
forest cover (Forest Survey of India. 2013). The peripheral location of 
this region bordering with �ve countries has made it strategically 
important. This region is rich in biodiversity and harbors largest 
number of endemics and Schedule I species as compared to any 
other part of India (MacKinnon J, MacKinnon K. 1986). Because of its 
rich forest resources which include thousands of different species of 
�ora, medicinal plants, endemic species and large biodiversity the 
region has been included among the eighteen biodiversity 
hotspots of the world; Eastern Himalaya and Indo-Burma 
biodiversity hotspot. The region has at least 7,500 species of 
�owering plants, including 700 orchids, 58 bamboos, and 64 citrus. 
Besides, it has over 28 conifers, 500 mosses, 700 ferns, and 728 lichen 

3species.  Nearly 50 percent of the total �owering plants recorded 
from India are found in this Northeastern Region of India (Mao, AA & 
Hynniewta, and TM. 2000). The region also has a rich faunal diversity 
here are found some endemic species that are not seen in any part of 
the world and are found only in their natural habitat. The beauty of 
the biodiversity of this region is made more attractive by the 
millions of migratory birds coming from different parts of the world 
crossing thousands of kilometers. Where there are so many richness 
in biodiversity in this region a threat to extinction of many such 
species, ecological and environmental degradation are also felt by 
people living in this part of the country. A slight change in the 
climatic conditions may lead to much destruction to those endemic 
species which are endangered and very sensitive to climate change 
which cannot adapt to the changing climate. Deforestation, lack of 
herbs on which these endemic species feed will automatically lead 
to the extinction of them with due course of time. Demand for land 
due to population growth, infrastructural development and the 
shifting cultivation are the reasons for clearing the forest, land 
encroachment is also one major reason in case of Assam (FSI. 2013).

Migration is a major challenge in the Indian sub –continent, it has 
millions of diaspora outside the country and on the other hand it 
receives millions of migrants from the neighboring countries. 
Sharing the similar cultures in the region it becomes easy for 
migrants to come and mix with the existing, sometimes it is also 
difficult to differentiate who is who. Migrants include the 
Bangladeshis, Nepalese which contribute the most, Tibetan and 
Bhutanese in small numbers. Problems of illegal migrants from 
Bangladesh to this region is a long standing issue and the in�ux do 
not seem to stop any sooner. In 2002 the Indian Ministry of Defense 
revealed that on average over 100,000 illegal immigrants from 
Bangladesh reach India every month. The entire socio-politico and 
economic structure of this region has undergone drastic changes 
since the 1971 Liberation of Bangladesh war as a result it has 
generated con�icts among the different communities. Seasonal 
�ooding alone displaces from 500,000 to 1 million people per year in 
Bangladesh: respectively, Warner et al. (2009) and Global IDP Project 
(2001). It is reported that by 2100 nearly 17% of the land area of 
Bangladesh will be under water and this will displace near about 18 
million people (IPCC AR 1995). The region is the expected place of 
destination for these millions climate change induced migrants in 
the near future. The locals are already worried that they may be 
outnumbered by the illegal migrants in their own land, further 
which may lead to high biotic pressure and environmental 
degradation in the green northeast India.
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Conclusion
Climochronology reveals that world's climate was never static the 
climate of earth have changed many times in the past and thus 
climate change is a reality. The anthropogenic accelerated climate 
change is considered to be the result of excess emission of 
greenhouse gases by the industrialized nations. However, the 
adverse effects of the climate change is expected to be faced by the 
least economically and technologically advanced countries. These 
countries are mainly depended on the primary sector they lack 
technological advancement to mitigate the climate change effects 
above all they are at beginning of industrialization, the option for 
green energy requires huge investment and technology. 
Sometimes the option for adaptation with the changing climate is 
hinted for the poorer countries whereas the mitigation process is 
considered for the developed countries. The Northeast India's 
concern to climate change is important to study and take up 
necessary steps timely. The number illegal migrants in the region's 
demography is fearing. The respective government needs to 
prepare themselves for the climate change induced migration in the 
region, to reduce its effect and prevent from uninvited adversities. 
Several programmes, mission, and innovation for slowing down and 
reducing the climate change effects needs to be implemented 
judiciously.     
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