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ABSTRACT 
Climate change is basically the global phenomena of temperature rise, glacier melt and sea level 
rise. The significant change in climate has taken place after the start of industrialization in 1751 
due to the use of fossil fuels which has thickened the greenhouse layer increasing CO2 
concentration from 280 ppm to 400 ppm. Within the last one century (1906-2005), the average 
surface temperature of the Earth has risen by 0.74oC. The regional phenomena such as floods, 
droughts and tropical storms also get influenced and aggravated due to the change in climate. 
Oceans take in nearly one-third of the annual total anthropogenic carbon emissions. This leads to 
reduction in alkaline property of oceans and it is called ocean acidification. And this is the cause 
of coral bleaching and decrease in creatures with shells requiring calcification. In 1998, increase 
in ocean temperature corresponding to an El Niño led to coral bleaching in different locations in 
the Indian Ocean. Rising temperature and improper methods of fishing had resulted in 
diminished fish catch. With the rising sea levels, the island nation of the Maldives having a 
population of 4 lakh is an icon of climate change as the highest point in the entire nation is just 
under 8 feet (about 2.4 metres) above sea level. The Indian peninsula has a vast coastline of 
7,518 km. Some places in Puri district of the Odisha State of India and the Sundarbans delta of 
West Bengal/Bangladesh are two icons of climate change. Sea ingression continuously swallows 
land or makes land uncultivable (saline) for the next three years. In some places in Puri district, 
about 15 km of land is lost to the sea in the last 50 years. Added to it is that half of mangroves in 
Odisha is lost in last 25 years. In the Sundarbans, islands get submerged due to the increasing 
sea level. Men are driven out of farming and fishing. This paper covers various aspects of coastal 
eco-system vis-à-vis climate change. 
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INTRODUCTION 

The United Nations Millennium Development 
Goals, the period of which came to an end in 
2015, had Environmental Sustainability as one of 
its eight goals. The United Nations brought out 
new Sustainable Development Goals (SDGs) in 
the same year and the goals are : no poverty, zero 
hunger, good health and well-being, quality 
education, gender equality, clean water and 
sanitation, affordable and clean energy, decent 
work and economic growth, industry, 
innovationand infrastructure, reduced inequal-
ities, sustainable cities and communities, 
responsible consumption and production, climate 
action, life below water, life on land, peace, 
justice and strong institutions and partnerships 

for the goals. The 13th SDG is to take urgent 
action to combat climate change and its impacts. 
Climate change is often used interchangeably 
with global warming, but climate change is used 
widely because it helps convey that there are 
other changes in addition to rising temperatures. 
It is the variation in the Earth’s global climate or 
in regional climates over a long time. These 
changes can be caused by processes internal to 
the Earth, external forces (e.g. variations in 
sunlight intensity) and more recently, human 
activities.  
Carbon cycle is a sequence of processes 
through which carbon compounds move from 
one carbon reservoir or sink (such as forests 
and oceans) to another (such as atmosphere) 
and back. For instance, by using fossil fuels, 
humans are putting back into the atmosphere *Author for correspondence 
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carbon which is trapped deep under the Earth 
for thousands of years. More carbon dioxide is 
now being released into the atmosphere 
through the burning of fossil fuels and less is 
being fixed (converted into organic compounds 
through photosynthesis by plants). 
In the greenhouse effect, solar radiation is 
absorbed by the Earths surface resulting in 
warming of the surface. Much of this absorbed 
energy is re-radiated as long wave infrared 
radiation. The molecules responsible for this 
phenomenon are called greenhouse gases. The 
main greenhouse gases are carbon dioxide 
(CO2), methane (CH4) and nitrous oxide 
(N2O). The most potent naturally occurring 
greenhouse gas is water vapour (H2O). This is 
why we find it warmer when it is cloudy. The 
amount of warming from watervapour is ~60% 
and from carbon dioxide it is ~25%. Other 
greenhouse gases, including methane and 
nitrous oxide, account for ~15%1. 
Carbon dioxide (CO2) is emitted primarily 
from fossil fuel use. The way in which people 
use land is also an important source of CO2, 
especially when it involves deforestation. Land 
can also remove CO2 from the atmosphere 
through reforestation, proper soil management 

and other activities. Methane (CH4) is emitted 
from agricultural activities, waste management 
and energy use. Nitrous oxide (N2O) is emitted 
from agricultural activities, such as fertilizer 
use. Gases such as methane and nitrous oxide 
have lower atmospheric concentration and 
lifetime, but they have greater warming 
potential : methane has 26 times more 
warming potential than carbon dioxide and 
nitrous oxide almost 270 times more. 
The concentration of CO2 in the atmosphere 
that was 278 ppm (parts per million) in 1751 
(before industrialization) is set to increase 
beyond 400 ppm at present. The effect will be 
catastrophic when the natural system stops 
buffering us from the increased CO2  
concentration. Many plants – unable to adapt 
to the increased heat – may die and pump out 
more and more CO2.The unit of measurement 
for carbon dioxide is parts per million (molar) 
of dry air or ppm for short. For every million 
molecules of the gas mixture that makes up dry 
air about 400 of them now are carbon dioxide 
molecules. In the Mauna Loa Observatory2 in 
Hawaii, yearly CO2 average is set to cross 400 
ppm in 2015, as CO2 concentrations climb 
upwards. (Fig. 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Mauna Loa observatory temperature data of recent years 
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CO2 is different from other greenhouse gases 
that are destroyed by chemical action in the 
atmosphere. The average time a particular CO2 
molecule spends in atmosphere is four years. 

DISCUSSION 
Climate change and cyclones 
The coastlines are vulnerable. India has a 
7,516 km long coastline. The Bay of Bengal is 
a cyclone prone region (though tsunami is 
rare). The increased severity of cyclones – 
tropical storms on both sides of the Indian 
peninsula  is related to climate change because 
the basic principle of depression in the seas is 
due to warm air rising up. Sea erosion is 
rampant in mega delta of West Bengal / 
Bangladesh and the coastal areas of Odisha. 
These places are now icons of climate change 
just like the Maldives.  
The 1999 super cyclone of Odisha is an eye-
opener to the fact that climate change can 
intensify a regional phenomenon like cyclones. 
That cyclone killed 30,000 people, though 
officially 10,000 people and displaced one 
million, besides killing 370,000 cattle which 
made the return to normal life difficult. Odisha 
is often hit by cyclones. In some parts of Puri 
district of Odisha, 15 km of land is lost to sea 
erosion in the last half a century –the sea 
erosion is attributed to sea level rise and 
increased severity of cyclones. 
Thermohaline circulation 
Thermohaline circulation is driven by the sun's 
heat absorbed by tropical oceans and impacted 
by variations in salt content in the water. The 
Thermohaline Circulation  (THC) is a 
powerful force on the world's climate system. 
As heat from the tropical region is carried by 
the Gulf Stream into the North Atlantic where 
it is vented into the atmosphere, a deep 
convection of ocean waters is caused by 
surface cooling. The flow of water then sinks 
to depths and then upwells back to the surface 
at lower latitudes.  
The Gulf Stream transports warm water across 
the North Atlantic Ocean from Florida in the 
U.S. toward Europe. Before reaching Europe, 
the Gulf Stream breaks up into several other 
currents, one of which flows to the British Isles 
and Norway. The heat carried in this current 
warms the winds that blow over these regions, 
helping to keep winters there from becoming 

too cold. If climate change advances, there is a 
possibility of THC slowing down or stopping. 
The conveyor belt is also a vital component of 
the global ocean nutrient and carbon dioxide 
cycles. Warm surface waters are depleted of 
nutrients and carbon dioxide, but they are 
enriched again as they travel through the 
conveyor belt as deep or bottom layers. 
Nutrient rich waters support the growth of 
algae and seaweed. 
Cryosphere 
The cryosphere (Greek word means cold, frost or 
ice) is the term which collectively describes the 
portions of the Earth surface where water is in 
solid form, including sea ice, lake ice, river ice, 
snow cover, glaciers, ice caps ice sheets and 
frozen ground (which includes permafrost). In 
terms of the ice mass and its heat capacity, the 
cryosphere is the second largest component of 
the climate system (only after the ocean).  
The cryosphere on land stores about 75% of the 
worlds freshwater. The volumes of the 
Greenland and Antarctic ice sheets are equivalent 
to 7 m and 57 m of sea level rise respectively. 
Changes in the ice mass on land have contributed 
to recent changes in sea level. In midwinter, 
snow covers 49% of the land surface in the 
Northern hemisphere.  
The melting away of some glaciers in the 
Himalayas (also called third pole) means that 
water availability and food security could be in 
jeopardy for more than 70 million people. To 
start with, mountainous regions will risk floods 
caused by melting glaciers. Flow in glacial-fed 
Himalayan rivers such as the Koshi, the Gandaki, 
the Karnali, the Brahmaputra and the Ganges 
will increase, but as the glaciers in the Himalayas 
disappear, the volume of river flow will 
drastically reduce. 
Coral reefs 
Coral reefs are nutrient rich oases in nutrient 
poor tropical seas. They are called rainforests of 
ocean. They form complex ecosystems based on 
anthozoan coral and their symbiotic endozo and 
inoflagellate algae and coralline algae. Coral 
polyp (animal material) and zooxanthellae (plant 
material) together help build calcareous skeleton. 
When coral polyp dies, skeleton remains are 
incorporated in reef framework. Reef building 
corals   form   habitat   framework   and structural  
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complexity on which reef organisms depend. 
Bleaching occurs when the major framework 
builders Scleractinian corals suffer breakdown in 
their symbiosis with zooxanthellae. This results 
in high mortality, depressed colony growth and 
reproduction among reef members. Finally, only 
types of corals more tolerant to temperature 
variations survive. Whitening of corals due to 
stress-induced expulsion or death of symbiotic 
unicellular algae or due to the loss of 
pigmentation within the algae is called coral 
bleaching.  
Coral bleaching can be induced by increased 
(most commonly) or reduced water temperatures, 
increased solar irradiance (photosynthetically 
active radiation and ultraviolet band light), 
changes in water chemistry (in particular 
acidification) starvation caused by a decline in 
zooplankton, increased sedimentation (can be 
contributed by runoff), pathogens and infection 
changes in salinity, wind and low tide exposure. 
Rising sea temperature and ocean acidification 
threaten coral reefs and the rich ecosystems they 
support. 
Ocean acidification 
Too   much   carbon  dioxide in the ocean has the  

potential to harm marine organisms and 
ecosystems. Ocean acidification is due to 
increased CO2 absorption. Ocean acidification is 
beneficial to some organisms and this may result 
in changing nature of marine food webs. This 
may affect shell/skeletal formation. Massive 
porites (finger-like morphology) corals establish 
dominance over structural corals despite low 
rates of calcification. Eutro-phication could 
increase the susceptibility of coastal waters to 
ocean acidification3. (Fig. 2) When dissolved in 
water, carbon dioxide forms carbonic acid that 
dissociates into bicarbonate and hydrogen ions. 
Carbonate is used by marine organisms to create 
the compound calcium carbonate. Calcium 
carbonate is the material that composes the shells 
and exoskeletons of many marine organisms. As 
a result, proportionally more H+ ions remain in 
solution : increase in H+results in decrease in pH. 
Some of the excess hydrogen ions combine with 
carbonate, decreasing carbonate availability to 
marine organisms. Dissolution of CO2 into 
seawater releases hydrogen ions and therefore 
causes ocean acidification. In the past 200 years, 
the oceans has absorbed 50% of CO2 emitted by 
human activities (>500 Gt CO2). 

 
Fig. 2 : Ocean acidification  

CaCO3 is broken down in acidic solution. Shells 
of marine life can begin to dissolve in high CO2 
concentrations. Sensitive ecosystems like coral 
reefs may decline due to change in pH and 
slower construction of coral exoskeletons. 
Reduced abundance of small shelled organisms 
may cause problems for those larger species that 
prey upon them. 

Impacts of climate change 
Two things contribute to Sea Level Rise (SLR) : 
Thermal expansion which increases water 
volume resulting from heat intake and mass 
transfer of freshwater from land to the ocean. 
Large ice sheets on Greenland and Antarctica 
represent the largest potential source of water 
mass. The  ice  albedo    feedback   too   has  an  
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effect on climate change. (Albedo is the 
proportion of the incident light or radiation that 
is reflected by a surface.) In spring, the ice is 
snow-covered and there is very little open 
water. Most sunlight is reflected, but some is 
absorbed. This absorbed sunlight leads to 
melting, which in turn reduces the ice albedo 
and increases the amount of open water. This 
causes the albedo to further decrease, increasing 
the rate of heating and further accelerating 
melting. According to the Working Group 1 of 
the Assessment Report 54 of the Inter-
Governme-ntal Panel on Climate Change 
released in 2014, the rate of sea level rise since 
the mid-19th century has been larger than the 
mean rate during the previous two millennia. 
Over the period 1901 to 2010, global mean sea 
level rose by 0.19 [0.17 to 0.21] metre. Proxy 
and instrumental sea level data indicate a 
transition in the late 19th to the early 20th century 
from relatively low mean rates of rise over the 
previous two millennia to higher rates of rise. It 
is likely that the rate of global mean sea level 
rise has continued to increase since the early 
20th century. Tide gauge and satellite altimeter 
data are consistent regarding the higher rate of 
the latter period. The mean rate of global 
average sea level rise was8 : 
 1.7 [1.5 to 1.9] mm/yr between 1901 and 

2010, 
 2.0 [1.7 to 2.3] mm/yr between 1971 and 

2010 and 
 3.2 [2.8 to 3.6] mm/yr between 1993 and 

2010. 
About half of humanity lives in coastal areas 
around the world. Within these, the lowest 
lying are some of the most fertile and densely 
populated.  Large river delta areas – e.g. 
Bangladesh and Egypt – are under the threat of 
sea level rise. So are the areas close to sea 
level where sea defences are already in place 
e.g. the Netherlands which has about 400km of 
dykes and coastal dunes. Small low-lying 
islands e.g. the Maldives, Tuvalu and Kiribati 
are worst affected.In the late 1980s the land 
around Tianjin in China, for example, was 
sinking at around 5 centimetresa year5. 
Tuvalu is an island nation in the Pacific 
between Australia and Hawaii. It has four reef 
islands and five true atolls. It has an area of 26 
km2 and it is the fourth smallest country.           

The highest elevation is 4.5 metres above sea 
level. Various forces (tides, currents, waves, 
winds, gravity) on the sands and sediments 
hamper the creation of a stable barrier against 
the sea. The islands are affected by a ferocious 
tropical storm called King Tide. The effects of 
sea level rise in Tuvalu include : difficulty for 
planes to land as the runway gets under water 
evacuation and migration burial plots are 
sinking  / underwater sudden appearance of sea 
water ponds and houses now being built on 
stilts. Tepuka Savilivili, a small island on the 
rim of Funafuti atoll, disappeared in 1997. 
Potential effects of sea level rise include : 
increased storm damage to coastal 
infrastructure, more rapid coastal erosion 
shoreline change including the possibility for 
total loss of protective natural barriers 
saltwater intrusion into aquifers and surface 
waters, rising water-tables and inundation by 
sea water. Reduction in water resources lead to 
high levels of insufficiency during low water 
periods. There is also an increased invasion by 
non-native species. Over thousands of years, 
with sea level rise, there is inland expansion 
but not much seaward retreat because of 
sediment and peat formation. Peat is also 
termed blue carbon as it retains carbon. 
Destruction of coastal vegetation such as 
mangroves results in less peat formation. 
Take the case of the Sundarbans in the West 
Bengal State of India and Bangladesh. 
Movement of tectonic plates changes the area 
under mangroves from West Bengal to 
Bangladesh. Islands in mega delta get 
submerged. Men are driven out of farming and 
fishing. Royal Bengal tigers have adapted to 
drinking salt water wild water buffaloes have 
gone extinct. Floating seedbeds are used to 
withstand floods as an adaptation measure. 
Desalination plants are created purification of 
salt water is also done traditionally with lime 
and medicines. 
Some fish species expand their area in the new 
climate scenario. For instance, oil sardine, 
Sardinell along iceps is known for its restricted 
distribution between latitude 8oN and 14oN     
and longitude 75oE and 77oE in the                   
Malabar upwelling zone along the Southwest 
coast of India (27°C to 29oC average 
temperature).   For  last two decades, catches are  
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between   14oN and 20oN and are consistently 
increasing. Further, there is no drop in catch in 
the Malabar area. This means that there is 
distributional extension. There is higher CUI 
(coastal upwelling index), higher primary 
productivity and higher recruitment of oil 
sardines. The current warming trend is beneficial 
to herbivorous small pelagics6. However, if the 
fish like Sardine and Mackerel of the pelagic 
variety migrate to other areas or move to the 
bottom of the sea, it will threaten livelihood of 
the fisher folk in the long run. Salmon, trout and 
other coldwater fish face stresses as sea 
temperatures rise and stream flows decline 
during summer.7 
Mangroves are forested intertidal ecosystems. 
They grow in estuarine areas where salt and fresh 
water alternate. They trap and stabilize fine 
sediments and control quality of marine coastal 
waters. They are particularly important in 
maintaining coastal food webs.8 Populations of 
birds and crustaceans that live as adults 
elsewhere depend on the mangrove at different 
stages of their lifecycle. Mangroves have an 
important role in pollution control through their 
absorptive capacity for organic pollutants and 
nutrients. More so, they contribute to storm 
protection and coastal stabilization.9  The recent 
severe impacts of cyclones in Odisha are also 
because of the fact that more than half the 
mangroves in the State are lost in last quarter of a 
century.10 

CONCLUSION 
Anthropogenic emissions of greenhouse gases 
could take back the climate to the highly 
unstable climate of the pre-ice age. The 
climate follows a non-linear path with sudden 
and dramatic surprises when greenhouse gas 
levels reach a critical point. 
The alkaline property of ocean is reducing 
because of increased absorption of carbon 
dioxide leading to ocean acidification. This 
also results in coral bleaching and decrease in 
creatures with shells requiring calcification. 
Like the Maldives, some places in India as 
well in Puri district of Odisha and the 
Sundarbans delta of West Bengal/Bangladesh 
too are icons of climate change. The 1999 
super cyclone of Odisha is an eye-opener to 
the fact that climate change can identify a 
regional phenomenon like cyclone as well.  

Rising sea level of 1.8 mm a year or more – 
added with the over exploitation of 
groundwater – leads to saline intrusion into 
coastal aquifers. Some of the islands in the 
Sundarbans are disappearing. Building of dams 
upstream in the Brahmaputra and the Ganges 
reduces sediment input, which also contribute 
to the subsidence of the Sundarbans delta. 
Hand pumps to pump water from bore wells 
are put on a raised platform in coastal areas 
where sea ingression is rampant and there is a 
possibility of water contamination due to open 
defecation. Despite eco-tourism being 
successfully promoted in the Sundarbans, the 
lives of the local people who mainly depend on 
the forest produce is pathetic. 
Approaches to mitigate ocean acidification are 
: addition of alkalinity to the oceans, direct 
injection of CO2 into the deep oceans (CCS 
programme : carbon capture and storage), 
fertilization of the upper oceans with iron and 
preventing accumulation of CO2 in the 
atmosphere. The capture and storage of carbon 
is known as carbon sequestration. The ocean is 
a carbon sink. The ocean absorbs CO2 from the 
atmosphere but it has a limit. Physical and 
biological processes move some of the carbon 
to the deep ocean where it is stored. Structures 
like sea walls could have damaging side 
effects, such as displacing sedimentation. Soft 
structures like sand dunes or wetland 
restoration / creation are preferred.  

REFERENCES 
1. Kiehl J. T. and K. E. Trenberth, Earth annual 

global mean energy budget, Bull. Am. 
Meteorol. Soc., 78(1), 12, (1997). 

2. Mauna Loa Observatorys, The recent 
monthly mean carbon dioxide measured at 
Mauna Loa Observatory, Hawaii.http://www. 
esrl.noaa.gov/gmd/ccgg/trends/, 29-10-14, 
(2015). 

3. Sunda W. G. and Cai W. J., Eutrophication 
induced CO2-acidification of subsurface 
coastal waters : Interactive effects of 
temperature, salinity and atmospheric PCO2, 
Environ. Sci. Technol., 46(19), 10651-10659, 
(2012). 

4. IPCC Working Group 1 of the Assessment 
Report 5 of the Inter-governmental Panel on 
Climate Change, http://www.ipcc.ch/pdf/ar5 



ISSN  0973 - 6921                                                                                             J. Environ. Res. Develop. 
Journal of Environmental Research And Development     Vol.10 No. 02, October-December 2015 

359 
 

/ar5-outline-compilation.pdf on 27-11-14, 
(2014). 

5. UNFCCC, Technologies for adaptations to 
climate change,  http://unfccc.int/resource/ 
docs/publications/tech_for_adaptation_06.pd
f, 28-11-14, (2006). 

6. Vivekanandan E., Options on fisheries and 
aquaculture for coping with climate change 
in South Asia, Paper presented at Int. Sym. 
on Clim. Chan. and Food Sec. in South Asia, 
Dhaka, 26 August, 496, (2008). 

7. Daramola J., Geographic information system 
: A tool for sustainable development of the 
Nigeria environment : Global system for 
mobile communication mask perspective , J. 

Environ. Res.  Develop., 8(1), 135-147, 
(2013). 

8. Qamar I. and Siddiqui F., Analysis of global 
energy consumption patterns, J. Environ. 
Res. Develop., 7(4A), 1761-1773, (2013). 

9. Balaji G., Potdar A. and Unnikrishnan S., 
Environmental legislation for chemical 
management in India : An agenda for 
reforms,  J. Environ. Res. Develop., 9(2), 
494-506, (2014).  

10. Gagan G., State green mission : A unique 
and innovative environmental programme, J. 
Environ. Res. Develop., 8(1), 183-188, 
(2013).  

 
 
 

    The Earth is yours,                                                                   

                                                                            Save it 

 


