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CLIMATE CHANGE AND IT’S IMPACTS 
 
Variability, in both time and space, is an inherent feature of climate, as the atmosphere is always in the state 
of turmoil and instability leading to variations in weather and climatic conditions. 
 
What Is Climate? How Is It Different from Weather? 
Weather: 

● Weather is the changes we see and feel outside from day to day. It might rain one day and be sunny 
the next.  

● Weather is dynamic and changes from place to place. It is a combination of wind, temperature, 
cloudiness, precipitation and visibility.  

 
Climate: 

● The difference between weather and climate is the measure of time. 
● Climate is the usual weather of a place averaged over some time period (usually 30-50 years). 

 
Earth's climate:  

● Earth's climate is what you get when you combine all the climates around the world together. 
 
What Is Climate Change? 

● Global warming and climate change - while closely related and sometimes interchangeably used 
technically refer to two different things. 

● “Global Warming” applies to the long-term trend of rising average global surface temperatures. 
● “Climate change” is a broader term that reflects the fact that carbon pollution does more than just 

warm our planet. Climate change is a long-term shift in global or regional climate patterns. Often 
climate change refers specifically to the rise in global temperatures from the mid 20th century to 
present. 

● Carbon pollution is also changing rain and snow patterns and increasing the risk of intense storms 
and droughts. 

● Another distinction between them is that scientists and scholars see global warming mostly as human 
induced warming whereas climate change, on the other hand, can mean human induced changes or 
natural ones, such as ice ages or the combination of both. 

 
Is Earth's Climate Changing? 

● The planet has experienced climate change before: the Earth’s average temperature has fluctuated 
throughout the planet’s 4.54 billion-year history. The planet has experienced long cold periods ("ice 
ages") and warm periods ("interglacial") on 100,000-year cycles for at least the last million years. 

● Earth's climate is getting warmer. According to 1.5 Degree Report of IPCC presented at CoP 24 in 
Katowice, Poland, the world has already warmed 1 degree centigrade, since pre-industrial levels. 

 
The 25th edition of the Conference of the Parties to the United Nations Framework Convention on 
Climate Change (UNFCCC) or COP25 held in Madrid (Spain). 
 
COP 25: Focus: 

● Ambitions for this conference were limited because many countries were focused on narrow 
technical details such as the workings of the globalcarbon markets. 
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● It was hoped that countries would resolve to work on more ambitious carbon targets needed to fulfil 
the goals of the 2015 Paris agreement. 

 
Climate Change Facts: 

● Global greenhouse gas emissions of G20 countries are continuing to increase. Between 1990 and 
2013, the absolute CO2 emissions of G20 countries, which account for 3/4ths of global CO2 
emissions, went up by 56%. 

● Trends in global CO2 and total greenhouse gas emissions show that India’s emissions have gone up 
by 4.7% in 2016 

● For most major GHG emitters in the world, the emission figures have gone down, barring India and 
Indonesia 

● Nearly 90% of the country’s coal-fired power generation capacity is in violation of Sulphur Dioxide 
(SO2) emission limits notified two years ago. 
 

 
 

Figure: The Green House effect phenomenon 
 
Greenhouse Effect: 
The greenhouse effect refers to the rise in global average temperature of the earth. 
The greenhouse effect is a process that occurs when gases in Earth's atmosphere trap the Sun's heat. This 
process makes Earth much warmer than it would be without an atmosphere. The greenhouse effect is one of 
the things that makes Earth a comfortable place to live. The process global warming follows given steps: 

● Step 1: Solar radiation reaches the Earth's atmosphere - some of this is reflected back into space 
(shortwave radiations). 

● Step 2: The rest of the sun's energy is absorbed by the land and the oceans, heating the Earth. 
● Step 3: Heat radiates from Earth towards space (long wave radiation). 
● Step 4: Some of this heat is trapped by greenhouse gases in the atmosphere, keeping the Earth warm 

enough to sustain life. 
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● Step 5: Human activities such as burning fossil fuels, agriculture and land clearing are increasing the 
amount of greenhouse gases released into the atmosphere. 

● Step 6: This is trapping extra heat, and causing the Earth's temperature to rise. 
 

 
 

Figure: GHG emission share 
 
Greenhouse Gases: 
Gases that trap heat in the atmosphere are called greenhouse gases. 

● Carbon dioxide (CO2): Carbon dioxide enters the atmosphere through burning fossil fuels (coal, 
natural gas, and oil), solid waste, trees and other biological materials, and also as a result of certain 
chemical reactions (e.g., manufacture of cement). Carbon dioxide is removed from the atmosphere 
(or "sequestered") when it is absorbed by plants as part of the biological carbon cycle. 

 
 

Figure: GWP of GHGs 
     

●  Methane (CH4): Methane is emitted during the production and transport of coal, natural gas, and 
oil. Methane emissions also result from livestock and other agricultural practices and by the decay of 
organic waste in municipal solid waste landfills. 

● Nitrous oxide (N2O): Nitrous oxide is emitted during agricultural and industrial activities, 
combustion of fossil fuels and solid waste, as well as during treatment of wastewater. 
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●  Fluorinated gases: Hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride, and nitrogen 
trifluoride are synthetic, powerful greenhouse gases that are emitted from a variety of industrial 
processes. Fluorinated gases are sometimes used as substitutes for stratospheric ozone-depleting 
substances (e.g., chlorofluorocarbons, hydrochlorofluorocarbons, and halons). These gases are 
typically emitted in smaller quantities, but because they are potent greenhouse gases, they are 
sometimes referred to as High Global Warming Potential gases ("High GWP gases"). 

● GHGs under Kyoto Protocol: 
○ Carbon mono-oxide 
○ nitrous oxide 
○ methane  
○ Sulphur hexafluoride 
○ Hydrofluorocarbons 
○ Perfluorocarbons 

 
Kyoto Protocol (KP) 
In 1997, the Kyoto Protocol (3rd COP) was concluded and established legally binding obligations for 
developed countries to reduce their greenhouse gas emissions. 
● The KP was adopted in Kyoto, Japan, in 1997. The KP came into force in 2005. 
● There are currently 192 Parties. 
● USA never ratified Kyoto Protocol. 
● Canada withdrew in 2012. 
● India ratified Kyoto Protocol in 2002. 
● Objective of KP: Fight global warming by reducing greenhouse gas concentrations in the 

atmosphere to “a level that would prevent dangerous anthropogenic interference with the 
climate system.” 

● Kyoto protocol aimed to cut emissions of greenhouse gases across the developed world by about 5 
per cent by 2012 compared with 1990 levels. 

● The Protocol is based on the principle of common but differentiated responsibilities. CBDR puts 
the obligation to reduce current emissions on developed countries on the basis that they are 
historically responsible for the current levels of greenhouse gases in the atmosphere. 

● KP is the only global treaty with binding limits on GHG emissions. 
 

IPCC 
The Intergovernmental Panel on Climate Change (IPCC) published ‘The Special Report on the Ocean 
and Cryosphere in a Changing Climate’ which focused on the changes taking place in oceans, glaciers, 
and ice-deposits on land and sea at the United Nations Climate Summit underway in the United States. 

❖ IPCC's Assessment Report 
o The IPCC prepares comprehensive Assessment Reports about the state of scientific, 

technical and socio-economic knowledge on climate change, its impacts and future 
risks, and options for reducing the rate at which climate change is taking place. 

o The Assessment Report released by IPCC in 2014 was the 5th in a series of such reports. 
o The 6th Assessment Report of IPCC will be released by 2022. 

❖ Key Findings of the Report 
o Over the 21st century, the ocean is projected to transition to unprecedented 

conditions with increased temperatures, further ocean acidification, marine 
heatwaves and more frequent extreme El Niño and La Niña events. 
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o Ocean Warming:  Ocean warming dominates the increase in energy stored in the 
climate system, accounting for more than 90% of the energy accumulated between 1971 
and 2010. Since 1993, the rate of ocean warming and marine heatwaves have very 
likely doubled in frequency and intensity. 

o Global Mean Sea-Level: 
a. It has raised by 16 cm between 1902 and 2015, and that the rate of increase had 

doubled of late. 
b. Between 2006 and 2015, the global mean sea level recorded an average rise of 3.6 

mm per year, which was more than double of 1.4 mm per year recorded in the 
first 90-year-period of the 20th century. 

c. Regional differences, within 30 % of global mean sea-level rise, result from land 
ice loss and variations in ocean warming and circulation 

 
o The Melting of Glaciers: 

a. the Greenland ice sheet ( from 2006 to 2016) lost ice-mass at an average rate 
of 278 billion tonnes every year (e.g. Okjokull glacier of Iceland), which was 
enough to result in a global sea-level rise of 0.8 mm per year. 

b. During the same period, the Antarctica lost a mass of 155 billion tonnes on an 
average every year. 

c. Snow cover outside these two poles, like the glaciers in the 
Himalayas, together lost an average of 220 billion tonnes of ice every year. 

❖ Since the mid-20th century, the shrinking cryosphere has led to predominantly negative impacts 
on food security, water resources, water quality, livelihoods, health, and well-being, as well as the 
culture of human societies, particularly for Indigenous peoples. 

 
 

CAUSES OF CLIMATE CHANGE 

Natural causes: 
● Solar irradiance 

○ Changes in the sun's energy output would cause the climate to change, since the sun is the 
fundamental source of energy that drives our climate system. 

○ Studies show that solar variability has played a role in past climate changes, a decrease in 
solar activity is thought to have triggered the Little Ice Age between approximately 1650 and 
1850, when Greenland was largely cut off by ice from 1410 to the 1720s and glaciers advanced 
in the Alps. 

○ But several evidences show that current global warming cannot be explained by changes in 
energy from the sun: 

■ Since 1750, the average amount of energy coming from the sun either remained 
constant or increased slightly. 

■ If the warming were caused by a more active sun, then scientists would expect to 
see warmer temperatures in all layers of the atmosphere. Instead, they have 
observed a cooling in the upper atmosphere, and a warming at the surface and in 
the lower parts of the atmosphere. That's because greenhouse gases are trapping 
heat in the lower atmosphere. 

Page 6 of 40

about:blank
https://www.drishtiias.com/daily-updates/daily-news-analysis/first-monument-in-memory-of-a-glacier


 

  ForumIAS Offline Guidance Centre 

2nd Floor, IAPL House, 19, Pusa Road, Karol Bagh, New Delhi – 110005 | student@forumias.academy | 9821711605 

■ Climate models that include solar irradiance changes can’t reproduce the observed 
temperature trend over the past century or more without including a rise in 
greenhouse gases. 

● Sunspot Cycles: 
○ The increased sunspot activity (increase in the number of sunspots) causes warming of the 

earth’s surface and its atmosphere and vice versa. 
○ Sunspots are darker and cooler areas in the photosphere of the sun. 

 
Solar cycles have an average duration of about 11 years. Solar maximum and solar 
minimum refer to periods of maximum and minimum sunspot counts. Cycles span from one 
minimum to the next. The cyclical variation in sunspot counts, discovered in 1843 by the German 
astronomer Samuel Heinrich Schwabe, is called "the Sunspot Cycle" 
Sunspots are regions where the solar magnetic field is very strong. In visible light, sunspots 
appear darker than their surroundings because they are a few thousand degrees cooler than their 
surroundings. Most of the visible surface of the Sun has a temperature of about 5400 degrees C, 
but in a big sunspot the temperature can drop to about 4000 degrees C. Sunspots come in sizes 
between about 2500 km and about 50,000 km. 

 
● Astronomical Theories 

❖ The Milankovitch Theory or Milankovitch Oscillations have tried to explain the causes 
of climate change through change in the eccentricity of earth’s elliptical orbit, obliquity 
including of the earth’s rotational axis and precession of the equinoxes 

❖ On the basis of above theory, he tried to explain the advancement and retreat of ice sheets 
during Pleistocene Ice Age. 

● Atmospheric Dust Hypothesis (mainly volcanic eruptions and dusts) 
○ The atmospheric solid particulate matters include dust particles, salt particles, pollen, smoke 

and soot, volcanic dusts and ashes, etc. 
○ Black carbon (BC) is a solid particle or aerosol, not a gas, but it also contributes to warming 

of the atmosphere. 
■ Unlike GHGs, BC can directly absorb incoming and reflected sunlight in addition 

to absorbing infrared radiation. 
■ BC can also be deposited on snow and ice, darkening the surface and thereby 

increasing the snow's absorption of sunlight and accelerating melt. 
○ Sulfates, organic carbon, and other aerosols can cause cooling by reflecting sunlight. 

 
Black Carbon 

● Black carbon is the sooty black substance emitted from gas and diesel engines, coal-fired 
power plants, and other sources that burn fossil fuel. It comprises a significant portion of 
particulate matter or PM, which is an air pollutant. 

● Black carbon is a global environmental problem that has negative implications for both 
human health and our climate. Inhalation of black carbon is associated with health problems 
including respiratory and cardiovascular disease, cancer, and even birth defects. Black 
carbon also contributes to climate change causing changes in patterns of rain and clouds. 

● As black carbon deposits in the Arctic, the particles cover the snow and ice, decreasing the 
Earth’s ability to reflect the warming rays of the sun, while absorbing heat and hastening 
melt. 
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Anthropogenic causes: 
● Burning of fossil fuels: People drive cars. Heat and cool their houses. People cook food. All those 

activities take energy.  
 

Burning coal, oil and gas to generate energy 🡪 Burning these things emits gases into the air. The gases 
cause the air to heat up. This can change the climate of a place 

 
● In its 5th Assessment Report, the Intergovernmental Panel on Climate Change, a group of 1,300 

independent scientific experts from countries all over the world under the auspices of the United 
Nations, concluded that there's a better than 95 percent probability that human-produced 
greenhouse gases such as carbon dioxide, methane and nitrous oxide have caused much of the 
observed increase in Earth's temperatures over the past 50 years. 

● Other causes: Deforestation, changes in land use, soil erosion and agriculture (including livestock), 
Industrial revolution and Mining and Quarrying. 
 

 
 

Figure: Direct and Indirect GHG Emission. 
 
Climate Forcing: 

● There are a number of natural mechanisms that can upset the global energy balance, for example 
fluctuations in the Earth's orbit, variations in ocean circulation and changes in the composition 
of the Earth's atmosphere. 

● By altering the global energy balance, such mechanisms "force" the climate to change. Consequently, 
scientists call them "climate forcing" mechanisms. 

● Climate ‘forcing’ are factors in the climate that either increase or decrease the effects to the climate 
system. 

● Positive ‘forcing’ such as greenhouse gases warm the earth while the negative ‘forcing’ such as the 
volcanic eruptions, etc. cools the earth system. 

● Examples of forcing include: 
1. Surface reflectivity (albedo) 
2. Human induced changes in greenhouse gases 
3. Atmospheric aerosols (volcanic sulfates, industrial output) 

● These examples influence the balance of energy entering and leaving the Earth system. 
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IMPACTS OF CLIMATE CHANGE 

All countries are affected by climate change, they are affected in different ways and to different extents. 
Especially, developing countries will be particularly badly hit, for three reasons: 

a. Geography (non-temperate latitudes) 
b. Stronger dependence on agriculture 
c. With their fewer resources comes greater vulnerability. E.g. poor and least developing countries. 

 
Impact of Climate Change on Agriculture: 

● Low production: Rise in coconut yields (with some exceptions); reduced fruit and vegetable 
production. 

● Negative impacts on livestock: Livestock of tropical regions would become more prone to 
infectious and parasitic diseases. Livestock’s productivity would decline. Indigenous breeds of India 
like Rathi, Tharparkar, Red Sindhi, etc. would be at danger. 

● Regional impact: According to the Turn Down the Heat: Climate Extremes, Regional Impacts 
and the Case for Resilience Report (prepared by World Bank) looks at the likely impacts of 2°C and 
4°C warming on agricultural production, water resources, coastal ecosystems and cities across South 
Asia, Sub-Saharan Africa, and Southeast Asia: 

o By the 2040s, India will see a significant reduction in crop yields because of extreme heat. 
o Reduced water availability due to changes in precipitation levels and falling groundwater 

tables are likely to aggravate the situation in India, where groundwater resources are already 
at a critical level and about 15% of the country’s groundwater tables are overexploited. 

o In India, more than 60% of the crop area is rain-fed, making it highly vulnerable to climate-
induced changes in precipitation patterns. 

o It is estimated that by the 2050s, with a temperature increase of 2°C-2.5°C compared to 
pre-industrial levels, water for agricultural production in the river basins of the Indus, 
Ganges and Brahmaputra will reduce further and may impact food adequacy for some 63 
million people. 

o An extreme wet monsoon that currently has a chance of occurring only once in 100 years is 
projected to occur every 10 years by the end of the century. 

o Kolkata and Mumbai are ‘potential impact hotspots’ threatened by extreme river floods, 
more intense tropical cyclones, rising sea levels and very high temperatures. 

o Substantial reduction in the flow of the Indus and Brahmaputra in late spring and summer. 
o Under 2°C warming by the 2040s, crop production in South Asia may reduce by at least 12%, 

requiring more than twice the imports to meet per capita demand than is required without 
climate change. 

o Decreasing food availability can also lead to significant health problems, including 
childhood stunting, which is projected to increase by 35% by 2050 compared to a scenario 
without climate change. 

o Major rivers such as the Ganges, Indus and Brahmaputra, depend significantly on snow and 
glacial melt water, which makes them susceptible to climate-change induced glacier melt 
and reductions in snowfall. The World Bank report projects a rapid increase in the 
frequency of low snow years in the future, well before 2°C warming takes place. This 
could increase the risk of flooding, threatening agriculture. 
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Impact of Climate Change on Soil and Land Degradation: 
● Land degradation means reduction in the potential of the land to produce benefits from a particular 

land use under a specified form of land management. 
● Changes in climate are recognized as one of the major factors responsible for land degradation 

affecting sustained development. 
● Land degradation encompasses change in chemical, physical and biological property of the soil. 
● Soils are also crucial to food security and change in climate has threatened the food security by 

affecting the soil property. 
● The increasing concentration of carbon dioxide in our atmosphere causes the microbes in the soil to 

work faster to break down organic matter, potentially releasing more carbon dioxide. 
● Land exhibited to degradation as a consequence of poor land management could become infertile as 

a result of climate change. 
● The climate change results in the rise of Methane emission due to soil degradation it also results in 

large scale deforestation. 
 

Impact of Climate Change on Erosional activities: 
● Climate change is expected to impact soils through changes in both soil erosion and rainfall. 
● Changes in soil surface conditions, such as surface roughness, sealing and crusting, may change with 

shifts in climate, and hence affect erosion rates. 
● Change in erosion can have significant implications for natural assets, agricultural lands and water 

quality. 
● Increased rainfall amounts and intensities will lead to greater rates of erosion unless protection 

measures are taken. 
● Land degradation hazards include wind and water erosion, loss of soil carbon, nutrient decline mass 

movement, soil structure decline, acid sulphate soils and soil acidification. 
● A significant potential impact of climate change on soil erosion and sediment generation is 

associated with the change from snowfall to rainfall. 
● Erosional activities also have a negative impact on biogeochemical cycle. 

 
Climate Change and Groundwater Depletion: 

● Groundwater depletion, a term often defined as long-term water-level declines caused by sustained 
groundwater pumping, is a key issue associated with groundwater use. 

● Ground water plays a central part in sustaining ecosystems and enabling human adaptation to climate 
variability and change. 

● Increased variability in precipitation and more extreme weather events caused by climate change can 
lead to longer periods of droughts and floods, which directly affects availability and dependency on 
groundwater. 

● Groundwater depletion and contamination that will seriously compromise much of the world's 
agriculturally-grown food supply. 

● Sea level rise because of climate change may lead to salt water intrusion into coastal aquifers affecting 
groundwater quality and contaminating drinking water sources. 

● Increasing climate-change-induced storm surges will flood coastal areas, threatening the quality of 
groundwater supplies and compromising their usability. 
 

Impact of Climate Change on Human health: 
● Higher morbidity and mortality from heat stress and vector/water-borne diseases 
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● Expanded transmission window for malaria as flooding would create opportunities for breeding of 
mosquitoes. 

● The frequency and severity of Heat waves in Pakistan and India would increase. 
● Endemic morbidity and mortality due to diarrheal disease primarily associated with floods and 

droughts are expected to rise in East, South and South-east Asia due to projected changes in 
hydrological cycles. 

● Dengue fever is already in evidence at higher levels of elevation in Latin America and parts of East 
Asia. 

 
Impact of climate change on the Cryosphere: 

CRYOSPHERE 

The cryosphere is those portions of Earth's 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). 

 

Significance: 

In Arctic regions, sea ice provides a home for animals like seals and polar bears, feeding and breeding 

areas for a variety of migrating species, and hunting grounds for local communities. 

 

Acting like a highly reflective blanket, the cryosphere protects Earth from getting too warm. Snow and 

ice reflect more sunlight than open water or bare ground. Changes in snow and ice cover affect air 

temperatures, sea levels, ocean currents, and storm patterns all over the world. 

 
● Melting Ice Causes More Warming: 

○ When solar radiation hits snow and ice approximately 90% of it is reflected back out to 
space. As global warming causes more snow and ice to melt each summer, the ocean and land 
that were underneath the ice are exposed at the Earth’s surface. 

○ Because they are darker in color, the ocean and land absorb more incoming solar radiation, 
and then release the heat to the atmosphere. This causes more global warming. In this way, 
melting ice causes more warming and so more ice melts. This is known as a feedback. 

● Melting Permafrost Releases Greenhouse Gases: 
○ Global warming is causing soils in the polar regions that have been frozen for as much as 

40,000 years to thaw. 
○ As they thaw, carbon trapped within the soils is released into the atmosphere as methane, a 

powerful greenhouse gas. 
● Less Ice on Land Means Sea Level Rises: 

○ Sea level has been rising about 1-2 millimeters each year as the Earth has become warmer. 
○ Some of the sea level rise due to melting glaciers and ice sheets which add water to the oceans 

that was once trapped on land. 
 
Impact of Climate Change on Water Bodies and water insecurity: 
Climate change is expected to exacerbate current stresses on water resources. By 2020, between 75 and 250 
million people are projected to be exposed to increased water stress due to climate change. 

● Warming has resulted in decline in mountain glaciers and snow cover in both hemispheres and this 
is projected to accelerate throughout the 21st century. 
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▪ This will in turn lead to reducing water availability, hydropower potential, and would 
change the seasonal flow of rivers in regions supplied by meltwater from major mountain 
ranges (e.g. Hindu-Kush, Himalaya, Andes). 

● By 2050s freshwater availability in Central South, East and South-East Asia, particularly in large 
river basins, is projected to decrease. 

● A warmer climate will accelerate the hydrologic cycle, altering rainfall, magnitude and timing of 
runoff. 

● The IPCC Report 2007 states that the availability of fresh water in India is expected to drop in 
response to the combined effects of population growth and climate change. 

● The IPCC (2007) also suggests that two main drivers of climate change, higher water temperature 
and variations in runoff- are likely to produce adverse changes in water quality affecting human 
health, ecosystems, and water use. 

● Increase in sea-level has serious implications for both human security (increased flood-risks, 
degraded groundwater quality, etc.) and ecosystems (impact on mangrove forests and coral reefs, 
etc.), especially so in coastal regions. 

● Reduced precipitation and increased evapotranspiration- will reduce recharge and possibly increase 
groundwater withdrawal rates. 

● In coastal areas, sea level rise will exacerbate water resource constraints due to increased salinization 
of groundwater supplies. 

● Available records suggest that the Gangotri glacier is retreating about 28 m per year. Glacial melt is 
expected to increase under changed climate conditions, which would lead to increased summer flows 
in some river systems 

● In the Indo-Gangetic Plain Region in the past whereby different rivers (including Kosi, Ganga, 
Ghaghara, Son, Indus and its tributaries and Yamuna) changed their course a number of times. => 
devastating floods in Nepal and Bihar. 
 

Impact of climate change on Sea level rise: 
The coastal states of Maharashtra, Goa and Gujarat face a grave risk from the sea level rise, which could flood 
land (including agricultural land) and cause damage to coastal infrastructure and other property. 

● Goa will be the worst hit, losing a large percentage of its total land area, including many Of its famous 
beaches and tourist infrastructure. 

● Flooding will displace a large number of people from the coasts putting a greater pressure on the civic 
amenities and rapid urbanization. 

● Sea water percolation due to inundations can diminish freshwater supplies making water scarcer. 
● The salinity also rises with the increased erosion activities.  
● The states along the coasts like Orissa will experience worse cyclones. Many species living along the 

coastline are also threatened. 
● The coral reefs that India has in its biosphere reserves are also saline sensitive and thus the rising sea 

level threatens their existence too, not only the coral reefs but the phytoplankton, the fish stocks and 
the human lives that are dependent on it are also in grave danger. 

● People living in the Ganges Delta share the flood risks associated with rising sea levels. 
 
Impact on Ocean Acidification: 

● Ocean acidification is the ongoing decrease in the pH of the Earth's oceans, caused by the uptake of 
carbon dioxide (CO2) from the atmosphere. 
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● Measurements made over the last few decades have demonstrated that ocean carbon dioxide levels 
have risen in response to increased carbon dioxide in the atmosphere, leading to an increase in acidity 
of oceans. 

● Carbon dioxide absorbed into the ocean from the atmosphere reduces calcification rates in reef-
building and reef-associated organisms by altering seawater chemistry through decreases in pH. 

● Rising acid levels are likely to have impact on specific categories of ocean life: corals, echinoderms, 
molluscs, crustaceans and fishes. 

● More acidic oceans will interfere with the ability of corals to form the reefs. 
 
Impact of Climate Change on Ecosystem and Biodiversity: 

● According to International World Wildlife Fund (WWF) 
○ species from the tropics to the poles are at risk. 
○ Many species may be unable to move to new areas quickly enough to survive changes that 

rising temperatures will bring to their historic habitats. 
○ 1/5th of the world's most vulnerable natural areas may be facing a "catastrophic" loss of 

species. 
● Impact on Marine Ecosystems: 

○ They will be affected not only by an increase in sea temperature and changes in ocean 
circulation, but also by ocean acidification; as the concentration of dissolved carbon dioxide 
(carbonic acid) rises. 

○ This is expected to negatively affect shell forming organisms, corals and their dependent 
ecosystems. 

○ The Bramble Cay Melomy is the first mammal to go extinct due to human-induced climate 
change. 

● Impact on Mangroves: 
○ The ongoing climate change turned out to be a potential threat to the remaining Indian 

mangroves and other coastal ecosystem. 
○ Adverse effects on mangroves extend its serious consequence to the adjoining fragile an 

ecosystem such as coral reef and seagrass bed. 
○ Impact of climate change on highly diverse and productive mangrove forests will 

depend upon the rate of sea level rise relative to growth rates and sediments supply and 
changes in climate-ocean environment. 

○ Climate unsuitability is an important factor responsible for mangrove’s change and 
disappearance. 

○ According to IPCC report, sea level rise will affect mangroves by eliminating or modifying 
their present habitats and creating new tidally inundated areas to which some mangrove 
species may shift. 

○ Strict protection, preparation of an action plan for each mangrove area, afforestation in 
potential areas, plantation of species that fail to adapt to sea level rise, and introducing 
threatened species at higher latitudes are some of the mitigation and management options. 
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Figure: climate change and desertification 

 
● Impact on Desert Ecosystem: 

○ According to IPCC, climate change refers to any change in climate over time, whether due 
to natural variability or as a result of human activity. 

○ In many dryland areas like Rajasthan and adjoining areas of Punjab and Haryana, the climate 
has become even more arid and rivers, lakes and underground water sources are drying up. 
This can have major impacts not only on physical processes (such as the water cycle), but 
also on ecosystem functions. 

○ The UNCCD have recently indicated that: “The climatic effects on land occur at ecosystem 
and landscape levels”. 

○ Increase in extreme events: 
■ Frequent floods will lead to soil erosion and thereby degrading land. It will 

promote desertification. 
■ Droughts on the other hand adversely affects the recharge of soil moisture and 

groundwater table. Soils dry up and become prone to wind erosion. Ex. Vidarbha, 
Telangana, etc. 

■ Forest fires will cause of forest biome. It will expose the top soil for erosion. This 
may lead to desertification. E.g. Amazon forest fire, Uttarakhand forest fire and 
Bandipur National park forest fire 

○ Biodiversity loss: Climate change may adversely affect biodiversity and exacerbate 
desertification due to increase in evapotranspiration and a likely decrease in rainfall in 
drylands 

○ Rural-urban migration: Climate change leads to decline in agricultural productivity which 
results in rural-urban migration and abandonment of agricultural land and systematic 
fallowing. In dry conditions and fallowing aggravate soil erosion. 
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● Impact of climate change on Mountain Ecosystems: 
○ Mountain ecosystems are hot spots of biodiversity. However, temperature increases and 

human activities are causing fragmentation and degradation of mountain biodiversity. 
Example: Snow Leopards. 

○ Himalayas is home to the largest number of glaciers after the North and the South Poles. 
However, climate change is threatening this life giver drastically. 

○ It is also predicted that there will be an increase in the phenomenon of Glacial Lake 
Outburst Floods (GLOFs) in the eastern and the central Himalayas, causing catastrophic 
flooding downstream with serious damage to life, property, forests, farms, and 
infrastructure. 

 
Impact of Climate change on vulnerable sections. 

• The 2018 report by the IPCC estimates that “even a 1.5-degree increase in global temperature could 
push tens of millions of people into poverty.” The report identifies floods and storms (mainly, 
tropical cyclones) as the primary causes of displacement, leading to millions of displacements. 

• According to the World Food Programme’s 2018 Global Report on Food Crises, “climate 
disasters triggered food crises across 23 countries, mostly in Africa, with shocks such as drought 
leaving more than 39 million people in need of urgent assistance.” 

• According to the 2018 Global Report on Internal Displacement, “30.6 million new internal 
displacements associated with conflict and natural disasters were recorded in 2017 across 143 
countries and territories.” 

• Climate related migration can be found all over the world, displaced by coastal flooding in Dhaka, by 
hurricane Maria in Puerto Rico, or due to the desertification of Lake Chad in West Africa. It is 
estimated that the number of people seeking asylum in the European Union due to climate 
change would see a 28% increase by 2100. 

• The intensification of existing conflicts and also creates new ones. The water crisis in Cape 
Town began in 2015, and the city continues to live under the threat of becoming the first major city 
in the world to run out of the water. 

Such conflicts and incidences affect the poor the most and further lead to an increase in poverty and 
displacement, pushing people into a vicious trap across the globe. 
 
In India: 

• India ranks 5th globally for the losses it has experienced due to climate change. Nearly, 800 million 
people in the country live in villages and depend on agriculture and natural resources for their 
livelihoods. 

• Around 50% of the farmlands in the country is rainfall dependent, any changes in the pattern of the 
monsoons will affect their livelihoods the most. Studies reveal that small farmers are aware of the 
long-term changes in the weather pattern and have changed their practices to deal with the resultant 
socio-economic changes. 

• The Small farmers also lack access to credit, which makes them more vulnerable to climate 
change. Thus, climate change will make the problems such as poverty, malnutrition, and farmer 
suicides worse. 

• Frequent floods and droughts caused by climate change lead to food shortages and a rise in food 
prices in many parts of India. This causes hunger and malnutrition, the effects of which are felt most 
strongly by the poor. 
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MITIGATION STRATEGIES 

Reduce the use 
of Fossil Fuels: 
 

● Hybrid car that reduce the usage of gasoline. 
● Promote public transport or carpool. 
● Recycle can reduce garbage by reusing plastic bags, bottles, papers or glass. 
● Stop open burning such as burning dry leafs or burning garbage. 
● Government should reduce deforestation. Trees will help to improve the 

temperature on earth 
 

Carbon 
Sequestration 
 

● It is the process involved in carbon capture and the long-term storage of 
atmospheric carbon dioxide or other forms of carbon to mitigate or defer 
global warming. 

● Carbon dioxide (CO2) is naturally captured from the atmosphere through 
biological, chemical, and physical processes. 

Types of Sequestration: 
These can be discussed under three main categories: 

• Geologic Sequestration: Natural pore spaces in geologic formations serve 
as reservoirs for long-term carbon dioxide storage. Geologic Sequestration 
is thought to have the highest potential for near-term application.  

• Terrestrial Sequestration: A large amount of carbon is stored in soils and 
vegetation, which are our natural carbon sinks. Increasing carbon fixation 
through photosynthesis, slowing down or reducing decomposition of 
organic matter, and changing land use practices can enhance carbon 
uptake in these natural sinks. 

• Ocean Sequestration: Carbon stored in oceans through direct injection or 
fertilization. Ocean is a very important carbon sink. Most of the carbon is 
trapped in the ocean and if a small fraction of this carbon is released the 
consequences will be disastrous. 

Carbon Sink 
 

● A carbon sink can be natural or artificial reservoir that accumulates and 
stores some carbon-containing chemical compound for an indefinite 
period. 

● The natural sinks are: 
○ Trees serve as carbon sinks during growing seasons. 

■ In the case of forests and other woodland areas, carbon 
sequestration is done through photosynthesis. 

○ Absorption of carbon dioxide by the oceans via physio-chemical 
and biological processes 

■ Oceans are considered the main natural carbon sinks, as 
they are capable of absorbing about 50% of the carbon 
emitted into the atmosphere. 

■ In particular, plankton, corals, fish, algae and other 
photosynthetic bacteria are responsible for this capture. 

Forests are carbon stores 
• Trees absorb CO2 during photosynthesis thereby converting atmospheric 

CO2 into biomass. 
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• When this biomass is buried the carbon is trapped forming a carbon sink. 
When the carbon sink is exposed the biomass decomposes adding methane to 
the atmosphere and when the biomass is used as fuel (coal and petroleum) it 
releases CO2 back into the atmosphere (carbon source). 

• In Canada’s boreal forests as much as 80% of the total carbon is stored in the 
soils as dead organic matter. 

• Tropical forests absorb about 18% of all carbon dioxide added by fossil fuels. 
• In the context of climate change, the most important carbon stores are the 

natural fossil fuel deposits. But when humans burn coal, oil and natural gas, 
they turn fossil carbon stores into atmospheric carbon. 

• The emission of carbon from fossil fuel has caused greenhouse gas (GHG) 
concentrations in the atmosphere to levels more than 30 per cent higher than 
at the beginning of the industrial revolution. 

• The increase in atmospheric carbon, a lot of emphasis and hope has been put 
into the ability of trees, other plants and the soil to temporarily sink the 
carbon that fossil fuel burning releases into the atmosphere. 

• The Kyoto Protocol, the international communities’ main instrument for 
controlling global warming suggests that the absorption of carbon dioxide 
by trees and the soil is just as valid a means to achieve emission reduction 
commitments as cutting carbon dioxide emissions from fossil fuels. 

Carbon Credit 
 

● It is a credit for greenhouse emissions reduced or removed from the 
atmosphere from an emission reduction project, which can be used, by 
governments, industry or private individuals to compensate for the 
emissions they are generating. 

● Carbon credit is a generic term for any tradable certificate or permit 
representing the right to emit  

● E.g.: 1 Tonne of Carbon dioxide or the mass of another greenhouse gas 
with a carbon dioxide equivalent to one tonne of carbon dioxide. 

Carbon 
Offsetting 
 

● While a carbon offset also represents one tonne of carbon dioxide or 
equivalent greenhouse gas, it is generated by a reduction in emissions 
made by a voluntary project designed specifically for that purpose. 

● Carbon offsets are generated by projects with clearly defined objectives, 
usually outside the confines of a company’s own operational sites. 

● Typical carbon offset projects include building wind turbines or solar 
farms, supporting methane reduction projects, planting trees or preserving 
forests. 

Carbon Tax 
 

● A carbon tax is a tax levied on the carbon content of fuels. 
● It is a form of carbon pricing. 
● Revenue obtained via the tax is however not always used to compensate 

the carbon emissions on which the tax is levied. 
● Since greenhouse gas emissions caused by the combustion of fossil fuels 

are closely related to the carbon content of the respective fuels, a tax on 
these emissions can be levied by taxing the carbon content of fossil fuels at 
any point in the product cycle of the fuel. 
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● The objective of a carbon tax is to reduce the harmful and unfavorable 
levels of carbon dioxide emissions, thereby decelerating climate change 
and its negative effects on the environment and human health. 

● It is a tax that increases revenue without significantly altering the economy 
while simultaneously promoting objectives of climate change policy. 

Green Finance ● The idea gets its first mention in the UN document at the UN Conference 
on Sustainable Development (also known as Rio+20), 2012. 

● There is no universal definition of green finance, though, it mostly refers 
to financial investments flowing towards sustainable development 
projects and initiatives that encourage the development of a more 
sustainable economy. 

● Initiatives to promote Green Finance: 
○ The World Bank Group has set up an informal Sustainable 

Banking Network of banking regulators, led by developing 
countries, to promote sustainable lending practices. 

○ In 2015, green bonds issued by governments, banks, corporate and 
individual projects amounted to US$42 billion. 

○ At the global level, more than 20 stock exchanges have issued 
guidelines on environmental disclosure, and many green indices 
and green ETFs (exchange-traded funds) have been developed. 

Green finance 
and India 
 

● Attaining the ambitious solar energy target, development of solar cities, 
setting up wind power projects, developing smart cities, providing 
infrastructure which is considered as a green activity and the sanitation 
drive under the ‘Clean India’ or ‘Swachh Bharat Abhiyan’ are all activities 
needing green finance. 

● India created a corpus called the NCEF (National Clean Energy Fund) in 
2010-11 out of the cess on coal produced/imported (‘polluter pays’ 
principle) for the purpose of financing and promoting clean energy 
initiatives and funding research in the area of clean energy. 

 
Issues involved with the mobilization of green finance: 

● Green finance should not be limited only to investment in renewable energy, as, for a country like 
India, coal-based power accounts for around 60% of installed capacity. 

● Emphasis should be on greening coal technology: In fact, green finance for development and 
transfer of green technology is important as most green technologies in developed countries are in 
the private sector and are subject to intellectual property rights (IPRs), making them cost prohibitive. 

● Green bonds: GBs are perceived as new and attach higher risk and their tenure is also shorter. There 
is a need to reduce risks to make them investment grade. 

● Proper accounting: There is also a need for an internationally agreed upon definition of green 
financing as its absence could lead to over-accounting. 

● While environmental risk assessment is important, banks should not overestimate risks while 
providing green finance. 

● Green finance should also consider unsustainable patterns of consumption as a parameter in 
deciding finance, particularly conspicuous consumption and unsustainable lifestyles in developed 
countries. 
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INITIATIVES TAKEN BY INDIA TO COMBAT CLIMATE CHANGE 

India’s INDC 
 

● To put forward and further propagate a healthy and sustainable way of living 
based on traditions and values of conservation and moderation. 

● To adopt a climate-friendly and a cleaner path than the one followed 
hitherto by others at corresponding level of economic development. 

● To reduce the emissions intensity of its GDP by 33 to 35 percent by 2030 
from 2005 level. 

● To achieve about 40 per cent cumulative electric power installed capacity 
from non-fossil fuel-based energy resources by 2030, with the help of 
transfer of technology and low-cost international finance, including from 
Green Climate Fund. 

● To create an additional carbon sink of 2.5 to 3 billion tonnes of CO2 
equivalent through additional forest and tree cover by 2030. 

● To better adapt to climate change by enhancing investments in development 
programmes in sectors vulnerable to climate change, particularly 
agriculture, water resources, Himalayan region, coastal regions, health and 
disaster management. 

● To mobilize domestic and new and additional funds from developed 
countries to implement the above mitigation and adaptation actions in view 
of the resource required and the resource gap. 

● To build capacities, create domestic framework and international 
architecture for quick diffusion of cutting-edge climate technology in India 
and for joint collaborative R&D for such future technologies.  

Himalayan 
Glaciers 
Monitoring 
Programme 

● Comprehensive programme to scientifically monitor the Himalayan glaciers 
– Phase I completed and the Phase II is launched. 

● Discussion Paper on State of Himalayan Glaciers released with the help of 
world bank. 

National 
Policy on 
Biofuels 

● National Policy on Biofuels approved by Cabinet to promote cultivation, 
production and use of Biofuels for transport and in other applications 

● The Policy categorises biofuels as "Basic Biofuels" viz.  
a. First Generation (1G) bioethanol & biodiesel  
b. Second Generation (2G) ethanol, Municipal Solid Waste (MSW) 

to drop-in fuels, and "Advanced Biofuels"  
c. Third Generation (3G) biofuels, bio-CNG etc. to enable extension 

of appropriate financial and fiscal incentives under each category. 
● Sources of biofuel: It expands the scope of raw material for ethanol 

production by allowing use of sugarcane juice, sugar containing materials 
like sugar beet, sweet sorghum, starch containing materials like corn, 
cassava, damaged food grains like wheat, broken rice, rotten potatoes, unfit 
for human consumption for ethanol production. 

● The Policy also allows use of surplus food grains for production of ethanol 
for blending with petrol with the approval of National Biofuel 
Coordination Committee. 

● With a thrust on Advanced Biofuels, the Policy indicates a viability gap 
funding scheme for 2G ethanol Bio refineries of Rs.5000 crore in 6 years in 
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addition to additional tax incentives, higher purchase price as compared to 
1G biofuels. 

● The Policy encourages setting up of supply chain mechanisms for biodiesel 
production from non-edible oilseeds, Used Cooking Oil, short gestation 
crops. 

Energy 
Efficiency 
Standards for 
Appliances 

● Energy efficiency ratings made mandatory for 4 key appliances — 
refrigerators, air conditioners, tube lights and transformers from January 7, 
2010 

 
Bureau of Energy Efficiency 

● The Government of India set up Bureau of Energy Efficiency (BEE) in 2002 
under the provisions of the Energy Conservation Act, 2001. The mission of 
the Bureau of Energy Efficiency is to assist in developing policies and 
strategies with a thrust on self-regulation and market principles, within the 
overall framework of the Energy Conservation Act, 2001 with the primary 
objective of reducing energy intensity of the Indian economy.  

International 
Solar Alliance 

● India has launched a historic International Solar Alliance (ISA) which is 
envisaged as a coalition of solar resource-rich countries to address their 
special energy needs and will provide a platform to collaborate on addressing 
the identified gaps through a common, agreed approach. 

National 
Adaptation 
Fund for 
Climate 
Change 
(NAFCC) 
 

● It has been established with a budget provision of Rs. I350 crore for the years 
2015–16 and 2016–17. It is meant to assist in meeting the cost of national- and 
state-level adaptation measures in areas that are particularly vulnerable to 
the adverse effects of climate change. 

● The overall aim of the fund is to support concrete adaptation activities 
that reduce the adverse effects of climate change facing communities, 
sectors and states but are not covered under the ongoing schemes of state 
and central governments. 

Coal Cess and 
the National 
Clean Energy 
Fund 
 

● India is one of the few countries around the world to have a carbon tax in 
the form of a cess on coal. 

● Not only has India imposed such a cess but it has also been progressively 
increasing it (form Rs. 50 per tonne of 2010 to Rs. 200 by 2015–16 and Rs. 
400 by 2016-17). 

● The NCEF (National Clean Energy Fund) which is supported by the cess 
on coal was created for the purposes of financing and promoting clean 
energy initiatives, funding research in the area of clean energy and for any 
other related activities. 

 
National Action Plan on Climate Change (NAPCC): 
Under NAPCC there are 8 missions to cater different problems related to climate change:  

National Mission 
on Enhanced 
Energy Efficiency 
 

● Perform Achieve and Trade is part of the National Mission on 
Enhanced Energy Efficiency 

● The 2010 amendment to the Energy Conservation Act (ECA) provided 
a legal mandate to PAT. Participation in the scheme is mandatory for 
Designated Consumers under the ECA. 
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● PAT cycle I stretching from 2012-13 to 2014-15, was applicable on eight 
energy-intensive sectors. There are about 478 numbers of Designated 
Consumers in these 8 sectors accounting for about 165 million tonnes oil 
equivalent of energy consumption annually i.e, 33% of India’s primary 
energy consumption. 

● PAT cycle II stretching from 2016 to 2018-19 shall include 3 new sectors 
i.e, petroleum refineries, discoms and railways, along with the previous 
8 energy intensive sectors of PAT cycle I. 

● PAT cycle III stretching from 2017-20 shall include 116 new units under 
it and have been given a reduction target of 1.06 million tonnes of oil 
equivalent. 

● It was introduced as an instrument for reducing specific energy 
consumption in energy-intensive industries with a market-based 
mechanism that allowed the trading of ESCerts (energy saving 
certificates). 

● The ESCerts, issued by the GoI, are traded through the power exchanges 
in the country. 

● To provide adequate amount of investment, the Reserve Bank of India 
has included renewable energy in the PSL (priority sector lending) for 
scheduled commercial banks. 

National Solar 
Mission 

● To achieve the ambitious targets of 100 GW of solar power by 2022. 
● The target will principally comprise of 40 GW Rooftop and 60 GW 

through Large and Medium Scale Grid Connected Solar Power Projects. 
National Mission 
on Sustainable 
Habitat 

To promote energy efficiency as a core component of urban planning, the plan 
calls for: 

• Extending the existing Energy Conservation Building Code; 
• A greater emphasis on urban waste management and recycling, including 

power production from waste; 
• Strengthening the enforcement of automotive fuel economy standards 

and using pricing measures to encourage the purchase of efficient 
vehicles; and 

• Incentives for the use of public transportation. 
National Water 
Mission 

● With water scarcity projected to worsen as a result of climate change, the 
plan sets a goal of a 20% improvement in water use efficiency through 
pricing and other measures. 

National Mission 
for Sustaining the 
Himalayan 
Ecosystem 

● The plan aims to conserve biodiversity, forest cover, and other ecological 
values in the Himalayan region, where glaciers that are a major source of 
India’s water supply are projected to recede as a result of global warming. 

National Mission 
for a “Green 
India” 

● Goals include the Afforestation and Restoration of 10 million hectares 
of degraded forest lands and expanding forest cover from 23% to 33% of 
India’s territory. 

• It acknowledges the influence forests have on environmental 
amelioration through climate change mitigation, food security, water 
security, biodiversity conservation and livelihood security of forest-
dependent communities. 
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• It hinges on decentralized participatory approach involving grass root 
level organizations and community in planning, decision making, 
implementation and monitoring. 

National Mission 
for Sustainable 
Agriculture 

● The plan aims to support climate adaptation in agriculture through the 
development of climate-resilient crops, expansion of weather insurance 
mechanisms, and agricultural practices. 

National Mission 
on Strategic 
Knowledge for 
Climate Change 

• To gain a better understanding of climate science, impacts and 
challenges, the plan envisions a new Climate Science Research Fund, 
improved climate modelling, and increased international collaboration.  

• It also encourages private sector initiatives to develop adaptation and 
mitigation technologies through venture capital funds. 

 

 
Figure: 8 missions under NAPCC  

 
In 2017-18, the PM’s Council on Climate Change (PMCCC) directed the missions under the NAPCC to 
enhance their ambition in respect of adaptation, mitigation and capacity building and prioritize them, besides 
recommending the setting up of some new missions in addition to the existing eight: 

● Considering the adverse impacts that climate change could have on health, a new ‘Mission on 
Climate Change and Health’ is currently under formulation and a National Expert Group on 
Climate Change and Health has been constituted. 

● The proposed ‘National Waste-to-Energy Mission’ will incentivize efforts towards harnessing 
energy from waste and is aimed at lowering India’s dependence on coal, oil and gas for power 
production. 

● The ‘National Mission on Coastal Areas’ (NMCA) will prepare an integrated coastal resource 
management plan and map vulnerabilities along the entire (nearly 7000-km-long) shoreline. 
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● The ‘National Wind Mission’ seeks to increase the share of wind energy in the renewable energy 
mix of India. It is likely to be given an initial target of producing about 50,000–60,000 MW of power 
by the year 2022. 

 

OTHER MEASURES 

National 
Offshore 
Wind Energy 
Policy 2015 
 

• A major renewable energy policy initiative. 
• It aims at helping offshore wind energy development, including setting up of 

offshore wind power projects and research and development activities in 
waters, in or adjacent to the country, up to the seaward distance of 200 
nautical miles exclusive economic zone (EEZ) of the country from the 
baseline. 

Help-Us-
Green 

• It is an Indian private project which is one of 15 ground-breaking projects 
from around the world that has won this year’s UN ‘Momentum for 
Change’ climate action award. 

• The project collects flowers from temples and mosques across many 
cities\towns in Uttar Pradesh and recycles them to produce natural incense 
sticks, organic fertilizers and biodegradable packaging material. 

○ helps in preventing chemical pesticides from entering into the river 
through temple waste. 

• Developed as the world’s first profitable solution to the monumental temple 
waste problem. 

Bureau of 
Energy 
Efficiency 
(BEE): 
 

• A statutory body under Ministry of Power created in March 2002 under the 
provisions of the nation’s 2001 Energy Conservation Act. 

• To implement policy and programmes in energy efficiency and conservation. 
• Role of BEE: BEE co-ordinates with designated consumers, designated 

agencies and other organizations and recognize, identify and utilize the 
existing resources and infrastructure, in performing the functions assigned to 
it under the Energy Conservation Act. The Energy Conservation Act provides 
for regulatory and promotional functions. 

• Objective of BEE – 
○ To reduce energy intensity in our country by optimizing energy 

demand and 
○ To reduce emissions of greenhouse gases (GHG), responsible for 

global warming and climate change. 
Energy 
Conservation 
Building Code 
 

• The Energy Conservation Building Code (ECBC), was launched 
by Ministry of Power, Government of India in 2007, as a first step towards 
promoting energy efficiency in the building sector. 

• It is prepared after extensive consultations with all stakeholders, consisting of 
architects & experts including building material suppliers and developers. 

• The code is expected to assist large number of architects and builders who 
are involved in design and construction of new residential complexes. 

• It has potential for energy savings to the tune of 125 Billion Units of electricity 
per year by 2030, equivalent to about 100 million ton of Co2 emission. 

Green Good 
Deeds 

• It is the societal movement launched by the Ministry for Environment, Forest 
& Climate Change. 
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• To protect environment and promote good living in the country, has found 
acceptance by the global community.  

• The BRICS Ministerial on Environment at Durban, South Africa, has agreed 
to include “Green Good Deeds” in its official agenda in the next Ministerial 
in Brazil and another meeting in Russia” 

Other 
initiatives 

• National Smart Grid Mission to bring efficiency in power supply 
• GRIHA – Green Rating for Integrated Habitat Assessment – building – 

energy rating system 
• Zero Effect, Zero Defect (ZED) – quality control and energy efficiency 

certificate for medium and small industries 
• Smart Cities, AMRUT, HRIDAY – to develop climate resilient urban cities 
• Bharat Stage IV fuel efficient standards to be implemented by April 2016 

across the country and now India will move to Bharat Stage VI from April 
2020. 

• Mass Rapid Transit System – moving people, instead of moving vehicles 
 

INTERNATIONAL INITIATIVES 

Earth Summit 1992 : The outcome of this summit was the following documents: 
1. Rio Declaration on Environment and Development 
2. Agenda 21 
3. Convention on Biological Diversity 
4. Forest Principles 

 
UN Framework Convention on Climate Change (UNFCCC). 

● It is an international environmental treaty negotiated at the United Nations Conference on 
Environment and Development (UNCED), informally known as the Earth Summit, held in Rio de 
Janeiro from 3 to 14 June 1992. 

● It entered into force on 21 March 1994, after a sufficient number of countries had ratified it. 
● Objective of UNFCCC : to stabilize greenhouse gas concentrations in the atmosphere at a level that 

would prevent dangerous anthropogenic interference with the climate system. 
● UNFCCC by itself is not legally binding. 

 
United Nations Climate Change conferences 

● So far, 23 meetings have taken place. 
● The key conventions: 

○ COP-3 in 1997 at Kyoto (Japan) : resulted in the legally binding Kyoto Protocol on Climate 
Change 

○ COP-7 in 2001 at Marrakech (Morocco) : resulted in establishment of an Adaptation Fund 
for financially supporting developing countries better adapt to climate change. 

○ COP-16 in 2010 at Cancún (Mexico) : resulted in an announcement for a 100 billion USD 
per annum Green Climate Fund for providing financial support to developing countries 
on their climate change actions. 

○ COP-21 in 2015 in Paris : resulted in adoption of the Paris Agreement governing climate 
change reduction measures from 2020. 
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The Paris Agreement 
● The Paris Agreement will enter into force on the 30th day after the date on which at least 55 

countries accounting for at least 55% of the total global greenhouse gas emissions ratify it. 
● The agreement aims to reduce emissions of greenhouse gases, the cause of global warming and 

consequent climate change, and do it fast enough to keep the average global temperature from 
rising above 2⁰, possibly 1.5⁰C compared to pre-industrial times. 

● The agreement will come into force 2020 onwards. 
● will replace the Kyoto Protocol, an existing international agreement on climate change that as 

finalised in 1997. 
● Paris Agreement is ambitious 

○ resolves to hold global temperature rise to well below 2⁰C above pre-industrial levels 
○ pursue efforts towards a 1.5⁰ C temp. limit. 

 
Provisions of Paris Agreement 

● A binding obligation to submit mitigation contributions every 5 years and to pursue domestic 
measures to achieve them. 

● For every 5-year cycle, states must put forward contributions more ambitious than their last. 
● In addition, the agreement envisages a “global stocktake” every 5 years to assess collective progress 

towards long-term goals. 
○ The global stocktake will also take into account “equity” (so CBDR also protected) — thus 

paving the way for conversation on burden-sharing between nations. 
● The Paris Agreement requires developed countries to raise finances with $100 billion per year as 

the floor by 2020, to help developing nations in both mitigation and adaptation activities, while other 
nations are encouraged to provide funding voluntarily. 

● The first global evaluation of the implementation of the Paris Agreement is to take place in 2023, and 
thereafter every five years to help all countries. 
 

Bonn Conference (CoP23): The “Rule Book” and Talanoa Dialogue 
● The key agenda of the Bonn conference was to chalk out the Rule Book. 
● If Paris agreement was constitution, the Rule Book would serve as laws and regulations to implement 

it towards achieving the goal of Paris Agreement i.e. to limit the Earth’s temperature rise to a 
maximum of 2⁰C. 

● In the Bonn summit, it was decided that the negotiators will keep working for one year and finalize 
the rule book by December 2018. 

● It is expected that the Rule Book shall be adopted at COP-24 at Katowice (Poland) in December, 
2018. 

● To ensure that this happens, CoP24 host Poland has decided to work with CoP23 host Fiji and past 
host Morocco. This year long process has been called Talanoa Dialogue. 

● Thus, Talanoa dialogue is a year long process that allows countries to assess their progress on past 
climate actions (stocktaking) and define the way forward to implement the legally binding Paris 
Agreement. 

 
Katowice: 24th meeting of the Conference of the Parties (COP24) to the United Nations Framework 
Convention on Climate Change. 
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What was expected: 
● The summit aimed to establish guidelines for implementing and reporting on the Paris 

Agreement. 
● Countries were looking to establish an enhanced transparency framework to monitor, verify and 

report actions taken in a systematic, standardised manner. 
● Transparency — what would be done to reduce emissions, how countries would measure and report 

progress, and how much support industrialised countries would provide — was an important aspect 
of the discussions. 

○ This will inform stocktaking of progress on the Paris Agreement and how much more is 
needed to cut emissions and raise ambition. 

● Funds were also required from rich countries for the losses and damages borne by poor nations. 
● Technology transfer and capacity building support are also issues of importance to vulnerable 

countries and poor, developing countries that need help to transition from high to low carbon 
economies. 

 
Outcome: 

● While there was some progress on the process by which the Paris Agreement of 2015 would be 
implemented, key issues of concern for the poorest and developing nations were diluted or 
postponed. 

● The 1.5 Degree Report, which was produced by the Intergovernmental Panel on Climate Change 
in October 2018, showed that the earth is close to a climate catastrophe. 

● There is little to no finance available for poor and developing nations. 
● The details on funding and building capacity have been postponed. 
● Article 9 (the provision of financial support to developing countries from industrialised nations) was 

ignored; instead, there was an emphasis on carbon markets and insurance mechanisms. 
● In spite of these problems, a single rulebook for all countries has been produced and will serve as 

a foundation for more detailed rules and structures. 
 
Global Alliance to Power Past Coal: 

● In the recent Bonn summit, it was launched by Canada and the UK. 
○ Canada has returned as a proactive nation pushing climate change agenda. 
○ With US taking a backseat, Canada might be looking for a leadership role. 

● This is a programme to phase out coal usage in energy production. 
● Immediately, more than 20 countries, including France, Finland, and Mexico have become the part 

of this initiative. 
● It brings together a wide range of businesses and civil society organizations that have united for 

climate protection. 
 

‘Momentum for Change’ initiative: 
● An initiative spearheaded by the UN Climate Change secretariat to shine a light on the enormous 

groundswell of activities underway across the globe that are moving the world toward a highly 
resilient, low-carbon future. 

● It recognizes innovative and transformative solutions that address both climate change and wider 
economic, social and environmental challenges. 
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The 25th edition of the Conference of the Parties to the United Nations Framework Convention on 
Climate Change (UNFCCC) or COP25 held in Madrid (Spain). 
 
Agenda for COP25 

❑ The main objective of the COP-25 is to complete the rule-book to the 2015 Paris Agreement that 
will become effective in 2020 to replace the 1997 Kyoto Protocol (comes to an end in 2020). 

❑ Finding solution for issues like the creation of new carbon markets, emission reduction targets, 
country’s individual targets, etc. remained unresolved during COP24 at Katowice (Poland) 
2019. 

❑ The COP-25 also discussed the functioning of international emissions trading systems, 
compensation for poor countries to deal with rising sea levels and other consequences of climate 
change. 

❑ It COP also considered the Emissions Gap Report, produced by the UN Environment 
Programme (UNEP) and the series of reports from the Intergovernmental Panel on Climate 
Change (IPCC). 

⮚ IPCC reports summarise that the goal of keeping average temperatures within 1.5°C 
from pre-industrial times is “on the brink of becoming impossible.'' As the overall 
emissions are still increasing worldwide. 

❑ The processes and methods of reporting information about climate change would be fixed 
during the summit. Specifically, the developing countries will try to ensure that there are 
greater appreciation and recognition of the issue of loss and damage due to climate change. 

 
Why CoP25 failed? 
• The failure of the talks underlined starkly the massive gap between what scientists say the world’s 

nations need to do on climate change, and what the most powerful political leaders on the planet are 
prepared to even discuss. 

• According to scientist, talks focused on some of the rules for implementing the 2015 Paris agreement, 
but the overriding issue of how fast the world needs to cut greenhouse gas emissions has received 
little official attention.  

• Countries agreed in Paris in 2015 to revisit their climate pledges by 2020. But many countries were 
pushing this year for a clear call for all countries to submit more ambitious climate pledges next year. 

• But countries such as China and Brazil opposed placing any obligation on countries to submit 
enhanced pledges next year, arguing it should be each country’s own decision. They instead argued 
the focus should be on pre-2020 action by developing countries to meet their previous pledges 

• There was a recognition that tougher carbon targets are needed globally, but few countries came up 
with any and the resolve to come back next year with more ambitious plans was worded too weakly 
to satisfy most campaigners. 

 
India’s stance: 
• India played a mixed role at the recently concluded 25th Conference of Parties (CoP 25) to the United 

Nations Framework Convention on Climate Change at Madrid. 
• On the question of markets, India emphasised the transition of the Clean Development Mechanism 

(CDM) credits earned under the Kyoto Protocol to the Paris Agreement.  
• Pointed out that that excessively cheap emissions reductions enabled by the CDM as well as the 

possibility of double counting could corrupt the process. 
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• India played a strong role in critiquing the developed world’s continuing poor record on climate 
action. 

• It argued that unless a stocktaking exercise of the fulfilment of various pre-2020 commitments by 
developed countries, India would not raise its climate ambition for its next round of Paris Agreement 
targets due in 2020. 

• India also took a lead in calling for more finance for developing countries for climate action, (“not 
even 2 per cent” of the promised “$1 trillion in the last 10 years” had been delivered) 

 
Global Footprint Network (GFN), founded in 2003, is an independent think tank originally based in 
the United States, Belgium and Switzerland. It was established as a charitable not-for-profit 
organization in each of those three countries. 
 
Vision and mission: To help end ecological overshoot by making ecological limits central to decision-
making. Global Footprint Network develops and promotes tools for advancing sustainability, including 
the ecological footprint and biocapacity, which measure the amount of resources we use and how much 
we have.  
GFN also calculated Earth Overshoot Day is the day when humanity has exhausted nature's budget for 
the year. For the rest of the year, society operates in ecological overshoot by drawing down local resource 
stocks and accumulating carbon dioxide in the atmosphere. The first Earth Overshoot Day was 
December 19, 1987. In 2014, Earth Overshoot Day was August 19. In 2019, Earth Overshoot Day fell on 
July 29.  

 
Global Climate Funds: 

● Classification: 
○ Depending on the participating countries, global climate funds can either be multilateral or 

bilateral depending on. 
○ The funds may further be classified according to their area of focus, namely mitigation, 

adaptation or REDD (reducing emissions from deforestation and forest degradation). 
● Currently, the Green Climate Fund (GCF) is the largest, with pledges amounting to US$10.2 billion. 
● The second largest is the Clean Technology Fund (CTF) with pledges amounting to US$5.3 billion. 
● With the capitalization of the GCF and the sunset clause of the CTF, there is ambiguity about the 

role of the CTF in the climate finance architecture post-2020. 
 
Green Climate Fund (GCF): 

● It was set up in 2010 under the UNFCCC financial mechanism to channel funding from developed 
countries to developing countries to allow them to mitigate climate change and also adapt to 
disruptions arising from a changing climate. 

● The Green Climate Fund will support projects, programmes, policies and other activities in 
developing country Parties using thematic funding windows. Under the trusteeship of world bank. 

● It is intended to be the centrepiece of efforts to raise Climate Finance of $100 billion a year by 2020. 
● The Fund will strive to maximize the impact of its funding for adaptation and mitigation, and seek a 

balance between the two, while promoting environmental, social, economic and development co-
benefits and taking a gender-sensitive approach. 
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The GEF (Global Environment Facility): 
● It was established on the eve of the 1992 Rio Earth Summit to help tackle our planet’s most 

pressing environmental problems. 
● It is an international partnership of 183 countries, international institutions, civil society 

organizations and the private sector that addresses global environmental issues. 
● GEF funds are available to developing countries and countries with economies in transition to 

meet the objectives of the international environmental conventions and agreements. 
● The World Bank serves as the GEF Trustee, administering the GEF Trust Fund. 
● It is a FINANCIAL MECHANISM for five major international environmental conventions: 

1. the Minamata Convention on Mercury, 
2. the Stockholm Convention on Persistent Organic Pollutants (POPs), 
3. the United Nations Convention on Biological Diversity (UNCBD), 
4. the United Nations Convention to Combat Desertification (UNCCD) and 
5.  the United Nations Framework Convention on Climate Change (UNFCCC). 

 
FEW CHALLENGES FACED AT INTERNATIONAL COOPERATION (focus through mitigation 
and adaptation methods): 

● Trump has a favour for fossil fuel (coal) based economy. US not being part of any climate change 
actions may add 0.1 to 0.3⁰ C to global warming by 2100. Some more reluctant countries may also 
follow the steps of US and quit the climate deal. Example - Brazil. 

● Developed nations are not willing to accept the historical role they have played in the emission of 
GHGs. The international initiatives have failed to make them accountable. 

● The $100 billion figure does not appear in the legally binding part of the Paris Agreement 
● Climate change does not affect all countries equally and hence no surety of equal action or concern 

shown by all participating nations. 
○ Low-lying island states face an existential threat from rising sea levels while others, 

especially countries near the Arctic Circle, may experience greater agricultural output and 
easier access to natural resources as a result of the thawing of permafrost 

● Developing countries, especially in Africa, are still left out or stuck with low-tech options. These 
nascent markets are seen as too disaggregated and high risk for investors. 

● The developed nations are mostly focussing on mitigation approaches and are reluctant to transfer 
technologies for adaptation approaches. 

 
How can the situation be improved? 

● Faced with global ecological limits, focus has to shift from ‘environmental risk management’ to 
‘economic growth within ecological limits’. 

● It is in responding to this mega-trend that India’s climate policy could have been more forward 
looking. The focus everywhere is shifting from production patterns to consumption patterns. 

● Nearly 2/5th of the cumulative emission reductions required by 2050 could come from efficiency 
improvements. 

● Key systems such as the transport, energy, housing and food systems should be transformed. 
● India should have integrated its Smart Cities campaign into a plan for low carbon development of 

cities. 
● A greater focus on sharing rather than owning cars would impact the fastest growing emissions.. 
● Periodic reviews of national contributions should also be undertaken. 
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● Building state-level profiles of GHG emissions from different sectors can help inform us about 
different focus areas for each state. 

● To fulfill financial needs, India must strategically seek other sources such as the Green Climate Fund 
and leverage the International Solar Alliance. 

 
International Solar Alliance: 
Objectives: 

● Promote solar technologies and investment in the solar sector. 
● Formulate projects and programme to promote solar applications. 
● Develop innovative Financial Mechanisms to reduce cost of capital. 
● Build a common Knowledge e-Portal. 
● Facilitate capacity building for promotion and absorption of solar technologies and R&D 

among member countries. 
 
Potential of International Solar Alliance: 

● Until December 2015, Germany, China, Japan, the U.S., and Italy accounted for 70 per cent of 
the 227 GW of solar PV deployed globally. 

● Developing countries, especially in Africa have large solar potential. But these nascent markets 
are seen as too disaggregated and high risk for investors. 

● In effect, three factors continue to block the rapid scale-up of solar energy: 
○ financing is still too costly for developers; 
○ solar-related plans and policies are often incoherent and increase risks for 

developers and investors; and 
○ there is insufficient R&D investment in solar. 

● ISA’s vision and mission is to take solar from the lab (or rich world markets) to (developing 
country) streets. 

● ISA is being designed as a platform to bring together countries with rich solar potential 
(along with solar innovators, developers, and financiers) to aggregate demand for solar across 
member countries, creating a global buyers’ market for solar energy, and thereby reducing 
prices, facilitating the deployment of existing solar technologies at scale, and promoting 
collaborative solar R&D and capacity. 

● The cost of finance for solar projects in many developing countries is often prohibitively high. 
ISA envisions that collective measures can facilitate the flow of over $1 trillion into solar 
projects. 

● ISA hopes to facilitate collaborative, cross-country R&D. 
● ISA has plans to address related market-limiting factors, by launching standardised skill 

training programmes and reducing information asymmetries through a 24x7 knowledge 
hub. 

 
Challenges faced by ISA: 

● Funding: Although alliance talks about developing “innovative financial mechanisms”, it does 
not address how the capital would be provided. 

● Technology Sharing: There is need to create a comprehensive framework to share the modern 
solar technologies at low cost. 

● The longer-term danger : whether it devolves into a bloated bureaucracy. 
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○ Although conceived as an intergovernmental institution, ISA is not intended to be a 
typical international bureaucracy. 

○ A tight budget and a direct link to the private sector would hold ISA accountable to 
real action on the ground. 

 
The more proximate danger is that 121 potential member countries get caught up in a battle over legal 
form, membership rights, and giving precedence to procedure over pragmatism 

 
Climate Change is a natural phenomenon but recent human activities have pushed it to the extent where there 
is no returning back. The policymakers both at national and international levels need to understand that it is 
not the earth that is at danger rather it is the humanity which will go extinct. The time demands that humanity 
must stop seeing humans as their enemies rather see this changing phenomenon as the common enemy. This 
will save trillions of dollars being diverted towards development of arsenals, which can be effectively used for 
mitigation and adaptation measures in developing and least developed countries.  
The concept of sustainable development shall be followed which states, Sustainable development is 
the organizing principle for meeting human development goals while simultaneously sustaining the ability 
of natural systems to provide the natural resources and ecosystem services based upon which 
the economy and society depend. The desired result is a state of society where living conditions and resources 
are used to continue to meet human needs without undermining the integrity and stability of the natural 
system. Sustainable development can be defined as development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs. 
 

OCEAN ACIDIFICATION 

What is Ocean Acidification? 
● When carbon dioxide (CO2) is absorbed by seawater, chemical reactions occur that reduces 

seawater pH, carbonate ions concentration, and saturation states of biologically important calcium 
carbonate minerals. These chemical reactions are termed as "ocean acidification". 

 
What is the issue? 

● Ocean acidification is a direct consequence of increased human-induced carbon dioxide (CO2) 
concentrations in the atmosphere. The ocean absorbs over 25% of all anthropogenic emissions from 
the atmosphere each year.  

● As CO2 dissolves in sea water it forms carbonic acid, thereby decreasing the ocean’s pH, leading to a 
suite of changes collectively known as ocean acidification.  

● Ocean acidification is happening in parallel with other climate-related stressors, including ocean 
warming and deoxygenation. This completes the set of climate change pressures on the marine 
environment – heat, acidity and oxygen loss – often referred to as the ‘deadly trio’. Interaction 
between these stressors is often cumulative or even multiplicative, resulting in combined effects that 
are more severe than the sum of their individual impacts.  

 
Why is it important? 

● Present ocean acidity change is unprecedented in magnitude, occurring at a rate approximately ten 
times faster than anything experienced during the last 300 million years. This rapid timeline 
is jeopardising the ability of ocean systems to adapt to changes in CO2 – a process that naturally 
occurs over millennia.  
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● Changes in ocean pH levels will persist as long as concentrations of atmospheric CO2 continue to 
rise. To avoid significant harm, atmospheric concentrations of CO2 need to get back to at least the 
320-350 ppm range of CO2 in the atmosphere. 

● Compared to other similar events in Earth's history, ocean acidification, over hundreds of years, has 
been happening very fast. However, its recovery has been very slow due to the inherent time lags in 
the carbon and ocean cycles.  
 

 

           Figure: rate of ocean acidification 

● Ocean acidification has the potential to change marine ecosystems and impact many ocean-related 
benefits to society such as coastal protection or provision of food and income. Although more 
knowledge on the impacts of ocean acidification on marine life is needed, changes in many 
ecosystems and the services they provide to society can be extrapolated from current understanding. 
Some of the strongest evidence of the potential effects of ocean acidification on marine ecosystems 
stems from experiments on calcifying organisms. 

● Impact of ocean acidification on species: 
➢ Changes in species growth and reproduction, as well as structural and functional 

alterations in ecosystems, will threaten food security, harm fishing 
industries and decrease natural shoreline protection.  

➢ They will also increase the risk of inundation and erosion in low-lying areas, thereby 
hampering climate change adaptation and disaster risk reduction efforts. 

● Increased ocean temperatures are likely to have direct effects on the physiology of marine 
organisms and influence the geographical distribution of species. Some species such as reef-
forming corals, already living at their upper tolerance level, will have more difficulties ‘moving’ fast 
enough to new areas.  

● Impact of ocean acidification on corals:  
➢ Drastic changes in ocean temperature can also lead to coral bleaching events, where corals 

expel the symbiotic algae living in their tissues, causing them to turn completely white.  
➢ The role of coral reefs in buffering coastal communities from storm waves and erosion, and 

in supporting income generation (fisheries and tourism) for local communities and 
commercial businesses, is jeopardised. The potential recovery of such bleaching events is 
hampered due to the declining calcification rates on reefs caused by ocean acidification. 
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● Impact of ocean acidification on cloud formation: 

⮚ The majority of sulphur in the atmosphere is emitted from the ocean, often in the form 
of dimethylsulfide (DMS) produced by phytoplankton. 

⮚ Some of DMS produced by phytoplankton enters the atmosphere and reacts 
to make sulphuric acid, which clumps into aerosols, or microscopic airborne particles. 

⮚ Aerosols seed the formation of clouds, which help cool the Earth by reflecting sunlight. 

⮚ But, in acidified ocean water, phytoplankton produces less DMS. This reduction of 
sulphur may lead to decreased cloud formation, raising global temperatures. 

• Impact of ocean acidification on humans: 
Socioeconomic impacts associated with the decline of the following ecosystem services are expected: 

➢ Food: Ocean acidification has the potential to affect food security. Commercially and 
ecologically important marine species will be impacted, although they may respond in 
different ways. Molluscs such as oysters and mussels are among the most sensitive groups.  

➢ Coastal protection: Marine ecosystems such as coral reefs protect shorelines from the 
destructive action of storm surges and cyclones, sheltering the only habitable land for several 
island nations.  

➢ Tourism:  This industry could be severely affected by the impacts of ocean acidification on 
marine ecosystems (e.g. coral reefs).  In Australia, the Great Barrier Reef Marine Park 
attracts about 1.9 million visits each year and generates more than A$5.4 billion to the 
Australian economy. 

➢ Carbon storage and climate regulation: The capacity of the ocean to absorb CO2 decreases 
as ocean acidification increases. More acidic oceans are less effective in moderating climate 
change. 

 
Dissolving CO2 in seawater increases the hydrogen ion (H+) concentration in the ocean, and thus 
decreases ocean pH, as follows: 
CO2 (aq) + H2O ⇌ H2CO3 ⇌ HCO3

− + H+ ⇌ CO3
2− + 2 H+ 

● Calcium carbonate minerals are the building blocks for the skeletons and shells of many marine 
organisms. 

● Since the beginning of the Industrial Revolution, the pH of surface ocean waters has fallen by 
0.1 pH units. Since the pH scale, like the Richter scale, is logarithmic, this change represents 
approximately a 30% increase in acidity. 

● Present ocean acidification is occurring at approximately ten times faster rate than anything 
experienced during the last 300 million years, jeopardizing the ability of ocean systems to 
adapt to changes in ocean chemistry due to CO2. 

● Ocean acidification has the potential to change marine ecosystems and impact many ocean-
related benefits to society such as coastal protection or provision of food and income. 

● Increased ocean temperatures and oxygen loss act concurrently with ocean acidification and 
constitute the ‘deadly trio’ of climate change pressures on the marine environment. 

 
Mitigation: Possible responses 

1. Reducing the build-up of CO2 in the atmosphere. 
2. Reinvigorate action to reduce stressors, such as overfishing and pollution, on marine ecosystems to 

increase resilience to ocean acidification. 
3. Climate Engineering:  
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 Types of Climate Engineering- 
Ocean 
fertilization 

Ocean fertilization or ocean nourishment is a type of climate engineering based on 
the purposeful introduction of nutrients to the upper ocean to increase marine food 
production and to remove carbon dioxide from the atmosphere. 

Enhanced 
weathering 

It is a chemical approach to remove carbon dioxide using ocean-based techniques. 

⮚ Ocean-based techniques involve alkalinity enhancement, such as grinding, 
dispersing, and dissolving olivine, limestone, silicates, or calcium hydroxide 
to address ocean acidification via CO2 sequestration. 

Iron 
fertilization 

⮚ Iron fertilization of the ocean could stimulate photosynthesis in 
phytoplankton. 

⮚ The phytoplankton would convert the ocean's dissolved carbon dioxide into 
carbohydrate and oxygen gas, some of which would sink into the deeper ocean 
before oxidizing. 

⮚ Adding iron to the ocean increases photosynthesis in phytoplankton by up to 
30 times. 

Biological 
pump 

⮚ It is the ocean's biologically driven sequestration of carbon from the 
atmosphere to the ocean interior and seafloor sediments.  

⮚ It is the part of the oceanic carbon cycle responsible for the cycling of organic 
matter formed mainly by phytoplankton during photosynthesis (soft-tissue 
pump), as well as the cycling of calcium carbonate (CaCO3) formed into shells 
by certain organisms such as plankton and mollusks (carbonate pump). 

 
 
Issues with the mitigation approaches such as adding chemicals to counter the effects of acidification: 

● These processes are likely to be expensive, 
● Only partly effective and only at a very local scale, 
● These processes may pose additional unanticipated risks to the marine environment. 
● There are lack of proper studies and scalability. 
● There has been very little research on the feasibility and impacts of these approaches. Substantial 

research is needed before these techniques could be applied. 
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Steps taken: 
● Parties to the United Nations Framework Convention on Climate Change (UNFCCC) adopted a 

target of limiting warming to below 2 °C, relative to the pre-industrial level. Meeting this target 
would require substantial reductions in anthropogenic CO2 emissions. 

● Limiting global warming to below 2 °C would imply a reduction in surface ocean pH of 0.16 from 
pre-industrial levels. This would represent a substantial decline in surface ocean pH. 

 
Way forward to combat Ocean Acidification: What can be done? 

● While climate change is the consequence of a range of greenhouse gas (GHG) emissions, ocean 
acidification is primarily caused by increased concentrations of atmospheric CO2 dissolved in sea 
water.  

● It becomes evident, however, that the objective of the United Nations Framework Convention on 
Climate Change (UNFCCC) to achieve ‘stabilisation of greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate 
system’ cannot be encapsulated by a single ‘one-size-fits-all’ climate indicator. The current 
emissions targets need significant tightening if they are to tackle the issue of ocean acidification 
and ocean warming. Limiting the global average temperature increase to well below 2°C, rather than 
a lower level, will significantly harm the ocean life on which we all depend in some form or another.  

● Other initiatives such as the Ocean Acidification international Reference User Group (OAiRUG), 
composed of scientists and various stakeholders, need to be engaged as a key means of conveying 
scientific results. The OAiRUG examines in detail the types of data, analyses and products that are 
most useful to managers, policy advisers, decision makers and politicians, and ensure an appropriate 
format and distribution pathways. 

● At the IUCN World Conservation Congress 2016, IUCN Members approved a resolution calling for 
the protection of 30% of the planet’s ocean by 2030. 

 

OZONE DEPLETION 

● Ozone gas is formed from di-oxygen by the action of ultraviolet light (UV) and electrical discharges 
within the Earth's atmosphere. 

● The concentration of ozone is high in the stratosphere, which absorbs most of the Sun's ultraviolet 
(UV) radiation. 

 

Figure: impact of Ozone 
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Significance 
of ozone  
 

● Ozone is a powerful oxidant (far more so than dioxygen) and has many 
industrial and consumer applications related to oxidation. 

● At ground level, it has harmful effects on the respiratory systems of animals. 
● However, in upper atmosphere, it creates ozonosphere, which prevents us 

from the potentially damaging ultraviolet (UV) light from reaching the 
Earth’s surface. 

● Ozonosphere is located 10-18 kilometres above Earth’s surface. 
Variation in 
thickness of 
Ozone Layer 

● The thickness of the ozone layer varies worldwide and is generally thinner 
near the equator and thicker near the poles.  

● The reasons for these variations are due to atmospheric circulation patterns 
and solar intensity. 

● The majority of ozone is produced over the tropics and is transported towards 
the poles by stratospheric wind patterns. In the northern hemisphere these 
patterns are known as the Brewer-Dobson circulation, make the ozone layer 
thickest in the spring and thinnest in the fall.  

● When ozone is produced by solar UV radiation in the tropics, it is done so by 
circulation lifting ozone-poor air out of the troposphere and into the 
stratosphere where the sun photolyzes oxygen molecules and turns them into 
ozone. Then, the ozone-rich air is carried to higher latitudes and drops into 
lower layers of the atmosphere.  

● Research has found that the ozone levels in the United States are highest in 
the spring months of April and May and lowest in October.  

● The total amount of ozone increases moving from the tropics to higher 
latitudes, the concentrations are greater in high northern latitudes than in 
high southern latitudes, due to the ozone hole phenomenon.  

● The highest amounts of ozone are found over the Arctic during the spring 
months of March and April, but the Antarctic has their lowest amounts of 
ozone during their summer months of September and October. 

Ozone 
depletion 
 

● It is the gradual thinning of Earth’s ozone layer in the upper atmosphere 
caused by the release of chemical compounds containing gaseous chlorine or 
bromine from industry and other human activities. 

● The thinning is most pronounced in the polar regions, especially over 
Antarctica. 

● Ozone depletion describes two related events observed since the late 1970s: 
1. A steady lowering of about four percent in the total amount of ozone 

in Earth's atmosphere (the ozone layer), and 
2. A much larger springtime decreases in stratospheric ozone around 

Earth's polar regions. This phenomenon is referred to as the ozone 
hole. 

● There are also springtime polar tropospheric ozone depletion events in 
addition to these stratospheric events. 

Causes of 
Ozone layer 
depletion 
 

Ozone depleting substances (ODS): 
● Main cause of ozone depletion and the ozone hole is manufactured chemicals, 

especially manufactured halocarbon refrigerants, solvents, propellants and 
foam-blowing agents (chlorofluorocarbons (CFCs), HCFCs, halons), 
referred to as ozone-depleting substances (ODS). 
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○ They are compounds of chlorine, fluorine, and carbon such as CF3Cl, 
CHCl2F etc. 

○ These are used as refrigerants in refrigerators, air conditioners, and 
in cooling plants. 

○ These molecules can destroy O3 molecules and therefore depletion of 
the O3 layer. 

● Nitrogen oxides (such as nitrous oxide) 
○ very reactive to O3 and are also responsible for holes in the ozone 

layer. 
○ released by burning fossil fuels by cars and especially airplanes which 

fly near the ozone layer. 
Process of 
creation of 
Ozone Hole 
 

● Ozone-depleting substances are transported into the stratosphere by the 
winds after being emitted from the surface. 

● In the Polar Regions there is much larger variation in sunlight. During the 3 to 
6 months of winter there is only dark. Thus, no solar radiation. 

● Temperatures reduce around or below -80°C for much of the winter. 
Extremely low Antarctic temperatures cause cloud formation in the relatively 
"dry" stratosphere. 

● These polar stratospheric clouds (PSCs) are composed of ice crystals that 
provide surface for reactions, many of which speed up the degradation of 
ozone molecules. 

 

● Chemistry + dynamics + radiation = Conditions conducive to significant 
ozone loss in the Polar Regions. 

● The sequence of events leading to the spring time depletion of ozone is 
initiated of the earth's orbit at about 23.5° causes the polar regions to 
experience continual darkness during their winter season. 

Catalytic cycle is a series of reactions in which a chemical family or a 
particular species is depleted, leaving the catalyst unaffected. 

● The air above the pole cools and a polar vortex is formed that isolates and sets 
the stage for the rapid depletion of ozone by catalytic cycles.  

● Chlorofluorocarbon-bonds (CFCs) themselves are not involved in the 
catalytic process.  Upon reaching the stratosphere, they are subject to higher 
levels of ultraviolet radiation that decompose the CFCs and release atomic 
chlorine. 

Impact of 
Ozone layer 
depletion 

Impact of agriculture: 
● An increase of UV radiation would be expected to affect crops. 

o A number of economically important species of plants, such as rice, 
depend on Cyanobacteria residing on their roots for the retention of 
nitrogen. 

○ Cyanobacteria are sensitive to UV radiation and would be affected by 
its increase. 
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○ Several of the world’s major crop species are particularly vulnerable 
to increased UV, resulting in reduced growth, photosynthesis and 
flowering. 

Impact on humans: 
● Skin cancers, sunburns and premature aging of the skin 

○ Basal and squamous cell carcinomas: the most common forms of skin 
cancer in humans 

○ Malignant melanoma, a form of skin cancer 
● Cortical cataracts: UV radiation can damage several parts of the eye, including 

the lens, cornea, retina and conjunctiva 
● Weakening of the human immune system. 
● UV rays can also led to Genetic mutation. 

Impact on ocean organism: 
● Planktons are threatened by increased UV radiations. 

Why Ozone 
hole mainly 
in Antarctica 
not in Arctic 
pole? 
 

● Southern polar region is colder and more isolated than north. Antarctica 
favors the formation of polar stratospheric clouds (PSCs) which in turn serve 
as platforms for catalytic ozone breakdown 

● As a consequence of having less land, the circulation over the Antarctic is 
more persistent and vortex-like, which favours PSCs. 

● Air inside the vortex is prevented from mixing with warmer, ozone-rich air 
from lower latitudes (This vortex is not a feature of the Arctic). 

Intervention 
to mitigate 
Ozone Layer 
Depletion 
 

The Montreal Protocol on Substances that Deplete the Ozone Layer 
● The original Montreal Protocol was agreed on 16 September 1987 and entered 

into force on 1 January 1989. 
● It was conceived after the detection of a large hole in earth’s ozone layer over 

Antarctica. 
● Aim: The main aim of this treaty was the elimination of Chlorofluorocarbons 

(CFCs) and HCFCs. As a replacement HFCs were proposed 
● Montreal Protocol stipulates that the production and consumption of 

compounds that deplete ozone in the stratosphere-chlorofluorocarbons 
(CFCs), halons, carbon tetrachloride, and methyl chloroform-are to be phased 
out by 2000 (2005 for methyl chloroform).  

Kigali Conference: 
● Meeting of Parties (MoP) to the Montreal Protocol of the Vienna Convention 

for Protection of Ozone Layer took place in October, 2016, in Kigali 
(Rwanda). 

● The negotiations at Kigali were aimed at including Hydrofluorocarbons 
(HFCs) in the list of chemicals under the Montreal Protocol with a view to 
regulate their production and consumption and phase them down over a 
period of time with financial assistance from the Multilateral Fund created 
under the Montreal Protocol. 

● What are HFCs? 
○ HFCs are refrigerant gases used for commercial, residential and 

automotive purposes (and in other applications) but are hundreds to 
thousands of times more potent that carbon dioxide. 
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○ They were meant to replace HCFCs (hydrochlorofluorocarbons) in 
order to protect the ozone layer but their global warming potential 
(GWP) has increasingly become a matter of concern in climate 
negotiations. 

● During negotiations held at Kigali India successfully negotiated the baseline 
years and freeze years which will allow sufficient room for the growth of the 
concerned sectors using refrigerants being manufactured domestically thus 
ensuring unhindered growth with least additional cost and maximum climate 
benefits. 

● Outcome of Kigali Conference: 
○ there would be two set of baselines or peak years for developing 

countries 
○ India will have baseline years of 2024, 2025, 2026. 

■ This decision gives additional HCFC allowance of 65% that 
will be added to the Indian baseline consumption and 
production. 

○ The freeze year for India will be 2028, with a condition that there will 
be a technology review in 2024/2025 and, if the growth in the sectors 
using refrigerants is above certain agreed threshold, India can defer 
its freeze up to 2030. 

○ On the other hand, developed countries will reduce production and 
consumption of HFCs by 70% in 2029. 

○ India will complete its phase down in 4 steps from 2032 onwards 
with cumulative reduction of 10% in 2032, 20% in 2037, 30% in 2042 
and 85% in 2047. 

● Significance of Kigali 
○ The Kigali Amendment is one that could avoid global warming by up 

to 0.5° C 
○ India & China are the only countries in the world today that 

manufacture HFCs. So, why India has been given a later freeze 
year? 

■ Because China’s air conditioner market is bigger in size 
meaning its production of HFCs is also larger than India. 

■ India’s HFC consumption picks up only after 2025 while 
China will witness rapid emissions of HFCs from 2015-
2030 

○ The Kigali amendments to the Montreal Protocol will, for the first 
time, incentivise improvement in energy efficiency in case of use of 
new refrigerant and technology. Funding for R&D and servicing 
sector in developing countries has also been included in the agreed 
solutions on finance. 
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Facts for Prelims: 
● The International Day for Preservation of Ozone Layer (aka World Ozone Day) is observed 

every year on September 16 for the preservation of the Ozone Layer. The Montreal Protocol was 
signed on 16 September, 1987 on substances that deplete the Ozone Layer and marks the International 
Day for the Preservation of the Ozone Layer. 

● The theme for 2018: ‘Keep Cool and Carry On: The Montreal Protocol’. 
● The theme of World Ozone Day 2019: '32 years and Healing'.  
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