UNIT- 5

What are the three major greenhouse gases?

The major natural greenhouse gases are watervapour, which causes about 36-70% of the greenhouse effect on Earth (not including clouds); carbon dioxide which causes 9-26%; methane, which causes 4-9%, and ozone, which causes 3-7%. It is not possible to state that a certain gas causes a certain percentage of the greenhouse effect, because the influences of the various gases are not additive. (The higher ends of the ranges quoted are for the gas alone; the lower ends, for the gas counting overlaps.). Other greenhouse gases include, but are not limited to, nitrous oxide, sulphur hexafluoride, hydrofluorocarbons, perflurocarbons and chloroflurocarbons carbon dioxide, methane and nitrous oxide.

This is soon going to change. Carbon Dioxide is nice and cool compared to some of the new gases that we are developing. One among the gases absorbs 4o times more heat than carbon dioxide and hangs in the atmosphere for over 500 years. This gas is released with the development of plasma TV’s. the second gas remains in the atmosphere for only a few years but it absorbs a lot more heat than the first.

Explain briefly the major provisions of Kyoto Protocol treaty. Also briefly discuss India’s greenhouse issues?
Ans: The protocol states that “developed countries are committed, individually or jointly, to ensuring that their aggregate anthropogenic carbon dioxide equivalent emissions of greenhouse gases do not exceed amounts assigned to each country” in Annex A to the Protocol, “with a view to reducing their overall emissions of such gases by atleast  5% below 1990 levels in the commitment period 2008 to2012”.

India has ratified the contentious Kyoto Protocol in August 2002. India has experienced a dramatic growth in fossil fuel CO2  emissions, and the data compiled by various agencies shows an increase of nearly 5.9% since 1950. At present India is rated as the 6th largest contributor of CO2 emissions behind China, the 2nd largest contributor. However, our per capita CO2 of 0.93t per annum is well below the world average of 3.87t per annum The energy sector is the largest contributor 55% of carbon dioxide emissions in India. Agriculture sector constitutes the next major contributor, accounting for nearly 34%.

 WRITE IN DETAIL REGARDING OZONE LAYER DEPLETION
•Ozone layer was discovered by a French physicists CHARLES FABRY and HENRI BUISSON in 1913.

•Its properties were explored in detail by G.M.B.DOBSON, a British Meteorologist.

•Dobson established a world wide network of ozone monitoring stations which operate even today.

•The total amount of zone in a column overhead is measured in “DOBSON Unit” (DU), 1DU=0.01mm

•Ozone layer a region of the atmosphere from 19 to 48 km above the earth’s surface.
•Although the concentration of ozone is the ozone layer is very small, it is vitally important to life because it absorbs biologically harmful ultra violet (UV) radiation emitted from the Sun.
•UV radiation is divided into three categories basd on its wave length, ie., UV-A, UV-B, UV-C.
•Most of the UV-A (315 to 400nm) reaches the surface this radiation is significantly less harmful, although it can potentially cause genetic damage.
•UV-B (280 to 315nm) radiation is the main cause of Sun burn, excessive exposure can also cause genetic damage, resulting in problems such as Skin cancer. It rapidly damages biota of all types.
•UV-C < 280nm, the ozone layer is very effective at screening out UV-B, for radiation with a wave length of 290nm, the intensity at Earth’s surface is 350 million times weaker at the top of the atmosphere.

Stratospheric Ozone layer:
Atomic oxygen O, oxygen molecules O2 and Ozone O3 are involved in the ozone – oxygen cycle.

Ozone is formed in the Stratosphere when oxygen molecules dissociate after absorbing the ultraviolet photon whose wave length is shorter than 240nm.

This produces two oxygen atoms. The atomic oxygen then combines with O2 to create ozone O3
Ozone molecules absorb UV light between 310 and 200nm, following which ozone splits into a molecule of O2 and O. The process O3 generation and splitting repeats as per the equations below.
O2 = O+O

O2+O = O3
O3 = O2+O

O3+O=2O2
Under normal conditions the creation and destruction of ozone molecules is roughly constant and ultimately result in effect absorption

Of short wave length ultraviolet raditions in the Stratospheric region.
Life underneath is thus protected from the harmful solar radiations.

The average thickness of ozone layer in stratosphere is approximately 300DU.

Ozone hole: 
Certain human produced pollutants lead to destroy the stratosphere ozone and causing an imbalance between formation and dissociation of ozone. This decrease in the ozone level is called depletion or thinning of ozone layer or zone hole.

Cause of Ozone depletion:
Ozone can be destroyed by a number of free radical catalyst, like hydroxyl (OH), the nitric oxide (NO), atomic chlorine (Cl) and Bromine (Br). 

All of these are generated by both natural and anthropogenic (man made) sources.

At preset most of the OH and NO is the stratosphere is of natural origin, but human activity has dramatically increased the chlorine and bromine.

•These elements are found in certain stable organic compounds, particularly chlorofluorocarbons (CFC’s) .
•Once in the stratosphere, the Cl and Br atoms are liberated from the parent compounds by the action of ultra violet light and can destroy ozone molecules in a catalytic cycle.
Cl + O3 = ClO+O2
ClO+0= Cl+O2
In sum, O3+O = O2+O2
Final result is an oxygen molecule and a chlorine atom, which then reinitiates the cycle.
•A Single chlorine atom would keep on destroying ozone for up to two years. On a per atom basis, bromine is even more efficient than chlorine at destroying ozone, but there is much less bromine in the atmosphere. As a result both chlorine and Bromine contribute significantly to the overall ozone depletion.

•CFC’s were used in air – conditioning / cooling units as aerosol spray propellants prior to the 1980’s and in the cleaning process of electronic components. 

•CFC’s when reach the Stratosphere, are dissociated by ultraviolet light to relase chlorine atoms.
•The chlorine atoms act as Catalyst, and can breakdown many thousands of ozone molecules before removed from the Stratosphere.
•It is calculated that CFC molecules takes an average of 15 years to go from Ground level upto the upper atmosphere, and it can stay there for about a century, destroying up to one hundred thousand ozone molecules during that times.
•The Antarctic ozone hole is an area of the Antarctic Stratosphere in which the recent ozone levels have dropped to as low as 33% of their Pre- 1975 values.
•The ozone hole occurs during the Antarctic spring, from September to early December, as strong westerly winds start to circulate around the continent and create an atmospheric container, within this “polar vertex”, over 50% of the lower stratospheric ozone is destroyed during the Antarctic spring.
•The overall cause of ozone depletion is th presence of chlorine – containing source gases (primarily CFC’s and related hydrocarbons). In the presence of UV light, these gases dissociate releasing chlorine atoms, which then go on to catalyze ozone destruction. The chlorine catalyzed ozone depletion can take place in the gas phase, but it is dramatically enhanced in the presence of polar stratospheric clouds (PSC’s)
•Polar Stratospheric clouds form during winter. In the extreme cold temperatures would be around – 800C, without Sunlight and the ‘polar vertex’ trapping the chill air. 
This enhances the Surfaces for chemical reactions that lead to ozone destruction.
•Most of the ozone that is destroyed is in the lower stratosphere. Warming temperatures near the end of Spring break up the vortex around mid – December.

As warm ozone – rich air flows in from lower latitudes, the PSC’s are destroyed, the ozone depletion process shuts down, and the ozone hole heals.

•The decrease in the ozone layer was predicted in the early 1980’s to be roughly 7% over a sixty – year period.

The term Ozone depletion for distinct but related, observations: a slow decline (about 3% per decade) in the total amount  of ozone in the earth’s stratosphere and much larger, but seasonal, decrease in Stratospheric ozone over the earth’s polar regions during the same period. Cause of both trends is believed to be the Catalytic destruction of ozone by atomic chlorine and bromine.
The reactions that take place on polar stratospheric clouds (PSC’s) are of great importance.

The PSC’s only form in extreme cold. The Antarctic stratosphere is colder than the Arctic, and the PSC’s form more readily, which is the reason for ozone hole formation over Antarctic. This is why the Arctic zone holes are not as deep. In middle latitudes declines are bout 3% below pre-1980 values for 35-60N and bout 6% for 35-60S. In the topics, there are no significant trends.

Consequences of Ozone depletion:

•Since the ozone layer absorbs UV-B light from the Sun, ozone layer depletion is expected to increase surface UV-B levels, which could lead to damage, including increase in skin cancer.

•Scientists have estimated that a one percent decrease in Stratospheric ozone would increase the incidence of skin cancers by 2%
•A direct correlation has been observed between cataract formation in eyes and UV radiations.
•An increase of UV radiation would also affect crops like rice.
•At ground level ozone is generally recognize to be a health risk, as ozone is toxi due to its strong oxidant properties
•Presently, ozone at ground level is produced mainly by the action of UV radiation as exhaust gases, from vehicles.
•Lower trophic level organisms shall be the worst sufferers as they have a simple cell wall for their protection against UV radiation. With the primary tropic levels drastically impaired the entire ecosystems could collapse.

Current events and future trends.
•In 1994 UN General, assembly voted to designate September 16 as “World Ozone day”.

•A 2005 IPCC summary of ozonic issue observed that global average amount of ozone depletion is now approximately stabilized.
•The thickness of the ozone layer over Europe which has decreased by 8% since the 1980’s has now slowed down to about 4% a decade. The Antarctic ozone hole reached its largest ever size in September 2000 at 11.5 million Square miles.

Q WRITE IN DETAIL REGARDING GREEN HOUSE EFFECT & GLOBAL WARMING

Ans. Green House Effect

Under normal concentrations of CO2, the temperature of the earth’s surface is maintained by the energy balance of the sun’s rays that strike the planet and the heat is radiated back into the outer space.   However, when concentration of CO2 in the atmosphere increases, the thick envelope of this gas prevents the heat from being re-radiated out.   The heated earth can radiate this absorbed energy as the radiation of longer wave length.

Sources

A number of industrial as well as agricultural operations generate and emit waste gases into the atmosphere.   Burning of fossil fuel emit CO2, growing paddy, or live stock releases methane.   The use of aerosols and coolants in refrigerators and air conditioning devices or sprays releases chlorofluorocarbons into the atmosphere.   These gases create a canopy in the atmosphere and trap the solar radiation reflected back from the earth’s surface leading to atmospheric and climatic changes.

Green House Effect on Global Climate

A huge amount of CO2 gets introduced into the environment from furnaces of power plants, fossil fuel burning, vehicular exhaust and breathing of animals, but the ocean may not be able to absorb this increased CO2 and the plants also cannot utilize the whole during photosynthesis.   So, much of CO2 is still left in the atmosphere, which is supposed to be responsible for increasing the atmospheric temperature.

As a result of rise of temperature of earth, the oceans get warm up and sea level would rise flooding low lying regions.   A slight increase in sea level could have profound effects on habitation and coastal land.   In temperate regions, the winter will be shorter and warmer and the summer will be longer and hotter.    A warmer climate is likely to make some cities extremely hot.   There will be enormous increase in rainfall, but the problem of desertification, drought and soil erosion will further worsen.    The most obvious effect of climate change will be on agriculture.   Because CO2 is a natural fertilizer, the plants will grow larger and faster with increasing CO2 in the atmosphere.   The abnormal fast growth results in increase of yield but the soil fertility goes down at a very fast rate.

Scientists believe, the average global temperature will be higher than ever in the past thousand years.

The global warming trend can cause significant climatic changes.   Human society is highly dependent on the earth’s climate pattern and human adaptations determine the availability of food, fresh water and other resources for sustaining life.    The social and economic characteristics of a society have also been shaped largely by adapting to the seasonal and year to year patterns of temperature and rainfall.   

Some potential effects associated with the enhanced green house effect and the associated global warming is as follows.

Water Resources

Due to changes in precipitation pattern and increased evaporation the quality and quantity of water available for drinking, irrigation, industrial use, electric generation, aquatic life, etc., are significantly affected.

Coastal Resources

An estimate of 50 cm rise in sea level by the year 2100, could inundate more than 8000 Km of dry land.

Health

Changing pattern of temperature and precipitation may produce new breeding sites for pests, shifting the range of infectious diseases.   Heat stress mortality could increase due to higher temperature over longer periods.

Oceans

Oceans can provide sources for the increased water vapour because of the earth’s increased temperature.  On the other hand, the thermal holding capacity of the oceans would delay and effectively reduce the observed global warming.   In addition, oceans play an important role in the global green house gas budgets.   The ocean biota, primarily phytoplankton is believed to remove at least half of the anthropogenic CO2 added to the atmosphere.   The ocean sink of CO2 is called ‘Biological CO2 Pump’.

Vegetation

Vegetation changes due to climatic change would affect the hydrologic cycle.   The biggest impact of CO2 induced climatic change would be changing precipitation form lead to overall lower rainfall amount or drought during growing season with increased frequency and severity.   However, the rise in atmospheric CO2 should cause increase in photosynthesis, growth and productivity of the earth’s vegetation.   Thus the change in climate on vegetation has less adverse impact.   Higher temperature could increase forest susceptibility to fire, disease and insect damage.

Clouds and Water Vapour

Global warming will lead to an increase in the amount of water vapour in the atmosphere and because water vapour is a powerful green house gas, lead to an increase into the warming.  However, tropical storm clouds reach higher in the atmosphere under warmer conditions.   Then the clouds would produce more rain thus adding less water vapour to the middle troposphere.

Sea Ice

Increased temperature would tend to melt ice and result in increased absorption of solar energy by the ocean.   However, a decrease in sea ice would also lead to larger heat fluxes from the ocean to the atmosphere.   Thus, the interaction among the atmosphere, the ocean, sea ice and the interaction of sea ice to climate change need to be observed and quantified.

Global Climate

It is even postulated by scientists that melting of glaciers and the release of the resultant cold water in large quantities could affect the major sea currents in the Atlantic Ocean.   The ocean currents of Atlantic in fact, act as a heat conveyer of the planet regulating the global climate.   If the heat conveyer is interrupted, the northern hemisphere would plunge into an ice age and the southern hemisphere will be facing severe drought.

In general, global warming is likely to make the weather more unpredictable in the coming years.

Prevention of Global Warming

The major steps to be taken for the reduction of green house gases includes,  improving the energy efficiency of electric generation, as well as switching to less polluting fossil fuels.   Following are some of the suggestions to prevent global warming.

1. Reduction and elimination of green house gases emission that is disturbing the climate.   Clean electricity technologies including wind turbine, solar panels and hydrogen fuel cells are continually improving, becoming more efficient, economical and capable of competing with polluting gas and coal power plants.

2. Biofuels including ethanol and bio-diesel could substantially cut down the CO2 emission from automobiles.

3. Sustainable farming and forestry techniques look up carbon in plants and soils and provide new revenues to rural communities.

4. Besides protecting the climate, CO2 emission control techniques dramatically reduce air pollution provide communities with higher quality of life and climate.

5. Conservation and produce energy that causes no environmental damage with cost less than building new power plants.   They lower electricity bills and reduce constraints on energy systems.

