Global Warming and Ozone Depletion

GLOBAL WARMING

Warming Processes:
The Greenhouse Effect

· The sun produces a range of radiation including UV, visible and IR

· Most of the wavelengths are let through the atmosphere and strike the surface of the earth

The Greenhouse Effect

· However, since energy is lost in all reactions, when the high energy wavelengths hit the surface of the Earth, they are converted to  lower energy wave-lengths.

· The atmosphere is a barrier to these waves

The Greenhouse Effect

· These waves (heat) are trapped by the atmosphere, and the Earth heats up.

· This process is similar to how a greenhouse heats up the air inside (or a car heats up on a sunny day)

IMPORTANT!

· The greenhouse effect is a natural process that leads to an Earth which is warmer (it would be 33C cooler without it)

· It is the reason that our Earth is warm enough to live on

· It is a GOOD thing for life on this planet

Cooling Processes

· Cloud Cover:

· clouds cover 60% of the Earth and reflect 30% of the light

· the ability of the planet to reflect light is called its albedo
· Decrease in light due to volcanoes

· Mt. Pinatubo led to a significant reduction in global temperature 

· Sulfate smog/haze decreases warming by increasing cloud cover

Global warming and the greenhouse effect

· Global warming is the increase in Earth surface temperature due to an introduction of high levels of greenhouse gases due to human activities

· Global warming is NOT a good thing

· We are tinkering with the Earth’s natural ability to moderate its temperatures (or are we?)

Changes in Greenhouse Gases: CO2

· Causes 50-60% of anthropogenic global warming

· Increasing 0.5% every year

· Sources are burning of fossil fuels, slash and burning, automobiles

· Developed countries produce 70% of emissions

· Preindustrial level was 280ppm

· Exponential growth to 360ppm today

Increase in CO2 Concentration

· Cycling is due to seasons

· Peaks are fall-spring when respiration predominates

· Troughs are for spring-fall when photosynthesis dominates

Where is CO2 being produced?

· More than 75% comes from developed countries

A small bit of good news

· Calculations of CO2 emissions suggest that the amount of CO2 should increase by 3ppm, not the 1.7ppm being observed

· The oceans are able to absorb a lot of the CO2 that we produce

· There are limits to what the oceans can absorb, but at least they are reducing the effects

Changes in Greenhouse Gases: Water Vapor

· Water vapor is a MAJOR greenhouse gas (85-97% of natural warming) 

· Although it is a major greenhouse gas, human activities do not appear to be having an effect on its concentrations

Changes in Greenhouse Gases: Methane

· Contributes 12-15% of anthropogenic global warming

· Is produced by the anaerobic breakdown of organic material in swamps, rice paddies, landfills, intestinal tracts, natural gas leaks

· Each molecule traps 25 times more heat than a CO2 molecule

· Methane lasts 9-15 years in the atmosphere

Methane emissions

· Before 1991 emissions were increasing 1% per year

· Have leveled off (maybe due to control of leaks in Russia’s natural gas system)

Changes in Greenhouse Gases: CFCs

· Contribute to global warming in addition to depleting the ozone layer

· Use in aerosols, refrigerants, styrofoam

· Responsible for 15-25% of anthropogenic global warming

· Can absorb 1500-7000 times more radiation than one molecule of CO2
· Very stable, so can persist for a long time (65-135yrs)

CFC emissions

· Their use is being fazed out throughout the world, but their effects will be felt for hundreds of years to come

Changes in Greenhouse Gases: Nitrous Oxide (N2O)

· Contributes 5% of anthropogenic global warming

· Emissions are due to burning of fossil fuels, application of fertilizers

· Lifespan is 120 years in troposphere

· Traps 230 times as much as CO2

Nitrous Oxide emissions

· Emissions are not being controlled

· Even if they were, it would take a long time to feel the effects because it is so persistent

Review: Greenhouse Gases Affect on Climate

Affect of Activities on Climate 

What is the connection between CO2 emissions and global warming?

· The Earth experiences a huge range of temperature variations (ice ages)

· We really have no idea if the changes we are observing are really due to emission of greenhouse gases

· However, we DO know how greenhouse gases affect the temperature balance of the Earth

Temperature Fluctuations

CO2 Emissions and Global Temperatures

What are the potential effects of Global Warming? 

· Temperature

· Sea level

· Food Production

· Earth’s Albedo

· Weather/Climate

· Human health

· Biodiversity

Projected Temperature Changes

· General Circulation Models (GCMs) use data on water vapor, temperature, greenhouse gases, circulation patterns, heat exchange etc. in order to predict global warming

· What they predict: 

· mean surface temperature should increase 1-3.5C in the next 100yrs

· northern hemisphere should heat up more than southern hemisphere

Expected Temperature Changes

Sea Level Changes

· The sea levels are expected to rise because:

· water expands when it heats up (major cause)

· land-based ice caps will melt

· floating ice caps have NO effect on sea level

· Seas are projected to rise up to a meter in the next 100 years

· Many of the world’s major cities are areas would be drowned

Arctic sea ice gets thinner 

· There has been a "striking" decline in the thickness of Arctic sea ice according to scientists who have studied data gathered by US Navy submarines. 

· The researchers say the average draught of the sea ice in the region has declined by 1.3 metres (4.3 ft) compared with the 1960s and 1970s. By draught they mean the difference between the surface of the ocean and the bottom of the ice pack - just like the draught of a boat. 

· This amounts to a 40% reduction, says Dr Andrew Rothrock of the University of Washington, Seattle, and colleagues, who report their findings in the journal Geophysical Research Letters. 

· culprits will inevitably include human-induced global warming and the climate phenomenon known as the Arctic Oscillation, which can result in particular wind patterns that last several years. 

· "We just don't know," said Dr Rocthrock. "It's going to be fascinating to watch in the next five of ten years and see what happens in the Arctic - whether the ice cover is headed in one direction or whether something will bring it back into a more normal historical pattern." 

Food Production

· Agricultural belts will move northward

· Depending upon finances and soils, this could cause an increase or decrease in food production

· Higher water level may flood fertile deltas used for agriculture

· Expect some declines

Earth’s Albedo

· A melting of the ice caps will decrease the albedo of the earth (ice reflects)

· This will be a positive feedback to global warming

Weather and Climate


· Some places will be wetter, other drier

· Increase in water vapor in air (+ feedback)

· Increase in cloud cover (- feedback)

· Northern Hemisphere will heat up more than the Southern Hemisphere

· Might see more weather extremes

Expected Weather Changes

Human Health

· more heat waves (elderly in jeopardy)

· increase in fungal and yeast diseases

· increase growth of food molds

· better conditions for breeding of insect pests (malaria)

Biodiversity

· Plants and algae are expected to increase productivity because of higher conc. of CO2
· This may lead to a reduction in CO2 (-feedback)

· Animal species will be less affected than plant species because they can move

· Most plant species will not be able to move to adjust to the changing conditions because they are occurring more rapidly than species can move (9km per decade)

Effects of warming on beech trees

· A probable decrease of crop yields in the tropics and sub-tropics "raising enormous problems because of the serious potential for exacerbated deprivation". 
Drought and floods "are projected to become a larger problem in many temperate and humid regions". 


· Soil degradation could be worsened by increased erosion caused by higher rainfall, while elsewhere more land could become desert. 
Existing stresses on fish stocks could be worsened as water temperature, salinity and entire ecosystems change. 
Insect species may expand their ranges towards the poles, increasing the risk of crop loss and, in Africa, there could be significant changes in tsetse fly distribution. 




· The report also says that the composition of the world's forests is likely to change because some tree species will not be able to move northwards (or to higher altitudes) to escape the encroaching warmth. 




Can anything be done?

· Reduce CO2 emissions

· switch fuel types

· charge carbon taxes/polluter pays

· halt deforestation

· Support reforestation

· Obtain global ban on CFCs

OZONE DEPLETION

What is ozone?

· Ozone is the 3 oxygen molecule in the stratosphere that absorbs UV radiation abnd protects the Earth’s surface from the mutating effects of the radiation

· Ozone was formed over time in the early atmosphere as the conc. of oxygen increased and built up in the stratosphere

· Ozone blocks out all UVC, half of UCB, and little of UVA

How is ozone formed?

O2 + UV           O  +  O

O  +  O2           O3

not all free O atoms make ozone:


 O + O3       O2 + O2
How does ozone absorb UV light?

O3 + UV            O  +  O2
The absorption of UV light recreates the free O atom that can combine to form ozone again

How do CFCs contribute to ozone depletion?

· Rowland and Molina (1974)

· Chlorine atoms are removed from CFCl3 by UV light

· Cl + O3             ClO + O2
· ClO + ClO           2Cl + O2
How do CFCs contribute to ozone depletion?

· Chlorine acts as a catalyst in the reaction because it helps it, but is not used up in the reaction 

· Each chlorine atom can covert up to 100,000 O3 molecules to O2 before is finally combines with hydrogen to make HCl and it rains down

What is the ozone hole?

· The thinning (40-70%) of the ozone layer over Antarctica

· The hole developed rapidly; it would have been discovered earlier if the computer hadn’t disregarded such a quick change

· In the Antarctic winter, the formation of icy clouds provides sites for CFCs to react and produce chlorine atoms.  These atoms then stay attached to the clouds until spring.  In spring, the ice crystals melt, releasing the Cl atoms to the air which react to remove ozone.  So, the hole is greatest during the Antarctic spring

· Ozone levels over the Arctic have fallen dramatically this winter, say scientists. 

· An international group of researchers found cumulative ozone losses of more than 60% at around 18 kilometres (11 miles) above the polar region between January and March. 

· "These are among the largest chemical losses at this altitude observed during the last 10 years," said the European Commission, a main sponsor of the research, in a statement. 

· But this winter's ozone depletion reinforced concerns that recovery of the protective layer may be delayed, the scientists said. 

· The deterioration was partly due to colder temperatures in the stratosphere following a particularly severe winter. This may be caused by greenhouse gases, the by-products from burning fossil fuels which are also blamed for causing rising temperatures at the Earth's surface. 

· If this is the case

· the scientists said, ozone levels would not recover immediately even when the more damaging chlorine and bromine compounds have disappeared from the atmosphere. 

Picture of the Ozone Hole
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Why should we be concerned?

· The ozone layer protects us from the damaging/mutating effects of UV radiation

· ozone depletion in 80’s should cause 12 million people to develop skin cancer in their lifetime

· Without this shield, we can expect to see a much higher rate of skin cancer, glaucoma

· Reduction in crop productivity

· Reduction in phytoplankton productivity

What is being done?

· Montreal Protocol - 1987

· 36 nations got together to address the problem

· agreed to cut emissions by 35% between 1989 and 2000

· Meeting in Copenhagen - 1992

· protocol with even more rapid cutbacks (phase out by 1996) was adopted by 93 countries (India and China have not signed)

The Good News!

· CFC production has fallen 77% between 1988 and 1995

· Chlorine levels should start decrease in atmosphere in 1998 and should be back to safe levels by 2045

· Good example that the world can act quickly and effectively when needed

· There is fresh evidence that the ozone layer is thinning over the UK and northern Europe. 


· Meteorological readings taken in the stratosphere over the Arctic show that in six of the past 10 winters, ozone has thinned to half its normal concentration. 


· It seems that the same gases responsible for the "greenhouse effect" - claimed by many scientists to be gradually warming the Earth - are simultaneously making the stratosphere cooler. 


· once in the stratosphere, above about 12 km, the greenhouse gases cool quicker than ordinary air and ice crystals form in the lower temperatures. 


· That is bad news for the ozone layer because the ice clouds give ozone-depleting chemicals - particularly chlorine - somewhere to come together and react. 


· that if the ozone layer is depleted, people will be at greater risk from skin cancers such as melanoma, which has increased four-fold in Sweden since the 1960s. 

· HCl + ClONO2 -> HNO3 + Cl2 (1) ClONO2 + H2O -> HNO3 + HOCl (2) HCl + HOCl -> H2O + Cl2 (3) N2O5 + HCl -> HNO3 + ClONO (4) N2O5 + H2O -> 2 HNO3 (5)

