Chapter 19
Climate Change and Ozone Depletion

19-1 How might the earth’s temperature and climate change in the future?

A.
Temperature and climate have been changing throughout the earth’s history.

1.
Climate shifts have occurred due to volcanic emissions changes in solar input, continents moving on shifting plates, meteor strikes and other factors.

2.
Alternating cycles of freezing and thawing are known as glacial and interglacial periods.

B.
Geologic records and atmospheric measurements provide a wealth of information about past atmospheric temperatures and climate.

1.
Antarctic ice cores contain tiny gas bubbles.  Analysis of the radioactive isotopes in the trapped gas gives us information about historical atmospheric composition, greenhouse gas levels, and temperature.
2.
Sediment cores are also analyzed for pollen, fossils and other clues about ancient plant types.

3.
Direct temperature records go back to 1861.

C.
A natural process called the greenhouse effect warms the lower troposphere and surface.

1.
Light energy from the Sun enters our Earth’s atmosphere.  Some of the energy is reflected back into space and some of it is absorbed.  Different features of the surface of our planet reflect or absorb the energy differently.

2.
The absorbed light energy is converted into heat energy.  A layer of greenhouse gases in the atmosphere prevents the heat from escaping.
3.
As a result of the greenhouse effect, the Earth’s surface temperature is much warmer than it would be without it.

D.
The four major greenhouse gases in the lower atmosphere are water vapor, carbon dioxide, methane, and nitrous oxide.

1.
Water Vapor (H2O) – most abundant greenhouse gas; positive feedback loop = warmer air holds more moisture, moisture makes air warmer
2.
Carbon Dioxide (CO2) – enters the atmosphere through the burning of fossil fuels, solid waste, trees and wood products, etc. It is removed from the atmosphere or “sequestered” when it is absorbed by plants as part of the carbon cycle.

3.
Methane (CH4) – emitted during the production and transport of fossil fuels, from livestock and other agricultural practices, and by the decay of organic waste in municipal solid waste landfills.

4.
Nitrous Oxide (N2O) – emitted during agricultural and industrial activities and during combustion of fossil fuels and solid waste. 

E.
Humans have increased levels of greenhouse gases in the troposphere by use of fossil fuels, farming, use of inorganic fertilizers, burning forests, etc.

1.
Burning of fossil fuels has generated much of the CO2 increase.

2.
Deforestation and clearing grasslands release CO2 and N2O.

3.
Increased cattle raising and other livestock has added methane release.

4.
Use of inorganic fertilizers in rice cultivation releases N2O into the troposphere.

F.
The countries with the highest emissions of CO2:
1.
The United States (30%)
2.
China (5%)
3.
The European Union
G.
The Intergovernmental Panel on Climate Change (IPCC) was formed to evaluate possible climate changes.  Many of the findings of the IPCC support the scientific consensus that the troposphere is very likely (90-99% probability) getting warmer.  There is evidence that the earth’s troposphere is warming, mostly because of human actions.  

1.
The 20th century was the hottest century in the past 1,000 years
2.
Since 1861 the average global temperature has risen 0.74 degrees centigrade, with most increase occurring since 1980.
3.
The 10 warmest years since 1861 have occurred since 1990.
4.
Arctic temperatures have risen almost twice as fast as those in the rest of the world.
5.
Glaciers and ice sheet in some parts of the world are melting and shrinking at increasing rates.
6.
Warmer temperatures in Alaska and Russia are melting the permafrost, releasing more greenhouse gases into the troposphere.
7.
The world’s average sea level rose by 10-20 centimeters (4-8 inches).
8.
The range and distribution of plan and animals is shifting towards the poles.

9.
In the mid-latitudes, spring is coming earlier and winter is coming later.
H.
A number of natural and human-influenced factors might amplify (positive feedback) or dampen (negative feedback) projected changes in the average temperature of the troposphere.
I.
Can increased solar activity be the cause of recent temperature increases?  No.  Since 1975, the troposphere has warmed while the stratosphere has cooled.  A hotter sun would cause the entire atmosphere to warm.
J.
The oceans can absorb large amounts of CO2 (25-30% of man-made CO2 is absorbed by the ocean).  But, there are problems associated with this absorption:
1.
The warmer water gets, the less soluble it is to gases like CO2, so as global warming increases, this phenomenon will decrease.

2.
The addition of CO2 increases the acidity of the ocean (carbonic acid) which harms marine life, especially coral reefs.
K.
One of the largest unknowns in global warming is the change in distribution of clouds.

1.
Additional clouds may have a warming effect by absorbing and releasing more heat into the troposphere, or a cooling effect by reflecting more sunlight back into space.

2.
Several factors will affect the net result of more cloud cover such as the amount of water vapor in the troposphere, whether clouds are thin or thick, coverage, altitude of the cloud, size and number of water droplets or ice crystals formed in clouds.

L.
Aerosol or particulate pollutants and soot can warm or cool the troposphere.
1.
Global dimming refers to the idea that particulates in the atmosphere can slightly shade that Earth and reduce the amount of solar energy reaching the Earth’s surface.

2.
Scientists hypothesize that pollution can dim sunlight in two ways: soot particles in the atmosphere reflect some of the sunlight back into space; airborne particles cause more water droplets to condense out of the air, leading to thicker, darker clouds.
3.
This phenomena will decrease as particulate pollution standards are enforced.
M.
Computer models are used to project future changes in the earth’s average temperature.  These models are adapted as we discover new inputs and outputs for heat and greenhouse gases in our complicated earth system.  Current computer models are the most sophisticated yet.

CORE CASE STUDY: NASA scientists used the 1991 eruption of Mount Pinatubo in the Philippines to test the predictive power of their climate model.  They predicted that the SO2 and particulates would cool the planet by 0.5º C and that everything would be back to normal by 1995.  As it turns out, the prediction was extremely accurate and the validation led to more trust and confidence in the predictions that computer climate models are able to make.

19-2 What are some possible effects of a warmer atmosphere?

A.
A rapid increase in the temperature of the troposphere during this century would give us little time to deal with its harmful effects.
1.
Local weather (weather in your area) may not change as obviously as global climate (average temp. and precip. for the planet as a whole).
2.
Many scientists fear a “tipping point” after which severe climate changes cannot be prevented.

3.
Global warming refers to temperature increases in the troposphere, which can cause climate change.

4.
Global climate change is a broader term that refers to changes in any aspects of the earth’s climate.

B.
Severe drought accelerates global warming and can lead to more droughts.
1.
 A severe lack of water, growth of trees and other plants will slow, less CO2 taken out of atmosphere, in addition, more forest and grass fires will add CO2 the atmosphere 
2.
Groundwater, lakes, and rivers will be depleted because of lake of precip., increased evaporation, and increased need to agricultural irrigation.
C.
The melting of some of the world’s ice means that less sunlight is reflected back into space, and helps warm the troposphere further.

1.
Increasing temperature tends to be greater in the polar regions.  Scientists consider these areas as early warning sentinels of changes in average temperature of earth’s troposphere.

2.
Floating ice is melting faster than it is being formed.  Ice formations are important for helping to cool the earth by reflecting 80-90% of incoming light back into space.  Once the ice is melted, the water it is replaced by absorbs 80-90% of incoming light.
3.
It is estimated that up to half of the Arctic sea ice could disappear by 2050.  This would shift the storm-guiding jet stream northward and result in great climate change for North America and Europe.
4.
Loss of frozen water means a loss of reservoirs of water for warmer months of the year.  Many global populations rely on this melt water for drinking.
D.
Global sea levels are very likely to rise during this century.  The projected rise in sea level is about 18–59 cm (0.6–1.9 feet), but higher amounts are possible.

1.
2/3 of this rise is the result of thermal expansion of warm water.  The other 1/3 of the rise will be from the melting of land-based ice shelves.
2.
Harmful effects of this rise in sea level include:

a.
threatening half the world’s estuaries and wetlands and coral reefs

b.
disruption of many of the world’s coastal fisheries

c.
flooding of low-lying islands and gently sloping coastlines will erode and retreat inland
d.
flooding of agricultural lowlands and deltas where much of the world’s rice is grown

e.
contamination of freshwater coastal aquifers with salt water

f.
submergence of some low-lying islands in the Pacific Ocean and Indian Ocean

E.
Another dangerous scenario is the melting of the arctic permafrost.  As arctic temperature increases, permafrost melts and the organic matter in soils and lake bottoms decomposes, releasing CH4, a greenhouse gas.
F.
Global warming could alter ocean currents and cause excessive warming in some parts of the world and severe cooling in others.

1.
Oceans help moderate the earth’s average surface temperature by absorbing both CO2 and heat from the atmosphere.

2.
Ocean currents are also important for storage of CO2 and transfer of heat.

3.
Movement and speed of the ocean currents may contribute to significant alterations in temperature patterns in the northern hemisphere.

4.
Changes in the hydrologic cycle may affect global precipitation patterns.  It may result in regional warming or cooling because of changes in the movement of ocean currents and air masses.

G.
Global warming will lead to changes in precipitation and weather extremes.

1.
Certain areas will be prone to prolonged heat waves and droughts while other areas will experience prolonged heavy rains and increased flooding.
2.
Hurricanes will also get stronger because of an increase in ocean water surface temperatures.  This warm water is the source of a storms power.
H.
A warmer troposphere will cause changes in biodiversity by altering the distribution and population sizes of wild species, shift locations of ecosystems and threaten some protected reserves and coral reefs.

1.
A warmer climate could expand the ranges and populations of plant and animal species that can adapt to warmer climates.

2.
Warming could also threaten plants and animal species that can’t migrate rapidly enough to new areas.

3.
Ecosystems most likely to be disrupted are coral reefs, polar seas, coastal wetlands, arctic and alpine tundra and high-elevation mountaintops.

I.
Climate change will shift the areas where crops are grown.  Food production may increase in some areas and decrease in others.

1.
Warmer temperatures could shift growing areas farther north, but les fertile soils in these areas may reduce food production.

2.
Lower productivity could be offset by longer growing seasons.

3.
Genetically engineered crops can be developed to withstand the temp./ precip. extremes.
J.
Global warming will threaten human health by increasing deaths from heat stroke, malnutrition and starvation from the disruption of food supplies, increased flooding, the spread of tropical diseases to temperate areas, more insects, microbes, toxic molds, and fungi, an increase in some forms of air pollution, more O3, greatly increased number of environmental refugees from drought and flooding, and poverty.

19-3 What can we do to slow climate change?

A.
Climate change is hard to deal with because it has many causes, its effects are uneven and long-term, and there is disagreement over what should be done.

1.
The problem is global.
2.
The pollutants are all but invisible and the problem is only apparent as gradual changes over a long period of time
3.
The effects will last a long time.

4.
The harmful and beneficial impacts of climate change are not spread evenly.

5.
Many actions that might reduce the threat of climate change, such as phasing out fossil fuels, are controversial because they can disrupt economics and lifestyle.

B.
There is disagreement over what we should do about the threat of global warming.

1.
Scientists, economists, business leaders, and political leaders debate the causes, how rapidly the changes might occur, the effects on humans and ecosystems and the responses that should be taken.

2.
Mitigation is the act of decreasing or reducing something.  This is when we take actions aimed at reducing the extent of global warming by reducing the production of greenhouse gases or their emission into the atmosphere
3.
Adaptation means that we recognize some warming is unavoidable and devise strategies to reduce its harmful effects, or live with the outcome.
C.
The solutions offered for slowing the rate and degree of global warming come down to three major strategies: improve energy efficiency to reduce fossil fuel use, shift from carbon-based fossil fuels to a mix of carbon-free renewable energy resources, and sequester or store as much CO2 as possible in soil, in vegetation, underground, and in the deep ocean.

D.
We can remove and store some CO2 we produce as shown in figure 19-15.

1.
Plant trees that will store CO2 in biomass.

2.
Soil sequestration is a possibility, but warmer temperatures can increase soil decomposition with CO2 then being returned to the troposphere.

3.
Reduce release of CO2 and nitrous oxide from soil by altering agriculture practices to include no-till cultivation and letting fields lie fallow.

4.
Remove CO2 from smokestacks and pump it deep underground or inject it into the deep ocean.  There are several problems with this approach at present.

E.
Governments can tax emissions and energy use, increase subsidies and tax breaks for saving energy and using renewable energy, and decrease subsidies and tax breaks for fossil fuels.

1.
One possible solution is to phase in carbon taxes on fossil fuel use and at the same time decrease taxes on income, labor, and profits to offset the consumption taxes.

2.
Greatly increase government subsidies for energy-efficiency and carbon-free renewable-energy sources.

F.
It will probably cost less to help slow global warming now than to deal with its harmful effects later.

1.
Some studies indicate that implementing conservation strategies would boost the global and U.S. economies instead of hurt it.

G.
The Kyoto Protocol, developed in 1997 would require 38 developed countries to cut emissions of some gases by about 5.2% below 1990 levels by 2012.

1.
Developing countries would not have to make cuts until a later date.

2.
By mid-2004 it had been ratified by more than 120 countries.

3.
In 2001, President George W. Bush withdrew the U.S. from the Kyoto Protocol.
a.
Argued that it would harm the U.S. economy

b.
Objected to the fact that China, India, Brazil, Indonesia and other rapidly developing countries were exempt from the first phase of the protocol.
H.
Many countries, states, cities, companies, schools, and individuals are reducing their greenhouse gas emissions, improving energy efficiency, and increasing their use of carbon-free renewable energy.

1.
The ultimate goal of many is to become carbon neutral – a balance between the amount of carbon released into the atmosphere and the amount sequestered or removed from the atmosphere.
I.
Many countries and cities are looking for ways to cope with the harmful effects of climate change.

1.
Estimates are that current emissions of greenhouse gases must be cut by at least 60% by 2050 to stabilize concentrations at their present levels.

2.
For political and economic reasons, such a reduction is extremely unlikely.

3.
We should begin to prepare for possible effects of long-term atmospheric warming.

19-4 How have we depleted ozone in the stratosphere and what can we do about it?

A.
The ozone layer that is concentrated in the stratosphere absorbs about 95% of harmful UV radiation.  Less ozone in the stratosphere will allow more harmful UV radiation to reach earth’s surface.  The overwhelming consensus of researchers is that ozone depletion is a serious threat to humans, other animals, and some of the primary producers that support earth’s food.

B.
Widespread use of a number of useful and long-lived chemicals has reduced ozone levels in the stratosphere.

1.
Chlorofluorocarbons (CFC) were used coolants in air conditioners and refrigerators, propellants in aerosol cans, etc.  Freon was the most widely used of these.

2.
They had many uses and became very popular since they were inexpensive to manufacture and seemed to be dream chemicals.

3.
In 1974, chemists Rowland and Molina found that CFCs were lowering the average concentration of ozone in the stratosphere.  Four major conclusions came from their research:

a.
CFCs remain in the atmosphere because they are insoluble in water and chemically unreactive.

b.
While in the troposphere, CFCs act as greenhouse gases.  Over 11-20 years these chemicals are lifted into the stratosphere, mostly by convection currents and turbulent mixing of air.

c.
CFC molecules break down under the influence of high-energy UV radiation.  Chlorine is released and is highly reactive.  Fluorine, bromine and iodine are also released.  This causes ozone to be broken down faster than it is formed.

d.
These CFC molecules can last in the stratosphere for 65-385 years.

4.
In 1988, after 14 years of delay tactics, the CFC industry acknowledged that CFCs were depleting the ozone and agreed to stop manufacture of them.
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C.
During four months of each year up to half of the ozone in the stratosphere over Antarctica and a smaller amount over the Arctic is depleted.

1.
Ozone loss is often called the ozone hole, but it is actually ozone thinning.

2.
The total area of stratosphere that suffers from ozone thinning varies from year to year.

3.
The primary culprits are CFCs and other ODCs.
4.
The polar vortex is a swirling mass of very cold air that is isolated from the rest of the atmosphere for several months.  Ice crystals in this mass collect CFCs and other chemicals and set up conditions for formation of CIO, the molecule most responsible for seasonal loss of ozone.

5.
As sunlight returns to Antarctica in October, the light stimulates CIO molecules and within a matter of weeks the ozone is reduced by 40-50% on average.

D.
Increased UV radiation reaching the earth’s surface from ozone depletion in the stratosphere is harmful to human health, crops, forests, animals, and materials such as paints and plastics.  Figure 20-21 lists the effects of ozone depletion.

E.
Exposure to UV radiation is a major cause of skin cancers.

1.
The primary cause of squamous cell and basal cell skin cancers is years of exposure to UV-B radiation.  Fortunately, 90-95% of these cancers can be cured if detected early enough.

2.
Malignant melanoma is a third type of skin cancer that may occur anywhere on the body.  It kills a fourth of its victims (most under the age of 40) within 5 years.

3.
Women who used go tanning at least once a month increase chances of developing melanoma by 55%.

4.
Caucasians are most susceptible to melanomas.

F.
To reduce ozone depletion we must stop producing all ozone-depleting chemicals.

1.
If we immediately stop producing all ozone-depleting chemicals it will take 60 years for the ozone layer to return to 1980 levels and about 100 years to return to pre-1950 levels.

2.
The Montreal Protocol is an international treaty that controls the production and consumption of chemical that destroy the ozone layer.  Its goal was to cut emissions of CFCs by about 35% between 1989 and 2000.  It has been quite successful in eliminated CFC production and use.
3.
Representatives met again in 1990 and 1992 and adopted the Copenhagen Protocol, an amendment that strengthened and accelerated the phase out of key ozone-depleting chemicals.

4.
These agreements have now been signed by 191 countries.

