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Stratospheric Ozone Layer
Ozone layer shields earth from UV radiation.

UV types divided by wavelength


The shorter the wavelength the more 
energetic and dangerous the UV!
Ozone absorbs all UV-C, most UV-B

UV-A is not affected by ozone

Ozone Depletion – 1985

First discovered that Ozone thinning was 
observed to be greater than caused 
naturally


Less ozone in the stratosphere will allow 
more harmful UV radiation


Will lead to serious threats to humans, 
especially health-related

Ozone depletion most severe over Artic and 
Antarctica


Occurs during annually between Sept-Nov

Main Causes of Ozone Depletion


Main problem: Chlorofluorocarbons 


(CFCs)

Other chemicals: Halons, Methyl bromide, 

Methyl chloroform, Carbon tetrachloride, 
Nitrous oxide

CFC Uses:


Refrigerators and air conditioners – Freon


Propellants in aerosol spray cans


Plastic foam bubble/peanuts – packaging


Cleaner solvents for electronic parts

Ozone Depletion: Chemical Reaction


CFC-Ozone reactions occurring more 
frequently than ozone formation

Research finds CFCs harmful


1974 - Researchers from the U of California, 
Irvine found CFC as cause of Ozone 
depletion

Quantifying Ozone Concentration

Gordon Dobson - Dobson spectrophotometer


Measures the amount of atmospheric ozone 
overhead by collecting ultraviolet radiation 
scattered by the atmosphere


- Dobson Units (DU)


On average the Earth has 250 DU of ozone 
coverage.

Variation of Ozone layer


varies with season and latitude
Ozone and Light Spectrum


UV-A = 320-380nm (nanometers)

UV-A completely penetrates ozone layer 


and reaches the ground.


UV-B = 290-320nm



Biologically hazardous – Sunburn



Most is absorbed by ozone layer, but 


small amount reaches surface.


UV-C = 250-290nm



Very hazardous!  Completely absorbed 


by Ozone layer

Ozone absorbs most strongly at wavelengths of 250nm – the Hartley band

Ozone Threats

Chlorine


Natural sources:



Methyl chloride (CH3Cl)



Hydrogen chloride (HCl)


Anthropogenic sources:


Chlorocarbons



Halocarbons



   Carbon tetrachloride (CCl4) 



   Chlorofluorocarbons (CFCs)


      CFC-11  (CFCl3)

                   CFC-12  (CF2Cl2)

CFCs- Originally designed as substitute refrigerants and also solvents

Atmospheric Life of CFCs

CFCs – a continued threat

The Life of a CFC molecule – 7 steps
Nitrogen Oxides and Ozone

NO2 is the main source of NOx and is analoguous to CFCs in the chlorine cycle.


UV radiation


Supersonic Transport (SST)

Bromine Activity

Bromine atoms can react in pairs with 2 bromine atoms destroying 2 ozone molecules

Net effect is bromine is 10X more potent than Chlorine

Ozone Hole

History - Joseph Farman – Halley Bay, Antarctica (UK research base)

1984 – noticed decrease in total ozone in October for each year after mid 1970s.

“Continued decline of total ozone over Halley, Antarctica, since 1985”

 Nature 376: 409-411 (03 August 2002)

Ozone Hole Facts

Ozone amounts drops mostly in Sept-Oct


Rising again in Nov-Dec


Lowest values recorded are about 100 DU

Ozone - Unique Atmospheric Features at the 
Poles 

 - Polar Vortex and Ice crystals 

- Polar Stratospheric Clouds (PSCs)


Type-1 PSC = frozen nitric acid and water


Type-2 PSC = water ice and water

Type-1 PSC help activate chlorine from CFCs in the Stratosphere!
Montreal Protocol


“Montreal Protocol on Substances That 
Deplete the Ozone Layer”

Adopted in September 1987

History

Today - 191 countries have ratified the protocol and/or its amendments
The London Amendment
Copenhagen Amendment

Montreal Amendment
Beijing Amendment
What does the Montreal Protocol Do?


It constitutes a mechanism for the phasing 
out of ozone depleting substances

Ninety six (96) chemicals are presently controlled by the Montreal Protocol, including:


Halocarbons, notably chlorofluorocarbons 
(CFCs) and Halons, Carbon tetrachloride, 
Methyl chloroform (1,1,1 trichloroethane)


Hydrobromofluorocarbons (HBFCs)


Hydrochlorofluorocarbons (HCFCs)


Methyl bromide (CH3Br)


Bromochloromethane (BCM),
Phase out Schedules
Montreal Protocol on the Web:
UNEP web site

http://ozone.unep.org
US - EPA

Rules & Regulations – 

Title VI of the Clean Air Act

http://www.epa.gov/ozone/title6/index.html#titlevi
Overview

Phase out information

EPA - Allocation of Essential Use Allowances for Calendar Year 

Alternative Substances

Significant New Alternatives Policy (SNAP) Program

http://www.epa.gov/ozone/snap/lists/index.html
Poverty - the inability to meet one’s basic economic needs

Examples $3 and $1/day

Neoclassical Economist View


“Trickle down effect”

Barriers to helping poor


Education, Location, Inability to borrow $$


Corruption
Poverty and the Environment


Poverty leads to unsustainable economic 
practices 

World Agencies and Poverty


World Bank and IMF

Valuating the Global Environment

Neoclassical Economists views

Ecological / Environmental Economists views

Ecosystem Valuation 


Robert Costanza – 1997 - Estimated the 
annual net worth of the biosphere is $33 
trillion

Harmful External Costs and 
Full-Cost Pricing – ex gasoline
Negative Externalities

UNEP Report on poverty and the environment

Exploring the Links:  Human Well-being, Poverty, and Ecosystem Services

http://www.unep.org/poverty_environment/PDF_docs/economics_exploring_the_links.pdf
3 objectives

10 constituents and determinates for improving well-being and reducing poverty
UNEP Def of ecosystem services
Notes :






























