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Introduction:	The	Ozone	Layer

• Importance	in	the	Stratosphere	for	LifeRole of ozone in the stratosphere 

Stratospheric ozone effectively screens the Earth’s surface against high energy  
(short wavelength) UV rays. 



Formation	of	the	Ozone	Layer	

• Use	UV	to	split	oxygen	into	two	free	atomic	
oxygen	radicals,	and	then	make	Ozone.
O2	+	ultraviolet	light	à O	+	O
O	+	O2	à O3

Formation of the ozone layer 
One important consequence of the increase in atmospheric 
O2 concentrations was an increase in the concentration of 
ozone, O3, in the atmosphere. Ozone is formed via the 
following reactions: 
 
                                     O2 + hX o O + O 
                                          O + O2 o O3 



Ozone	Depletion

• What	are	chlorofluorocarbons	(CFCs)?
– Long-lived	gases	used	as	refrigerants	and	in	
other	industrial	applications.

• What	happens	when	UV	strikes	CFCs?
–A	carbon-chlorine	bond	breaks,	producing	a	
chlorine	(Cl)	atom.	The	chlorine	atom	then	
reacts	with	an	ozone	(O3)	molecule,	
breaking	it	apart	and	destroying	the	ozone.



Ozone	Depletion

• Reaction
ØCFCl3 +	UV	Light	à CFCl2 +	Cl
ØCl +	O3 à ClO +	O2

ØClO +	O	à Cl +	O2

• Significance
ØThe	free	chlorine	atom	is	free	to	attack	ozone	
molecule,	and	this	cycle	can	RE-OCCUR
thousands	of	times!

 
CFCl3 + UV Light ==> CFCl2 + Cl 

Cl + O3 ==> ClO + O2 
ClO + O ==> Cl + O2 

 
The free chlorine atom is then free to attack another ozone molecule, and this cycle can 

re-occur thousands of times. 
 

Destruction of ozone by CFCs 

The first scientific paper about the potential for ozone destruction by CFCs was published by 
Sherry Rowland and Mario Molina in 1974. This paper warned about the potential for 
widespread ozone loss by 2050 if CFC production levels were to remain steady. 



Antarctic	Ozone	Hole
Decreases in ozone over Antarctica 
were first noticed by a research group 
from the British Antarctic Survey in the 
1970's (Joseph Farman, Brian Gardiner 
and Jonathan Shanklin). In the 1980's 
the first measurements of this loss were 
actually documented. In 1985, when the 
British first reported their findings, 
October ozone levels were about 35 
percent lower than the average for the 
1960s. When the first measurements 
were taken the drop in ozone levels in 
the stratosphere was so dramatic that at 
first the scientists thought their 
instruments were faulty. 
The U.S. satellite Nimbus-7 quickly 
confirmed the results, and the term 
Antarctic ozone hole entered popular 
language.  

Antarctic ozone hole discovered 



Antarctic	Ozone	Hole

As winter arrives, a vortex of winds develops around the pole and 
isolates the polar stratosphere. When temperatures drop below -
78°C (-109°F), thin clouds form of ice and nitric acid. Chemical 
reactions on the surfaces of ice crystals in the clouds create active 
forms of chlorine on cloud particles. When light returns in the 
spring active chlorine is photochemically released, ozone 
destruction begins, and the ozone “hole” appears and persists 
until the vortex breaks down in the summer.   

Polar stratospheric  
clouds 

The formation of  
an "ozone hole" over 
Antarctica in the  
spring is due to three  
main factors: polar  
stratospheric clouds, 
the presence of reactive 
chlorine and bromine,  
and the presence of light. 

Why do ozone holes form over Antarctica? As winter arrives, a vortex of winds develops around the pole and 
isolates the polar stratosphere. When temperatures drop below -
78°C (-109°F), thin clouds form of ice and nitric acid. Chemical 
reactions on the surfaces of ice crystals in the clouds create active 
forms of chlorine on cloud particles. When light returns in the 
spring active chlorine is photochemically released, ozone 
destruction begins, and the ozone “hole” appears and persists 
until the vortex breaks down in the summer.   

Polar stratospheric  
clouds 

The formation of  
an "ozone hole" over 
Antarctica in the  
spring is due to three  
main factors: polar  
stratospheric clouds, 
the presence of reactive 
chlorine and bromine,  
and the presence of light. 

Why do ozone holes form over Antarctica? 



Antarctic	Ozone	Hole

• In	which	season	especially?
ØSpring	(Sep,	Oct…in	Antarctica)

• WHY	does	the	ozone	hole	form	over	
Antarctica,	and	WHY	especially	in	this	season?
ØPolar	stratospheric	clouds	form	in	winter.
ØThe	presence	of	reactive	chlorine	(Cl)	and	
bromine	(Br)	etc.	form	in	the	spring.		Why?

ØThe	presence	of	light	(UVC)	splits	bonds.



Dealing	with	such	concern

The Montreal Protocol on Substances that Deplete the Ozone Layer 

                                                               

" Perhaps the single most successful international agreement to date has been the Montreal 
Protocol.  "-Kofi Annan, Secretary General of the United Nations 

 
The Montreal Protocol on Substances that Deplete the Ozone Layer was negotiated and signed by 24 countries and by the 
European Economic Community in September 1987. The Protocol called for the Parties to phase down the use of CFCs, 
halons and other man-made ODCs. 
 
The Montreal Protocol on Substances that Deplete the Ozone Layer is one of the first international environmental 
agreements that includes trade sanctions to achieve the stated goals of a treaty. It also offers major incentives for non-
signatory nations to sign the agreement. The treaty negotiators justified the sanctions because depletion of the ozone layer 
is an environmental problem most effectively addressed on the global level. Furthermore, without the trade sanctions, there 
would be economic incentives for non-signatories to increase production, damaging the competitiveness of the industries in 
the signatory nations as well as decreasing the search for less damaging CFC alternatives. 
At meetings in London (1990), Copenhagen (1992), Vienna (1995), and Montreal (1997) amendments were adopted that 
were designed to speed up the phasing out of ozone-depleting substances. 

Public concern over the obvious evidence for ozone destruction as shown by the  
Antarctic ozone hole led to…….. 



Did	the	Montreal	Protocol	work?



Yet	in	2015,	the	hole	expanded

• In	2015,	Antarctic	ozone	hole	expanded	to	
near-record	size.	



WHY?	Didn’t	the	protocol	work?

• The	Montreal	Protocol	worked,	and	
the	scientists	were	right	about	CFCs.
• However,	it	was	due	to	unusually	COLD
temperatures	in	the	stratosphere.
• 2015	was	a year	when	an	El	Niño	occurred,	
and	global	warming	caused	a	stratospheric	
cooling	effect.



The	SLOW	decline	of	CFCs	since	protocol



How	fast	are	CFCs	declining?

• Why	haven’t	we	seen	a	return	to	conditions	
that	existed	before	these	chemicals	were	first	
introduced?
ØCFCs	are	exceedingly	long	lasting in	the	
atmosphere

ØOnce	emitted,	they	will	reside	in	the	
atmosphere	for	about	60	to	200	years

ØIn	short,	they	are	STILL	contributing to	
stratospheric	ozone	depletion!



Ozone	Hole	causes	Global	Warming?From Yale University Survey “Americans’ Knowledge of Climate Change”  

?? 

The hole in the ozone 
layer does not contribute 
to global warming! 
 



Let’s	solve	such	confusion!

• The	ozone	hole	doesn’t contribute	to	global	
warming.
• Yet	CFCs	are	effective	greenhouse	gases.
• Global	warming	cools	the	stratosphere,	
which	can	enhance	the	ozone	loss	(see	what	
happened	in	Sep	2015).
• The	ozone	hole	“might”	affect	winds	and	
cloud	formation	over	Antarctica,	possibly	
impacting	the	“regional”	climate.



Conclusion

• CFCs	are	bad	for	ozone	formation.
• The	chlorine	catalytic	cycle	can	RE-OCCUR
thousands	of	times!
• The	ozone	hole	is	especially	large	over	
Antarctica.
• The	Montreal	Protocol	was	fairly	successful.
• Global	warming leads	to	stratospheric	
cooling,	exacerbating	the	loss	of	ozone.
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