
Exercise walk-through

9.2
Reducing Ozone Depletion

AP Environmental Science



Global Change
Ozone

Ozone depletion and the Montreal Protocol

The ozone layer blocks UV.
CFCs release chlorine that
destroys it (catalyst).

The 1987 Montreal Proto-
col phased out CFCs
worldwide and is a rare environmental
success – the layer is slowly recovering.
The substitutes still carry a climate
cost, which is the follow-up the ques-
tion asks for.

Ozone hole: CFC chlorine catalysis



Global Change
Ozone

The ozone layer, and what took it apart

ozone layer high in the stratosphere; absorbs harmful ultraviolet ra-
diation before it reaches the ground

CFCs
chlorofluorocarbons – once used in coolants and sprays; stable
enough to drift up intact

the mechanism UV splits off a chlorine atom, which destroys ozone catalytically –
one atom, thousands of molecules

the consequence more UV at the surface: skin cancer, cataracts, damage to crops
and plankton

The Montreal Protocol phased CFCs out and the layer is recovering – the one clear success
story in the whole course.



AP Environmental Science

Exercises 2.1·2.3
2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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AP Environmental Science

Exercises 2.1·2.3
2 Practice
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Solutions
Each answer shows the steps, then the result.

2.1

• Phased out CFCs and other ozone-depleting substances

2.2

• HCFCs / HFCs

2.3

• Yes (slowly)

3.1 B

• phased out ozone-depleting substances globally

3.2

(a)

• CFCs are persistent, so those already in the atmosphere kept destroying ozone for
decades before declining

(b)

• Global cooperation can solve a shared environmental problem

3.3

• Some HFCs, though ozone-safe, are potent greenhouse gases that contribute to climate
change
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Exercise 3.1

2 Practice
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Exercise 3.1
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AP Environmental Science

Exercise 3.2 (a)

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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2 Practice
Now apply the methods above.
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Exercise 3.2 (a)

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• Phased out CFCs and other ozone-depleting substances

2.2

• HCFCs / HFCs

2.3

• Yes (slowly)

3.1 B

• phased out ozone-depleting substances globally

3.2

(a)

• CFCs are persistent, so those already in the atmosphere kept destroying ozone for
decades before declining

(b)

• Global cooperation can solve a shared environmental problem

3.3

• Some HFCs, though ozone-safe, are potent greenhouse gases that contribute to climate
change
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AP Environmental Science

Exercise 3.2 (b)

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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Exercise 3.2 (b)

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• Phased out CFCs and other ozone-depleting substances

2.2

• HCFCs / HFCs

2.3

• Yes (slowly)

3.1 B

• phased out ozone-depleting substances globally

3.2

(a)

• CFCs are persistent, so those already in the atmosphere kept destroying ozone for
decades before declining

(b)

• Global cooperation can solve a shared environmental problem

3.3

• Some HFCs, though ozone-safe, are potent greenhouse gases that contribute to climate
change
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Exercise 3.3

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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Exercise 3.3

2 Practice
Now apply the methods above.

2.1 What did the Montreal Protocol do? [1]

2.2 What replaced CFCs? [1]

2.3 Is the ozone layer recovering? [1]

3 Exam-style questions
3.1 The Montreal Protocol is considered successful because it [1]

A increased CFC use
B phased out ozone-depleting substances globally
C banned all refrigerators
D had no effect

3.2 After the Montreal Protocol, CFC use fell sharply.

(a) Explain why the ozone layer still took decades to recover. [2]

(b) State one lesson this treaty offers for other global problems. [1]

3.3 Explain one drawback of some CFC substitutes (HFCs). [2]
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Solutions
Each answer shows the steps, then the result.

2.1
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2.2

• HCFCs / HFCs

2.3

• Yes (slowly)

3.1 B

• phased out ozone-depleting substances globally

3.2

(a)

• CFCs are persistent, so those already in the atmosphere kept destroying ozone for
decades before declining

(b)

• Global cooperation can solve a shared environmental problem

3.3

• Some HFCs, though ozone-safe, are potent greenhouse gases that contribute to climate
change
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