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Environment: a foreign policy issue?
“Today environmental issues are part of the mainstream of 
American foreign policy…. [W]e know that the damage to 
the global environment, whether it is over-fishing of the 
oceans, the build-up of greenhouses gases in the 
atmosphere, the release of chemical pollutants, or the 
destruction of tropical forests, threatens the health of the 
American people and the future of our economy. We know 
that rapid population growth exacerbates these problems 
and has consequences that transcend national borders.  
And we know that the global environment can be protected 
most effectively if nations act together.  For These reasons, 
this effort must be a central concern of American foreign 
policy.”

Secretary of State Madeleine K. Albright, Statement introducing the U.S. State Department’s
first annual report, Environmental Diplomacy: The Environment and U.S.Foreign Policy, 1997.



Still?
“Global environmental protection is an important part of 
this administration's foreign policy agenda.”

Secretary of State Colin Powell, White House, April 19, 2001.

“The United States will be taking three very important 
messages to Johannesburg. First and foremost, we are 
committed to supporting sustainable 
development….[Second], sustainable development must 
begin at home, with sound policies and good governance…. 
[Third], governments, civil society, and the private sector 
must work in partnership to mobilize development 
resources to unleash human productivity, reduce poverty, 
promote healthy environments, and foster sustainable 
growth.”

Secretary of State Colin Powell, “Only One Earth,” Our Planet, August 12, 2002.



The aim of my sessions is to show:

! Why nations can gain by acting together.

! How nations try to act together.

! Which  approaches fail, which succeed, and 
why.

Aim of sessions



Overview

• Nations can gain by acting together whenever 
there are cross-border externalities.

• Nations try to act together through legal 
channels—especially, treaties.

• To succeed, treaties must restructure the 
relationships that exist among countries.  This 
requires that treaty diplomats think strategically.



Card Game
Every participant gets two playing cards, one red and 
one black.
You get a payoff___a money reward!___that depends on 
what you do and on what the other participants do.
You get $5 if you keep your red card plus $1 for every 
red card handed in.
Without talking, and without showing anyone else 
what you are doing, you must hand in one card to me.



Why states can gain by acting together

Handing in your red card is a public good.  
Everyone benefits when you hand in your red 
card (non-rivalry), and no one___not even the 
participants who keep their red cards___can be 
prevented from benefiting (non-exclusion). 
What is the best outcome for everyone?
What would be your ideal outcome?
Can you name any real regional or global 
public goods?



The underlying PD

!P

!A

0 N-1
Number of others that play Abate

Card game:
$5 if keep red card;
$1 for every red card 
handed in by anyone.
Suppose N = 100.

$5

$1

$100

$104



Card Game 2

Now change one of the rules of the game: 
discuss your problem openly; “negotiate.”
However, bear in mind that, after you have 
stopped talking, you will have to hand back to 
me one card without anyone knowing which one 
you handed in.*
*This is to make sure that the game is compatible with the famous one-shot PD.



How did it go?

“Tell him that I sincerely apologize for grabbing him by 
the hair, and beating his head on the negotiating table.”



Referendum
Now vote on the referendum:“Would you like your 
professor to confiscate everyone’s red card?”
Please tick “Yes” or “No.” If a simple majority votes 
“yes,” then everyone’s red card will be confiscated, 
and everyone will get $1 times the number of 
participants in the room.
If the referendum is rejected, then your payoff will 
depend on the outcome of volunteerism.



Domestic public goods

What is the most important public good 
provided by the state domestically?
How is it supplied?
What is the difference between the 
supply of domestic public goods and 
transnational public goods?



Acid rain case study
Acid rain is caused 
by SO2 and NOx
emissions that are 
transformed as they 
are transported into 
sulfur and nitric 
acids.



Treaty instruments
Convention on Long Range Transport of 
Air Pollutants and eight associated 
protocols.
The Helsinki Protocol (1985) tells every 
party that it must reduce its sulfur 
emissions 30% from the 1980 level by 
1993.



Helsinki Protocol

Quickly read the treaty.

Is this a good agreement? Will it 
address the acid rain problem?



Helsinki: a success?
“As a result of this Protocol, substantial cuts in 
sulfur emissions have been recorded I Europe:  
Taken as a whole, the 21 Parties to the 1985 
Sulphur Protocol reduced 1980 sulphur emissions 
by more than 50% by 1993.  Also individually, all 
Parties to the Protocol have reached the reduction  
target.  Eleven Parties have achieved reductions of 
at least 60%.  Given the target year 1993 for the 
1985 Sulfur Protocol, it can be concluded that all 
parties to that Protocol have reached the target of 
reducing emissions by at least 30%.”

LRTAP Secretariat’s web page.



"Compliance" with the Helsinki Protocol
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Acid rain case study

The answer isn’t obvious. But note that:
• Participation is incomplete.
• Some non-participants reduced their emissions by 

more than 30%.
• Many participants reduced their emissions by 

much more than 30%.
Did the treaty impel its parties to reduce their emissions by 
more than they would have had the treaty never entered into 
force, or did countries sign and ratify the treaty only 
because they were going to reduce their emissions by more 
than 30 percent anyway?



Effectiveness
To answer this question, you can look at the 
payoffs. 
Suppose that we played the card game again but 
that this time you would get $5 for keeping your 
red card and $10 for every red card handed in.  
What would you do then?
You can also look at the agreement itself. Does it 
include the mechanisms needed to change 
behavior?



Oslo Protocol

The Oslo Protocol is different:
• Emission limits vary by country.
• Limits chosen to meet “critical loads.”
• Allows “joint implementation” for achieving 

cost-effectiveness.
• Acknowledges need to enforce compliance.

And yet:
• Oslo does not sustain full participation.
• Most countries have reduced their emissions by 

much more than required.



"Compliance" with the Oslo Protocol
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Oslo Protocol
Also:

• The signatory most in danger of not complying 
(Portugal) has not signed/ratified it.

• “Critical loads” are not achieved.
• JI mechanisms not implemented.
• No side payments.
• Though treaty establishes an Implementation 

Committee, it does not specify consequences 
of non-compliance—except to say that it may 
be necessary to “assist” countries having 
problems complying.



A contrast: Title IV

• Sets a ceiling on emissions by plant, and allows 
these to be traded. 

• Participation mandatory.
• Imposes a fine, set by Congress, of $2,682 per ton 

(in 2000). Actual marginal costs are about $187.
• Requires that polluters make up for the shortfall in 

the next year.
• Makes non-compliance a felony.
• Result: 2000 compliance rate, 99.99946%!



Why environmental diplomacy is 
becoming increasingly important

Scale: World output (population) has risen, and our 
environment reservoirs have filled up.

Preferences: As incomes rise, preferences for 
environmental protection also rise.

Property rights: “Nationalization” has gone about as far 
as it can.

Number of countries: The world is more fragmented.
Technology: Market incentives usually unfavorable to the 

needed environmentally friendly technologies.
Unilateralism insufficient: In contrast to other problems, 

unilateralism usually won’t suffice.



Membership in the United Nations
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Treaties

• Treaties are specific remedies.
• Treaties are negotiated, usually, by all 

countries with a stake in the outcome.
• Treaties are an outcome.
• Treaties are created from a process.
• Treaties are linked to an increasingly dense 

network of international law and 
international organizations.



The Rise of the Treaty
Multilateral Treaties Currently In Force by Date of Adoption
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Treaty Outcomes

Treaties:
• say who may and may not participate;
• specify the conditions for entry into force;
• tell the parties what they must and must not 

do, or what they should and should not try 
to do; and

• reaffirm the right of a party to withdraw.



Treaty Participation
Participation in the International Convention for the Regulation of Whaling
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Treaty-Making

Treaty negotiations take place in stages:
1. Pre-negotiation.
2. Negotiation.
3. Ratification and entry into force.
4. Implementation.
5. Renegotiation.



Treaty Participation Experiment

• Everyone gets a payoff
!A = z – 6.5
! P = z

where z is the number of other countries 
that play Abate.

• If the minimum participation level is eight, 
what should you do?

• Play the game without communicating.



Discussion

• Why not set minimum participation level 
equal to N? Wouldn’t this sustain full 
cooperation?



The Underlying PD and the 
Participation Game

0

-6.5

!P

!A

0 N-1 0 N-1
Number of others that play Abate Number of others that play Signatory

7

0.5

8

0

!n

!s



Case Study Comparisons:
First Sulfur Protocol

• Minimum participation level exceeded.
• Signatories play Abate (reduce emissions 

30%) but many non-signatories also play 
Abate.

• Remember: this agreement may only codify 
the non-cooperative outcome.



Case Study Comparisons:
Fur Seal Treaty

• Minimum participation precisely equals 
actual participation.

• Parties play Abate (ban pelagic sealing).
• Though N is large, successful entry 

deterrence means that only a few countries 
matter.

• Cooperation is likely helped by payoffs 
being non-linear.



Case Study Comparisons:
Convention on Anadromous Stocks
• A contemporary analogue of the Fur Seal 

Treaty.
• Minimum participation precisely equals 

actual participation.
• Parties play Abate (ban high seas fishing).
• Entry deterred by seizing ships registered 

with parties (and third parties) caught using 
driftnets.



Arctic Wind seen hauling in 
driftnet in the North Pacific

Coast 
Guard 
cutter in 
pursuit.

Ship 
seized.



Case Study Comparisons:
Montreal Protocol

• Minimum participation exceeded by a mile; 
actual participation virtually global.

• Signatories play Abate (ban CFCs).
• There is much more going on here than a 

simple model can show. To understand 
Montreal’s success we will have to develop 
the theory further.



1979 2000

2001 2002



Most recent image

Second largest ozone hole ever (largest, 2000)



Montreal Protocol
• Negotiated in 1987; adjusted and amended 

several times since then.
• Bans production and consumption of the 

ODSs.
• Achieves nearly universal participation.
• By around 2050, the ozone layer is expected 

to be restored.
• How did the MP succeed?



Time Line
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Montreal Participation Game

• US proposed 90% trigger for entry into force.
• Other countries objected, thinking that the high hurdle 

would “weaken the protocol by extracting other 
concessions as the price for adherence” (Benedick).

• Final agreement sets minimum participation level to 
11 countries making up at least 2/3s of global 
consumption.

• Entered into force 1-1-89, the earliest date allowed. At 
the time, the agreement consisted of 30 parties, 
accounting for 83% of global ODS consumption.



Cost-Benefit Analysis of the Montreal Protocol

No
Controls

Montreal
Protocol

Unilateral
Implementation

of MP

Ozone Depletion (%)
By 2000
By 2050
By 2100

1.0%
15.7%
50.0%

0.8%
1.9%
1.2%

0.9%
10.3%
49.0%

Payoffs to the US
(Billions of 1985 $US)
Benefits
Costs
Net Benefits
B-C Ratio

$3,575
$21

$3,554
170

$1,373
$21

$1,352
65

Source: EPA (1988).



Calculating Costs and Benefits

• Costs are easy to calculate; depend on 
engineering estimates and market prices.

• Benefits are harder to calculate; cannot rely 
on market prices.

• Most important benefit is avoided damage 
to human health.

• Value of life is not the value of a certain 
death or of a particular person’s death.



How much do you value your own life?

• Suppose you face a 1/10,000 risk of death. A 
one time risk, not to be repeated. Death is 
immediate and painless.

• This is the probability of occupational fatality 
for a typical US worker--about half the annual 
risk of being killed in a motor vehicle accident.

• How much would you be willing to pay to 
avoid this risk?



Value of Life
Willingness to pay Value of life
Infinite Infinity
Above $1k Above $10m
$500-$1,000 $5-$10m
$200-$500 $2-$5m
$50-$200 $500k-$2m

Example: m5$
000,10/1

500$
"



Do these payoffs matter?
“A major break in the interagency debate came in the form 
of a cost-benefit study from the President’s Council of 
Economic Advisers. The analysis concluded that, despite 
the scientific and economic uncertainties, the monetary 
benefits of preventing future deaths from skin cancer far 
outweighed the costs of CFC controls as estimated either 
by industry or the EPA. This conclusion, which was based 
on the most conservative estimates and did not even 
attempt to quantify other potential benefits of preventing 
ozone layer depletion dismayed the revisionists and helped 
sway some administration officials who had been watching 
the controversy from the sidelines” (Benedick: 63).



Implications

• Ozone depletion favored unilateral 
implementation of MP by rich countries.

• So: was MP a success?
• Yes; the MP evolved over time. Bigger cuts 

were required; participation increased.
• But: a favorable B-C ratio meant that the 

MP had an advantage from the start.



Global Payoffs
Global Benefits and costs of the Montreal 

Protocol Phase-out, 1987-2060
Health Benefits

Avoided cases non-melanoma cancer
Avoided cases melanoma cancer
Avoided cases cataracts
Avoided skin cancer deaths

19.1 million
1.5 million
129.1 million
333,500

Monetized Benefits $459 billion

Costs $235 billion

Net Benefits $224 billion +
non-monetized
health benefits

Source: ARC Research Consultants, 1997.



Ozone With and Without MP



First reason for Montreal’s success

1. Favorable cost-benefit ratio.



Experiment

• Everyone gets a red and a black card and must 
hand one card back to me. This choice is private.

• You get $20 if you keep your red card.
• You get $0 if you hand in your red card and no 

more than eight other participants hand in their red 
cards.

• You get $30 if you hand in your red card and at 
least nine other participants also hand in their red 
cards.

• What will you do?



Graph of Experimental Game
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Tipping Games

• In a tipping game, there are no dominant 
strategies; what you do depends on what 
others do or what you expect others to do.

• A threshold behavior “tips” everyone’s 
behavior.

• There are (at least) two equilibria.
• Would communication make a difference to 

this game?



Geographic Coordination Games
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Analysis of Game 1

• Countries have payoffs 
where z is the number of close neighbors that play 
Abate.

• Case 1: if b = 1 and c = 1.5, a country will play 
Abate provided two or more of its neighbors play 
Abate. There are several equilibria.

• Case 2: if b = 1 and c = 0.5, a country will play 
Abate provided at least one neighbor plays Abate. 
Here there are just two equilibria: in one, everyone 
plays Abate; in the other, no one plays Abate.

, ,0 bzcAP #$"!"!



European Union Directives
• Europe harmonizes many standards. Why don’t all 

regions behave this way?
• Suppose c = 2.5 and b = 1. Then for Game 1 there 

is a unique equilibrium: no country plays Abate.
• For Game 2, there are two equilibria. In one, no 

country plays Abate. In the other, countries I, II, 
IV, and V play Abate and all others play Pollute.

• Closer integration provides the incentive for 
harmonization.



Automobiles Example

• Catalytic converters.
• Unleaded gasoline.
• European directives.
• Multilateral treaty: Agreement Concerning 

the Establishing of Global Technical 
Regulations for Wheeled Vehicles, 
Equipment and Parts (1998).



Strategic Substitutes and Complements

Where dominant strategies do not exist, 
there are two possible behaviors:

• Strategic substitutes: as others abate more, 
you want to abate less.

• Strategic complements: as others abate 
more, you want to abate more.



Strategic Substitutes

• If the marginal benefit of playing Abate 
decreases in the abatement by others, 
abatement is a strategic substitute.

• Examples: disease control, acid rain (critical 
loads).



Strategic Complements

• Abatement is a strategic complement if the 
marginal cost of abatement, c, decreases in 
the aggregate level of abatement.

• Example: Montreal Protocol
– “European industry is in the fortunate position 

of being able to introduce the alternative 
techniques developed [in the US] without 
suffering the same degree of hardship”
(Benedick)



Ozone: Positive Feedbacks

• US industry argued that unilateral controls 
would harm their competitiveness.

• Congress threatened to impose trade 
restrictions on countries judged to have 
weaker standards.

• This made industry located abroad more 
inclined to support regulation.



Du Pont’s First Mover Strategy

• Du Pont announced that it would stop producing 
CFCs unilaterally, and urged the US to promote a 
global ban.

• US could hardly support anything less.
• Once Du Pont began race to supply CFC 

substitutes, its rivals had little choice but to 
follow.

• CFC users were more numerous and less 
organized; they could not mount a counter-
offensive.



Montreal’s Tipping Strategy

• “By cutting the market in half at a fixed 
date, the protocol was in fact tipping CFCs 
towards obsolescence. US negotiators had 
reasoned that, when substitutes were 
developed to such an extent, the remaining 
CFC market could probably not be 
sustained” (Benedick).



Second reason for success

2. Because of the competitive pressures 
created both by the treaty and the actions of 
players like Du Pont,  abatement created a 
positive feedback.



Third reason for success

3. By means of carrots, the MP got developing 
countries to cooperate. 



Ratification of the Montreal Protocol
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Fourth reason for success

4. By means of a stick—the threat of  a trade 
restriction—MP achieved full participation 
and deterred non-compliance.

This stick was made credible by leakage.



Trade and public goods provision
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Cooperation with trade restrictions

0 1 2 3 4 5 6 7 8 9
0.147

0.247

0.347

0.447

0.547

0 1 2 3 4 5 6 7 8 9
0.147

0.247

0.347

0.447

0.547

!n

!s !n

!s

IEA Game with Free Trade IEA Game with Trade Sanctions

Number of other signatories Number of other signatories



Fifth reason for success

5. The minimum participation level was 
chosen to coordinate tipping.



Ocean dumping case study

Jessica oil spill, Galapagos Islands, 2001 



Ocean Dumping Case Study

• Why negotiate a treaty on ocean dumping?
• What did the negotiations focus on in the 

beginning?
• Why did negotiations fail in the early 

rounds?
• Why did the SBT requirement change the 

incentives?



Emission v. Technology Standards
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Emission v. Technology Standards
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Technology Standards:
Positive Feedbacks

• The greater is the number of countries adopting 
the SBT standard, the greater is the incentive for 
tanker operators to adopt the standard.

• Had the US acted unilaterally, would the SBT 
have become a world standard (what is the tipping 
point?).

• In creating a “level playing field,” the agreement 
appeared “fair” to tanker owners and operators.



Tanker Treaty Games
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Lessons from the Tanker Study

• The performance standards treaty never entered 
into force.

• The technology standards treaty would only enter 
into force if half of all global tonnage participated.

• Currently there are 125 parties, making up 97% of 
global tonnage.

• Only a “second best” is sustained.
• The choice of instrument can be strategic.



Climate change



Kyoto Protocol

• Climate change mitigation, like ozone layer 
protection, is a global public good.

• Kyoto is styled after Montreal.
• But climate and ozone are different 

problems; they require different solutions.



Kyoto basics

• Sets emission limits 2008-2012 for Annex I 
countries only.

• Allows trading and JI.
• Clean development mechanism.
• Enters into force after being ratified by at 

least 55 countries making up at least 55% of 
Annex I CO2 emissions.



Kyoto Protocol
• As of today, 108 countries have ratified, 

making up 43.9% of Annex I emissions.

Kyoto may or may not enter into force. 
Kyoto is unlikely to make a difference.
• US a non-party; DCs don’t have to mitigate.
• “Hot air.”
• Concessions for Japan, Canada, and Russia.
• Non-compliance likely (Canada?)



Kyoto enforcement is weak

• Penalty of 1.3 added in Bonn, but:
– Defers punishment.
– Relies entirely on self-punishment.
– Future emission limits endogenous.
– Article 18 requires that “procedures and 

mechanisms…entailing binding 
consequences…be  adopted by means of 
an amendment.”



Reasons for Kyoto’s Failure (?)

• Climate change mitigation has a less favorable 
cost-benefit ratio. According to Nordhaus & 
Boyer (2000), the C-B ratio for an optimal climate 
policy is 3.02.

• In contrast to the MP, few countries have an 
incentive to do much unilaterally.

• Trade restrictions
– difficult to implement
– severe restrictions not credible
– weaker restrictions will result in trade being restricted;
– illegal.



Lessons not learned

• Different problems have different solutions.
• First best outcomes may not be sustainable.
• Enforcement is the greatest challenge; must 

devise effective and credible enforcement 
mechanisms before negotiating general 
obligations.



What to do?



A better climate treaty
• Cooperative R&D protocol.

– Strategic advantages to sequestration.
• Technology standards protocols.

– Essential to get developing countries on the right 
technology track.

• Short term declaratory protocols.
• Adaptation assistance protocol.

• Not ideal, but there is no ideal treaty that is also 
enforceable. This may be the best second-best 
approach.


