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To be effective, a treaty must

•  deter non-participation;
•  enforce compliance; and
•  do both of these things even while requiring 

that parties do much more than they would 
were they to act unilaterally.



Kyoto fails because

•  it does not deter non-participation;
•  it does not promote compliance; and,
•  though it requires that some countries 

reduce their emissions, much more needs to 
be done. 



Copenhagen is worse because

•  it fails to solve the bargaining problem.
•  Plus it is non-binding.



Non-cooperative & full 
cooperative outcomes

•  Payoffs

•  Nash equilibrium

•  Full cooperation 
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Assumptions 
reasonable?

One shot 
game, so 
constant MB 
reasonable.

MC depends 
on 
technology.



Modeling an IEA

•  Stage 1. Every country chooses to be a 
signatory or a non-signatory.

•  Stage 2. Signatories choose their abatement 
level collectively.

•  Stage 3. Non-signatories choose their 
abatement levels independently.

2 or 3 stages and when does it matter?



Solution
•  Stage 3. Non-signatories play 

•  Stage 2. k signatories play

•  Stage 1. k* satisfies

•  Equilibrium. k* = 3; for N large, aggregate abatement 
changes very little.
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π s(k*) ≥ π n (k *−1),π n (k*) ≥ π s(k *+1)



Graphical depiction



Commentary
•  Compliance can be made endogenous in a repeated 

game model. The result will be the same provided 
that the punishments are “renegotiation proof” (i.e., 
credible, collectively rational).

•  With different functional forms, participation level 
can vary from low to high.

•  In a repeated game model, participation can vary 
from low to high even for this specification, but only 
if the assumption about “credibility” is eased.

•  Strong asymmetry can help sustain cooperation.
•  Linking abatement to trade can also help--in some 

circumstances. 



How is this like Kyoto?

•  Only enforcement mechanism, the minimum 
participation clause: 55 countries accounting for at 
least 55% of total Annex I CO2 emissions.

•  Most countries not subject to emission limits. 
•  Of the 38 Annex I countries, many given hot air.
•  Limits for Canada and Japan renegotiated.
•  Trading may wipe out total effect.
•  Canada will not comply; Kyoto is not self-

enforcing. 
•  Incentive for countries to abate unilaterally.



Breaking up

•  If we break up the problem into smaller 
parts, it may be possible to achieve more.

•  Montreal incorporates side payments and 
trade restrictions, and has succeeded 
brilliantly.

•  HFCs, one of the 6 GHGs covered under 
Kyoto, could be addressed in the same way.



Dimensions of Policy
Options Incentives R&D

Abatement Conservation, fuel 
switching, renewable 
energy; nuclear; CCS.

Weak
Fundamental 
new energy 
technologies.

Adaptation Reactive; 
developmental.

Strong, but 
capabilities 

may be weak

New seed 
varieties; new 
vaccines; etc.

Air capture Biomass; ocean 
fertilization; industrial 
processes.

Mixed
Pilot projects.

Geo-
engineering

Solar radiation 
management Strong

Basic research; 
pilot programs?
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Substitutes or Complements?

Abatement Adaptation
Air 

capture
Geo-

engineering R&D
Abatement S S S C
Adaptation S S S C
Air capture S S S C

Geo-
engineering

S S S C

R&D C C C C
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R&D

•  In this model, R&D is directed. 
•  The model recognizes that R&D produces 

knowledge which (by choice) cannot be 
patented.

•  Two complementary GPGs.



Abatement-R&D Treaties

•  Negotiate a system of two treaties, 
comprising (1) an R&D treaty and (2) a 
technology adoption treaty.

•  R&D treaty must be negotiated first. But in 
adopting such a treaty, countries will look 
forward to the adoption treaty.

•  Analysis must therefore begin with the 
technology adoption treaty.



Technology Y
•  Payoffs

•  Countries choose between a “gradualist” and a 
“breakthrough” approach.

•  If Y is a “zero emissions” technology, then by is the benefit 
of reducing all emissions from BAU.

•  Denoting BAU emissions     then 
•  Assume parameters imply that all countries are better off if 

all adopt Y, but that non-adoption is a dominant strategy.
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Technology Adoption Treaty

•  Stage 1. Countries choose whether to 
participate.

•  Stage 2. Participants choose collectively 
whether to require adoption of Y.

•  Stage 3. Non-participants choose 
independently whether to adopt Y.



Solution

•  Stage 3. Non-parties choose to reduce 
sector’s emissions by 

•  Stage 2. Parties adopt Y if               where    
is the smallest integer for which adoption is 
collectively rational.

•  Stage 1.
•  Participation can be high, but only if the 

gains are small. 
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R&D Financing Treaty
•  Payoffs

•  with

•  R&D is a “threshold” public good; so long as the total gain 
to having        countries adopt Y exceeds       the public 
good will be supplied.

•  R&D financing only requires coordination, but since the Y-
adoption treaty yields only a small gain, this approach will 
not be superior to Kyoto. Indeed, in most cases the R&D 
won’t be undertaken.
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CCS



Technology X
•  Payoffs 

•  X exhibits increasing returns. Provided at least z other 
countries adopt X, it will pay every country to adopt X.

•  An X-adoption treaty thus solves a coordination problem. 
•  This treaty can yield a large collective gain. It can 

therefore make financing R&D attractive.
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Game will look like this



X v. Y

•  Even if Y were superior, provided full 
participation could be enforced, R&D 
should focus on development of X, given 
the need for a technology adoption treaty to 
be self-enforcing. 

•  R&D thus needs to be strategic.



Practicalities

•  This logic may apply to ocean shipping and 
civil aviation, but there is no obvious X 
technology for these sectors.

•  Autos also exhibit network externalities, but 
the most likely technology here (electric) 
requires reducing emissions from power 
production, where network externalities are 
absent.
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Air capture



It works!



Air Capture Pros & Cons

Pros Cons 
Addresses the climate problem 
directly, and at scale. 

Must store the CO2 
underground, in the oceans, or 
in silicate rocks. 

Can be done independently of 
the economic system. 

Very expensive. 

Can be done unilaterally or 
minilaterally 

Who decides the level of 
concentrations to aim for? 



Costs
Technology/Scenario Value

Industrial air capture $100-$200/t CO2
CCS $25-$90/t CO2

ETS price $30/t CO2

Social cost of carbon (Stern 2007) $85/t CO2

Social cost of carbon (Nordhaus 2008) $7/t CO2

Optimal carbon tax 2100 (Nordhaus 2008) $55/t CO2

Cost-effective tax needed to meet 2° C target 2010 $16/t CO2
Cost-effective tax needed to meet 2° C target 2100 $235/t CO2



Air-capture-only treaty
•  Payoffs are:

where 

•  Assume γ > b and bN > γ.

zi ∈[0, z ].

π i = bZ − γ zi ,  where Z = zii∑ .



Stage 3

•  Since γ > b, non-signatories always do 
better by playing z = 0.



Stage 2

•  Collectively, signatories will play 
if kb ≥  γ; they will play z = 0 if kb < γ.

z = z



Stage 1

•  The equilibrium participation level can be 
large. But this will only be true when the gains 
to cooperation are small.

γ / b +1 ≥ kz
* ≥ γ / b.



Combined protocol

•  For abatement-only treaty, MC is 3b.
•  For air-capture-only treaty, MC is γ.
•  Assuming γ >> 3b, separate treaties do not 

sustain a cost-effective outcome.
•  Will countries want to combine the two 

treaties?



Combined protocol

•  Stage 3. Because MB is constant, we still have

•  Stage 2. We also have  

•  Stage 1. So long as                there may exist 
two equilibria.  
–  There will exist one equilibrium where 

qn = b / c, zn = 0.

qs = bk+ / c,  zs = 0 for k+ < γ / b and zs = z  for k+ ≥ γ / b

γ >> 3b

kq
* = 3.



Second equilibrium

•  There may exist a second equilibrium at 

•  For this to be an equilibrium we require
γ / b +1 ≥ kz

* > γ / b

π n (k) ≥ π s (k +1) and π s (k) ≥ π n (k −1) at kz
*.





Simulations show

1.  An abatement-only treaty improves little 
over non-cooperation.

2.  Air capture increases payoffs considerably 
if c or       is “large.”

3.  A cost-effective, combined protocol may 
not be self-enforcing (Simulation I).

4.  A combined protocol is more likely to be 
self-enforcing if      is “large” (I and II).

z

z



and 

5.  A combined treaty is more likely to be 
self-enforcing if c is “large” (I and III).

6.  A smaller γ has a similar effect (I and IV).
7.  A higher b also lowers participation in a 

combined treaty (IV and V). 



Air capture in a combined treaty

•  Air capture provides a vehicle for increasing 
abatement.

•  As shown in the next table, in most but not 
all cases, countries will choose to combine 
abatement and air capture.





Air capture as a project

•  Now assume
•  Then, for 

•  Solving again for the self-enforcing agreement, 
and using simulations…

zi ≤ Zi∑ .

kz ≥ γ / b, each party to a treaty will contribute

γ zi , with γ zi = γ Z .
i∑  In a symmetric equilibrium,

signatories will contribute an amount γ Z / kz
*  each.







Some conclusions
•  Prospects for abatement-only treaties getting us 

near FC outcome are poor.
•  Under some but not all circumstances, air-

capture-only agreements can get us close to FC 
outcome.

•  Air capture helps the most when capacity is large 
and the costs of abatement very steep.

•  In many but not all circumstances countries will 
want to link technologies (cost-effectiveness). 
When they are linked, one technology may help to 
“lift up” another (or pull another down).
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Geoengineering



Some pros Some cons
Can possibly prevent 
abrupt climate change.

Large scale experiment.

A single project; can be 
done unilaterally.

May not alter the climate 
uniformly.

Direct costs low; benefits 
immediate.

May destroy stratospheric 
ozone.

No trade leakage. Ocean acidification.

b > c?

Who decides?



The Future

•  The climate, technology, and our 
institutions will co-evolve. 


