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Questions

@ What is a correct&tractible framework?
@ How valuable are agreements?

© What's the effect on R&D?

@ What is the best agreement?

© How long should the agreement last?

@ How should we update agreements?
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Dutta and Sundaram (1993), Dutta and Radner (2004, 2006, 2009)

e But: Hard, multiple MPEs, neither R&D nor contracts

@ Contracts, Hold-up and Renegotiation Design

e Hart and Moore (1988), Harris and Holmstrom (1987)

o Aghion, Dewatripont and Rey (1994), Guriev and Kvasov (2002), Edlin
and Hermalin (1996), Che and Hausch (1999)

e But: Typically 2x2 games
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Papers

@ Climate Contracts: A Game of Emissions, Investments, Negotiations,
and Renegotiations
Review of Economic Studies (forthcoming) [theoretical framework]

@ The Dynamics of Climate Agreements [welfare, length, and trade]

© Coalitions and Climate Contracts (w Marco Battaglini) [endogenous
coalitions] ...
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Outline

@ The model
@ Analysis

@ Business as usual

@ Short-term agreements

©® Long-term agreements

@ Long-term agreements with renegotiation

© Trade policies
© Robustness

@ Conclusions
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(1) Model: Equations
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(1) Model: Timing
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(1) Model: Solution Concepts

@ Restrict attention to MPEs

o "simplest form of behavior that is consistent with rationality" (Maskin
and Tirole, 2001)

@ The countries may negotiate short-term or long-term emission levels

@ The bargaining solution: Pareto-efficient and symmetric
< Nash Bargaining Solution
< Take-it-or-leave-it with transfers
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(2.1) Business as Usual: Solution Method

© Rather than choosing gj, i can choose y;
B'(yi) = C' (q6G-+Y_ y; — Y. Rj+6) +00U; /3G

@ Same mc/mb. Thus, y; = yj even if R; # R;
o If j does not condition r; or gj on R; — R;, neither will i
© Continuation values are U (G, R) and V (G, R), where R =Y} R;
Q Since kr; linear, Vg (G, R) = k. Thus, odU/9R_ = qrk/n
@ Thus, R = g¢G_+constant. dU;/dG_ = —kqggc/n+ 6Urqg

@ Hence, U; linear in G_ as well
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(2.1) Business as Usual

Proposition

© There is a unique symmetric MPE where
@ 9g?"/IR; <0 < dgP"/OR, Y # i
@ 9R/9gt >0

o Anticipating this:

o r; decreases
e g; increases

= A dynamic common pool problem that is worse than its static
counterpart
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(2.2) Short-Term Agreements
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(2.2) Short-Term Agreements

Proposition 1 continues to hold:

Proposition
© There is a unique symmetric MPE where
@ 9g?"/IR; <0 < 9g /AR, >0,Vj # i
@ IR /9gt >0

Intuition:
@ Hold-up problem: After i has invested, it is cheap to reduce g;
@ Technically: Negotiating the gjs is equivalent to negotiating the y;s
@ The marginal effects of y; and y; are the same even if
Ri#Ri=vyi=y
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(2.2) Short-Term Agreements
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(2.2) Short-Term Agreements

@ Similar outcomes, but not identical. Under (Q):

Proposition

o giSt —_ gi* (rst) < gibau
b
Q it <P
Q ut < uP ifnord large

@ Intuition:

e gi = y; — R; smaller if R; large (hold-up problem)
o And: G reduced by g;" < gl-ba” anyway. Thus, r’t < rl-ba”

o Important when e.g. n and J large, making USt < ybav
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(2.2) Short-Term Agreements

ubau > utif
(b+c) (benD/K)?
(b+ cn?) (b+ cn)?

(n—12—(1—-6[1—dg])*> > o2

ie, always if

n — ooorcg—20
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(2.3) Long-Term Agreements
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(2.3) Long-Term Agreements

invest 0 pollute
|

Negotiate

o Fix g before r; 7 No adverse effect of r; on g;
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(2.3) Long-Term Agreements

invest 0 pollute
|

Negotiate

o Fix g before r; 7 No adverse effect of r; on g;
@ But still underinvestments if e >0or 6 (1 —dg) >0
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(2.3) Long-Term Agreements

Proposition

o The optimal agreement is g'* <Eg* (r’t), and more ambitious if e
and ¢ are large
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(2.3) Long-Term Agreements

Proposition

o The optimal agreement is g'* <Eg* (r’t), and more ambitious if e
and ¢ are large

@ [Intuition:

e Under-investments nevertheless, if e and ¢ are large
e r; decreases in g;
e Hence, reduce g; if e and ¢ are large

o g/t should satisfy (if Q):

K(n—1) (e[l—&(l—dR)]—f—(s(l—dR)/n)
D (b+ cn?) D—e(n—1)

gl = Eg’ (th> _
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(2.3) Long-Term Agreements: Multiple Periods

invest 0 pollute  invest 0 pollute
| | | |
| |

T I | | |
Negotiate
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(2.3) Long-Term Agreements: The Optimal Time Horizon

Proposition

© R; decreases before the next bargaining stage
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(2.3) Long-Term Agreements: The Optimal Time Horizon

Proposition

© R; decreases before the next bargaining stage
@ To encourage R&D, optimally g; — g decreases over time
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@ Intuition:

o R&D | before next bargaining stage
e U |, particularly if underinvestment (and e) is large
o Then, better to have large T

@ But if T increases, so does the cost of uncertainty
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(2.3) Long-Term Agreements: The Optimal Time Horizon

Proposition

© R; decreases before the next bargaining stage
@ To encourage R&D, optimally g; — g decreases over time

Q@ /fel0 T |

@ Intuition:

o R&D | before next bargaining stage
e U |, particularly if underinvestment (and e) is large
o Then, better to have large T

@ But if T increases, so does the cost of uncertainty
@ 2.0.C. holds when 1.0.C. does
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(2.4) Long-Term Agreements with Renegotiation
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(2.4) Long-Term Agreements with Renegotiation
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Negotiate

@ For long-term agreements, g; <Eg/ to encourage R&D
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(2.4) Long-Term Agreements with Renegotiation

invest 0 pollute
|

Negotiate

@ For long-term agreements, g; <Eg/ to encourage R&D

@ This is clearly not renegotiation proof
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(2.4) Long-Term Agreements with Renegotiation

e With renegotiation, g <Eg" cannot hold ex post
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(2.4) Long-Term Agreements with Renegotiation

invest 0 pollute
|

Negotiate Renegotiate

e With renegotiation, g <Eg" cannot hold ex post
@ Harder to encourage R&D?
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(2.4) Long-Term Agreements with Renegotiation

Proposition

@ The outcome is first-best
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(2.4) Long-Term Agreements with Renegotiation

Proposition

@ The outcome is first-best

@ The optimal agreement is more ambitious for large e,  and n

@ Intuition:

After renegotiation, g; is set at its first best level

If g,-de <Eg/, countries renegotiate to a less ambitious deal

A small R; makes i "desperate" and it has little bargaining power
To avoid this, i invests to increase R; and thus its bargaining power,

particularly if g is small

1
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(2.4) Long-Term Agreements with Renegotiation

Proposition

@ The outcome is first-best

@ The optimal agreement is more ambitious for large e,  and n

@ Intuition:

After renegotiation, g; is set at its first best level

If g,-de <Eg/, countries renegotiate to a less ambitious deal

A small R; makes i "desperate" and it has little bargaining power
To avoid this, i invests to increase R; and thus its bargaining power,
particularly if g is small

To exploit this effect, set (if Q):

1

g = Eg’ (Rde) - +0(1—dg)

K en
bD | D — en
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(2.4) Long-Term Agreements with Renegotiation

invest 0 pollute  invest 0 pollute  invest
| | | | | | |
| | T | | | T | |
Negotiate Re/negotiate

@ For two-period agreements, in every period:

o Negotiate a new ambitious agreement
o Renegotiate the old ambitious agreement
e Time-inconsistent? No, first best!
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(3) Trade Policies

e The 2" paper: allows for firms, trade, intellectual property rights,
tariffs, subsidies

@ The externality: increases in weak patent protection, high tariffs and
low international subsidies

Proposition
@ With poor patent protection, high tariffs or small subsidises:

o ST-agreements are bad
e Optimal T is larger
o The optimal agreement is more ambitious

@ Optimal patent protection (and subsidies) increase if T is small

@ Thus, trade and short-term climate treates are complements

Harstad (UiO/Frisch/Kellogg) Climate Contracts June 2012 30 / 34



(3) Trade Policies

e The 2" paper: allows for firms, trade, intellectual property rights,
tariffs, subsidies

@ The externality: increases in weak patent protection, high tariffs and
low international subsidies

@ With poor patent protection, high tariffs or small subsidises:

o ST-agreements are bad
e Optimal T is larger
o The optimal agreement is more ambitious

@ Optimal patent protection (and subsidies) increase if T is small

@ Thus, trade and short-term climate treates are complements

@ The ambition levels of trade and climate treaties are substitutes
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(4) Robustness

@ Policy instruments:
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(4) Robustness

@ Policy instruments:

e Side transfers possible or not: Identical results
o Permits tradable or not: Identical results
o If Pigou taxes instead, similar results

@ Heterogeneity in e.g. Rio ory;, B(yi —Y;), straightforward
@ Results hold no matter future regimes
@ What if n is endogenous?

o If few show up, they prefer short-term agreement and strategic
status-quo
e Anticipating this, participation may increase
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(5) Questions - And Conclusions

© What is a correct&tractible framework?
e Endogenous emissions and green technology
@ How valuable are agreements?
e Short-term can be bad
© How do contracts affect R&D?
o R&D | (7) if ST (ambitious LT)
@ What is the best agreement?
o g <Eg*ifeflorT]|
© How long should the agreement last?
o TTife]
@ How should we update agreements?

e First-best possible by ambitious agreement with renegotiation
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