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Motivation

Deep uncertainty about future climate, climate policy, and impacts

Risk preferences, reasonable degree of risk aversion?

Income inequality and the evaluation of climate change

Regionally Disaggregated Models =⇒ Risk sharing at di�erent levels

Risk sharing using a market for state contingent claims

Central question

Could regional di�erences alleviate risks from climate change? How does
this a�ect the optimal climate policy?
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Risk and Risk aversion

Evaluation of climate related risks for non-catastrophic risks have a
negligible e�ect on the optimal level of mitigation in CBA frameworks
(Ackerman et al., 2013)
Degree of risk aversion maybe too low? (Crost and Traeger, 2011;
Traeger, 2009; Cai et al., 2013)
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η = 1 1.05%

η = 8 1.5%

η = 20 2.6%

So far: higher degrees of risk aversion only in single-region models
Regional heterogeneity and uncertainty might reinforce each other
(Schmidt et al., 2012)
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Disentangling Risk and Inequality Aversion

An example:

situation A s1 s2

n1 10 5

n2 5 10

global certainty

situation B s1 s2

n1 10 5

n2 10 5

global equality

Standard Utilitarian Expected Utility: both situations are
indistinguishable

With disentangled preferences, order of aggregation over {T ,N,S}
matters (3! = 6 orders possible)

Single agent: Two orders possible (Epstein and Zin (1989) and
Kihlstrom and Mirman (1974) preferences)
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Correlation of Risk an Climate Change

Uncertainty not perfectly correlated across regions =⇒ room for risk
sharing

Potential Channels:

1 (Macroeconomic) Risk sharing through international markets &
�nancial diversi�cation (Obstfeld, 1994)

2 Risk sharing through relocation of capital and/or labour (migration?)

3 Explicit transfer scheme, e.g., towards most severely a�ected regions

Standard IAMs: perfect risk sharing within regions, no risk sharing
across regions
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Correlation of Risk an Climate Change

Source: Ackerman and Munitz (2012)
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Correlation of Risk an Climate Change

Source: Mendelsohn and Saher (2011)
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Correlation of Risk an Climate Change: Risk shared

Source: Mendelsohn and Saher (2011)
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A market for state-contingent claims

Solve for open-loop Nash equilibrium across regions in an IAM

Introducing a market for state contingent claims (Arrow-Debreu
Securities)

Asset market equilibrium (qs,n, ps):{
∀n : maxqs,n

(
e−ρt0U(ct0,n−∑

S
s=1 psqs,n)+ e−ρT

∑
S
s=1πsU(cT ,s,n+1 ·qs,n)

)
s.t. ∀s : ∑

N
n=1 qs,n = 0

First-order conditions for each region and each possible state:

∀n,s : ps = πse
−ρ(T−t0) U ′(cT ,s,n+1 ·qs,n)

U ′(ct0,n−∑
S
σ=1 pσqσ ,n)

.
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A market for state-contingent claims

With disentangled preferences and isoelastic speci�cations (η , rra) as
before:

Proposition

Assume ρ > 0: At equilibrium, relative di�erences in consumption are

equalized across regions between any two states:

∀n ∈ N,s1,s2 ∈ S :
(cT ,s2,n+1 ·qs2,n)
(cT ,s1,n+1 ·qs1,n)

= RDs2,s1 =

(
ps1/πs1

ps2/πs2

)1/ρ

Market implements optimal allocation of risk across regions (First
Welfare Theorem)

Extension to heterogeneity (Gandelman and Hernandez-Murillo, 2014)
in risk preferences (ρn): higher risk aversion implies lower relative
di�erences in consumption.
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Risk Sharing - Results
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Risk Aversion
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Summary

Results of the market equilibrium:

value (ρ = 10) value (ρ = η = 1.5)

ps1 0.43$ 0.48$

ps2 0.41$ 0.36$
1
2 ∑

S
s=1 ps ∑

N
n=1 |qs,n| 270 bln USD p.a. ˙240 bln USD p.a.

1
2

∑
S
s=1 ps ∑

N
n=1|qs,n|

∑
N
n=1 ct0 ,n

0.21% of GDP 0.18% of GDP
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Market volume - some comparisons

Estimated potential market volume of optimal insurance/transfer
scheme: ∼ 250bln.USD

Clapp et al. (2012): 100 bln. USD commitment of climate �nance

Climate Policy Initiative (2013): 359 bln. USD

Source: CPI (2013)
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Welfare Impacts

�certainty, equity, and balanced growth equivalent� (CEBGE)

CC trade impacts CEBGE (ρ=1.5) CEBGE (ρ=10)

no never 3004.7$ 3004.7$

no always 2870.8$ (-4.5%) 2870.8$ (-4.5%)

no yes (in s1) 2936.6$ 2929.2$

yes yes (in s1) 2962.4$ (+0.88%) 2959.9$ (+1.05%)

Compared to damages of around 4.5% of GDP (in 2050): Risk sharing
reduces welfare costs by around 20%!

Caveats & Constraints:

Perfect Competition, no constraints, enforcement mechanism

Observability and Veri�ability of the �true� state
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Political will and reality
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Conclusion

Climate risks and uncertainty along with heterogeneity gives rise to
welfare-improving risk sharing schemes

IAM models implicitly convey assumptions about risk sharing

Risk sharing of impacts could mitigate global CC impacts by up to one
�fth

Important limitation by institutional and political factors
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Conclusion

Thank you!

The research leading to these results has received funding from the European Union Seventh

Framework Programme FP7/2007-2013 under grant agreement No. 266992 (Global-IQ) and

No. 282846 (LIMITS).
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