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m Deep uncertainty about future climate, climate policy, and impacts

m Risk preferences, reasonable degree of risk aversion?
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Sharing of Climate Risks across Macro Regions | Introduction
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 different levels

Risk sharing using a market for state contingent claims

Central question

Could regional differences alleviate risks from climate change? How does
this affect the optimal climate policy?
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Risk and Risk aversion

m Evaluation of climate related risks for non-catastrophic risks have a
negligible effect on the optimal level of mitigation in CBA frameworks
(Ackerman et al., 2013)

m Degree of risk aversion maybe too low? (Crost and Traeger, 2011;
Traeger, 2009; Cai et al., 2013)
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Risk and Risk aversion

m Evaluation of climate related risks for non-catastrophic risks have a
negligible effect on the optimal level of mitigation in CBA frameworks
(Ackerman et al., 2013)

m Degree of risk aversion maybe too low? (Crost and Traeger, 2011;
Traeger, 2009; Cai et al., 2013)

(1-10%) ’ risk aversion ‘ certainty equivalent ‘

/ n=0 1.0%
n=1 1.05%

\ n=2 1.5%
n =20 2.6%
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Risk and Risk aversion

m Evaluation of climate related risks for non-catastrophic risks have a
negligible effect on the optimal level of mitigation in CBA frameworks
(Ackerman et al., 2013)

m Degree of risk aversion maybe too low? (Crost and Traeger, 2011;
Traeger, 2009; Cai et al., 2013)

(1-10%) ’ risk aversion ‘ certainty equivalent ‘
/ n=0 1.0%
c n=1 1.05%
\ n=2 1.5%
oe n =20 2.6%

c

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

m An example:

’ situation A ‘ s1 ‘ S | situation B ‘ s1 ‘ S ‘

ny 10| 5 n 10 | 5
no 5 |10 ny 10 | 5
global certainty global equality
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Disentangling Risk and Inequality Aversion

m An example:

’ situation A ‘ s1 ‘ S | situation B ‘ s1 ‘ S ‘

ny 10| 5 n 10 | 5
no 5 |10 ny 10 | 5
global certainty global equality

m Standard Utilitarian Expected Utility: both situations are
indistinguishable

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

m 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

m Uncertainty not perfectly correlated across regions = room for risk
sharing
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Correlation of Risk an Climate Change

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

Potential Channels:

(Macroeconomic) Risk sharing through international markets &
financial diversification (Obstfeld, 1994)

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

Explicit transfer scheme, e.g., towards most severely affected regions
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Correlation of Risk an Climate Change

m Uncertainty not perfectly correlated across regions = room for risk
sharing
Potential Channels:

(Macroeconomic) Risk sharing through international markets &
financial diversification (Obstfeld, 1994)

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

Explicit transfer scheme, e.g., towards most severely affected regions

m Standard IAMs: perfect risk sharing within regions, no risk sharing
across regions

 of
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Correlation of Risk an Climate Change

Mean Optimal Temperature for Agriculture (in °C above 1990)
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Source: Ackerman and Munitz (2012)
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Correlation of Risk an Climate Change

Estimated damages from extreme events
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Correlation of Risk an Climate Change: Risk shared

2000 - Estimated damages from extreme events
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A market for state-contingent claims

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

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

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

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

m Asset market equilibrium (gs . ps):

Vn: maxq,, (e—pto U(ctgn— 25:1 Psqs,n) + e_pTZ§:1 msU(crsn+1- qs,n)t
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A market for state-contingent claims

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

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

m Asset market equilibrium (gs . ps):

Vn: maxq,, (e—pto U(ctgn— 25:1 Psqs,n) + e_pTZ§:1 msU(crsn+1- qs,n)t
sit. Vs: YN, Gsn=0

m First-order conditions for each region and each possible state:
(T*to) U/(CT7s7n + 1 ’ qs:n)
U'(cto.n —L3-1Podo.n)

Vn,s: ps = mse P
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A market for state-contingent claims

With disentangled preferences and isoelastic specifications (1, rra) as
before:

Proposition

Assume p > 0: At equilibrium, relative differences in consumption are
equalized across regions between any two states:

1
Vne N,s;,s €S (cTspnt1Gs0n) _ RD.. . — (psl/ﬂ:sl> b
) b . == 5y 57 —
(CT:SLn +1- q51,n) > Psz/”sz

~
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A market for state-contingent claims

With disentangled preferences and isoelastic specifications (1, rra) as
before:

Proposition

Assume p > 0: At equilibrium, relative differences in consumption are
equalized across regions between any two states:

1
Vne N,s;,s €S (cTspnt1Gs0n) _ RD.. . — (psl/ﬂ:sl) b
) b . = S0 .51 —
(CT:SLn +1- q51,n) > Psz/ﬂ:sz

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

m Extension to heterogeneity (Gandelman and Hernandez-Murillo, 2014)
in risk preferences (pp): higher risk aversion implies lower relative .

differences in consumption. ﬁE
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Risk Sharing - Results

relative consumption difference
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Risk Sharing - Results

Trade on Net claims on state s1 (with damages) [BIn. USD]
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Risk Aversion

Asset prices of contingent claims
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Summary

m Results of the market equilibrium:

| | value (p=10) | value (p=n=15) |

Psy 0.43$ 0.48$
Ps, 0.41$ 0.36$
Y2 1Ps¥h 1|dsnl | 270 bIn USD p.a. | 240 bin USD p.a.
LEapdmlenl | 021% of GDP | 0.18% of GDP
n=1 t07n

o
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Market volume - some comparisons

m Estimated potential market volume of optimal insurance/transfer
scheme: ~ 250b/n.USD

m Clapp et al. (2012): 100 bin. USD commitment of climate finance
m Climate Policy Initiative (2013): 359 bIn. USD

24% of climate flows between
countries.

76% of climate finance is
spent domestically.

Much of the international money flowing
between developed countries is private.

The maijority of global climate finance
originated in the country in which it
VEBLEEL The vast majority of money flowing from

developed to developing countries is public.
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Welfare Impacts

m “certainty, equity, and balanced growth equivalent” (CEBGE)

| CC trade | impacts | CEBGE (p=1.5) | CEBGE (p=10) |

no never 3004.7% 3004.7%
no always 2870.8% (-4.5%) 2870.8% (-4.5%)
no yes (in s1) 2936.69% 2929.2%
yes | yes (in s1) | 2962.4% (+0.88%) | 2959.9% (+1.05%)

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

o
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m “certainty, equity, and balanced growth equivalent” (CEBGE)

| CC trade | impacts | CEBGE (p=1.5) | CEBGE (p=10) |

no never 3004.7% 3004.7%
no always 2870.8% (-4.5%) 2870.8% (-4.5%)
no yes (in s1) 2936.69% 2929.2%
yes | yes (in s1) | 2962.4% (+0.88%) | 2959.9% (+1.05%)

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

m Caveats & Constraints:

o

m Perfect Competition, no constraints, enforcement mechanism E
m Observability and Verifiability of the “true” state ﬁ
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Political will and reality

Conference of the Parties
Nineteenth session
‘Warsaw, 11-22 November 2013

Agenda item 3(b)
Reports of the subsidiary bodies
Report of the Subsidiary Body for Impl ation

‘Warsaw international mechanism for loss and damage
associated with climate change impacts
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Political will and reality

Conference of the Parties = & a Ehe New York Times [ cocm |

-

Nineteenth session
‘Warsaw, 11-22 November 2013

Agenda item 3(5) Climate Change Deemed Growing Security Threc

Reports of the subsidiary bodies o
Repart of the Subsidiary Body for Implementation by Military Researchers

By CORAL DAVENPORT MAY I3, 2014
‘Warsaw international mechanism fo
associated with climate change impa WASHINGTON — The accelerating rate
of climate change poses a severe risk to
national security and acts as a catalyst for
global politieal conflict, a report published
Tuesday by a leading government-funded
military research organization concluded.

The CNA Corporation Military Advisory
Board found that climate change-induced
drought in the Middle East and Africa is

| leading to conflicts over food and water
and escalating longstanding regional and
ethnic tensions into violent clashes. The
report also found that rising sea levels are
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Conclusion

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

m |AM models implicitly convey assumptions about risk sharing

m Risk sharing of impacts could mitigate global CC impacts by up to one
fifth

m Important limitation by institutional and political factors

 of
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Conclusion

Thank youl

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-1Q) and
No. 282846 (LIMITS).

GLOBAL 10 m
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