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What drives the risk premium? How large is it? J

2 main approaches to uncertainty in literature

@ “Monte-Carlo”: Nature is uncertain, yet decision maker
does not understand that it is: use mean SCC for policy

o Conceptually wrong but easily tractable in big models
o Used in Rennert et al. (2022) and US federal SCC

@ “Fully rational forward looking”: Planner set policy
understanding all possible future trajectories

We examine both approaches and relate them
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Introduction
ooe

Contribution:

@ An analytic formula for the climate risk premium
o for a general climate-economy model (IAM)
@ Explain the uncertainty premium channels

e risk aversion, prudence, production damages
(4 their interactions)

@ Quantify premium
e without and with policy responsiveness
@ Match numeric DICE-based model for

e Monte Carlo approach (no policy response)
e Stochastic dynamic programming (responsive policy)
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Social Cost of Carbon

DICE-style integrated assessment model
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Model
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Climate Risk Premium: Background

Why does risk generate a policy premium? J

Basic idea of precautionary savings motive:
o Risk aversion reduces welfare
o (Absolute) Risk aversion falls in income

< save more under uncertainty

Captured by

o Prudence: Prud= —% *C
which captures the change in

o Risk Aversion: RRA= —% x ¢

u/
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Climate Risk Premium: Background

Why does risk generate a policy premium? )

Climate sensitivity (& uncertainty) enters at several points:

o MU, economic production, temperature dynamics

SCC, = 1 E X< / OF} o7y 0CO2 +
° 0= " uf(co) Ot; T; ur(ci(s)) a5y 9C0; , (s) =om

Define
" . .
e Damy= % xT': Damage convexity in temperature,

1

e Damg= % x T: Change of damage convexity in
temperature; “Fconomy prudence.”

(Expect interactions between different contributions)
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We get a positive climate risk premium if:

Xi =RRAe [2 +Prude. s + 3 Dams GT,S] + Damg e7 ¢ [2 + Damg eT’S]

—— —— ~
direct welfare welfare direct economy
risk prudence _economy damage prudence
aversion interaction convexity

1s greater than zero.

Note: Under stochastic temperature risk rather than structural climate
uncertainty, the “2 RRA” and “2 Dams” contributions disappear.
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Analytic formula and channels

Quantifying the risk premium:

oo t /
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= T= N " \ ,

N——
consumption marginal level of

discount emission uncertainty

factor damage (normalized)
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Analytic formula and channels

Quantifying the risk premium:

oo t /
N yur(c) OFy 0Ty OM, Var(s) '
ASCCo ~ ;2 P ul(co) 0T, OM, 9E; 2(Es)? Xil) -
= T= N " \ ,

N——
consumption marginal level of

discount emission uncertainty

factor damage (normalized)

Need: time paths for one model run under certainty.
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Quantification w/o policy response

‘Monte Carlo’: Evaluate SCC w/o anticipating policy response

— — Risk Aversion

18| | —-—- Welfare Prudence /
«.oeo. Welfare-Economy Interaction

16 I | — — Damage Convexity
—-—-Economy Prudence -
Total

ASCCy = $19.1/tC

(&}
210 o Damage convexity:
8 dominates
6
o RRA: moderate
4 . .
contribution

@ Prudence and ‘Economy
prudence’: irrelevant

Figure: Today’s SCC risk
premium as function of time
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Policy responsiveness shows in temperature elasticity wrt

climate sensitivity.

er,s for: Baseline

0 . .
2000 2050 2100 2150 2200 2250 2300 2350 2400
year

Figure: Analytic, unresponsive
(black) vs numeric, responsive
elasticity (color) er s

2450

e er s formula with
non-responsive policy
pretty far off

e Proxy:

er,s from deterministic
model for e7 ; from full
stochastic model
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Quantification with policy response

Using responsive elasticity er s from deterministic model:

16
— — Risk Aversion
14 | |—-—- Welfare Prudence
“““““ Welfare-Economy Interaction
12 | |— — Damage Convexity
—-—-Economy Prudence | _ _ _ _ _ _.
1ol Total ASCCO - $16/tC
o o @ Reduction due to policy
) responsiveness: 16%
D 6f
o Error in formula vs full
4l
recursive stochastic
2 . .
dynamlc programming
of model: small
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Quantification: Robustness

Risk premium and formula performance for different scenarios

Analytic Formula | Stochastic  Stochastic  Fraction

Base Responsive | Model Fraction of Cert
RRA=2, p = 1.5, DICE13 19.1 16.0 15.8 1.6% 26%
RRA =1.45 29.8 21.3 21.4 1.4% 21%
PRTP p=0.5 34.3 22.6 23.0 21% 21%
Update PWT 2019 (RRA=3) | 13.7 12.7 13.4 2.2% 28%
DICE 2007 Damages 16.0 13.4* 13.0 0.4% 21%
Howard & Sterner Damages 100 74.4* 80.9 6.7% 35%
Cubic Damages 70.8 46.8* 48.6 8.7% 76%
Cubic Damages, p = 0.5 122 71.2* 70.1 10.6% 63%
Epstein-Zin: n =2, RRA=6 | 26.4 21.8* 19.8 3.7% 32%
Epstein-Zin: =2, RRA=6 | 87.7 57.5* 51.3 5.7% 20%
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DICE 2007 Damages 16.0 13.4* 13.0 0.4% 21%
Howard & Sterner Damages 100 74.4* 80.9 6.7% 35%
Cubic Damages 70.8 46.8* 48.6 8.7% 76%
Cubic Damages, p = 0.5 122 71.2* 70.1 10.6% 63%
Epstein-Zin: n =2, RRA=6 | 26.4 21.8* 19. 3.7% 32%
Epstein-Zin: =2, RRA=6 | 87.7 57.5* 51.3 5.7% 20%

Risk premium is around 20-25% except for high damage level or convexity

(then also policy responsiveness most relevant).
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Climate Risk Premium: Characteristics

What are the important drivers? (responsive er ) |
Risk Channels: Baseline Risk Channels: Cubic Damages
16 30
— — 2+RRA*ec — — 2+ RRA*ec
—-—-RRA 2 — .= RRA (e¢)? * Prud
14 3 3 y rl«Dﬂm;/_/
25 sDamver
» . Dumy « Damy + (¢
20
o 10 o |l /e
Ss 515
2 2
& s &
10
4
5
P 2 -
0 2100 2150 2200 2100 210 2200
year year

D(T) =1—-0.27T? in % of output D(T) =1—0.1068T2 in % of output
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Conclusion
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Summing up

Structural insights
e 5 risk channels for CS uncertainty (Only 3 for T stochasticity)

e Damage convexity most important (absent for T stochasticity)

Risk aversion and economy-prudence moderately relevant

@ Prudence irrelevant

“Validate” formula against recursive stochastic DICE

@ 20-25% risk premium in DICE.

Exception: Cubic damages triple the risk premium

15/15



	Introduction
	Model
	Formula
	Policy Responsiveness
	Quantification
	Conclusion

