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Sources of risk and uncertainty

Scientific uncertainty: ΔT for a given 
concentration?
Uncertainty on social, environmental and 
economic impacts

For ΔT=2.5 °C?
For other larger changes in temperature?

Uncertainty on the growth of the 
economy, and on technological progress.
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Uncertain damages
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Expected utility approach

Generational welfare is measured by the 
expected utility of wealth.
The marginal utility of wealth is 
decreasing.

Risk aversion;
Aversion to wealth inequality (across 
generations).



How to incorporate risk?
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Isolating risk

There will be a terrorist attack this year, whose 
intensity is unknown. The 90% interval of 
confidence for the loss of GDP is [3%,37%], 
with a mean equaling 13.8%. What % of GDP 
are you ready to pay to eliminate the threat?

Suppose that your wealth is subject to a 50-50 
chance of being increased or reduced by k%. 
What share of your wealth are you ready to 
eliminate this risk?
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Second order risk aversion

k

Risk premium

Arrow-Pratt: risk 
premium proportional 
• to k2;
• to risk aversion.
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Estimate your own relative risk aversion γ !

Suppose that your wealth is subject to a 50-50 
chance of being increased or reduced by α%.
What percentage of your wealth are you ready to pay 
to eliminate this risk?

RRA α=10% α=50% 
γ=0.5 π=0.3% π=6.7% 
γ=1 π=0.5% π=13.4% 
γ=4  π=2.0% π=37.8% 
γ=10 π=4.4% π=46.0% 
γ=40 π=8.4% π=49.1% 
 

 

Stern
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Risk aversion in real life

People are ready to pay more than the 
actuarial value of a risk to insure it.
People are willing to invest in a 
diversified portfolio of stocks only if it 
yields an expected return that is larger 
than the riskfree rate.
Degrees of risk aversion can be infered 
from observed behaviors on these 
markets: financial markets γ=20!
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Hypothetical loss distribution in 2200
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• Expected loss: 13.81%
• 90% interval of confidence: [3.45%,  33.90%]. 
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Certainty equivalent loss in 2200

Risk aversion γ 0 1 2 4 10

Certainty equiv loss pT 13.81% 14.15% 15.23% 17.30% 29.13%

Croissance équivalent certain g’ 1.22% 1.22% 1.21% 1.20% 1.12%
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Loss in future GDP and equivalent 
immediate and permanent loss in GDP

time

GDP/cap
GDP without GW

Certainty equivalent
GDP with GW

Growth rate=1.3%
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Certainty equivalent growth rate

Risk aversion γ 0 1 2 4 10

Certainty equivalent loss pT 13.81% 14.15% 15.23% 17.30% 29.13%

Certainty equivalent growth rate g’ 1.22% 1.22% 1.21% 1.20% 1.12%
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Other aspects of risk management

Parametric uncertainty.
Ambiguity aversion;
Fat tails;
Option values and irreversibilities. 

sunk costs of technological adaptation;
physical irreversibility.



How to incorporate time?
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Discounting

Discount rate in Stern: 1.4%.
In France: 8% 4% 2%.
Discounted value of 1 million euros in 200 
years:

at 8%: 20 cents;
at 4%: 400 euros;
at 2%: 20 000 euros.

Two economic arguments:
arbitrage;
wealth effect.



18

Loss in future GDP and equivalent 
immediate and permanent loss in GDP

time

GDP/cap
GDP without GW

GDP with GW
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Wealth effect

One euro in 2200 is valued less than one 
euro today because

We will be wealthier in 2200 (g=1.3% => 
GDP2200=12×GDP2007);
The marginal utility of wealth is decreasing.

This effect is increasing in 
the expected growth rate;
the intensity of decreasing marginal utility. 
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Ramsey rule

Stern: δ=0.1%, γ=1, g=1.3%  => r=1.4%.
« From estimates of demand systems, we have found a 
concentration of estimates of γ around 2 with a range of 
roughly 0-10.” (Stern (1977))
γ=2:  =>  r=2.7%.
Impact of the uncertainty on the growth rate:

Precaution;
Decreasing term structure of the discount rate.

r gδ γ= +
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Global effect

• Effect of risk aversion g  on the 
equivalent immediate and permanent π of 
the world GDP.

γ 0 1 2 4 10

π 9.19% 7.03% 4.89% 2.42% 1.55%
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Conclusion

Risk and uncertainty are critical dimensions of 
climate change.
At this stage, most economic models do not 
include these dimensions efficiently.
Tools exist to adapt the cost-benefit 
methodology:

Risk premium and certainty equivalent;
Option values;
Decreasing discount rates.

More research requested on:
Operational rule for the precautionary principle;
Stochastic dynamic optimization applied to CC.
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