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• Near-term decisions regarding climate policy should be made in 
context of uncertainties.  
– Naïve to think that regulator will be able to select an “ideal” policy 

before uncertainties are narrowed;  
– Initial policy would be inevitably corrected as new data come in; 
– Estimating cost of climate policy the regulator should also take into 

account correction cost.  
• Uncertainties on climatic side are amplified by uncertainties on the 

side of socioeconomic system.  
• Climate policy has to be made when information is incomplete, 

therefore this decision generates risks.  
• The key issue: how can quantitative methods for economic analysis 

and risk management help to make the best possible decision given 
incomplete information?  

Background 



Assumptions 

• An “ideal” (in terms of CBA) climate policy exists and 
could be computed applying IAM if and only if all 
uncertainties are solved; 

• It will take a significant time before a major fraction of 
uncertainties is solved; 

• Irreversibility plays a significant role in climate policy; 
• Irreversibility results in path-dependence: 

– excessive accumulation of GHG in the atmosphere makes 
low-concentration stabilization targets impossible;  

• some ecosystems could be lost forever etc.;   
– Excessively aggressive climate policy may result in sunk 

cost;  



Cost of dynamic adjustment 

• Initially selected policy will be eventually 
modified; 

• Correction cost: 
– How much are agents willing to pay to avoid 

unpredictable cost? 
– e.g. cost of hedging  

• Hypothetical options market: 
– Option on adaptation services (hedging damage); 
– Option on abatement (hedging mitigation cost) 



• We introduced S-shaped damage function with upper bound 
on damage: 

– Eliminates effect of totally catastrophic event, but still 
allows us to analyze a “local” fat tail risk 

• Concave MAC function: back-stop technology could be 
expensive but provides significant abatement potential; 

• Modified climate model (new calibration for non-CO2 forcing) 

• Address uncertainties by applying risk adjusted cost and 
benefits of climate policy based on real options methodology: 

– Introducing multiplicative adjustment cost function 

DICER: Important modifications 
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 Damage module 
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Results:  CO2 concentration 
CO2 atmospheric concentration (ppm) 
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Results: optimal temperature 
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Real option and not catastrophic risk 
• In IAMs damage appears as insignificant losses of GDP 

– Climate policy imposes cost now, but does not pay back 
for a long time => do something, but not much; 

 
• Adding catastrophic damage may result in infinite variance 

– Even drastic and immediate reduction is insufficient => 
geo-engineering; 

– Would different methodologies confer the same answer?  
 

• ROA allows to compare and balance risks, suggests flexible 
policy; 



How we solve the model? 
• First we run Monte-Carlo simulation and estimate the moments of the 

distribution of costs and damages; 
• Since moments of the distribution depend on the state of the climatic 

system we ran a Monte-Carlo for each damage and cost function for 
different temperature levels; 

• Approximation of the at-the-money Black-Sholes option price is a linear 
function of the value of the underlying asset.  Hence a new component 
could be added to the abatement cost and damage functions. This is an 
elegant way to apply at-the-money option pricing formula to options with 
a centrally symmetric monetization; 

• In order to address monetization at the expected damage and expected 
cost we simply multiply costs and damages by a correction coefficient that 
reflects the volatility of the underlying parameters. Since there is a 
difference between expected damage and it’s central estimate we apply 
an additional correction to express expected damage as a function of the 
state of climatic system. 
 



Adjustment cost and options value 

• Due to irreversibility of policy choice, regulator is forced to 
choose between two assets minimizing; 
– Loses of expected value; 
– “Penalty” for premature decision (value of lost flexibility); 

• Risk adjusted cost of climate policy; 
– Multiplicative function expressed in terms of expected cost 

or expected damage: 
D=D0(1+f(D0)), where D stands for risk adjusted damage, D0 
denotes central value of damage and f(D0) is adjustment 
cost; 

• Adjustment cost = loset option value => f(D0) equals to an 
option value; 



Penalty function calibration 
Damage volatility and 
temperature increase 

Expected value of damage (OY) 
vs. its central value (OX) 



Results: carbon tax 
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Results: CO2 concentration 
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Optimal scenario: temperature increase with 
and without risk adjusted costs 

15 



PDF global temperature increase by 
2018  

Risk is not eliminated but 
significantly reduced 

Risk is limited but higher than in 
case of application of ROA 



Distributional effect: full participation 
is required 

China should be most concerned 
about future risks 

Tropical nations and India are less 
sensitive to the risk 



Conclusions 

• The model suggest aggressive GHG reduction policy 
that requires full participation of all nations 

• In order to justify urgent climate policy it is not needed 
to: 
– Focus on catastrophic events; 
– Play with discount rate; 
– Or propose unrealistically low abatement cost; 

• It is enough to properly estimate and price risks of 
climate policy on both side: damage and abatement 
cost and compute solution that balances these risks 



Conclusions 

• Numerical experiments with the model demonstrate that even 
adopting very optimistic assumptions regarding resilience of society 
to climate change in the long run the model requires a more 
aggressive GHG reduction policy over next 100 years.  

• Even without the assumption about a possible catastrophic event 
near-term GHG reduction appears as a reasonable policy response 
to climate change. Coordinated actions by all nations are needed 
even prior to signing a comprehensive global agreement. 

• Adding uncertainty this reduction pathway makes this result even 
more profound. Global climatic system is a common good. Cost 
effective solution assumes no exemptions: all countries should cut 
emission reduction below BAU. First stop emission growth and then 
begin with absolute reduction.  
 



Conclusions 
• With uncertainties in place, near-term climate policy appears as a risk 

management policy. The model allows calculation of risk adjusted shadow 
price of carbon. This shadow price could be a benchmark for emerging 
national climate policies, i.e. proxy for a carbon tax of equilibrium allowances 
price at global carbon market. 

• Application of real options methodology allows us to calculate a risk adjusted 
shadow price of carbon adding value of lost flexibility to expected value of 
externalities associated with carbon emission. In the paper we applied a 
relatively simple formula to calculate lost value of flexibility. Application of 
more precise formula for option valuation may suggest even deeper cut in 
emission. Nevertheless, even most aggressive climate policy does not 
guaranty elimination of risk attributed to climatic change.  

• Accounting for risk results in a more drastic abatement scenario relative to 
the scenario we get without accounting for risk. Participation of all countries 
is critical. Thus a new global agreement should create and adequate 
incentives and enforcement for all nations. The model helps us to understand 
optimal global policy target but is silent on the issue how this target could be 
implemented.  
 



Conclusions and next steps 
• ROA provides: 

– A metric to value cost and benefits of climate policy that 
captures all four first moments of cost and benefits 
distributions; 
 

– An algorithm for dynamic hedging of climate policy in 
response to new knowledge on economics of climate change 
and GHG mitigation; 
 

– “Bridges” dynamic hedging of policy target and dynamic 
hedging of mitigation cost 

 
• ROA could be easily performed based on existing IAM and allows 

to avoid complicated stochastic dynamic optimization. 
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