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Cost-benefit vs. cost-efficiency analysis

Cost-benefit approach: Set carbon price equal to SCC, where SCC is an 
estimate of marginal damage in the social optimum 

Advantages (Aldy et al. 2021):
• Scientific rather than political
• International cooperation
• Legal integration US policy 

Cost-efficiency approach: Target-consistent prices (or corridors) based 
on switching prices and embedded in complementary regulation.

Advantages? 

• Closer in line with precautionary principle

• Shorter analysis horizon 

• Systems approach may allow integration of co-benefits



Coady et al. (2019, p. 8):
“‘social cost of carbon’ (SCC)—the discounted value of worldwide damages
from the future global climate change associated with an additional ton of
current emissions—”

Tol (2018, p.10):
“The social cost of carbon is defined as the monetary value of the first partial
derivative of global, net present welfare to current carbon dioxide emissions. It
is sometimes calculated as a true marginal along a welfare-optimizing emissions
trajectory, and so equals the Pigou (1920) tax on carbon dioxide.”

Perman et al. (2003, p.141):



Prototypical model (Nordhaus 2019, p. 1995):

Nordhaus (2019, p. 2000): “Here is the basic intuition: The DICE model estimates the path of the
economy that optimizes consumption, emissions, and climate change. … These calculations take into
account the production functions of the economy, the constraints of the carbon cycle, and the rest.
One of the auxiliary byproducts of the calculations is an estimate of the impact on optimized
consumption of an extra ton of emissions. … ”

Integrated Assessment Models (IAM)

Nordhaus (2017, p.1521):

where “c(t) is consumption; y(t) are other
endogenous variables (such as global temperature);
z(t) are exogenous variables (such as population); α
are parameters (such as climate sensitivity); ρ is the
pure rate of time preference; and ε(t) are random
variables in the stochastic versions.” Nordhaus
(2019), p. 1995

“… The DICE model produces this shadow price as part of the solution—the shadow price is a 
mathematical variable associated with carbon emissions in an optimized framework. Later, this was 
interpreted as the carbon price or carbon tax associated with internalizing the carbon externality.”



Nordhaus (2019, p. 2006):

Stern et al. (2022): ‘DICE-optimal’ leads 3.5 – 4 Celsius warming

Aldy et al. (2021) on SCC in USA: “The administration recently issued 
its interim SCC, with a primary value of $51/ton and ranging from $14 
to $152/ton (in 2020 US dollars).”

SCC estimates depend strongly discount rates



Certainty equivalent declining discount rate
See Arrow et al. 2013 for an introduction

Source: Tol (2014, p. 127)

The certainty equivalent is equal to the lowest discount 
rate for the distant future (see Weitzman, 1998 for proof)



Climate sensitivity and tail risks

Source Figure & Table: Stern (2008)

Pindyck (2017, p. 349): “Putting 

aside the discount rate problem, 

because of the current limitations of 

climate change science, these 

models simply make assumptions

about climate sensitivity, that is, the 

temperature increase that would 

result from a doubling of the 

atmospheric CO2 concentration. …”

“ … And the models, which 

generally focus on the most likely 

outcome, tell us nothing about tail 

risk, that is, the likelihood and 

possible impact of a catastrophic 

climate outcome, and the key 

driver of the SCC.”

Cai et al. (2016) inclusion of tipping

points gives 8 larger SCC



Ad-hoc damage functions
Pindyck (2013, p. 868): “Sometimes these numbers are justified
by referring to the IPCC or related summary studies. For
example, Nordhaus (2008) points out that the 2007 IPCC report
states that "global mean losses could be 1-5 percent GDP for 4°C
of warming". But where did the IPCC get those numbers? From
its own survey of several IAMs. Yes, it’s a bit circular.”

Arrow et al. (1996, p. 221): “We offer the following eight
principles on the appropriate use of benefit-cost analysis: 1)
Benefit-cost analysis is useful for comparing the favorable and
unfavorable effects of policies. …”

Questionable commensurability



Perman et al. (2003, p.141)

Pindyck (2017, p. 349): “The difficulty with the
use of IAMs for policy analysis goes beyond their
arbitrary parameter assumptions and ad hoc
damage functions. The greater problem,
discussed in detail in Pindyck (2017), is that they
create a perception of knowledge and precision
that is illusory, and can mislead policymakers
into thinking that the forecasts generated by the
models have some kind of scientific legitimacy.”

Problematic optimal (growth) path assumption
(Hickel and Kallis, 2020)



Pindyck (2017, 2019)

Pindyck proposes to use average social costs of carbon 
instead of marginal SCC, because the average:

• Is less sensitive to being on the optimal path

• Does not change over the estimated period

• Has lower sensitivity to discount rate

• Estimation by using expert opinion is transparent about the 
subjective nature

Pindyck (2019, p. 151)



An et al. (2018)

History vs. expectations

Krugman 1991



Cost-benefit approach: SCC is an estimate of marginal damage in the 
social optimum

Advantages (Aldy et al. 2021):
• Scientific rather than political
• International cooperation
• Legal integration

Cost-efficiency approach: Target-consistent prices (or corridors) based 
on switching prices and embedded in complementary regulation.

Advantages? 

• Closer in line with precautionary principle

• Shorter analysis horizon 

• Systems approach may allow integration of co-benefits

Challenges to SCC estimation
• Strong dependence on discount rates
• Poor attention to climate sensitivity, 

tail risks, tipping points 
• Strong assumptions damage functions
• Growth as optimal by assumption
• Impossibility to model catastrophes
• Limits to prediction horizon

Cost-benefit vs. cost-efficiency analysis



Stiglitz, Stern et al. 

(2017, p.36, Figure 4)
Stiglitz et al. (2017, p.35): 

“85 percent of global 

emissions are not priced 

today, and about three 

quarters of the emissions 

that are covered by a 

carbon price are priced 

below US$10/tCO2e”

Paris-consistent price 

corridor US$40–80/tCO2 

by 2020 and US$50–

100/tCO2 by 2030.

Stiglitz et al. (2017, p.50): 

“based on evidence from 

industry, policy experience, 

and relevant literature”



Stern (2008, p.10)

Marginal Abatement Cost Curves (MACC)

McKinsey&Company (2013). Pathways to a low-carbon economy



Cost-benefit vs. cost-efficiency analysis
Pitfall of Paris-consistent pricing (Aldy et al. 2021)?

• Takes no account of benefits whatsoever.
– Benefits are implied, allows for shorter analysis horizon 

– CEA closer in line with precautionary principle (Arrow and Fisher, 1974)

– Meeting stringent targets is likely cost-effective in long-run (Raihi et al. 2021)

• Political motivation may weaken long-term support
– SCC adoption is also sensitive to politics; e.g., Trump 7% discount rate

• Inward looking country specific pricing may erode cooperation
– NDCs and net-zero commitments warrant target-consistent analysis

– Price corridors may facilitate international agreements

• Assumptions on complementary policies give ranges like SCC
– Little public support carbon pricing

– Target-consistent pricing should make trade-offs involved in lowering carbon 
prices explicit

– Target-consistent pricing may invite consideration of novel complementary 
policy



One price fits all?

Stiglitz, Stern et al. (2017, p.18):

“… there are two (interlinked)
reasons why lower-income
countries may choose lower
carbon prices than high-income
countries: (1) low-income
countries tend to have less
ambitious objectives for
emission reductions; and (2)
low-income countries tend to
require a lower carbon price to
achieve a given level of
emission reductions.”

Uniformly mixing, 
one carbon price

Chancel and Piketty (2015, p.35):
“Our results thus corroborate
and support the key messages of
Chakravarty et al. (2009), for
whom all countries should
contribute to climate mitigation
efforts and emerging countries
in particular had to stop “hiding
behind their poor” …, given the
presence of high emitters in
China, India or Brazil.”

Price corridors may facilitate cooperation



Ecuador protests 2019

See Wiki

Ecuador wanted to cut 1 bn US$ in fossil 
fuel subsidies:

• Diesel prices doubled, gasoline 
increased by 30%

• Protest led to state of emergency

• Subsidies were reintroduced

Iran protests 2019/20

See Wiki

Iran reduced subsidies on fossil fuel:

• Prices increased by 50% to 
300%, but remained among the 
lowest of the world

• Estimated deaths >1.000

Little public support for carbon pricing
See Maestre-Andrés et al. (2019)

https://en.wikipedia.org/wiki/2019_Ecuadorian_protests
https://en.wikipedia.org/wiki/2019%E2%80%932020_Iranian_protests


Target-consistent pricing may invite 
consideration of novel complementary policy

Bełchatów, Poland

Hickel et al (2022) outline degrowth policy options

Davidson (2019, p.254):

“New scientific findings cataloguing the need for a rapid
renewable energy transition are most often met with calls for
innovation. Our failure to address climate change and thereby
avoid the socioeconomic crises it foretells will not be
attributed to a lack of innovation, however, but rather to a
lack of exnovation.”



Target-consistent approach may allow for 
integration of co-benefits

Mahecha et al. (2022): study biodiversity – climate change feedbacks

Schmitz et al. (2014): Animating the carbon cycle; e.g., e.g., 
wildebeest recovery offsets emissions through mitigating fire hazards



Should carbon prices be based on cost-benefit or cost-effectiveness 
analysis? Are there policy contexts where your answer would differ?

Is there promise to integrate the two?



Thank you!

Joeri Sol (j.sol@uva.nl)

Questions?

mailto:j.sol@uva.nl
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