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Abstract

In light of the consistent inability of the legislative branch to craft and pass legislation that
effectively addresses global warming and a series of court cases that compel action on climate change
from the executive branch, it appears likely that short and medium-term efforts to address the problem
must come in the form of executive branch actions. These executive actions must be justified by cost-
benefit analyses. The current metric used to value the benefits of greenhouse gas reduction policies is the
Social Cost of Carbon estimate, a number intended to price the damage done to the economy by each ton
of CO%

This paper examines the intersection of the Social Cost of Carbon (SCC) estimate and the Value
of Statistical Life (VSL) estimate currently used by federal agencies to value mortality risk reductions in
policymaking. Two of the three climate damage models underlying the SCC estimate currently use
comparable mathematical approaches to model VSL equivalents. The mathematical approaches for
modeling VSL estimates in climate damage models have been isolated to reveal how various national
VSL values would likely appear if the SCC estimate was subject to a more thorough analysis. Modeled

VSL results also then compared with observed VVSL results from the literature.

While the magnitude of the effect of changes in the VSL remains small except in cases of
catastrophic events, the application of modeled VSL estimates in climate damage models used to
formulate global climate policy raises new and compelling ethical quandaries. The economic and
corresponding ethical assumptions of the application of modeled VVSL estimates in climate damage
models are discussed within. Particular attention is paid to the effects of the Kaldor-Hicks efficiency
criterion, VSL estimates and income inequality, and VSL estimates and catastrophic damages. Alternative
points of view such as rights-based policy making and environmental justice insights are briefly taken
into account. Finally, international policy implications are discussed and recommendations for the

improvement of the SCC process in light of this analysis are advanced.



Statement of Purpose & Introduction

How we choose to value global warming impacts now will likely have a profound effect upon the
state of the atmosphere and human well-being in the future. Currently, the prevailing policy approach of
the United States and other developing countries is to frame valuation of global warming impacts as an
economic issue. Because many projected impacts of global warming fall out of the conventional purview
of economists, many impacts, such as effects upon ecosystem and human well-being, are very hard to
value in economic terms. Valuing hard-to-value non-market impacts of climate change requires choices,
and choice requires an ethical framework. The purpose of this paper is to explore the underlying ethical
assumptions about how we choose to value the impacts of global warming in relation to the worst risk of
all: the loss of human life.

To achieve this end, this paper examines two prevailing economic concepts used to place value
on global warming impacts, the Social Cost of Carbon, and to value the reduction of mortality risk, the
Value of Statistical Life. The intersection of these two concepts in climate damage models is examined
and many underlying ethical considerations currently underemphasized in the climate policy discourse are
brought to light.

This paper begins with an introduction to the processes of the Interagency Working Group Social
Cost of Carbon including why it was convened, the economic methods employed in deriving the social
cost of carbon estimate, how economic assumptions with ethical implications were handed by the
Working Group, and how specifically the estimate is used to guide policymaking. The paper then
examines the how Value of Statistical Life estimates affect Social Cost of Carbon estimate and ethical
considerations that arise when applying VSL estimates to domestic climate policy. Then, a comparative
analysis of observed VSL estimates and VVSL as modeled by DICE and FUND is undertaken to see how
well observations match models. Following this analysis the Value of Statistical Life in climate damage
models is then considered in light of the possibility of catastrophic risks. Finally, international policy
considerations of the potential effects of VSL in climate policy are examined.

Background on the Social Cost of Carbon

Until climate legislation is enacted in the US, the ability to address climate change rests with the
federal government’s authority granted by Congress in existing statutes. In the landmark Supreme Court
case Massachusetts v. EPA (2007), the state of Massachusetts and others petitioned the EPA to begin to
act upon climate change' based upon statues in the Clean Air Act. The majority ruled that the EPA must
issue an Endangerment Finding to determine "whether greenhouse gas emissions contribute to climate

change.”" When the EPA determined that greenhouse gases do contribute to climate change and issued an



Endangerment finding, the agency was legally required to begin developing greenhouse gas regulations in
accordance with Clean Air Act statutes.

Parallel to developments in Massachusetts v. EPA was a federal case involving the National
Highway Transportation Traffic Safety Administration (NHTSA) in the Ninth Circuit Court in 2007."™
The NHSTA argued that the value for Co? reeducations should be excluded in the policy cost-benefit
analysis due to the wide range of values for CO? reduction benefits in economic literature. The court ruled
that the “NHSTA’s reasoning is arbitrary and capricious for several reasons...first, while the record
shows that there is a range of values, the value of carbon emissions reduction is certainly not zero.”"

The Ninth Court’s ruling on the NHSTA cost benefit analysis and the EPA’s legal obligation to
act under the Clean Air Act after the endangerment finding created the need for a more robust estimate of
CO? damages for regulations." It became apparent that in order to develop and implement regulations
aimed at reducing greenhouse gas emissions, it was necessary to comply with Executive Order 12866,
which requires a cost-benefit analysis of their proposed action for all policies that cost more than $100
million." To calculate the costs and benefits of greenhouse gas emissions, it was necessary to come up
with a point estimate of the cost of a unit of CO? emitted. This was no simple task: it required a
comprehensive look at the economic damages and benefits associated with climate change.

The Obama Administration tackled this challenge by convening an Interagency Working Group
on the Social Cost of Carbon (SCC) with participants from relevant government agencies and advisory
committees. The working group analyzed the results from 3 climate damage models to come up with a
range of carbon damage estimates published in February of 2010. The primarily deliverable of the
working group was the Social Cost of Carbon: a range of point estimates of the cost of damage each ton
of carbon dioxide caused to the planet’s economy at a given time. The results are shown in figure 1. The
3% average indicates the central estimate that is used in agency cost-benefit analysis.

Various discount rates are applied in Figure 1 due to the wide range of impacts upon the outcome
caused by the rate assumed to be correct. The Interagency Working Group advises that the 3% is the
appropriate discount rate be applied in normal regulatory analysis. The 5% discount rate is meant to show
policy makers what the value would be if it were higher. The 2.5% discount rate is included to a reflect an
ongoing debate about an alternative way to apply discount rates using the Ramsey pure-rate of social time
preference. Essentially, this discounting method for policy-makers hedged for the fact that future
generations may choose a different discount rate for the valuation of carbon in the future than the
decision-makers choose for the future generation now. The 95™ percentile column indicates SCC
estimates in a situation where damages fall within the highest 5 percent of projected damages. This is
meant to take into account a future would in which the economic damages of climate change are in fact

much worse than the models calculate. The numbers in all columns grow over time based upon the



assumption that the damage done by each ton of CO? rises linearly as more carbon is added to the
atmosphere.""

The estimate was first applied as part of the cost benefit analyses by the EPA to its Light-Duty
Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards in 2010."™"
Later, it was applied by the Department of Energy as part of the Energy Conservation Standards for Small
Electric Motors and Energy Conservation Standards for Residential Water Heaters, Direct Heating
Equipment, and Pool Heaters.™ The SCC will also be applied in regulatory analysis and proposed rule-
making. Importantly, the proposed EPA rule for carbon regulation standards for new power plants may

also include the SCC estimate if it is finalized.”

Social Cost of CD,, 2000 — 2050 (in 2007 dollars)
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Figure 1: Social Cost of Carbon Estimates

After the prospect of climate legislation became bleak in 2010, the SCC estimate grew in
importance. In Obama’s 2013 State of the Union Address, the president was unequivocal about making
climate action a priority, stating that “if Congress won’t act soon to protect future generations, I will.”
Any unilateral presidential action would have to be taken through the Executive branch, which would
require cost benefit analyses for regulations. To undertake these analyses, federal agency actions will
likely use the SCC estimate, thus, making the estimate a very important policy tool in the coming years.
Perhaps unintentionally, the SSC may quickly become a keystone of American climate policy.

Using Climate Damage Models to Inform Climate Policy Decisions

Evaluating damages caused by climate change has a rationale that extends beyond satisfying the
requirements of an executive order. Determining the cost of an additional ton of CO? is the current
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method by which we determine the economically optimal level of CO? pollution.™ At a basic level this



can be viewed as determining where the cost of reducing CO? emissions equals the avoided economic
damage that the gases would have done to the economy had they been released. This is represented
graphically in Figure 1" below. Too much abatement (to the right of equilibrium) leads to over

protection from global warming, and would mean spending too many resources on climate change
adaptation and mitigation, thereby decreasing social welfare by diverting limited resources from other
activities that would otherwise improve social welfare. Under protection (to the left of equilibrium) means
incurring costs caused by climate change that should be avoided with additional investment in mitigation

and adaptation if people chose the optimal least cost path.

This simplistic approach presented in Figure
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which to reduce greenhouse gases. These

models represent the best, imperfect attempt to overcome uncertainties and unknowns while providing
estimates regarding costs and damages to help guide policy-making.

A major part of the work of the federal government’s Interagency Working Group on the Social
Cost of Carbon was to pick through the many climate damage models and decide which models would be
used to estimate the Social Cost of Carbon for America. The working group chose three integrated
assessment models on the basis that they frequently cited in peer-reviewed economic literature and that
they were used in the 4™ IPCC assessment report. These models were DICE, the Dynamic Integrated

Climate and Economy model first developed by William Nordhaus in 1990, the Policy and Analysis of



the Greenhouse Gas Effect model developed by Chris Hope beginning in 1991, and FUND, the Climate
Framework for Uncertainty, Negotiation, and Distribution developed by Richard Tol in the early 1990s.*"

These and other integrated assessment models attempt to model the global economy, the climate
system, and the interaction between the changing climate system and the global economy. Basically, this
involves translating changes in atmospheric greenhouse gas concentrations into temperature changes and
then temperature changes into economic damages in terms of global and regional GDP.*" The models
differ significantly in their initial assumptions, required data input, mathematical approaches applied to
translate temperature changes into economic damages. A key similarity of the three models is that they
are reduced-form, or, relatively simple compared to the myriad of other climate damage models available
and hence relatively easier for large groups of people to comprehend.**

To derive the marginal cost of an additional ton of CO?, or the Social Cost of Carbon, is relatively
simple once the models are run. DICE, for instance, calculates the total economic output in the form of
utility and the total emissions for a year’s time. To calculate the marginal cost of CO? and the social cost
of carbon in DICE, modelers must simply find the effect of one additional ton of CO? upon total utility.
This is done by subtracting the total utility with one additional ton of CO? emissions from base case total
utility calculated by the model. Analogous methods were applied to FUND and PAGE, the results were
averaged, and then various discount rates were applied to determine the net present value of benefits.

Uncertainty is part and parcel of climate damage modeling and leads to inherent limitations in
results. The authors of the Social Cost of Carbon report themselves explicitly point this out by concisely
summarizing a 2009 NRC study. They state that the social cost of carbon experiences uncertainty caused

by a lack of knowledge about:

“(1) future emissions of greenhouse gases, (2) the effects of past and future emissions on the
climate system, (3) the impact of changes in climate on the physical and biological environment,
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and (4) the translation of these environmental impacts into economic damages.

Such uncertainty and the modeling limitations they present have led to significant caveats being added to
the Social Cost of Carbon analysis. These caveats include:

e Incomplete treatment of non-catastrophic damages

e Extrapolation of climate damages to high levels of warming

e Incomplete treatment of adaptation and technological change:

e Risk aversion™



The significance of these caveats and their relationship to approaching Value of Statistical Life (VSL)
estimates estimated by the models, particularly the treatment of catastrophic risk and VSL estimates, will
be addressed later on.

Deferring Assumptions to Modelers in the Social Cost of Carbon Analysis Process

The authors of the SSC defer to the expert modelers stating that “underlying the three IAMs
selected for this exercise are a number of simplifying assumptions and judgments reflecting the various
modelers’ best attempts to synthesize the available scientific and economic research characterizing these
relationships.”™" Some of the key differing assumptions in integrated assessment models have been
explored by Richard Tol and Samuel Frankenhauer. They identify three basic assumptions of most
integrated assessment models describing climate damages: that the impact categories considered are
sufficiently comprehensive, that the level of spatial detail is appropriate, and that the measurement of the
impact is accurate. ™

Because these three basic assumptions vary across models, isolating and comparing the effects of
various modeling assumptions upon particular vectors such as accurate representation of Value of
Statistical Life estimates or ecosystem services contributions to global utility is exceedingly difficult. For
instance, one model may apply a value to lost crops due to global warming in one aggregated region of
the world representing the US, another model may examine North America, and a third may simply
aggregate values for the entire world by examining global markets with no regional calculations. This
means isolation of very important policy-relevant intermediate vectors such as lives lost, acres of
ecosystems destroyed, or land lost due to sea-level rise is difficult to critically examine and update in light
of the latest research. It also makes it exceedingly difficult for modelers to improve particular
mathematical approaches based upon better model parameters. Finally, it puts a huge analytical burden on
time-strapped modelers to attempt to keep track of all climate-related research for each of their
parameters, a task very difficult for any one human to achieve.

Deferring to the creators the integrated assessment models, DICE, PAGE, and FUND,
streamlined a very difficult discussion and allowed the Interagency Working Group to come to a
consensus in a reasonable period of time to make initial policy recommendations. The report states that
the primary reason for deferring to modelers was that “given the paucity of data linking the physical
impacts to economic damages, we were not able to identify a better way to translate changes in climate
into net economic damages, short of launching our own research program.”" However, this deference
took a discussion of assumptions and approaches in integrated assessment models off of the table.
Removing underlying model assumptions from the table also removes discussions about the ethical issues
that have been a fundamental part the Social Cost of Carbon discussions in other developed countries.

According to Ruth Greenspan of the World Resources Institute,



“The [Social Cost of Carbon] exercise involves many judgment calls that are largely hidden in
complex economic models and that may be invisible to policymakers and stakeholders. When
these judgments are embedded in economic models, policymakers and stakeholders do not have
the opportunity to discuss and directly debate the underlying complex value choices. In some
instances, decision-makers may not realize that choice of models and factors contain essentially
ethical and other considerations. In addition, the process of making calculations often omits

essential information, such as the possibility of a very severe outcome.” ™"

One ethically laden area not discussed by the Interagency Social Cost of Carbon Working Group
that could propagate significant errors in both valuation and ethical judgment is the valuation of non-
market goods. Non-market goods include ecosystems services and the valuation of project loss of life due
to climate change. Valuation of non-market factors are almost exclusively derived from contingency
valuation, a catchall term for survey methods used to monetize non-market goods. The market price of a
non-market good is then used in cost-benefit analyses as a “contingent value” to stand in for the non-
market good as costs and benefits are tallied.*"'

There is strong evidence to suggest that contingency values for non-market goods are heavily
influenced by the ethical framework of the respondents.™" However, in the case of the Social Cost of
Carbon process, many of these ethical frameworks that affect non-market values are decided by a modeler
based upon research and have not been reviewed by independent observers for consistency. It is probable
that most of the models do not take into account the fact that ethical frameworks have impacts upon the
valuation of market goods. In the case of DICE 2007, for instance, the health data used in projecting
estimated loss of life was published in 1996 with no mention of the ethical frameworks.*" While it
makes sense to exclude such ethical considerations from a purely academic model, once it is applied to
policy analysis such issues ought to be considered.

Economist Michael Hanemann of UC Berkley and Arizona State University argues that the
hardest task in the social cost of carbon process is creating a method to calculate and value non-market
impacts of climate change. *™ He points out that in many cases integrated assessment models such as
DICE 2002 (DICE 2007 was used in the SCC process), non-market damages exceed market damages. ™
In many scenarios of catastrophic damages in DICE 2002, non-market damages exceed market damages
by 10-fold.

Thus the largest part of the damages in the models used in the SCC process can be significantly

affected by ethical assumptions that have as yet remained unexamined by the federal government.



This situation has likely led to significant error propagation in the SCC process that could have been
avoided. As Tol and Frankenhauser point out:
“IAMs reflect at best the state of the art of the underlying literature. The models using aggregate
impact measures often just mimic one particular published estimate...thus mimicking its
shortcomings and differences with other studies. Variations in the set of impacts covered may
also reflect a difference in opinion about the scientific reliability of some impact estimates, either
between IA modelers themselves, or as passed on from the underlying literature.”
In the Social Cost of Carbon Analysis, the SCC values of three IAMs were averaged. According to Tol
and Frankenhauser, any error in one means a likelihood of errors in another. Hanemann argues also that
such averaging understates the overall climate damages.™" Another byproduct of averaging is a highly

inconsistent ethical framework for approaching climate policy.
Relevance of VSL Assumptions to Climate Damage Models

One of the major ethically-laden assumptions deferred to modelers in the SSC is the calculation
of the Value of Statistical Life. The Value of Statistical Life (VSL) is not the actual monetary value of
statistical life. ™" “Rather, when conducting a benefit-cost analysis of new environmental policies, the
Agency [the EPA] uses estimates of how much people are willing to pay for small reductions in their
risks of dying from adverse health conditions that may be caused by environmental pollution.” " The
EPA’s explanation through an example is a simple illustration of the concept.

“Suppose each person in a sample of 100,000 people were asked how much he or she would be
willing to pay for a reduction in their individual risk of dying of 1 in 100,000, or 0.001%, over the
next year. Since this reduction in risk would mean that we would expect one fewer death among
the sample of 100,000 people over the next year on average, this is sometimes described as "one
statistical life saved.” Now suppose that the average response to this hypothetical question was
$100. Then the total dollar amount that the group would be willing to pay to save one statistical
life in a year would be $100 per person x 100,000 people, or $10 million.”*"

To derive the Value of Statistical Life estimate, the EPA uses stated preference and hedonic wage
studies and stated preference surveys. Hedonic wage studies and stated preference studies attempt to
derive a market price for an activity that has no market. Hedonic wage studies entail a surveyor asking a
worker how much she would be willing to give up to avoid a particular risk. *' Stated preference studies
ask respondents hypothetical questions about how much money they would spend in a given situation to
determine preferences and values.”"" The EPA has a long list of criteria to determine which specific
hedonic wage analysis and stated preferences to use when determining the official Value of Statistical
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Life estimate.”" The current estimate used by the EPA is $7.4 million.



Importance of VSL in Climate
Deaths from climate change Damage Modeling
Death influenced or caused by
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world governments, estimated 400,000 climate caused deaths occur each year.™ According to Oxfam,
nearly 1 million deaths will be “indirectly caused” by climate change by 2030.*" To value impacts such
as projected loss of life in climate damage models, non-market estimates are required. In the case of
climate damage models, the Value of Statistical Life estimate or an equivalent model-specific variable is
applied to value this loss of life.
The Ethics of Applying a VSL Estimate

The Value of Statistical Life is an attempt to take empirically observable knowledge about risk
reduction preferences and apply this knowledge to understand the economically optimal level of risk to
accept. The economic justification of the Value of Statistical life estimate is couched in the ethics of
economists who believe that we as a society are better off if we can maximize the size of the economy by
avoiding over and under investment in risk reduction. By regulating an activity so that the optimal level of
risk is achieved, we are not spending money to over-protect ourselves that could otherwise be spent
elsewhere. Conversely, if we are exposing ourselves to too much risk, then the VVSL estimate provides a
justification to pay for more risk reduction measures. Thus, according to the economic logic, the optimal
level of risk reduction minimizes losses and maximizes gains, thereby maximizing the size of the
economy which is used as a proxy for overall well-being.

Many of the strongest critics of the use of VSL argue upon non-economic ethical grounds. Kip
Viscusi, the economist who first convinced the federal government to begin using VSL estimates for

regulations in 1992, outlines many of the criticisms of VSL in an article entitled The Policy Challenges of



the Heterogeneity of the Value of Statistical Life. His basic argument is that applying different VVSLs in
different situations for different people is economically correct but hard for the public to swallow. "

The most publicized criticism comes when the VSL is lowered because the public perceives this as a
devaluing of human life." In 2002 a political controversy labeled the “Senior Death Discount” broke out
over the ethics of devaluing of the VSLs of senior citizens used in an EPA cost-benefit analysis.
Economically speaking, differences in personal VVSLs vary according to age, gender, income, and many
other factors. The economic rationale for devaluing the VSL of seniors was to account for these
differences, but many members of public thought that this approach was immoral and unacceptable. In
response to political fall-out, federal agencies now ignore these variations in actual VSLs and use the
same VSL for everyone, though the particular VSL estimate varies by agency."

Many other factors that create variations in VSL estimates also pose ethical challenges. One is
that the level of income strongly affects risk reduction preferences. In 1993 Kip Viscusi argued that the
Federal Aviation Administration should apply higher VSL estimates, and thus relatively stronger safety
standards, on airlines because the relative income level was higher for airline customers than for other
industries. " While this makes economic sense, such an approach may not be acceptable to either poorer
members of society or those concerned with social justice. Such ethical quandaries regarding application
of VSL based upon income rarely emerge domestically due to uniform VSL estimates, but this has major
implications for the application of VSL in climate damage models, such as issues that arise when the
difference between observed and modeled VSL estimates is significant, and will be examined later in this
paper.

Another factor creating variations in VSL estimates that poses an ethical challenge is involvement
in labor unions. When economists Kip Viscusi and Joseph Aldy conducted a survey of VSL estimates
across the world, they had to add in variables to control for the changes in VSL caused by involvement in
labor unions. " Historically, labor unions were formed to organize collective bargaining power so that
workers could achieve higher wages, and importantly, stronger workplace safety procedures. The idea
that an organized group of people with bargaining power can achieve stronger workplace safety measures
than individuals seems to imply that a more empowered individual would demand stronger risk-reduction
procedures if they had stronger bargaining power to achieve them. This means that the VSL estimates for
individuals may be limited to what they imagine as achievable, rather than what they truly want
regardless of what is achievable. In theory VSL is the willingness to pay for risk reductions, but if a
disempowered individual does not think such risk reduction is possible, then they would not indicate their
willingness to pay. Thus variations in VSL may be strongly linked to personal empowerment and

bargaining power which are not taken into account in normal VVSL analyses.



In response to a growing body of evidence suggesting that environmental risks and harms are
disproportionately experienced by minority and low income communities, President Bill Clinton issued
Executive Order 12898 to mandate that agencies specifically address the issue of environmental risk
distribution when making policy.™" This was a victory for environmental justice advocates. From a
purely economic perspective, these low income and minority communities are choosing to expose
themselves to more risk and thus must have a lower Value of Statistical Life than average. The
proclamation of the executive order itself is a rejection of this logic and an explicit acknowledgement that
forces and ethical frameworks other than economics are necessary to consider in the policy process.

Many people in the environmental justice community also reject the philosophical axioms upon
which cost-benefit analyses with VSLs rest. One critical axiom is the Kaldor-Hicks efficiency criterion
based is upon the idea of a Pareto improvement. A Pareto improvement occurs when an activity increases
overall economic output even when those harmed by an activity are compensated for harm by those who
profit from the activity. ™ Because of many difficulties associated with assuring these monetary transfers,
the Kaldor-Hicks efficiency criterion is used in policy-making. The Kaldor-Hicks criterion states that an
outcome that makes everyone better off if total economic output is increased and if those who benefit
from a policy could, in theory, compensates those harmed by a policy.' The transfer of wealth from the
beneficiaries to those harmed is not actually required to occur.

To many environmental professionals, the lack of a monetary transfer is inequitable. In a survey
administered by public health experts Jessica Lieber, Jonathan lvey, and Leonard Zwank to 160
environmental justice and risk assessment professionals, a majority of respondents supported a more
egalitarian distribution of risk." A majority also indicated that undesirable inequality arising from unequal
distribution would likely increase even if wealth transfers were actually made from those who profit to
those who are harmed. "This represents a rejection of the idea that Pareto improvements can actually be
implemented in a way that does not increase ethically undesirable inequality.

A Rights-Based Approaches to the Value of Statistical Life

So far the examination of the ethics of VSL has focused upon problems the approach itself
creates. Other ethical considerations have been raised by those who oppose the use of VSL based upon
other moral frameworks.

Lisa Heinzerling, a law professor at Georgetown University, advanced a strong rights-based
criticism of applying VSL estimates in her article The Rights of Statistical People. Hienzerling argues that
the VSL turns real people who are expected to undergo real harm into pre-valued, unidentified, and
uncertain “statistical people.” When this occurs the rights of real people to whom real harm befalls have
had their rights taken away before they can exercise their right to protect themselves. This, Heinzerling

argues, means that regulatory programs make permissible activities that are unacceptable to courts or



human morality. As an example she posits that one person is given the right to kill another provided that
the activity meets certain cost-benefit analysis requirements. Heinzerling concludes that

“Describing human lives in statistical terms thus creates the conditions under which human

suffering and loss can be conceived of in economic terms, and under which this suffering and loss

can be allowed to continue simply because the monetary value we have attached to them is lower
than the costs of avoiding them.”™
Such rights based approaches are confounded by uncertainty of source of harm and clear causation of
injury that the regulatory frameworks in place have been created to address, but nevertheless provide a
coherent ethical alternative for policymakers.

Ethical Issues of Applying Global VSL Estimates to Derive the Social Cost of Carbon

From a rights-based perspective, it makes intuitive ethical sense to value every statistical life in a
global climate damage model with the same VSL estimate in same way agencies use uniform VSL
estimates for regulatory cost-benefit analysis. Everyone one is human and everyone should be valued
equally is the logic of this intuitive rights-based approach. The primary economic counter-argument
against equal VLS is that such as approach would not adequately take into account variation of VSLs
across countries. The ethic of the economic argument is that taking into account and differentiating
variations in risk reduction preferences leads to more optimally applied risk reduction resources (i.e.
mitigation measures), more overall wealth, and thus a world that is better off. Consistent with this logic,
the current Social Cost of Carbon process includes VSL estimates that are for regional and not nation-
specific representations of damages in the models (with the exception of some larger nations such as the
United States being represented as their own ‘region’ within DICE and FUND).

The current use of VSL in the SSC process is to endogenously model VSL estimates based solely
upon a country’s projected per capita income. As stated above, the implicit VSL calculation for DICE is
double per capita income multiplied by life expectancy and the calculation for FUND is per capita income
multiplied by 200. Modeled VSL estimates are used because the vast majority of nations have not
surveyed their citizens about risk. Applying modeled VSLs that are never compared with observed VSL
estimates could lead to VSL values being far too low or far too high in the actual models, a proposition
examined in detail later.

Modeling the VSL in the Social Cost of Carbon based primarily upon modeled per capita income
has the potential to perpetuate global equity problems. While it is much more justifiable to use a nation
specific VSL for national policies, it becomes more complicated when applied globally. Modeling and
then imposing mortality risk reduction preferences upon neighboring countries to decide the optimal
global social cost of carbon is troubling from a rights-based perspective. First, countries with higher

incomes automatically have higher VVSLs within the current SCC process, regardless of national variation



or other choices that would indicate otherwise. Actions taken by other nations to address climate change
that surpass the relative efforts of the United States may mean that the relative willingness to pay and
hence relative VSL to reduce climate-induced risks is much higher in other nations than for the US,
regardless of income. This may be especially true for nations that approach climate change as a human
rights issue rather than a problem better addressed with utilitarian philosophy. Second, there is a limited
number of quality studies about national VVSL estimates. . In a meta-analysis of the entire world’s VSL
estimates, Joseph and Aldy were only able to critically examine 16 countries. This may be simple lack of
data, or it may be because many countries do not explicitly use VSL estimates when making government
policy. Thus, we cannot know all the mortality risk preferences, and so must make assumptions in order
to apply global policy. The consequence for incorrect modeling means that an increased risk of loss of life
is projected as acceptable.

The use of the Kaldor Hicks criterion in the Social Cost of Carbon process in conjunction with
modeled VSLs is also morally vexing. The implicit ethical logical of applying modeled, regional-specific
VSL estimates with Kaldor Hicks cost-benefit analysis could be summed up as ‘American emissions will
kill people, the economic activity creating the emissions will increase net welfare, and that the entire
world will be better off in this situation even if there is no transfer from the beneficiaries to those
harmed.” When benefits disproportionately occur within one nation and harms disproportionately occur
within others, the Kaldor Hicks criterion no longer makes moral sense as a philosophical axiom for a cost-
benefit analysis or policy making. Economist Thomas Schelling has made an analogous argument that for
problems ranging across time and space such as global warming, policy should be based upon actual
Pareto improvements. " Pareto improvements occur when the world is made better off by an activity,
when those who profit actually, not theoretically, compensate the losers." The current use of the Kaldor
Hicks criterion appears particularly unpalatable given that the majority of climate deaths are projected to
occur in the third world where modeled VSL estimates are much lower than in the United States.

Finally, there is the ethical question of applying VSL estimates across time. The ethical framing
of this argument is largely based upon whether or not future generations are expected to be richer or
poorer than the current generation. Kip Viscusi assumes that future generations will be better off, a
proposition accepted and applied in mainstream policy-making. From this vantage point he argues that
too much valuation of life now means less money for future generations, hence making future generations
worse off. Similarly, he argues that putting more weight on future, unknown VSLs that are likely to be
higher than ours means making ourselves worse off to support a future generation that is likely richer.
Viscusi directly addresses VSL adjustments in climate policy with utilitarian economic philosophy,

arguing that



“For analyses pertaining to the more distant future, such as analyses of climate change policies or
similarly remote environmental problems, the income changes involve future generations rather
than those who are currently alive. Making adjustments for differences in income [for VSL] is
efficient. However, upward adjustments for future benefit valuations will redistribute income
from the poorer current generation to a more affluent future generation, which some may view as
inequitable. In response, climate change adherents assert that global warming will make future
generations worse off.”"

Martin Weitzman is the straw man “climate change adherent” to whom Viscuis is speaking. He
argues that we are exposing future generations to a low probability of catastrophic risks that may cause
them to be worse off in the future."" In a catastrophic scenario, damages of our emissions generating
economic activity have the potential to exceed the wealth we generate and pass on to the next generation.
Raising values for future generations is a way to hedge for the risk of loss and discontinuity of the
assumption of increasing consumption that is driving our current policies. From this vantage point it is
more ethical to place higher values on VSL estimates in the future that would appear to be inequitable to
Viscusi.

Equity Weighting As A Solution?

Equity weighting in climate damage models has been proposed as one solution to ethical
problems that arise from basing the VSL and other key variables upon income. Equity weighting is an
methodological attempt to transparently identify value considerations that affect assumptions in climate
damage models."™ The importance of equity weights has been concisely summarized by Tol & others:

“ The chosen [equity] perspective is crucially important. Different national decision makers

would have different perspectives and choose different equity-weights. Equity-weights therefore

do not overcome distributional concerns, or reconcile different positions—equity-weights merely
make such concerns explicit.”"™

The specific methods of equity weighting vary from model to model, but the essential idea is to
transparently lay out the variables that are manipulated specifically to address ethical considerations that
arise in modeling. The ethics of manipulating specific variables in one way or another are thus explicitly
addressed by modelers. Variables included in experimental explorations of equity weightings include risk
aversion, inequality aversion, social rate of time preferences (that affects discounting future benefits), and
income inelasticity (largely based upon varying income levels). The process has been explored by two of
the three climate modelers whose work has been incorporated into the Social Cost of Carbon process:
Chris Hope, creator of PAGE, and Richard Tol, creator of FUND.



Unsurprisingly, varying methodologies applied to varying models have led to varying results. In
2002 Chris Hope attempted to apply equity weights to the PAGE model by adjusting for varying income
inelasticities and found that this actually lowered the Social Cost of Carbon.™
A similar experiment carried was out by Richard Tol and others using FUND and more nuanced
techniques in which several more parameters were examined. These modelers came to different
conclusions.

“First, equity-weighted estimates are substantially higher than estimates without equity-weights;

equity-weights may even change the sign of the social cost estimates. Second, estimates differ by

two orders of magnitude depending on the region to which the equity weights are normalised.

Third, equity-weighted estimates are sensitive to the resolution of the impact estimates.

Depending on the assumed intraregional income distribution, estimates may be more than twice

as high if national rather than regional impacts are aggregated. Fourth, variations in the assumed

inequality aversion have different impacts in different scenarios, not only because different

scenarios have different emissions and hence warming, but also because different scenarios have

different income differences, different growth rates, and different vulnerabilities.”™
Critics of the Social Cost of Carbon process have pointed to the lack of equity weights as a major
shortcoming of the SCC estimate because it allows regulator to hide contentious ethical issues in model
assumptions rather than making the transparent.™" While equity weighting does make equity assumptions
more transparent, weighting also carries other ethical baggage. Equity weighting relies on a Kaldor-Hicks
framework and so is not applicable without it and thus is a part of, and not separate from, all the ethical
quandaries posed by applying this efficiency criterion. “™ Equity weighting can help to make this implicit
ethical logic transparent and can aid policy-markers in minimizing the effects of ethical choices related to
income inequality, but it does not address the inherent problem of uncompensated losers.
VSL Representation in the Social Cost of Carbon Analysis
The calculation of the value of a lost life is a component within the damage function of the model. Each
of the 3 models applied in the SSC process approaches the calculation of the value of life differently,
depending upon the way in which the model approaches overall damages. Below is a description of how
the critical value assumption of the value of a statistical life plays a role in each model’s overall damage
calculation.

DICE 2007

DICE, the Dynamic Integrated Climate and Economy model was developed by William
Nordhaus. This model attempts to estimate the optimal growth of the economy based upon marginal costs
and marginal benefits explained above.”" The damage function links overall economic growth with to

changes in temperature.”” Emissions reductions are treated as investments that reduce CO2 impact upon



the economy. The model calculates many of the damages at a regional level and then aggregates them to
derive estimates for the entire global economy.

In Chapter 4 of Roll the DICE Again: Economic Models of Global Warming, Nordhaus and Boyer
lay out how they approach their calculations of the VSL. The DICE approach to calculating the VSL is
based upon a 1996 study examining the health impacts of disease vectors that change due to rising
temperatures. The approach does not rely on a standard VSL estimate but upon a related Years of Life

Ixvi

Lost estimate. One Year of Life Lost is assumed to be two years of per capita income. " To derive the
implicit VSL of the DICE model to create a metric comparable to the standard VSL requires multiplying
the Years of Life Lost (YLL) by the per capita income of a region and by the country’s expected life
expectancy.

FUND 2002

FUND, the Climate Framework for Uncertainty Negotiation, and Distribution, was created by
Richard Tol. FUND calculates damages for 8 market and non-market sectors and treats economic growth
as exogenous. Some damages are triggered by absolute temperature change while others are triggered by
rates of change.™""The FUND model approaches the value of life issue as avoided mortality benefits.
Based upon an estimate made in 1992, the FUND model applies 200 times per capita income as the value
of an avoided mortality.™" This metric is appropriate to be used as explicit proxy for a Value of
Statistical Life estimate.

PAGE 2002

PAGE, the Policy Analysis and Greenhouse Gas Effect model, was created by Chris Hope. The
model examines economic, non-economic, and catastrophic impacts in 8 regions of the world with
exogenously modeled economic growth. The damage function is calculated as a fraction of reduced
output linked to rising temperatures. Probabilistically modeled catastrophic events can be added as a part
of the damage function.

The PAGE 2002 model has a damage function that subtracts the sum of economic and non-
economic impacts, such as health impacts, from GDP on a regional basis.”™ The PAGE model lacks a
simple VSL equivalent and so is not comparable on these grounds.

VSL Estimate in Context

To put each of the estimates for the current VSL in context used in each IAM, the current
estimate used by the EPA is $7.4 million in 2006 dollars."* The United States has a current per capita
income of $48,112" and the average life expectancy is 78.2 years." A back of the envelope calculation
reveals a VSL of $7.5 million applying the DICE approach and $9.6 million for the FUND approach.
Because all of the models used in the Social Cost of Carbon process are fully, or at least partially,

proprietary, it is not possible to comprehensively analyze the magnitude of effects of various ethical



assumptions on the entire social cost of carbon process. This has significant implications for the critical
review and revision of IAMs used in the SSC process: it inhibits both public and academic review of
critical value assumptions. Importantly, it makes it very difficult to examine the magnitude of effects that
critical assumptions have upon the overall outcome of the models.

Comparative Evaluation of VSL Estimates in DICE and FUND with Observed VSL Estimates

Despite the inherent problems associated with comparing across models discussed above, it is still
possible to isolate the implicit VSL in two of the three models mentioned above and compare SSC
modeled VSL values with independently generated values reported in the literature.

Table 1 is an attempt to “ground truth” DICE and RICE implicit VSL values against 21 VSL
estimates from nine countries. The implicit labor market VVSLs were taken from a meta-analysis of
worldwide VSLs conducted by Kip Vsicusi and Joseph Aldy in 2003™ and the per capita income and
life expectancy data for DICE and PAGE VSL calculations was taken from the World Bank.™* Table
2 averages the labor market estimates from each country for comparison to the DICE and FUND models.

The labor market studies examined by Viscusi and Aldy apply a wage-risk analysis approach,
where economists determine the level of wage necessary for workers to accept extra risk on a job. Viscusi
and Aldy note that while isolating the supply and demand curves is one way to calculate the VSL, the
method generally chosen by economists is to locate the area where trade-offs are likely to occur.”™ The
VSL of such labor market studies are often used as proxies for other risks, such as mortality risk related to
an environmental pollutant, or, risk related to death caused by a climactic-caused event. While there are
many critics who enumerate the problems with the controversial extrapolation of work related risks to
environmental risks, this is the general approach applied in federal regulatory analysis.™""

Of the 21 studies examined by Viscusi and Aldy, 71% (15) indicate VSL estimates greater than
those estimated by PAGE and DICE, 19% (4) fall within the range between DICE and FUND estimates,
and 10% (2) were observed in labor market studies to be lower than DICE and FUND estimates. When
estimates are averaged as in table 2, 78% (7) are above DICE and FUND estimates, 22% (2) fall below
modeled estimates, and no averaged estimates are within the range of DICE or FUND estimates.

Given the lack of correlation of modeled VSL estimates to observed estimates, it is highly likely
that the VSL calculation methods of the models could be significantly improved. It is not completely fair
to compare single countries because DICE and FUND estimates are calculated on a regional scale.
However, although calculations of DICE and FUND are crude compared to the more refined country-
level point estimates, they should theoretically at least be in the ballpark of country estimates in a region
at rate of higher than 10%. There is also the issue of comparing values endogenously generated in the

models with actual data, but still one would expect a closer correlation. It is also possible, but not likely,



that these observed point estimates are outliers and that their lack of correlation to DICE and FUND
estimates is abnormal.
In order to determine the social cost of carbon, such calculations and estimations are necessary,

but critical evaluation of assumptions can improve methodology, ethical consistency, and fairness.

Table 1: Comparison of Labor Market VSL studies with DICE and FUND modeled VSL

Country Author & Year Average Low High Average Per Capita DICE FUND
Income Level of Estimate of Estimate of Point Income (million (million

Participants Implicit VSL Implicit VSL Estimate of (2000 USD) 2000 2000

(2000 USD) (millions (millions VSL (millions usD) usD)

2000 USD) 2000 USD) 2000 USD)

Australia Kniesner and Leeth $44,863.0 $4.2 $4.2 $21,708.0 $3.4 $4.3
(1991)
Australia Miller, Mulvey, $27,177.0 $11.3 $19.1 $15.2

and Norris (1997)

Austria Weiss, Maeier, and $12,011.0 $3.9 $6.5 $5.2 $23,974.2 $3.7 $4.8
Gerking (1986)

Canada Meng (1989) $43,840.0 $3.9 S4.7 $4.3 $23,559.5 $3.7 S4.7
Canada Meng and Smith $6.5 $10.3 $8.4

(1990)
Canada Cousineau, Lacroix, $23,307.0 $4.6 $4.6

and Girard (1992)

Canada Martinello and $29,307.0 $2.2 $6.8 $4.5
Meng (1992)
Canada Lanoie, Pedro, and $8,125.0 $19.6 $21.7 $20.7
Latour (1995)
Canada Meng and Smith $19,962.0 $5.1 $5.3 $5.2
(1999)
Hong Kong Siebert and Wei $11,668.0 $1.7 $1.7 $25,756.7 $4.2 $5.2
(1998)
India Shanmugam (1996 $778.0 $1.2 $1.5 $1.4 $450.4 $0.1 $0.1
-1997)
India Shanmugam $778.0 $1.0 $1.4 $1.2
(2000)
India Shanmugam $778.0 $4.1 $4.1
(2001)
Japan Kniesner and Leeth $29,646.0 $9.7 $9.7 $37,291.7 $6.0 $7.5
(1991)
South Korea Kim and Fishback $29,665.0 $S0.1 $0.1 $11,346.7 $1.7 $2.3
(1993)

Switzerland Baranzini and $47,400.0 $6.3 $8.6 $7.5 $35,639.5 $5.7 $7.1




Ferro Luzzi (2001)
Taiwan Liu, Hammitt, and $5,500.0 $0.2 $0.9 $0.6 No Data
Liu (1997)
Taiwan Lisa and Hammit $18,483.0 $0.1 $0.1
(1999)
UK Marin and $14,472.0 $4.2 $4.2 $25,057.6 $3.9 $5.0
Psacharopoulous
(1982)
UK Siebert and Wei $25,387.0 $9.4 $11.5 $10.5
(1994)
UK Sandy and Elliot $16,143.0 $5.2 $69.4 $37.3
(1996)

Income, VSL, India, & Equity

Table 2: Average Observed VSL by Country Compared to
DICE and FUND estimates in millions USD (2000 dollars)

Country Study Averages DICE FUND

Australia $9.7 $3.44 $4.34
Austria $5.2 $3.74 $4.79
Canada $7.9 $3.73 $4.71
Honk Kong $1.7 $4.17 $5.15
India $2.2 $0.06 $0.09
Japan $9.7 $6.05 $7.46
South Korea $0.1 $1.72 $2.27
Switzerland $7.5 $5.68 $7.13
UK $22.4 $3.90 $5.01
United States $7.4 (EPAVSL) $7.50 $9.60

Viscusi and Aldy are quick to point out that a major concern of comparative VSL analyses is the

effect of variation in income level upon the final VSL estimate.”™" Simply put, rich people tend to spend

more to mitigate risk of death than poor people. The phenomena of higher incomes leading to higher VSL

estimates can be observed in both the labor market studies and the modeled PAGE and DICE estimates.

the average VSL estimate for India based upon actual labor market studies ($2.2 million) versus the

implicit VSL modeled in DICE ($55,503) and FUND ($90,083).

YIncluded as a comparative reference. Estimate is in 2006 $ USD.

The income-dependent feature of VSL estimation can be seen most drastically in the gap between




The drastic lack in correlation modeled estimates to observed estimates is particularly troubling
for several reasons. First, both DICE and FUND have regions that roughly correlate to India. Whereas
countries like Austria that are part of another model may affect correlation to a small degree on the
regional scale, the lack of correlation for this country is almost certainly present in both models at the
regional scale. Second, India makes up a large part of the climate-vulnerable international community, so
any problem here means poor modeling for a large portion of the health data of both models. Third, if
estimates are so far off in India where there are independently verifiable estimates, this could also be the
case for other parts of the developing world where there are not independent VVSL estimates. In this case
VSL estimates could be significantly skewed.

Table 3 illustrates 3 scenarios in India in which people die due to climate change and their
potential difference in representation in a climate damage models. The first scenario, WHO Proportion,
uses the World Health Organization estimate of 150,000 deaths a year, assumes that India makes up 1/6™
of the world’s total population, and portions the annual deaths to India accordingly. The second scenario
envisages a minor famine in India in which 100,000 people die as a result of malnutrition induced by
climate change, something not too hard to imagine for particularly vulnerable parts of India. The third
scenario envisages a catastrophic shift in the Indian summer monsoon pointed out by members of the
National Academy of Science as the potential climate tipping point meriting attention from policymakers
that has one of the fastest onsets.”™™™ In this scenario 50,000,000 people are projected to die from
malnutrition due to climate change. Results are reported in cost in billions of 2000 US dollars. Costs are
also reported as a percentage of global GDP in 2000 to give a ball-park estimate of the magnitude of the

effect of a change in VSL on the total global welfare represented in DICE and FUND.

Table 3: Comparison of Climate-Induced Deaths Using FUND, DICE, and Labor Market
Average Point Estimates in Billions 2000 USD

Scenario Deaths DICE FUND Labor Market Average
WHO Proportion 25,000 | Cost (Billions 2000 USD) $1.39 $2.25 $55.00
% of World GDP in 2000 0.00043% | 0.00070% 0.01701%
Minor Famine 100,000 | Cost (Billions 2000 USD) $5.55 $9.01 $220.00
% of World GDP in 2000 0.00172% | 0.00279% 0.06804%
Catastrophic Monsoon Shift 50,000,000 | Cost (Billions 2000 USD) $2,775.18 | $4,504.15 $110,000.00
% of World GDP in 2000 0.85828% 1.39300% 34.01966%

The difference in order of magnitude of costs as a percentage of global GDP for the modeled

estimates versus the observed estimate is significant. A climactic event that kills ten thousand or one




hundred thousand Indians modeled in DICE or FUND may not significantly affect the economy, but if the
model applied observed VSL estimates, then this could push up the social cost of carbon, if only
incrementally.

However, this analysis could be extrapolated to the rest of the developing world. Four
assumptions would have to be met to make this extrapolation. First, it must be assumed that in Africa and
the rest of the developing world that DICE and FUND VSL estimates are significantly lower than what
would be observed using a labor market study, an assumption that appears reasonable given the above
analysis. Second, it must be assumed that the majority of climate-induced deaths occur in the developing
world. Third, it must be assumed that the rest of the developing world has a similar observable VSL as
India. Fourth, it must be assumed that the World Health Organization estimate of 150,000 climate-related
deaths is correct and represented in the model accurately. If these assumptions are met, then the new
resulting damage to the world economy would be above 0.1% of global GDP, as opposed to the 0.002%
order of magnitude predicted by DICE and FUND. In the case of this order of magnitude, it is not
unreasonable to project the Social Cost of Carbon rising a few cents (10-30 cents) in each of the models.
Such accounting for projected death is negligible given the large uncertainty in the Social Cost of Carbon
estimate.

Limitations of Methodology

As can be observed in Table 3, VSL becomes more important depending upon how many climate
induced deaths occur. All three models used in the Social Cost of Carbon analysis use different
parameters to determine how many people die due to climate change. Thus key determinants of the
magnitude of effect of the VSL estimate are the underlying health assumptions. Some of these
assumptions and damage formulations, such as the 1996 disease vector study applied in DICE,"™ are
based upon assumptions from studies in the 1990s when DICE, PAGE, and FUND were under
development. If updated health studies assume more climate-related deaths are used to reformulate
corresponding damage calculations, then updating these assumptions in conjunction with updating the
VSL could make the estimate an even more important part of the model.

There are several fundamental issues with this approach, some of which are described here. First,
the resolution of both FUND and DICE are on regional scales and not on scales of single nations. The
aggregation of VSL on regional scales makes comparing labor market point estimates and modeled point
estimates difficult. Second, the labor market studies are all based upon varying assumptions that may
make them difficult to compare to one another, let alone to other modeled data. Third, at least part of the
VSL calculation in FUND and DICE is determined by variables endogenous to the models. That is, the
model predicts and projects the conditions that lead to economic growth over time that in turn affect VSL

calculations. Finally, the income levels in the labor studies are based upon the income of participants and



not based upon per capita income that is used in model calculations. Averaging observed data merely
compounds these problems.

While there are problems with assumptions and oversimplification in this approach, they have
been used before to compare global VSL estimates. Taken in the context of social cost of carbon
modeling, the approach is at least justifiable as one of the few methods to compare modeled data with
observed data for evaluation of critical equity assumptions. It’s not easy to derive a national VSL, even
harder to derive global VSL estimates, and harder still to compare these estimates across the many
confounding geographic and cultural variables, but this is what the models are doing when computing the
VSL.

Catastrophic Damages and the Value of Statistical Life

As noted in the Social Cost of Carbon report, the SSC estimate does not adequately take into
account the potential low-probability risk of catastrophic damages such as the melting of the polar ice
caps. The underlying models also do a poor job of taking into account the slightly higher risk of less-than-
catastrophic but still devastating climate induced events. In the scenario of a climate induced catastrophe,
very large loss of life is expected. When a large loss of life is projected to occur, the VSL estimate
suddenly takes on significantly more importance in climate damage models and economic decision-
making.

The monsoon shift in India illustrated in table x can serve as an example. In this scenario climate
change causes a shift in seasonal wind patterns over India that leads to a famine killing 100 million
people. Depending upon the VSL used, you could have an event that registers with an effect of 1% on the
global economy with modeled VSL results or one that registers as the loss of 1/3 of the entire global
economy if you use observed VSL estimates. If either more people died in India, or if the VSL was even
higher, or if 100 million people were projected to die in a country with a higher VVSL, then of course this
percentage would be higher. This potentially rising percentage means that it is possible to model low-
probability events that are worth more for us to avoid than the entire net worth of the global economy. For
instance, if a similar climate-induced catastrophic event occurred in the US that claimed 100 million lives,
then the estimated loss to the global economy would be around $740 trillion dollars, several times higher
than current global GDP estimates. This estimate does not include market damages which would likely be
significantly lower.

Climate economists Martin Weitzman and William Nordhaus have both pointed out that these
low probability, high impact events can dominate traditional cost-benefit analyses if they are included in
the SCC estimate.™ "™ Because the expected value of a catastrophic event is so high (perhaps even
higher than the entire global economy) and because scientists indicate that such events are possible due to

global warming, then accounting for these events as possible states of a future world indicate that we



should put an exorbitantly high price-tag on the social cost of carbon. This has led some economists,
including Nordhaus and Weitzman, to ask whether cost-benefit analysis used in the SCC estimate, upon
which any federal climate policies will likely be based, is an adequate method of approaching the climate
problem.

The current implied consensus is that policymakers can use CBA up to a point to make policy,
but when catastrophe is incorporated, the exorbitantly high SCC estimate achieved when incorporating
the possibility of catastrophic damages means that the tool is no longer useful for policymakers.
Practically, policymakers accept $21 per ton of CO? as valid, but $1,000 per ton of CO? to avoid a
catastrophic risk becomes an absurd policy prescription. The current solution to this problem is to omit
catastrophic damages. The firm point of where the tool becomes absurd versus where the tool is
applicable for policymaking is a grey area.

What breaks the CBA tool in catastrophic situations? As illustrated above, in many potential
catastrophic situations, the damages calculated with non-market factors such as VSL estimates can sum
and surpass the total value of global utility. The more damage done to non-market goods, including
human lives, the more important non-market factors become. Thus, from a purely economic lens,
determining the threshold of acceptable catastrophic risk exposure is fundamentally based upon how
policymakers choose to value non-market factors.

Applying this insight helps to narrow in on exactly where the SCC process and economic models
begin to offer absurd or unacceptable results. Any point where non-market value such as the value of
those who died exceeds global utility is, very difficult to model accurately and base policy upon. . This is
because an event that affects the world economy more through non-market means than through market
means when considered in an economic model will almost certainly be highly questionable due to
valuation techniques. While the situation of non-market value exceeding global utility may apply just to
catastrophic events, the same logic could apply to situation could apply to much smaller scale events like
high impact, non-catastrophic devastating natural disasters. This means that the fundamental threshold for
the usefulness of the climate damage models is very low: only very small events can be accurately
modeled. Larger catastrophic events are considered, the usefulness of the models as policymaking tool
begin to break down due to non-market valuation.

If the adequacy of the cost-benefit tool enjoys continual acceptance and application as a valid
means of addressing the global warming problem (as it currently is by US policymakers), then VSL
estimates and other non-market will become very important when evaluating catastrophic risks to the

global economy.

International & Domestic Policy Considerations



If federal agencies begin to make stronger American contributions to the global effort to reduce
greenhouse gas emissions, then the magnitude of the policy will likely be determined by the SCC
estimate. All of the policies will also contain within them the many unexamined ethical assumptions
made by the modelers to whom ethical decision-making power was deferred. All policies aimed at
reducing greenhouse gases are unavoidably international policies and will likely be promulgated in
international fora as a way to demonstrate American commitment to addressing climate change. Thus,
potential climate policies using the SSC estimate should be considered in an international context.

The current dominant forum for international climate negotiations is the United Nations Framework
Convention on Climate Change (UNFCCC). A key feature of the UNFCCC is an explicit emphasis and
incorporation of equity considerations, particularly those arising from the differing income levels of
member nations. In this context is reasonable to assume that policies may be subjected to methodological
scrutiny to reveal ethical assumptions.

In the UNFCCC and other international arenas, American negotiators emphasizing climate
policies enacted by federal agencies will have to contend with actors attempting to gain better negotiating
positions. The significant ethical baggage of nonmarket valuation techniques may become a liability for
American negotiators, especially because equity has been explicitly excluded from the conversation. This
is particularly true for the current practice of applying various modeled Value of Statistical Life estimates
for world regions that are dependent largely upon income.

Developing nations often apply equity concerns about past historical emissions and responsibility
to act to address climate change as a way to gain a better negotiating position in the UNFCCC. It is highly
likely that developing nations will oppose the current American VSL approach and argue for their citizens
to be considered in American climate policies in other ways. Certain developing nations may also frame
VSL variations as a “smoking gun” that proves America’s lack of concern for their citizens. While there
may be sound economic counterarguments to back up the current American VSL approach, such
counterarguments would be immensely difficult to advance in a forum where economic argument are
explicitly weighed against ethical considerations that take into account countries’ varying levels of
wealth.

The federal action that will have the biggest impact on total American CO? emissions currently
under consideration is regulating existing stationary CO? emissions sources. This action would be
undertaken by the EPA under section 111(d) of the Clean Air Act and its possible magnitude of effect
upon CO? emissions would be partially determined by the Social Cost of Carbon estimate applied.™ If
this policy is enacted, then it is highly likely that the US will not significantly change the regulatory
framework, including the Social Cost of Carbon methodology, for at least a few years, barring court

verdicts or legislation, to provide some stability to transitioning industry. In this case the largest piece of



US climate policy would have embedded ethical considerations that may prove to be a liability for the US
in negotiating a favorable international agreement.

One final consideration is that the Clean Air Act contains a provision for reciprocity of air
pollution reduction policies that affect foreign nations if they also put similar policies into place.”*"
Specifically, the provision allows the EPA Administrator to impose actions to address global air pollution
to the extent that some other foreign power also undertakes analogous actions. Thus, if other foreign
powers use a higher social cost of carbon to formulate policy or use higher implicit VSL estimates for the
US and other countries that results in stronger policies relative to American policy, then it may be legally
possible for the EPA Administrator to make top-down changes to US regulations pertaining to climate
policy on the grounds of reciprocity.

Conclusion

There are many issues associated with using modeled Value of Statistical Life estimates in the
Social Cost of Carbon that have implications for the economic and ethical outcomes of climate policies.
Many of these issues have gone unexamined due to deference to experts. While such deference was
justified at the time of its creation on the grounds of reasonable expediency to produce a concrete
deliverable, it has created potential for error prorogation and avoidable moral hazards. If the Social Cost
of Carbon is to be used to develop more impactful and permanent policy such as the regulation of
stationary fossil fuel plants, then the estimate should be thoroughly reviewed.

There are several ways to improve the Social Cost of Carbon process and estimate in light of this
analysis. Comparing observed values from literature versus modeled values from climate damage models
is not a simple task but it is necessary to check the validity of approaches and assumptions. A more
thorough analysis should include proprietary impact information from the models. Additionally,
calculating intermediate damage variables such as projected lives lost or projected acres of ecosystem
destroyed is one way to make it simpler to compare nonmarket damages across models and with
independent research. This would also allow for better communication of impacts and allow for a more
collaborative and transparent approach to the Social Cost of Carbon process. Developing methods to
define contingently valued non-market goods in non-economic terms is especially relevant given the
controversy surrounding contingency valuation.

Defining non-market goods in non-economic terms also allows for a more sensible approach to
catastrophic risks. Non-market damages can easily exceed market damages in scenarios of catastrophe.
Currently, catastrophic risk is omitted from the Social Cost of Carbon. Defining non-market goods in
non-economic terms such as the projected lives lost and other non-market indicators is more relevant to

policymakers than the astronomically high economic costs of catastrophic events. This approach would



allow policy makers to use the utilitarian method of cost-benefit analysis when it works and to switch to
other policy frameworks when cost-benefit analysis fails.

The ethical framework upon which the Social Cost of Carbon and the Value of Statistical Life
estimates are based should be explicitly examined and communicated to decision makers. Underlying
philosophical axioms, such as the Kaldor-Hicks efficiency criterion, and the potential problems associated
with applying these axioms to global policies should be more thoroughly examined. The political
implications and liability of the United States in global climate negotiations arising from the application
of non-uniform, non-rights-based, utilitarian estimates of mortality reduction should be clarified for
decision makers and diplomats. Alternative viewpoints such as rights-based and environmental justice
approaches should be considered when valuing carbon, especially when catastrophic risk poorly
explained by utilitarian cost-benefit analysis is considered. In the longer term, special attention should be
paid by to behavior that does not fit the utilitarian ethical framework, such as voluntary emissions
reductions by countries not bound by the Kyoto Protocol.

To echo statements made by the economist Martin Weitzman, the most important
recommendation by far is more humility. Economically valuing climate change is essentially valuing
what we have plus our economy and subtracting what we think we might lose as the world warms.
Fundamentally, we do not know the value of what we have, economically or otherwise, and we are
guessing at what we may lose with the caveat that we may lose a lot more than we think. Our attempts to
universally value what we have are crude, and myopic compared to timescale, diversity, and magnitude of
what we are trying to value.

Without computers, which are only a few years older than the valuation methods themselves, this
undertaking would not be even remotely conceivable. In a world without such powerful computers where
we understood the risks as well as we do now, attempting to apply a complex cost-benefit analysis to
come as close to as possible to triggers of catastrophic risk without crossing the invisible tipping-point
line would be impossible. Without computers, applying a crude utilitarian philosophy in cost-benefit
analysis to argue that we must minimize how much carbon we reduce now to protect overall economic
output and hence human well-being would be untenable. Without computers, we would be forced to rely
on other ethical frameworks to make decisions about climate policy.

We do not live in this fictional world without computers. Instead we have access to vast
computational capacity, complex utilitarian valuation methods, and climate damage models to help make
sense of it all. This affords us the ability to use utilitarian tools to help make smarter decisions about
climate policy. Yet, to rely only upon imperfect and incomplete cost-benefit analysis to inform climate
policy is just as foolish in a world where it is possible as where it is not. Currently, we have thousands of

well educated guesses about particular nuances in the future state of the world. We use models to project



these assumptions across time, and from the data we create and collect based upon our assumptions about
the future of the world. We analyze our economic echoes and decide upon a price to place on carbon.

In situations involving inter-generational equity and the projection of global power, we should be
particularly mindful of the ethical values that we apply to solve problems. We are a rights-based society
and one of our primary foreign policy objectives is to support the emergence of more rights-based
governance. The values applied in our current Social Cost of Carbon estimate are not rights-based and are
inherently global in nature. If we project utilitarian assumptions across time and space through climate

policies, we should not be surprised if eventual outcomes offend advocates of rights-based governance.
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