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INTRODUCTION
I, Frank Ackerman, have been retained by Plaintiffs in the above-captioned matter to provide
expert testimony regarding the economic consequences of human-caused climate change and the
economic feasibility of a swift transition off of fossil fuels for energy. In this report, I examine
multiple reasons why conventional economic analyses, such as those relied on by the
Defendants, knowingly undervalue or dismiss the serious risks of climate damages that
Defendants are in the process of imposing on the Youth Plaintiffs here and on future generations.
These reasons include the standard approaches to discounting, the treatment of extreme risks and
irreversible losses, reliance on flawed techniques of cost-benefit analysis, use of limited and
often biased damage estimates, and specific choices made in calculating the “social cost of
carbon” (SCC, i.e. the cumulative value of damages caused by a ton of CO 2 emissions). I also
briefly discuss the surprisingly low, and declining, costs of emission reduction, which make
active, large-scale climate protection policies more feasible.
As evidenced by my CV, I have written extensively about the economics of climate change,
energy, and other environmental problems. I have particular expertise on the limitations of
traditional cost-benefit analyses. I have written several books that address these issues, including
Worst-Case Economics: Extreme Events in Climate and Finance (2017); Climate Economics:
The State of the Art (2013); Can We Afford the Future? The Economics of a Warming World
(2008); and Priceless: On Knowing the Price of Everything and the Value of Nothing (2004). I
received my PhD in economics from Harvard University and have taught economics at the
Massachusetts Institute of Technology, Tufts University, and the University of Massachusetts. I
am a founder and member of the Steering Committee of Economics for Equity and Environment
and a member scholar of the Center for Progressive Reform.
I also have significant professional experience in the private and nonprofit sectors, including
work as: Principal Economist for Synapse Energy Economics, Inc. (2012 - present); Senior
Economist and Director of Climate Economics Group for the Stockholm Environment Institute’s
U.S. Center (2007 - 2012); and Senior Economist for the Tellus Institute (1985 - 1995). My
clients have included the European Parliament, the U.S. Environmental Protection Agency, and
the Environment, Economics and Society Institute. I have testified on the economic implications
of global climate change to the United States Congress House Committees on Energy and
Commerce and Ways and Means, and I have testified on energy and environmental concerns at a
variety of state agency hearings.
This expert report contains my opinions, conclusions, and the reasons therefore. My CV, which
includes a list of publications I have authored in the last ten years, is contained in Exhibit A to
this expert report. In preparing my expert report and testifying at trial, I am deferring my expert
witness fees to be charged Plaintiffs given the financial circumstances of these young Plaintiffs.
If a party seeks discovery under Federal Rule 26(b), I will charge my reasonable fee of $280 per
hour for the time spent in addressing that party’s discovery. I have not provided previous
testimony within the preceding four years as an expert at trial or by deposition. I have, however,
provided expert witness testimony in several utility regulatory proceedings. My report contains
citations to all documents that I have used or considered in forming my opinions, listed in
Exhibit B to this expert report.
The opinions expressed in this expert report are my own and are based on the data and facts
available to me at the time of writing, as well as based upon my own professional experience and
1
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expertise. All opinions expressed herein are to a reasonable degree of scientific certainty, unless
otherwise specifically stated. Should additional relevant or pertinent information become
available, I reserve the right to supplement the discussion and findings in this expert report in
this action.
EXECUTIVE SUMMARY
There are multiple grounds for believing that the economic analyses relied on by Defendants to
inform climate and energy policy in the United States, knowingly underrepresent costs of climate
disruption, thus undervalue the damage that Defendants are imposing on Youth Plaintiffs and
future generations, and exaggerate the cost of reducing that damage today. One result of these
biases is that the Obama Administration’s estimate of the social cost of carbon (“SCC”), a
measure of the severity of climate damages and the urgency of policy responses, was much too
low, an affirmative step that placed these Youth Plaintiffs at significant risk. Defendants’
underrepresentation and undervaluation of climate damages affirmatively placed these Youth
Plaintiffs in a worse position than that in which they would have been had Defendants based
their actions on recognition of the true costs, thereby predictably exposing these Youth Plaintiffs
to the actual, particularized, and obvious dangers of climate disruption.
The treatment of discounting by Defendants frames their economic analysis of long-term
problems such as climate change and has resulted in a policy or practice by Defendants that
deliberately devalues the climate harms that Defendants know these Youth Plaintiffs will
experience over the long term. Discount rates have immense influence on the results of economic
analyses, particularly in an intergenerational context. How much less are future costs and
benefits worth today, solely because they will occur in the future? If a high discount rate is used,
the costs and benefits that will be experienced 100 years from now are worth almost nothing
today, suggesting that climate mitigation (or other policies that benefit future generations) are not
worth spending much on today. At a low discount rate, such as the 1.4% annual rate adopted by
the Stern Review (Stern 2007), the present value of future impacts is much more substantial,
endorsing policy-making as if the future mattered. Within the economic debates over discount
rates, there are many strong rationales for very low, and even zero, discount rates. This is
important because a very low discount rate is required in order to recognize the importance of
climate impacts on future generations and their wellbeing in Defendants’ climate and energy
policy.
Cost-benefit analysis (“CBA”) is a flawed economic framework for informing climate and
energy policy, all too frequently biased against protecting the earth’s climate and the needs of
future generations. Some of the most ominous and important risks of climate change involve
future risks and potential catastrophic and irreversible tipping points that may not be the most
likely outcome but are nonetheless too likely to ignore. The framework of CBA, often applied to
public policy evaluation today, relies on most likely, average, or expected (weighted-average)
values for future risks and benefits. The CBA approach dismisses or devalues risks of extreme
events and cannot accommodate climate impacts that become irreversible or unstoppable. An
insurance framework provides a better way of thinking about catastrophic risks. Individuals who
buy fire insurance or life insurance are typically insuring against events with annual probabilities
of just a few tenths of a percent. Public policy modeled on insurance might focus on extreme
risks which are about as likely as, or even more likely than, a residential fire or the death of a
young parent (not impossible, but far from the most likely outcome), leading to a much more
precautionary approach to climate and energy policy.
2
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In addition to the issues of discounting and treatment of extreme risks, there are at least three
fundamental problems with Defendants’ application of CBA to climate and energy policy, all of
which stem from the fundamental principle of CBA that requires a monetary value for every cost
and every benefit – even those that are difficult or impossible to quantify.
• CBA is only meaningful if the estimates of costs and benefits are comparably complete –
but this is almost never true in Defendants’ evaluation of environmental policy. Costs of
climate and environmental protection are generally matters of hardware and engineering
estimates, which are easy to establish and meaningfully described in monetary terms.
Benefits, in contrast, involve protection of life, health, nature, biodiversity, and other
unmonetized, often unquantified, crucial values. Attempts at monetization of benefits are
necessarily incomplete and approximate, to a much greater extent than on the cost side.
• Defendants’ CBA analyses use the wrong information to measure the harm CO2
emissions and unchecked climate change impose on individuals, families, and
communities. When economists survey people to determine the value that the public
places on environmental assets, they consider two perspectives. Willingness to pay
(“WTP”) asks what people would pay to avoid degradation of the asset, while willingness
to accept (“WTA”) asks what compensation people would accept for degradation. WTA
would be appropriate if there is a right at issue – e.g., a property right or right to be free
from harm – and polluters have to pay us to pollute; WTP would be appropriate if there is
no such right, and we have to pay polluters to stop polluting. Both theory and experiment
show that WTA is routinely higher than WTP, yet WTP has become the standard in CBA
and climate economics, despite the fact that WTA would be more appropriate in the
climate context.
• Since CBA demands prices for everything that matters, economists have invented prices
for priceless values such as human life. These numbers do not play the same role as
normal prices, however. Estimates such as $9 million per life saved do not imply that you
can buy a life, or the right to kill someone, for $10 million. In the words of Immanuel
Kant, some things we care about have a price, while others have a dignity. When
evaluating policies and actions that encourage or discourage the development and use of
fossil fuels, Defendants have not recognized that the benefits of climate protection
include many things that have a dignity, which are literally priceless.
The conventional economic analyses relied upon by Defendants underrepresent costs of climate
disruption. Within the existing methodology of cost-benefit-based federal government policy and
the Obama Administration’s SCC1 calculations, there are specific data and analytical choices,
which create additional biases against taking future climate risks seriously. In practice, economic
assessment of climate policy has relied heavily on a handful of integrated assessment models
(“IAMs”), namely DICE, FUND, and PAGE. 2 Inside each of these models, there is an
assessment of the climate damages that are likely to occur as temperatures rise – the so-called
“damage function”. Calibration of the models’ damage functions requires estimating the
monetary value of damages at varying temperatures far above human historical experience.
1

The social cost of carbon (“SCC”) refers to the present value of the cumulative damages caused
by an additional ton of carbon dioxide (“CO2”) emissions.
2 FUND (Climate Framework for Uncertainty, Negotiation and Distribution), DICE (Dynamic
Integrated Climate-Economy), and PAGE (Policy Analysis of the Greenhouse Effect) are the
three IAMs relied upon by the federal government in estimating the SCC.
3
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These damage functions are misleading, in part, because they have often been based on very
dated sources and imply very small aggregate damages from the first few degrees of warming. A
National Academy of Sciences review (NAS 2017) has called for the use of newer sources, and
proposed a number of such sources. Moreover, these damage functions exclude significant and
severe climate impacts, such as ocean acidification and species and wildlife loss, and some of the
biggest potential risks of climate change, such as climate-induced migration and conflict,
because these impacts and risks are extremely difficult to quantify.
The result of all these biases is that Defendants’ estimate of the SCC under the Obama
Administration, a measure of the severity of climate damages and the urgency of policy
responses, is much too low. The Obama Administration’s final estimate (the August 2016
technical revision of their 2013 estimate), converted to 2017 dollars, was $49 per ton of CO2 in
2020, rising to $81 in 2050. These government estimates of the SCC seriously understate the
harm that continued CO2 emissions will impose on these Youth Plaintiffs and future generations.
Many other sources exploring small changes in assumptions, or addressing uncertainties in the
calculation, have come up with much higher numbers: frequently above $100 today, and in some
cases above $1,000 by 2050.
The costs of solving the climate crisis are falling rapidly. In contrast to the risks of catastrophic
changes in the earth’s climate system and the ever-increasing damages and costs from the present
inaction of government that perpetuates climate pollution, the costs of renewable energy
technologies to reduce emissions have been plunging downward in recent years. It is now much
cheaper than anyone expected just a decade ago to substitute carbon-free energy for fossil fuels.
Wind power is fully competitive with other power sources in suitably windy areas, such as the
Plains states, and solar power and battery storage are moving rapidly in the same direction.
In my expert opinion, Defendants have made deliberate decisions with respect to the economic
analyses underlying climate and energy policy decisions, placing these Youth Plaintiffs at
substantial risk of suffering serious harm, without taking readily available measures to abate that
risk, even though a reasonable government official in the circumstances would have appreciated
the high degree of risk involved—making the consequences of Defendants’ conduct obvious. By
not taking such measures, Defendants engaged in conduct that caused and continues to cause
injury to these Youth Plaintiffs and future generations. Defendants have dismissed or devalued
the serious harm from climate change that young people and future generations will experience,
resulting in a policy and practice that discriminates against Youth Plaintiffs and future
generations. In other words, Defendants’ longstanding climate and energy policy in the United
States knowingly underrepresented costs of climate disruption and was deliberately indifferent to
a substantial risk of serious harm to these Youth Plaintiffs and future generations, and therefore
caused harm (and is causing harm) to these Youth Plaintiffs and future generations.

4
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EXPERT OPINION
My purpose in this expert report is to identify biases in Defendants’ conventional economic
treatment of the costs and benefits of climate and energy policies. I find that there are multiple
reasons why the costs of enabling and maintaining the fossil fuel energy system are often
understated, while the costs of rapid emission reduction and climate recovery have often been
exaggerated. As a result, conventional economic analysis conducted by Defendants has
incorrectly suggested that the benefits of rapid emission reduction are not large enough to justify
its costs. This biased conclusion and the policies based on it discriminate against young people
and put the welfare of future generations at risk, by allowing climate change to proceed with too
little effort to reduce emissions and impacts.
I.

Discounting devalues future climate harm

Under Executive Order 12866 (1993), federal agencies are required to conduct a cost-benefit
analysis of all economically significant policies and regulatory alternatives, comparing actions
that could be taken to the alternative of no change in the status quo. This clearly applies to
climate and energy policies. Defendants’ attempts to perform cost-benefit analysis of climate and
energy policies lead immediately to the dilemmas of discounting future costs and benefits – and
in practice, have led to a devaluation of future climate harms, and discrimination against Youth
Plaintiffs and future generations.
Conventional economic analyses, underlying Defendants’ climate and energy policies, provide
an inappropriate framework for analyzing such policies, when the costs and benefits occur across
multiple generations. Any evaluation of climate and energy policy costs and benefits must weigh
the costs of emission reduction incurred today and in the near term against benefits (i.e., avoided
climate damages) that stretch much farther into the future. Conversely, such an evaluation
involves weighing the short-term economic benefits of not reducing emissions against the longterm damages and costs of climate harm. Climate change is a very long-term problem, spanning
multiple generations and lifetimes. A significant fraction of carbon dioxide (“CO2”) emissions
remain in the atmosphere for more than a century, continuing to heat up the earth. Even if
emissions were to stop tomorrow, the CO2 already in the atmosphere would continue to heat up
the oceans for decades to come, causing an ongoing rise in sea levels as well as other impacts.
(Hansen et al. 2013, 2015)
In this context, Defendants’ use of the common economic practice of discounting devalues the
serious harm from climate change that young people and future generations will experience in
their lifetimes. In particular, Defendants’ use of improperly high discount rates allows the shortterm economic benefits of maintaining a fossil fuel-based energy system, combined with inaction
(or insufficient action) on emission reduction, to outweigh the very severe long-term impacts in
its cost-benefit analysis.
The standard practice in climate economics, as in many other areas of economic analysis, is to
convert – or “discount” – future costs and benefits into their present values in today’s dollars.
The present value of a future amount is the amount that would need to be placed in a savings
account today, at a specified interest rate, in order to end up with the target amount in the future
year. Note that the result is crucially dependent on the discount rate, as the interest rate is called
in present value calculations. The larger the discount rate, the smaller the present value of any
5
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future amount. And the longer the time period, the greater the effect of changes in the discount
rate.
These effects can be seen in Table 1 below. At a discount rate of 1.5%, the present value of
$1,000 a century from now is $226; at 3% it is $52, and at 6%, it is merely $3. Run the clock
forward another century, and the present value of $1,000 two centuries from now is $51 at 1.5%,
$3 at 3%, or just $0.01 at 6%.
In other words, at a low discount rate such as 1.5%, the present value of a cost or benefit 100
years from now is almost one-fourth of the future value. Even after 200 years, it retains some
visibility, with a present value of $51. On the other hand, at a 6% discount rate, costs and
benefits 100 or 200 years barely matter today: the present value of $1,000 drops to $3 in one
century, and to just a penny in two centuries. At 6% it is hard to “see” the future; it shrinks by
five orders of magnitude in 200 years. A 3% rate, intermediate between these extremes, still
belittles the far future, reducing $1,000 to a present value of $3 in 200 years. Even at a rate of
3% – the rate used in Defendants’ SCC under the Obama Administration – long-term climate
consequences are largely hidden by discounting. 3
Table 1. Present value of $1,000 payment in future years
Years from now

1.5%

Discount rate
3%

6%

100

$226

$52

$3

200

$51

$3

$0.01

Source: Author’s calculations. Amounts, except $0.01, rounded to nearest dollar.
Discounting does have appropriate applications. Using a market interest rate, discounting is
appropriate for private financial decisions within a single lifetime. The present value of the entire
stream of payments due on a mortgage, car loan, or student loan, discounted at the rate at which
one borrowed the money, is simply the amount that one borrowed. If one has the option of
making an investment with a known payoff at a fixed future date, one would be well-advised to
compare the present value of the payoff to the cost of the investment today, discounting the
payoff at the interest rate available on savings accounts or other risk-free investments. If the
present value of the payoff is less than the cost of the investment today, one would be better off
leaving the money in the bank.
However, the same logic does not apply to intergenerational decisions about public goods. There
is no one person who will experience and compare both costs of climate and energy policy
incurred today and benefits of that policy experienced a century or more from now. And in any
3

Defendant EPA recognizes the serious equity considerations of discounting in an
intergenerational context in its Guidelines for Preparing Economic Analyses: “compounding
interest over very long time horizons can have profound impacts on the intergenerational
distribution of welfare. An extremely large benefit or cost realized far into the future has
essentially a present value of zero, even when discounted at a low rate.” (EPA 2010)
6
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case, the benefits accrue to everyone worldwide, not solely to the descendants or fellow citizens
of those who pay the costs today. Thus, as many economists would agree, the discount rate for
climate analysis is at least in part an ethical decision, expressing our beliefs today about the
value of the lives and wellbeing of young people and future generations, and the environment
that we are leaving to them. If our impacts on future generations matter, then the appropriate
discount rate for climate costs and benefits needs to be very low, probably near zero, an
argument made effectively in the Stern Review (Stern 2007), and other sources.
There are two major approaches to calculating the discount rate for climate analysis, known as
the descriptive and prescriptive approaches (for the classic presentation of these approaches, see
Arrow, Cline et al. 1996). The descriptive approach asserts that the discount rate should be based
on the rate of return on assets in financial markets; the prescriptive approach develops a discount
rate from principles of economic theory, ultimately including normative judgments about the
weight that should be given to the utility and welfare of future generations. Arguments can be
made within either framework for adopting a near-zero discount rate.
The descriptive approach argues that rates of return in financial markets must be the relevant
standard, even for long-term climate analyses, since we have a choice between investing in
climate mitigation or investing the same amount in financial assets held in trust for future
generations. The idea is that discounting future impacts at the market rate of return will tell us
which choice is worth more for our descendants.
However, there are multiple rates of return on financial assets varying, among other
characteristics, in their level of risk. Stock markets, with relatively high rates of risk, have high
rates of return, often estimated at 6% or more in the long run. Use of such a high discount rate
would amount to ignoring the far future, as suggested by Table 1 above. On the other hand,
virtually risk-free assets such as government bonds have much lower rates of return, and riskreducing assets such as insurance policies have negative rates of return (in every year when you
do not file a claim for payment under the policy).
Investing in climate mitigation most closely resembles investing in risk-neutral or risk-reducing
financial assets, in the face of uncertain but extreme climate risks. If expenditure on climate
mitigation is virtually risk-free, or perhaps even risk-reducing, the descriptive approach might
imply that its costs and benefits should be discounted at a risk-free or risk-reducing rate –
perhaps 1.5% or less. As Table 1 demonstrates, a rate of 1.5% implies that far-future impacts
remain significant in present value, and hence, should influence policymaking today.
The prescriptive approach, in contrast, separates the question of the appropriate discount rate into
two parts. The first part is based on the assumption of rising income levels, and the second would
apply if every generation had equal resources. 4 Regarding the first part: if we assume future
generations will be richer than we are today, each additional dollar will be worth less to them
than it is to us. One part of the prescriptive discount rate is therefore based on the projected

4

Theoretical analysis identifies a third part based on the year-to-year variation (in technical
terms, the variance) of growth rates. This is frequently omitted in applied analyses, since it is
difficult to forecast the variance of growth rates, and numerical simulations suggest that this third
term may be small.
7
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growth rate of per capita consumption. 5 This part is generally less controversial among
economists; however, it is important to note that by the same logic, if future generations are
poorer than we are, due to climate-induced losses or any other cause, then the same amount of
money is worth more to them than to us, so this part of the discount rate should become negative.
This is an important but often overlooked argument for very low discount rates when evaluating
the worst potential climate outcomes.
The second part of the discount rate under the prescriptive approach is the rate that would be
appropriate if we knew that every generation would have the same per capita resources. This is
often referred to as the rate of pure time preference. Its value is a matter of ethical judgment –
and of unresolved controversy. A positive rate of pure time preference implies that we judge the
contribution of future generations to social welfare to be less than ours. In effect, it represents
discrimination by date of birth. Concern about the ethics of this judgment is not new in
economics, as acknowledged by the Federal Government’s Interagency Working Group (“IWG”)
on the Social Cost of Carbon: “Ramsey (1928), for example, has argued that it is ‘ethically
indefensible’ to apply a positive pure rate of time preference to discount values across
generations, and many agree with this view.” (IWG 2010) The Stern Review argued that
intergenerational equity – i.e. taking future generations seriously – requires a near-zero rate of
pure time preference. 6 Combined with a low estimate of future growth rates, this led Stern to use
a discount rate of 1.4%, close to the lowest rate shown in Table 1.
In summary, while debate continues on the merits of descriptive versus prescriptive approaches
to discounting, and on the numerical values to be used, strong arguments have been made for a
very low discount rate under either approach, if a cost-benefit analysis is performed at all. This is
important because a very low discount rate is required in order to recognize the importance of
climate impacts on future generations and their wellbeing, as suggested by Table 1.
Low values such as the Stern Review discount rate of 1.4% have been endorsed by many
economists. For example, Nicholas Stern (2007), Geoffrey Heal (2009), Chris Hope (Johnson
and Hope 2012), Martin Weitzman (1998), William Cline (2004), John Broome (1992),
Paul Kelleher (2012), and myself (Ackerman and Finlayson 2006), among others, have all
expressed opinions that the discount rate applied to long-term climate change damages should be
lower than the 3% rate assumed by the IWG.
The Trump Administration’s March 28, 2017 Executive Order rescinding the social cost of
carbon (“SCC”) continues the government practice of using high discount rates, which
knowingly results in policies that are dismissive of future impacts. The Executive Order states:
“when monetizing the value of changes in greenhouse gas emissions resulting from regulations,
including with respect to the consideration of domestic versus international impacts and the
5

In a discount rate based on the prescriptive approach, the growth rate of consumption is
multiplied by a parameter expressing how fast a fixed sum of money loses value to us as we
become richer; in practice, that parameter is often assumed to be in the range of 1 to 3.
6 A value of exactly zero leads to mathematical problems in formal modeling, and perhaps to
implausibly strong implicit bias against the needs of the current generation. Stern (2007)
proposed a rate of pure time preference of 0.1%, based on the assumption that we have an annual
probability of 0.1% of destroying the human species. For Stern, all generations are of equal
ethical importance if they exist, but next year’s population is only 99.9% as important as this
year’s, due to its slightly lower probability of existence, and so on.
8
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consideration of appropriate discount rates, agencies shall ensure, to the extent permitted by law,
that any such estimates are consistent with the guidance contained in OMB Circular A-4 of
September 17, 2003 (Regulatory Analysis).” 7 Circular A-4 describes the longstanding practice
and policy in government regulatory analyses of assessing policies using both a 3% and a 7%
discount rate. Whatever the historical merits of these rates, or the impacts in other arenas, in my
opinion, they are far too high for sensible analysis of climate and energy policy. Even the use of
a 3% discount rate – the rate used in Defendants’ SCC under the Obama Administration –
amounts to a dismissal of the impacts on future generations caused by present CO2 emissions,
compared to the lower rates used in the Stern Review and elsewhere. The discount rates
mandated by the March 28, 2017 Executive Order continue to effectuate discrimination against
future generations and children who will live into the second half of the century. By utilizing
these inappropriately high discount rates, Defendants made a deliberate decision to be indifferent
to the impacts on future generations caused by present CO 2 emissions, objectively knowing such
impacts are substantially certain to result in continued and increased harm to the wellbeing and
personal security of these Youth Plaintiffs and future generations.
II.

Extreme risks and worst cases

Cost-benefit analysis requires a monetary value for every cost and every benefit – even those that
are difficult or impossible to quantify. In the face of uncertainty, CBA requires an average,
expected value, or most likely outcome. But the most worrisome consequences of climate change
are the risks of catastrophic, irreversible changes for the worse, at times in the future that cannot
be precisely predicted. Faced with catastrophic risks, most people do not think in terms of costbenefit analysis; instead, they often buy insurance, even though they hope they will never need to
use it. (This section of my report is based on the extended discussion of uncertainty and worstcase risks in Ackerman 2017.)
Consider the purchase of fire insurance. Public fire departments across the United States
responded to 370,000 residential fires in 2013, while there were 133 million housing units in the
country.8 At that rate, the average housing unit has a fire large enough to report to the fire
department once every 360 years. The annual number of fires is less than 0.3% of the number of
housing units, so you have better than 99.7% confidence that you will not use your fire insurance
next year. The most likely number of fires anyone will experience in a lifetime is zero.9

7

Presidential Executive Order on Promoting Energy Independence and Economic Growth, Sec.
5, March 28, 2017, https://www.whitehouse.gov/the-press-office/2017/03/28/presidentialexecutive-order-promoting-energy-independence-and-economi-1
8 Fire data from National Fire Protection Association, “Fire Loss in the United States During
2013,” http://www.nfpa.org/~/media/files/news-and-research/fire-statistics/overall-firestatistics/fireloss2014.pdf?la=en. Housing unit data from the Census Bureau’s American
Housing Survey 2013, http://www.census.gov/programs-surveys/ahs/data/2013/nationalsummary-report-and-tables---ahs-2013.html.
9
The National Fire Protection Agency similarly concluded that a household has a one in four
chance of a fire reported to a fire department during an average lifetime.
http://www.nfpa.org/research/reports-and-statistics/fires-by-property-type/residential/a-fewfacts-at-the-household-level. If the annual probability of a fire is 0.3%, there is a one in four
chance of a household having a fire every 95 years.
9
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Much the same applies to life insurance, which is frequently purchased by young parents. The
chance of dying next year is under 0.2% for the average American until age 40, and under 1%
until age 60.10 When homeowners buy fire insurance and young parents buy life insurance, they
are expressing concern about potential personal disasters with probabilities of a few tenths of a
percent per year.
Despite the fact that an insurance policy will lose money for the average policyholder, the worstcase outcome is bad enough to make it seem worthwhile. Even without knowing the exact
probabilities of the ominous risks associated with climate change, future catastrophic outcomes
are becoming more likely with every day we continue on a business-as-usual emissions
trajectory, and delay serious emission reductions. Considering this, it makes sense to take
catastrophic climate risks much more seriously, and to seek forms of collective self-insurance or
protection against those risks (since there is no galactic insurance company that can write a
policy covering damage to the only planetary climate we own).
In fact, the problem is more difficult than a decision to buy insurance, since we do not know the
probabilities of worst-case outcomes. This leads to several unexpected results. For example, the
Harvard economist Martin Weitzman (2009) proved what he called the “Dismal Theorem” of
climate economics: the expected value of the benefits from emission reductions is literally
infinite, essentially because worst-case scenarios could approach or include human extinction,
and uncertainties regarding the probability of worst-case scenarios make it impossible to rule out
those worst cases with sufficient confidence.11
Another strand of economic theory analyzes choices under deep uncertainty, where the range of
possibilities is known, but nothing is known about their exact probabilities. Kenneth Arrow and
Leonid Hurwicz, two well-known theorists who each won the Nobel Prize in economics, proved
that if the possibilities are known but the probabilities are unknown, the ideal policy decision is
based only on the best and worst possible outcomes (Arrow and Hurwicz 1972). Later work
based on their result has shown if society is risk-averse or wants to keep its options open, only
the worst case matters for choosing the best policy (Kelsey 1993, Gilboa and Scheidler 1989).
There is a secondary problem of determining whose forecasts of risks are credible, which may be
particularly important in the age of Internet rumors and fake news. But the message of the
Arrow-Hurwicz result and related later work is crucial for climate and energy policy: in the
presence of inescapable uncertainties, policy should be based on the credible worst-case
outcome. This, of course, entails rapid reduction in emissions to minimize the all-too-credible
risks of abrupt, irreversible tipping points and catastrophic changes in the earth’s climate.
(Hansen et al. 2013, 2015) However, Defendants have not integrated these concerns about worstcase outcomes into their climate and energy policies and actions. The result is a theoretically
unsound and dangerous bias favoring policies and actions that will increase the disproportionate
climate damages and financial burden borne by these Youth Plaintiffs and future generations.

10

Based on all-cause mortality rates for 5-year age brackets, calculated from Arias (2014), Table
B.
11 See also discussion of Weitzman’s Dismal Theorem in Ackerman (2017), pp. 127-129.
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Why not cost-benefit analysis?

Since the beginning of the Reagan Administration, the Federal Government has been required to
conduct a cost-benefit analysis (“CBA”) for any significant regulatory action, to ensure that the
action is worth doing.12 In addition to the problems related to discounting and responding to
extreme but uncertain risks, there are multiple, fundamental flaws in CBA as it has been
practiced in Defendants’ recent policy analysis. Here I will discuss three factors that make CBA
inappropriate for climate analysis 13, and for many other environmental analyses as well:
• Asymmetry and incomplete monetization of benefits vs. costs;
• Use of willingness to pay (WTP) rather than willingness to accept (WTA) for
valuations of environmental benefits and fundamental human rights; and
• “Pricing the priceless” – the morally ambiguous improvisations at the heart of the
CBA process for human rights and environmental concerns.
A. Asymmetry and incompleteness
A hidden assumption of the cost-benefit comparison is that the calculations of costs and benefits
are comparably complete. The calculation explicitly mimics the decision-making of a business
comparing its costs and revenues; a product is profitable if and only if revenues exceed costs.
Note that this calculation is biased and unreliable if either the costs or the revenues are
incomplete. A business that compared complete costs to a partial accounting of revenues could
miss profitable opportunities for investment. The opposite mistake, comparing partial costs to
complete revenues, could lead to missing the signals that the company is losing money.
CBA of climate, energy, or other environmental policies is typically imbalanced and biased,
providing a relatively complete accounting of costs, versus an incomplete and problematical
accounting of benefits. On the cost side, environmental protection usually requires spending
money on technologies and activities with well-defined, easily discovered market prices. For
example, it may be possible to document the costs of emission reduction for the electric power
system, transportation, and other sectors.
In contrast, the CBA process for climate and energy policy is very likely to have only a partial
accounting and valuation of benefits.14 Analysts may not recognize or include all the benefits of,
12

This requirement first appeared on February 17, 1981, in President Reagan’s Executive Order
12291 and has been updated and continued by subsequent Executive Orders under more recent
administrations.
13 Defendant EPA has confirmed this conclusion in a 2008 report by the U.S. Climate Change
Science Program and the Subcommittee on Global Change Research, “Analyses of the effects of
global change on human health and welfare and human systems.” The report stated: “the
economic approach [to human welfare], when interpreted as requiring a strict cost-benefit test, is
not appropriate in all circumstances, and is viewed by some as controversial in the context of
climate change [due to considerations of intergenerational equity and ‘potential irreversible
consequences’]. Benefit cost analysis is one tool available to decision makers; in the context of
climate change; other decision rules and tools, or other definitions of welfare, may be equally, or
more relevant.” (Sussman et al. 2008)
14 The Office of Management and Budget in its 2003 guidance on Regulatory Analyses explains
how this can be misleading: “When important benefits and costs cannot be expressed in
monetary units, [CBA] is less useful, and it can even be misleading, because the calculation of
11
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for example, the immense health benefits from the cleaner air that results from reduction of
greenhouse gas emissions 15, or the multiple ecological services that forest protection can provide.
The benefits of climate policy include protection of human life, health, many dimensions of the
natural environment, biodiversity, ecosystem services, and other non-market values, such as
aesthetic, cultural, and spiritual values. Prices can be deduced for some of these values, but not
all; construction of artificial prices for human life and nature is a controversial process requiring
significant time and expense. (This differs from market prices, which are available to all with
little or no cost of acquiring information.) Additional problems with the construction of prices
for priceless values are discussed in subsection C below.
Moreover, if the value of benefits cannot be estimated, Defendants’ default value is zero. The
adversarial context of CBA for government policy insists that if a monetized value for a nonmarket benefit cannot meet very high standards of rigor and certainty, it must be treated as if it
were zero.16 Analysts often try to describe in qualitative terms the benefits that they could not
monetize, surrounding the numbers with extensive verbal accounts and multiple caveats. This
prose can vanish in the policymaking process, which often acts as a “caveat-stripper”: lose the
words, keep the numbers. When this occurs, all information is lost about important benefits that
the analysts identified but could not monetize. The result is an impoverished discourse about
climate impacts, and an underestimate of the costs of climate harm and the benefits of emission
reduction – contributing to the bias Defendants have shown toward policy decisions that
perpetuate the harm to these Youth Plaintiffs and future generations.
Due to the problem of asymmetry and incompleteness in any CBA of climate and energy policy,
we are left with a comparison of relatively complete costs and much more incomplete monetized
benefits – and therefore a meaningless bottom line.
B. Who pays whom?
In the attempt to monetize non-market values, economists often end up surveying people about
what those values are worth to them. It is worth noting at the outset that this method cannot
measure the value to children of health and environmental protection. 17 For adults, economic
value can be expressed in either of two ways: the most a person is willing to pay (“WTP”) to
obtain a benefit or item that they do not now have, or the minimum amount a person is willing to

net benefits in such cases does not provide a full evaluation of all relevant benefits and costs.”
(OMB 2003).
15 For a review of the rapidly expanding literature on health co-benefits of greenhouse gas
emission reduction, see Gao et al. (2018).
16 This is the effect, though not the stated intent, of the 1993 Supreme Court decision in Daubert
v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993), setting extremely high standards for
admissible evidence in regulatory analyses. As a result of Daubert and related standards,
“pressures for ever-increasing documentation, review, and ‘sound science’ have been used to
create unreasonable standards of evidence, interfering with the government’s task of protecting
the public.” (Neff and Goldman 2005)
17 The Office of Management and Budget in its 2003 guidance on regulatory analyses points out
that the valuation of health and safety risks to children and infants “poses special challenges”
stating that “[i]t is rarely feasible to measure a child’s willingness to pay for health
improvement.” (OMB 2003).
12
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accept (“WTA”) for giving up a benefit or item that they currently have. Some simple economic
theories have suggested that at the margin, the two should be the same.
However, both theory and experiment now confirm that there can be a wide gap between WTP
and WTA measures, with WTA routinely larger than WTP. In theory, the gap between the two
depends, in part, on whether there are any close substitutes available for the benefit in question,
with very wide gaps possible for irreplaceable benefits (Hanemann 1991). In practice, one of the
classic experiments of behavioral economics shows that even for ordinary, easily replaced items,
WTA can be greater than, and often twice as large as, WTP.18
For CBA, economists have standardized on WTP measures of non-market values, perhaps
because they are easier to calculate, or avoid problems of very high, even infinite valuations
(Arrow, Solow et al. 1993). In any carefully framed and conducted study, no one’s WTP can
meaningfully exceed their income or assets, whereas people could logically demand much more
than their own resources to accept environmental degradation. In fact, a refusal to accept
environmental loss or loss of fundamental rights like personal security at any price, a legitimate,
perhaps common, preference, could show up as an infinite WTA.
Climate mitigation benefits, or conversely losses from unchecked climate change, frequently
involve irreplaceable gains or losses, where WTP and WTA would be expected to differ most
widely. The choice between these two methods, in effect, is a question of rights and ownership:
is the public buying natural assets or pollution abatement from polluters, at the WTP rate? This
assumes that polluters own the environment and have the right to pollute. Or are polluters buying
the opportunity to pollute from the public, at the WTA rate? The latter option assumes that the
public owns the environment, and has the right to refuse pollution and be free from harm.
Whatever the historical origins of the practice, standardization on WTP valuations in CBA
amounts to asserting that the public has to buy nature from the polluters – a choice that lowers
the value assigned to climate protection.
To make this more concrete, consider the plight of Levi, the youngest of the Youth Plaintiffs in
this case, a child who lives on a barrier island off the coast of Florida. His WTP to avoid sealevel rise that would destroy his home and the surrounding beach is presumably limited to some
fraction of his limited assets. His WTA value for destruction of his home and community could
be very large, even infinite. Use of WTP reinforces inequality, since wealthier communities are
willing to pay more, “justifying” greater protection for them. Moreover, the WTP approach
implicitly asserts that Levi and his neighbors may have to buy the right to continue living where
they do, from polluters who would profit by contributing to their community’s destruction.
C. Pricing the priceless
Many of the benefits of climate and environmental protection are difficult to value because they
consist of saving human lives, preventing extinction of species, and other non-marketable goals.
18

A group of college students were randomly given either a mass-produced coffee mug
decorated with their college insignia, or an amount of money equal to the market price of the
mug, and then invited to trade with each other. WTA, i.e. the price at which those who were
given mugs were willing to sell them, averaged about twice as much as WTP, the amount that
those who received cash would pay for a mug. This general pattern has reportedly been found in
a number of other settings (Kahneman 2011).
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Since air pollution kills many people, the value of each life saved is crucial to valuation of the
benefits of pollution reduction. For CBA purposes, it has become common to assume values
around $9 million per life saved (often called the “value of a statistical life”, or VSL) in the
United States. Regulations that save lives at less than $9 million apiece pass a cost benefit test;
those that cost more than $9 million per saved life fail the test.
This monetization of a human life at $9 million does not mean, however, that you can buy the
right to kill someone for $10 million. Even stranger is the alternative, favored by some analysts,
of individually valuing each year of life saved; since everyone will eventually die, the argument
goes, all we are doing is saving life-years. But assigning a fixed dollar value per saved life-year
suggests that, contrary to all major ethical and religious beliefs, it is a lesser crime to kill an older
person.
The urge to monetization has mis-framed the question of the value of life. Figures such as $9
million per life saved are built up from small risks, such as $9 WTP to avoid a one-in-a-million
risk of death. But imagine one million people, all facing a one-in-a-million risk of death. On
average, all but one of them will survive, although experiencing that $9 risk. Those risks to the
999,999 survivors total almost $9 million in value, amounting, in round numbers to the value of
one “statistical life.” One of the million people, on average, will not survive; that person’s much
worse experience is not meaningfully addressed by the $9 WTP value nor the $9 million VSL.
WTP to avoid small fractional risks of premature death can, arguably, place a value on risks
experienced by those who survive. It cannot, however, value life itself, which has no meaningful
monetary price. As the philosopher Immanuel Kant said long ago, some things have a price,
while other things have a dignity (Kant 2005 [1785]).
The same is true of the natural world and the valuation of non-human species. A study, some
years ago, found that U.S. households were willing to pay a total of $18 billion to prevent the
extinction of humpback whales. 19 This does not mean that anyone would have welcomed an
offer of $20 billion for the opportunity to hunt humpback whales to extinction. Rather, the $18
billion WTP value was an inarticulate statement of the fact that people value the survival of
whales very highly; the number itself has no real meaning. Whales, too, as sentient beings and
thus proper objects of our moral concern, have a dignity, and not a price.
A final, jarring example of an attempt to monetize the priceless came in a Department of Justice
study, which chose to conduct a CBA of the Prison Rape Elimination Act. The study, which was
clearly not required by law, has been praised by prominent CBA advocates (Sunstein 2014). A
centerpiece of the study was the value of an avoided rape, reportedly $310,000. Resembling the
problems with the value of a statistical life, the number apparently came from a survey asking
people how much they would pay to live in a neighborhood with fewer rapes. Once again, it is a
value of avoiding small risks experienced by those who do not suffer the horrific event being
evaluated. The assigned price again illustrates the poverty of thinking underlying traditional
CBA. Freedom from violence also has a dignity, and that too should not be ignored simply
because it is not susceptible to accurate pricing.
Climate mitigation is full of parallel cases: policies that will protect human lives, species at risk,
public trust resources, and other priceless values such as these Youth Plaintiffs’ fundamental
19

See the account in Ackerman and Heinzerling (2004).
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constitutional rights. However, these priceless benefits from climate mitigation are deliberately
not reflected in Defendants’ climate and energy policies or actions. The invented imperative of
cost-benefit analysis neither justifies nor renders rational the assignment of prices to human lives
and other matters of intrinsic concern. They are worth protecting because of their dignity, not
their invented prices. But if all you have is a calculator, everything looks like a number.
IV.

The social cost of carbon: Getting the numbers wrong

Economic analysis of climate damages is often summarized in estimates of the social cost of
carbon (“SCC”), defined as the present value of the present and future damages caused by
emission of one additional ton of CO2. The previous sections of this expert report identified
many reasons why such numerical estimates are likely to be incomplete and understate the true
extent of climate damages. This section explores recent calculations of the SCC in greater detail,
focusing on the models used in the federal Interagency Working Group (“IWG”) calculations in
2010 and 2013 (IWG 2010, 2016).
Economic theory describes environmental damages as negative externalities, or costs that market
transactions impose on uninvolved third parties. For example, the Plaintiffs in this case, and
others of their generation and their descendants, were neither the buyers nor the sellers of fossil
fuels that caused most of the harm to the climate. The theoretical remedy, known since the work
of Arthur Pigou (1920), is that the costs of externalities should be internalized, or included in the
price of activities that cause emissions. This would force buyers and sellers to recognize the true
costs of emissions, and would decrease demand.
If the SCC were an accurate measure of climate damages, then it could be incorporated into
prices of fossil fuels (and other sources of CO2), sending a strong price signal about the need to
cut back on these fuels and their associated emissions. In practice, this has never been done for
the economy as a whole, although many Obama Administration regulatory analyses included the
IWG’s SCC estimate for the value of carbon emissions. For example, this added to the calculated
benefits of vehicle fuel economy standards, since those standards (modestly) reduced fuel use
and vehicle emissions. (Conversely, the Trump Administration’s abandonment of the SCC
means that there is a complete lack of internalization of climate externalities; continuing the
same example, the calculated benefits of vehicle fuel economy standards would now be lower,
with the cost of carbon emissions effectively valued at zero.)
The IWG’s analyses averaged the results from slightly modified versions of three integrated
assessment models (“IAMs”), known as DICE, PAGE, and FUND. IAMs offer “integrated”
calculations of the future evolution of the global economy and climate, at a very simplified level.
The three chosen models are perhaps the best-known IAMs, but not necessarily the most
accurate, and certainly not the most detailed. A 2017 review by the National Academy of
Sciences (NAS 2017) identifies numerous weaknesses in these three models, and makes many
suggestions for improvement.
A. Damage functions and dated research
IAMs rely on a “damage function” – a mathematical representation of the damages expected as
temperatures and sea levels rise. The creation and validation of a damage function is difficult, as
it describes climate-related losses expected under conditions that are outside our historical
experience. Nonetheless, there is a certain amount of research bearing on this subject. As the
15
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National Academy of Sciences review (NAS 2017) points out, the three IAMs used by the IWG,
namely DICE, PAGE, and FUND, rely on dated research.
FUND, the one of the three models with the most disaggregated damage calculations, relies
heavily on estimates of climate damage from the 1990s. According to NAS (2017), FUND
version 3.8, used in the 2013 IWG calculation, relied on 27 sources for its damage estimates – 18
of them published in the 1990s.20 This is potentially important because FUND consistently
produces the lowest estimate of climate damages among the three models relied on by the IWG,
reducing the SCC (which is calculated as a three-model average). FUND’s agricultural estimates,
drawing on 1990s research, project net global benefits from the first few degrees of warming,
offsetting damages in other sectors (Ackerman and Munitz 2012, 2016). Newer research is
available, often projecting a more ominous picture of damages in agriculture from near-term
climate changes. Indeed, the NAS review offers a list of 30 sources, published from 2007 to
2016, which could be used to update climate damage estimates relied on by FUND.21
DICE and PAGE also understate the cost of climate damages, but offer less detailed
development of their damage estimates. The latest version of DICE (newer than the one used by
the IWG), DICE-2016R, bases its damage estimates on a recent (apparently unpublished)
literature review by William Nordhaus and a coauthor. According to Nordhaus, the economist
who developed DICE, the damage function in DICE-2016R implies global climate damages
equal to 2.1% of income at 3°C of warming, and 8.5% of income at 6°C (Nordhaus 2017,
supplementary information). At recent U.S. growth rates, this means that 3°C of warming would
cause damages equal to the loss of less than 18 months of economic growth, equivalent to taking
us back to the economy of early 2017, while the damages from 6°C would be equivalent to
losing less than 5 years of growth – the same as busting us all the way back to 2013. At China’s
much faster growth rates, even 6°C would cause losses of less than 18 months of growth,
sending the Chinese economy back to early 2017.
Whatever the source of the DICE damage estimates, they appear to trivialize the risks of
significant warming. In his recent writing, Nordhaus has emphasized unquantifiable impacts and
risks of irreversible extreme events (Nordhaus 2013). But the damage function in his model lags
behind his qualitative descriptions of climate risk, helping to perpetuate an understatement of the
cost of emissions.
Defendants, through the IWG (in both 2010 and later revisions), recognized the many sources of
uncertainty and important limitations of the IAMs relied upon for the SCC. The IWG admitted
that the IAMs do not include “all of the important physical, ecological, and economic impacts of
climate change recognized in the climate change literature” due to a “lack of precise information
on the nature of damages and because the science incorporated into these models understandably
lags behind the most recent research.” (IWG 2010, 2016) Importantly, the IWG recognized its
complete inability to monetize, and thus omission, of significant and severe climate impacts:
“even in future applications, a number of potentially significant damage categories will remain
non-monetized. (Ocean acidification is one example of a potentially large damage from CO 2
emissions not quantified by any of the three models. Species and wildlife loss is another example
that is exceedingly difficult to monetize.)” (IWG 2010)
20

See NAS (2017), Table 5.2. Two of the nine “newer” sources for FUND 3.8 were review
articles by one of FUND’s developers, published in 2002.
21 NAS (2017), Table 5.3.
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In addition to the complete omission of these severe damages from the SCC estimates, the IWG
noted other sources of uncertainty that have not yet been fully quantified in the IAM’s, and thus
Defendants’ SCC estimate under the Obama Administration, including potential catastrophic
damages due to “tipping points” in Earth systems with “potentially severe social and economic
consequences” and “inter-sectoral and inter-regional interactions, including global security
impacts of high-end warming.” (IWG 2010, 2016)
The IWG also explained the risks of using conventional economic analysis and assumptions in
the context of climate change: “The three IAMs used here assume that it is possible to
compensate for the economic consequences of damages to natural systems through increased
consumption of non-climate goods, a common assumption in many economic models. In the
context of climate change, however, it is possible that the damages to natural systems could
become so great that no increase in consumption of non-climate goods would provide complete
compensation. . . . For instance, as water supplies become scarcer or ecosystems become more
fragile and less bio-diverse, the services they provide may become increasingly more costly to
replace.” (IWG 2010)
B. Published estimates of the SCC
There is a wide range of published estimates of the SCC, many of them much higher than the
estimates the IWG proposed for use in U.S. government cost-benefit analyses. The federal
IWG’s final revision, in August 2016, put the SCC, in 2017 dollars, at $42 per metric ton of CO2
in 2015, rising to $49 for emissions in 2020 and $81 in 2050 (IWG 2016).22 The IWG offered
two variants on its own work that implied much higher values: reducing the discount rate from
3% to 2.5% would raise the SCC by about 40%, while using much higher climate sensitivity
(implying much greater long-term warming from the same level of greenhouse gases in the
atmosphere), at a 3% discount rate, would roughly triple the SCC.23
Several SCC calculations have been done with DICE, after making minor modifications to the
model. In my own work, coauthored with Elizabeth A. Stanton, we explored combinations of
four changes to DICE: lowering the discount rate to 1.5%, adopting much higher climate
sensitivity, and making two adjustments to the DICE damage function, one of which was based
on Martin Weitzman’s suggestion of 50% loss of global income at 6°C and 99% loss at 12°C
(Ackerman and Stanton 2012). With four independent changes to the DICE defaults, we
produced 16 variants on the SCC. Our estimates for the SCC in 2050, converted to 2017 dollars,
ranged from $75 to $1,824 per metric ton of CO2. The point is not that we know the SCC will be
over $1,800 in 2050; rather, we do not know with any reasonable level of confidence that the

22

The basic modeling was done by the IWG twice, in 2010 and 2013. Several technical updates
made minor corrections to the 2013 estimate after publication. The results were published in
2007 dollars, and have been multiplied by 1.177 to convert to 2017 dollars, based on the increase
in the Consumer Price Index. The figures here are the so-called “central estimate”, based on a
3% discount rate and median climate sensitivity.
23 Results were not provided for the combination of these two innovations. Another set of IWG
calculations raised the discount rate to 5%, resulting in an SCC of about one-third of the “central
estimate”. For the reasons I have explained above, estimates of the SCC using a discount rate this
large are not appropriate for Defendants’ climate and energy policies and actions.
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SCC will not be that high. The range of uncertainty in the DICE SCC, considering only the four
changes we examined, is more than twenty-fold (i.e., $1,824 is more than 20 times $75).
In Nordhaus’ latest work (Nordhaus 2017), using a newer version of DICE than used in my
research, or in the IWG calculations, he finds that in his most severely climate-constrained
scenario, the SCC rises from $207 in 2015 to $1,129 in 2050. 24 For another analysis that finds
that revision of the DICE damage function can cause a large increase in the estimated SCC, see
Howard and Sterner (2017). Yet another analysis, using an older version of DICE, modified to
include the risks of multiple tipping-point catastrophes, found that those risks increased the SCC
to $130 in 2017 dollars (Cai et al. 2016).
Chris Hope, the developer of the PAGE model, has also estimated the SCC to be higher than the
government’s calculation. Hope has published an analysis of the SCC implied by his PAGE09
model (Hope 2011). His preferred estimate, using his default values, is equivalent to $151 in
2017 dollars.25 PAGE has always been the source of the highest SCC estimates in the IWG
process, but the estimate using Hope’s preferred values is even higher than the IWG’s modified
PAGE values.
Surveys of scientists and economists show broad agreement that the IWG’s SCC is too low.
Robert Pindyck (2016) surveyed several hundred climate experts, both economists and scientists,
and concludes that their consensus estimate, for the SCC today, is about $200 for the entire
sample, or $80 for the subset who expressed high confidence in their estimates. Estimates from
scientists were, on average, much higher than from economists. In another survey of experts on
the economics of climate change, over half of the respondents believed that the SCC should be
higher than the IWG estimate, and only 8% of respondents believed it should be less (Howard
and Sylvan 2015).
A meta-analysis (van den Bergh and Botzen 2014), exploring risks and uncertainties left out of
the standard IAM calculations, concluded that the SCC should be at least $125, and perhaps
much higher. A modification of DICE, incorporating new research showing that temperature
increases lead to slower economic growth, implies a SCC more than six times the standard DICE
estimate today, and rising rapidly beyond that over the next few decades (Moore and Diaz 2015).
In short, there is an enormous range of SCC estimates, including values far above the IWG
estimates, that have appeared in the recent climate economics literature. The IWG itself
recognized the inherent uncertainty about the value of the SCC and concluded in 2016 that due to
the many sources of uncertainty and important limitations in the IAMs (discussed above), the
SCC “estimates are likely conservative.” The IWG quotes from the IPCC Fourth Assessment
Report’s conclusion that the SCC “estimates ‘very likely . . . underestimate the damage costs’
due to omitted impacts. Since then, the peer-reviewed literature has continued to support this
conclusion, as noted in the IPCC Fifth Assessment report.” (IWG 2016) There is nothing

24

These numbers are for his scenario constrained to stay under 2.5°C of warming. The higher
SCC results from the constraint, not from a different damage function. Results in Nordhaus
(2017) were published in 2010 dollars, and have been converted to 2017 dollars by multiplying
by 1.122.
25 His published value of $106 for 2010, in 2000 dollars, was multiplied by 1.427 to convert to
2017 dollars.
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approaching a consensus about the SCC – which is another way of saying that the exact damages
expected from climate change remain uncertain, but potentially very serious.
The preceding paragraphs also suggest it would be reasonable to conclude that the actual SCC is
several times greater than the Obama Administration’s admittedly conservative and incomplete
estimates of the SCC. Those estimates therefore provided a knowingly biased basis for
Defendants’ policies and actions favoring the burning of fossil fuels and imposing the costs on
these Youth Plaintiffs and future generations. Actions by the Trump Administration to abandon
consideration of the SCC deliberately exacerbate the bias.
V.

The low cost of climate protection

The costs of climate impacts are high and increasing, while the costs of climate protection
technologies are low and decreasing. The uncertainties surrounding climate damages (and hence
the benefits of avoiding those damages) involve risks of disastrously worse-than-expected
outcomes, which are difficult to rule out with a comfortable level of confidence. In contrast, the
uncertainties surrounding the costs of emissions are often a source of optimism: prices for clean
energy, especially solar power, have dropped precipitously in recent years.
The levelized prices in purchased power agreements (“PPAs”) for utility-scale photovoltaic
installations are falling, as shown in Figure 1. These are the prices that independent solar power
producers receive when they sign long-term contracts to provide power to local utilities,
including the effects of subsidies. 26
Figure 1. Levelized photovoltaic PPA prices by contract vintage

Source: Mark Bolinger and Joachim Seel, “Utility-Scale Solar 2015” (Lawrence Berkeley
National Laboratory, 2016), p.33.

26

“Levelized” means these are the average present value prices over the lifetime of the contract.
They were calculated using a 7% discount rate.
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The price of solar electricity generation is falling precipitously. As recently as 2006-07, largescale solar installations were rare, and the few large-scale solar installations that existed were
receiving over $200 per MWh – or $0.20 per kwh. By 2014-15, utility-scale contracts were
numerous, with average payments of $50 per MWh ($0.05 per kwh) or less – that is, less than
one-fourth of the rate just eight years earlier. (Other measures of costs of solar power yield
different numbers, but the downward trend remains unexpectedly strong, and encouraging.) Ten
years ago, it would have seemed foolishly optimistic to predict such a rapid decline in renewable
energy costs absent government leadership and support. Yet it has happened: wind and solar
power are now important resources in state energy planning. Indeed, wind power plays an even
larger role than solar power. In two states, Iowa and South Dakota, wind was the source of more
than 30% of total electricity generation in 2016, and 12 other states exceeded 10%.27
There are now multiple studies – based on costs of renewable energy that are only a few years
out of date – showing that 80% reduction in emissions by 2050 can be achieved with moderate, if
any, increases in energy costs, without assuming any SCC or other internalization of climate
damages (Ackerman et al. 2015, Williams, Haley, et al. 2015, White House CEQ 2016). This
target requires doing more than switching to clean sources of electricity: emissions from
electricity generation were only 29% of total U.S. carbon emissions in 2015. 28 In addition to
introducing nearly emission-free electricity, the 80% reduction target requires electrifying other
fossil fuel-using sectors such as light-duty vehicles (cars, pickups, and SUVs), residential and
commercial heating, and others.
To achieve the even greater reduction in emissions, close to 100% by 2050, which Hansen et al.
(2013) found to be necessary to achieve climate stability, even more must be done. Additional
sectors such as heavy-duty vehicles (trucks and buses), agriculture, and industry must also be
converted to zero-carbon fuels and technologies. Technologies that reduce emissions in these
sectors are also progressing rapidly. For example, through the Department of Energy’s
“SuperTruck” program, major truck manufacturers have already produced tractor-trailer
prototypes using half the fuel of conventional models.29 This and other advances provide grounds
for optimism about completing the transition to a carbon-free economy – a goal that is urgent to
complete as rapidly as possible. The urgency with which Defendants treat that goal is ultimately
a judgment about how to value today’s youngest generation and those who will follow them.
CONCLUSION AND RECOMMENDATIONS
My expert report identifies deliberate biases in Defendants’ use of the conventional economic
treatment of the costs and benefits of climate policies, including the federal government’s
development of an estimated social cost of carbon as a measure of expected climate damages. I
find that there are multiple reasons why Defendants use of standard economic analyses has
materially understated the costs of business as usual, while the costs of taking action to mitigate
27

American Wind Energy Association, “U.S. wind generation reached 5.5% of the grid in 2016”,
March 6, 2017, http://www.awea.org/MediaCenter/pressrelease.aspx?ItemNumber=9999.
28
Data on emissions from https://www.epa.gov/ghgemissions/sources-greenhouse-gasemissions.
29 Department of Energy, “SuperTruck leading the way in efficiency for heavy duty, long haul
vehicles”, June 27, 2016, https://energy.gov/eere/articles/supertruck-leading-way-efficiencyheavy-duty-long-haul-vehicles.
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Synapse Energy Economics Inc., Cambridge, MA. Principal Economist, 2012 – present.
Consults on issues of energy economics, environmental impacts, climate change policy, and
environmental externalities valuation.
Boston University, Global Economic Governance Institute, Boston, MA. Senior Research Scholar, 2016 –
present.
Assisting in research on trade and environment, and advising graduate student research.
Massachusetts Institute of Technology, Cambridge, MA. Lecturer, Department of Urban Studies and
Planning, 2014 –2015.
Taught graduate seminars on “Electricity, Economics, and Environment” and “Climate Economics and
Policy.”
Stockholm Environment Institute ‒ US Center, Somerville, MA. Senior Economist and Director of Climate
Economics Group, 2007 – 2012.
Wrote extensively for academic, policy, and general audiences, and directed studies for a wide range of
government agencies, international organizations, and nonprofit groups.
Tufts University, Global Development and Environment Institute, Medford, MA. Senior Researcher,
1995 – 2007.
Editor of GDAE’s Frontier Issues in Economic Thought book series, a coauthor of GDAE’s
macroeconomics textbook, and Director of the institute’s Research and Policy program. Taught courses
in the Tufts Department of Urban and Environmental Policy and Planning.
Tellus Institute, Boston, MA. Senior Economist, 1985 – 1995.
Responsible for research and consulting on aspects of economics of energy systems and of solid waste
and recycling.
University of Massachusetts, Amherst, and Boston, MA. Visiting Assistant Professor of Economics, 1982
– 1984.
Dollars and Sense, Somerville, MA. Editor and Business Manager, 1974 – 1982.
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EDUCATION
Harvard University, Cambridge, MA
Doctor of Philosophy in Economics, 1975
Swarthmore College, Swarthmore, PA
BA in Mathematics and Economics, 1967

AFILLIATIONS
Economics for Equity and the Environment (E3 Network), Portland, OR
Co-founder and steering committee member, 2007 – present
Center for Progressive Reform, Washington, DC
Member scholar, 2002 – present
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Inequality. Washington DC,: Island Press.
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Ackerman, F. and E. A. Stanton. 2015. “Climate Impacts on Agriculture: A Challenge to Complacency?” In
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Synapse Energy Economics.

Frank Ackerman page 6 of 9

EXHIBIT A 6

Case 6:15-cv-01517-TC

Document 257-1

Filed 06/28/18

Page 31 of 37
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TESTIMONY (RECENT)
New York State Department of Environmental Conservation (DEC #3-5522-00011/0004 and #3-552200011/00030): Direct and rebuttal testimony regarding permanent fish protection outages at Indian
Point Energy Center. On behalf of Riverkeeper, Scenic Hudson, and Natural Resources Defense Council.
June 26, 2015 and August 10, 2015.

Frank Ackerman page 8 of 9

EXHIBIT A 8

Case 6:15-cv-01517-TC

Document 257-1

Filed 06/28/18

Page 33 of 37

Commonwealth of Kentucky, Kentucky Public Service Commission (Case No. 2013-00199): Direct
testimony regarding the Application of Big Rivers Electric Corporation for a General Adjustment in Rates.
On behalf of Ben Taylor and the Sierra Club. October 28, 2013.
State of Nevada, Public Utilities Commission of Nevada (Docket No. 13-07021): Direct testimony
regarding the proposed merger of NV Energy, Inc. and MidAmerican Energy Holdings Company. On
behalf of the Sierra Club. October 24, 2013.
Commonwealth of Kentucky, Kentucky Public Service Commission (Case No. 2012-00535): Direct
testimony regarding the Application of Big Rivers Electric Corporation for a General Adjustment in Rates.
On behalf of Ben Taylor and the Sierra Club. May 24, 2013.
State of Indiana, Indiana Utility Regulatory Commission (Cause No. 44217): Direct testimony regarding
Duke Energy Indiana's Certificates of Public Convenience and Necessity. On behalf of Citizens Action
Coalition, Sierra Club, Save the Valley, and Valley Watch. November 29, 2012.
United States Congress House Committee on Energy and Commerce (Hearing on “The American Clean
Energy and Security Act of 2009”): Direct testimony titled “Climate Change: The Costs of Inaction”
explaining the economic implications for the United State of natural disasters and resource demands as
a result of global climate change. April 22, 2009.
United States Congress House Committee on Energy and Commerce, Subcommittee on Energy and
Environment (Hearing on “The Climate Crisis: National Security, Public Health, and Economic
Threats”): Direct testimony titled “Climate Change: The Costs of Inaction” explaining the economic
implications for the United State of natural disasters and resource demands as a result of global climate
change. February 12, 2009.
United States Congress House Committee on Ways and Means (Hearing on “Preventing Climate
Change”): Direct testimony titled “Climate Change: The Costs of Inaction” explaining the economic
implications for the United State of natural disasters and resource demands as a result of global climate
change. September 18, 2008.
Resume dated April 2018
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