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The Risks and Costs of Climate Change 
by Gary Yohe 

 
This module offers some approaches and tools for thinking about how best to understand 
climate risk in the short and long term. It speaks to the economics underlying actions that 

reduce the likelihoods of climate-driven impacts either by reducing the emission of 
greenhouse gases (mitigation) or by reducing their associated damages (adaptation). 
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I. Introduction 

As other modules in this curriculum have demonstrated, the evidence is now unequivocal that the 
planet has been warming since the industrial revolution1 and that greenhouse gas emissions from 
human activities are largely to blame.2 Scientists have widely accepted for decades that the specific 
risks posed by climate change continue to be characterized by substantial and cascading 
uncertainties.3 Each step in estimating risk down the cascade of uncertainty—from global emissions 
scenarios to regional climate effects and their possible impacts—involves its own uncertainties, which 
compound along the pathway from original cause to ultimate effect.  

Risk is, of course, a fundamental concept for decisionmaking of all kinds under uncertainty; it is the 
product of likelihood and consequence.4 Decisions in a resource-constrained world rely on 
assessments of relative risks over space and time, and they are made based on trade offs expressed in 
terms of likelihood estimates of what might happen if they do or do not take a particular action. 

Cost-benefit analysis has been the traditional way of dealing with risk when evaluating humanity’s 
three choices for responding to climate change—abate (mitigate), adapt, or suffer. However, cost-
benefit procedures can be ill-suited to handle the profound uncertainties of the climate problem and 
the elaborate connections across populations, sectors, and time.5 They typically examine the 
implications of individual policies almost in isolation and thus sometimes overlook how people 
might change their risk by responding privately to the stresses being analyzed. Many times, cost-
benefit analyses favor inaction because they focus on uncertainties that may not be resolved before a 
policy decision has to be made. When there is a source of risk, of course, taking no action is as much 
of a decision as taking some action. 

To accommodate these limitations of cost-benefit analyses, the Intergovernmental Panel on Climate 
Change (IPCC) adopted a new conceptual framework in its 2007 Synthesis Report: risk 
management.6 The IPCC stated that “responding to climate change involves an iterative risk 

 
1 Henry Jacoby et al., Evidence Shows Troubling Warming of the Planet, YALE CLIMATE CONNECTIONS (Sept. 18, 2020), 
https://yaleclimateconnections.org/2020/09/evidence-shows-the-planet-warming-on-average-at-an-increasing-rate/. 
2 Gary Yohe et al., The Evidence Is Compelling on Human Activity as the Principal Cause of Global Warming, YALE 

CLIMATE CONNECTIONS (Sept. 25, 2020), https://yaleclimateconnections.org/2020/09/the-evidence-is-compelling-on-
human-activity-as-the-principal-cause-of-global-warming/. 
3 Stephen H. Schneider & Kristin Kuntz-Duriseti, Uncertainty and Climate Change Policy, in CLIMATE CHANGE POLICY: 
A SURVEY (2002). 
4 Jason Michael Woodruff, Consequence and Likelihood in Risk Estimation: A Matter of Balance in UK Health and Safety 
Risk Assessment Practice, 43 SAFETY SCI. 345 (2005). 
5 See Rachel Samson, Cost-Benefit Analysis Is the Wrong Tool for Tackling Climate Change, POLICY OPTIONS (Nov. 1, 
2021), https://policyoptions.irpp.org/magazines/november-2021/cost-benefit-analysis-is-the-wrong-tool-for-tackling-
climate-change/ (referencing the Institute for Research on Public Policy). 
6 The IPCC synthesis reports are the gold standard of climate-scientific guidance for policymakers around the world, 
including the United States. The most recent report is the Sixth Assessment Report (AR6), currently available in three 
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management process that includes both mitigation and adaptation and takes into account climate 
change damages, co-benefits, sustainability, equity and attitudes toward risk.”7 These 30 words 
changed the way the world approached questions about how to respond to detected and projected 
climate damages. 
 
Though cost-benefit analyses are still relevant, over the past 15 years of climate deliberations, risk 
management has become the complementing standard for bringing the science and economics of 
climate change to bear on evaluations of past, present,8 To be clear, risk management tools were 
designed explicitly to accommodate even enormous uncertainty. Cost-benefit analysis was not. 
 
Risk management (even iterative risk management) has been adopted as the organizing principle by 
nearly every significant climate assessment since its publication: subsequent IPCC reports from 
Working Groups II and III through AR6, U.S. National Climate Assessments through NCA4 (and 
pending for NCA5), New York City Panel on Climate Change since 2010, New York State 
assessment of impacts and adaptation (pending as of 2022), and so on. 
 
The U.S. National Academies of Sciences, Engineering, and Medicine has echoed the IPCC by 
accepting the working definition that: 

 
the inherent complexities and uncertainties of climate change are best met by 
applying an iterative risk management framework and making efforts to significantly 
reduce greenhouse gas emissions; prepare for adapting to impacts; invest in scientific 
research, technology development, and information systems; and facilitate 
engagement between scientific and technical experts and the many types of 
stakeholders making America’s climate choices.9 

 
Given that risk is a fundamental organizing concept behind understanding human and natural 
vulnerabilities to climate change, clearly communicating assessments of the components of risks over 
space, source, and time is essential. Decisionmakers need to be informed of trade offs expressed in 
likelihood estimates of the consequences of taking, or failing to take, a particular action. They also 
need to understand the potential consequences of maintaining the status quo. 

 
constituent parts on physical science, impacts, and mitigation. INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 

(IPCC), CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BASIS (2021), https://www.ipcc.ch/report/ar6/wg1/; IPCC, 
CLIMATE CHANGE 2022: IMPACTS, ADAPTATION AND VULNERABILITY (2022), https://www.ipcc.ch/report/sixth-
assessment-report-working-group-ii/; IPCC, CLIMATE CHANGE 2022: MITIGATION OF CLIMATE CHANGE (2022), 
https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/. 
7 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, AR4 CLIMATE CHANGE 2007: SYNTHESIS REPORT 22 (2007), 
https://www.ipcc.ch/report/ar4/syr/. 
8 Howard Kunreuther et al., Risk Management and Climate Change, 3 NATURE CLIMATE CHANGE 447 (2013). 
9 NAT’L ACADS. OF SCI., ENG’G & MED., AMERICA’S CLIMATE CHOICES (2011), 
https://www.nationalacademies.org/our-work/americas-climate-choices (emphasis added). 



3 
 

This module describes the elements of iterative risk management in its modern context beginning 
with confidence language, coping with new knowledge, risk matrices, attitudes toward risk, and 
insurance. It then briefly addresses damages before turning to some of the details behind investing in 
mitigation and/or adaptation, where we explore the concept of “tolerable risk.” Finally, it returns to 
some of the more technical details of calculating the social cost of carbon before offering some 
conclusions. 

II. Iterative Risk Management 
 
As suggested in the introduction, it is many times difficult, if not impossible, to estimate accurately 
the likelihoods of some events associated with climate change. Calibrating these events’ consequences 
can be equally difficult. Still, looking through even a qualitative risk-based lens can be enormously 
useful for making, implementing, evaluating, and/or interpreting policy even in the most challenging 
of circumstances. This means considering the elements of risk, consequences and likelihoods, one at 
a time and then together. 

A. Accounting Consistently for Uncertainties in Confidence Testimonies 
 
The IPCC provided some guidance to its authors about handling the challenges of consistently 
accounting for uncertainties with regard to specific findings. The guidance proposes organizing one’s 
thoughts around two distinct criteria: 
 

(1) Confidence in a particular finding, which can be assessed by evaluating the “type, quality and 
consistency” of the available evidence and data from which the finding or hypothesis was 
drawn. 

(2) The “degree of agreement” in understanding what is driving a finding and describing 
rigorously the underlying causal processes behind those understandings.10 
 

To take one example, there are lots of quality data demonstrating that gravity works, and there is 
widespread acceptance of the physics behind why it works. So, if you climb the Leaning Tower of 
Pisa and drop an apple, somebody can accurately project how long it will take for the apple to hit the 
ground, where it will land, and maybe even whether or not it will bounce. 
 
To take another example, macroeconomic data collected daily, weekly, and monthly across the 
United States are extremely well respected, much like the gravity data gathered in the 500 years since 

 
10 MICHAEL D. MASTRANDREA ET AL., INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, GUIDANCE NOTE FOR 

LEAD AUTHORS OF THE IPCC FIFTH ASSESSMENT REPORT ON CONSISTENT TREATMENT OF UNCERTAINTIES 3 
(2010). 
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Galileo’s famous experiment.11 The distributions that characterize the behavior of macro-scale 
metrics like inflation and unemployment are widely understood and accepted. Nonetheless, there are 
two conflicting perspectives about how the economy works. One is “neo-Keynesian,” wherein federal 
spending can sustain employment. The other is “monetarist,” wherein federal spending can only 
generate inflation. When you ask whether the post-COVID outbreak federal spending under the 
American Rescue Plan12 was a good idea, monetarists will say “No!” and neo-Keynesians will say 
“For sure!” Two years later, inflation hit a 50-year high and unemployment hit a 75-year low. So, 
either could be right, but only partly. 
 
And so the quandary—How can we assess confidence in a particular scientific or economic finding, 
like whether higher federal spending will increase economic activity and increase employment? 
Figure 1 shows the IPCC approach by plotting limited, medium, or robust evidence against low, 
medium, or high agreement to establish the foundations for five different levels of confidence: very 
high, high, medium, low, and very low. These are judged relative to the confidence scale on the 
right-hand side of the figure. Exactly where the divisions lie is, of course, subjective. Within this 
matrix, movement toward higher agreement but lower levels of evidence can increase or decrease 
confidence in a finding depending upon the relative subjective weights of agreement and evidence. 
Moving toward lower agreement with greater evidence can similarly move confidence in either 
direction. However, moving simultaneously toward higher (lower) agreement and stronger (weaker) 
evidence means higher (lower) confidence, and stronger (weaker) evidence means higher (lower) 
confidence. And for our macroeconomic federal spending example . . . with robust evidence but low 
agreement (falling in the lower right-hand corner of Figure 1), it garners little more than medium 
confidence. 

 
11 Emily Conover, Galileo’s Famous Gravity Experiment Holds Up, Even With Individual Atoms, SCI. NEWS (Oct. 28, 
2020), https://www.sciencenews.org/article/galileo-gravity-experiment-atoms-general-relativity-
einstein#:~:text=According%20to%20legend%2C%20Galileo%20dropped%20weights%20off%20of,scientist%20prob
ably%20never%20envisioned%20%E2%80%94%20by%20dropping%20atoms. 
12 American Rescue Plan, THE WHITE HOUSE, https://www.whitehouse.gov/american-rescue-plan (last visited Sept. 6, 
2022). 
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Why should findings with medium, low, or even very low confidence assessments be reported at all? 
Some climate-related events have a low likelihood of ever occurring but could generate enormous 
impacts. Considering events with low or very low confidence assessments enables decisionmakers 
and opinion-makers to account for these low-probability, high-impact possibilities. For example, 
there is a relatively low likelihood of a runaway greenhouse effect caused by the accelerated release of 
methane or carbon dioxide from melting tundra in the Arctic, but such an occurrence would have 
enormous effects across a wide range of measures. This is one of a small collection of large-scale 
singularities that the countries of the world would view as “dangerous anthropogenic interference 
with the climate system” per Article 2 of the United Nations Framework Convention on Climate 
Change.13 
 
It is interesting to note, in passing, that this approach to low-confidence high-impact events is very 
similar to and uses the same language as the U.S. and United Nations intelligence communities in 
assessing and reporting its findings.14 There, analysts assess the credibility of the source of a finding 
given corroboration or inconsistencies in the underlying explanations. They also assess the quality of 
the underlying information, paying careful attention to whether it is direct evidence or 
circumstantial. Perhaps placing the summary information in both dimensions in a matrix like Figure 

 
13 U.N. Framework Convention on Climate Change art. 2, May 9, 1992, S. Treaty Doc. No. 102-38, 
https://unfccc.int/resource/docs/convkp/conveng.pdf. 
14 U.S. CENT. INTEL. AGENCY, INTELLIGENCE COMMUNITY DIRECTIVE 203 (2015), 
https://www.dni.gov/files/documents/ICD/ICD%20203%20Analytic%20Standards.pdf. 

Figure 1. Confidence assessments depend on the quality of the underlying evidence and on agreement 
in understanding underlying processes that can be contingent on a wide range of possible futures; for 
example, a trajectory limiting temperature increases to 1.5 or 2.0 or 3.0 degrees Centigrade. Based on: 
MICHAEL D. MASTRANDREA ET AL., INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, GUIDANCE 
NOTE FOR LEAD AUTHORS OF THE IPCC FIFTH ASSESSMENT REPORT ON CONSISTENT TREATMENT OF 
UNCERTAINTIES 3 (2010). 
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1, they offer confidence assessments from very high to very low—and they report very low findings if 
the consequences could be very high.15 

B. The Use of New Knowledge in Iterative Risk Management 
 
The concepts of confidence and iterative risk management can be especially helpful when thinking 
about climate responses and incorporating new science into an existing body of knowledge. What to 
do with new knowledge in a courtroom is a corollary question. Iteration of the risk management 
process is critical in such contexts when they are dominated by temporal uncertainty such that 
planning to make mid-course corrections based on new information is prudent—or when it is time 
to incorporate new science that may advance, reinforce, or undermine conventional wisdom with 
decades of acceptance. Iteration only becomes more vital for considerations of climate science that 
carry unavoidable political and cultural baggage in the current environment. 
 
Consider the earlier example of a runaway greenhouse effect caused by the accelerated release of 
methane or carbon dioxide from melting tundra in the Arctic. What can be said about the 
confidence of such an event occurring? What would happen to that confidence if new science 
seemed to undercut an earlier consensus? How should such news be communicated? 
 
In 2007, the IPCC reported high agreement from land surface models that the extent of Arctic 
permafrost will decline during the 21st century, in large measure because of particularly rapid 
warming across the region. The next IPCC assessment in 2014 continued to voice concern about a 
positive feedback loop—that melting permafrost could release increasing amounts of greenhouse 
gases into the atmosphere and thereby accelerate the pace of future warming. In 2020, though, a 
team of Canadian scientists concluded from newly analyzed paleoclimatic data that the released 
frozen store of carbon might not be so sizable.16 In accordance with the IPCC confidence language 
protocol, this finding reduced confidence in the conclusion that the planet may experience a 
runaway methane emissions scenario. 
 
This brought another question to the forefront: how should new science regarding the possible 
release of methane from permafrost be communicated to decisionmakers and influence-makers who 
have adopted a risk management approach? The answer to this question should begin with the 
observation that new science rarely contradicts current understanding completely. And just because a 
study’s impact conclusions are wildly different from conventional wisdom does not imply the value 
of giving the new study extra weight. In the vast majority of cases, a study with new conclusions 
simply means altering assessors’ subjective views about the confidence with which a former 
conclusion is held—both with respect to likelihood and consequence. 
 

 
15 Conclusions and Preparing an Investigation Report, UNITED NATIONS HR PORTAL, https://hr.un.org/page/conclusions-
and-preparing-investigation-report (last visited Sept. 6, 2022). 
16 Michael N. Dyonisius et al., Old Carbon Reservoirs Were Not Important in the Deglacial Methane Budget, 367 SCIENCE 
907 (2020), https://www.science.org/doi/10.1126/science.aax0504. 
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In this case, views of the consequences of a runaway greenhouse effect were not altered. Rather, the 
likelihood that future methane releases and associated damages would be small was increased. As a 
result, the assessment team could conclude that a more benign future was now a little more likely; 
however, they could also add that runaway warming from permafrost melting was still possible and 
that continued research into the matter would be prudent. 
 
The news is not always this good. Recent science from Antarctica suggests two very troubling 
findings wherein it could be much worse. First, the pace of routine melting from the West Antarctic 
Ice Sheet has increased over the past decade or so. New sea-level rise estimates reflect that finding in 
their high-warming scenario with high confidence associated with an extra increase in global sea rise 
of about one foot through 2100. Secondly, more limited time series observations strongly suggest 
that the ice structures supporting the Thwaites glacier are disintegrating—and that they are 
disintegrating quickly and perhaps irreversibly. That potential raises the possibility of a second extra 
increase in sea-level rise of more than one foot within the next five years or so.17 The first finding is 
troubling, but the second could be catastrophic. 
 
Sometimes, the story moves past physical impacts and into quantifiable monetary consequences. For 
example, Marshall Burke et al. (2015) stood alone in suggesting that damages from climate change 
through 2100 could be as high as 25% of global gross domestic product (GDP).18 This estimate has 
been contested and even its distribution is controversial, but it should have entered the iterative risk 
management equation. In context, 2100 is well after the first or second iteration this century. If the 
Burke study is right about 2100, then adjusting in 2050 and 2075 would be more expensive than 
getting it right this year. However, potential “mid-course corrections” are a responsible hedge so that 
the question is “What should we monitor to get an early warning?” That is, the critical factor in 
iterative risk management, ensuring that there is agreement and understanding about why any 
disagreement exists.19 

C. Risk Matrices 
 
To accommodate situations like the last example, the context of the potential costs of climate change 
has come to reinforce the conventional definition that risk is the product of the likelihood of an 
uncertain event actually occurring multiplied by the consequences of that event. 
 
In response to the critical need to reflect this definition, risk matrices have emerged as one of the 
most effective tools by which analysts, scientists, policymakers, opinion-makers, judges, and others 

 
17 Gary Yohe & Eric Rignot, With Seas Rising, Stalled Research Budgets Must Also Rise, YALE CLIMATE CONNECTIONS 
(Apr. 27, 2021), https://yaleclimateconnections.org/2021/04/with-seas-rising-stalled-research-budgets-must-also-rise/. 
18 Marshall Burke et al., Global Non-Linear Effect of Temperature on Economic Production, NATURE (2015). 
19 Gary Yohe et al., To Hedge or Not Against an Uncertain Climate Future?, 306 SCIENCE 416 (2004), 
http://gyohe.faculty.wesleyan.edu/files/2018/05/59.pdf. 
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can communicate clearly with one another.20 Figure 2 shows how a matrix can be used to project 
current and future risks in terms of likelihood and consequence. 
 

 
Following the protocol of the U.S. intelligence community, calibrations of likelihood that run up the 
vertical dimension span seven categories ranging from “Virtually Impossible” to “Virtually Certain,” 
with probabilities close but not equal to zero and close but not equal to one, respectively. The 
rationale for these seven categories, once again drawn from the intelligence community, is displayed 
in Table 1. The table replicates intelligence community protocol and supports recommending that 
climate analyses categorize likelihoods of climate risks according to seven categories ranging from 
“Minuscule” to “Severe.” 
 
Categorizations of consequence also have seven possibilities in Figure 2—but that is mostly to 
cement some consistency of thought from impacts calibrated in whatever metric makes the most 
sense for the case at hand. 
 
Green boxes identify low-risk combinations of likelihood and consequence; they are relatively benign 
and unlikely, so they are of smaller concern. Yellow boxes suggest moderate concern, while the 
orange boxes capture combinations that fall just short of the red-shaded combinations of major 
concern. 
 

 
20 U.S. Climate Resilience Toolkit, Assess Vulnerability & Risk, U.S. CLIMATE RESILIENCE TOOLKIT, 
https://toolkit.climate.gov/steps-to-resilience/assess-vulnerability-risk (last modified July 15, 2021). 

Figure 2. The conceptualization of risk as the product of likelihood and consequence can be portrayed by a 
two-dimensional matrix. Source: Gary Yohe, On the Value of Conducting and Communicating 
Counterfactual Exercise: Lessons From Epidemiology and Climate Science, in ENVIRONMENTAL ISSUES AND 
SUSTAINABLE DEVELOPMENT (2021). 
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Such a matrix can be used to identify how risks adjust as the climate actually changes and outcomes 
become more certain or impacts more severe. The beginning of the solid arrow indicates a particular 
risk under the current climate. Decisionmakers can envision how this location could move across the 
matrix as time progresses and climate change occurs. The solid arrow shows, for example, how a 
particular risk could move quickly into the orange region and closer to the troubling red 
combinations for which some reactive or proactive preventative action might be appropriate. 
 

Figure 2 also suggests how risk matrices could be used to account for uncertainty about the future. 
The upper dotted line represents a hypothetical 95th percentile scenario that portends larger 
consequences with growing likelihood sooner than the baseline. The lower dotted line represents a 
5th percentile scenario trajectory. It is shorter because it tracks below the median and thereby depicts 
cases where the consequences of climate change increase more slowly. 
 
Risk analyses must sometimes be conducted despite the lack of sufficient data to support quantitative 
estimates of the distributions of relative likelihoods across a range of possible future climate-related 
impacts and associated economic events. In those cases, a risk matrix can provide a suitable 
qualitative substitute for specific confidence assessments. 

D. Attitudes Toward Tolerable Risk 
 
The term “risk” has many definitions in colloquial use, such as the possibility of a loss or injury, a 
person or thing that is a specific hazard to an insurer, or the chance that an investment will lose 
value. But the more rigorous definition of risk as “the product of likelihood and consequence” has 
specific implications for climate change science. First, “tolerable risk” can be seen as the levels of risk 
deemed acceptable by a society or by an individual to sustain some particular benefit or level of 
functionality. Achieving tolerable risk does not mean eliminating all chance that harm will occur. It 
does not even mean that the damage from an event, such as a storm or wildfire, will not be 
catastrophic to some people. It does mean that the risk has been evaluated and is being managed to 
an acceptable level of comfort according to the particular risk aversion applied. 
 

Table 1. Calibration of the subjective likelihood that an event might occurs. Source: CENT. INTEL. 
AGENCY, INTELLIGENCE COMMUNITY DIRECTIVE 203 3 (2015). 
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Public health provides an example from the United States. Figure 3 shows mortality proportions by 
state from ordinary flu and pneumonia.21 The categories illustrated by color indicate different levels 
of tolerable risk with which each state’s citizens have become comfortable. How do we know they 
find this risk tolerable? Because those citizens are not demanding greater safety even though the 
means to reduce flu mortality are available. 
 

 
More closely relevant to climate, the New York (City) Panel on Climate Change (NPCC 2010) 
employed tolerable risk to frame both its evaluation and management of climate change risks to 
public and private infrastructure.22 NPCC communicated this concept to planners and 
decisionmakers by pointing out that building codes imposed across the city did not try to guarantee 
that a building would never fall down. Instead, they were designed to produce an environment in 

 
21 KFF, Influenza and Pneumonia Deaths Per 100,000 Population, https://www.kff.org/other/state-indicator/influenza-
and-pneumonia-death-rate/?activeTab=map&currentTimeframe=0&selectedDistributions=influenza-and-pneumonia-
deaths&sortModel=%7B%22colId%22:%22Location%22,%22sort%22:%22asc%22%7D (last visited Sept. 6, 2022) 
(showing year 2020 in the United States). 
22 N.Y. ACAD. OF SCI., CLIMATE CHANGE ADAPTATION IN NEW YORK CITY (2010), 
https://www.nyas.org/annals/climate-change-adaptation-in-new-york-city/. 

Figure 3. Reported deaths per 100,000 people across 50 states. Source: KAISER FAMILY FOUNDATION, 
Influenza and Pneumonia Deaths Per 100,000 Population (2020) (based on data from the Centers for 
Disease Control and Prevention). 
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which the likelihood of a collapse was acceptable given the cost and feasibility of doing more to 
prevent collapse. However, if climate change or another stressor pushed a particular risk profile 
closer to the thresholds of social tolerability by increasing likelihoods of harm, investments in risk-
reducing adaptations would be expected to increase. 
 
Achieving broad acceptance for any tolerable risk threshold across a population is a huge task. For 
one, risk tolerance varies widely across societies and individuals. For another, policymakers 
confronting a pandemic or extreme climate change are often navigating between different, and 
perhaps strongly contradictory, risk management priorities. 
 
Individuals, communities, and institutions can meet such challenges by agreeing on a common set of 
facts about the likelihood and possible consequences of an event. They can then explore together 
how much risk is acceptable and why. During the second wave of the COVID-19 pandemic, for 
example, New York State relied on science to frame its strategies to avoid overwhelming its hospital 
system after what had been a relatively successful initial response. New York implemented two 
forward-looking criteria: (1) hold the transmission rate of the virus below 1.0 and (2) keep vacancies 
of hospital beds and ICU beds across the state above 30% of total bed capacity. These criteria 
represented thresholds of tolerable risk that could be monitored and projected into the future using 
results from integrated epidemiological-economic models. 

E. Insuring Against Risks 
 
One way of managing risks is through insurance. Sometimes, insurance comes in the form of 
hedging against a bad event by being careful to lower the likelihood of an event. Other times, 
insurance means taking actions to mitigate the consequences of an event. In either case, insurance is 
a form of investment in which money spent now yields future benefits. 
 
More formally, insurance is the product of a formal business transaction between an individual 
customer who is, to some degree, averse to risk and a regulated industry that sells policies that 
protect against financial harm at a premium (price per dollar of coverage). These financial 
arrangements get quite complicated. They depend, for example, on differences in customers’ risk-
accepting or risk-reducing behaviors, on the one hand, and the sorts of incentives, services, or 
deductibles that companies might use to compete for clients, on the other. These complications can 
be critical considerations in using insurance to cope with the risks of climate change. 
 
The general principles for optimizing insurance are simple. Risk-averse people are willing to pay up 
to a maximum acceptable risk premium to eliminate uncertainty about the future. In this optimal 
world, risk premiums are by definition the maximum amount that individuals would be willing to 
pay to avoid completely a quantifiable risk situation. Because most jurisdictions require them to be 
actuarially fair, insurance premiums become the smallest amount that insurance companies would be 
willing to accept to guarantee that outcome. This situation can also be characterized by insurance 
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companies charging a premium per dollar of coverage that is equal to the probability that the 
customer will suffer a loss and file a claim. 
 
Insurance companies are regulated to be actuarially fair (on average) in their coverage of risk 
categories—i.e., the risks facing collections of actuarially similar people. Regulation prevents 
insurance companies from pricing their products to extract the maximum available risk premiums 
from their potential clients. Some argue that the global scope of climate risk is so enormous that this 
observation does not apply. That assumption depends upon analysts and opinion-makers ignoring 
the existence of reinsurance, an industry which diversifies insurance claims around the world with 
respect to climate and socio-political-economic environments. 
 
So, how do insurance companies make any money? They invest the premiums that they collect at the 
beginning of the coverage period while they wait to pay whatever portion of a qualified loss they are 
legally required to cover. 

This model can be used to understand how insurance can minimize financial harm caused by climate 
change. Consider, for example, coastal residents’ insurance-based responses to increased flooding 
risks caused by human-induced sea-level rise. Suppose that the residents, the demand side of a flood 
insurance market, think that the premium offered by the insurer and certified by a regulator is too 
high—that is, they think that the quoted premium is greater than any credible estimate of the 
probability of loss from flooding. Perhaps their subjective confidence in climate science or in the 
connection between flooding impacts and socioeconomic consequences is low. Or perhaps they have 
grown accustomed to premiums that were calculated on the basis of historical losses and not on the 
basis of projected future losses—losses that science now projects to become larger and more frequent. 
They may also think that they are entitled to the subsidized system in which the Federal Emergency 
Management Agency (FEMA) covers any and all extreme damages at a minimal participation fee 
under the National Flood Insurance Program (NFIP).23 

In some cases, these subjective or cognitive aspects have the most explanatory power, especially since 
they can be actively manipulated by industry, politicians, and climate deniers. Insurance companies 
have the responsibility to convince individuals otherwise, but that can be an uphill battle. Starting 
with a neutral, economics-based discussion intended to explain baseline principles of rational market 
behavior makes sense in setting an efficiency benchmark for assessing how effectively insurance is 
limiting financial harm from climate change. But surely perceptions of climate risk—beyond general 
risk tolerance or risk aversion—are strong components of the problem of underinsurance. 
The practical point, here, is essential. Perceptions of climate risk (beyond general risk tolerance or risk 
aversion) are a component of the problem. They have been documented by the social sciences, and 
some judges will be familiar with the concept from fraud cases that they have heard. Relying on past 
data is not necessarily fraud, except when it is clear (or should have been clear) with regard to 
distributions of specific impacts that the past is neither a credible characterization of the present nor 

 
23 How the Emergency National Flood Insurance Program Works, FINDLAW (last updated Apr. 10, 2018), 
https://corporate.findlaw.com/law-library/how-the-emergency-national-flood-insurance-program-works.html. 
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demonstrably a harbinger of the future. People who claim otherwise are distorting the truth. For the 
climate, the past is no longer a prologue of the future. 
 
For any or all of these reasons, a resident could underinsure, meaning that those residents would not 
be paying at a rate that will be sufficient to cover actual future damage. This leaves damage to repair 
and no source of funds to pay for it. The question arises of who should bear the cost. 
 
Since, in conventional economics terms, rational individuals would take advantage of properly priced 
insurance opportunities in their own best interest, society should not pay for losses that could have 
been covered by individuals. This general observation can be applied beyond the specific context of 
insurance to climate change as well. 
 
Applying this insurance perspective to estimating the total economic costs climate change imposes 
on people, communities, or other economic actors for whom insurance coverage or other risk-
spreading mechanisms are available has several immediate implications. First, for calculations of 
personal financial harm, residual damages above the optimal coverage should be included, as well as 
any additional insurance costs required to reach that optimum. Costs that could have been avoided 
should not be included. For example, deductibles should be excluded because they reflect harms 
against which the injured party was willing to self-insure. Secondly, when estimating the economic 
costs of climate risks to society, insurance costs and residual damages should be included but, again, 
not deductibles. 
 
Of course, insurance companies need information about the likelihoods and consequences of 
climate-related events if they are to write policies to cover potential damages. In some cases, 
insurance coverage is not feasible because the risks are not known or, if they are known, have not 
been made public by the experts who have investigated them. In the latter case, exemplified by the 
behavior of many oil and gas companies, residual damages are in fact total damages. 
 
Recent experiences in the United States have underscored this point. 
 
The 2020 hurricanes and California wildfires illustrate how extreme events are increasing in intensity 
and frequency and can combine to amplify one another in specific places. In California, out of the 
state’s largest 20 fires in acres burned, only three occurred prior to 2000, and nine of the biggest 10 
began after 2012. Indeed, 9,270 fires burned a record 1.5 million acres in 2017. The next year, the 
Mendocino Complex fire became the then-largest wildfire in California history. Historic drought 
and unprecedented heat marked 2022, even despite never-before-seen rain and associated flooding 
throughout the state.24 
 

 
24 Gary Yohe, “Never Before” (NB4) Extreme Weather Events . . . And Near-Misses, YALE CLIMATE CONNECTIONS (Sept. 
9, 2021), https://yaleclimateconnections.org/2021/09/never-before-nb4-extreme-weather-events-and-near-misses/. 
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The decade finished with a less noteworthy year in 2019, but then came 2020. The Complex fire 
became the new largest fire in California history in August 2020. Soon thereafter came the third, 
fourth, fifth, and sixth largest wildfires in the state’s history. By October 3, 2020, these five 
conflagrations and nearly 8,000 other more “ordinary” wildfires had killed 31 people and burned 
more than four million acres. Incredibly, on that day, all five of those major fires were still burning.25 
 
Human actions are, of course, the major factor that has increased fire risk. On the consequences side 
of the risk calculation, catastrophic damage to life and property has increased markedly as more 
people have moved into vulnerable forested areas, putting their lives and property at risk and setting 
more inadvertent blazes. Changes in forest management have also contributed because fire 
suppression policies reduced the frequency of blazes that could burn off fuel reserves built up in 
forests. However, these non-climate contributors to increased fire danger have not increased 
sufficiently to fully account for the recent devastation. 
 
The change in the various individual factors that create wildfire threats cannot explain the 
devastation if taken one at a time. A record number of dry lightning strikes caused many of the 2020 
fires. This lightning was not solely the result of climate change, but it fed into a witches’ brew of 
conditions that are all linked to global warming. The lightning strikes and other points of ignition 
hit in the midst of a record drought and heat wave that had lasted for weeks on end. Decades of 
gradual warming had extended the western fire season by some 75 days and increased springtime 
bark-beetle populations, and years of beetle infestations had produced large stands of dead trees. 
Taken together, these contemporaneous influences reveal that the issue is not just what sparks the 
fires. The larger problem is the context in which they start and how quickly they spread once started. 
 
A similar story can be told about damage from tropical storms. Hurricanes Harvey in 2017 and 
Florence in 2018 dropped historic amounts of rain after making landfall and then stalling over 
Houston and North Carolina, respectively. In the summer of 2020, Hurricanes Laura and Beta 
followed suit, causing extreme rainfall totals and substantial damage from storm surges. Their 
behaviors mimicked Dorian over the Bahamas in 2019. Finally, in 2017, Hurricane Mike traveled 
more than 100 miles inland from landfall along the Florida panhandle only to stall over Albany, 
Georgia, long enough to deposit in excess of five feet of rain in some locations and around four feet 
across half of the state.26 
 
Near-record warm ocean and gulf temperatures have allowed more tropical depressions and non-
tropical low pressure systems to develop into dangerous hurricanes. At the same time, the decrease in 
the summer temperature difference between the Arctic and the tropics has weakened steering 
currents in the atmosphere, causing storms to move more slowly. In addition, sea-level rise, one of 

 
25 CAL. DEP’T FORESTRY & FIRE PROT., TOP 20 LARGEST CALIFORNIA WILDFIRES (2022), 
https://www.fire.ca.gov/media/4jandlhh/top20_acres.pdf. 
26 Gary Yohe et al., Multiple Extreme Climate Events Can Combine to Produce Catastrophic Damages, YALE CLIMATE 

CONNECTIONS (Oct. 9, 2020), https://yaleclimateconnections.org/2020/10/multiple-extreme-climate-events-can-
combine-to-produce-catastrophic-damages. 
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the most obvious results of decades of rising temperatures, has compounded risks posed by storm 
surges. 
 
The expanding consequences of compound fire and flood events are also having negative effects. 
Many of the worst fires and hurricanes have exploded so quickly and have spread so erratically that 
human evacuations have become “moment’s notice” emergencies. People across the United States—
from the Southeast and Gulf Coasts to California and Oregon—have been forced to retreat from 
harm’s way as quickly as possible. 
 
New information from the ongoing scientific process can open new doors of inquiry, to be sure. 
More usually, and as noted above, new evidence hardly ever suggests either dismissing conventional 
wisdom entirely or reversing its content. In any case, it is critical that some protocol like what has 
become standard in IPCC assessments be followed in bringing the new science into existing 
assessments. Only then will new reports affecting the confidence with which a piece of conventional 
wisdom is held have credibility. 

III. The Damages From Climate Change 
 
Creating and updating damage estimates for the ranges of possible future temperatures requires an 
understanding of the roles played by uncertainties. The IPCC has created potential pathways for 
greenhouse gas emissions to compare scenarios of how human society might develop socially, 
politically, and economically in the future. The left panel of Figure 4 displays three of these 
scenarios, which are known as representative concentration pathways (RCPs). The right panel of 
Figure 4 displays estimates of direct damages, calibrated in percentage of U.S. GDP, from the global 
mean temperature associated with each of these scenarios.27 
 
The highest emissions scenario (RCP8.5), which projects emissions that will have failed to reach 
their maximum by 2100 even at nearly triple 2020 levels, supports damage estimates ranging from 
just above 2% of GDP all the way up to more than 10%. The middle scenario (RCP4.5), which has 
emissions peaking around 2045 and stabilizing around 2080, supports damage estimates ranging 
from 0.5% of GDP to more than 2% in 2100. Emissions along the aspirational RCP2.6 scenario, 
which peak almost immediately and certainly before 2030, show damage estimates staying below 1% 
of GDP throughout the century. 

 
27 Richard H. Moss et al., The Next Generation of Scenarios for Climate Change Research and Assessment, 463 NATURE 747 
(2010), https://doi.org/10.1038/nature08823. 
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While Figure 4 provides a summary portrait of projected damages for the United States along alternative 
global socioeconomic scenarios, it should be noted that new damage projections like this are always emerging. 
For example, Franziska Piontek et al. provide a synthesized discussion of the connections between global 
emissions pathways that support calculating the economic damages of biophysical impacts such that equity 
concerns and adaptation programs can be explored.28 The WGII report from the recent IPCC AR6 also 
summarizes this literature; it is the product of a process that has produced a series of assessments of damages 
across North America (in one chapter) and around the world (across all of the regional chapters). The process 
also produces Synthesis Reports that describe findings in language designed for decisionmakers, heads of state, 
negotiators, and their staff.29 
 

However, it should also be noted that these wide-ranging damage estimates have many 
shortcomings. First, they are not comprehensive measures of damage because there are no reasonable 
estimates of economic damages for many ecological, physical, and economic factors known to be 
vulnerable to changes in climate. Second, they do not reflect possible adaptation efforts that would 
reduce damages by more than they cost. Third, they raise several controversial issues regarding their 
national or global coverage. 
 
For example, many have argued that reporting the value of statistical life (VSL)—the amount that 
people would be willing to pay to reduce the likelihood of death from a specific activity measured in 

 
28 Franziska Piontek et al., Integrated Perspective on Translating Biophysical to Economic Impacts of Climate Change, 11 
NATURE CLIMATE CHANGE 563 (2021), https://www.nature.com/articles/s41558-021-01065-y. 
29 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE, CLIMATE CHANGE 2022: IMPACTS, ADAPTATION AND 

VULNERABILITY (2022), https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/. 

Figure 4. Estimates of aggregate direct economic damages for the United States increase with projected 
emissions. Source: U.S. GLOBAL CHANGE RESEARCH PROGRAM (USGCRP), FOURTH NATIONAL CLIMATE 
ASSESSMENT VOL. II: IMPACTS, RISKS, AND ADAPTATION IN THE UNITED STATES (2018) (Figure 29.3). 
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terms of the discounted value of lifetime earnings prospects—is not only inappropriate but also 
offensive and unethical when applied around the globe.30 While the complicated methodology of 
computing and interpreting lifetime earning potential can be applied comparatively within a 
country, it cannot adequately account for the diversity of national economies. Comparisons using 
exchange rates or purchasing power can lead to enormous anomalies like estimating Americans’ VSL 
at something over $1 million but less than $1,000 for those living and working in southern Asia. 
Finally, aggregate economic estimates are highly sensitive to the long lists of assumptions about 
discounting, the particulars of the climate system, and the wide range of human behavior that are 
built into the various RCP scenarios. 
 
This issue of coverage and the applicability of economic metrics of damages in a broader context is 
larger than just the VSL. It includes five “Reasons for Concern” (RFCs) that include: risks to unique 
and threatened species including human settlements calibrated in morbidity and mortality (RFC1); 
multidimensional consequences of extreme events (RFC2); aggregate global (RFC3) and regional 
(RFC4) metrics impacts, which are no longer exclusively calibrated in terms of currency; and sudden 
and massive changes in climate trajectories (RFC5). 
 
To this point, Figure 5 and Table 2 display the latest (as of summer 2022) version of the iconic 
IPCC-created burning embers representations and the underlying sources of key vulnerabilities. 
They are replicas of Figure 1 and Table 1 from Brian O’Neill et al. (2017) in the Proceedings of the 
National Academy of Sciences (PNAS),31 and they are the direct descendants of similar graphics in 
the contribution of Working Group II to IPCC AR6. 
 
Figure 5 includes the caption of the PNAS figure to assist in understanding content. Since the figure 
depends on the table, the easiest way to read content is backwards. Find a key vulnerability of 
interest, look at the correlation part of the table to see which RFCs are in play, go to the column to 
see when the assessed concern is threatening, and then read the icons to attribute concern to a sector 
or region. 

IV. Mitigation and Adaptation as Investments 
 
Mitigation and adaptation are the two major categories of response to climate change risks. Thinking 
in terms of risk, investment in mitigation is designed to reduce the likelihood of bad events 
occurring. To be effective, mitigation must be global in nature because the impact of each molecule 
of greenhouse gas is independent of the location of its source; and that fact brings the tragedy of the 
commons problem directly into play. It is generally accepted that humanity tends to underinvest in 
mitigation as a result. 

 
30 Thomas J. Kniesner & W. Kip Viscusi, The Value of a Statistical Life, in OXFORD RSCH. ENCYCLOPEDIA OF ECON. & 
FIN. (Jonathan H. Hamilton ed., 2019), https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3379967. 
31 Brian C. O’Neill et al., IPCC Reasons for Concern Regarding Climate Change Risks, 7 NATURE CLIMATE CHANGE 28 
(2017). 
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Put another way, investment in mitigation is to climate change what vaccination is to a global 
coronavirus pandemic. Both reduce the flow of harmful economic or health effects along a causal 
chain. Both address harms that have been labeled by some as existential threats to humanity. The 
label fits, but only in the probabilistic sense that either threat can kill a human being anywhere 
around the globe; we don’t know who or where, but we know it will happen, sometimes before you 
finish reading this sentence. And the goals of both tend to be characterized as reducing the chance of 
crossing the threshold of what society holds to be a level of intolerable risk, as discussed above. The 
issue for economics, therefore, is not to weigh benefits against cost to characterize an optimal 
investment that will be impossible to achieve; it is to minimize the global cost of achieving a globally 
acceptable societal objective even if its foundation is only qualitatively determined. 
 



19 
 

 
 
 

Figure 5. Synthetic representation of five Reasons for Concern based on eight key vulnerabilities across 12 sectors 
and categories of risk. Source: Joseph E. Aldy et al., Keep Climate Policy Focused on the Social Cost of Carbon, 
373 SCIENCE 850 (2021), https://www.science.org/doi/abs/10.1126/science.abi7813. 
 



20 
 

In contrast, investment in adaptation is designed to diminish the damages associated with a bad 
event. Climate impacts are generally local, or at most regional, so it is easier to quantify estimates of 
both costs and benefits (damages avoided). Put another way, investment in adaptation to climate 
impacts is what new therapeutics are to a global pandemic. Both shift the distributions of harm in a 
risk matrix down and to the left by reducing the harmful economic or health effects of an original 
cause. 
 
Both mitigation and adaptation can be thought of as investments in insurance in the sense that 
present expenditures produce only uncertain future benefits (that are sometimes widely and other 
times inequitably distributed). When societies, governments, and individuals invest to mitigate 
climate emissions or adapt to climate impacts, they incur up-front costs to enjoy projected benefits 
along an uncertain time frame. 
 
Both mitigation and adaptation need to be informed by the likelihood of projected trends. 
Mitigation options should be informed by confidence in the attribution of damaging events to 
human sources and by confidence in the understanding of the causal chain on which projections are 
based. The point of mitigation policy is to achieve a targeted temperature limit whose associated 
climate impacts produce consequences that do not greatly surpass tolerable levels of risk. The lower 
the temperature target, the more urgent the investments in mitigation. 
 
Some but not all adaptation can be driven by observed local climate changes, regardless of their 
ultimate source. In fact, responsive adaptation can sometimes be designed effectively with little more 
than strong detection of past events, sound understanding of local trends, and the political will to 
act. Long-term investments in proactive adaptation, however, must be informed by assessed 
confidence in projected climate change scenarios. Proactive adaptation must also be informed by 

Table 2. Key sources of vulnerability as identified by IPCC AR6 authors and their association with RFCs. 
Source: Joseph E. Aldy et al., Keep Climate Policy Focused on the Social Cost of Carbon, 373 
SCIENCE 850 (2021), https://www.science.org/doi/abs/10.1126/science.abi7813. 
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projections of how future risks will change over time in response to global mitigation efforts of 
uncertain efficacy. 
 
Accounting for investment in adaptation of any type is straightforward but important. It is nearly 
always the case that an adaptive response cannot be 100% effective against all possible potentially 
damaging future states. Perfect effectiveness would simply cost too much. 
 
Investments in adaptation can take many forms. Changes in behavior and social practices, 
construction of protective infrastructure, and moving out of harm’s way all come to mind. So does 
insurance. As noted previously, when individuals are not convinced that the quoted premiums for 
coverage accurately portray the relative likelihood of an insurable loss, they reveal their attitudes 
toward risk with the deductibles they select. Deductibles are subtracted from claims up to the total 
amount of coverage, so they represent potential losses against which individuals are willing to self-
insure. That is, deductibles represent what might be termed the individual level of tolerable risk—
the product of subjectively perceived “likelihood” times “consequence.” 
 
Figure 6 displays some of the foundations of climate science that determine the constraints and 
opportunities in designing mitigation and adaptation actions.32 The top panel contrasts a business-
as-usual emissions trajectory through the end of the century with a trajectory that caps annual 
emissions between 15 and 20 gigatons of carbon starting in 2050 and another that produces an 80% 
decline in emissions during the second half of the century. The lower panel translates these three 
emissions trajectories into corresponding CO2 concentrations. 
 
It is very important to understand that Figure 6 also reveals that stabilizing emissions at any level 
does not stabilize the concentration of CO2 in the atmosphere. That is because concentrations 
depend on cumulative emissions and CO2’s persistence over time. Put another way, net annual 
emissions that exceed zero continue to contribute to growing CO2 concentrations and rising 
temperatures, which is a challenge if the goal is to limit temperature rise. However, net emissions 
could fall to zero if the remaining emissions are balanced by removals of CO2 from the atmosphere, 
as discussed in the Solutions module. 
 
Recall that Figure 5 has already presented Reasons for Concern in isolation. Now, Figure 7 places 
RFCs into the context of future emissions to illustrate harms that could be avoided by stabilizing 
temperatures below particular levels along specified but artificial socioeconomic scenarios. It places, 
more specifically, temperature limits achieved along ranges of possible futures against levels of 
concern for the five metrics. 
 

 
32 See NAT’L ACADS. SCI., ENG’G & MED., CLIMATE STABILIZATION TARGETS 4 (2010), 
https://nap.nationalacademies.org/resource/12877/Stabilization-Targets-Final.pdf. 
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Figure 6. Three emissions trajectories for 
carbon over the rest of the 21st century 
produce corresponding concentration 
pathways of carbon dioxide in the 
atmosphere. Source: NAT’L ACADS. SCI., 
ENG’G & MED., CLIMATE STABILIZATION 
TARGETS (2010) (Figure Syn.4). 

Figure 7. The right-hand image shows the most recent version of the “burning embers” representation of five 
Reasons for Concern (Figure 5) derived from eight key vulnerabilities (Table 2) tracked through 12 different 
sectors or critical contexts. The left-hand image elaborates uncertainty bounds around the left-hand side of 
Figure 4. The left axis provides bench-markings for alternative temperature targets with effective mitigation. 
The ranges in the figure show potential futures for policies whose efficacy is uncertain. Source: IPCC, CLIMATE 
CHANGE 2022: IMPACTS, SUMMARY FOR POLICYMAKERS 16 (2022), 
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_SummaryForPolicymakers.pdf. 
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Many of the mitigation policy discussions speak to limiting temperate rise to 1.5oC to 2.0oC by 
2100, though we have already exceeded 1.0oC by the third decade of the 21st century. 
 
Comparisons of the 1.5°C and 2.0°C temperature targets were the topics of an official IPCC 
response to an invitation “to provide a Special Report in 2018 on the impacts of global warming of 
1.5°C above pre-industrial levels and related global greenhouse gas emission pathways.”33 That 
report concluded, with high confidence, that climate-related risks for natural and human systems 

will increase at up to 1.5°C 
above pre-industrial 
temperatures but will still be 
lower than at 2°C of warming. 
It also noted, with high 
confidence, that the risks will 
depend on the magnitude and 
rate of warming, geographic 
location, levels of 
development and 
vulnerability, and the choices 
and implementation of 
adaptation and mitigation 
options. It said, with medium 
confidence, that risks to global 
aggregated economic growth 
due to climate change impacts 
are projected to be lower at 
1.5°C than at 2°C by the end 
of this century. 
 
Investments in mitigation and 
adaptation frequently compete 
for the same scarce financial 
resources. It is important, 
therefore, to recognize that 
these two alternatives are often 
complements; investments in 
one frequently benefit the 
other. Table 2 demonstrates 
this point with a matrix whose 
entries always complete 

 
33 United Nations Framework Convention on Climate Change, Report of the Conference of the Parties on its twenty-
first session, held in Paris from 30 November to 13 December 2015 Para. 21 (2015), 
https://unfccc.int/resource/docs/2015/cop21/eng/10a01.pdf. 

Table 3. The Complementarities of Mitigation (“Limiting” in the 
vernacular of the National Academy), Adaptation, Advancing Science 
and Technology, and Informing Decision Makers. Source: NAT’L 
ACADEMIES OF SCI., ENG’G & MEDICINE, AMERICA’S CLIMATE 
CHOICES 75 (2011), https://www.nationalacademies.org/our-
work/americas-climate-choices. 
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sentences that begin with “Advancing ‘this’ . . . will strengthen ‘that’ . . . .” For example, Advancing 
adaptation will strengthen limiting because “Any given degree of climate change may be associated 
with less severe impacts and disruptions of human and natural systems.” One entry is particularly 
hopeful: Advancing informing (efforts) will strengthen advancing science and technology because 
“Science may be more attuned to decision needs, and public support for advances in science is likely 
to increase.” 

V. Social Cost of Carbon 
 
Current common practice uses one particular aggregate estimate of economic damage—the social 
cost of carbon dioxide (SC-CO2). This estimate is defined as the value of the damage resulting from 
the emission of one more ton of CO2. It also can be interpreted as the damages that can be avoided by 
removing one ton of CO2 from the emission stream (that is, focusing on the benefits rather than the 
costs). The SC-CO2 is the most widely used way to summarize aggregate estimates of the economic 
consequences from climate change impacts.34 There are analogous estimates of the social cost of 
methane (SC-CH4) and the social cost of nitrous oxides (SC-NOx), since they are also greenhouse 
gases that contribute to warming along different timescales. 
 
Climate models incorporate representations of numerous natural and physical systems. Other 
assumptions include normative and behavioral parameters such as personal or social consumption 
impatience, attitudes toward risk, and consumption sensitivities to income and relative prices. 
Estimates of the SC-CO2 are thus contingent on a long list of parameters and assumptions. 
 
Figure 8 shows that estimates of any of these social costs are contingent on choices about discounting 
and risk aversion. They are also determined by other sets of assumptions from their underlying 
climate and economic modeling: policy interventions to reduce emissions (or not) and/or to 
ameliorate damages (or not), population growth profiles, underlying technological changes, 
international trading structures, the availability of economic resources, and so on. 
 
Importantly, social cost estimates of anything are also specific to time. Because the calculation is 
model-based, it is possible to make estimates for future dates. These estimates increase over time, not 
because modeling sensitivities or parameter choices have changed, but rather because increasing 
damages projected into the future for any specific modeling configuration occur closer to the 
benchmark date of the estimate and its discounting function. 
 
The time sensitivity of the estimates independent of discounting was displayed forcefully by the U.S. 
Environmental Protection Agency (EPA) in 2016 when it reported mean estimates for SC-CO2 in 

 
34 The social cost of carbon (SCC) is sometimes cited as a perfectly analogous aggregate that is equal to 3.67 times the 
equivalent SC-CO2 value (because the ratio of the atomic weight of CO2 to the atomic weight of carbon is equal to 
44/12 or 3.67). Care must be taken to recognize the units when any calculation is undertaken since the error of 
misreporting can be a multiple of almost 4. 
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five-year increments from 2015 through 2050 for three alternative discount rates—2.5%, 3.0%, and 
5.0%.35 The average SC-CO2 ranged from $11 to $56 in 2015 and from $26 to $95 in 2050. 
 
Since the discount rate and geographic coverage are arbitrary, it is possible to manipulate social cost 
estimates for political gain. In 2020, for example, the U.S. General Accounting Office reported that 
EPA, in response to a 2017 Executive Order, had begun to use higher discount rates of 3% and 7% 
(as opposed to 2.5, 3, and 5%) in calculating SC-CO2.36 EPA also had changed the calculation of the 
impacts to include only U.S. damages rather than considering the worldwide economic 
consequences. Their new modeling produced dramatically lower costs: $6 for 2020 up to only $9 for 
2050. Making these two discretionary changes therefore reduced the marginal social cost of CO2 
emissions to nearly zero—not because the economics required it, but because key discretionary 
assumptions were altered. 
 

 

 
35 INTERAGENCY WORKING GRP. ON SOC. COST OF GREENHOUSE GASES, TECHNICAL UPDATE OF THE SOCIAL COST 

OF CARBON FOR REGULATORY IMPACT ANALYSIS—UNDER EXECUTIVE ORDER 12866 (2016), 
https://19january2017snapshot.epa.gov/sites/production/files/2016-12/documents/sc_co2_tsd_august_2016.pdf. 
36 U.S. GOV’T ACCOUNTABILITY OFF., SOCIAL COST OF CARBON, GAO-20-054 17 (2020), 
https://www.gao.gov/assets/gao-20-254.pdf. 

Figure 8. Distributions of estimates of SC-CO2 contingent on the discount rate with the justification of a high-
rate associate with high aversion to risk. Source: NAT’L ACADS. OF SCI., ENG’G & MED., VALUING CLIMATE 
DAMAGES: UPDATING ESTIMATION OF THE SOCIAL COST OF CARBON 13 (2017), 
https://nap.nationalacademies.org/resource/24651/dbasse_176580.pdf. 



26 
 

The climate science also changes over time, and social cost estimates need to keep up. For example, a 
paper published in Nature in the late summer of 2022 reported in their abstract that their “preferred 
mean SC-CO2 estimate is $185 per tonne of CO2 ($44-413/t-CO2: 5-95% range, 2020 U.S. dollars) 
at a near-term risk-free discount rate of 2%, a value 3.6-times higher than the U.S. government’s 
current value of $51/t-CO2.”37 The so what and why questions were covered with great care in the 
Washington Post (WAPO).38 The WAPO coverage is, in fact, a perfect place to start an assessment of 
how to incorporate this new information into an appropriate evaluation of what new results mean 
for decisionmaking; significantly different results in one new paper need to be considered, but they 
do not yet mean that conventional wisdom needs to be completely overturned—at least, not yet. 
 
The point is that science and social science evolve. As a reviewer of this module pointed out, in the 
same summer of 2022, many recent articles had unpacked the SCC and detailed major new 
innovations that lead to strong support for substantially adjusting the values used by the U.S. 
government. In addition to the contribution of Working Group II to the IPCC’s sixth assessment 
report in 2022 and the National Academies’ review of the foundations of the social cost of carbon 
in 2017, Joseph Aldy et al. (2021) had contributed a new but not so dramatic analysis one year 
earlier39; but climate-related extreme events exploded in the meantime. The bottom line, therefore, 
is that a distribution of the social cost of carbon, methane, or nitrous oxides is just a snapshot in 
time. The economics are dynamic because the science is dynamic, and the science is dynamic 
because climate change is accelerating. 
 
Still, estimates of the social costs are the only vehicle for conveying aggregate damage information 
to decisionmakers across the United States and the rest of the world. They have begun to play an 
important role in many climate-related judicial proceedings, and Cass Sunstein has argued 
convincingly that keeping the distribution of values in line with modern science and economics is 
essential to its legal durability.40 
 
It is important to emphasize that social cost estimates complement risk management strategies. 
Using the social cost of carbon enables one to weigh the risks of emissions against the costs of 
mitigating them by setting, for example, a temperature target or an emissions target. 
 

 
37 Kevin Rennert, Comprehensive Evidence Implies a Higher Social Cost of CO2, NATURE (2022), 
https://www.nature.com/articles/s41586-022-05224-9. 
38 Dino Grandoni & Brady Dennis, Costs of Climate Change Far Surpass Government Estimates, Study Says, WASH. POST 
(Sept. 1, 2022), https://www.washingtonpost.com/climate-environment/2022/09/01/costs-climate-change-far-surpass-
government-estimates-study-says/. 
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VI. Conclusions 
 
On both a micro scale and a macro scale, no investment in adaptation or mitigation will ever be 
sufficient to guarantee complete security, even in a stationary climate. In a dynamic climate, the 
challenge is so great that decisionmakers, as well as the general public, must admit to that reality. It 
will always be possible to ameliorate some damage, but it is impossible to preclude some level of 
residual damage. Therefore, at least two fundamental questions must be explored, perhaps in a 
courtroom: “How much risk (likelihood times unavoidable damage) is intolerable?” and “How can 
anybody be assured that any accepted temperature target (e.g., 1.5 or 2.0 degrees Celsius) or 
atmospheric concentration threshold (e.g., 350 parts per million) or personally articulated intent will 
continue to be sustained when both the likelihood and consequences of a breach are changing and 
therefore unknown?” But, what is truly unknown? 
 
John Holdren, as science advisor to President Barack Obama, frequently remarked that people have 
three choices when they think about responding to climate risks. One is to mitigate (abate or limit) 
the possibility of climate impacts through actions and investments designed to reduce greenhouse gas 
emissions. The second is to adapt to climate change through actions and investments designed to 
reduce the consequences of climate effects. The third is to suffer. Maximally avoiding the third 
option—though never completely avoiding it—will depend critically upon our abilities to process 
information about the relative likelihoods of climatic changes and the projected consequences of 
those changes. 
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