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The Behavioral Economics and Politics of Global Warming 1

1 Introduction

The interplay between psychology and politics, not economic cost-benefit
analysis, has been the key driver of real-world climate policy, and the conse-
quences are unsettling. Actual policies have been more in line with business-as-
usual behaviors than with the recommendations made by most mainstream
climate scientists and economists. Why psychology and politics have combined
to produce this state of affairs is what I call the “big behavioral question.”

The psychology of climate change centers on fear, bias, and hope. In
a nutshell, fear relates to the kind of future damages that global warming will
bring. Bias is about misjudgments and misplaced emotions that hamper the
global community from appropriately responding to climate threats. Hope is
about the potential emergence of new technologies that might significantly
reduce greenhouse gas (GHG) concentrations to sustainable levels in a timely
manner at reasonable cost.

1.1 Drivers of the Global Community’s Response to Global
Warming

Fear, bias, and hope have driven, and will continue to drive, the global com-
munity’s response to global warming.' There is plenty to fear. Thus far, the
global community’s reaction to most mainstream climate scientists’ global
warning prognostications and alerts has been too little, too late. The global
community has also ignored policy recommendations from mainstream envir-
onmental economists about putting incentives in place to induce abatement
behavior. While there are many ways to address global warming, business-as-
usual behavior is not one of them. Yet, for the most part, over the past four
decades global GHG emissions have pretty much followed a business-as-usual
trajectory. This is unsettling.

Pitfalls stemming from psychological biases have played a major role in
explaining why the global community has resisted the advice from mainstream
climate scientists and economists. This is unsettling. Examples of pertinent
biases are present bias, confirmation bias, excessive optimism, and overconfi-
dence. Among these, I would single out self-control issues related to present
bias, whereby the needs of the present are accorded excessive importance
relative to the needs of the future. While we cannot turn back the clock, the
community needs to understand biases and their impact on climate policy in

! I'made this point in Hersh Shefrin, Ending the Illusion of Management (New York: McGraw-Hill,
2008). The focus of the book was on the psychological dimension of organizational decision-
making, and the factors that distinguish organizations that act in psychologically smart ways from
others.
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order to behave more sensibly going forward. Until the community accepts this
reality and successfully addresses it, these biases will continue to contribute to
climate havoc.

There is hope for sensibly addressing global warming and restoring GHG
concentrations to sustainable levels. Hope rests in the development of nascent
technologies for removing GHGs from the atmosphere at reasonable cost. Given
the psychological biases preventing the institution of cost-benefit-based emission
abatement policies and more investment in adaptation to rising temperatures, the
global community will need to rely on GHG removal technologies.

My message of hope for the future needs to be tempered with caution: call the
combination cautious hope. The community needs to understand how biases
have the potential to reduce the benefit of GHG removal technologies, and the
community needs to be prepared to mitigate the potential negative effects from
psychological biases.

To identify the impact of fear, bias, and hope on global warming, I focus on
three elements. These are:

1. the warnings from most mainstream climate scientists about anthropogenic
global warming during the past four decades;

2. the prescriptions from economic integrated assessment models about cost-
benefit-based responses to the threat posed by anthropogenic global warm-
ing; and

3. actual climate policy developed in the political arena, including the impact
of special business interests.

Next I offer comments about each element in turn.

1.2 Climate Scientists

Beginning in 1979 climate scientists provided a coherent analysis of the risks
associated with anthropogenic global warming. I use the term “risks” here
because these scientists were clear about which statements they were confident
in making and which not. In respect to their most important assertion — about the
relationship between global temperature and emissions of carbon dioxide — they
provided confidence intervals.

People who routinely set unduly narrow confidence intervals are said to be
overconfident about their knowledge. More than forty years later climate
scientists’ key confidence interval has withstood the test of time, suggesting
that they were not overconfident in their associated judgments.

This is important, as for years climate skeptics maintained that the science
underlying global warming is “unsettled.” The “unsettled” contention is itself
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unsettling. Scientific claims are rarely 100 percent settled, so the “unsettled”
issue is not germane. Rather, the point is that the science underlying global
warming is sufficiently settled to move forward with cost-benefit-based climate
policy, with which past policies have been inconsistent. Just to be clear: more
than two-thirds of anthropogenic cumulative emissions of carbon dioxide into
the atmosphere have occurred since 1979.

1.3 Integrated Assessment Models

Integrated assessment models (IAMs) provide a framework for analyzing
alternative economic policy responses to deal with anthropogenic global warm-
ing. Economist William Nordhaus developed the first [AM during the 1980s and
1990s, and named his framework the Dynamic Integrated Climate-Economy
(DICE) model.”

I'use DICE as a vehicle for identifying key behavioral issues associated with
climate policies. In this respect, Nordhaus identifies two specific policies, one
representing business-as-usual behavior and the other representing an optimal
response to global warming. I treat the first policy as reflecting the theoretical
impact of psychological pitfalls relative to Nordhaus’ optimal policy.

There has been wide disagreement among economists about Nordhaus’
choice of parameter values and functional forms for computing the optimal
solution. Some economists, most prominently Sir Nicholas Stern, propose
a much stronger climate policy than Nordhaus’ optimal policy.

I will discuss the associated debate in some detail, but at this stage I want
readers to understand the following point. Over the course of the past four
decades, carbon dioxide emissions have been much closer to the trajectory in
Nordhaus’ behavioral business-as-usual case than his optimal case. The gap is
that much wider for the optimal paths associated with alternative IAMs offered
by other economists. This is unsettling.

All of this is to say that when it comes to the formulation of economic policy,
policymakers have paid little heed to the recommendations made by eminent
economists. This, I suggest, is the result of psychological bias.

The term “neoclassical” can be loaded. The economics profession uses it to
characterize the mainstream approach of modeling economic choices as the

2 The DICE model is developed in William Nordhaus, Managing the Global Commons: The
Economics of Climate Change (Cambridge, MA: MIT Press, 1994). Further elaboration can be
found in William Nordhaus, with Paul Sztorc, DICE User s Manual, second edition, 2013. https://
tinyurl.com/5n6zwua3. Also see the dicemodel.net website. Information about the 2016 version
of the DICE model can be found in William Nordhaus, “Revisiting the Social Cost of Carbon,”
Proceedings of the National Science Foundation 114(7) (2017), 1518-1523. www.pnas.org/doi/
10.1073/pnas.1609244114.


https://tinyurl.com/5n6zwua3
https://tinyurl.com/5n6zwua3
http://www.pnas.org/doi/10.1073/pnas.1609244114
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outcome of rational decision-making; this is how I use the term throughout this
Element. I understand that some readers might use the term more broadly — for
example, as a label for a libertarian-based approach — but my definition is
narrower.

Nordhaus constructed DICE as a neoclassical framework by introducing
climate equations into the production sector of a traditional aggregate growth
model. His model features a representative agent/social planner, meaning that
the economy behaves as if all agents/consumers have the same preferences. The
optimal case corresponds to the representative agent engaging in maximizing
behavior, which is to say that the representative agent behaves rationally.

There is a tradition in the neoclassical approach of explaining real-world
choices through the use of a rational representative agent. Consider two points
about this tradition. The first is that the underlying aggregation approach rests
on very shaky theoretical ground. The second is that neoclassical assumptions
do not capture key psychological aspects of the way real-world individuals
behave, especially in respect to intertemporal choice.

The aggregation assumption is that equilibrium can be described as if all
agents share the same beliefs and preferences as some average agent, called the
representative agent. This is the case even when there is considerable diversity
among individual agents in respect to time preference (meaning degree of
impatience), risk tolerance, and probabilistic beliefs about different risks.
Most importantly, the neoclassical assumption holds that the representative
agent is rational. In particular, the representative agent exhibits maximizing
behavior, does not change their mind over time, has a stable attitude toward risk,
and holds coherent, unbiased beliefs about the risks being faced. By coherent,
I mean the holding of consistent conditional probabilities over time.

The neoclassical rationality assumption is heroic. In the general case involving
agent diversity in respect to time preference, risk tolerance, and beliefs, the
representative agent associated with an equilibrium will not be rational. Instead,
the representative agent typically exhibits strong behavioral features. Specifically,
the representative agent will be dynamically inconsistent in the sense of wanting
to change their mind over time, have an unstable attitude toward bearing risk, and
hold biased incoherent beliefs about the risks being faced.’

There is a point here about what I call “excessive rationality-assumption
bias” in economic modeling. When psychological pitfalls are strong, neoclas-
sical models that exhibit excessive rationality-assumption bias are prone to be
misleading.

* See Hersh Shefrin, 4 Behavioral Approach to Asset Pricing, second edition (Boston, MA:
Elsevier, 2008).
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Keep in mind that the concept of a representative agent is an analytical
device for analyzing prices and aggregate quantities. In Nordhaus’ DICE
model the representative agent plays two roles. The first relates to driving
private-sector decisions about consumption, saving, and investment.
The second relates to public policy about pricing carbon dioxide emissions,
which is typically achieved using either a carbon tax or a cap-and-trade
system.

Nordhaus constructed DICE to feature two sets of controls, one relating to
saving rates and the other to the price of carbon (dioxide). Both of these control
variables involve self-control issues featuring present bias, the “unwarranted”
overweighting of the present relative to the future. There is certainly a large
economics literature on the topic of insufficient saving, and in this Element
I will analyze present bias issues associated with pricing carbon.

Nordhaus constructed DICE so that the optimal case produces saving behav-
ior and rates of return on capital that are in line with their respective historical
rates. In practice, these historical rates have been relatively stable over time.
Whether or not past saving rates qualify as being optimal, there is reason to have
confidence that the output from DICE would feature reasonable predictions of
saving rates in the future.

The situation with outputs from DICE for carbon prices is another matter.
Real-world carbon prices have been significantly less than the “optimal” values
generated from DICE. I attribute the gap between the two to present bias
associated with a lack of self-control and related psychological pitfalls.
Critics of DICE have raised questions about parameter values or functional
forms associated with the relationship between damages and atmospheric
carbon dioxide concentrations. These are certainly important. However, they
miss the important point that DICE fails to capture the psychological pitfalls
associated with the political processes that determine the choice of carbon
prices and related abatement activity levels.

From a psychological perspective, neoclassical economic models are crude.
While consumption/saving decisions and carbon pricing decisions both
involve intertemporal self-control issues, neoclassical models fail to capture
important nuances differentiating the two. Behavioral economists emphasize
that many factors influence self-control, which cannot always be boiled down
to a discount rate reflecting time preference and an associated maximization.
The difference between saving behavior and emissions abatement behavior is
a case in point. This difference is an important issue that I address in this
Element.

Similar statements apply to risk. Rather than positing that risk preferences
can be captured by a parameter associated with risk aversion, as is the case with
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the neoclassical approach, the psychology of risk focuses on the way attitude to
risk varies across circumstances.” This difference is also a topic I address in this
Element.

Being a model, DICE is like a heuristic, and a valuable heuristic at that. In
terms of structure, it does not capture all the important elements associated with
climate policy, but it does provide a robust vehicle for engaging in a systematic
discussion about key policy issues. Certainly some of its assumptions about
parameter values and functional forms are questionable, but discussing debates
about these assumptions provides an opportunity to highlight other critical
issues. Being a neoclassical model, its treatment of key psychological elements
is crude, but it provides a good starting point for a discussion about which
psychological elements are missing and how these missing elements might
impact key conclusions from the model.

Although I devote a lot of space to discussing DICE, I want to emphasize that
this Element is not primarily about IAMs. It is about the psychology of global
warming. Of course, I will discuss weaknesses in DICE and how more recent
IAMs have addressed these weaknesses. However, my main reason for doing so
is to bring out important psychological issues. These are issues that for the most
part neoclassical [AMs miss.

Collectively, IAMs provide a broad range of cost-benefit-based global pol-
icies for addressing the threats posed by anthropogenic global warming.
Operationally, “cost-benefit based” means a solution to a specific social plan-
ning optimization problem. For several reasons, the range is broad, not the least
being the amount of uncertainty being faced.

With this said, remember that real-world emissions behavior has been much
closer to business as usual than to any of the optimal trajectories from IAMs. Thus
far, TAMs might be normative, but they have not been remotely descriptive.

Economists might be speaking, but global decision makers have not been
listening, at least when it comes to climate policy. Moreover, developing IAMs
with increased complexity is unlikely to lead global decision makers to listen

4 My papers with Richard Thaler on self-control contain the first formal exposition of the two-
system thinking fast and slow perspective Kahneman popularized in his outstanding 2011 book.
See Daniel Kahneman, Thinking, Fast and Slow (New York: Farrar, Straus, and Giroux, 2011).
Thaler and I first presented our framework to Kahneman and Tversky in February 1978, when
two-system thinking was not part of their approach. Thaler and I called our framework “the
planner-doer model,” which I maintain provides a better description of the action-based tasks
associated with the two systems. It begins with thinking, but it is more than thinking, as thinking
gets translated into action. Thaler and I designed the planner-doer framework to analyze self-
control issues in economic decision-making. When in 2017 the Nobel Committee presented the
award to Thaler in Stockholm, they emphasized our work on the planner-doer model and the way
it integrated the major themes in Adam Smith’s two major works, connecting them through
modern behavioral economics.
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more intently to what economists prescribe. More facts and theories are unlikely
to make a difference, because the underlying impediments are not for the most
part rational: they are psychological.

1.4 Politics

Real-world emissions behavior is the result of decisions made in the spheres of
politics and business. Political outcomes are not easily described as optimal
policies resulting from choices made by a rational benevolent social planner. In
many ways, diversity, meaning heterogeneous beliefs and preferences, operates
on political decisions as it does on economic and financial decisions. Political
decisions might resemble the outcome of a representative social planner, but
this planner exhibits strong behavioral features such as dynamic inconsistency
of preferences, biased judgments, and incoherent probability beliefs.

I will make the case that heterogeneity has been a major factor in American
climate policy, beginning with the response to the concerns expressed by
mainstream climate scientists during 1979. At that time the United States was
the largest annual emitter of carbon dioxide into the atmosphere, followed by
the Soviet Union. By 1991 the Soviet Union had disintegrated and was subse-
quently replaced as the second largest emitter by the countries making up the
European Union (EU).

On a cumulative basis, the United States has been the leading contributor of
carbon dioxide emissions, having emitted about 417 billion metric tons (as of
2021). The EU is second, having contributed about 367 billion tons. Next comes
China, which contributed about 238 billion tons.’

Notably, as China successfully grew its economy during the past three
decades, its carbon dioxide emissions soared. In contrast, the United States
and the EU managed to slow their emissions to the point where both had peaked
by 2007. Thereafter, on an annual basis, China became the world’s largest
emitter of carbon dioxide. This has been a major reason why the global
community has continued to follow business-as-usual behavior.

More information is available about global warming political dynamics in the
United States than in China. For this reason, I concentrate on the experience of
the United States, especially the role special business interests played in pre-
venting the passage of cost-benefit-based climate regulation around carbon taxes
and cap and trade. However, since 2006 it is China more than the United States
and the EU that has played the bigger emissions role; going forward, it is likely
that India and other developing countries will join China in this regard.

5 Before 1989 EU emissions were larger than those from the United States, but the nations currently
making up the EU did not constitute a single political entity.
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Developing countries can rightly feel that they should not be doubly penal-
ized. They contributed only minimally to cumulative GHG emissions, but
disproportionately suffer the impact from past emissions by the developed
world, and they ask why they should now be prevented from improving the
material living standards of their populations, which lie well below those in the
developed world. An important part of climate finance involves investments and
wealth transfers from the developed world to developing countries. The magni-
tude of these investments and transfers will to a large extent be determined in
the political arena, and these will be critical for future global emission rates.

1.5 Synopsis

In concluding this section, I note that readers who are interested in a synopsis of
what follows can find a short summary in the appendix to this section.

2 Fear Based on Scientific Models of Global Warming

Fear is an emotion that people and animals feel when they sense danger. Fear is
typically a response to a stimulus, an alarm warning, suggesting a potential
threat.

Typically fear heightens attention to surroundings, inducing a search for
threats, an evaluation of the magnitude of potential threats identified, an assess-
ment of possible fight-or-flight responses, and the transmission of an alert to the
motor cortex to prepare for an imminent response if necessary.’

In this section I describe some of the early scientific work investigating what
global warming is and what climate scientists suggested that there is to fear.
This discussion will set the stage for future sections about the global commu-
nity’s fight, flight, or freeze response to warnings about global warming.

For behavioral reasons, most of the time I choose to use the phrase “global
warming” in place of “climate change.” This is because, in 2002, political
consultant Frank Luntz recommended the reverse to President Bush, meaning
that “climate change” should be used in place of “global warming.” Luntz’s
recommendation was intended to blunt political support for reducing carbon
emissions. In a memorandum to the president, Luntz wrote:’

It’s time for us to start talking about “climate change” instead of global
warming ... “Climate change” is less frightening than “global warming.”
As one focus group participant noted, climate change “sounds like you’re

® Physiologically, fear involves the activation of the amygdala followed by a change in hormonal
balance, with an increase in steroid hormones such as adrenalin, cortisol, and testosterone.

7 Frank Lutz, Memorandum to Bush White House: “The Environment: A Cleaner Safer, Healthier
America” (2002). www.sourcewatch.org/images/4/45/LuntzResearch.Memo.pdf.
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going from Pittsburgh to Fort Lauderdale.” While global warming has cata-
strophic connotations attached to it, climate change suggests a more control-
lable and less emotional challenge.

i)

Luntz’s remarks, especially about “emotional challenge,” clearly pertain to
the psychology of fear. In this regard, I would highlight two psychological
concepts, “framing” and “affect markers,” that are relevant to his remarks.
“Framing” is a term that psychologists apply to how issues and decision tasks
are described, and they emphasize that changes in framing alone can impact the
choices people make.® “Affect” is a term that psychologists use to describe
emotions, positive or negative, and how strong they are.

The reframing of “global warming” as “climate change” was psychologically
powerful and contributed to global emissions following a business-as-usual
emissions trajectory.

In respect to Luntz’s phrase “catastrophic connotations,” consider what
scientists had been saying about global warming during the prior twenty-five
years, beginning with a major report released in 1979.

2.1 The Charney Report, 1979: Cause for Concern

In 1979 the US National Academy of Sciences issued a report entitled “Carbon
Dioxide and Climate: A Scientific Assessment.” This report came to be called
the Charney report as its team of authors was led by Jule Charney, a highly
respected meteorologist from the Massachusetts Institute of Technology.” The
concern about anthropogenic global warming was not new, but before the
Charney report there had been no systematic approach to study it. Moreover,
at the time some scientists had proposed an opposing theory — global cooling
stemming from anthropogenic aerosol release.'’

The Charney report was delivered to the Climate Research Board, the
Assembly of Mathematical and Physical Sciences, and the National Research
Council. Its message to these bodies was stunning and stark. The world had
something to fear: growing global warming resulting from high emissions of
carbon dioxide into the atmosphere, which occurred when humans burned fossil
fuels.

8 Amos Tversky and Daniel Kahneman, “The Framing of Decisions and the Psychology of
Choice,” Science 211(30) (1981), 455-458.

° JuleG. Charney, Akio Arakawa, D. James Baker et al., Carbon Dioxide and Climate: A Scientific
Assessment. Report of an Ad Hoc Study Group on Carbon Dioxide and Climate. Woods Hole,
Massachusetts, July 23-27, 1979 (Washington, DC: National Academy of Sciences, 1979).

1% For the history leading up to this report, see Nathaniel Rich, Losing Earth: A Recent History
(New York: MCD, 2019). Rich also describes the concern about acrosols inducing a new ice age.
Jule Charney, the lead author of the report, has been described as the “father of modern
meteorology.”
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The mechanism the Charney report studied is straightforward and relatively
easy to describe and can be likened to the way a greenhouse is used to trap heat
in order to grow plants. This analogy led to the term “greenhouse effect” being
applied to global warming.

Solar radiation passes through the Earth’s atmosphere unabsorbed because of
its frequency and strikes the Earth’s surface, thereby warming it. In turn the heat
at the surface results in infrared radiation, which is directed back through the
atmosphere. Some of the infrared radiation makes its way into space, but not all,
because it has a very different frequency, which can excite the molecules of
carbon dioxide and other GHGs. Because of this, a portion is trapped by the
atmosphere, thereby adding warmth to the planet. The amount of infrared
radiation that is trapped depends on the concentration of carbon dioxide in the
atmosphere. The higher the concentration, the warmer the average temperature
of the planet.

Contained within the Charney report is the following critical sentence: “We
estimate the most probable global warming for a doubling of CO, to be near 3°C
with a probable error of = 1.5°C.”

This sentence presents, in quantitative terms, what there is to fear. The
technical term for the underlying concept is “climate sensitivity,” and it refers
to the degree to which the average global temperature of the Earth’s atmosphere
is sensitive to the atmospheric concentration of carbon dioxide.

As a general matter, global warming can be a good thing. The Earth would be
far less hospitable to human existence if the atmosphere were colder because it
did not trap infrared radiation. The fear is that the rate of fossil fuel consumption
during the industrial age has produced too much of a good thing and therefore
we have excessive global warming.''

To gain a sense of how atmospheric carbon concentration looked in 1979
when the Charney report was released, consider Figure 1. This figure displays
the history of a time series of concentration levels during the past 805,000 years.
You will see that, for almost the entire period, concentration levels varied
between 200 and 300 parts per million (ppm). Lower concentration levels are
associated with ice ages, and higher concentration levels are associated with
warming periods. Carbon dioxide ppm in 1979 was 337, having breached the
previous 300 “resistance level” in 1914.

""" Our World in Data. https:/ourworldindata.org/about. This is why all the work we ever do is made
available in its entirety as a public good. Visualizations and text are licensed under CC BY that
you may freely use for any purpose. Our data are available for download. All code we write is
open-sourced under the MIT license and can be found on GitHub.
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Global atmospheric CO2 concentration

Atmospheric carbon dioxide (C0:) concentration is measured in parts per million (ppm). Long-term trends in CO:
concantrations can be measurad at high-resolution using presansad air samples from ice coras

400 ppm
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803,720 BCE 600,000 BCE 400,000 BCE 200,000 BCE 1979

Figure 1 Time series of global atmospheric concentration.
Source: Our World in Data, NOAA, series ending in 1979.

The Charney report was first and foremost a report written by scientists for
scientists. The authors of the Charney report were careful in what they wrote.
They were clear in stating to what their estimate of 3°C refers and careful to
provide a confidence interval to characterize their subjective sense of the
precision of their estimate.

The authors of the Charney report were careful to qualify their conclusions,
writing:

In order to address this question in its entirety, one would have to peer into the
world of our grandchildren, the world of the twenty-first century. Between
now and then, how much fuel will we burn, how many trees will we cut? How
will the carbon thus released be distributed between the earth, ocean, and
atmosphere? How would a changed climate affect the world society of
a generation yet unborn? A complete assessment of all the issues will be
a long and difficult task. (pp. vii—viii)

The Charney report asks general questions, but does not focus on specific
unfavorable events that might make readers fearful. In particular, the report does
not speak about costs, damages, crop loss, deaths, or drought.

The authors of the Charney report were clear about where they were less
confident: “At present, we cannot simulate accurately the details of regional
climate and thus cannot predict the locations and intensities of regional
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climate changes with confidence. This situation may be expected to improve
gradually as greater scientific understanding is acquired and faster computers
are built.”

2.2 Hansen, 1981: Equations to Fear

The authors of the Charney report acknowledge assistance provided by James
Hansen, who at the time was at the Goddard Institute for Space Studies at the
National Aecronautics and Space Administration (NASA). The reason that
NASA engaged climate scientists was to study the climate on other bodies in
the solar system.

In 1981 Hansen was the lead author on an article entitled “Climate Impact of
Increasing Atmospheric Carbon Dioxide” that appeared in the prestigious
journal Science.'” This article, which I will call Hansen (1981), is remarkable
and quantifies the source of fear about global warming.

Hansen (1981) describes the science of the “greenhouse effect” underlying
global warming. The article reviews historical data pertaining to atmospheric
carbon dioxide concentration. It uses a series of theoretical models to analyze
these data; it discusses impacts on climate from oceans, snow, ice, aerosols, and
clouds; it examines the evidence for human-caused global warming; and it
offers hypotheses about when the impact of human-induced global warming
would become salient.

With more than forty years having passed since the publication of Hansen
(1981), it is worth reviewing the article’s methodology and hypotheses. Hansen
(1981) provided two equations to describe the greenhouse effect. The two
equations are

SomR*(1 — A) = 4nR*eT,*, and
T,= T,+ TH.

These equations have two temperature variables, 7, and 7. T, corresponds to
there being no greenhouse effect and 7 corresponds to there being a greenhouse
effect.

To understand the first equation, think of the Earth as a nearly black disc
of radius R with a razor-thin atmosphere that is being struck by energy from
the sun. The amount of solar energy per square meter is denoted by Sj.
A fraction of the solar radiation, denoted by 4 and called the “albedo,” is

12 James Hansen, David Johnson, Andrew Lacis et al., “Climate Impact of Increasing Atmospheric
Carbon Dioxide,” Science 213(4511) (1981), 957-966.
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reflected back up to the sun. The remaining fraction (/-A4) is absorbed by the
disc, which heats up."’

The energy associated with the warming of the disc leads to infrared thermal
radiation from the Earth’s surface rising from the disc. This outgoing infrared
radiation is simply a longer wavelength version of the incoming solar radiation.
The amount of energy associated with the infrared radiation is 47R°cT.* where
T, denotes the temperature of the disc measured in degrees Kelvin (K) and o is
the Stefan—Boltzmann constant.'* Notice that there is only one variable in this
expression, namely temperature 7,: all the other terms are constants. Therefore,
a rise in thermal energy can only come about because of an increase in
temperature!

The first of the two GHG equations describes an equilibrium when the
amount of infrared energy being radiated from the nearly black disc is equal
to the amount of solar energy being absorbed by the disc. When ingoing and
outgoing energy are equal, the temperature of the disc remains constant.

Rearranging the first “no greenhouse effect” equation leads to the following
expression for the equilibrium temperature:

T.= [So(1—4)/40]"/*.

To arrive at a value of T, via this equation, Hansen (1981) uses as values 4 ~ 0.3
and Sy ~ 1367 watts per square meter. Doing so yields 7, ~ 255°K, which is
approximately —18°C or —0.5°F.

The average surface temperature of the Earth lies above, not below, the
freezing temperature of water, and therefore also lies above —18°C. Hansen
(1981) states that the average surface temperature of the Earth is about 33°K
higher than 255°K, and attributes the 33°K difference to the greenhouse effect
associated with Earth’s atmosphere.

Hansen denotes the average temperature of the Earth by 7 with the difference
T, — T, being 33°K. In other words, the second GHG equation expresses this
difference as I'H. Here H (for height) represents the relevant height of the
atmosphere in kilometers (which Hansen [1981] defines as “H is the flux-
weighted mean altitude of the emission to space”). Hansen departs from the
assumption of the first equation that the Earth’s atmosphere is razor thin
(meaning of dimension zero). The other parameter in Hansen’s second equation,

'3 More generally, this equation includes a variable called emissivity, which appears on the right-
hand side as a multiplicand and takes on a value between 0 and 1. Black bodies have an
emissivity of 1 while totally reflective bodies, like mirrors, have an emissivity of 0. Hansen
(1981) treats the Earth as a black body. On another matter, the power of 4 in the first equation
appears to have been inadvertently omitted in the original article.

14 0° Kelvin, the temperature associated with zero energy, corresponds to —273°Celsius.
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I (for global warming), is the average rate of temperature increase per
kilometer.

Hansen (1981) states that /"~ 5°C to 6°C per kilometer. The greenhouse effect
occurs because carbon dioxide in the atmosphere features a “wavelength win-
dow,” whose width spans 7 to 14 micrometers.

When humans burn fossil fuels and emit carbon dioxide into the atmosphere,
they negatively impact the “window,” thereby increasing the strength of the
greenhouse effect. In theory, emissions cause an increase in /, and the increase
in I” causes an increase in 7, the temperature at the Earth’s surface. Hansen
(1981) explains that increased “atmospheric CO, tends to close this window and
cause outgoing radiation to emerge from higher, colder levels, thereby warming
the surface and lower atmosphere by the so called greenhouse mechanism”
(p. 957).

Hansen (1981) explains the effect using the analogy of a pail. Imagine a pail
half filled with water, with a hole at the bottom and a source of incoming water
at the top. The hole provides the aforementioned analogy of the carbon dioxide
window.

Suppose that the amount of inflow at the top of the pail is the same as the
amount of outflow at the bottom, so that the level of water in the pail remains
constant. This is a point of equilibrium.

Now suppose that we make the hole at the bottom of the pail a little smaller.
This is analogous to adding carbon dioxide to the atmosphere and reducing the
width of the carbon dioxide window. Temporarily, the outflow at the bottom of
the pail will decrease and the amount of water in the pail will begin to rise. The
added weight of the water will increase the amount of pressure in the pail, which
in turn will increase the rate of outflow at the bottom. The higher rate of outflow
at the bottom is the analogy for a higher surface temperature that results from
a narrowing of the window (reduction in the hole at the bottom of the pail).

Hansen (1981) begins by communicating what there is to fear from the
burning of fossil fuels. In 1880 atmospheric carbon dioxide lay in the range of
280 to 300 ppm. A hundred years later it lay in the range of 335 to 340 ppm.
Besides the burning of fossil fuels, deforestation and changes in biosphere
growth also contributed to the higher carbon dioxide concentration.

Hansen (1981) contains several forward-looking hypotheses. First, atmos-
pheric carbon dioxide concentration will reach 600 ppm in the twenty-first
century, even if growth of fossil fuel use is slow. Second, and as part of
a nested hypothesis, this doubling of carbon dioxide concentration will result
in amean warming of 2° to 3.5°C. Third, natural variability will make it difficult
to identify anthropogenic carbon dioxide warming before the end of the twenti-
eth century. Thereafter, signs of global warming will begin to appear, such as
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droughts in North America and Central Asia, erosion of the West Antarctic Ice
Sheet, melting of Arctic ice and opening of the Northwest Passage, and
a consequent worldwide rise in sea levels.

For the record, the American Southwest is experiencing a two-decade-long
drought. The levels of human-constructed lakes associated with the Colorado
River, which is the major source of water for much of this region, are down to
approximately one-third of their pre-drought levels. There is a major drought in
Central Asia. The West Antarctic Ice Sheet is indeed melting, and Arctic melt is
opening the Northwest Passage in summer. Sea levels are rising, albeit slowly."”

Keep in mind that Hansen led a group of scientists from NASA, who study
climate on other celestial bodies. Hansen (1981) tested greenhouse theory
comparing the range of conditions found on Earth, Mars, and Venus. The
paper reports:

[A]tmospheric composition of Mars, Earth, and Venus lead to mean radiating
levels of about 1, 6, and 70 km, and lapse rates of '~ 5°, 5.50°, and 7°C km !,
respectively. Observed surface temperatures of these planets confirm the
existence and order of magnitude of the predicted greenhouse effect. Data
now being collected by spacecraft at Venus and Mars will permit more precise
analyses of radiative and dynamical mechanisms that affect greenhouse
warming. (p. 958)

2.3 Sagan, 1985: Data from Venus to Fear

Carl Sagan was a brilliant astrophysicist on the faculty of Cornell University. In
addition to being a productive scholar, he was a prolific author and television
personality. Notably, he had once been a proponent of global cooling theory.
However, in 1985 he testified before Congress on the topic of global warming.
Much of his testimony repeated the messages from the Charney report and
Hansen (1981).'° However, he also spoke about what subsequent research had
revealed about the atmosphere of the planet Venus.

Sagan told the committee that Venus is about the same size as Earth, is closer
to the sun than Earth, and has a much thicker and brighter cloud cover than does
Earth. In particular, he noted that Venus’ atmosphere has a much higher
concentration of carbon dioxide than Earth’s. This is important, he said, because
the thicker cloud cover would induce a lower surface temperature on Venus than
on Earth, even though Venus is closer to the sun.

15 www.doi.gov/ocl/colorado-river-drought-conditions; https:/tinyurl.com/yc6bxaka; https://

tinyurl.com/6t9drzsr; https://tinyurl.com/2bna49dr.
16 See Carl Sagan’s 1985 congressional testimony. www.youtube.com/watch?
v=3rA8c4sqQIw&t=917s.
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Sagan went on to say that, nevertheless, Venus’ high atmospheric concentra-
tion of carbon dioxide — ninety times greater than that of Earth — offsets the
cloud cover effect. This causes a spectacular and extreme greenhouse effect,
with the result that the surface temperature on Venus is approximately 470°C,
which of course is unsuitable for life as we know it.

The climatic relationships are similar on Mars, Jupiter, and Titan (one of
Saturn’s moons), in the sense that all have atmospheres and all display some
form of greenhouse effect. Importantly, the atmospheres of these bodies are all
different in terms of chemical composition and carbon dioxide concentration.
Sagan emphasized that it has been possible to calculate these greenhouse effects
fairly accurately, and this provides important validation for the applicability of
the models climate scientists use.

2.4 Hansen, 1988: Temperature Predictions to Fear

In June 1988 it was James Hansen’s turn to generate media headlines by giving
testimony before Congress.'” His remarks foreshadowed findings that he pub-
lished two months later in an article entitled “Global Climate Changes As
Forecast by Goddard Institute for Space Studies Three-Dimensional Model.”'®

Hansen began his testimony by summarizing the three main points he wanted
to communicate. First, in 1988 the temperature of Earth was warmer than it had
been since instrumental measurements had been taken of temperature. Second,
with 99 percent certainty, the higher temperatures are the result of the green-
house effect. Third, the probability of extreme weather events, such as summer
heat waves, is discernably higher because of the impact of fossil fuels on the
greenhouse effect.

Hansen (1981) stated that “The global temperature rose by 0.2°C between the
middle 1960’s and 1980, yielding a warming of 0.4°C in the past century.” He
was cautious about being able to discern the effects of global warming during
the 1980s. His 1988 testimony makes clear he had changed his mind since 1981.

The observed warming during the past 30 years ... is the period when we
have accurate measurements of atmospheric composition . . . The warming is
almost 0.4 degrees Centigrade by 1987 relative to . . . the 30 year mean, 1950
to 1980 and in fact, the warming is more than 0.4 degrees Centigrade in 1988.
The probability of a chance warming of that magnitude is about 1 percent. So,

'7 For a description of Hansen’s political activities during the 1980s, see Nathaniel Rich, “Losing
Earth: The Decade We Almost Stopped Climate Change,” New York Times, August 1, 2018.
https://tinyurl.com/86¢xpdk4.

"% James Hansen, Inez Fung, Andrew Lacis et al., “Global Climate Changes As Forecast by
Goddard Institute for Space Studies Three-Dimensional Model,” Journal of Geophysical
Research 93(D8) (1988), 9341-9364.
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with 99 percent confidence, we can state that the warming during this time
period is a real warming trend.

In his testimony Hansen also focused on the American Southeast and
Midwest, observing that his group’s models suggested high temperatures and
low precipitation during the late 1980s and the 1990s. It is significant that for
quite some time the Southeast has been experiencing drought conditions."”

One of the most important portions of Hansen’s testimony was his pre-
dicted series for Earth’s temperature rise during the subsequent thirty years.
Figure 2 displays both the actual time series (thick black line), a confidence
interval for actual temperature to reflect measurement error, and three
representative scenarios (to the right of the vertical red bar) for the period
1990 through 2020.

1.5 Annual Meon Global Temperature Change

br Estimated Temperatures During e [ e
/,f' Altithermal and Eemion Times --‘/ »
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Figure 2 Reference scenario predictions of global temperature change.

Source: “Global Climate Changes As Forecast by Goddard Institute for Space Studies
Three-Dimensional Model.”

Concentrate on the middle prediction scenario in Figure 2, which Hansen
refers to as scenario B. The end point of this scenario reflects an approximate
0.6°C temperature increase during the thirty-year period. Scenario B is
Hansen’s best guess in 1988 about how the Earth’s temperature might evolve

9 See www.drought.gov/dews/southeast. The American Southwest is also in drought. The
Colorado River feeds Lake Mead outside of Las Vegas. As of May 31, 2022, Lake Mead was
only at 27 percent capacity.
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between 1990 and 2020, given a moderate response by humans to the threat of
global warming. Scenario A is Hansen’s best guess should emission rates
between 1990 and 2020 continue at the same rate from 1968 to 1988.
Scenario C is Hansen’s best guess should emission rates fall drastically between
1990 and 2020.

2.5 Updated Charts and Analysis to Fear

Figure 3 displays actual temperature increases for the period 1880 through
2021, updating the data presented in Figure 2. Figure 3 tells us that scenario
B in Figure 2 came closest to the actual trajectory. Notably, in line with scenario
B, the actual temperature of Earth did increase by approximately 0.6°C during
the thirty-year forecast period 1990-2000. Given the context of Hansen’s
overall predictions, this is cause for fear.”’

Figure 4, pertaining to carbon dioxide emissions, updates Figure 1 from 1979
to 2021. The spike in atmospheric concentration at the right, from below 340 to
above 410, is cause for fear.

Consider the volume of emissions between 1750 and 1988, the year of
Hansen’s congressional testimony. Because of exponential growth, it took until
just 2017, thirty years, for that volume to double. This might surprise some
readers because of a tendency known as exponential growth bias. Exponential
growth bias is the tendency to under weight the impact of exponential growth.

Taken together, Figures 3 and 4 provide support for the general contention of the
Charney report that the relationship between atmospheric carbon dioxide concen-
tration and the Earth’s temperature is positive. Given the data on carbon dioxide
emissions and the presence of exponential growth bias, this is cause for fear.

A study published in 2020 updated the climate sensitivity range proposed by
the Charney report, which stipulates that a doubling of atmospheric carbon
dioxide concentration will lead to a temperature rise between 1.5°C and 4.5°C.
The updated range is between 2.6°C and 3.9°C.”" The increase in the lower
bound, from 1.5°C to 2.6°C, is cause for fear.

In 2021 the Intergovernmental Panel on Climate Change (IPCC) released
a report that included projections of likely conditions on Earth should the

20" A minority of climate scholars contend that the evidence does not support the conclusion that
Hansen’s temperature forecast has borne out. See Ross McKitrick and John Christy, “The
Hansen Forecasts 30 Years Later.” https://tinyurl.com/58tjha3x.

https:/tinyurl.com/mr23fxxh. See Steven Sherwood, Mark J. Web, James D. Annan et al., “An
Assessment of Earth’s Climate Sensitivity Using Multiple Lines of Evidence,” Reviews of
Geophysics 58(4) (2020), e2019RG000678. https://doi.org/10.1029/2019RG000678. The
study, conducted by the World Climate Research Programme (WCRP), relied on three types of
evidence: trends indicated by contemporary warming, what is known about feedback effects that
can modify the rate of climate change, and insights gained from ancient climates.
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Figure 3 Global mean estimates of Earth’s temperature.
Source: NASA. https://tinyurl.com/mtaz3cfv

Global atmospheric CO2 concentration

Atmasphearic carbon dioxide (CO:) concentration is measured in parts per million (ppm). Long-term trends in CO:
concentrations can be measured at high-resolution using preserved air samples from ice cores,
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Figure 4 Time series of global atmospheric concentration.
Source: Our World in Data, NOAA, series ending in 2021
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temperature rise by 3°C.?” The projections describe the increased frequency of

deadly heat waves, wildfires, and downpours. As ocean temperatures increase,

the rise in ocean acidity will devastate fish populations and coral reefs. Mass

22 See IPCC Sixth Assessment Report: Working Group 1: The Physical Science Basis. www

.ipcc.ch/report/ar6/wgl /4#TS.
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extinctions will occur. Sea levels will rise, not immediately but ultimately,
reshaping entire coastlines.

Psychologically, it can be difficult to visualize what the world will be like if
the temperature rises by 3°C. People respond better to narratives than to
statistical descriptions. Media coverage of the 2021 IPCC report has tried to
help in this regard. For example, The Economist ran an article containing
a graphic video entitled “This Is what 3°C of Global Warming Looks Like.”*’

Author Nathaniel Rich (2018) provides a characterization of what is to be
feared from different degrees of warming.”* A rise of 2°C would entail the
eventual extinction of the world’s tropical reefs, an increase of several meters in
sea levels, and abandonment of the Persian Gulf. Rich notes that Hansen
described 2°C warming as “a prescription for long-term disaster.” A rise of 3°
C would bring about the emergence of forests in the Arctic and the destruction
of most coastal cities. A rise of 4°C would result in Europe being in permanent
drought, large areas of China, India, and Bangladesh becoming desert, the
Colorado River slowing to a trickle, and the American Southwest becoming
mostly uninhabitable. A rise of 5°C holds the serious prospect of human
civilization coming to an end.

In 2022 the IPCC released a report that included its most detailed assessment
of the threat posed by global warming. The report states that the global
community is underinvesting in activities that would protect cities, farms, and
coastlines from the hazards associated with global warming, especially
droughts and rising sea levels.”” The 2021 and 2022 assessments issued by
the IPCC are cause for fear, and in respect to fight or flight, the message from the
IPCC is that the global community needs to be fighting climate change much
more vigorously.

The following set of figures provide an indication of why emissions of carbon
dioxide are likely to continue globally. Figure 5 provides a comparison of
cumulative contributions of carbon dioxide emissions to the atmosphere
among several countries. Cumulatively, the United States has been the world’s
largest emitter of carbon dioxide into the atmosphere.

Figure 6 displays the time series of annual contributions of atmospheric
carbon dioxide for the four countries whose data are displayed in Figure 5.
Notably, in 2006, annual emissions in the United States peaked and the United

23 See “This Is What 3°C of Global Warming Looks Like,” The Economist, October 30, 2021.
https://bit.ly/44k2VYq. Also see Zahra Hirji, “The World Is on Track to Warm 3 Degrees Celsius
This Century: Here’s What That Means,” BuzzFeed, October 30, 2021. https://bit.ly/3scTOGJ.

24 Rich, “Losing Earth.”

%5 See the New York Times coverage of the report: Brad Plumer and Raymond Zhong, “Climate
Change Is Harming the Planet Faster Than We Can Adapt, U.N. Warns,” New York Times,
February 28, 2022. https:/bit.ly/3KLIyAM.


https://bit.ly/44k2VYq
https://bit.ly/3scT0GJ
https://bit.ly/3KLJyAM
https://doi.org/10.1017/9781009454919

https://doi.org/10.1017/9781009454919 Published online by Cambridge University Press

The Behavioral Economics and Politics of Global Warming 21

Annual CO2 emissions

Carbon dioxide (CO-) emissions from fossil fuels and industry’. Land use change is not included.
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Figure 5 Time series of annual carbon dioxide emissions for four countries — the
United States, China, India, and South Africa

Cumulative CO2 emissions
Cumulative emissions are the running sum of CO. emissions produced from fossil fuels and industry'since 1750.
Land use change is not included.
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Figure 6 Time series of cumulative carbon dioxide emissions for four
countries — the United States, China, India, and South Africa
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Annual share of global CO2 emissions

Carbon dioxide (CO-) emissions from fossil fuels and industry’. Land use change is not included.
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Figure 7 Time series of annual share of carbon dioxide annual emissions for
four countries — the United States, China, India, and South Africa

States has reduced annual emissions to its 1986 level. The situation of the EU is
similar to that of the United States.

Figure 7, which expresses annual emissions in terms of percentage of contri-
bution, suggests that, going forward, China, India, and the developing world
will be the major contributors to carbon dioxide emissions.

Figure 8 compares emissions for the four countries in per capita terms. This
figure displays the impact of the drive by developing countries to catch up to
developed countries.

For those convinced by climate scientists about the relationship between
carbon dioxide emissions and future temperature rise, the emissions momentum
from the entire global community, especially developing countries such as
China and India, is cause for fear.

2.6 Fear Stemming from the Methane Emergency

Like carbon dioxide, methane is a GHG. In 2021 the IPCC raised a red flag
about methane, pointing out that methane emissions have been responsible for
about one third of the 1.1°C increase in global temperature since preindustrial
times. Moreover, methane emission rates continue to increase, achieving their
highest values during the pandemic that began in 2020.%

26 See www.youtube.com/watch?v=jraHLXuDFAA.
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Per capita CO2 emissions

Carbon dioxide (CO-) emissions from fossil fuels and industry’. Land use change is not included.
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Figure 8 Time series of per capita contribution of carbon dioxide emissions for
four countries — the United States, China, India, and South Africa

Over a twenty-year period, methane is more than eighty times as potent
a GHG as carbon dioxide. Yet, over a period lasting twenty to thirty years,
natural processes break down atmospheric methane into carbon dioxide and
water. In contrast, the timescale for breaking down atmospheric carbon dioxide
is much longer, at least a century.

Nevertheless, it is important not to be complacent about the threat from
methane. The natural process for breaking down atmospheric methane is getting
saturated by the higher atmospheric methane concentrations. This is a concern
because such saturation will lead to even higher levels of warming. Moreover,
pools of methane rose from melting permafrost in Siberia, causing great con-
cern that large amounts of methane might be on the verge of escaping into the
atmosphere, which would exacerbate an already alarming situation.

While most of this Element focuses on carbon dioxide, I return to the issue of
methane in Section 4 and the appendix to Section 6.

2.7 Key Takeaways

The thirty-year predictions from Hansen (1988) about what global temperatures
would be in 2019 have turned out to be accurate. A similar statement holds for
the forty-year predictions Hansen (1981) made about drought in North America
and Central Asia, the melting of the West Antarctic Ice Sheet, rising sea levels,
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and the opening of the Northwest Passage in the Arctic. The accuracy of these
predictions gives credence to Hansen’s perspective. It should also engender
a strong sense of fear about what is to come as a result of the rate at which
humans burn fossil fuels.

The 2021 report from the IPCC paints an alarming picture of what is to come
should the temperature rise by 3°C. Readers need to keep in mind this picture,
featuring deadly heat waves, droughts, wildfires, floods, extinction of species,
and death of coral reefs. This picture plays a central role in the sections to
follow.

While fear is the emotion that triggers a fight-or-flight reaction, there is a third
possible response, and that is to freeze, as in “deer in the headlights.” The 2022
message from the IPCC is that the global community appears frozen as it stares
at the looming threat posed by global warming, and needs to fight. There is no
place to flee, even if humans successfully reach Mars. While annual carbon
dioxide emissions in the United States and the EU have peaked, they remain
high. Of special concern is that emissions continue to rise rapidly in the
developing world; this is indeed something to fear.

3 The Nordhaus Integrated Assessment Model

Economists use IAMs to analyze climate policy. An IAM is a microeconomic
model in which the production sector reflects the effects of global warming. The
effects are bidirectional. Economic activity involves the burning of fossil fuels
to create economic output. In turn, the state of the climate impacts the ability of
the economy to convert inputs into usable outputs, meaning outputs undamaged
by the impact of global warming.”’

In 2018 William Nordhaus received a Nobel Prize in economics for develop-
ing the first IAM to analyze global warming. Nordhaus named his model the
Dynamic Integrated Climate-Economy model and refers to it by its acronym,
DICE.”® Notably, he uses DICE to analyze two cases, a base case corresponding
to business-as-usual behavior, which I describe in further detail in what follows,
and an optimal case corresponding to the maximization of a social planner’s
objective function.

I devote this section to explaining the structure of DICE, with four objectives
in mind.

?7 One of the most important features of DICE is that it provides a framework for defining and
estimating the social cost of carbon, the basis for arriving at a cost-benefit-based global price of
carbon. This issue is discussed in Section 4.

28 The DICE model is developed in Nordhaus, Managing the Global Commons. Elaboration can be
found in Nordhaus and Sztorc, DICE User s Manual. Information about the 2016 version of the
DICE model can be found in Nordhaus, “Revisiting the Social Cost of Carbon.”
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The first objective is to provide a broad overview of [AMs, the intellectual
structure which mainstream economists use to analyze global warming. Here
I endeavor to explain how economists think. In the appendix to this section,
I discuss the specific structure of DICE.

The second objective pertains to climate finance and how it is embodied
within the IAM approach. Climate finance has as its focus investments for
mitigating GHG emissions along with their associated financing.

The third objective relates to the nature of public policies to deal with
external effects associated with global warming, such as free riding and corres-
ponding market failures. At the heart of these policies is the notion of a suitable
“price on carbon.” In this respect, DICE is more than a theoretical framework.
Nordhaus built DICE in order to inform the combined acts of forecasting the
trajectory of climate finance and the setting of climate policy. In the DICE
framework, the “price of carbon” governs the degree to which emissions
abatement activity varies from the behavioral business-as-usual case.

The fourth objective is to differentiate two sets of results from DICE — those
that appear to be consistent with the perspective of mainstream climate scien-
tists, and those that appear to be inconsistent. This is important because there is
a tension between mainstream climate scientists’ warnings about global warm-
ing and the recommendations from DICE about suitable climate policy.”’
I discuss how this tension can be viewed as a continuation of the late twentieth-
century debate about population growth between scientist Paul Ehrlich and
economist Julian Simon.*’

The most recent version of DICE dates to 2016, with initial conditions from
2015. I refer to this version of DICE as DICE-2016. Based on DICE-2016, the
global carbon price from the behavioral business-as-usual case for the period
ending in 2030 is $2.69. According to DICE, this price leads to 3.8 percent of
potential emissions being abated at a cost of 0.001 percent of global output. In
contrast, in the DICE-2016 optimal case, the figures for 2030 are much higher
than the behavioral case: the carbon price is $51.17 and correspondingly
23.7 percent of potential emissions is abated at a cost of 1 percent of output.

In the appendix to this section I discuss how the components of DICE fit
together in order to provide a coherent approach to climate finance and carbon
pricing. In Section 6 I discuss how other IAMs have been built by modifying
and extending DICE. The optimal cases from these [AMs were by and large
closer to the perspectives of mainstream climate scientists than the optimal case

2% Mainstream includes the authors of the Charney report, James Hansen, Carl Sagan, and most of
the contributors to the IPCC reports.

30 See Paul Sabin, The Bet: Paul Ehrlich, Julian Simon, and Our Gamble over Earth’s Future (New
Haven, CT: Yale University Press, 2013).
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from DICE. However, DICE was the dominant [AM from the 1980s through the
first two decades of the current century. Because my aim is to identify key
psychological issues in the response to global warming, I focus heavily on
DICE for most of the Element. To the extent possible, I want to try and avoid
hindsight bias, which is the tendency to look at the past with the unwarranted
view that the unfolding of actual events was highly predictable.

In respect to consistency with the perspective of mainstream climate scien-
tists, Nordhaus built DICE so that its assumptions about climate sensitivity and
population growth are consistent with the perspectives of mainstream climate
scientists. Notably, the behavioral business-as-usual case features the tempera-
ture of the Earth increasing above 3°C by the end of the century. This is
important, although not especially surprising. Keep in mind from the discussion
in Section 2 that the 2021 report from the IPCC paints an alarming picture of
what is to come should the global temperature rise by 3°C.

In respect to inconsistency with the perspective of mainstream climate
scientists, the optimal case also features the temperature of the Earth increasing
above 3°C by the end of the century, with per capita consumption robustly
increasing over the course of this century and into the next, despite global
warming. This is important, and very surprising to those who share the perspec-
tive of mainstream climate scientists.

The inconsistency raises the question of whether Nordhaus’ assumptions are
excessively optimistic, or whether those of mainstream climate scientists are
unduly pessimistic. Optimism and pessimism are psychological biases and will
be the subject of future sections. Indeed, the analysis in those sections will build
on the framework introduced in the present section.

The state of global warming is very different in the 2020s than it was in 1979.
So too is our knowledge of human psychology. However, that psychology is
virtually the same today as it was in 1979. The question is whether our increased
knowledge of psychology will lead humans to behave more sensibly as they
respond to the increased threat posed by global warming.

3.1 Structure of DICE: General Character

Integrated assessment models focus on the manner in which the global economy
impacts the climate and vice versa. The bidirectional dynamic involves the
economy producing large quantities of industrial emissions of carbon dioxide,
which increase future atmospheric temperatures, with the rising temperatures in
turn causing major damage to the economy.

Consider the initial conditions for DICE-2016. In 2015 the $105 trillion
global economy emitted 38 gross (metric) tons of carbon dioxide into the
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atmosphere. At the time, the atmospheric temperature was 0.85°C higher than it
was in 1750. One estimate of the damage generated as a result of the higher
temperature was $0.179 trillion.”’ Decarbonization requires abatement. In 2015
there was some attempt at emission abatement, and the associated cost was
$0.001 trillion.

In 2015 the global economy consumed 74 percent of the $105 trillion it
produced as output. The remainder went to investment in capital goods, which
increased the future productive capacity of the economy.”” The increased
capital, along with a growing population and technical progress, provides the
basis for future economic growth and emissions. Future damages from global
warming will be a side effect of that growth.

In respect to climate, DICE presents a set of equations to explain the impact of
atmospheric carbon concentration on global temperature. Given the Hansen (1981)
equation for global temperature, 7, = 7, + I'H, DICE explains the temperature
transition dynamics associated with changes in /" resulting from emissions of carbon
dioxide. These dynamics involve a carbon cycle in which carbon dioxide exchanges
take place among the atmosphere, upper oceans, and deep oceans: temperatures in
all three layers are increasing.

The oceans are an important component of the global warming dynamic.
Oceans will probably play a key role in humans’ attempt to mitigate carbon
dioxide emissions, and for that reason alone it is important to include an ocean
component in the model.

Notably, the steady state of the DICE climate equations encapsulates the
mean climate sensitivity statement from the Charney report — a doubling of
carbon dioxide concentration ultimately generates an approximately 3.5°C
increase in atmospheric temperature. In respect to the global economy, DICE
presents a set of equations to explain the role of carbon dioxide emissions as part
of the investment and saving activity that underlie economic growth. The role is
bidirectional. The first direction involves carbon dioxide emissions that occur in
the act of producing output, and the DICE equations specify how much.
The second direction involves the impact of these emissions on the climate,
the subsequent increase in global temperature, and the creation of negative
feedback in the form of damage to future output. The DICE model incorporates
a set of equations to demonstrate the abatement technology required to decar-
bonize, the cost of the associated abatement, and the degree of climate damage.

The welfare of the current and future generations is impacted by the state of
the economy and the climate. The DICE model uses social welfare analysis to

31 One example of a cost would be crop failures from drought.
32 Capital goods reside in both the private and public sectors of the global economy.
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analyze how the global community should evaluate the mitigation of current
emissions in order to balance the needs of the present against those of the future.

3.2 The Microeconomic Representation of the Global Economy

In the appendix to this section I present the equations underlying DICE. In this
section I describe the microeconomic structure underlying these equations.

To study the economic aspects of global warming, Nordhaus applies a standard
microeconomic framework. A production sector, described by a production pos-
sibilities frontier (PPF), reflects the state of the Earth’s climate and market prices.
In this framework profit-maximizing firms make decisions that determine the
economy’s “location” on the PPF, and with it, climatic conditions on Earth.

In DICE-2016, there is only one type of physical commodity, but it is
intertemporal, meaning that consumption of the commodity is time stamped.
For example, consider two commodities — consumption at date ¢ and consump-
tion at date # + 1. Figure 9 depicts (the projection) of a PPF, relating consump-
tion at two consecutive dates.

At date ¢, the price of date ¢ consumption will be set to 1, and the price of date
t + 1 consumption will be a discount factor having the form 1/(1 + rate of
interest). A positive rate of interest will lead the price of date ¢ + / consumption
to be less than /. The higher the interest rate, the cheaper will be date ¢ + 1
consumption relative to date # consumption. Remember that profit-maximizing
firms will tilt production toward higher-priced commodities, which means that
the production sector invests in order to increase future production when
interest rates are relatively low.

Production Possibilities Frontier

consumption
period t+1

consumption
period t

Figure 9 Graph of a production possibilities frontier. The horizontal axis
represents quantity of consumption at date # and the vertical axis represents
quantity of consumption at date 7 4 1.
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I should mention that the PPF displayed in Figure 9 implicitly assumes that
capital stock can be consumed just like output. If capital is nonconsumable and
can only decrease through depreciation, then consumption at date 2 will have
a positive lower bound rather than a zero lower bound.

3.3 The General Character of the DICE-Optimal Solution

The main purpose of DICE is to provide insight about the character of a cost-
benefit-based climate finance strategy for the global economy. Nordhaus does
so by identifying an optimal solution for the DICE model, which involves
maximizing a social welfare function subject to production constraints for the
global economy. In the model social welfare is utilitarian, and the production
constraints describe how the productive capabilities of the economy and the
climate coevolve over time.*”

Figure 10 is a typical microeconomic chart displaying the character of the
optimal solution. The axes in Figure 10 are consumption in the five-year period
ending in 2020 (horizontal axis) and consumption in the five-year period ending
in 2025 (vertical axis). More generally, DICE models the trade-offs between
present and future generations, not just the same generation in successive
periods. However, for the purpose of exposition, I focus on successive periods
for now.

In the model decisions about consumption, savings, capital accumula-
tion, and emissions abatement lead to movements along the PPF. Each
point along the PPF leads to a level of social utility. Finding the optimal
solution entails finding the point along the PPF that is associated with the
highest social welfare indifference curve. This optimal solution lies at the
point of tangency between the PPF and the highest achievable indiffer-
ence curve.

In DICE each time period consists of five years, with the date label connoting
the fifth year of the period. For example, period 2020 comp