11 CLIMATE CHANGE, THE ECONOMY, AND THE SOCIAL COST OF
CARBON

Chapter summary

Economists have long considered climate a relatively unimportant factor in economic growth, a view
echoed by the IPCC itself in ARS. Mainstream climate economics has recognized that CO»-induced
warming might have some negative economic effects, but they are too small to justify aggressive
abatement policy and that trying to “stop” or cap global warming even at levels well above the Paris
target would be worse than doing nothing. An influential study in 2012 suggested that global warming
would harm growth in poor countries, but the finding has subsequently been found not to be robust.
Studies that take full account of modeling uncertainties either find no evidence of a negative effect on
global growth from CO, emissions or find poor countries as likely to benefit as rich countries.

Social Cost of Carbon (SCC) estimates are highly uncertain due to unknowns in future economic
growth, socioeconomic pathways, discount rates, climate damages, and system responses. The SCC is
not intrinsically informative as to the economic or societal impacts of climate change. It provides an
index connecting large networks of assumptions about the climate and the economy to a dollar value.
Some assumptions yield a high SCC and others yield a low or negative SCC (i.e. a social benefit of
emissions). The evidence for or against the underlying assumptions needs to be established
independently; the resulting SCC adds no additional information about the wvalidity of those
assumptions. Consideration of potential tipping points does not justify major revisions to SCC
estimates.

11.1 Climate change and economic growth

11.1.1 Overview

It has long been noted that economies tend to do poorly in very cold and very hot regions, with the
optimum somewhere in between (Nordhaus, 2006). This implies that warming will tend to be harmful in
hot regions but beneficial in cool ones. Temperature-sensitive economic activity migrates, whenever
possible, to where it is best suited, and society adapts to the local climate. Based in part on these
observations, in 1992 Thomas Schelling, then President of the American Economic Association, argued
that any effects of climate change on U.S. economic activity would be small relative to the many other
changes that would happen (Schelling 1992).

... Manufacturing rarely depends on climate, and where temperature and humidity used to make a
difference, air conditioning has intervened. When Toyota chooses among Ohio, Alabama, and
Southern California for locating an automobile assembly, geographical considerations are
important, but not because of climate... Finance is little affected by climate; similarly for health
care, or education, or broadcasting. Transportation can be affected, but improvements in all-
weather landing and take-off in the last 30 years are greater than any differences that climate makes.
If the average effect is a warming, iced waterways and snow removal may decline in importance.
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Construction is affected, mainly by cold, and if the average effect is in the direction of warming,
construction may benefit slightly.

It is really agriculture that is affected. But even if agricultural productivity declined by a third over
the next half century, the per capita GNP we might have achieved by 2050 we would achieve only
in 2051. ...

I conclude that in the United States, and probably Japan, Western Europe, and other developed
countries, the impact on economic output will be negligible and unlikely to be noticed.

Thirty years later virtually the identical point was made by the IPCC itself in the Fifth Assessment Report
(Arent et al. 2014, emphasis added)

For most economic sectors, the impact of climate change will be small relative to the impacts
of other drivers. Changes in population, age, income, technology, relative prices, lifestyle,
regulation, governance, and many other aspects of socioeconomic development will have an impact
on the supply and demand of economic goods and services that is large relative to the impact of
climate change.

Evidence since ARS does not change this assessment. Mohaddes et al. (2023) found that warm weather
shocks have small negative effects on U.S. state-level output but not income, while cold weather shocks
negatively affect both and the impacts are about four times larger, implying a shift to warmer conditions
would, if anything, yield a net economic benefit for the U.S.

These statements are validated by experience. Since 1900, the average global surface temperature
anomaly warmed 1.3°C, about as much as the [IPCC predicts will occur in the next century under a moderate
emissions scenario. But even as the globe warmed and the population quintupled, humanity prospered as
never before. For example, global average lifespan went from thirty-two years to seventy-two years,
economic activity per capita grew by a factor of seven, and the death rate from extreme weather events
plummeted by a factor of fifty. Climate change damage projections typically refer to reductions in how
much life will improve for humanity, they don’t state that it will get worse in an absolute sense (O’Neill
2023).

While extreme weather events are costly, in all modern economies they are becoming steadily less and
less important (Formetta and Feyen, 2019). Since 1990 weather-related disaster losses have declined as a
proportion of global GDP (Pielke Jr , 2018, 2020) as have mortality risks (Formetta and Feyen, 2019).
While economic weather-related insurance payouts are rising, this is fully explained by the growth in the
size of the economy and the value of the insured asset stock. Past increases in episodes extreme weather
have not had a significant effect (positive or negative) on the market value of insurance firms (Hu and
McKitrick, 2015). Nor have past extreme weather events had a significant effect on U.S. banks’
performance (Blickle ef al., 2021); warming has even been shown to be beneficial for the finance and
insurance sector (Mohaddes et al. 2023). Figure 11.1 below is illustrative. For these reasons, economists
have long been reluctant to endorse attempts to “stop” climate change or even aggressively reduce GHG
emissions because the costs would not be worth it. As one critic of the economics of climate policy put it
(Storm 2017):

Mainstream climate economics takes global warming seriously, but perplexingly concludes that the
optimal economic policy is to almost do nothing about it... The contrast is striking. While climate
science is sending out loud-and-clear messages that fossil-fuel disinvestment must start now, letting
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go of coal and oil and diverting resources into renewable energy technology systems, to keep
warming below the 2°C limit (IPCC 2014), mainstream climate economics claims that overly
ambitious climate targets will unnecessarily hurt the economy and immediate de-carbonization is
too expensive. Most climate economists thus recommend humanity to just wait-and-see.

Global Weather Disaster Losses as Percent of Global GDP: 1990-2023
(Sources: Munich Re,World Bank & updated from Pielke 2019) TH B
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Figure 11.1 Global weather losses as a fraction of GDP. Source: Pielke Jr. (2023)

The mainstream economics position on the climate policy question is best represented by the findings
over the past three decades from Integrated Assessment Models (IAMs) of climate change policy, for which
Yale economist William Nordhaus was awarded the 2018 Nobel Memorial Prize in economics. IAMs
combine economic, climate, and social data into a unified framework for simulating climate damages and
evaluating the optimal policy response (Resources for the Future, 2025). Nordhaus’ work has generally
supported modest global climate policy, with aggressive measures largely deferred to later in the century.
Nordhaus developed the so-called Dynamic Integrated Model of the Climate and Economy model, or DICE,
in the early 1990s (Nordhaus, 1993) to study the interaction between climate change, climate policy, and
global economic growth over long times. DICE assumes global emission control can be coordinated at no
cost and asks what the optimal policy target should be. The climate component of the DICE model is based
on simplified climatological modeling. The version of DICE at the time of Nordhaus’ Nobel Prize award
was described in Nordhaus (2018); it had a climate sensitivity parameter of 3.1°C for CO, doubling,
consistent with the best estimate in IPCC reports (3.0°C).

The baseline (no policy) scenario incurs only $0.4T in global abatement costs and leads to $134.2T
(trillion dollars) in global climate damages for a total cost of $134.6T. The climate model component of
DICE projects 4.1°C warming by 2100 relative to preindustrial temperatures. Note that this is a higher
estimate of warming than many IPCC climate models.

The Optimal Policy scenario barely deviates from the business-as-usual path. It aims for +3.5°C
warming, in other words we modestly scale back fossil fuel use and otherwise just live with almost all the
warming. This suggests that most CO, emissions are less harmful than the policies that would be necessary
to abate them. Trying to prevent warming causes costs quickly to outstrip the benefits. Pursuing a goal of
capping warming at 2.5°C creates total costs of $177.8T, which is $43.2T worse than doing nothing at all.
Nordhaus didn’t evaluate trying to reach a Paris-type target of 1.5°C warming but it would be even more
costly.
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A subsequent edition of DICE includes higher assumed damages from warming which, not surprisingly
leads to more aggressive policy recommendations, as explained in the section below on the Social Cost of
Carbon.

11.1.2 Empirical analysis of climate change and economic growth

Many other studies have used econometric methods applied to historical data, instead of [AMs, to study
the potential impact of climate change on economic growth. Dell et al. (2012, herein DJO12) was an
influential study that used a multi-country panel of national-level data spanning 1950 to 2005, in which
they matched climate and economic data by averaging temperature from the local grid cell level up to the
national level using population weights. They found that warming yields an insignificant positive effect on
income growth in rich countries but a significant negative effect in poor countries. Moore and Diaz (2015)
modified the DICE model to take that finding into account and concluded that it implied a dramatically
higher Social Cost of Carbon due to the compounding effects of income loss over time.

A large subsequent literature has debated the robustness of the DJO12 findings. Burke et al. (2015)
analyzed a global panel with temperatures averaged up to the national level and found a negative effect on
growth from warming in rich and poor countries alike when the national average temperature is above 13°C.
Zhao et al. (2018) used the G-Econ data set of Nordhaus (2006), which breaks economic activity down to
the grid cell level, replicated DJO12-type results on the same subset of countries as used in DJO12 but then
showed that on the full global sample warming increases growth in rich countries and poor countries alike,
though the positive effect in the latter group is confined to where local temperatures are below about 16°C.
Greper et al. (2021) developed a regional economic data set for 1,542 sub-national regions around the world
between 2005 and 2015 and found temperature had no effect on growth. Yang et al. (2023) updated the
DJO12 data set and applied an estimator robust to mixed sample frequencies, finding that while temperature
shocks exerted a temporary effect on income levels, they did not have a significant lasting effect on growth
rates.

Newell et al. (2021) noted that there is no underlying theory to guide econometric model specification
in this literature. Taking into account the arbitrary choices of which explanatory variables to include, they
identified over 800 possible model specifications. Using the Burke et al. (2015) data they used an estimation
method that accounts for model uncertainty and found that the model form preferred by Burke et al. (2015),
which implied negative effects of warming on growth even in rich countries, is explicitly excluded by the
optimal model selection algorithm. Overall, they could not detect a temperature effect on GDP or GDP
growth, and they estimated the 95 percent confidence interval for the impact on global growth as of 2100
even under the exaggerated RCP8.5 warming scenario spans —86 percent to +388 percent. In other words
the net effect is likely positive but too uncertain to distinguish from zero.

Barker (2023) criticized the DJO12 assumption that countries can be grouped into fixed “poor” and
“rich” categories based on their incomes many decades ago. He noted that many countries were once poor
but became rich over time, and if this is considered the original temperature effects reported by Dell ef al.
became small and insignificant.

Berg et al. (2023) argued that countries shouldn’t be grouped into large Rich/Poor categories because
they are too heterogeneous. They instead estimated country-specific temperature response coefficients then
grouped countries with similar response coefficients into small panels. They separately estimated responses
to global and idiosyncratic local temperature shocks to better identify the climate signal in weather data.
Overall, they found countries experiencing negative effects of warming on growth outnumbered those
experiencing positive effects, but only temporarily: eventually the effects reverse such that about twice as
many countries experience a net positive growth effect. They also found global (as opposed to local)
temperature changes are much more likely to benefit growth in poor countries than rich ones. In a simulation
to 2100, even using the extreme RCP8.5 scenario, they computed the average global GDP loss would be
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only 1.9 percent compared to a scenario with no warming. That is, instead of the economy growing 400
percent it would grow 392%. The implication of Nordhaus’ earlier analysis is that trying to prevent the
warming would lead to far less than 392 percent growth.

To summarize, economists consider climate a relatively unimportant factor in economic growth, a view
echoed by the IPCC itself in the Fifth Assessment Report. Mainstream climate economics has recognized
that CO»-induced warming might have some negative economic effects but they are too small to justify
aggressive abatement policy and trying to “stop” or cap global warming even at levels well above the Paris
target would be worse than doing nothing. An influential study in 2012 suggested that global warming
would harm growth in poor countries but the finding has subsequently been found not to be robust (Tol
2024). Studies that take full account of modeling uncertainties either find no evidence of a negative effect
on global growth from CO, emissions or find poor countries as likely to benefit from it as rich countries.
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Figure 11.2: Decline in U.S. GDP per degree of warming. Source: CEA-OMB (2023)

The expectation that significant global warming would have a small impact on the U.S. economy was
acknowledged quietly by the Biden Administration, even as the President was proclaiming a climate
emergency. Figure 11.2, from a 2023 CEA-OMB report, shows the expected decrement in U.S. GDP as a
function of temperature rise. The colored lines show the results of a dozen peer-reviewed published studies
while the solid black line is their average. The figure could be summarized as “a few percent impact for a
few degrees of warming”. Given that the economy’s annual growth rate is expected to be 1-2 percent, the
impact of a warming globe on the U.S. GDP is indeed negligible.

11.2 Models of the Social Cost of Carbon

The Social Cost of Carbon (SCC) is a tool for quantifying the economic impact of carbon dioxide
emissions, helping policymakers weigh the costs and benefits of climate policies. It estimates the damage
caused by emitting one additional ton of CO., expressed in dollars. More formally, the SCC is the
discounted present value of the current and future marginal loss of economic welfare due to an additional
ton of CO2 entering the atmosphere.
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11.2.1 Estimating the SCC

Although the literature refers to “estimates” of the SCC, it is not estimated in the way other economic
statistics are estimated. For instance, data on market transactions including prices and quantities can be
used to estimate the current inflation rate or the growth rate of per capita real Gross Domestic Product, and
there are well-understood uncertainties associated with these quantities. But there are no market data
available to measure many, if not most, of the marginal damages or benefits believed to be associated with
CO; emissions, so these need to be imputed using economic models.

For example, an influential component of some SCC calculations is the perceived social cost associated
with a changed risk of future mortality due to extreme weather. There is no market in which people can
directly attach a price to that risk. At best economists can try to infer such values by looking at transactions
in related markets such as real estate or insurance, but isolating the component of price changes attributable
to atmospheric CO; levels is very difficult.

Economists use IAMs to compute the SCC. Two of the best-known are the Climate Framework for
Uncertainty, Negotiation and Distribution (“FUND”, Tol 1997) and Nordhaus’ DICE. EPA (2023)
introduced new ones for its recent work. [AMs embed a “damage function” or set of functions relating
ambient temperature to local economic conditions. The assumptions embedded in the damage function will
largely determine the resulting SCC. IAMs also assume a long-term discount rate or, as in DICE, compute
the optimal internal discount rate as part of the solution.

One approach to developing a damage function is to begin with estimates of the costs (or benefits) of
warming in specific sectors in countries around the world and aggregate up to a global amount. This was
the approach used in FUND. An alternative approach is to develop a simple equation that penalizes global
income according to a simple quadratic function of the average global temperature. This approach was used
in DICE. In the case of the FUND model many hundreds of parameters had to be selected, whereas in DICE
only three were needed and were originally chosen to assign a predetermined penalty (1.2%) to global
output as of 3°C warming, with a quadratic term implying that damages grow with the square of the global
average temperature anomaly. Barrage and Nordhaus (2024) recently changed the parameters to increase
the penalty at 3°C to 1.6%, and added a discrete additional 1.0 percent GDP penalty at 3°C warming to
account for “tipping points” (discrete large-scale environmental changes triggered by crossing a warming
threshold) and a “judgmental adjustment” of 0.5 percent for excluded impacts at 3°C warming. Not
surprisingly the newer version of DICE generates much higher SCC estimates than before.

The concepts of estimation and uncertainty do not readily apply to SCC calculations. No amount of
data collection can change the fact that many components of the SCC are unknown and rely on judgment
and opinion based on knowledge of the underlying literature on the physical effects of climate change. SCC
calculations are thus best thought of as “if-then” statements: if the following assumptions hold, then the
SCC is $X per tonne. The list of ‘if” statements includes the premise that the world’s climate and economy
work according to the representation in the IAM. One way this might fail to hold is in the timing of warming.
Every IAM assumes a value of the Equilibrium Climate Sensitivity (ECS), which controls the amount of
warming that results from CO, emissions and can be freely varied for the purpose of generating a
distribution of SCC values associated with uncertainties over ECS. But as Roe and Baumann (2013) pointed
out, time-to-equilibrium increases with the square of ECS, so an upward adjustment of the ECS parameter
without an appropriate slowing down of the adjustment process can yield distorted present value damage
estimates. In particular, the upper tail of warming associated with some commonly-used ECS distributions
is physically impossible for even a thousand years into the future (Roe and Baumann 2013) yet in an [AM
would be realized within a couple of centuries. Failure to align ECS with time-to-equilibrium will lead to
an overestimate of the SCC value.
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11.2.2 Variations in the SCC

Every level of the IAM calculation includes assumptions, some more influential than others. Key
assumptions include the following.

e The discount rate: Climate damages accrue over a long time horizon and costs a century or two in
the future need to be discounted to the present. The higher the discount rate the smaller the present
value of future damages and vice versa. The discount rate represents the opportunity cost of
spending money today rather than investing it and then having more to spend tomorrow. Some
economists have argued for the use of very low discount rates in SCC calculations, resulting in
policy recommendations that favor relatively large immediate investments in CO, emission
reductions. The downside is that other investments could potentially earn a larger rate of return for
society.

e Equilibrium Climate Sensitivity: IAMs have customarily employed a value of 3.0°C or 3.1°C
following the IPCC’s guidance. The most recent data-driven ECS values tend to be lower than this
(see Chapter 4). Dayaratna et al. (2017, 2020, 2023) have shown that use of lower empirically-
derived ECS values dramatically lower the resulting SCC estimate, even when low discount rates
are used.

e Damage function coefficients: [AMs assume CO, and warming cause net harms that increase
exponentially with temperature. More recently, IAMs have also incorporated effects from assumed
potential climate tipping points. The FUND model took limited but explicit account of CO,
fertilization effects in agriculture. Since the coefficients were selected prior the publication of the
current evidence of global greening and the magnitude of benefits to crops from elevated CO; (see
Chapters 2 and 9) the growth effects are likely understated. The DICE model (and others) did not
explicitly include any CO, fertilization benefit, except to the extent it was taken into account in the
literature consulted when picking the damage function coefficients. The damage function in FUND
contains a region in which low warming yields net benefits in many regions, a finding which is
supported by econometric models of warming and growth (Berg et al. 2023) and econometric
simulations of agricultural changes (McKitrick 2025). The DICE damage function, by construction,
rules out net benefits at any warming level.

e Emission scenarios: IAMs generate SCC estimates that increase as the pre-existing concentration
of CO; increases. Consequently the value of damages later in the century will be higher, depending
on the assumed baseline emissions over the coming decades.

Some [AMs (such as DICE) include the cost to the economy of reducing CO» emissions in order to
identify the SCC along an optimal growth path. If CO, emission reductions are assumed to be inexpensive,
then the model will conclude that the optimal policy should aim for deeper emission cuts and vice versa.

It is informative to ascertain whether SCC results are invariant to changes in some assumptions. But
when different assumptions result in higher or lower SCC values, the change in the SCC value does not
provide prima facie evidence about the validity of the assumptions. For example, in 2023 the U.S.
Environmental Protection Agency raised its preferred SCC value about 5-fold over the estimates it had
issued ten years earlier. This is not because new data had been collected or better mathematical methods
had been invented, but because new assumptions had been used, and the validity of those assumptions was
a separate question. Tabulations on EPA (2023) p. 81 show that if assumptions similar to earlier analyses
had been applied, the results would not have materially differed from before. One new assumption was that
global agricultural damages were far higher than previously believed, based on an analysis in Moore et al.
(2017). But as discussed in Chapter 9, McKitrick (2025) showed that Moore et al. (2017) had used a
database in which half the CO; change observations were missing. When as many of those observations as
possible were recovered from underlying sources and the analysis was rerun, the projected crop yield losses
disappeared and turned into gains at all warming levels. Hence the portion of the EPA’s SCC revision
attributable to agricultural yield losses was unwarranted.
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11.2.3 Evidence for low SCC

Chapter 2 reviewed evidence on climate change and greening, and Chapter 9 looked at climate change
and U.S. agriculture. Evidence shows that CO, fertilization has a stronger beneficial effect on agriculture
than was known at the time that IAMs like DICE and FUND were parameterized. Haverd et al. (2020)
found the observed CO; fertilization rate has been almost double what had been predicted by crop models.
Dayaratna et al. (2023) used the updated empirical ECS distribution estimate of Lewis (2022), which
assimilates modern instrumental and paleoclimatic temperature records, and allowed for a 30 percent gain
in the CO; fertilization benefit in the FUND model, and found that, even at a low discount rate of 2.5
percent, the median SCC as of 2050 is only $18.67, with a 24 percent probability of the true value being
negative. At a five percent discount rate the median SCC value is negative until the mid-2040s and at 2050
was only $0.37 with a 49 percent probability of being negative. Thus, under reasonable assumptions a
mainstream [AM using updated scientific inputs yields evidence consistent with the SCC not being
significantly greater than zero.

It should also be noted that the SCC is focused on the social costs of CO» emissions from fossil fuel
use. It is not intended to measure the private marginal benefits to consumers and society from the
availability of fossil fuels. Public willingness to pay for fuels of all types indicates the value to society of
reliable, abundant fossil energy. Tol (2017) estimates that the private benefit of carbon is large relative to
the social cost. This can be illustrated by noting that the price of a gallon of gas indicates the marginal value
to the consumer of the fuel. Suppose we assume a relatively high Social Cost of Carbon of, say, $75 per
tonne. Deflated by a MCPF* value of 1.5 that would result in a carbon tax of $50 per tonne, which equates
to about 44 cents per gallon of gas (Lavelle, 2019). A pre-tax price of $3.00 per gallon would imply the
marginal social benefit of the fuel is nearly seven times the marginal social cost.

11.2.4 Tipping points

SCC calculations typically consider gradual impacts of a warming climate, such as slowly melting
glaciers and increasing average temperature. A driver of potentially high values of the Social Cost of Carbon
(SCC) is the introduction into models of discrete catastrophic outcomes associated with abrupt changes
(Dietz et al., 2021). They are often referred to as “tipping points.”

The term “tipping point” mingles two different physical concepts that pose different research
challenges. Many physical systems are inherently stable unless acted upon with sufficient external energy.
For example, an ice cap might remain intact over a wide range of temperatures but once the temperature
crosses the 0°C threshold it melts. Such discontinuities are ubiquitous in nature and require an external
force. Whether the force needs to be large relative to the size of the system depends on the underlying
stability of the system.

A different type of tipping point is called a bifurcation and arises from the study of the internal
dynamics of nonlinear systems (Crawford, 1991). Many systems have been observed to have more than one
equilibrium point and can move between them with minimal or no external influence. For example, a
weather system might have two different equilibrium states: one calm and one with a tornado. A transition
from one to another can happen either with no external force or with a minuscule change, such as a flap of
the proverbial butterfly’s wings (Shen ef al. 2014). The term “tipping point” is sometimes used to mean a
bifurcation of this type and implies instability inherent in the system itself, which is not necessarily
dependent on outside forces. It depends, instead, on parameters of the system taking values that support the
emergence of bifurcations (Crawford, 1991).

The two different concepts imply different research questions. Regarding the first we are interested in
whether components of the climate system are susceptible to abrupt discontinuities in response to

4 Marginal Cost of Public Funds: the optimal carbon tax rate is the SCC divided by the MCPF (Sandmo 1977).
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sufficiently large anthropogenic forcing. Regarding the second we are interested in whether the Earth’s
climate system has inherent bifurcations that imply the possibility of abrupt transitions with or without
external forcing.

Models have been developed that imply the second type is a possibility. Kypke et al. (2020) presented
a simple climate model in which the GHG concentration is one of the parameters that controls the
emergence of bifurcations of the Arctic climate to one with both cold and warm equilibria. If sufficiently
high GHG forcing combined with a sufficiently high rate of ocean heat transport are imposed a bifurcation
becomes possible. More generally GCMs have been observed to contain bifurcations and multiple equilibria
(Brunetti and Ragon, 2023).

The possible existence of bifurcations in the Earth’s climate system implies abrupt transitions are
possible, not just in response to large forcing but also to small perturbations. This places tipping points into
the category of low-likelihood and potentially catastrophic events, such as large meteor strikes. A key
question to ask is whether those kinds of tipping points can be predicted. Current research has not resolved
that question (Dakos et al., 2024) and indeed might not be able to since one implication of the “butterfly
effect” is the existence of predictability boundaries of nonlinear systems (Palmer et al., 2014). It is therefore
not obvious how to incorporate such possibilities into SCC calculations. Small variations in assumptions
will lead to arbitrarily large variations in the resulting SCC with no grounds for choosing among them. If
such tipping points are possible the most appropriate stance for economic policy is to maximize resilience
to any form of external catastrophe since it is unlikely we could predict it or prevent it from happening.

ARG6 (WGI, Chapter 1) focuses mainly on the first type of tipping point, namely an abrupt change in
response to external forcing. This is also the meaning associated with popular usage of the “tipping point”
concept in discussions of climate change (see https://report-2023.global-tipping-points.org/what-is-a-
tipping-point/ for example). As summarized by ARG, there is evidence of abrupt change in the paleoclimate
record, and some of these events have been interpreted as tipping points. Some projections with Earth
System Models for example have produced tipping points such as Amazon forest dieback in response to
specified values of CO» concentration or temperature increases.

The alarm surrounding climate tipping points is reflected by The Global Tipping Points Report that was
launched at COP28 on 6 December 2023 (Lenton et al., 2023). It identifies more than 25 parts of the climate
system said to constitute tipping points. What gets classified as a climate “tipping point” is a moving target.
The most common examples in the literature and assessment reports include: Greenland ice sheet
disintegration, West Antarctic ice sheet disintegration, summertime disappearance of Arctic sea ice,
Amazon rainforest dieback, coral reef dieoff, thawing of permafrost and methane hydrates, Atlantic
Meridional Overturning Circulation collapse, boreal forest shift, West African monsoon shift, and Indian
Monsoon shift.

All such tipping points require a certain amount of system instability to exhibit an abrupt transition in
response to warming. For this reason, there seems to be very little to discriminate between a tipping event
and natural climate variability. Natural climate variability has in the past produced shifts in the West African
and Indian monsoons, Amazon forest and coral reef dieback, and disintegration of parts of the Greenland
and West Antarctic ice sheets. These impacts can reverse on the decadal and century timescales associated
with natural climate variability and ecosystem responses.

Some abrupt changes are potentially more consequential, including collapse of the West Antarctic ice
sheet and collapse of the Atlantic Meridional Overturning Circulation (AMOC). AR6 WG1 Summary for
Policy Makers states:

The Atlantic Meridional Overturning Circulation is very likely to weaken over the 21st century for
all emission scenarios. While there is high confidence in the 21st century decline, there is only low
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confidence in the magnitude of the trend. There is medium confidence that there will not be an
abrupt collapse before 2100. (C.3.4)

There is limited evidence for low-likelihood, high-impact outcomes (resulting from ice-sheet
instability processes characterized by deep uncertainty and in some cases involving tipping points)
that would strongly increase ice loss from the Antarctic Ice Sheet for centuries under high GHG
emissions scenarios (e.g., SSP5-8.5). (B.5.2)

For SCC calculations, the research question implied by this type of tipping point is whether such events
have been observed in the past in climate conditions similar to what we currently experience or will in the
near future. AR6 finds little evidence for impending collapse of the Atlantic Meridional Overturning
Circulation or the West Antarctic ice sheet. It finds there is no tipping point associated with Arctic Sea ice
(AR6 Technical Summary p. 76)

Dietz et al. incorporated several potential tipping points (abrupt changes) into an SCC model and found
they added about 25 percent to the estimate, mainly associated with thawing permafrost and release of
methane hydrates. However, the IPCC considers this scenario very unlikely (AR6 Technical Summary p.
107).

In summary, there might be unknown bifurcation tipping points that are associated with natural climate
processes, but this possibility does not translate into specific guidance on the SCC. There are potential
abrupt change points in the climate system in response to warming, although the IPCC assigns low
probabilities to most, including the largest ones. When these have been considered, the result is only a
modest increase in the SCC value in the 21 century.

11.2.5 Are there alternatives?

It is increasingly being argued that the SCC is too variable to be useful for policymakers. Cambridge
Econometrics (Thoung, 2017) stated it’s “time to kill it” due to uncertainties. The UK and EU no longer
use SCC for policy appraisal, opting for “target-consistent” carbon pricing (UK Department for Energy
Security and Net Zero 2022, Dunne 2017). However, the uncertainty of SCC estimates doesn’t mean that
other regulatory instruments are inherently better or more efficient. Many emissions regulations (such as
electric vehicle mandates, renewable energy mandates, energy efficiency regulations and bans on certain
types of home appliances) cost far more per tonne of abatement than any mainstream SCC estimate, which
is sufficient to establish that they fail a cost-benefit test.
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