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Abstract. The standard models used by economists to determine optimal climate change pre-
vention policies make restrictive assumptions that allow for precise policy recommendations.
This paper argues that an “optimal” climate change prevention policy would likely look dras-
tically different if these models included more realistic assumptions regarding low probability
climate catastrophes and societal risk aversion. Therefore, these models should not be used to
justify specific climate change prevention policies.

1. Introduction

Events of the past few decades have proven that relying on financial models that do not
account for worst case scenarios can be dangerous. The $4.6 billion collapse of the hedge fund
Long Term Capital Management in 1998 was precipitated by the Asian Financial Crisis. The
downfall of Lehman Brothers and Bear Stearns in 2008 stemmed from the collapse of the U.S. real
estate market. The complex computer models used by these once powerful and respected firms
were useless in preventing massive destructions of wealth once confronted with the occurrence
of low probability catastrophes. In retrospect, more attention should have been paid to the
limitations of the financial models used by these firms.

Economists use integrated assessment models (“IAMs”) to determine the optimal policy re-
sponse to climate change. These are extremely complex and computationally burdensome mod-
els of the global economy that translate the financial and ecological impacts of climate change
damages and prevention efforts into costs and benefits to society. The output of an IAM is an
optimal level of abatement spending to prevent climate change, which can be converted into
an optimal tax on carbon dioxide. IAMs have been developed by some of the most renowned
and accomplished economists in the world, and they represent tremendous advancements in our
ability to model the impacts of climate change. The results of integrated assessment models
have led many economists to support particular levels of climate change prevention.

However, many of the assumptions underlying the predictions of the IAMs are not well un-
derstood. The objective of this paper is to display one major weakness of integrated assessment
models of climate change. Simply put, this paper shows that the results of these models are too
imprecise to lead to meaningful policy recommendations.

It has been well established that the standard IAMs in the literature ignore the potential
for the occurrence of the most severe climate catastrophes, even as the evidence builds that
we may be approaching “tipping points” [3] leading to events such as the collapse of the West
Antarctic ice sheet, the shutoff of the Atlantic thermohaline circulation, or an amplification
of global warming caused by biological and geological carbon-cycle feedbacks (see Fussel [10]
for a discussion of these risks). This assumption, along with extremely restrictive assumptions

Department of Economics, The University of Texas at Austin, BRB 4.122, phone 914.450.8654, email
noah.kaufman@mail.utexas.edu.

1



2 NOAH KAUFMAN

related to preference specifications, have led to the implicit result of the IAMs of a willingness
to pay to prevent these catastrophes equal to zero. In this paper I estimate a more realistic
range of risk premiums toward severe climate catastrophes. I use the best available scientific
estimates for the probability of the occurrence of a climate catastrophe and I make the most
natural generalization of the preference specification used by the IAMs. The resulting range of
risk premiums indicates that our willingness to pay to prevent climate catastrophes is less likely
to be zero than it is to be as large as the entire abatement policies prescribed by the IAMs.

The implication of this result is that there is a tremendous amount of uncertainty surrounding
any particular climate change policy recommendation. IAMs do not have the capability to pin-
point a precise optimal price for carbon dioxide, which is generally the espoused output of these
models. Economists should instead focus on either enhancing the capabilities of these models
to more appropriately account for risk aversion and climate catastrophes or find alternative
methods to improve the economic efficiency of climate change prevention policies. While it is
comforting to believe that economists have arrived at a scientific solution for an “optimal climate
change prevention policy,” this belief is dangerous if the solutions we have found are severely
biased. In preventing climate change, the stakes are too high for us to repeat the mistake of
trusting models that fail to account for low probability catastrophes.

1.1. Background and Literature Review.
The ideas of this paper closely follow Martin Weitzman’s: “On Modeling and Interpreting

the Economics of Catastrophic Climate Change” [37]. Weitzman’s paper can be described in
three parts. First, he compiles a group of reputable and recent scientific studies of potential
damages from climate change in order to arrive at a “scientific consensus” for the probability of
a severe climate catastrophe. These data display a distribution of potential climate outcomes
that has far more weight on the tails of the distribution than do the most commonly assumed
distributions, such as the normal distribution. Second, Weitzman’s “Dismal Theorem” makes a
Bayesian statistics-based argument that the uncertainty related to the variance of the underlying
prior distribution leads the posterior distribution of expected utilities to have “fat tails.” This
implies that there is an infinite expected marginal utility for one certain unit of consumption in
the future. Finally, Weitzman concludes that the results of expected utility based cost-benefit
analyses (in particular, IAMs) are “superficially precise” because they do not account for this
structural uncertainty related to the fat tails of the distribution of climate outcomes.

Weitzman’s conclusion is extremely important, but it is also controversial. For instance,
William Nordhaus, a preeminent climate change economist and a pioneer in developing inte-
grated assessment models of climate change, has published a lengthy critique of Weitzman’s
paper. Nordhaus’ response [28] focuses primarily on the applicability of the “Dismal Theorem”
to the setting of climate change. Nordhaus explains that Weitzman’s Theorem only holds un-
der very special assumptions on preferences and probability distributions. He also takes issue
with the abstraction of “infinity” in the Theorem, claiming: “If we accept the Dismal Theorem,
we would probably dissolve in a sea of anxiety at the prospect of the infinity of infinitely bad
outcomes.”

Not surprisingly, both Weitzman’s critique of IAMs and Nordhaus’ critique of the Dismal
Theorem have merit. The contribution of this paper is that it offers an alternative route from
the scientific data to Weitzman’s conclusions. Using numerical simulations to calculate risk
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premiums toward climate catastrophes, I show that the standard IAMs1 cannot possibility arrive
at solutions precise enough to support specific climate change prevention policies. Bypassing
the controversial Dismal Theorem should make the conclusions of this paper comprehensible
to a more general audience than Weitzman’s. The primary goal is to reinforce Weitzman’s
conclusions and to decrease the controversy that currently surrounds them.

The methodology of this paper most closely resembles that of Heal and Kristrom [15], which
provides simple calculations to illustrate how varying certain parameter assumptions of a model
of climate change can impact optimal abatement levels. This paper differs from Heal and
Kristrom in a number of ways. First, it focuses on the prevention of catastrophic outcomes as
opposed to the risks the standard IAMs consider. I consider a model of many periods, while
Heal and Kristrom use a two period model. Finally, instead of following the IAMs’ use of a
standard CES preference specification, the model in this paper also considers a less restrictive
preference specification. I contrast the results of the two preference specifications in order to
show precisely which assumptions of the IAMs have lead to their result of a willingness to pay
of zero to avoid climate catastrophes.

Other papers have pointed to drawbacks of IAMs. For example, Ackerman et al. [1] criticize
the models’ choice of discount rate, their practice of assigning monetary values to human lives
and ecosystems, and their failure to accurately model the process of technological innovation.
Dasgupta [7] criticizes IAMs for the implicit ethical judgments underlying the choices of model
parameters.

Many criticisms of IAMs have come in the form of alternative IAMs. Anthoff et al. [2] and
Ha-Duong and Treich [11] add uncertainty to an IAM, and, not surprisingly, arrive at far higher
“optimal” prices for carbon dioxide. The benefits of these models are that they can explicitly
display how widely the results can change with varying assumptions. The drawback of alternative
IAMs is that these papers tend to focus more on explaining their particular method of making
their model tractable, and less on the deficiencies of theirs and other methods. Readers are
undoubtedly tempted to believe the truth lies somewhere in between the results of the various
IAMs of the literature.

The advantage of the framework of this paper is that I do not attempt to solve for an opti-
mal prevention policy, or make “superficially precise” recommendations, as Weitzman calls the
recommendations of an IAM [38]. This allows me to avoid making the restrictive assumptions
that all IAMs must make in order to keep their models tractable. Specifically, compared to the
IAMs, I use a more flexible preference specification and a more realistic range of uncertainty for
key model parameters.

There is also a long literature related to generalizations of the standard CES preference spec-
ification, although not pertaining to climate change. For instance, Bansal and Yaron [6] use
Epstein and Zin [9] recursive preferences to display a potential solution to the “Equity Premium
Puzzle” of Mehra and Prescott [23]. Kaltenbrunner and Lochstoer [17] use the same prefer-
ences and long run consumption risk to jointly explain the dynamic behavior of consumption,
investment and asset prices.

The structure of the remainder of this paper is as follows. In Section 2, I explain the particular
assumptions that have led the standard IAMs in the literature to incorporate a risk premium of
zero into their models. In Section 3, I modify these assumptions and present a simple model of

1Following Weitzman [37], I will use Nordhaus’ IAM, known as “DICE,” as a proxy for the “standard IAM”
in the literature.
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climate change that allows me to estimate risk premiums toward climate catastrophes. Section
4 will conclude.

2. Why the standard IAMs assume a risk premium of zero

In his most recent book, “A Question of Balance” [26], Nordhaus recommends modest initial
climate change prevention efforts, with a relatively low optimal price (tax) of $27 per ton of
emitted carbon dioxide in 2005. The U.S. House of Representatives recently passed climate
change legislation that would set a price of carbon at approximately $25 per ton in 2025 [8],
even as NASA’s chief climate scientist calls this a “counterfeit climate bill” [12]. The European
Union’s Emission Trading Scheme has in recent years seen prices of carbon between 10 and 30
Euros per ton. The U.S. and European policies provide a level of prevention similar to what
is recommended by Nordhaus. While economists clearly do not have control over the designs
of these policies, the similarities between government actions and Nordhaus’ recommendations
provides support for the contention of Ackerman et al. [1] that the results of the IAMs have
grown in importance as a justification for conservative action to prevent climate change. The
goal of this section is to display certain reasons why environmental economists have generally
supported more modest prevention policies than scientists of other disciplines.

One reason the IAMs support these conservative recommendations is their implicit assumption
of a risk premium of zero toward climate catastrophes. In justifying this assumption, Nordhaus
declares “there is actually a negative risk premium on high climate change outcomes” [26]. In
other words, when the parameter governing risk aversion is increased in his IAM, the optimal
abatement level actually decreases. This counterintuitive outcome is primarily due to two as-
sumptions. First, the IAMs ignore the possibility of the occurrence of the most severe climate
catastrophes (the tail of the distribution of climate outcomes). Second, the preference specifica-
tion used by the IAMs make unrealistically restrictive assumptions related to risk preferences.
In what follows, I explain why these assumptions will bias the calculation of the risk premium.
In the following section, I relax both of these assumptions and calculate a more realistic range
of risk premiums.

2.1. Climate Catastrophes. The equations of an IAM are taken from a number of different
scientific disciplines - including economics, ecology, and the earth sciences - in order to track
economic growth, carbon dioxide emissions, the carbon cycle, climatic damages and climate
change policies [26]. In the face of this complexity, economists have made certain simplifying
assumptions in order to keep the models’ optimization algorithms tractable and to solve for
precise “optimal” carbon prices. In particular, Ackerman et al. [1] and Yohe [39] are among
the papers that have noted that the most widely cited IAMs do not account for the significant
uncertainty related to how the climate will respond to particular levels of greenhouse gases in
the atmosphere2. The consequence of disregarding this uncertainty is that the IAMs ignore the
small but real possibility that a severe climate catastrophe will occur.

Climate scientists, on the other hand, have not ignored the potential for climate catastrophes
in their studies (Heal [14] notes the “amazing disjunction between economists and natural scien-
tists” on this issue). In order to assess the current scientific consensus on climate catastrophes,

2In climate models this parameter is generally called “climate sensitivity,” which refers to the equilibrium
change in global mean near-surface air temperature that would result from a sustained doubling of the atmo-
spheric carbon dioxide concentration. Yohe [38] notes that “Current understanding puts the range of this critical
parameter between 1.5 degrees Celsius and more than 5 degrees Celsius.”
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Weitzman [37] accumulates 22 recent climate change studies from reputable scientific journals.
He concludes that even with the gradually ramped up prevention efforts recommended by the
IAMs, the probability of a global average temperature increase greater than 10 degrees Celsius in
the next two centuries is at least 5%, and the probability of an increase greater than 20 degrees
Celsius is at least 1%.3 According to Weitzman, temperature changes of this magnitude would
“destroy planet Earth as we know it.” In another recent paper, Quiggin [33] also identifies a 5%
probability that catastrophic damages will occur with the potential for “the extinction of most
animal and plant species and threats to the viability of our current civilization.” Finally, Baer
and Risbey [3] label 1-10% as the relevant probability range. If one or many of these climate
catastrophes were to occur, the fall in global consumption would be devastating to the degree
of threatening the viability of human life on the planet. Meanwhile, the worst case scenario
assumed by Nordhaus’ IAM has global consumption decreasing by less than ten percent from
its baseline level (in his book, Nordhaus conceeds that his model excludes the potential for the
most severe catastrophes ([26] page 28)).

Intuitively, it is clear why the use of “best guesses” for model parameters will bias the cal-
culation of optimal prevention levels when uncertainty exists - after all, the best guess of the
number of car crashes you will be involved in this year might be zero, but you will likely still
choose to pay car insurance premiums. This intuition is supported by the results of the model
below. Once the climate scientists’ estimates are included in the model, the zero risk premium
assumption of the IAMs can no longer be supported.

2.2. Preference Specification Restrictions. The IAMs employ a standard constant elastic-
ity of substitution (“CES”) utility function, in which a representative agent displays constant
relative risk aversion with a coefficient of relative risk aversion of 1 or 2. Specifically, the frame-
work used by the IAMs is an infinite horizon representative agent problem:

Social Welfare =
∞∑
t=0

βt
C1−α
t

1− α
(2.1)

where α = 1 or 2.
As in most macroeconomic models, CES preferences have been chosen because of the nice

mathematical properties they possess. In particular, as long as preferences are time separa-
ble and geometrically discounted, a representative agent must display a constant elasticity of
intertemporal substitution for a balanced growth path to exist [19]. However, the CES pref-
erences displayed in (2.1) make two restrictive assumptions that are very clearly inappropriate
for a model of climate change: 1) the constraint that the parameter governing risk aversion
must equal the parameter governing intertemporal substitution, and; 2) the assumed level of
risk aversion of the representative agent.

2.3. Problem #1 - Tying together the parameters that govern risk aversion and
intertemporal substitution. The CES preference specification restricts the coefficient of rel-
ative risk aversion (“CRRA Coefficient”) to equal the inverse of the elasticity of intertemporal
substitution (“EIS”). The CRRA coefficient governs the representative agent’s degree of aversion
toward uncertain outcomes, while the EIS governs his degree of aversion toward uneven con-
sumption paths over time. In general, tying these parameters together is an extremely strong

3These are mean global surface temperature changes relative to pre-industrial revolution levels. Warming until
now has been less than 1 degree Celsius according to the National Oceanic and Atmospheric Administration.
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assumption, and its validity has often been questioned in the literature. However, this assump-
tion is particularly problematic for a model of climate change. Climate models contain both
an exceptionally large degree of uncertainty (related to climate outcomes) and the potential for
enormous intergenerational transfers of wealth. Aversion to uncertainty and aversion to inter-
generational wealth transfers could clearly be very different, so tying these preferences together
is not a reasonable approach.

To understand why this assumption will bias the calculation of the optimal abatement level,
consider the change in preferences that results when the degree of risk aversion of the repre-
sentative agent is changed. On one hand, when the CRRA/EIS parameter is increased, the
representative agent will become more averse to uncertain outcomes, so all else equal, the op-
timal level of abatement in the model will increase. On the other hand, when consumption is
growing over time (as is always the case in IAMs because an exogenous consumption growth rate
is imposed), a higher value for the CRRA/EIS parameter will make the representative agent
more averse to transfers of wealth from the present to the future. Therefore, all else equal, this
causes the optimal level of abatement in the model to decrease.

The two effects counteract, so that the overall impact of an increase in the CRRA/EIS pa-
rameter on the optimal abatement level is ambiguous. However, the second effect does not
relate to the risk preferences of the representative agent. Therefore, with CES preferences and a
non-static model, it is impossible to isolate the impact on optimal abatement levels of a change
in risk aversion alone.

The IAMs calculate a “negative risk premium” [26] because when the CRRA/EIS parameter
is changed, the impact of changing preferences toward intertemporal substitution outweighs
the impact of changing preferences toward risk. In the model presented below, I use a recursive
preference specification that permits the disentangling of preferences toward risk from preference
toward intertemporal substitution.

2.4. Problem #2 - The level of risk aversion of the representative agent. The sec-
ond problem with the CES preference specification of (2.1) is the value chosen for the CRRA
coefficient. The assumption of a CRRA coefficient of 1 or 2 does not reflect a best guess of
actual risk preferences. In fact, the value of the CRRA coefficient in the IAMs has not been
chosen because of its representation of risk aversion. Nearly all justifications in the literature
for this parameter to be close to 1 are based on its role as the inverse of the EIS, and Barsky
et al. [5] show that risk tolerance and the elasticity of substitution are essentially uncorrelated
across individuals. Nordhaus justifies the value of the CRRA coefficient in his model due to its
impact on the discount rate (the EIS is a component of the calculation of the discount rate in
the well-known Ramsey equation)[26].

Therefore, once we allow the parameter governing risk aversion to differ from the parameter
governing intertemporal substitution, there is no longer a justification for a CRRA coefficient
of 1 or 2. An individual’s preference toward risk aversion is an empirically testable attribute.
What have empirical studies estimated for the value of the CRRA coefficient? Halek et al. [13]
summarizes the current state of the literature: “There is little consensus and few generalizations
to be drawn from the existing literature regarding the magnitude of relative risk aversion, its
behavior with respect to wealth, or its differences across demographic groups.”

Empirical studies to estimate the CRRA coefficient have employed a wide range of different
subjects and methods. For example, Barsky et al. [5] uses survey responses of hypothetical
situations to estimate a range of CRRA coefficients from 0.7 to 15.8, while Palsson [31] uses
household investment portfolio data and finds a range from 10 to 15. Kaplow [18] surveys the
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empirical literature, and concludes that “Most of this work indicates a CRRA of 2 or more, and
some...indicates that individuals’ CRRA coefficients may be above 10.” Janecek [16] cautions
that individual investors are significantly more risk averse than the level that is usually assumed
in the literature. He concludes that an average investor’s coefficient of relative risk aversion is
close to 30. Ogaki [30] finds that when consumption is close to subsistence levels, “both the
absolute and relative risk aversion coefficients could be infinite.”

Of course, even if there were a consensus for the value of the CRRA coefficient, empirical
studies could not possibly measure risk aversion toward risks analogous to the catastrophic risks
considered in this paper. Evidence suggests individuals are far more risk averse when confronted
with the possibilities of catastrophic losses than they are in less risky situations4, which indicates
that the range of uncertainty is far wider than the ranges these empirical studies have suggested.

Therefore, while the IAMs’ choice of a CRRA coefficient of 1 or 2 may be appropriate as a
measure of preferences toward intertemporal substitution, it is unjustifiable as a representation
of societal risk aversion toward climate change. In the model below, I will show a sensitivity of
the CRRA coefficient between 1 and 10. While this range is far more realistic than the point
estimates of the IAMs, the true range of uncertainty is much wider.

3. The Model

In this section I calculate risk premiums toward climate catastrophes using an algorithm
created in MATLAB (available upon request) in order to determine the extent of the bias
that results from the problematic assumptions described above. A risk premium measures the
amount an individual will pay in order to obtain with certainty the mathematical expectation of
a lottery. The IAMs calculate an optimal abatement level, which is a measure of “willingness-to-
pay.” While the magnitude of the risk premium toward climate catastrophes will not be precisely
equal to the “willingness to pay” to prevent climate catastrophes, calculating a risk premium
is a useful exercise for two reasons. First, the magnitude of the risk premium will be highly
correlated with the magnitude of the optimal willingness-to-pay.5 Second, calculating a risk
premium allows for the focus to remain on the objective function of the optimization problem as
opposed to the constraints. The vast majority of the complexity of the IAMs originates outside
of the objective function, so calculating a risk premium permits a far more straightforward
analysis.

I define a risk premium in this context as the amount of consumption the representative agent
is willing to forgo today in order to avoid the uncertainty of a possible climate catastrophe at
some point in the next few centuries.6 The risk premiums in this model will be measured as

4Various studies have described the “catastrophic premium puzzle” in regard to the higher-than-expected risk
premiums embedded in the yields of catastrophic bonds. Bantwal et al. [4] speculate that these abnormally
large premiums are due to “ambiguity aversion, loss aversion and uncertainty avoidance.” Even these catastrophic
bonds are attractive to some investors as a hedge against large drops in the market as a whole. In contrast,
climate catastrophes that could threaten human civilization would obviously not serve as a hedge against any
event.

5Theoretically speaking, it is not clear whether a risk premium or a measure of willingness-to-pay will be
higher. All else equal, the optimal willingness-to-pay will be lower than the risk premium in this setting if it is
preferable to allow for a significant probability of catastrophe to remain, while the risk premium will be lower if
the level of expected consumption is significantly lower than the consumption level that results when a climate
catastrophe does not occur.

6To follow the economic definition of a risk premium, the representative agent in the model actually receives
the expected value of global consumption in the case of no uncertainty.
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a percentage of global consumption. The larger are the risk premiums, the less precise are the
policy recommendations of the IAMs that assume a risk premium of zero.

Except for those parameters of the model that relate to the problematic assumptions discussed
above, I match the assumptions of the IAMs. For example, I assume an annual consumption
growth rate of 2%, a social discount rate of 3%, and an EIS of 0.5 [26]. I match these assumptions
because it is important that the model is able to reproduce the results of the IAMs (of a risk
premium equal to zero) when their assumptions related to climate catastrophes and preference
specifications are incorporated into the model. While I make no claims that these parameter
values are accurate, their accuracy is irrelevant for the purpose of this exercise.

Following Ha-Duong et al. [11], I assume there are two potential states in each period: climate
catastrophe and no climate catastrophe. As is standard in the literature, a single time period in
the model will represent a single generation. The model runs for T generations of length y, with
increasing probabilities for climate catastrophes (pt) and magnitudes of climate catastrophes
(Lt) in each generation.

I insert into the model a conservative interpretation of Weitzman’s findings of the “scientific
consensus” for the occurrence of a climate catastrophe. Specifically, I assume that climate
catastrophes can occur in any of the periods after the first, and the probability of their occurrence
increases in each period until reaching the 5% level in two centuries. The worst climate damages
contemplated by the standard IAM result in a loss of global GDP of 6-8% ([26] page 51). On
the other hand, the catastrophes that correspond to Weitzman’s 5% probability estimate are
potentially civilization-threatening events. I therefore consider a range of damages from climate
catastrophes of between 10-70% of global consumption, with 10% representing the most extreme
events considered by the IAMs, and the higher percentages representing a more realistic estimate
of damages.7

To correct for the problematic assumptions associated with the CES preference specification,
I use a class of recursive preferences that makes the most natural generalization of the standard
CES preferences:8

Ut =
1

1− f
((1− β)C1−s

t + β((1− f)EtUt+1)
1−s
1−f )

1−f
1−s (3.1)

where “Ct” is consumption this period, “EtUt+1” is expected utility next period, “f” is the
CRRA coefficient and “s” is the inverse of the EIS.

Since utility at time t is dependent on both consumption at time t and utility at time t+1, the
interests of all generations in the model will be taken into account by maximizing utility in the
initial period. Consequently, both the costs and the benefits of preventing climate catastrophes
will be taken into account by the representative agent in the initial period of the model.

7A 70% loss in global consumption is an extremely conservative estimate for a civilization threatening catas-
trophe. If the event were to occur in 200 years following an average annual GDP growth of 2%, a 70% decrease
in GDP would result in a global GDP that is still over 15 times today’s level.

8The use of recursive utility functions over deterministic consumption paths goes back at least to Koopmans
[20] who showed V (c0, c1, ...) = W (c0, V (c1, c2, ...)), for the utility function V and “aggregator” function W . Kreps
and Porteus [21] extended the use of recursive utility functions to stochastic consumption streams, utilizing the

following objective function: (c1−α + 1
(1+r)y

CE1−α)
1

1−α , where “CE” is the certainty equivalent of second period

consumption. Finally, while the Kreps and Porteus framework had the ability to incorporate only two-period
lotteries, Epstein and Zin [9] extended the formulation of the space of temporal lotteries to an infinite horizon
framework. Normandin et al. [29] used this utility function to assess the relative contribution of risk aversion,
intertemporal substitution and taste shocks on monthly U.S. equity premiums.
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This recursive preference specification has two nice properties that make it especially well
suited to accomplish the goals of this paper. First, the parameter that governs risk aversion is
not tied to the parameter that governs preferences toward intergenerational transfers. Therefore,
increasing the value of “f” only increases the level of risk aversion of the representative agent,
and does not change the EIS.

Second, when the CRRA coefficient is restricted to equal the inverse of the EIS, these recursive
preferences reduce to the following separable preferences:

Ut = (1− β)
C1−α
t

1− α
+ βEtUt+1 = (1− β)Et

∞∑
i=0

βi
C1−α
t+i

1− α
(3.2)

which are the CES preferences used by the IAMs. This allows for the following flexibility: When
f = s, the IAMs’ restrictive assumptions related to climate catastrophes and risk aversion can
be inserted into the model to replicate their result of a risk premium of zero. Then, the more
realistic assumptions can be inserted into the model in order to estimate the range of risk
premiums that the IAMs would find if they incorporated these less restrictive assumptions into
their models.

3.1. Single Period Model Results. I begin with a model of just a single period, where all
of the costs and benefits related to climate catastrophes occur simultaneously. While the multi-
period results are of course more realistic, the single-period model is useful for two reasons.
First, it permits a simple illustration of the method I use to calculate risk premiums, which
becomes more complicated in the multi-period setting. Second, the single-period model com-
pletely removes preferences toward intertemporal substitution from the analysis so that the
effects of risk aversion alone can isolated. Since the prevention efforts and the risk of damages
both occur in this single period, all generations are treated with the same weight in this model.9

The differences between the risk premiums found in the single-period and multi-period models
below are illustrative of the drastic impacts of both discount rates and aversion to intertemporal
substitution in models of climate change.

In the single-period setting, since there are no dynamic effects, there is no reason to worry
about the restriction of the CES preferences that the CRRA coefficient must equal the inverse
of the EIS. Therefore, the CES preferences are used to solve the following equation to find the
risk premium (π):

(1− p)C
1−α

1− α
+ (p)

(C − L)1−α

1− α
=

((1− p)C + p(C − L)− π)1−α

1− α
(3.3)

where “C” is global consumption (normalized to 1), “p” is the probability of a climate catas-
trophe, “L” is the damage magnitude and “α” is the CRRA coefficient. (3.3) says that the
representative agent is indifferent between receiving either higher expected consumption with
risk (left-hand side) or lower consumption but no risk (right-hand side).

A sample of the resulting single-period risk premiums are provided in Figure 3-1 below, where
risk premiums are on the vertical axes, CRRA coefficients are on the horizontal axes, and the
four boxes represent four different damage magnitudes ranging from 10% on the top-left to 70%
on the bottom-right. Recall that the IAMs assume a CRRA coefficient of 1 or 2, and damages no
greater than 10%. With these inputs in the model (see the left side of the top-left box of Figure

9Many economists and philosophers since Ramsey [34] have argued that weighing all generations equally is the
only ethically defensible practice. Heal [14] describes a pure rate of time preference above zero as “intergenerational
discrimination.”
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3.1), risk premiums are indeed nearly zero, matching the assumption in the IAMs. However,
these inputs are at the extreme lower bounds of the ranges of scientific estimates for both the
CRRA coefficient and damage magnitudes. At other points on these ranges, risk premiums are
as high as 50% of the expected value of global consumption.

Figure 3-1 shows that the incorporation of risk premiums toward climate catastrophes into
IAMs has the potential to have truly enormous impacts on optimal prevention policies. Of
course, these results will change in a dynamic setting, when I account for the reality that these
catastrophes are most likely to occur generations into the future (and controversial judgments
on discounting and intergenerational transfers of wealth are brought into the analysis).

3.2. Multi-Period Model and Results. In a multi-period setting, the restriction that the
CRRA coefficient is equal to the inverse of the EIS is no longer appropriate. Therefore, I use
the recursive preferences displayed in (3.1), where “f” is the CRRA coefficient and “s” is the
inverse of the EIS. Recall that when f=s, these preferences reduce to the CES preferences of the
IAMs.
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I use an algorithm created in MATLAB to calculate the risk premiums for models spanning
T periods (interpreted as generations). As an illustration, the Two-Period Risk Premium (π) is
the solution to the series of equations below:

1
1− f

((1−β)(C−π)1−s+β((1−f)E1U
safe
2 )

1−s
1−f )

1−f
1−s =

1
1− f

((1−β)C1−s+β((1−f)E1U
risk
2 )

1−s
1−f )

1−f
1−s

(3.4)

E1U
safe
2 =

1
1− f

((1− β)((1 + g)((1− p2)(C − π) + p2(C − π − L2)))1−s)
1−f
1−s (3.5)

E1U
risk
2 = (1−p2)

1
1− f

((1−β)((1+g)C)1−s)
1−s
1−f +p2

1
1− f

((1−β)((1+g)(C−L2))1−s)
1−f
1−s (3.6)

β = (
1

1 + r
)y (3.7)

where, in addition to the parameters already defined, β is the discount factor, r is the pure rate
of time preference, y is the number of years per generation, g is the annual consumption growth
rate, and p2 and L2 are the probability and magnitude of a climate catastrophe in the second
period.

Equations (3.4)-(3.7) are the two period, recursive preference analog to the risk premium
calculation displayed in (3.3). To see this, note that (3.4) says the representative agent is
indifferent between the safe option of paying the risk premium in the initial period (the left side
of the equation) or the risky option of facing uncertainty in the future (the right side). (3.5)
displays the second period expected utility for the safe option, for which the expected value of
global consumption is received with certainty. (3.6) displays the second period expected utility
for the risky option, for which a climate catastrophe occurs with the probability p2. With a
greater number of time periods, the model becomes more difficult to display on paper, but it is
solved by the computer in a similar, recursive manner. Below I display the results of the model
of four time periods - the results do not change materially when additional periods are added.10

A sample of the results are displayed in Figures 3.2 and 3.3, where, as in Figure 3.1, risk
premiums are on the vertical axes, CRRA coefficients are on the horizontal axes, and damage
magnitudes of 10% to 70% are displayed. Figure 3.2 displays the risk premiums using the CES
preference specification of the IAMs (f = s in the model). The top-left box shows the risk
premiums the IAMs will find with their assumptions of damages no greater than 10%-20% and
a CRRA coefficient of 1− 2. All of the risk premiums in Figure 3.2 are nearly zero. This is why
the “zero risk premium” assumption has appeared to be justifiable in IAMs.

Moreover, note that the risk premiums in Figure 3.2 actually decrease as the CRRA coefficient
is increased. In other words, the risk premiums decrease as the representative agent becomes
more risk averse. It is clear that this is not a useful measurement of risk, but what is causing
this in the model? The effect of decreasing the EIS (increasing the inverse of the EIS) is
outweighing the effect of increasing the CRRA coefficient. Since the EIS measures a preference
for smooth consumption over periods in time, as this parameter is increased, the representative
agent becomes more averse to transfers in wealth from the present to the future. This increased

10To test this, I computed a model of up to six generations, with various methods of “ramping-up” the
probabilities for climate catastrophes. Please see the appendix for these results.
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aversion to intergenerational transfers (or intertemporal substitution) is why the risk premiums
remain zero in IAMs even when sensitivity to the CRRA coefficient is considered. But, of course,
aversion to intertemporal substitution and risk aversion measure entirely different preference
traits!

Figure 3.3 displays the risk premiums for the more flexible recursive preference specification
displayed in (3.1). The level of risk aversion can now be adjusted while keeping constant prefer-
ences toward intertemporal substitution (f 6= s in this model). With damages of just 10%-20%
and a CRRA coefficient of 2, risk premiums are the same as in Figure 3.2. However, as ex-
plained above, these inputs are at the bottom of the ranges of scientific estimates for climate
catastrophes and risk aversion. At points in Figure 3.3 that are not at the very bottom of these
ranges (see the right-hand sides of the bottom boxes of Figure 3.3), risk premiums increase to a
significant percentage of global consumption. The Appendix shows that these results are robust
to variations in the model’s key assumptions.
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Consider the assumptions that yield a risk premium of over 4% of global consumption in this
model: the probability of a climate catastrophe increases from 1% in years 50 − 100 up to 5%
in years 150 − 200; the damages as a percentage of global consumption increase from 60% in
years 50 − 100 to 70% in years 150 − 200; the CRRA coefficient is 9 or 10 (but the EIS is still
0.5). Given the empirical evidence cited above, these assumptions are at least as reasonable
(and probably more so) as the assumptions that yield risk premiums of zero. In other words, it
is at least as likely that the true risk premium is a few percentage points of global consumption
as it is zero.

For some perspective on how the addition of just a single percentage point of global con-
sumption could change an optimal climate change prevention policy, a back-of-the-envelope
calculation might be useful. According to Nordhaus’ most recent study, the recommended pol-
icy from his IAM results in a total level of prevention spending of 0.10%- 0.25% of discounted
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future income [26]. In the model above, a risk premium of 1% of global consumption corre-
sponds to roughly 0.2% of discounted future consumption - approximately the same size as the
entire IAM-recommended policy! To produce risk premiums with a range that is entirely below
1% of global consumption in the model of Figure 3.3, the probability of a climate catastrophe
would need to be less than 0.15% over the next two centuries. This is well below the scientific
estimates. Clearly, an optimal policy that includes the effects of risk aversion toward climate
catastrophes might look nothing like an “optimal” policy that ignores these effects. Therefore,
without more sophisticated models, it is not possible to determine the appropriate risk premium
to use in models of climate change.

Additionally, in contrast to Figure 3.2, Figure 3.3 displays a positive relationship between the
magnitude of the risk premium and the level of risk aversion, which is a more sensible result.
The assumed level of risk aversion now has an extremely significant impact on the model.
Economists who have performed studies using IAMs have noted that the level of risk aversion
is not an important determinant of their results [26] (I find the same when using the standard
CES preferences), which has allowed them to label as immaterial the poor understanding we
currently have of societal risk aversion toward climate catastrophes. In reality, once risk aversion
and preferences toward intertemporal substution are no longer tied together, risk aversion may
be a tremendously important determinant of the results.

Of course, for a number of reasons, these results should not be interpreted as a precise
recommendation of 3 or 4% of global consumption for climate change prevention spending. The
risk premiums, as defined in this model, assume that all prevention spending must occur in the
initial period, which of course is not realistic. Moreover, it may not be optimal to completely
eliminate the possibility of climate catastrophes, as a risk premium assumes. While this model
is too primitive to be relied upon for precise results, its contribution is in showing that the IAMs
are also too primitave to be relied upon for precise results.

4. Discussion and Conclusion

In this paper I have shown that omitting risk premiums toward climate catastrophes prevents
integrated assessment models of climate change from finding precise optimal climate change
prevention policies. I provide a framework that permits the incorporation of a more flexible
preference specification and better scientific estimates for climate catastrophes and risk aversion
into a model of climate change. The resulting range of risk premiums is the first estimate in the
literature of the risk premiums the standard IAMs would find if they incorporated these more
realistic assumptions into their models.

There are two primary conclusions. First, the “zero risk premium” assumption of the IAMs
cannot be taken seriously as an estimate of the effects of societal risk aversion toward climate
catastrophes. The resulting “optimal” prevention policies would look drastically different if
better estimates for risk premiums were incorporated into these models.

Second, more research is needed on both climate catastrophes and societal risk aversion to-
ward these events before it will be possible to arrive at meaningfully precise risk premiums to
incorporate into models of climate change. Until this research is undertaken, recommendations
from economists should come in the form of wide ranges of policies, not the precise “optimal”
carbon prices that have thus far been most influential.

There are at least two dangers associated with the recommendations of the standard IAMs in
the literature. First, focusing on the predictions and ignoring the drawbacks of complex models
can provide us with a false sense of security that shields us from the true potential for bad
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outcomes. In the case of the recent global financial meltdown, the negatives associated with the
“bad-tail” outcomes overshadowed any positives or negatives that could result from outcomes
on the rest of the distribution. Climate change could produce “bad-tail” outcomes that are
far worse, so it is even more important that we do not allow ourselves to be shielded from the
potential for such possibilities.

Second, there is an opportunity cost to the work of economists on IAMs. Perhaps, as Weitz-
man [37] suggests, society would be better served if economists put their efforts into roles other
than than solving for an optimal price of carbon dioxide. At a minimum, economists should
move away from analyses that ignore uncertainty and thus make the implicit assumption of risk
neutrality of the representative agent (see Yohe [39] for a more thorough discussion). The mas-
sive risk premiums found in this paper indicate that reducing the uncertainty related to climate
catastrophes, or finding the least cost methods of preventing or combating them, are worthy
goals that have not received sufficient attention. For instance, instead of the current practice
of simply treating all “abatement spending” as equal, economists could determine what portion
of abatement spending should be focused specifically on the tails of the distribution of climate
outcomes.
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6. Appendix: Robustness checks for the Multi-Period Model

In this appendix I provide sensitivity analysis to two features of the model: 1) the number of
periods in the model; 2) the probability of an occurrence of a climate catastrophe.

Figures 7.1 - 7.3 display six period, five period and three period models that are in other
respects equivalent to the four period model results of Figure 3.3. Each of these models run
for a length of 200 years. The length of a generation has been shortened for the models with
a greater number of periods. In each model, the probability of a climate catastrophe starts at
zero percent in the first period and grows to five percent in the last period.

The results are similar to the that of Figure 3.3. The models with more periods (and therefore
shorter generations) tend to have higher risk premiums, especially when the potential damages
are the largest.

Figure 7.4 displays a four period model in which the probability of a climate catastrophe has
been cut in half in each period (and remains zero in the first period) but in other respects is
equivalent to the model displayed in Figure 3.3. As expected, the risk premiums in Figure 7.4
are smaller than those in Figure 3.3, but they are still substantial, and the overall trends are
the same.
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