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Levity - complementing climate policy strategies

Friederike E. L. Otto!? . Anders
Levermann!?

Received: date / Accepted: date

Abstract When the likelihood of future damages is very small or highly uncertain,
decisions are best based on avoidability. Here we present the intuitive and practical
measure, levity, to account for avoidability in policy strategies - closing the gap between
risk assessment and cost-efficiency analysis. Levity is applicable to mitigation as well
as to adaptation options. It is scale independent and thereby allows to compare global
strategies with daily personal decisions. We propose its application to complement
climate protection strategies in specific cases that can not be assessed properly by
other means.
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Hurricane Katrina hit New Orleans practically unprotected. Authorities had clearly
underestimated the likelihood of such an event. Had they based their protection strate-
gies on avoidability rather than an estimate of the probability of occurrence, damages
would have been much smaller. In the light of a changing climate, not only politicians,
also the scientific community is facing a dilemma. Increasingly, stakeholders demand
an assessment not only of the most likely future evolution of Earth’s climate. More
and more information is requested on events which are rather unlikely to occur but im-
ply such drastic humanitarian, economic and ecologic consequences that society might
deem the risk as too high to be taken. Examples are the so-called Tipping Elements
of the climate system [Lenton et al (2008)] which include potentially catastrophic
events as the collapse of the West Antarctic Ice Sheet [Oppenheimer and Alley (2004),
Bamber et al (2009),Pollard and Deconto(2009)], the Atlantic overturning circulation
[Rahmstorf et al (2005)] or Asian monsoon systems [Levermann et al (2009)].

Scientific literature applies the concept of risk as a combination of probability of
occurrence of an event and its consequences “with several ways of combining these
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Fig. 1 Assessment triangle for climate policy strategies

two factors being possible” [Carter et al (2007)]. In its simplest form risk is merely the
product of the two. However, in the context of societal choices, risk might not always be
the best basis for decision making. Whether a negative event can be avoided, does not
depend on its likelihood. Often probability even proves to be irrelevant. Most people
would, for example, not keep their car unlocked when leaving for a holiday just because
they live in a safe neighborhood. The effort of turning the key to lock the car is so small
that it does not really matter how unlikely theft would be. However, on a global scale
such as relevant for climate change, it is not obvious how avoidance is possible. Here
we propose a simple scale-independent measure, complementary to risk, that comprises
avoidability of an event and relates it to its damages. We define levity in the sense of
’lighthearted carelessness’ as

Levity = Damages x Avoidability,

i.e., as being high for a high-impact event that can easily be avoided.

Taking damages, their probability, and their avoidability as the relevant indepen-
dent quantities for assessing climate change impacts, different concepts that combine
these quantities exist (Fig. 1). While risk weighs damages according to their likelihood,
cost-efficiency analysis sets probabilistic climate goals according to their avoidability
without specifying damages. Lewvity is the missing link between damages and avoidabil-
ity. It comprises mitigation and adaptation strategies. Whether damages of an event
are avoidable depends on the possibilities of preventing its occurrence or relieving its
consequences. These possibilities in turn depend on scientific and economic feasibility
as well as on political and economic decisions.

By definition levity can be computed for any event without knowledge of its likeli-
hood. For practical purposes this is a strong advantage. While obtaining reliable num-
bers for the likelihood of a climatic event is very difficult [Betz (2007), Schneider (2004),



Table 1 Examples of economic levity

Event Damages Costs  Economic Levity
Unlocked cheap bike ~100 € ~50 € ~2
Unlocked valuable bike ~1000 € ~100 € ~10
Uninsured car ~20,000 € ~2000 € ~10
Hurricane Katrina [Gaddis et al (2007)]  200-250 bil. US$ 14 bil. US$ 14 - 16
Climate Change [Stern (2007)] 5-20% GDP  0.18-1.8% GDP 11-28

Garthwaite et al (2005), Morgan and Henrion (1990)], it is even more problematic to
assess the probability of certain damages to occur. In case of hurricane Katrina not
only the landfall probability for New Orleans, but even the severeness of damage caused
by hurricanes of different categories was underestimated. Both uncertainties led to an
inadequate risk assessment.

In case of climate change the impacts associated with, for example tipping elements
of the climate system, such as the collapse of the Atlantic thermohaline circulation, can
be tremendous [Vellinga and Wood (2002)], while the corresponding probability might
be very small [Zickfeld et al (2007)] or extremely uncertain [Kriegler et al (2009)]. The
product of a very large number with a very small and uncertain one is subject to
huge uncertainty and renders assessment of climate damages according to risk futile
[Weitzmann (2009)]. Levity avoids this problem.

A practical way of introducing levity into the political debate is through mapping
it into the economic world. Quantification is possible when computing avoidability
through mitigation and adaptation costs subsumed as avoidability costs. Low avoid-
ability costs are identified with high avoidability. The definition

Economic levity = Damage / Avoidability costs

allows to calculate economic levity for climate-related events. It is high if avoidability
costs for a high-damage event are low. As an example, we estimate economic levity
of the most severe impacts of the landfall of hurricane ’Katrina’ in 2005, from eco-
nomic damages of the hurricane and estimated costs of sufficient adaptation measures
(Table 1). Since avoidability costs and damages both scale with the size of the event,
economic levity is independent of scale and the value of 14-16 can be compared to
every-day situations. Not to lock a cheap bike is a forgivable low-levity misdemeanor,
while an expensive bike is generally worth the relatively low investment of a lock.

Using data from the comprehensive economic review of climate change by Sir
Nicolas Stern [Stern (2007)], economic levity of unmitigated climate change com-
putes to 11-28. That is the value for the so-called ”business-as-usual” scenario
[Nakicenovic and Swart (2000)] in relation to the mitigation costs of staying below
two degrees of global warming. In the insurance industry economic levity is already
implicitly used for decision making. The cost of a comprehensive car insurance is cal-
culated not only according to the probability of an accident, but naturally increases
with the value of the car. Thus avoidability costs are designed to yield high economic
levity; and people indeed buy policies for new cars. Still, values for hurricane Katrina
and unmitigated climate change are even higher.

The examples of Table 1 illustrate the main idea of the concept. Levity is proposed
as a measure applicable to possible future events to include avoidability in the decision-
making process. In contrast to risk, levity is independent of scales and thus most suitable
as a means for comparison not only within but between categories of damages and their



avoidability. This holds especially for adaptation measures. As the adaptation exam-
ples, hurricane Katrina and the bike lock, illustrate, levity is a natural quantity that
we intuitively use in judging these cases. Mapping levity into an economic framework
has clear advantages towards a more rational application of avoidability in decision
making as it allows for assigning monetary values [Feiler and Soll(2010)] in contrast
to the more abstract levity. In the framework of cost-benefit analysis the quantifiable
economic levity corresponds to an expected cost-benefit ratio for uniform probabil-
ity distributions. Climate protection action with net-benefit [Creyts et al (2007)] are
characterized by negative levity underlining the measure’s intuitive nature.

Nevertheless limiting the concept to the economic sphere excludes a large number
of cases which cannot be given a monetary value. As much as the concept of risk is
useful without computing actual values for risks, it is useful information whether a cer-
tain decision has high levity. In general levity takes the perspective of the possibility
of perfect avoidance in the sense that it asks the question: how much the quasi-certain
avoidance of a specific damage requires? This perspective which ignores probability is
thereby comparable to that in a risk assessment which neglects avoidability. Conse-
quently, we do not propose to use levity as the only means of assessing future actions.
It can, however, complement a comprehensive assessment, especially in situations of
very high levity which make a risk assessment obsolete. In cases of very high and very
low probability of occurrence as well as in situation where this probability is highly
uncertain, a levity assessment can be a useful approach towards rational decision mak-
ing.

A careful and comprehensive climate policy strategy will be based on the entire
assessment triangle (figure 1). Levity provides a means to likewise consider mitiga-
tion and adaptation measures without explicit use of probability a priori. A posteriori
likelihoods can complement the analysis towards an integrated climate policy strategy
based on levity and risk assessment. Accordingly levity permits the combination of two
valuable strategies of climate impact assessment. The idea of normative guardrails as
in cost-efficiency analysis is combined with the idea of trade-off between costs and risks
within cost-benefit analysis. Replacing risk by economic levity in an economic analysis
provides an alternative for optimizing investment or emission paths. Levity is thus a
concept to be profitably implemented in formal decision frameworks which are often
carried out via optimization over a set of decision variables, e.g. an emission path,
and thus trying to minimize economic costs and climatological risks. Levity is thus an
intuitive and formal measure to assess climate policy strategies.
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