








156 W. K. VISCUSI AND R. J. ZECKHAUSER

TABLEI
Percentage distribution of estimates of temperature change in Boston

Percentage distribution

Degrees Fahrenheit

temperature increase by 2100 Upper bound Lower bound Best estimate
Lessthan 1 2 59 9
1-3 20 33 49
37 40 5 35
7-11 33 2 5
Over 11 5 1 1
Mean estimate of

temperature increase 6.1 15 34
Median estimate of

temperature increase 5 05 2

would be 3—7 degrees and 33 percent of respondentsbelieving that it would be 7-11
degrees. '

The lower bound estimate of the temperature increase had a mean value of 1.5
degrees Fahrenheit and a median value of 0.5 degrees Fahrenheit. A substantial 60
percent of the sample believed that the lower bound of the temperature increase
over the coming century would be less than one degree, and an additional third of
the sample believed that the lower bound of the temperature increase would be 1-3
degrees.

The final column of Table | shows the results for the best estimates of the risk.
The mean estimate of the temperature increase in Boston is 3.4 degrees, which
is lower than but roughly consistent with the Intergovernmental Panel on Climate
Change (IPCC) estimate of a 3.6—7.2 degree F. average increase for the world as a
whole.** Almost half the sample believed that the best estimate was 1-3 degrees,
which was the median estimate, with an additional third of the sample believing the
temperature increase would be 3—7 degrees. Our analysis of projected temperature
increases will focus on best estimates.

To explore the determinants of the risk beliefs, we undertook a series of re-
gression analyses. Those analyses considered a respondent’s best estimate of the
increase in temperature to be afunction of the respondent’s background character-
istics and his or her beliefs about a number of risks.

A hypothesis underlies the choice of each of our independent variables. Each
hypothesisis followed by its predicted sign.

2.3.1. Demographic Hypotheses
a. Male. Some experiments and surveys suggest that men are more will-
ing to take risks than females.’®> More directly relevant, males perceive
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17. Doyouregularly use acar?
Yes
No___

Notes

1 For examples of surveys, see Dunlap (1993), and Israel and Levinson (2004). Kempton (1991,
1997) provides an interesting critique of public opinion polls and explores more detailed questions
regarding the perceived consequences of climate change.

2 We restrict our sample for analysis to 255 respondents, as two respondents gave unrealistic
outlier responses indicating a failure to attend to the survey task. This survey should be regarded as
an experiment rather than a nationally representative sample.

3 Boston was chosen because that is where the respondents lived, and it was probably easiest for
them to think about. The authors well recognize that global warming will have variable effects across
the globe, and by season.

4 Mitigation policies would include measures such as agas tax (discussed here) or carbon seques-
tration (not discussed). There could aso be palicies that alow society to adapt to whatever change
does occur, e.g., moving activity away from coastlines.

5 Stainforth et al. (2005) employ a “grand ensemble” of simulations using a general circulation
model to estimate uncertainties. They find predicted climate change values from less than 3.6 to
more than 20 degrees Fahrenheit. Estimates above 13.4 degrees Fahrenheit emerge from 4.2% of
simulations.

6 Daniel Schrag, climate-change expert, private communication, January 15, 2005. Some observers
suggest that since estimates of risk have risen dramatically in recent years we should expect more
upward revision. But the logic does not follow. Today's best estimate should be the mean value that
will apply a decade hence. Thisis equivalent to the belief that a stock that has gone up recently in
price is no more favorable going forward than one that has moved little.

7 For reviews of the policy debate, see Aldy, Barrett, and Stavins (2003), Schelling (1997), and
Stewart and Wiener (2003).

8 See, among the most important contributions, Tversky and Kahneman (1974), and Kahneman
and Tversky (1979).

9 Baronet al. (1990) surveyed college students on their willingnessto take action on the greenhouse
effect. Two versions of the survey were used. One gave only best estimates; the other emphasized
close-to- symmetric uncertaintiesabout these estimates. Respondentsreading the best estimates shifted
toward the other side, e.g., nonactors became more willing to act. Those reading the uncertainties
version stuck with their original position.

10 Scientists and Europeans tend to use Celsius scales. Some respondents — used to working with
degrees Celsius—may havereported on thewrong scal e despitethe emphasis on Fahrenheit throughout
the survey. Thiswould lead to lower estimates, since a 1 degree Fahrenheit change equals a5/9 degree
Celsius change. We thank Jeffrey Bielicki for alerting us to this possibility.

11 We thank a referee for highlighting this issue of lack of sound thinking about the future. See
work by Strotz (1955-56) and Laibson (1997).

12 For example, if we ran aregression with 20 independent variables, and one proved significant at
the 0.05 level, that would be of little interest, since such an outcome would be expected by chance.
All of our independent variables were selected in accordance with theory, and virtually all produced
resultsin the right direction, which is reassuring in this regard.

13 For purposesof cal cul ati ng the mean val ue, the midpoi nts of temperatureinterval swereemployed.
In addition, answers indicating a temperature increase of over 11 degrees were coded as a 13 degree
increase.
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0 tisunlikely that individuals gastax answerswereinfluenced by their percent of incomeanswers,
given the structure of this web-based survey.

81 Sunstein (2006) examines the implications of the availability heuristic for climate change. He
concludes that significant events related to climate change will be required to change U.S. attitudes
towardsthisissue. Baron (2006) a so discusses the role of the avail ability heuristic within the context
of avariety of other heuristicsthat affect societal attitudeswith respect to policy initiativesto address
global climate change.

%2 Indeed, the only statistically significant variablein aregression analysisthat uses the same set of
variables asin Table |V was that those who believe that policies should be less aggressive in the face
of scientific uncertainty also favored giving up less of their income. None of the other variables were
statistically significant. The gas tax question had a mean of 0.79 and a standard deviation of 0.72, as
compared to amean of 6.2 and a standard deviation of 10.1 for the income percentage question.

% Daniel Kahneman's (2002) Nobel Lecture reflects wisely on the behavioral concepts dis-
cussed here, including importantly the concept of framing, and provides references to the original
literature.

3 SeeRaiffa(1968). TheEllsberg (1961) and Allais Paradoxes show that people have an aversion to
uncertain probabilities, despite what decision theory prescribes. The ambiguitieswith global warming
entail an additional element, what has been called “ignorance” as opposed to risk and uncertainty
(Zeckhauser and Viscusi, 1990, p. 561). With risk, probabilities are known; with uncertainty, states
of the world are known, but not their probabilities. With ignorance, as in global warming, even the
states of the world are unknown.

35 Thus damage must increase faster than the quadratic, the borderline case with positive first and
second derivatives but azero third derivative. With a quadratic function, adding arandom component
to the underlying variable does not change the expected derivative, i.e., the expected marginal cost.
In our context, this would mean that the expected marginal cost of emissions is not affected by
temperature uncertainty. If both conditions are on the border, e.g., quadratic case and constant costs
for curbing emissions within a period, then uncertainty about consequences should not affect the
aggressiveness of policies.

% Referee Jonathan Baron conjectured that aggressiveness would influence the upper-bound esti-
mate more than the lower-bound one, which proves true. In regressions not shown, the coefficient of
1.36 (degrees if “more aggressive”) was nearly four times as large as for the lower bound, and was
significant at the 0.005 level, whereas the other coefficient was not. Baron attributes this outcome
to “belief overkill,” the tendency of individuals to ignore arguments on the other side of controver-
sial issues (Jervis, 1976, 128-142). Belief overkill may well have affected many other responses to
guestions about climate change.

57 See Zeckhauser et al. (1975) for adiscussion of the use of lognormal distributions in assessing
environmental conseguences.

38 Alpert and Raiffa (1982) show that most individual s assess distributions far too tightly.
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