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W
e live in an uncertain world, in
which action and prudence must
be continually juggled. Caution

can be costly, but indifference to serious
risks can be disastrous. In all aspects of
life, we weigh risks and benefits, invoking
measures to insure against events that
threaten what is most important to us,
while gambling with those that can be tol-
erated. In matters of our environment, sci-
ence has the responsibility to inform these
decisions, and society must find ways to
identify the appropriate level of circum-
spection. By any calculation, we must pro-
tect ourselves against a wide variety of
events that individually have low probabil-
ities of occurrence, and still feel good
when they have not occurred. We must re-
ly on environmental science to alert us to
an even wider set of possible disasters,
many of very low probability, so that we as
citizens can decide which cause us most
worry, and which mandate action.

The unavoidable result of this prescription
is that many warnings of environmental sci-
entists will prove to have been unfounded, and
others will have led to actions that prevented
or mitigated the predicted dire consequences.
Thus many predictions of possible environ-
mental degradation will not come to pass, in
some cases simply because those predictions
were made and heeded. There will then al-
ways be critics who will trumpet the failures
as evidence that we should never have paid
attention to those who urged caution, and
that we should hence similarly dismiss fu-
ture warnings. It is by now a familiar tune.
The Skeptical Environmentalist by Bjørn
Lomborg (1)—officially discredited by the
Danish  Committees on Scientific Dishonesty

(www.forsk.dk/eng/index.htm)—is the most
recent of a long list of such efforts.

Nonetheless, environmental scientists
need to confront an important issue, high-
lighted by these skeptics, that accompanies
the dual role of the environmental sciences
in society. Funding, research priorities, and
publication standards reflect both the need
to advance our fundamental understanding
of the Earth’s ecosystems and a responsi-
bility to sound the alarm when a possible
environmental hazard is detected. Evi-
dentiary standards in the basic sciences are
based solely on what most effectively en-
hances learning, whereas evidentiary stan-
dards of an environmental alarm system
must balance the benefits of early detec-
tion with the costs of alarms based on an
early state of knowledge (2).

What is the optimal level of sensitivity
for society’s environmental alarm? How
many signals should the environmental
community send to policy-makers, realiz-
ing that some (or many?) of them will turn
out to be wrong? Is it true that environ-
mental scientists are responsible for a
litany of false predictions, as claimed by
Lomborg and others, or is the balance be-
tween false alarms and correct ones about
right, or even too conservative?

The classification of environmental
alarms as either true or false obviously is
too simple. Identified problems may be re-
al, but overstated or understated, and
alarms by consensus groups, such as the
Intergovernmental Panel on Climate Change

(IPCC), carry more weight than those of
single scientists. When a critic such as
Lomborg says that the environmental com-
munity issues too many false alarms, he or
she is actually saying that a reduction in the
sensitivity of the environmental alarm
would decrease the current regulatory
costs more than it would decrease benefits.
Thus, the claim of too many false alarms is
a claim about the slopes of the curves re-
lating benefits and costs to alarm sensitiv-
ity, which are called marginal costs and
benefits in economics. A claim of too
many false alarms thus implies that mar-
ginal costs are greater than the marginal
benefits. 

The structure of the cost-benefit prob-
lem is shown in the figure (left). By sensi-
tivity (the abscissa), we mean the probabil-
ity that an alarm would be sounded and
acted upon in response to some reference
hazard. Sensitivity thus integrates the effi-
ciency of the environmental sciences in de-
tecting and understanding hazards, the evi-
dentiary standards that cause environmen-
tal scientists to issue warnings, and the so-
cietal thresholds for regulatory action
when given a warning. 

With this definition of sensitivity, the
curves for the costs and benefits are prob-
ably nondecreasing functions. The optimal
sensitivity of the alarm system occurs
when the marginal benefits of alarms
equals their marginal costs [A* in the fig-
ure (left)]. There is no formal mathematical
reason why the system should have an in-
ternal optimum, and the formula for the
optimal sensitivity is not of much practical
use because we cannot obtain precise
quantitative estimates of the cost and ben-
efit curves. However, we can obtain some
quantitative information that establishes a
lower bound for current benefits of re-
sponse to environmental alarms, and at
least some information about the magni-
tude of the marginal benefits. 

Evidence is overwhelming that humans
have had enormously costly effects on the
environment. Lomborg himself estimates
air pollution deaths in the United States at
more than 130,000 annually and over 3 mil-
lion world wide, and deaths averted by the
control of chlorofluorocarbons (CFCs) at
more than 300,000 (2). Thus, even contrar-
ian estimates of the benefits of environ-
mental action indicate that these may be
huge. Still, it is more difficult than one
would think to show that this implies large
benefits of responding to environmental
alarms. Where successful mitigation has
not yet taken place, such as with global

E N V I R O N M E N TA L  E C O N O M I C S

False Alarm over

Environmental False Alarms
S. W. Pacala,* E. Bulte, J. A. List, S. A. Levin

S. W. Pacala and S. A. Levin are in the Department of
Ecology and Evolutionary Biology, Princeton Uni-
versity, Princeton, NJ, 08544–1003 USA. E. Bulte is
in the Department of Economics, Tilburg Univer-
sity, Post Office Box 90153, 5000 LE Tilburg,
Netherlands. J. A. List is with the President’s Council
of Economic Advisers; in the Agricultural and
Resource Economics (AREC) Department and in the
Department of Economics, University of Maryland,
College Park, MD, 20742–5535 USA; and at the
National Bureau of Economic Research, Cambridge,
MA 02138, USA.

*To whom correspondence should be addressed. E-
mail: pacala@princeton.edu

POLICY FORUM

0
0

Total costs

Total benefits

A*
Sensitivity of the alarm

B
en

ef
it

s 
an

d
 c

o
st

s 
($

)

Net benefits of response to true alarms and

costs of response to false alarms. At the op-

timum A*, the slope of the top curve (marginal

benefits) equals the slope of the bottom curve

(marginal costs).

www.sciencemag.org SCIENCE VOL 301 29 AUGUST 2003

 o
n 

A
ug

us
t 2

9,
 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/


1188

warming, realized benefits remain small
because of our failure to act. In cases with
apparently successful mitigation, the ques-
tion is inevitably raised “What would the
world have looked like in the absence of
mitigation?” When faced with well-docu-
mented hazards and apparently successful
mitigation, Lomborg and others have down-
played the role of environmental action and
have argued instead that income and tech-
nology drive most improvements in envi-
ronmental quality. Although economic and
technical changes unrelated to environmen-
tal regulation are undeniably important in
some cases, such arguments are easily dis-
missed in others, such as the bald eagle’s re-
covery from the effects of DDT or the cur-
rent decrease of CFCs in the stratosphere.

A popular characterization of the relation
between per capita wealth and pollution is the
so-called environmental Kuznets curve (3–5),
which is shaped like an inverted U (see figure,
right). The decreasing portion of the curve
may be induced by purely technological fac-
tors, a shift in the manufacture of dirty prod-
ucts from more to less developed nations, or
increased demand for environmental regula-
tion in developed countries (3, 6–8). Where all
of these factors may be operating at once, es-
timation of the benefits of environmental ac-
tion is inevitably quantitative and contentious.
For example, in the critical case of air pollu-
tion, emissions of several pollutants in the
United States were decreasing before the
Clean Air Act of 1970 (8, 9). Even so, regres-
sion analyses that relate emissions to govern-
ment regulations, income, measures of envi-
ronmental action, and other possible driving
forces conclude that regulations played a
dominant role in improving air quality. The
U.S. Environmental Protection Agency (EPA)
(10) estimated the net human health benefits
(benefits minus costs) of the Clean Air Act at
$5.6 to $49.4 trillion for a 20-year period
(with a best estimate of $22.2 trillion in net
benefits). In a critique of the Environmental
Protection Agency study, Gallet et al. (8) also
estimated large net benefits and showed that
the Kuznets curve for U.S. air pollution shift-
ed down because of the Clean Air Act. Other
studies affirm the role of environmental ac-
tion and attitudes in achieving the reductions
(6, 11). In addition, we found that states in the
United States with proportionally high mem-
bership in “green” organizations had lower
Kuznets curves for air pollutants than states
with lower membership rates. Similarly, na-
tions with a high score on an index of civil lib-
erties had lower Kuznets curves than nations
with low civil liberties, probably because of
public lobbying for environmental action in
countries with more civil liberties (see sup-
porting online material). These examples
strongly suggest that air pollution is not sim-
ply a matter of income. In comparing states or

nations with the same level of wealth, those
with more environmentalism, or greater ca-
pacity for public choice, have lower air pollu-
tion. Public choice (as a manifestation of
civil liberties) of course involves much more
than environmentalism, making the ob-
served relation especially tantalizing. 

The balance of the evidence indicates
that we are receiving substantial benefits
from our response to environmental
alarms. These benefits range from aesthet-
ic (such as our joy at the bald eagle’s re-
covery) to the saving of millions of lives
(for example, regulation of air and water
pollutants). Still, the critical quantity deter-
mining whether or not there are too many
false environmental alarms is the marginal
benefit of the alarms—the slope of the ben-

efits curve—not the absolute benefit.
History tells us that most of the known an-
thropogenic hazards had already caused
considerable harm by the time their adverse
effects were even understood, let alone reg-
ulated; therefore, we argue that humans
have typically lived on the steep portion of
the benefits curve, rather than the asymp-
tote. Problems of detecting warning signals
and overcoming vested interests inevitably
lead to delay in regulation, often incurring
damages that could have been prevented
with higher sensitivity. Small particulates
(PM2.5) are the most dangerous air pollu-
tants in the United States, and these were
not even regulated until 1997 because epi-
demiological studies showing effects at un-
expectedly low concentrations were not re-
ported until 1989–1996 (12). 

Because marginal benefits are evidently
so large, we argue that they dwarf the high-
ly uncertain marginal costs in most cases.
Thus, our environmental alarm is currently
too conservative, not too liberal. Consider a
change in the sensitivity of the environ-
mental alarm large enough to allow, on av-
erage, one of the major million-life hazards
to pass undetected. To be beneficial, such a
change would have to reduce the cost of in-
appropriate regulations even more than the
net value of the lives lost. We view this as
extremely unlikely, given that the value of a
single “statistical life” is usually estimated

in the low millions ($3 to $6 million cur-
rently in the United States) and that total
expenditures on environmental protection
in OECD (Organisation for Economic Co-
operation and Development) countries are
generally estimated at 1 to 2% of gross do-
mestic product, with the United States at
1.6% (13–15). Also, new discoveries first
receive considerable scientific scrutiny,
and most false alarms are discarded before
they engender serious costs. Furthermore,
the costs of mitigation often are far less
than initially projected because of induced
technical change; delaying mitigation can,
therefore, increase costs. Environmental
policy and science are dynamic partners,
and delays in addressing problems tip the
balance even more in favor of early warn-
ings and action than the static cost-benefit
analysis would suggest (16). 

The optimal solution of a cost-benefit
analysis always leaves some members of a
heterogeneous population bearing a dispro-
portionate fraction of the costs and others
enjoying a disproportionate fraction of the
benefits. Thus, there will always be a ro-
bust market of special interests to popular-
ize books like The Skeptical Environ-
mentalist. Were such complaints not heard,
we would be erring even more on the side
of setting sensitivities too high. Given the
potential to save millions of additional
lives, this is no time to turn down the sen-
sitivity of our environmental alarm.

References and Notes
1. B. Lomborg, (2001) The Skeptical Environmentalist

(Cambridge Univ. Press, Cambridge, 2001), pp. 168,
182, and 274.

2. A. Kinzig et al., Ambio 32(5), 330 (2003).
3. K. Arrow et al., Science 268, 520 (1995).
4. T. M. Seldon, D. Song, J. Environ. Econ. Manag. 27, 147

(1994).
5. G. Grossman, A. B. Krueger, Q. J. Econ. 110, 353

(1995).
6. W. Jaeger, “A theoretical basis for the environmental

inverted-U curve and implications for international
trade,” working paper, Williams College, Williams-
town, MA,1998.

7. J. Andreoni, A. Levinson, J. Publ. Econ. 80, 269 (2001).
8. C. A. Gallet, J. A. List, J. F. Shogren, “Reconsidering the

emission savings due to the 1970 Clean Air Act
Amendments,” working paper, University of
Maryland, College Park, MD, revised 2002.

9. R. Lutter, R. B. Belzer, Regulation 23, No. 3. (2000).
10. “The Benefits and Costs of the Clean Act. 1970 to

1990,” http://yosemite.epa.gov/ee/epa/eermfile.nsf/
vwAN/EE-0295-2.pdf

11. S. Aoroa, T. Cason, South. Econ. J. 65, 691 (1998).
12. C. A. Pope III et al., JAMA 287(9), 1132 (2002).
13. W. Viscusi, J. Econ. Lit. 31, 1912 (1993).
14. J. Lesser, D. Dodds, R. Zerbe, Environmental Economics

and Policy (Addison-Wesley, New York, 1997).
15. “Pollution Abatement and Control Expenditures in

OECD Countries,” www.oecd.org/dataoecd/41/57/
4704311.pdf

16. M. Grubb, J. Köhler, D. Anderson, Annu. Rev. Energy
Environ. 27, 271 (2002).

17. We are grateful to M. Grubb, P. Ehrlich, S. Schneider,
and G. Daily for helpful comments on an earlier draft.

Supporting Online Material
www.sciencemag.org/cgi/content/full/301/5637/1187/DC1
SOM Text
Table S1 C

R
E
D

IT
:R

E
D

R
A

W
N

,W
IT

H
 P

E
R

M
IS

S
IO

N
,F

R
O

M
 (

5
).

GDP per capita

U
rb

an
 a

ir
 p

o
llu

ti
o

n
(c

o
n

ce
n

tr
at

io
n

)

An example of an environmental Kuznets

curve.

P O L I C Y F O R U M

29 AUGUST 2003 VOL 301 SCIENCE www.sciencemag.org

 o
n 

A
ug

us
t 2

9,
 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/


 (5637), 1187-1188. [doi: 10.1126/science.1086646]301Science 
S. W. Pacala, E. Bulte, J. A. List and S. A. Levin (August 28, 2003) 
False Alarm over Environmental False Alarms

 
Editor's Summary

 
 
 

This copy is for your personal, non-commercial use only. 

Article Tools

http://science.sciencemag.org/content/301/5637/1187
tools: 
Visit the online version of this article to access the personalization and article

Permissions
http://www.sciencemag.org/about/permissions.dtl
Obtain information about reproducing this article: 

 is a registered trademark of AAAS. Scienceall rights reserved. The title 
Washington, DC 20005. Copyright 2016 by the American Association for the Advancement of Science;
December, by the American Association for the Advancement of Science, 1200 New York Avenue NW, 

(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week inScience 

 o
n 

A
ug

us
t 2

9,
 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/content/301/5637/1187
http://www.sciencemag.org/about/permissions.dtl
http://science.sciencemag.org/

