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By Robert W. Kates
and William C. Clark

t he most memorable events are
frequently the most surprising
ones; indeed, surprises may be the
most influential events of any era.
This is certainly true of the environ-
mental surprises of the past 25 years
and those that we can anticipate over
the next 25 years. Anticipate? Al-
though, by def-
inition, genuine
surprises are
always unantic-
ipated (at least
by most of us),
surprise as a
phenomenon is
surely to be
expected. In
fact, in one
well-developed
and empirically
supported theo-
ry, surprise is
an inevitable
consequence of
the interactions
between hu-
mans and their environments (see the
box on page 8). This final article in
Environment's Earth Day series
explores the environmental surprises
of the recent past and those yet to
come. It speculates on ways of antici-
pating and responding to surprise—
indeed, of using it creatively to sus-
tain human use of the Earth.
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Environmental Surprises
Since 1970

To put the issue in perspective, it
will be useful to examine three major
environmental surprises of the last 25

years: Legionnaire’s disease,
the Bhopal disaster, and the
depletion of the stratospheric
ozone layer.

Legionnaire’s Disease

In July 1976, in celebra-
tion of the 200th anniversary
of the Declaration of Inde-
pendence, the American
Legion held its national con-
vention in Philadelphia. The
legacy of that convention, however,
was a new, sometimes fatal, disease
characterized by high fever, dry
cough, lung congestion, and subse-
quent pneumonia and liver and kid-
ney damage. Altogether, Legion-
naire’s disease struck 182 attendees
of the convention, 29 of whom died.
For months, doctors, epidemiologists,
and scientists struggled to find a
cause for the illness. Finally, through
the work of a very persistent investi-
gator, it became clear that the disease
was caused by several strains of a
bacterium called Legionella pneu-
mophila that was first identified 29
years earlier. The outbreak apparently
occurred because water vapor con-
taining this bacterium was transmitted
through the hotel’s air conditioning
ducts.! Legionnaire’s disease would
be the first in a series of infectious
diseases to appear or reappear in the
late 20th century.

Legionnaire’s disease was the prod-
uct both of a unique environment (an
air conditioning system) and the tech-
nology that created that environment.
The list of surprise discases with an
environmental or technological com-
ponent also includes toxic shock syn-
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drome (caused by a super-absorbent
tampon) and Lyme disease (caused by
the changing ecology of suburban liv-
ing, reforestation, and growing deer
populations). Other environmental
factors include increased travel and
the globalization of the food supply,
which have exposed residents of ten-
perate zones to tropical diseases and
promoted the spread of food-borne
diseases. Furthermore, population
growth itself might encourage the
proliferation of new infectious dis-
cases because, as the number of peo-
ple increases, there is a larger reser-
voir of hosts in which viruses may
proliferate. Combined with the evolu-
tion of drug resistance and increased
immune system deficiencies, modern
industrialized societies that thought
themselves invulnerable to infectious
disease must now cope with its sur-
prising recurrence.

Bhopal

Bhopal is a city in central India of
about | million people where Union
Carbide, a U.S. chemical company,
had a pesticide manufacturing plant.
On 3 December 1984, an unexpected
chemical reaction took place in a stor-
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age tank of methyl isocyanate, a toxic
gas used in the production process.
The runaway reaction released a great
deal of heat and vaporized between 30
and 40 tons of the gas, which spread _
over some 30 square miles, killing
thousands and injuring hundreds
thousands of people.2

A series of human errors and
equipment failures created the chemi-
cal reaction. First, large amounts of
water (approximately 120-240 gal-
lons), which generated the heat need-
ed to initiate the subsequent reactions,
entered the tank when a hose was
mistakenly attached to a pressure
gauge. Second, as a result of the dis-
tilling process, there was an abnor-
mally high level of chloroform pre-
sent; this increased the corrosion of
the tank, providing more iron as a
catalyst for the reaction. Further
human and mechanical errors allowed

ation sys-
the tank
inoperative for six months,
The vent-gas scrubber and flare, safe-
equipment designed to destroy

ses, were also not fully opera-
. The water-spray system failed
ain the escaping gas. And
nally, the Bhopal community had no
emergency plan. Much of this may be
attributable to the complacency of
local management, who were appar-
ently lulled by the knowledge that the
plant had one of the best safety
records in India.’

There was also little oversight or
regulation. The government of the
state of Madhya Pradesh had never
mandated safety standards for the
plant and lacked the technical and
institutional capacity to implement-
toxic chemical control laws. (This

























response to the surprises that we have
experienced. Standby capacity is now
in place (at least in the wealthier coun-
tries) for many environmental prob-
lems, including such disasters as oil
spills, releases of toxic materials,
nuclear accidents, earthquakes, and
floods, as well as diseases. In addition,
generic responses (in the form of emer-
gency and disaster management capa-
bility) have improved considerably.

Part of the solution to unexpected
events is simply to monitor hazards
not only where they are supposed to be
but also where they are not. The key
often lies in the way data that are at
odds with expectations (so-called
“outliers™) are handled. A classic
example is the seasonal hole in the
ozone layer over Antarctica, which
was almost missed because expecta-
tions tended to override actual obser-
vations. The theory developed in the
wake of Molina and Rowland’s paper
predicted that the largest ozone deple-
tion would occur in tropical latitudes.
Polar regions were of interest primari-
ly as relatively clean background sites.
Thus. U.S. satellite measurements that
indicated seasonal depletions over
Antarctica were treated as suspect.
Comparisons with ground-based data
from the United States’ South Pole sta-
tion, which showed no depletion, only
confirmed these initial suspicions. As
a result, the satellite data were set
aside as unexplained, but relatively
uninteresting, anomalies. In fact, how-
ever, it was the ground data that were
wrong.?” The hole was finally discov-
ered by a British team under J. C. Far-
man that decided to believe its own
ground-based information even though
theory cast doubt on it.2

Today there is much greater aware-
ness that anomalies may actually reflect
previously undetected phenomena rather
than measurement error. For instance,
epidemiological monitoring has become
more sensitive to the unexpected, espe-
cially the appearance of “tropical” dis-
eases in temperate countries.

For the other type of surprise, which
involves unexpected consequences
from familiar events, the appropriate
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coping strategies are less obvious.
Nonetheless, some progress has been
made. In particular, the lessons of DDT
and CFCs have been taken to heart:
Before the general introduction of new

systematic search for discontinuities
and synergies that Myers proposed
aids in this process. Backcasting, the
opposite of forecasting, is also useful
for increasing sensitivity.* Being open

chemicals, extended appraisals sys-  to the possibilities of multiple causa-

AN TTCIPATING SURPRISES

E ven though surprises are not com-
pletely predictable, there are a
~number of techniques one can use to
anncfpate them—that is, to generate
visions of the future in which the
improbable comes to pass. One such
technique is surprise theory, which
focuses on the principles underlying
unexpected events and developments -
(see the box on page 8) Another is his-
torical retrodiction, which examines
empirical cases of surprise to determine
whether the seeds of future surprises are -
apparent to hindsight and, if so. how
they can be recognized ahead of time.
‘Four other techniques relate to the
methods of identifying trends and mak-

- ing projections based on thrn The first
_involves mt,mducmg contrary assump-
tions into the analysis. For example, in

- predicting population, analysts usually
. make several different assumptions
about birth and death rates and how
_they will change over time; these
assumgtmns yield a_ range of predic-

; how currem tnends prbduce surprlsmg 5
results due to their i interaction. Finally,
* there is.a techmque known as imaging
‘in which one imagines an unlikely
~ event (say. a global population much
~smaller than the one today) and then
tries to construct a plausible scenario— -
a form of backcasnng—“by which xt"
might be realized.
Some recent studies have used ”Lhea
last four techniques to produce credible
seenarios with major elements of sur-
prise. One examined a hypothetical
transfer of world leadership from the
~ West 1o South Asia by 2075 as well as
‘the catastrophe-free absorption of a
future population four times the current
- one.! In another, scientists and intellec-
tuals deﬁngd a lwpefu] future for Africa
100 years after Ghanaian mdc"pepdenqe
* and asked how it might be achieved.*In
‘a_third, scientists studying global
 change created surpnémg droughts in
‘the Amazon and air polluuon in ﬂurﬂy, s
populamd places through the mterac;—*. !
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majd;r dlsmptmns such as war, econom-

e depress:on plague, or a c]iange 11;1
_ deep-seated values. By mcI’uamg such
dnscupnons in the calculations, analysts
~ can get a better idea nﬁ what is IllecLy&‘t;
- happen in extreme cases. A variant :
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tematically explore a wide range of
possible movement patterns and inter-
actions. Risk prioritization schemes
have also been proposed that flag ubig-
uitous substances and organisms for
special attention, regardless of whether
causal connections to unwanted conse-
quences have been established.?’ The

tion can help prevent the rush to Judg-
ment that often characterizes errors in
attribution.*! (The box on this page
outlines some of the techniques used to
anticipate surprises, while that on page
33 illustrates the use of such tech-
niques to envision surprise outcomes
for greenhouse gas emissions.)
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