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Consider the following scenario: 

Scientists have discovered that the use of chemical fertilizers has caused a 
micro-organism to mutate into a form that can survive in the upper atmosphere 
and absorbs oxygen at an alarming rate. Mathematical models show 
conclusively that within 50 years the organism will multiply and consume so 
much oxygen that a healthy adult will have difJiculty breathing. In 76.4 years, 
there will not be enough oxygen left in the atmosphere to sustain life. An NAS 
panel investigates the problem and presents its report in an unprecedented 
world-wide TV broadcast, complete with computer generated images of a 
world, darkened by the mass of organisms suspended in the atmosphere, where 
people must wear heavy oxygen tanks and the average family spends more for 
oxygen than on their mortgage. Every scientijk society and every living 
Nobelist endorses the report. The committee chair appears on TV talk shows 
and portrays the organism as a hideous beast ruthlessly stealing the breath 
from helpless babies. Oliver Stone's film, "O,," depicting oxygen wars set 
against a background of 60's hits, becomes the top grossing film of all time. 

Meanwhile, in Schenectady, New York, a young biochemist, working in her 
garage, discovers that a chemical derived from recycled plastic containers is 
deadly to the organism. She also discovers that the best way to distribute the 
chemical is through the exhaust of automobiles. Extensive testing by the U. S. 
Environmental Protection Agency, the Department of Energy, the Department 
of the Interior, and the Food and Drug Administration determines that the 
chemical has no adverse effects on cars, plants, animals, buildings, statues, or 
people. During the I 1  years of testing, despite widespread use of the chemical 
in much of the world outside North America, there is a noticeable darkening of 
the skies and the average times for world-class marathoners increase by 5%. 
The first legal shipment of the chemical in the U. S. sells out in 15 minutes. 
Soon, oil companies are offering firel colltaining the additive for 5 cents extra 

1 Working paper prepared for the Creeping Environmental Phenomena Workshop, Boulder, 7-9 February 
1994. Preparation of this paper was supported by the National Science Foundation (Division of Social and F 

Economic Science) under Grant SES90-11868. 



12 

per gallon. It outsells regular gas by a 3 to I margin. Within I0 years, under 
a completely voluntary program, the organism is eradicated, the oxygen supply 
returns to normal, and all the plastic on earth is recycled. 

The organism described in this scenario produces the important characteristics of creeping 

environmental phenomena (CEP). Early in the process of change, when action might be most 

effective, evidence of a threat is limited and circumstantial or theoretical. The environmental 

changes are gradual and remain, for a time, within the range of natural variability. The most 

serious consequences of change occur far in the future (relative to most of the problems 

facing government), while the costs of prevention must be borne much sooner. 

Despite the implausibility of the organism described in the scenario, the success of this 

fictional world in dealing with it seems plausible from a social science perspective. Why? 

First, there is unanimity among the scientific community about the long-term consequences. 

Scientists agree that there is a clear danger in the future if something is not done now, and 

they agree that the impacts would be serious. Second, the consequences of doing nothing are 

concrete and personal. Lack of oxygen would affect everyone, and it is easy to imagine the 

discomfort that would result if breathing were difficult or impossible. Third, the threat was 

effectively communicated to the public. Communication was made easier by the concrete and 

personal nature of the threat, and images and mass communication media were used to create 

a vivid image of a catastrophic future. Fourth, after time, the message that was 

communicated to the public was confirmed by obvious signs that change was occumng. 

Fifth, there was an effective, voluntary, low-cost solution available without adverse side 

effects and that did not create "winners" and "losers." 

Under these conditions, a society could respond effectively to creeping environmental 

change, but this is a fragile scenario -- it can fall apart in many ways. If scientists disagree, 

then uncertainty about the likelihood and the consequences of the event is increased, and the 

will to act may be diminished. Suppose that a credible group of scientists had argued 

persuasively that, when the density of the organisms in the atmosphere reached a certain 

level, they would clump together and precipitate out of the atmosphere, providing fertilizer for 

plants which would return more than enough oxygen to the air to offset that absorbed by the 



organisms. This could have seriously eroded the credibility of the threat. If the threat had 

been less serious (e.g., loss of some trace gas of little value to humans) then people might not 

have jumped at the chance to pay more for gasoline to prevent it. If the nature of the threat 

had been more abstract and less personal, e.g., a change in the length of the growing season 

or the distribution of rainfall, then it would have been more difficult for citizens to imagine 

how the change would affect them and more difficult to communicate the nature of the threat 

to the public. Suppose that no compelling evidence of change had emerged because, say, 

there was so much natural variability in oxygen levels in the atmosphere that the change 

could not be detected, and during many periods there was actually more oxygen available 

than normal. Then it would have been more difficult to persuade people that the threat was 

real. If the communication to the public had been ineffective and stressed uncertainty and 

disagreement more than the nature of the threat, then fewer people would take the threat 

seriously. If all the available responses were either ineffective, very costly, or involved 

onerous side effects that might be worse than the threat they were designed to address, then it 

would be much more difficult to act. (Of course all of this assumes that there is a 

governmental and political structure in place that is capable of deciding to respond and 

implementing response. If that is not the case, then nothing else really matters.) 

If any of the above problems were to occur, we could not be sure whether societal 

response to the threat would be effective. If very many of them occur, then we can probably 

rule out the possibility of an effective response. Indeed, each of these problems introduces 

some doubt about whether societal response should occur at all. In the fictional world created 

for our scenario, it is clear to everyone what action the society should take. For real 

problems, however, actions involve significant tradeoffs and create winners and losers. 

Selecting the proper course of action then involves questions of value that cannot be resolved 

by technical analyses alone, but must be addressed within some political process. Therefore, 

it would be presumptuous of us to focus only on how to encourage government to respond to 

creeping environmental changes. The answer to the question "Why don't societies respond to 

creeping environmental change?" might be "because they should not respond"; that is, given 

the values of the society, they are taking the proper course of action by not responding to 

creeping environmental change. 



We believe that the important question is: "How can societies act more effectively in the 

face of creeping environmental change?" This  admits the possibility, however remote, that 

the most effective response is to do nothing. Answering this question requires an 

understanding of the factors that influence government response to creeping environmental 

change. Figure 1 is the result of our attempt to describe one set of important factors. 

We begin with three elements that are necessary for government action: 

1. The threat must be judged to be credible, 

2. The outcome, if no action is taken, must be judged sufficiently severe to justify action. 

3. There must be one or more responses available that are acceptable, relative to the 
severity of the threat. 

Each of these three key elements can be considered a continuous variable with a 

minimum cutoff. If any one variable does not reach its cutoff (i.e., minimum credibility, 

minimum severity, minimum acceptability of response), then no action will be taken. The 

cutoff levels cannot be determined by technical analysis alone. They require politicaVvalue 

judgments. 

Credibility of the threat is subjective and, therefore, may be judged differently by 

scientists, the public, and policymakers. Judged credibility is influenced by the extent of 

agreement among experts who study the issue. They may agree, or disagree, both about the 

corning event (the actual environmental change) and about the societal impacts of that event. 

Credibility will be enhanced if there is obvious and compelling evidence of change. 

Credibility among the public and policymakers is influenced by how information about the 

threat is communicated. Such communication will be easier if the consequences of change 

are concrete, rather than abstract, and personal, rather than impersonal. 

Severity of threat depends on the costs of the expected damage, its spatial and temporal 

extent, and the number of people affected. Since severity must be estimated, it could also be " 
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Figure 1. Factors influencing government response to CEP. 



broken down into elements that parallel those for credibility, To save space, these elements 

are not included in Figure 1. 

Acceptability of potential responses depends on their effectiveness, cost, and desirable or 

undesirable indirect effects. Acceptability will also depend on public opinion about the 

alternatives, which will be influenced by how information about the response is presented to 

the public. Since the costs and benefits of government action are rarely distributed evenly, 

acceptability will depend on who gains and who loses. 

Of course, while the factors represented in Figure 1 are necessary, they may not be 

sufficient for government response. For example, a fourth important element necessary for 

government action in a democratic society has to do with the trust of the people in 

government. Governments can and do act without the support of the electorate, particularly 

in totalitarian or authoritarian regimes; but in a democracy, elected leaders worry about 

continuing in power and have to lead in increments that are at best only slightly ahead of the 

electorate. (Easton, 1965a, 1965b, focuses on the feedback loop from political outcomes to 

political support to political outcomes; see Richardson, 1991, 204-214.) If people have lost 

their trust in government to work well, as is currently widely believed to be the case in the 

U.S., then government has a tougher time responding to CEP. In the U.S., there is a 

"backlash" effect which presumably comes from (a) an initial tendency to distrust 

government, (b) natural tendencies to try to "define" difficult problems away rather than deal 

with them, and (c) belief that previous warnings have been false. Item (c) is reinforced by 

memories of previous communications -- government and expert claims, government actions, 

evolving actions of the environment, perceptions of discrepancies between forecasts and the 

actual state of the system -- which lead to growing tendencies to distrust government and 

expert communications. 

Figure 1 is obviously simplified and purposely vague about whose judgments are involved 

in each factor. The complex bureaucratic and political processes necessary for a government 

to decide to act and to implement that action are not fully represented. Rather, Figure 1 

highlights the cognitive and judgmental aspects of the problem, i.e., that responses to CEP are 8 
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influenced by- judgments of credibility of threat, severity of threat, and acceptability of. 

consequences. 

From the perspective of research on judgment and decision making, CEP exemplify the 

conditions that severely tax human cognitive abilities: uncertainty, complexity, and complex 

value tradeoffs (for further reading on this field, see, for example, Hammond et al., 1975; 

Arkes and Hammond, 1986; Brehmer and Joyce, 1988; Hogarth, 1987; Dawes, 1988; 

Mumpower et al., 1987; Slovic et al., 1977). Uncertainty and complexity are the result of the 

effects of many interdependent variables linked by multiple interactions and multi-step 

.feedback loops with significant time delays between cause and effect. Furthermore, detection 

of CEP is difficult, because change occurs slowly and in small steps that are below human 

perceptual thresholds. Consequently, CEP present a formidable challenge to limited human 

mental abilities. 

One of the most successful, and most widely used, methods for helping people cope with 

uncertainty and complexity is computer modeling. Models can keep track of the complex 

relations among many variables and perform the computations necessary to assess the 

consequences of various scenarios and policy alternatives. Such models have been used for 

years to study CEP such as climate change and acid rain. 

The computer models used in studies of CEP, such as Global Climate Models, are so 

complex that only the specialists can hope to understand them. In fact, understanding the 

models may not be much easier than understanding the phenomenon itself. Although such 

models are useful for detailed scientific study of CEP, their inner workings are inaccessible to 

the policymakers who are responsible for making decisions. When models disagree, or 

modelers disagree, or modelers disagree with scientists who do not use models, the 

policymaker is not equipped to evaluate the arguments. The result is that policymakers may 

over- or under-estimate uncertainty about the threat of CEP and act unwisely. 

Complex computer models are not the only models that are important in the policy 

debate. Scientists, policymakers, and citizens have "mental models" of the phenomenon that 



are as important, if not more important, in determining what is done in response to CEP. The 

concept of mental model is widely used, but little understood, and space does not permit a 

full discussion of the concept here (see Rouse and Moms, 1986, for a review). We will use 

the term simply to refer to a person's set of relevant beliefs. 

Scientists' mental models are important because they influence their judgments. 

Scientists are often asked by policymakers to make judgments that go well beyond the 

available data. When they do this, they are subject to the same cognitive limitations that 

affect lay people (J3amrnond et al., 1984). It is likely that each scientist's mental model is 

- incomplete and perhaps even wrong in some respects. The mental models of two scientists 

are likely to differ, resulting in differing judgments. Understanding differences in scientists' 

mental models should lead to an understanding of the reasons for disagreement (Stewart, 

1991). 

Policymakers' mental models are important because they influence their decisions. Their 

mental models of the technical aspects of CEP are likely to be simpler than scientists' 

models, but their mental models of the value and political aspects of the problem may be 

more complex. If the technical beliefs incorporated into their mental model lead to an 

inaccurate assessment of the range and likelihood of possible outcomes under different policy 

scenarios, then their decisions will not be well informed. 

If the mental models of scientists and policymakers are flawed, and those flaws limit 

government ability to respond effectively to CEP, then how can they be improved? We 

would argue that one route to improvement involves making mental models explicit and 

expressing them in a form that can be understood by both scientists and policymakers. If this 

can be done, then the models can be critically examined, discussed, and improved. Such 

examination and discussion of models can facilitate the development of a consensus model 

representing the shared knowledge of experts (Hammond et al., 1984). 

Computer models used by scientists are explicit, but they are beyond the understanding of 

policymakers (and even most scientists). What is needed is a modeling method that can help 
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bridge the gap between scientists and policymakers. It would have to be simpler and more 

highly aggregated than the models scientists normally deal with, but more disaggregated and 

detailed than the information that policymakers are usually given. It should be acceptable and 

accessible to both. 

System dynamics offers such a method. System dynamics models can range from large, 

detailed simulation models appropriate for scientific analysis, to small, aggregate models 

suitable for communicating insights about complex dynamic phenomena. Figure 2 describes 

one part of the structure of a system dynamics model of global climate change that is 

.positioned to communicate insights at an aggregate level. Although Figure 2 represents only 

feedbacks involving clouds and ice, a more complete model would include the major 

feedbacks that have been identified in the climate system. Much of the disagreement among 

scientists can be traced to differences in the subjective strengths of these feedback loops. We 

propose that models like this are simple enough to be understood by policymakers, but 

detailed enough to capture the important elements of the scientific discussion. Our experience 

suggests that such models can be useful in a) understanding disagreements among scientists 

and b) improving communication between scientists and policymakers (see, e.g., Naill, 1992; 

Homer, 1992; Vennix et al., 1990). 

While system dynamics models can be positioned between the extremes of the needs of 

scientists and the needs of policymakers, it may be difficult to formulate such models and use 

them to influence policy. (Greenberger et al., 1976, is still relevant.) Scientists must be 

persuaded to contribute their knowledge at a level of aggregation and estimation they are 

uncomfortable with, and policy actors must be persuaded that their mental models really do 

need formal (computer simulation) aids. Both groups must be persuaded that the resulting 

model is trustworthy. It is an appropriately challenging task, which, when coupled with the 

potential seriousness of creeping environmental phenomena, deserves the modeling 

community's best efforts. 
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Figure 2. lllustrative positive and negative feedback loops from a 
system dynamics model of global temperature change. 

Summary 

Effective government response to CEP must be grounded in accurate judgments and 

well-informed decisions. Because CEP create conditions that challenge liurnan cognitive 

abilities, mental models that are the basis for judgments and decisions are likely to be flawed, 

resulting in disagreement among participants in the policy debate. One potential remedy is to 

make mental models explicit, critically examine them, and improve them. We have suggested 

one method for accomplishing this. 
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