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Science for the Age of Uncertainty 
 
 
(Public Lecture at Carnegie Mellon University, October 23 1997) 
 
       Jerome Ravetz 
 
 
 I bring you greetings, from the land of the Mad Cow.  Great Britain has been 
famous for many things during its long history.   Most recently we have seen the 
embracing of capitalism by the Labour Party, the embracing of Gay Pride by the 
Conservative Party, and the death and beatification of an ex-Royal Princess.  But for me 
the most significant event, in the light of historical trends, was a comment made by the 
then Minister for Health a year and a half ago.  He was appearing live, shortly after seven  
in the morning, on a very popular BBC radio programme, Today.  Asked how serious was 
the risk to humans of the “new-variant” form of Creuzfeld-Jacob disease which seemed 
to have spread from the BSE-infected “mad cows”, he replied, with a candour that is 
quite rare for a Minister of the Crown, “It’s a non-quantifiable risk”.  Thus, out of the 
mouth of a politician (admittedly, a very harassed one), came a new idea in the 
philosophy of science. 
 
 The implication of his statement of a “non-quantifiable risk” is that the beef-
eating section of the population of Great Britain, and perhaps of other places as well, are 
living on their luck.  There may be only a handful of cases of that really horrible disease; 
or there may be an epidemic of what one expert has called “Biblical proportions”.  We do 
not, we can not know; and, worse, it seems that for some years to come, we will not 
know.  Our knowledge of the causes and progress of these two terrible diseases is, at this 
stage, swamped by our uncertainty and ignorance. 
 
 What is new about this situation?  After all, there have been plagues throughout 
human history, whose course was unpredictable.  One of the greatest triumphs of science 
in recent generations has been in the conquest of epidemic disease.  The difference even 
from a half-century ago, when parents lived in terror of the attack of diphtheria or polio, 
is remarkable.  Up to now, the course of science has been one of steady progress, in 
eliminating the perils of ordinary life, and rolling back the borders of ignorance. 
 
 But now, a new element has entered.  BSE seems certain to be a technology-based 
disease.  The technology is not all that fancy; it is just a process for rendering down meat 
scraps into an unrecognisable form of powder.  Then cattle could be fed to cattle, and no 
one would be the wiser.  We might think of it as an adaptation of the old film Soylent, 
down on the farm.  Since every disease is to some extent social, we also have to reckon 
with the role of the Ministry of Agriculture, Fisheries and Food in purveying and 
enforcing a complacency about the disease that was quite stupendous, even by the 
standards of the British Civil Service. 
 
 But these special circumstances should not obscure the general point, that 
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technology-based pathogens are now on the agenda.  They might be “Multiple Drug 
Resistant” strains of pathogenic bacteria, bred up by Darwinian selective pressures in 
response to antibiotics.  Or they might be strange chemicals, as “Xeno-estrogens”, doing 
nasty things to the reproductive systems of ourselves and many other species.  We are 
even now making new ones, as in possible viral diseases from Xeno-transplants, as pig’s 
livers into humans.   Some of these new man-made risks are quantitative, but others are 
not.  So far we have prevented disasters from occurring; but there is no telling in advance 
when our luck will run out.  Then in retrospect, our science, the bearer of knowledge and 
safety, will have turned out to have also produced a deeper and more dangerous 
uncertainty and ignorance. 
 
Science and the answers at the back of the book 
 
 At this point I may appear to be speaking in riddles and paradoxes.  How can 
science produce ignorance?  Science is, after all, about facts, about truth, about the 
conquering of ignorance.  Surely there must be some mistake.  To explain this paradox I 
must step back a little way, and examine the image of science that we have all grown up 
with.  What I say may seem a bit caricatured to some of you; but I feel that it fits with the 
impressions we get from school and from the media.  After all, from what I have seen in 
Britain, when it’s good news it’s called “science”, and when it’s bad news it’s called 
“environment”. 
 
 When we are at school, we learn the different sorts of science from big textbooks, 
with titles like “Physics”, “Chemistry”, and “Biology”.  The textbooks have exercises and 
questions in them, scattered through the text in order to test our comprehension; and then 
the answers will be at the back of the book.  So as we grow up and 
 become scientifically literate, perhaps the most important thing we learn is the unspoken 
lesson, that for every question in science, there is an answer at the back of the book 
(Fig.1). And there is just one correct answer; all the others, however ingenious or 
plausible, are Wrong.  Why shouldn’t this lesson be extended to the Great Book of 
Nature?  All we have to do is get a scientist to ask a questions, and there, at the back of 
the book, the one and only correct answer is also waiting  (Fig.2). 
 
 Now, suppose someone comes along and says, “Sorry, folks; the Book of Nature 
is different; there’s no Answers section at the back.  When we ask a question of Nature, 
we don’t know which is the right answer; we can’t even be sure that there is any answer 
at all.”   Well, that is very bad news indeed, very unsettling to our trust, might I say to our 
faith, in Science.  Why should the book of Nature be so different?  And why haven’t we 
noticed this before? 
 
 Let me answer the second question first.  We didn’t notice our scientific 
ignorance before this, because it didn’t seem to matter.  With such great triumphs of 
science piling up all the time, it was only reasonable to suppose that Nature would 
steadily give up her secrets; there was no limit to what we could know, and no limit to 
our power over Nature made possible by science.  And, I should add, for a long time 
Science was engaged in a battle for its own claims to truth, particularly against organised 
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religion; and it would not be likely to advertise its own inherent limitations and 
weaknesses. 
 
 As to the first question, about the possible absence of answers to scientific 
questions, I  have two routes to an explanation.  The first would be a discussion of the 
philosophy of science, analysing the sources of uncertainty in the products of scientific 
research.  That would be less useful for our present purposes.  The second route, which I 
propose to follow now, is to examine how problems including “the environment” will 
always have an inescapable element of uncertainty.  Moreover, such problems also have 
an essential value-loading, which is quite important for the way we understand them.  
This feature is also contrary to the impression given by the questions and answers of the 
big textbooks of Science; there it is all facts and no explicit values.  Again, I could argue 
that values are very important for those textbooks and also for research, but that would 
take me too far afield. 
 
Science, design, and uncertainty:  the dam 
 
 For an easy example, let’s take a dam.  The science behind the dam is very 
simple:  the potential energy of the stored water is converted, as it descends, to some 
other sort of energy, now usually electricity (Fig.  3).  And that conversion can be 
measured, by the simple formula E = mgh, where E is energy, m mass, g the acceleration 
of gravity, and h height of descent.  So much for the science; then technology and 
engineering come in, through the conversion to electricity, at a certain percentage 
efficiency, and also its modification and shipment to users, (Fig. 4) also at a certain 
percentage efficiency.  And so the dam is designed and operated on scientific principles, 
turning otherwise useless water into a product that brings wealth and wellbeing to us all.     
 
 Well, what’s wrong with that?  In its own, terms, nothing, of course.  It’s just that 
there’s a lot more to say.  It’s rather trivial, but it should be on the record, that no real 
dam is just a textbook exercise; I shouldn’t need to expand on the difference between 
science and engineering to an audience at the Carnegie Mellon University.  In his 
designs, the engineer must cope with more than the inherent variability among sites, and 
the uncertainties in the specification of any one of them.  More, his design will reflect 
certain values, some of which will be quite explicit.  For example, a dam designed for the 
production of electricity will need to have the water level kept as high as possible, so as 
to get the maximum energy from its flow.  But if the dam is also to serve for flood 
control, then it must have a lot of spare capacity ready to absorb all the extra flood water 
coming into it; hence the permanent water level will be not be the highest possible.   For 
every foot of height that is lost, there is a cost in lost electricty production; for every foot 
of height that is gained, there is an added risk of failure of flood control (|Fig.5)  And 
although the risk can be given a numerical probability, that number cannot be precise; it 
will have its own uncertainty, sometimes severe.   We know all about “hundred-year” 
floods which recur in a few decades or less. 
 
 How then are we to balance the two competing functions, energy production and 
flood control, in our hypothetical dam?  They will represent different sorts of value to the 
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community, and are usually enshrined in different institutions. For this task, science is 
necessary, but not sufficient.  Engineering judgment, constrained by design criteria, 
comes into play.   In the language I shall adopt later on, we have a case where both 
systems uncertainties (in the risks of the flooding to be prevented) and decision stakes (in 
the trade-off between energy and safety) are both moderate.  For many purposes, the 
values can be adequately expressed in monetary terms, and the science of Economics is 
deployed to help provide possible answers.  The answers at the back of the big science 
textbooks can still help here, but the dream of a single, unique, correct and best dam, is 
not to be realised. 
 
 Let me carry on a bit longer with this example of the dam, for it can lead us back 
to that big book of Nature with no answers in some crucial chapters, as we saw in the 
case of Mad Cow Disease and the possible epidemic of variant CJD.  Sometimes the 
scientific uncertainties of the dam can become severe, especially when its behaviour in 
the longer run is considered.  There is the possibility that its lake will eventually fill up 
with silt; and what will be the use of a huge chunk of mud?  Or the weight of the water in 
the lake, combined with its lubricating effect on rocks, might eventually trigger 
earthquakes.  Or a series of dams, creating broad stagnant lakes where formerly there had 
been a thin stream of flowing water, might change the water balance of an entire region.  
This seems to have happened on the Volga. 
 
 For some of these possible situations, and their possible effects, there are 
scientific answers.  They will not be “correct” like the answers to the textbook exercises 
of old, but at least they might be sufficiently reliable to be useful.  But for others, answers 
may be lacking, and they may be difficult to obtain.  The problems might be just too 
difficult, or there may be no funds for the research, or even - there might be some 
powerful institutions that would just rather not know.  I’m sorry - do I shock you?  Why 
would some institution prefer to remain in ignorance rather than to know the scientific 
truth?  For the moment, I can answer that with another question:  why did the motto 
“shoot the messenger!” come into being?  Whether such behaviour is ethical or even 
rational, there is plenty of it around; and scientific bad news is no easier to bear than any 
other sort.  The recent history of the Ministry of Agriculture, Fisheries and Food bears 
this out. 
 
 By now our examination of the dam has come a long way from the simple 
certainties of the textbook formula  E = mgh.  We see how real scientific uncertainties 
can affect the design of the dam, and also the debate on how, and indeed whether, it is to 
be constructed.  Again, I must stress that we have not lost the “objective” science 
altogether; but we have placed it in a context where it is not sufficient for defining the 
solution to a problem which is one of design, and also of policy. 
 
 Let’s now get into the hard stuff.  The lake made by the dam will drown some 
land.  On it there may be wildlife habitats, human dwellings, perhaps even sacred sites.  
On these, the debate will use science when it is relevant, and even economics.  But the 
issues will not be reduced to the subject matter of any quantitative discipline.  Suppose 
that the sacred site is an American Civil War battlefield and cemetery (Fig.6).  Can we be 
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satisfied with a scientific study of the rate of return of the subsoil to its natural state, so 
that “hardly any” human remains are there to be disturbed?  Or should we be ruled by the 
results of a “willingness to pay” survey, which shows that most visitors would rather 
have a replica Civil War site further up the hill, than to pay significantly more for 
electricity from a hypothetical alternative dam?  No; in such a case we (or at least many 
of us) do not calculate; our national identity is not to be measured away or sold to the 
highest bidder.  But here I am using emotive language; someone else might, with equal 
conviction, value cheap electricity more highly than all that sentimentality. 
 
 Now, such “conscience” issues in policies concerning science have fortunately 
been relatively rare; otherwise we would not have had any progress at all in science and 
industry up to now.  Or, to be more precise, up to now those people who have suffered 
from the progress of science and technology have been just those who were already 
suffering from political, social, economic and cultural inequality.  In a few words, those 
who have suffered from the progress of our science-based civilisation have been either 
other species, negligible people (as the various “natives”) or our own poor.   It is only 
now, that the progress of science has brought the dream of a decent, safe life to all 
humanity, that we have the luxury of judging the productions of science and technology 
by how they affect what has been called “the least among us”.  And now we have the 
paradox, that the broader social involvement made possible by the diffusion of science, is 
maturing just at a time when the problems requiring that involvement are becoming more 
severe and urgent. 
 
 People in American are familiar with this process of increasing uncertainty, and 
increasing value-loading, in the design and construction of dams.  For decades the U.S. 
Army Corps of Engineers had dammed rivers up and down the length of the U.S.A., 
constrained only by the commercially-oriented cost-benefit analyses.  Then, some thirty 
years ago, it all began to change, and they had to worry about teeny little fish and obscure 
songbirds.  And now the debate has moved back into the scientific core, about the whole 
rationale of flood prevention by damming and channelling.   In all this, no one has 
challenged the basic formula E = mgh; but no one can go into a legislative hearing, point 
to a big book called “Dam Science”, and claim that the answers are at the back. 
 
Nature: wild, tamed and feral  
 
 Our example of the dam has shown, I hope, how even when the scientific core of 
a problem is straightforward, when questions of policy and practice obtrude, the natural-
science component needs to be supplemented by other sorts of principles and knowledge.  
But I must tell you that it can be even worse.  In the example of the dam, there is at least 
a solid core of uncontested science, in the basic theory of the conversion of energy from 
falling water to electricity.  That sort of example is typical of the past.  For our modern 
technology has been triumphant just because of this miracle, that the abstract, unnaturally 
stable and pure reality studied in science textbooks, could actually be translated to the 
world of nature out there.  Whether it be electric current, the internal combustion engine, 
or computers, what we have is something totally unprecedented in the history of the 
human race.  In a sense, we have discovered the ways in which Nature behaves 
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sufficiently like a textbook, that we can apply not just the principles but also the style of 
scientific enquiry to technology and engineering.   
 
 Our present predicaments can be seen as the discovery of the limitations and 
dangers of that discovery.  For as the example of the dam shows, our textbook science 
only extends to part of the story; the dam as a real thing involves not merely engineering 
but policy, and sometimes also ethics and lifestyle commitments as well.  There is a lot of 
Nature “out there”, which is still not tamed and which can still strike back.  Moreover, 
when we need to confront that Nature in the raw, the rules of the game become different.  
That big book not only lacks tidy answers at the back, it can even lack well-defined 
questions at the front.  When we confront the questions that are either more complex 
(such as disease in its new environment, both technical and social), or larger in scale, 
(such as regional or global environmental issues), the questions themselves become 
complex, multifaceted, and politicized.  Indeed, the framing of the question, as either a 
predominantly scientific, technical, social or ethical question, is itself a crucial act with 
its inescapable elements of policy and power.   Was Mad Cow disease primarily a 
commercial problem, of preventing panic by consumers; was it an animal-welfare issue: 
or was it a human health hazard?  Any version can be argued for; but in Britain the first 
version was adopted, rigorously, with all its disastrous results. 
 
  When we leave the domain of Nature partly tamed, as in case of  the dam, and are 
dealing with untamed Nature the uncertainties are deeper still.  We might say that, 
outside the constraints of the laboratory, Nature speaks with forked tongue.  How did the 
BSE agent get into cattle in the first place?  Is it from the sheep-disease scrapie, or is it 
rather a totally man-made object, deriving from organophosphate poisoning?  (There is 
one organic farmer in England whose cows got BSE in spite of eating only grass; he has 
needed a lot of courage to press his theory about the disease).  Then , how do people get 
infected by the BSE agent?  Which tissues are infective?  Or, since one vegetarian has 
come down with it, perhaps it is inhaled?   
 
 All such questions are standard at the early stages of medical research; indeed, the 
heroic age of bacteriological medicine, over the past century, was defined by the struggle 
with such problems.  Things are different and more difficult now, in several important r 
espects.  First, sometimes we think we have the answer and then it turns out to be wrong; 
we are not as safe as science assured us we were.  For an example, there is a recent 
discovery about radiation damage; of a previously unknown pathway by which radiation 
can subvert living cells.  As the article in New Scientist expresses it, “...despite these  
safeguards, mistrust of radiation and of the nuclear industry persists. Now, radiation 
biologists are concluding that the public may well have been right all along” (Fig.7).   For 
there is a third harmful outcome of a hit by radiation, neither death nor obvious damage, 
but “genomic instability”, which may take generations to manifest.  So in such cases, we 
can speak  of Nature pulling the carpet out from under us; we had believed that the 
answer in the relevant big science book was “Safe”; and now it turns out to be “Maybe 
Not”. 
 
 The biggest worry of all is that this new “feral” Nature, Nature gone wild again, is 
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not the system that we as a species have known and evolved with.  These new perils 
come from new Natures.  BSE, the Xeno-estrogens, and most ionising radiation would 
never have existed without our intervention.  In that sense they are science-based hazards.  
This is something new and menacing.  The frontiers of knowledge are no longer being 
pushed back uniformly along the line.  While there is advance in some places, there is a 
actually a retreat in others.  We have created new Natures, of which our ignorance is 
acute and urgent.  In those areas, we, with our science, are less like world-conquerors, 
and more like Sorcerer’s Apprentices. 
 
 Further, we find that even our totally man-made technological systems contain 
large patches of dangerous ignorance.  We all know about the Millennium Bomb, the 
possibility that all our computers will seize up at the beginning of the Year 2000.  How 
are we to make sense of this?  Why did no one think about this?  I am not talking about 
the computer engineers of thirty years ago, whose job did not include thinking about the 
behavour of their devices in the remote future.  But even up to a few years or months ago, 
the possibility that such a trivial but explosive defect had been built into these expensive 
and sophisticated systems, was just outlandish.   Even now there are people who write to 
the papers saying that it can’t be all that bad; such a gross blunder at the heart of our most 
scientific technology is something that we would rather just deny. 
 
 None of these uncertainties, troubling as they are, refute the existence of a solid 
bedrock of scientific knowledge, underlying the successes of our technological 
civilisation.  But bedrock is not always visible at the surface.  We now face the prospect 
that the bedrock of reliable knowledge, as enshrined in simplified form in the textbooks, 
is simply not always available when we need it, in the form that we need it, in 
confronting the challenges thrown at us by Nature herself and now by feral Nature as 
modified by science. 
 
 Well, where do we go from here?  One path is to persist in a sort of denial, and to 
pretend to ourselves and to the public that somehow, somewhere, perhaps packed in 
Santa Claus’s bag, is that big book of scientific answers that will give comfort to little 
Virginia.  Down that road lies the sort of rhetoric with which we are all only too familiar.  
Scientist A says something like,  “I am a Ph.D. in whatever-ology, a Professor at an 
accredited University, with 173 publications in peer-reviewed journals, and I tell you that 
the toxicity indicator in question has a value of forty-two, which by international 
standards is Safe!”  Scientist B then takes the stand, gives his pedigree, and claims that 
the indicator has a value of seventy-six, which is Dangerous.  Or vice-versa.  And then 
we speak of “hired guns” doing “junk science” for whatever vested interest provides 
them with comfort, ideological or financial.  And if that sort of debate were to become 
the norm, we would be well along the way to the debasement of scientific quality.  Then, 
the careful research that is either irrelevant or unwelcome to strong vested interests, 
would be starved out by the sort that provides instant gratification to a clientele, however 
spurious and meretricious it might be. 
 
 If there were any doubt in your minds up to this point, it should now be clear that 
I am not simply indulging in philosophical exercises about truth and uncertainty.  If the 
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great social enterprise of science, in all its branches, loses touch with the reality in which 
it operates, the maintenance of quality will become impossible.  All the tendencies to loss 
of morale, loss of integrity, and corruption, which afflict any powerful established social 
institution, will become ever more difficult to resist.  I am therefore calling for the 
development of a new understanding of science, one based on the management of 
uncertainty and quality, to replace the old one which portrays science as the simple 
production of truth.  This may sound radical, but in fact its motive is conservative. From 
the “science wars” debates we see what happens when clever people become 
disillusioned with the naive faith of their schooldays; having once believed everything, 
they now try to believe nothing, and end up in a confusion that is contagious as  
well as disruptive. 
 
A New understanding of science:  uncertainty 
 
 How are we to reconstruct our understanding of science for the age of uncertainty, 
preserving what is good and solid while rejecting what is unsound?  In my own work, 
conducted with my colleague Silvio Funtowicz, I have pursued two main avenues of 
thought.  One is the management of uncertainty within science; and the other is about the 
maintenance of quality in the special sort of science which is now involved in the policy 
arena.  Let me say just a few words about the first.  Those of us who have been through 
old-fashioned  courses in experimental science will remember how every result had to be 
expressed with an “error-bar”, as an indication of the quantitative uncertainty associated 
with the result.  Without an error-bar, the number was simply incomplete, meaningless, 
just as if it were presented without the units.  Naively. we thought that all quantitative 
statements should have error-bars.  Then we discovered the big world of policy-related 
quantitative research, in the social as well as the natural sciences.  And lo and behold, all 
over the place we find numbers without error-bars!  What do they mean?  I eventually 
found the answer. 
  
 Wherever you look in fields of policy and the environment, you will find 
computer models.  Sometimes they have scores or hundreds of variables, and even now 
require large computers for their processing.  Where do the data come from, which 
supply the inputs and parameters for these programs?  What sort of quality assurance do 
they have?  How sensitive are the computer programs to errors of all sorts, from data-
entry to computational rounding-off?  When (as is frequently necessary), sophisticated 
statistical tests are performed, or large matrices are  inverted, what protection is there 
against the results being artifacts of the process, to a lesser or greater extent?  Summing 
up, we can ask, while there are national and international Quality Standards for all sorts 
of other products that affect our lives, what are the quality-assurance programs for  
these intellectual products?  Of course, there will always be some testing here and there, 
by one means or another.  But the uncertainties that cannot be tested or controlled will 
frequently swamp those that can be controlled.  Hence error-bars are really quite 
meaningless in this context, and so they are usually absent. 
 
 This sort of science can be described quite neatly.  We can ask, do the 
uncertainties in inputs need to be suppressed, lest the outputs become indeterminate?  If 
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so, we are in the presence of GIGO, from the computer acronym, Garbage In, Garbage 
Out (Fig.8).  And there is even a symptom of GIGO; and that is when the precision of 
numerical outputs goes Up, as the accuracy of the quantitative inputs goes Down.  Hence, 
in this historical epoch, we stand in the presence of productions, some of them quite 
prestigious and costly, which are strictly vacuous; they have no real content, and cannot 
have any.  Perhaps I am going too fast, and leaving some of us bewildered.  But for 
Americans there should be no problem:  just reflect on the Strategic Defense Initiative, to 
see how technological vacuity can be supported even on a megabuck scale. 
 
 I need not dwell on what would happen to a scientific community if the GIGO 
projects commanded all the resources, and the old-fashioned scientists were left to starve 
in garrets.  My concern here, as shown by the example of the dam, is the problem of 
quality-assurance of science which may be quite solid at its core, but whose strength and 
relevance to the issue at hand is not assured.  As we recall, the formula E = mgh will not 
by itself get us very far in deciding whether to flood a sacred site, like the Civil War 
battlefield, just for the sake of the electricity from a dam. 
 
Science in policy 
 
 The situation of science is thus very different from that purveyed by those 
wonderful textbooks with all the answers at the back.  For these new challenges to 
science, there are usually no easy answers, or not even any easy questions.  Indeed, 
looking at the problems that now arise, we frequently find a fourfold syndrome:  facts are 
uncertain, values in dispute, stakes high, and decisions urgent.   How then are we to 
tackle the problem of the deployment of science in these policy issues, where the 
scientific uncertainties and the value commitments are both great?  We can start with a 
classic philosophical tactic: divide the question.  First, we notice that the problem has two 
dimensions:  uncertainty and value.  This might seem odd.  What do values have to do 
with science?  You never see values mentioned in one of those big textbooks with all the 
answers at the back.  Indeed, in the old, triumphalist philosophy of science, there was a 
paradoxical belief that science was very valuable to civilisation, precisely because as a 
form of knowledge it was free of values!  The underlying assumption was that values are 
inherently uncertain and debatable, while science gives unassailable truth.  Now, this is 
not the occasion to argue the philosophical point.  Let it suffice that in these days of 
priorities for research, we know that values count enormously.  For if a particular 
problem is not considered valuable enough, it gets no support, the research is not done, 
and we remain in ignorance of its possible outcome.  So while our scientific knowledge is 
to a large extent free of values, our scientific ignorance is shaped by values very strongly 
indeed.  And for our present purposes, we know that the policy issues of present concern 
do involve values, and so we can assume that this dimension of the analysis is legitimate. 
 
 We can therefore imagine ourselves with a two-dimensional array, one of 
“systems uncertainties” and the other of “decision stakes”; and then imagine zones on 
that graph, of increasing severity in either or both respects (Fig.9).  Down at the lower 
left hand corner, we have the traditional safe sorts of problems, reliably using E = mgh, 
and the fixed percentages for conversion, of the hydropower dam.  Coming to the middle 
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band, we have the problems that engage the professional skills and judgments of the 
engineers; they might be design issues involving a balance of functions, or construction 
decisions involving uncertainties in the geology or hydrology of the region.  Then at the 
outer band, we have the issues involving gross uncertainties, like the future behaviour of 
the water system, and high decision stakes, like the burying of sacred sites. 
 
 How shall we name these zones?  The inner one can be considered as a sort of 
“applied science”, routine work not too far from the textbook exercises, and where really 
almost all questions do have guaranteed answers (Fig.10). The middle band can be called 
“professional consultancy”, for the professional derives honour, and income, from doing 
work which requires both skill and judgment.  It is the outer band that causes the most 
trouble.  My colleague and I discussed possible names for a very long time.  We even 
launched the scheme with a name which we later discarded.  Eventually we decided on 
“Post-Normal Science”.  This is difficult, in two ways.  Why “post-normal”?  What is 
“normal” by contrast?  The metaphor works at two levels.  On one, it is a reference to the 
seminal work by the late Thomas S. Kuhn,  on “Scientific Revolutions”.  There he 
defined “normal science”  as the regular practice of science, and called it “puzzle-
solving”.  This is another way of describing the textbook exercises which are the fare of 
students of science, and from which they derive the lesson that all science books have the  
answers at the back.  For us, “post-normal” is a reminder that the most important 
scientific questions are definitely not puzzles, and are not at all guaranteed to have 
answers.   In a more general way, “post-normal” can also describe our age, when the 
“normality” of confidence that all the great scientific and technological problems can be 
solved, that our conquest of Nature will be total and secure, is now past. 
 
 More serious, why do we call this “science”?   Many friends have told us that the 
idea is great, but the use of “science”, rather than “policy”, is misleading.  For “science” 
is the sort of thing that happens down in the lower, safer zones of the diagram, where 
people do things in labs or on computers.  The sorts of debates that lie in that wild, outer 
zone are not “science”, are they?  I should say that when we reflected on that very 
reasonable criticism, we were confirmed in our choice.  A good title must shock at least a 
little if it is to be noticed, and we think that the shock in this one is part of its message. 
 
 To explain that, I must go into a bit more detail.  Let us look at two possible 
issues in the question of building the dam:  long-term hydrology, and the sacred site.  
Should there be a public debate, then of course expert witnesses will appear on both 
sides, all claiming scientific legitimacy and certainty for their conclusions and 
recommendations.  But in one sense, they tend to cancel each other out; not both sides 
can be correct!  So if some amateur geologist, or citizens’ group representative, or 
archaeologist, or investigative journalist,  offers a critical assessment of some expert 
testimony, he or she cannot be simply ejected or ignored.  For example, if the official 
historical map of the site has incorrect boundaries, of if the long-term hydrological 
perspective is less certain than claimed, can the person who points this out be dismissed 
simply because of lack of formal credentials?  This is not the tightly bounded science of 
institutionalised researchers, exchanging highly esoteric information and evaluating each 
other’s productions.  This is a context where the science is being deployed in a debate, 
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and where its quality in that context is not the same as its quality in the context of the 
laboratory or computer.  And it has been discovered, again and again, that while ordinary 
citizens cannot quickly master science well enough to do research, they can be quite 
effective indeed in assessing the quality of science in terms of the standard procedures 
which proper research or testing needs to follow. 
 
 So I ask, in these new circumstances, why should the amateur, the concerned 
citizen, or the investigative journalist, be refused the dignity of doing “science”, when 
they are making a full and effective contribution to a scientific debate?  Of course it is not 
“applied science” or “professional consultancy”; and it would be mischievous or silly to 
pretend that any citizen could simply start doing research or engineering design without a 
lengthy training and certification.  But the “post-normal” part of the science reminds us 
that it is about critical evaluation in the context of a policy issue; and on that, experience 
has repeatedly shown us that there is no monopoly of competence among the accredited 
experts. 
 
Conclusion 
 
 Let me return to my theme.  We recall the philosophical innovation created by 
that hapless former Minister for Health, whose name, incidentally, is Stephen Dorrell.  
Overwhelmed by a crisis of unprecedented intensity and urgency, he had no alternative 
but to tell the unvarnished truth.  A “nonquantifiable risk” is a new sort of object for 
public policy and science.  Yet, that is just the sort of challenge which will become 
increasingly salient in times to come.  As the perturbations of the artificial Natures that 
we have created become more severe, our scientific tasks will resemble less and less 
those of the textbook exercises where the answers were all at the back of the book.  We 
may call this what we like, either the age of uncertainty, or of Post-Normal Science; the 
names are only pegs on which to hang our ideas.  But there can be no doubt that the 
practice of science is changing, and our ideas about that practice (those of both the public 
and the scientists) must also change.  In that way, and only in that way, can science 
continue to fulfil its mission to serve humanity. 
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