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Abstract. A case study examining the relationship between ozone depletion, UVradiation and skin
cancer shows how scienti¢c uncertainty is reduced and, through consensus building, translated into
certainty in public health messages. Using narrative analysis we examine Canadian consensus
statements on the dangers of UV and reconstruct the supporting logical claims and scienti¢c
evidence. Though considerable uncertainty remains about the relationship between the environ-
ment and skin cancer, both public health messages and the UV-Index formalize uncertainty and
risk; concern then shifts from the less-certain, scienti¢c realm into the apparently more-certain
arena of public health messages. In this process the distinctions between science and policy become
blurred. The case can be interpreted in two ways: as the result of various players acting in their self-
interests or as a moral drama based on the importance of simple, clear messages to allow `correct'
actions.

Introduction

Throughout the twentieth century science has been perceived as the most
e¡ective tool for problem solving. Scientists are seen as objective individuals
searching for an extant `truth' unsullied by in£uences and pressures from the
outside world. Though this notion has been challenged for many decades
(Kuhn, 1962; Mulkay, 1980; Tesh, 1993) popular conceptions have continued to
see science and scientists as working outside the messy, politically-driven world
of policy making. With its roots in the rationality project and Cartesian dual-
ism, scienti¢c knowledge was abstracted from the social and political context in
which it took place. In this way scientists, particularly those involved in health
and medicine, have been able to provide medical `truths' that have, in turn,
resulted in important public health achievements. The virtual elimination of
smallpox, the polio vaccine and the identi¢cation of infectious diseases such as
cholera and typhoid are all examples of how scienti¢c investigations have
translated into lives saved through public health initiatives.

However, these and many other public health successes have not solely been
the result of capricious and unsolicited scienti¢c exploration. In many cases, it
was public health o¤cials and policy makers, not scientists, who identi¢ed and
articulated the public health problems for which solutions needed be found.
These problems were then presented to scientists, who proposed potential
solutions. These solutions were evaluated by policy makers and the potential
outcomes were weighed against the option of doing nothing in order to deter-
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mine what was best for the public's health. So we see that, in the arena of public
health, the distinction between science and policy making has not been so clear
as previously thought (Tesh, 1993; Alb×k, 1995). If, as Brandon (1984) con-
tends, public policymaking is a moral endeavor, so too is the mandated science
(Salter, 1988) used to support and promote that policymaking. There has
always been a social and political contextualizing of scienti¢c knowledge. The
nature of the scienti¢c project with its rationality, experimentation, and search
has answers has often allowed this reality to escape our attention.

The distinction between science and policy becomes even less clear in exam-
ining the complex relationship between the environment and public health.
Over the past several decades a growing popular concern with environmental
issues, speci¢cally environmental contaminants, has called into question the
ability of scientists to provide clear, unequivocal solutions to environmental
problems (Tesh, 1993). As both the number and complexity of environmental
issues increase, scientists are being asked more and more to make predictions
based on uncertainty and equivocal evidence. Since scientists can no longer
rely on scienti¢c `truths' to substantiate claims and positions, they have turned
to other methods such as persuasion and storytelling ^ the tools of politics
and policy ^ in an attempt to promote solutions to environmental health
problems.

Once more, this is not surprising. The action-oriented nature of health
policy means that values are necessarily embedded because all action is based
on underlying values (Brandon, 1984). In this way environmental health prob-
lems approach Torgerson's (1986) `third face' of policymaking where the rela-
tionship between science, politics and policymaking is not necessarily antago-
nistic. Instead the relationship is symbiotic ^ a necessary requirement for
solving broad problems that are beyond the scope of the narrow, technocratic,
problem solving methods of rational science (Torgerson, 1986).

Using the relationship between ozone depletion, ultraviolet radiation
(UVR) and skin cancer as a case study, we show how the distinctions between
science and policy making are being increasingly blurred over time. It is the aim
of this paper to examine how scienti¢c uncertainty over the ozone-UVR-skin
cancer relationship is translated and transformed into a consensus about risk
factors and `causes' of skin cancer. Further, we hope to show how, in environ-
mental health issues, Torgerson's (1986) `third face' of policymaking is unfold-
ing.

The following discussion is framed around Roe's (1994) concept of the
metanarrative. A metanarrative is an agreed-upon `story' or way of making
sense of an issue that makes it more amenable to policy intervention. In
particularly con£icting or intractable situations individuals and groups with
di¡ering interests and values develop contrasting stories to explain or make
sense of the problem. A metanarrative is the dominant story that develops over
time `by one or more parties to the controversy as underwriting (that is,
establishing or certifying) and stabilizing (that is, ¢xing or making steady) the
assumptions for policymaking in the face of the issue's uncertainty, complexity
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or polarization' (Roe, 1994; p. 3). In short, a metanarrative is the dominant
story or explanation of the controversy.

In our discussion, we start at the end with a description of the sun safety
metanarrative. This metanarrative evolved primarily from the public health
messages of Health Canada and the UV-Index from Environment Canada.
Both the messages and the index purport to provide individuals with informa-
tion about skin cancer risk and to promote preventive behavior.We then trace
back the series of logical claims and assumptions with underscore the metanar-
rative by looking at the development of the messages and the index. Next, we
compare the nature of the evidence used by both scientists and policy makers in
the construction of the sun safety metanarrative. Finally, we present con£icting
explanations of the success of the sun safety metanarrative and show how the
explanation based on morality brings to light Torgerson's `third face' of policy-
making.

What will become increasingly evident in this discussion is that scientists
and policy makers utilize similar tools ^ narratives, metaphors, persuasion and
argumentation ^ to promote their interests and values. Since it is ever more
di¤cult for scientists to make conclusive links between environmental con-
taminants and health (Tesh, 1993; Frank et al., 1988) they instead use persua-
sion and argumentation to promote the solutions that these scientist believe are
right. With the move from absolute proof to persuasion and argumentation,
concern in the sun safety metanarrative is concurrently shifted from the less-
certain, scienti¢c and medical realm into the more-certain public health mes-
sage advocating individual control. By shifting responsibility, science is released
from its burden of absolute proof and the problem instead becomes an issue of
action, values and morality. The result is a public health message that resonates
with what the public `knows' ^ the importance of individual responsibility and
the moral certitude of acting `right' to prevent skin cancer.

Recast as morality, the sun safety metanarrative resonates with a message
that links back to a traditional European heritage. As with most current
environmental problems, this issue may be viewed as a modern morality play
in which humankind acts in ignorance, falls from grace, and is redeemed
through the collective pursuit of `proper' and `moral' decisions and through the
appropriate execution of the power of freewill. Science and policymaking (or
research and morals/values) then feed social action and we see the unfolding of
Torgerson's `third face.'

The sun safety metanarrative

Ask almost any person on the street and they will tell you, `The ozone layer is
thinning, more sunlight is getting through, we're all going to get skin cancer
so you have to stay out of the sun.' This metanarrative is pervasive and is
reinforced through the media each Spring with articles warning about the
dangers of sun exposure and ozone depletion. In Canada there are two parts to
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these messages: one from Health Canada about health issues and one from
Environment Canada about ozone levels. These two link together to form a
public consensus reinforcing and perpetuating the sun safety metanarrative.

Health Canada's consensus statements

The Canadian Health Care System is actually a mosaic of systems. Since health
care is a provincial responsibility, each province currently operates its own
single-payer system while adhering to a set of national guidelines allowing
transferability and comprehensive, universal coverage. Health Canada is the
federal institution that oversees national health care, including public health,
and often plays a guiding role in delineating important national public health
issues and initiatives. In this, science tries to in£uence politics, and politics to
interpret, select, or use scienti¢c evidence. Torgerson's (1986) ¢rst two faces
(science dominating politics and vice versa) become intertwined. In the past
decade, one such intertwined issue has been sun exposure and how it increases
the risk of contracting skin cancer.

In September, 1994 and more recently in May, 1996, Health Canada and
Environment Canada, in collaboration with the Canadian Cancer Society,
sponsored symposia on public health messages related to UVR. The meetings
brought together Canadian and international experts to develop a consensus on
consistent health messages about the risks of UVR exposure and strategies for
disseminating those messages (Mills and Jackson, 1995). The meetings resulted
in an agreement on four key strategies for reducing the health e¡ects of ultra-
violent radiation exposure. The workshop participants agreed that healthy out-
door activity could still be enjoyed if an individual reduced UVR exposure by
adhering to four main strategies: minimizing exposure during midday, seeking
shade, covering up and using sunscreen.

Based on the current scienti¢c consensus on health risks associated with
UVR, participants in the meetings also agreed to a common set of messages as
the basis for all information to be presented to the public. The messages from
the 1994 Symposium are displayed in Table I (from Mills and Jackson, 1995:
p. 34), while the updated messages from the 1996 Symposium are pending. The
workshops served as fora for translating scienti¢c information into a set of
health and prevention messages for public consumption. In the process of this
translation, much of the scienti¢c uncertainty surrounding the current knowl-
edge of the ozone-UVR-skin cancer relationship was reduced and the base was
laid for the construction of the metanarrative.

Environment Canada and the UV-Index

Key to the construction of the metanarrative was the development of a UV-
Index, announced in May, 1992 by Environment Canada, the national institu-
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tion responsible for providing weather and environmental information to com-
munities throughout the country. Like the Health Canada messages in Table I
which form an action consensus, the UV-Index reduces much of the scienti¢c
uncertainty around the link between ozone depletion and ground level UV-B by
presenting a simple numerical value to the risk associated with planned out-
door activity. The numerical value acts as a powerful metaphor for risk because
it is easy to understand and precipitates an appropriate response through
behavior modi¢cation.

The UV-Index was developed with funding from the Green Plan, a national
environmental initiative implemented in the early 1990s. The Index now pro-
vides daily local area readings of predicted UV-B levels on a scale of 1 to 10. As
shown inTable II, an extreme reading of 9 or higher is equivalent to the midday

Table 1. Public information messages on UVR exposure.

à The ozone layer has been thinning noticeably since 1980. As a result, there has been a slight
increase in UV-B radiation at ground level.

à The intensity of UVR is determined by your geographic location, altitude, the time of year and
day, cloud cover and re£ection.

à In North America, UVR gets stronger as you move southwards. In general, UVR gets stronger
as you move towards the equator.

à Travelers should note that UVR is stronger throughout the year in warmer climates than in
southern Canada.

à UVR intensity also increases with altitude.
à UVR varies markedly throughout the year; it is noticeably more intense from April to Septem-

ber, with a strong peak in June and July. During the late spring and summer, UVR is moderate
or stronger from 11:00 am to 4:00 pm, peaking in the early afternoon. More speci¢c information
is available from your local weather o¤ce.

à As a rule, UVR is moderate or stronger when your shadow is shorter than you are.
à In the winter, UVR intensity is low but can still be signi¢cant, especially with extended exposure

and/or re£ection of fresh snow.
à Clouds reduce, but do not eliminate, UVR exposure.Variable or light cloud cover allows most

UVR to pass through, whereas thick, dark, overcast decks of cloud signi¢cantly reduce UVR
intensity.

à UVR may be signi¢cantly enhanced by re£ection. 85% of UVR is re£ected o¡ fresh snow, and
other bright surfaces such as sand and concrete also increase UVR by 15%^20%,

à Water is a weak re£ector of UV-B and most passes through the top layer of clean lakes or swim-
ming pools. Those swimming or playing in the water need to maintain their UVR protection.

à The intensity of UVR (especially UV-A) can be signi¢cantly higher in tanning beds than in sun-
light.

à UVR from the sun and from tanning lamps is a major contributor to skin cancer, premature
aging of the skin and cataracts.

à Most skin cancers are caused by the sun.
à Injury to the skin and eyes can occur without sunburn. Although all skin types can be damaged,

the fairer the skin, the higher the risk. Eye damage is independent of skin type or eye color.
à Damage can be immediate (e.g., sunburn) and long-term (e.g. premature aging of the skin). All

exposure contributes to cumulative lifetime damage.
à Occasionally, some medications, cosmetics and other substances can interact with sun rays, and

this can be detrimental to your health (ask your health professional for additional information).
à UVR can suppress the immune functions of the skin.
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sun in the tropics and means that a person with Type 2 skin (white skin, blonde
hair and blue eyes) would probably burn in less than 15 minutes. A high reading
of 7 to 8.9 means the same person would burn in about 20 minutes, while a
moderate reading of 4 to 6.9 would allow the same individual about 30 minutes
in the sun without burning. A low reading of zero to 3.9 suggests that it would
take over an hour of exposure in the full sun for Type 2 skin to burn.

When it was announced, then Environment Minister Jean Charest hailed
the new Index as a way to `help people to make simple choices on a daily basis
and avoid excessive sun exposure' (Vancouver Sun, May 28/92; p. A9). Thus the
standard health promotion approach was adopted assuming that individuals,
armed with su¤cient information, would adjust their behaviors to reduce their
risk of UVR exposure. The index translates complex scienti¢c information into
a readily-understood public health action plan geared to individual behaviors.

Certainty and uncertainty: The evidence supporting the metanarrative

Together the UV-Index and Health Canada's UVR public education messages
present a coherent and believable metanarrative about what is `known' about
the relationship between our changing environment and its e¡ects on skin
health. However considerable scienti¢c uncertainty underpins this metanar-
rative. The public health certainty in the Canadian metanarrative is based on
the following logic and its embedded claims:

1. The ozone layer is thinning,
2. UV levels (speci¢cally UV-B) are increasing at the ground,
3. Increasing exposure to UVR causes skin cancer, and
4. Knowing about UV levels will change individual behaviors and reduce an

individual's risk of skin cancer

To explore each of these claims we now examine the degree of scienti¢c
certainty and consensus around each claim. We will also explore the nature
of the evidence supporting each of these claims. Through this examination we
will show how public concerns have shifted from the less-certain scienti¢c
realm into the more-certain public health arena in the metanarrative advocat-
ing personal preventive behavior. Table III presents a summary of this discus-
sion.

Table 2. The UV-Index.

UV-Index 0^3.9 4.0^6.9 7.0^8.9 59.0
Category Low Moderate High Extreme
Sunburn context More than 1 hour About 30 minutes About 20 minutes Less than 15

minutes
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Claim #1:The ozone layer is thinning

There is a strong degree of consensus among meteorologists, chemists and
atmospheric scientists that there has been a small but identi¢able reduction in
global ozone over the last two decades (Drake, 1994; Burrows et al., 1994).
While the consensus on ozone reduction is quite high, there remains consider-
able uncertainty as to the exact nature of its causes. Many scientists conclude
that the decline is the result of human activity (Drake, 1994), but others counter
that the natural processes are not well enough understood and therefore natural
variation could be at least partially responsible (Wildavsky, 1995; Bailey, 1993).
Thus, despite a high consensus among scientists, considerable uncertainty
remains due to the con£icting evidence that has been compiled over the years.
This disagreement is not merely arcane science because its resolution shapes
the nature of the policy response.

Ozone is a gas that is created through the interaction of sunlight and oxygen.
It is found in the stratosphere between 15 and 40 kilometers above the earth and
peaks in a thin layer of high concentration at a height of about 25 km. Through
a continuous process of creation and destruction, sunlight (ultraviolet radia-

Table 3. Summary of relationships.

Claim Nature of the
evidence

Problems with
the evidence

Players in the de-
bate

Degree of
consensus

Degree of
certainty

The ozone
layer is thin-
ning

Antarctic
ozone hole;
ground &
satellite data

Incomplete
global coverage;
instrumentation
problems;
natural vs.
anthropogenic
changes

Meteorologists/
chemists/
atmospheric sci-
entists/industry/
government

Strong Medium

UVR (speci¢-
cally UV-B) is
increasing at
the ground

Ground-based
readings (esp.
fromToronto)

Con£icting evi-
dence from U.S.
and Europe

Meteorologists/
physicists/atmo-
spheric scien-
tists/biologists

Weak but
growing

Low

Increasing
exposure to
UV-B causes
skin cancer

Retrospective
epi studies;
some lab
experiments

Long latency;
recall bias; self-
selection prob-
lems

Epidemiologists/
oncologists/
dermatologists/
health practi-
tioners

MM-moder-
ate; NMSC-
strong

MM-low;
NMSC-
moderate

Knowing
about UV-B
levels will
change behav-
iors

None Too many
extraneous vari-
ables & con-
founders, espe-
cially lifestyle
issues

Public Health/
epidemiologists/
physicians/
politicians

High Low

Abbreviations: MM ^ malignant melanoma; NMSC ^ non-melanocytic skin cancers.
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tion) interacts with oxygen in the stratosphere. Sunlight continually breaks
apart oxygen (O2) into free oxygen molecules which then join other oxygen
molecules to become ozone (O3). When they are then exposed again to UVR
(sometimes almost immediately) two ozone molecules split o¡ to make three
new oxygen molecules (Drake, 1994). In this photochemical process of con-
tinual creation and destruction, the ozone in the stratosphere absorbs much
of the damaging UV rays before they reach the earth's surface. The ozone
layer absorbs virtually all radiation below 298 nanometers (nm), which are the
shorter wavelengths in the UV-B range of 280^315 nm (Drake, 1994). These
shorter wavelengths are particularly important because they are capable of
damaging DNA and human skin (Lloyd et al., 1994). The ozone layer, there-
fore, plays an important role in screening potentially damaging UVR and
preventing lower wavelength radiation from entering the lower atmosphere
and a¡ecting our skin.

Concerns over ozone depletion ¢rst erupted in the early 1970s when Molina
and Rowland (1974) discovered that chloro£ourocarbons (CFCs) had a serious
potential for depleting ozone in the stratosphere. They argued that free chlorine
molecules from the CFCs would eventually percolate into the stratosphere and
become a part of the ozone creation/destruction process. These chlorine mole-
cules, however, would have the ability to continually break apart the ozone and,
through a series of photochemical processes, remain untouched. As more and
more chlorine moved into the stratosphere, Molina and Rowland predicted
that the process of ozone destruction would increase at an ever more rapid rate
(Roan, 1989; Lit¢n, 1994; Nance, 1991; Drake, 1994). Since the chlorine breaks
apart the ozone, the stratosphere loses its capacity to absorb the UVR that
would then pass through the stratosphere and reach the earth's surface.

Predictably, this theory was widely attacked by industrial users and pro-
ducers of CFCs (Roan, 1989; Benedick, 1991; Lit¢n, 1994). The main argument
of industry scientists was there was no conclusive proof that ozone depletion
had, was, or would take place. The lack of historical data on ozone levels
supported this position. This reaction began a decade-long debate over the
validity of various predictive models, the accuracy of ozone measurement
instruments and the economic implications of phasing out CFC production
and use. On one side were chemists and atmospheric scientists that argued that
the long-term e¡ects of CFCs would not appear for decades; therefore precau-
tions had to be implemented immediately. On the other side were industry
o¤cials arguing that the social and economic costs of abandoning CFCs were
too great; they supported a theory that the stratosphere was self correcting and
could adapt to the changes in chemical composition that resulted from CFCs.
Caught in the middle were governments and the public. The media, particularly
in North America, provided extensive coverage of the ozone debate amidst a
general climate of increasing support of the precautionary principle in environ-
mental issues. The precautionary principle states that where equivocal evidence
exists that can neither support nor deny environmental e¡ects, it is best to err
on the side of caution to prevent potential environmental destruction (Virtual
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Elimination Taskforce, 1993). During this era, the public was primed to the
precautionary principle and it was they, in their role as consumers, that cast the
deciding vote. The public boycotted CFCs in aerosol products and proved to
industry that, despite the residual uncertainty, the public believed CFCs had to
go.

The development of an international consensus on limiting CFC production
was advanced by the discovery of the Antarctic `ozone hole' in the mid-1980s
(Farman et al., 1985). Yet there are con£icting analyses about the degree of
scienti¢c consensus leading up to the 1987 signing of the Montreal Protocol (an
international agreement to limit CFC production and use and therefore `pro-
tect' the ozone layer). Some analysts state that there was little dissension
between experts that CFCs were the main cause of ozone depletion (Nance,
1991; Benedick, 1991). By comparison, Lit¢n (1994) suggests that considerable
scienti¢c uncertainty and disagreement remained, but the growing consensus
that led to the signing of the Montreal Protocol represented a key international
discursive shift toward precautionary action in environmental issues.

This shift toward precautionary action to `save the ozone layer' continues
into the 1990s and has promulgated a continuing scienti¢c consensus that
ozone reduction is a serious global problem despite con£icting data and
considerable scienti¢c uncertainties. In March, 1992 Belgian meteologists
(DeMuer and DeBacker, 1992) found that the instrument that provided histor-
ical records on ozone ^ the Dobson Spectrophotometer ^ had probably mis-
taken reductions in atmospheric pollutants and produced ¢ctitious ozone read-
ings. They concluded that once these pollutants had been accounted for, there
was actually an upward trend in global ozone over the past decades.

Other researchers point to the robustness of the models used to predict
future ozone depletion to highlight the considerable scienti¢c uncertainty.
Models that predict a downward trend of, for example, 5% can have con¢dence
intervals that result in predictions that should range between 2.5% and 9%
(Wildavsky, 1995). Since these models are based on the chemical composition
of the atmosphere, and our knowledge of that composition is constantly chang-
ing and growing, considerable variation exists in the reliability of these predic-
tive models.

This is added to by problems with the representativeness of existing ozone
records. Most of the historical record of ozone readings are from more devel-
oped countries that have the technology to make these measurements. For
example, Canada has been recording ozone levels since approximately 1957
(Kerr and Wardle, 1993) but ozone records are still not available for many parts
of the African continent. Thus the consensus on ozone depletion is based on
measurements that exclude completely certain parts of the globe.

It was anticipated that gaps in global ozone data would be ¢lled by the
launching of the Nimbus-7 satellite in 1978. This satellite provides daily maps
and data of the global distribution of total ozone. However this and other
satellite information has been available only since 1978. During the two dec-
ades the earth has passed through a bottoming out of the eleven year solar
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cycle. Our sun experiences continuous eleven year cycles where it passes
through maxima (where solar activity and UVR is very high) and minima
(where activity and UVR are low). This £ux in solar UVR signi¢cantly changes
the ozone concentrations in our stratosphere as it a¡ects the ozone productive
process. The two most recent solar cycle took place between 1969 (maxima) and
1980 (minima). Measurements from the Nimbus-7 began just prior to the solar
minima of the 1980s and low ozone levels measured during that time could be
explained away by the solar minima. Therefore the global data supplied from
1978 may ¢ll in some of the `holes' by providing data for previously unmeas-
ured parts of the globe. However global natural variation cannot be discounted
as an explanation for minor £uctuations in global ozone.

Despite considerable scienti¢c and public consensus that the earth's ozone
layer is disappearing, there remains only moderate certainty in the scienti¢c
community as to the nature, cause and the extent of the decrease. Problems with
measurement instruments, predictive models and natural variability all con-
tribute to this continuing uncertainty.

Claim #2: UV levels (speci¢cally UV-B) are increasing at ground level

Despite the uncertainty noted above, the scienti¢c consensus remains that there
has been a decline in global atmospheric ozone over the past decade (WMO,
1994; Burrows et al., 1994). The next step in the logic chain takes us to the claim
that, as a result of decreasing ozone, more UV-B is reaching the earth's surface.
Consensus on the UV-B claim is considerably weaker than the ozone claim
though it is growing rapidly. The main reason for this weak consensus is that
most of the UV-B ground data is con£icting and of a short duration, resulting
in low scienti¢c certainty.

The strongest evidence for UV-B increases comes out of the Atmospheric
Environment Service (AES) located near Toronto, Canada. Researchers at the
AES have a record of ground based UV-B readings going back to 1989. This is
the longest historical record for UV-B, yet it provides insu¤cient data to
establish whether or not there is a long-term relationship between ozone and
ground based UV-B (Kerr and McElroy, 1993). It has provided, however,
su¤cient data to show that on a daily scale, UV-B levels in Toronto correlate
with ozone levels. This means that ozone levels are low on those days that UV-B
levels are high, and that UV-B levels are low on those days that ozone levels are
high (Kerr and McElroy, 1993). Researchers are cautious to point out that
`attempts to detect long-term trends in UV-B radiation from existing data
records have been inconclusive and controversial' (Kerr and McElroy, 1993;
p. 1032). They add that confounding variables such as clouds, aerosols, pol-
lutants, ground albedo (re£ectivity) and di¤culties in consistent measurement
all can in£uence UV-B records. Kerr and McElroy also cautioned that their
¢ndings may not be representative of long-term UV-B trends.

Yet, despite these and considerable other potential confounding factors and

KAP ^ OLIC 243 ^ PIPS Nr. 147447 Rapati 1-12-97 17: 01 Page 056

56



assumptions, researchers concluded by equating correlation with causation and
linking ozone with UV-B. In their concluding paragraph Kerr and McElroy
speculate that since high UV-B levels were found with low ozone levels in 1993,

`It is likely that past UV-B values have never reached the 1993 levels, at least
since the beginning of the Toronto ozone record (1960). It is also quite
reasonable to extend this conclusion based on the Toronto data (where
record high UV-B readings were recorded in 1993) to other places because
record low ozone values are also being reported elsewhere.' (Kerr and
McElroy, 1993: p. 1034).

It is not surprising that this process of equating correlation was causation was
misread by the popular press. Canada's leading daily newspaper announced:

`Canadian researchers have proved what scientists have long suspected: The
more the ozone layer in the atmosphere thins, the more cell-damaging ultra-
violet radiation reaches the ground.' (Globe and Mail, Nov. 12/93: p. A8).

The consensus over ozone depletion appears to be used to reduce the uncer-
tainty over the link between ozone and UV-B levels. Elsewhere, newspapers
cite scienti¢c `experts' as con¢rming this claim when a scientist with the US
National Oceanic and Atmospheric Administration said `It's the best con¢r-
mation that we have' about a link between ozone and UV-B (Winnipeg Free
Press, Nov. 12/93: p. A3). So despite the caution that Kerr and McElroy
identi¢ed in their publication, scienti¢c uncertainty on the relationship be-
tween ozone and UV-B levels was reported as not just certainty, but also as
consensus.

Meanwhile other studies from the United States and Europe have been
unable to ¢nd any correlation at all between UV-B and ozone ^ either on a
daily basis or over the long term (Wildavsky, 1995; Harvey, 1995). Average
UVR surface measurements from eight stations in the mainland U.S. have
shown a º8% trend between 1974 and 1985 (Scotto et al., 1988).

Similarly, declines of between 5% and 14% were found in UV levels in the
rural U.S. (Liu et al., 1992). Instead of increasing, UVR levels seem to be
decreasing at the earth's surface. Scotto et al. (1988) also found that the kind of
UV that a¡ects human skin actually decreased at ground level at one European
and nine U.S. monitoring stations over approximately the same time period in
which decreased ozone levels were reported. In con£ict, some recent reports
show that UV-B has increased approximatly 10% between 1991 and 1995 in
some European stations (Zerefos, 1996, see also Di¡ey, 1996).

More recently, scientists that model UVR levels speculate that US and
European reductions could be the result of local industrial pollution that low-
ers local UVR readings despite increases at the global level (Crutzen, 1992).
What remains is considerable debate at several levels. The growing consensus
that ozone is depleting is still met with con£icting evidence about whether or
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not UVB levels are increasing.What is even more interesting is that for almost
25 years scientists have continued to believe in the ozone-UVB relationship and
to search for evidence to support it despite con£icting measurements and
considerable scienti¢c debate (Di¡ey, 1996).

Short of installing a global network of UV-B monitoring stations and wait-
ing several decades for conclusive data, there is no way of being certain that
UVR levels on the surface of the earth are increasing at all, let alone as a
result of ozone depletion (Wildavsky, 1995). This lack of evidence appears
to have increased scienti¢c uncertainty over the relationship and, as a result,
has weakened the scienti¢c consensus that otherwise might have been much
stronger.

However that consensus continues to grow as more and `better' science is
accumulated. In the practice of normal science (Kuhn, 1962) researchers ad-
dress those problems for which they think they already know the answer, and
search for the answers that they believe they will ¢nd. In this way research-
ers will continue their search for the link between ozone and UVR on the
strength of the simple progressive logic of the relationship: if ozone absorbs
solar radiation before it reaches the earth, and ozone is decreasing, then more
solar UV radiation is probably reaching the earth. Most likely, scientists will
not stop their search until they ¢nd the data to support this intuited causal
relationship.

Claim #3: Increasing exposure to UV-B causes skin cancer

The increasing incidence of skin cancers over the past 30 years is often cited as
evidence that anthropogenic climate change is having health e¡ects (Nance,
1991). By accepting the two previous claims, we 1) assume that the ozone in the
stratosphere is increasing, and 2) assume that UV-B levels are increasing on the
earth's surface. But once again we are faced with di¡ering degrees of consensus
and scienti¢c certainty over whether these changes have increased skin cancer
among the world's population.

There are three main forms of skin cancer: cutaneous malignant melanoma
(MM), basal cell carcinoma, and squamous cell carcinoma (Harvey, 1995).
These last two are considered together as non-melanocytic skin cancer
(NMSC). Throughout most of the world, NMSC is about ten times more
common than MM; yet MM causes about three to four times as many deaths
(Harvey, 1995).

Over the past 40 years, incidence rates for both NMSC and MM have risen
substantially (Glass and Hoover, 1989). In addition, mortality rates from MM
have also been on the rise although some studies suggest that the mortality has
leveled o¡ over the past several years (Glass and Hoover, 1989; Bonett et al.,
1989). Most importantly, however, many studies suggest that increases in skin
cancer rates over the last few decades are likely attributable to changes in
general lifestyle and behavioral practices and that stratospheric ozone deple-
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tion is unlikely to account for any observed increases (Moan and Dahlback,
1992; Amron and Roy, 1991;Wildavsky, 1995).

The degree of consensus around the causes of skin cancer varies. Epidemio-
logical studies of NMSC have resulted in low uncertainty and a strong con-
sensus around risk factors. Older age, blue eyes, light colored skin, red or
blonde hair and high lifetime cumulative UVR exposure are all widely accepted
as risk factors of NMSC. Almost without fail, epidemiological studies have
shown a strong relationship between cumulative UV exposure and NMSC
(Harvey, 1995).

However there is a greater debate around the risk factors for MM. There is
considerable inconsistency between studies examining the association between
MM and cumulative UVexposure (Harvey, 1995). Some studies show that MM
has a strong positive correlation with high local UV £ux (Aase and Bentham,
1994), while other studies suggest that moderate tanning may be protective
among those in the population that tan well (Dubin et al., 1989). Finally,
Harvey (1995) calls into question the importance of UVR for MM by pointing
out that a large proportion of MM lesions occur on the trunk and lower limbs
which are generally not exposed to consistently high levels of UV radiation.

One of the problems with epidemiological studies of skin cancer is that
researchers must rely on retrospective studies that are based on the recall of
subjects. As a result these studies can be in£uenced by many biases including
self selection and recall bias (Hennekins and Buring, 1987). While laboratory
experiments have indicated that UV-B is a major etiologic factor in skin cancer,
melanoma has yet to be induced by UVR alone in laboratory test animals
(Mukhtar and Bickers, 1993).

Lack of strong empirical evidence again seems to be highlighting the un-
certainty behind the relationship between skin cancer and UV radiation. Con-
sistent retrospective studies support the relationship between NMSC and
cumulative UV exposure and a strong scienti¢c consensus has developed. The
uncertainty around UVR and MM is much greater and there remains a much
weaker consensus around that relationship. Since NMSC is rarely, if ever, life
threatening, and melanoma makes up only 2.4% of cancers in Canada (Cana-
dian Cancer Statistics, 1996), questions can be raised about the e¤cacy of
spending public health moneys on skin cancer education and prevention cam-
paigns during an era of competing demands.

Claim #4: Knowing about UV-B levels will change individual behaviors and
reduce that individual's risk of skin cancer

The main premise underscoring Health Canada's public messages and Envi-
ronment Canada's UV-Index is that individuals will change their sun exposure
behaviors if they are cognizant of the risk. Thus, if 1) the ozone layer is
disappearing, and 2) UV levels are increasing, and 3) UV causes skin cancer,
then it is only `sensible' that individuals would try to reduce their risk.
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This ¢nal claim enjoys a strong consensus among health professionals,
politicians and the general public despite the high degree of uncertainty that
lies beneath it. There is little, if any, evidence that widespread public health
campaigns a¡ect individual behavior without addressing important motivating
and predisposing factors (e.g., smoking cessation and heart-health programs).
Some researchers suggest that increasing skin cancer rates have less to do with
physical exposure, and more to do with social and economic changes over the
past 40 years that promote and reward sunbathing (Weinstock, 1993; Harvey,
1995; Glass and Hoover, 1989; Miller et al., 1990; Keesling and Friedman,
1987).

The bulk of community intervention studies in skin cancer have taken place
in Australia. In the 1980s and 1990s, researchers there have managed to achieve
an unprecedented change in public attitudes towards sun exposure (Marks,
1992). As a result of their work, Australia, which previously had the highest
skin cancer rates in the world, has seen incidence rates begin to level o¡. This
success was not achieved through a simple increase in the knowledge around
sun protection and skin cancer (Borland et al., 1990). Instead it was successful
because it targeted structural impediments as well as social and behavioral
norms. By the early-1990s Australians reported a lower tolerance for those
wearing brief clothes in public, a decreased desire for a deep suntan, a reduc-
tion in the equating of tan skin with health, and substantially increased sales in
UV-resistant clothing and sunscreen (Marks, 1992).

Despite the lack of evidence supporting simple information campaigns
(Steckler et al., 1995), the consensus remains strong around providing informa-
tion to reduce sun exposure. It was this consensus that was behind the develop-
ment of the UV-Index. However, as a measure, the UV-Index has many prob-
lems (Deslauriers, 1996).

The UV-Index presents time to burn for type 2 skin. This represents skin that
burns easily on an individual with blonde hair and blue eyes, or red hair and a
propensity to freckle. Therefore it represents those that are highly sensitive to
UVR. At present there is no knowledge of how much of the Canadian popula-
tion has this skin type (Deslauriers, 1996). No studies have been done to ¢nd
out what percentage of the public corresponds to this sensitivity. It is quite
possible that a country like Canada with an increasingly diverse ethnic com-
position contains less than 20% of the population corresponding to these
characteristics (Deslauriers, 1996). As a result, the UV-Index itself could be
presenting in£ammatory information with two potential results. First, many
individuals could simply ignore the warnings because the danger levels simply
do not equate with their personal experience. Second, it may in£ate public
sentiment and precipitate concern that is out of proportion with the danger.

In examining the public health messages communicated about UV risk, we
have moved cautiously from the realm of scienti¢c debate into that of public
policy debate and shown how this series of claims has contributed to the sun
safety metanarrative. However, the degree of consensus on how to act about
these issues still remains much higher than the degree of certainty based upon
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the scienti¢c evidence. Experts, whether they are scientists or public health
o¤cials, continue to present a face of considerable certainty of action and
understanding, despite very low certainty and substantial lack of scienti¢c
evidence.

Discussion: The bases of the claims

There are similar underlying assumptions in each claim in this metanarrative,
regardless of whether the claim is based in the scienti¢c realm or in the policy-
making arena. Indeed, in both instances, claims are based on one or a com-
bination of:

à professional expertise,
à powers of persuasion,
à the superiority of one among con£icting explanations or `stories,'
à interests and values, and
à the use of metaphors and symbols.

At each stage of metanarrative construction claims of course compete. Yet in
any argument ^ scienti¢c or policy-related ^ claims are made, questioned,
backed up and moved forward by debate. The outcome of debate then becomes
the basis for developing a consensus around the issue and certainty is created
by and for the winning argument. There are often similarities to developing
normal science and implementing a policy consensus. The following discussion
examines the ¢ve bases for claims identi¢ed above. It then explores how these
bases have been used to further the logical claims in the sun safety metanarra-
tive.

Professional expertise and powers of persuasion

The development of consensus and metaphor construction takes place in both
science and policy. In the scienti¢c realm, the developed consensus is similar to
Kuhn's (1962) concept of normal science; in the policy realm it is labeled the
`craft' of policy-making (Majone, 1989) or the successful construction of the
policy argument (Dunn, 1981). The practice of Kuhn's concept of normal
science is evident in the search for the link between ozone and UVR. New ideas
were produced by scienti¢c practitioners about ozone depletion. These then
become accepted as facts and become the building blocks for shaping new
questions and pointing the direction for new answers: that UV-B must be
increasing at ground level. As the process continues, `the result of the construc-
tion of a fact is that it appears unconstructed by anyone' (Latour and Woolgar,
1979; italics in original). In this case, the result is the construction of the `fact'
that, despite equivocal evidence, many believe that UV levels are rising at

KAP ^ OLIC 243 ^ PIPS Nr. 147447 Rapati 1-12-97 17: 01 Page 061

61



ground level even though it cannot yet be shown to be so. Instead, based on
expertise, persuasion is used to justify action. The considerable expertise of the
scientists invokes su¤cient cause for governments, the media and the general
public to accept and act on this belief. This is especially true in a climate shaped
by the precautionary principle and in a society in which anxieties and concerns
expressed by the public demand a response from government and its represen-
tatives.

Similarly, the general public widely accepts the skin cancer prevention mes-
sages of public health specialists based on expert opinions that individual
behavior will mitigate the perceived dangers. The equivocal nature of evidence
supporting this kind of public health campaign is set aside and recast into the
need for action. Thus in communicating risks about UV-B, the low to moderate
certainty about the facts (as noted in the ¢nal column in Table III) is trans-
formed and translated into a moderate to strong consensus on how to act. The
messages resonate with our understanding of what works to improve things:
individual action. Thus public employees and o¤cials use the government's
mandate to create an environment wherein uncertainty is reduced (and cer-
tainty is increased) through the uptake of speci¢c scienti¢c, often medical,
expertise. With a mission to protect the public health, these public servants
assist individuals in assimilating information so that individuals have the so-
called facts and are compelled to act.

Con£icting explanations or `stories'

Both science and policy development are processes in which order is created
out of disorder. The ozone-UVR-skin cancer claims are good examples of
how scienti¢c research and policy development can coalesce around a single
explanation, story or metanarrative. Latour and Woolgar (1979) argue that, in
science, experts are constantly constructing information by weeding out impor-
tant statements from the `noisy' data. From this atmosphere of noise they
constantly reassess and revise the developing storyline for public presentation.
This storyline then becomes the scienti¢c paradigm which, through social
transformation and policy adoption, also becomes the social paradigm or
ideology (Cotgrove, 1982). Hence, an atmosphere rife with noise and disorder
becomes a coherent public message resonating with certainty.

With the claim that the ozone layer was thinning, there was considerable
scienti¢c noise, resulting in considerable scienti¢c debate over the construction
of the facts (Nance, 1991; Benedick, 1991; Lit¢n, 1994). Latour and Woolgar
(1979) argue that facts are based on creating a statement for which equally
plausible explanations are impossible. In the case of depleting ozone, any
number of alternate plausible explanations have and continue to be available.
Yet considerable scienti¢c consensus has developed that the layer is indeed
thinning. It could be that, over time, there has been an increasing cost to
any scientist that tries to bring forward competing claims and contradict
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normal science (Latour and Woolgar, 1979; Kuhn, 1962).
Over the past decades there have been a number of international agreements

on how to solve the problem of ozone depletion. These political and policy
responses have made it increasingly di¤cult for competing scienti¢c claims
(those that might say that ozone depletion is not occurring) to come to public
attention. Evidently science and policy (in particular forms) do indeed reinforce
one another. An individual scientist would likely put her or his career in
jeopardy with such a statement and could expect considerable confrontation
and criticism for making such a claim. In this way a consensus has developed
around thinning ozone. Instruments have been invented to measure ozone and
thus rei¢ed the issue and turned concern over ozone into a `fact' that it is
thinning (Latour and Woolgar, 1979). In the Kuhnian sense, ozone depletion
has become `normal' science.

By contrast, scienti¢c consensus around the growth of UVat ground level is
much weaker, although it is growing. The strength of this growing consensus is
also based on the search for order in both science and, through translation,
politics and society. If the ozone layer is thinning, then UV levels must be
increasing at ground level. Lack of evidence is seen as a problem of technology
and skepticism is met with comments that `it's probably there, we just can't
measure it yet.' As Allen and Hoekstra (1992) comment, science is de¢ned not
by what we observe but what we are able to observe, with instruments being
created to measure what scientists feel they know is already there. The precon-
ceived idea is rei¢ed and moved toward the status of fact. Thus a growing
consensus around a concept with low certainty can precipitate the generation
of new facts to the exclusion of looking for and discovering competing facts or
explanations (Latour and Woolgar, 1979).

Interests and values

The relationships between UV levels, skin cancers and risky behaviors embrace
high consensus despite low to moderate certainty. In this situation, argument
has moved from what Dunn (1981) would call a designative claim (based on
fact) to evaluative and advocative claims based on values and actions. Although
this portion of the UV risk debate has one foot in the scienti¢c realm, it has the
other very ¢rmly planted in the public health realm. Actors in this arena are
rewarded for positive action that is seen to protect the public. It is not surpris-
ing, therefore, that action is taken to develop policy despite low certainty. The
raison d'eª tre of public health is to protect the public. The ill-structured nature
of the ozone-UVR-skin cancer issue opens the doors for competing interests
and values to promote di¡erent interpretations of both the problem and poten-
tial solutions (Dunn, 1981). Yet the mandatory nature of public health protec-
tion and the application of the precautionary principle point to one course of
action: public health messages as seen in Table I.
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Metaphors and symbols

Both scientists and policy makers have made considerable use of metaphors
and symbols in the construction of the sun safety metanarrative. Perhaps the
greatest metaphor being used by atmospheric scientists is the use of `health as a
surrogate for the environment' (Burger, 1990). By framing the ozone depletion
issue in terms of human health, scientists use an e¡ective metaphor to tap into
emotions. Policymakers may likewise justify their claims and actions by appeals
to health. `We are not talking about the environment' they say, `by the very
survival of future generations' (see how Colborn et al. (1996) address this
around contaminants and reproductive health). By framing the issue in this
way, scientists and policy makers heighten public apprehension and shift policy
concern away from the power of the evidence towards the power of the poten-
tial outcome (Majone, 1989). This is one example of how scienti¢c evidence is
used in the craft of policy making.

Policy makers also use metaphors and symbols to expedite their agendas. A
particularly interesting component of the UV risk policy development has been
the implementation of the UV-index. This index provides a simple scienti¢c
symbol ^ a number ^ to make more concrete a very complex risk evaluation.

Stone (1988) identi¢es how numbers are symbols of certainty amidst the
noise of scienti¢c uncertainty. As the most elemental of languages, the public
easily understands numbers. A decimal scale helps us to identify relative risk:
six is twice the risk of three; four is twice the risk of two, and so on. Thus risk is
clari¢ed and the individal becomes the decision-maker.What was once a maze
of confusing risk assessments now becomes a decided path guided by an
evaluation of the numerical risk (Stone, 1988). When the individual becomes
the decision maker, responsibility is where it should lie and s/he can initiate
corrective actions and behavioral changes ^ a, if not the, foundation of Cana-
dian health policy (Epp, 1986).

Thus the risk identi¢ed with a reading of 7 on the UV-Index appears to give
a concrete de¢nition of danger for an individual. Lost in the number are the
multitude of quali¢cations that modify the risk: cloud cover, skin type, eye
color, propensity to burn, history of sunburn, genetic predisposition, altitude,
pollution levels. All of these disappear in the presentation of a single number.
What is lost too is any scienti¢c uncertainty or equivocation. Ambiguity is
swamped by the public consensus supported by an understandable, individ-
ualized number.

Summary

To step back, we are left, in policy analytic terms, with competing stories or
narratives vying for credibility in explaining ozone depletion and its relation-
ship to UV-B and skin cancer (Roe, 1994). On one side are those that support
anthropogenic in£uences. Their story asserts that human in£uences have

KAP ^ OLIC 243 ^ PIPS Nr. 147447 Rapati 1-12-97 17: 01 Page 064

64



a¡ected the atmosphere, there is increasing danger to human health, and that
the result (if the problem is left unaddressed) will be human and ecosystem
illness, perhaps death. This is the sun safety metanarrative. By contrast those
that suggest that the stratosphere is self-correcting and that ozone depletion is
less of a problem have a much less compelling story. Theirs, in Roe's (1994)
terms, is a `non-story.' It merely claims that everything is all right: that humans
and planet earth will survive. Further it is not vivid (Nisbett & Ross, 1980) and
is thus less convincing in narrative terms. As a result it is less compelling and
less believable.

The most compelling of policy stories are those portraying increasing con-
trol rather than increasing helplessness (Stone, 1988). This appeals to an indi-
vidual's sense of liberty and is, therefore, very popular. The interests and values
of the multitude of groups involved in the sun safety metanarrative set up a
policy space demanding competition for attention from the public, media and
governments. Playing out a drama of heroes (scientists, public health o¤cials),
villains (`them,' as in industry and big government) and potential victims (the
public) in a clear narrative structure provides drama and interest. This attracts
media attention, which fuels public concern and generates a response from
elected o¤cials. This response is often to generate more science (Salter, 1988)
or clear science (such as a number), or science meaningful to the policy process
to try to promote understanding of the issue and to show that o¤cials are
indeed doing something about the problem.

Analysis

In the case of the sun safety metanarrative in Canada, we see a close, almost
symbiotic, relationship between public health policy and science. Science pro-
vides potential answers to questions about environmental degradation and
human health impacts, policies are implemented based on those answers, and
public concerns are both calmed and coalesced around this scienti¢c explana-
tion, thus generating a need for more science for better understanding and
future policy decisions.

Contrary to the common view of science as being outside the political world
of policy-making, it is an integral part of policymaking ^ particularly in the
arena of environmental health. More importantly, scientists are increasingly
adopting the `tools' that have traditionally been used by policymakers. The
scientists providing the evidence for the sun safety metanarrative themselves
used narratives, metaphors, persuasion and argumentation to promote their
beliefs about the importance of ozone depletion and its potential to a¡ect
human health. In return, this environmental problem is reframed as a human
health issue, thus raising its importance in the public view and reasserting the
need for intensi¢ed scienti¢c research.

Ideally scientists are rational, logical and objective and policymakers are
politically motivated, reactive and subjective. Yet, as we have seen from the sun
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safety metanarrative, both scientists and policymakers use numbers and sym-
bols, narratives and metaphors, and persuasion and argumentation as tools of
the trade. As Alb×k (1995) notes, science and policy are not so di¡erent as they
might appear. There is nothing inherently wrong with their synthesis but there
must be explicit recognition of this coalescing of methods and purposes be-
tween science and policy. Neither must be given primacy, but their symbiosis
must be recognized and appreciated.The two faces of power and knowledge are
indeed closely intertwined.

This linkage stems from both pursuing related, if slightly di¡erent, incen-
tives. Scientists are motivated to conduct research to obtain peer-reviewed
acceptance through publications and grants. Administrators and program lead-
ers use and discard evidence based upon its applicability to local situations and
circumstances and to serve their own purposes of public o¤ce, community
betterment and so on. Nevertheless, both scientists and policymakers possess
incentive structures underlying many of their actions.

But it is possible to understand their beliefs and actions in another way.
Instead of seeing their actions as the outcome of di¡ering incentive structures,
we might view scientists and policymakers as sharing a moral base and a moral
history that underpin and motivate their actions. The moral and dramatic
structure that develops in the sunsafety metanarrative is not a new one but
draws on the European historical tradition of the morality play. In that genre, a
single performer represents humankind in the eternal struggle between good
and evil portraying the human condition as a spiritual process (Potter, 1989).
The performer begins in a state of ignorance (innocence), and through experi-
ence (corruption) falls from grace. Finally the individual goes through a reali-
zation (repentance) and is redeemed.The fundamental allegory is easily applied
to the core message of environmentalism: humans were once part of the natural
cycle (innocence), humans manipulate and change that natural cycle (corrup-
tion) and humans must make right their environmental damage in order to
survive (repentance and redemption).

However the importance of the morality play and its didactic allegory can
tell us more than a simple salvation story. Historically, the morality plays
developed in Europe in the sixteenth century on the cusp of the Renaissance.
This was a time of great social, religious and political upheaval wherein the
medieval order was being challenged and the morality play became the main
public expression of competing theologies and ideologies (Potter, 1989). Tradi-
tional religious plays continued, but the morality plays concurrently portrayed
Christian ideals and morals in a more intellectual manner by examining the
forces at work in the individual during the span of a single person's life
(Davenport, 1982). This process of innocence, corruption, and redemption
suggested that each individual audience member viewing the performance
was part of the process and that he or she, as an individual, had important
choices to make about the future of the world. The thrust of the story was
that the way to redemption was through the moral exercise of free will (Potter,
1975).
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We live, it is argued, in a time similar to the end of the Medieval period and
are in the midst of shifting social and political forces. Simply put, ours is a
millennial culture (Kingwell, 1996). As the twenty-¢rst century draws near we
are seeing a qualitative transformation from an industrial to a risk society in
which anxiety and insecurity are common themes to be addressed by creating
certainty (Beck, 1992). The popularity of simple, clear explanations ^ such as
the sun safety metanarrative ^ speak to that need for a created certainty amidst
a rapidly-changing world.

Via the sun safety metanarrative, the importance of free will for salvation
resonates from both environmentalism and the public health call for individual
protective behavior. Individuals are exhorted to make important choices about
the future of the world (through making environmentally `friendly' lifestyle
choices) and about personal salvation (behaving `correctly' to reduce the risk
of cancer). The public information upon which those choices are made is
stripped of equivocation and uncertainty. Nevertheless dissenting stories
emerge that dispute the primacy of scienti¢c explanation and point to the
inability of Cartesian rationality to explain some of the simplest cause-e¡ect
relationships (for example, what causes skin cancer?). Just as the religious
world view was being called into question in the sixteenth century, so now is
the scienti¢c and medical world view being called into question at the end of
the twentieth century.

It is through the questioning of that scienti¢c world view that we see the
distinctions between science and policy becoming increasingly blurred. The sun
safety metanarrative shows how scientists use policy methods to develop narra-
tives to support what they know but cannot scienti¢cally prove. At the same
time, policy makers use pseudo-scienti¢c methods and numbers to justify
decisions and proposed actions. The result is that scienti¢c uncertainty dis-
solves and is replaced by action and, as Brandon (1984) argues, all action is
value-based. By being certain about the uncertainty, impetus is given for acting
to prevent unknown e¡ects (Roe, 1994), which again resonates with both moral
undertones of our culture and the precautionary principle of science in policy.

Conclusion

The authors of this paper do not dispute that the earth's ozone layer is dis-
appearing. Nor do we know whether UVR at ground level is increasing or
decreasing and whether or not there will be an epidemic of skin cancer as
some predict. The validity of this speci¢c case has not been the issue. Instead,
this case study has been used to show how scientists and policy makers need to
understand the similarities between their endeavors as they both play parts in
unfolding social and political transitions. We also hope to have shown how
environmental health policy has moved beyond Torgerson's ¢rst two faces of
policy and has adopted his third face model wherein science and policy, as well
as knowledge and power, work equally in our rapidly-changing world.
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The sun safety metanarrative is not the only issue in which scienti¢c evi-
dence or knowledge has been used to propel public health policy. Over the past
several decades it has been the uncertainty over direct cause-e¡ect relationships
that has driven the debate over health e¡ects of smoking. Despite the inability
to link smoking to lung cancer with absolute scienti¢c certainty, the smoking
metanarrative has shifted in favor of the public health consensus that smoking
is dangerous. The debate of reproductive health is a current issue that also
shows how some scientists are contesting the existing metanarrative (that hu-
man reproductive health is separate from environment) with a counterstory of
considerable emotional appeal (that human reproductive health is intrinsically
linked to environment, and speci¢cally it is a¡ected by environmental contami-
nation). Colborn et al. (1996) e¡ectively show how scientists rely on faith and
belief when developing counterstories to existing, accepted narratives.

Using the sun safety metanarrative as a case study we have shown that public
health messages about UV radiation, and particularly the UV-Index, serve
several purposes. First, they formalize a perceived environmental danger and
make that danger applicable to everyone by linking it to an individual's health.
By making that link, public consensus is cultivated to support the scienti¢c
consensus de¢ning ozone depletion as a problem to be solved. Second, these
messages present a policy solution to the public and reassure the public that
action is being taken. But, third and most importantly, these messages and the
Index shift responsibility for action from government and society to the indi-
vidual. Given the level of uncertainty that exists in each claim in the metanar-
rative, this is likely the only level at which action can be rationalized. Individual
responsibility reinforces the certainty that action against the dangers of UV
exposure is possible and supports the moral certitude of the exercise of free will.
As in the morality play, whatever happens in the world, the responsible and
moral individual will be safe and, by his or her actions, saved.
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