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Abstract In the first part of this review, I defined the media
filter and how it can operate to frame and blame the forecaster
for losses incurred during an environmental disaster. In this
second part, I explore the meaning and role of uncertainty
when a forecast, and its basis, is communicated through the
response and decision-making chain to the newspaper, espe-
cially during a rapidly evolving natural disaster which has far-
reaching business, political, and societal impacts. Within the
media-based communication system, there remains a funda-
mental disconnect of the definition of uncertainty and the in-
terpretation of the delivered forecast between various stake-
holders. The definition and use of uncertainty differs especial-
ly between scientific, media, business, and political stake-
holders. This is a serious problem for the scientific community
when delivering forecasts to the public though the press. As
reviewed in Part 1, the media filter can result in a negative
frame, which itself is a result of bias, slant, spin, and agenda
setting introduced during passage of the forecast and its un-
certainty through the media filter. The result is invariably one
of'anger and fury, which causes loss of credibility and blaming
of the forecaster. Generation of a negative frame can be aided
by opacity of the decision-making process that the forecast is
used to support. The impact of the forecast will be determined
during passage through the decision-making chain where the
precautionary principle and cost-benefit analysis, for example,
will likely be applied. Choice of forecast delivery format, ve-
hicle of communication, syntax of delivery, and lack of
follow-up measures can further contribute to causing the fore-
cast and its role to be misrepresented. Follow-up measures to
negative frames may include appropriately worded press
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releases and conferences that target forecast misrepresentation
or misinterpretation in an attempt to swing the slant back in
favor of the forecaster. Review of meteorological, public
health, media studies, social science, and psychology litera-
ture opens up a vast and interesting library that is not obvious
to the volcanologist at a first glance. It shows that forecasts
and their uncertainty can be phrased and delivered, and
followed-up upon, in a manner that reduces the chance of
message distortion. The mass-media delivery vehicle requires
careful tracking because the potential for forecast distortion
can result in a frame that the scientific response is “absurd”,
“confused”, “shambolic”, or “dysfunctional.” This can help
set up a “frightened”, “frustrated”, “angry”, even “furious”
reaction to the forecast and forecaster.

Keywords Forecast - Uncertainty - Precautionary principle -
Cost-benefit analysis - Communication

Introduction

Uncertainty and error are central to any scientific measure-
ment, model-based projection or forecast (Taylor 1997;
Grabe 2005). Because quantification of uncertainty is part of
making any measurement, there are accepted standards for
error assessment in measurement results (e.g., Taylor and
Kuyatt 1994; JCGM 2008; Rougier 2013; Rougier and
Beven 2013). Although the forecaster will strive to use the
most complete and up-to-date measurements and models
available to make the best possible forecast, error is inherent
in any measurement or data set, and uncertainty will always be
present in the final product. Statement of uncertainty is thus an
unavoidable but essential, accepted, and standardized method
of communication when passing measurements, model-based
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simulations, and forecasts between actors in the scientific
community (e.g., Hall 1950; Gong and Forrest 2014), as well
as upwards through the disaster-response chain to policy and
decision-makers. Thus, as Brannigan (2011) states “one of the
most important fundamental policy decisions is the treatment
of uncertainty.” But, what happens when forecasts and uncer-
tainty are communicated beyond the scientific and policy
making community to be filtered by the media? According
to Norton et al. (2006),

uncertainties may be framed by the presentation, sources,
and social construction of information—this being a so-
cial science perspective—as well as the degrees and per-
ceived quality of information available—this being a
Bayesian, physical science perspective.

Eldridge and Reilly (2003) argued that the media now pay
more attention to uncertainty and can either generate concern
about particular threats or offer reassurance. Schwitzer (2011)
backed this perspective up, arguing that (health care) news
coverage can educate and inform, but also confuse. The
ideal scientific treatment of uncertainty will also be balanced
by the business perspective. This was stressed by Eoyang and
Holladay (2013) who commented that the challenge in the
business world is to work ethically and responsibly in circum-
stances where outcomes are unknowable.

Disconnects in the definition, interpretation, and use of
uncertainty between scientific, media, business, political,
and public stakeholders are thus bound to occur. These poten-
tial disconnects are explored here, mostly from the social sci-
ence perspective and using four examples of newspaper re-
sponses to an environmental disaster. These are:

1. The 2010 eruption of Eyjafjallajokull (Iceland);

2. The passage of the storm “Dirk” though Brittany (France)
in December 2013;

3. The “great storm” of 16—17 October 1987 that impacted
SE England (UK);

4. The St. Jude’s day storm of 28 October 2013 that, again,
impacted SE England.

Recourse to meteorological events, as well as the meteoro-
logical and health literature, is essential. This is because the
meteorologist and health practitioner have a great deal of ex-
perience in, and a long experience of, delivering forecasts—in
verbal, written, and graphic format—to the public. As regards
the weather forecast, Stewart (1997) pointed out that “studies
of the value of forecasts themselves necessarily consider the
decisions made by users of the forecast.” Analysis of forecasts
are then either descriptive, focusing on how the users actually
decide (e.g., Johnson and Holt 1997; Wilks 1997), or prescrip-
tive, focusing on how the users should decide (e.g., Davis and
Nnaji 1982; Sonka et al. 1988). This study is prescriptive.
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The volcanological perspective

There is a significant literature in volcanology on the impor-
tance of probabilistic forecasts and their communication.
Indeed, this review compliments that of Doyle et al. (2014)
by adding the complications posed by passing uncertainty and
forecast through the decision-making and communication
chain to the newspaper.

Probabilism is defined' as a theory that certainty is impos-
sible in the sciences and that probability has to suffice when
governing belief and action. Thus, probabilism and
uncertainty are intimately linked. As Sparks (2003) pointed
out,

Due to intrinsic uncertainties and the complexity of non-
linear systems, precise prediction is usually not achiev-
able. Forecasts of eruptions and hazards need to be
expressed in probabilistic terms that take account of
uncertainties.

In volcanology, many systems have been developed to aid
in probabilistic risk assessments for volcanic eruption scenar-
ios and for input into eruption forecast models (e.g., Gomez-
Fernandez 2000; Pareschi et al. 2000; Newhall and Hoblitt
2002; Marzocchi et al. 2004, 2008; Behncke et al. 2005;
Felpeto et al. 2007; De la Cruz-Reyna and Tilling 2008;
Jenkins et al. 2012a; Marzocchi and Bebbington 2012;
Bebbington 2013; Garcia-Aristizabal et al. 2013; Gunn et al.
2014; Sobradelo et al. 2014). Long-term forecasts are mainly
used for risk management and planning (Bebbington 2013),
and tend to be based on historical and deposit data. Now-
casting, however, needs to be applied during an ongoing
event, in real-time, and relies heavily on live data feeds from
operational geophysical arrays, satellite data, and observers in
the field. This allows up-to-the-minute input into forecast
models. All steps in this flow through the data-model-
forecast system have their uncertainties, which inevitably
stack up so that certainty in the final product is utterly
impossible.

Hazards tend to scale risk numerically in terms of a per-
centage and/or by using colors. Words used are typically
“high”, “medium”, and “low”, with colors being red, orange,
yellow, green and/or white. In this context, lava flow models
have been used to produce probabilistic maps for lava flow
invasion of the city of Goma on the flanks of Nyiragongo
(Chirico et al. 2009), the town of Zafferana on Etna (Bisson
et al. 2009), as well as for all sectors of Etna (Forgione et al.
1989; Favalli et al. 2009), Vesuvius (Lirer and Vitelli 1998),
Lanzarote (Felpeto et al. 2001), and Mount Cameroon (Bonne
et al. 2008). Probabilistic risk mapping and assessments have
also been completed for explosive events at Vesuvius (Carta
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etal. 1981; Cioni et al. 2003; Pesaresi et al. 2008; Sandri et al.
2009; Gurioli et al. 2010), Campi Flegrei (Marzocchi et al.
2010), Teide-Pico Viejo (Sobradelo and Marti 2010), and
Cotopaxi (Biass et al. 2012), as well as vent opening in the
Auckland volcanic field (Lindsay et al. 2010) and Campi
Flegrei (Selva et al. 2012). In addition, probability-based as-
sessments have been made for evacuation vulnerability in
Campi Flegrei (Alberico et al. 2012), socio-economic vulner-
ability for eruptions in Valles Caldera (Alcorm et al. 2013),
potential damage caused by a possible future eruption at the
proposed radioactive waste repository of Yucca Mountain (Ho
et al. 2006), hazard to aviation operations during ash-emitting
events at Vesuvius (Folch and Sulpizio 2010; Sulpizio et al.
2012), and ash fall hazard in the Asia-Pacific region (Jenkins
et al. 2012b). For the Auckland volcanic field, Sandri et al.
(2012) combined probability-based hazard assessments with
cost-benefit analysis to produce maps that assessed the prob-
ability of base surge impact and evacuation time.

There is also a growing literature on how such volcanic
hazard information can be communicated, and trusted, on a
local scale (e.g., Haynes et al. 2007, 2008). However,
Alemanno (2011a) argued that,

The raison d’étre of risk communication within the
broader framework of risk regulation lies in the assump-
tion that scientific results as well as risk management
options cannot always be easily converted into simple
guidelines and advice that non-scientists, like the public
or media, can easily understand or follow. This seems
especially true at a time when we learn about crises via
new media tools such as Twitter, Facebook and
YouTube. Moreover, with public opinion having be-
come more skeptical about the neutrality and effective-
ness of science, there is a growing call for transparency,
especially in times of emergencies.

Pidgeon and Fischhoff (2011) backed this view up arguing,
“communication failure makes future success less likely, by
eroding both the public’s trust in the experts, who seem not to
know their needs, and the experts’ trust in the public, which
seems unable to understand the issues.” Pidgeon and
Fischhoff (2011) concluded by arguing that a new model of
science communication was needed. Also, there may be
government-based campaigns to erode trust in science through
a process which can be summarized as “abusing” science
(Wright and Dunlap 2010), as well as lobbying (Eldridge
and Reilly 2003). It is not surprising, then, that surveys by
Davis et al. (2005) showed that confidence among the popu-
lation of government officials’ levels of preparedness and abil-
ity to provide accurate information about an impending erup-
tion was not high.

However, the decision as to whether and how to respond to
an environmental disaster is not the responsibility of the

forecaster. In the decision-making process, the forecaster is at
the base of the triangle that tips out with government bodies,
these being those agencies responsible for defining,
implementing, and enforcing environmental hazard response
policy (Fig. 1). For a volcanic disaster, information-flow proto-
cols have been laid out in many documents (e.g., Tilling 1989;
Heliker 1992; Bertolaso et al. 2009). Within this scheme, fore-
casters are charged with providing the best possible information
to those bodies higher up in the decision-making chain so that
the best-informed decision can be made on the basis of the best
scientific information available (Bonfils et al. 2012).
Application of this scheme involves not just the media filter
(see Part 1 of this review), but also application of cost-benefit
analysis and the precautionary principle by policy and decision-
makers. Worse, although “we can make a good deal of progress
in understanding why, and when, people fail to respond sensi-
bly to worst-case scenarios, when probabilities cannot be
assigned to the worst-case scenario, the analysis is harder”
(Sunstein 2007). As Sunstein (2007) adds, “suppose that offi-
cials or scientists have no idea about a terrible outcome, or that
they are able to specify only a wide range.”

Cases and sources

With the exception of the Great Storm of 1987 for which I
refer to a 1988 special issue of the journal Weather devoted to
the storm, the UK press sources that I use for the
Eyjafjallajokull and UK weather events are The Times, The
Duaily Telegraph, and The Sun, as well as The Daily Mail, The
Daily Mirror, and The Independent. 1 have already reviewed
these sources in Part 1 of this review. Thus, following a brief
review of each event, I detail the new French press sources
used here.

The 2010 eruption of Eyjafjallajokull

Beginning on 14 April 2010, an explosive eruption of
Eyjafjallajokull volcano (Iceland) fed an ash cloud that drifted
into transatlantic and European air routes prompting closure of
the same air space during 15-20 April (Gudmundsson et al.
2010). The impact, especially on airline operations, has been
well documented (e.g., Alemanno 2011b), as have methods
used to measure, model, and track the ash cloud (e.g.,
Kristiansen et al. 2012; Newman et al. 2012; Turnbull et al.
2012; Woodhouse et al. 2013). The impact of the event on
industries and individuals lead to extensive press coverage in
the European and US press (Harris et al. 2012). Reports ap-
peared in The Times on nine consecutive days beginning on 15
April, and on eight consecutive days beginning on 16 April in
The Sun. Coverage in these two UK newspapers alone
amounted to 6 m> of paper space or 7500 cm? of newspaper
coverage per day.
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Fig. 1 Volcanic crisis response and decision-making pyramid as based
on the original scheme of Tilling (1989) and adapted to cover the response
to a volcanic event that impacts air space. I have divided the main stake-
holders into three groups (science, governmental, and others—as divided
by the dashed lines). The main role of each group is given in the yellow

Dirk and the flooding of Morlaix

The storm named “Dirk” crossed the French region of
Brittany during 23-24 December 2013. Between 60 and
80 mm of rain fell on land already saturated by water, winds
reached speeds of 100 km/h and around 18,500 households
lost electricity (Ouest France, 26 December 2013, p. 3).
Flooding was widespread, especially in western Brittany
where the towns of Quimperlé, Quimper, and Chateaulin were
flooded (Violette 2014). The town of Morlaix was particularly
hard hit, where the “rising water surprised everyone” as the
river that flows through the town center rapidly rose and
overflowed to flood roads, houses, and shops to a depth of
more than 1 m (Ouest France 2014).

The “great storm” of 16—17 October 1987

The “great storm” of 16—17 October 1987 was one of Britain’s
most severe windstorm events since 1703 (Lamb 1988); the
1703 storm being argued by Daniel Dafoe to have been “the
most violent tempest the world ever saw” (Clow 1988). The
1987 event thus became the “so-called hurricane” or the
“great gale” (Stirling 1997), with peak wind-gust speeds of
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boxes. Forecasting and government bodies were those active during the
2010 Eyjafjallajokull eruption as taken from Alemanno (2011c) and
Macrae (2011). I have added a second pyramid of influence to the original
scheme of Tilling (1989) which enters from the right that contains the
“other” stakeholder group

up to 325 km/h (Templeman et al. 1988). As a result, winds
blew down around 15 million trees (Quine 1988) and caused
extensive property damage (e.g., Lawes 1988), with 18 fatal-
ities being recorded in Britain (Met. Office 2013). Total dam-
age was assessed at 1.4 billion British pounds by RMS (2007).

The St. Jude’s Day storm of 28 October 2013

On 28 October 2013 a storm, named St. Jude, swept across
southern England bringing winds of up to 160 km/h. Although
details in newspaper reports were contradictory, initial losses
were reported as:

e 5 dead, power cuts hit 500,000 (The Sun, 29 October
2014, p. 4);

* 4 dead, “thousands” without power (The Independent, 29
October 2014, p. 2);

e 5 killed, 500,000 “families” left without power (Daily
Mail, 29 October 2014, p. 1);

* 5 dead, 600,000 homes without power (The Times, 29
October 2014, p. 1);

e “100 mph hurricane force winds claim 6 lives” (Daily
Express, 29 October 2014, p. 1).
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The storm caused five deaths. It also felled thousands of
trees, left hundreds of thousands of homes without power,
blew down walls, scaffolding and cranes, and disrupted the
railway network.

French press sources

For storm Dirk, I use four French newspapers: Ouest France,
La Montagne, Le Figaro, and Le Monde. All newspapers pub-
lished between 23 December 2013 and 9 January 2014 were
examined. Ouest France, specifically the Morlaix edition, was
selected as the primary target newspaper due to the location of
Morlaix in one of the worst hit zones. Based in Rennes
(Brittany), Ouest France was founded in 1944 following the
collapse of the controlled press of the Second World War
(Martin 2002). Ouest France currently has a circulation of
768,226, being the most read regional newspaper in France
as of 2009 (Corroy and Roche 2010). La Montagne was se-
lected as a control. Founded in 1919 in Clermont Ferrand
(Martin 2002) it is, geographically, the most central newspa-
per in France and its circulation of 190,268 makes it the eighth
most popular regional newspaper in France (Corroy and
Roche 2010). Le Figaro and Le Monde were selected as being
two of the main national “haut de gamme” (high standing)
daily newspapers in France (Charon 2013).

As of 20006, there were 254 regional newspapers in France,
with a total readership of 2,010,240 (from data in Béguier
2006). As of 2008-2009, the distribution of Le Figaro and
Le Monde was 315,656 and 294,324, respectively (Corroy and
Roche 2010). Where impacted populations are widely
dispersed, and in the existence of a press system composed
of multiple regional newspapers, Besley and Burgess (2002)
argue that regional presses will have a greater incentive to
cover local issues. They will also have a greater influence on
the catchment populations, writing in the language, dialect or
style of the reader, thus being accessible to (and preferred by)
the local readership.

Forecast delivery by the newspaper
during Eyjafjallajokull

During the Eyjafjallajokull eruption, forecasts, risks, and haz-
ards, as well as uncertainty on projections, were well commu-
nicated by newspapers. For example, maps of (and projections
for) cloud extent appeared in both The Times and The Sun on
16 April 2010, the model-based forecast for future cloud lo-
cation being termed a “prediction” by The Times. The cloud
extent was filled with a dark gray tone (7The Times) or red
color (The Sun), with The Times adding “when it erupts it
produces a grey ash that has a high fluoride content.” The
nature of the hazard was also well stated. For example, on
16 April, The Times published a double page spread

illustrating ash impacts on aviation operations, including a
correctly annotated schematic of an aircraft engine ingesting
ash. On the same day, a report spread across pages 4 to 5 of
The Sun stated that ash “can wreck jet engines, choke venti-
lation systems and sand-blast windscreens.”

Uncertainty was clearly stated. On 21 April, The Times, in a
page 5 analysis entitled “flying into the unknown”, pointed
out that “all weather models are based on probabilities rather
than fact.” The article added that the model used by the UK
Meteorological Office (hereafter the Met. Office) was called
“Name” (Nuclear Accident Model), which had been devel-
oped out of the need to model dispersion of nuclear fallout
after the 1986 Chernobyl disaster. The Times described how
Name treated the volcanic cloud in the same way as
Chernobyl’s radioactive cloud, using “an estimate of the vol-
ume of ash injected into the atmosphere™ to produce “a best
estimate for where ash will be found.” The report went on to
state that “our knowledge of the nature of the plume and of
atmospheric conditions being imperfect, the model will inev-
itably be unable to predict the position of the plume to the
nearest inch.”

However, in spite of these statements, uncertainty was used to
mean “cautious”, even “overcautious”; or “health and safety
gone mad” (see Part 1 of this review). Words such as “absurd”,
“chaos”, “confusing”, “crisis”, “havoc”, “mad”, “mayhem”,
“pandemonium”, and “shambles” appeared in dictionaries cre-
ated from all reports in The Times and The Sun during the event,
with the volcano even being described as “mighty” or a
“monster” (Harris et al. 2012). These are strong, evocative words
that carry more weight than “uncertain” and “forecasting”.

An aircraft encounter during the Eyjafjallajokull eruption

On 22 April, a Sun Exclusive spread across pages 10 and 11
detailed a probable aircraft ash encounter that caused a com-
mercial flight to abort due to loss of an engine-bleed after a
“strong smell of ash” was encountered at 16,000 ft. The report
gave the flight path information and the pilot communication
transcript, with an expert statement commenting that it was “a
very uncommon fault,” and that “for it to happen as the plane
flew through the ash cloud is a worry.” The source added that,
if it was really a minor technical fault, the pilot would not have
taken the long detour over the sea, “he would simply have
turned around.” The airline involved, however, claimed that
the incident was due to a minor technical fault with the air-
conditioning system. The report concluded with the line that
“meanwhile travel firms claimed that Britain’s response to the
ash crisis was a shambles,” with the UK Transport Secretary
being quoted as admitting “it’s fair to say we’ve been too
cautious.” These final lines appear to align with the slant appar-
ent in The Times on 20 April that accused the Met. Office of
“only making a weather report.” However, this aircraft encounter
actually seems to have validated the Met. Office forecast for that
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day. Advisory maps issued by the Met. Office at 00:00
GMT on 22 April placed ash over the Manchester area,
at flight level SFC/FL200 (that is, between sea level
and 20,000 ft, i.e., up to 6000 m) for most of the day
(see http://www.metoffice.gov.uk/aviation/vaac/data/
VAG 1271892412.png). This apparently successful
forecast was, though, not mentioned in the report.

Framing of the response during the Eyjafjallajokull eruption

Forecast, uncertainty, and their use was framed in such
a way that implied the response agencies were in some
way incompetent or, at best, confused; even somehow
responsible for the crisis. For example, on 25 April an
article appeared on page 19 of the Mail on Sunday
under the banner headline “A natural disaster, but a
man-made catastrophe.” Likewise, “Air crisis shambles”
was the front page headline in The Times on 22 April.
Irrespective of the content of the stories that followed,
the messages transmitted by such eye-catching and
evocative titles is not positive to those deemed respon-
sible for the “catastrophe” or “shambles”. The subse-
quent distortion was summed up in the key words found
in a page 5 report of the Daily Mirror on 22 April
2010. These were: “cautious”, “caved in”, “shambles”,
“muddle”, “confusion”, “irritated”, and “furious.” The
same report, entitled “We made an ash of flight ban”,
contained the following quote regarding the Government
response,

They underestimated the severity of the consequences
of the decision.

These sentiments are borne out by the results of the Google
trends analysis of Burgess (2011) who found 29 blame or
responsibility stories in his search, including:

o “airlines look for blame”;

*  “Met. Office got it wrong”;

» “airline fury”;

*  “pandemic of panic”;

*  “Met. Office photos didn’t exist”;
*  “restrictions unnecessary”;

*  “our reaction a shambles.”

The effect of this frame was soon reflected in letters written
to various newspapers. For example, on 20 April, a letter
written by a “pilot with 15 years of experience” appeared in
The Sun on page 19. The letter argued that tens of thousands of
planes were likely to have flown through ash during the “last
50 years” and that, although thick ash was a huge risk, “thin
ash had not proven to be a serious risk.” The writer argued that
volcanic ash had not yet claimed a life due to the skill of
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crews. The writer would have “kept planes flying and gladly
flown in them”, and demanded:

better facts, proper science and solid risk analysis.

The letter finished by claiming that, if the issue of risk is
taken to its ultimate conclusion, then “placing 300 passengers
in a metal tube 30 000 ft above ground would not happen.”
Such sentiments even entered the scientific literature (see
Appendix). The question is: why and how does such framing
occur, and what can we do about it?

The uncertainty slant during the Eyjafjallajokull eruption

During the Eyjafjallajokull eruption, uncertainty was turned
from a necessary consideration of error, or incomplete con-
straint of a scientific problem, into evidence that the responsi-
ble agencies were “too cautious” (The Times, 20 April, p. 3).
This was exaggerated by the fact that the same agencies were
dealing with apparently simple questions that would have
been perceived as easy to answer, such as (The Times, 20
April, p. 3),

e “where is the ash cloud?”,

e “when will the eruption end?”,

o “when will flights resume?”, or (Daily Mirror, 22
April, p. 5):

*  “why did it take 6 days (to reopen airspace)?”

The problem was exacerbated by the readership being
faced with regular images of impressive ash plumes rising
above Eyjafjallajokull and widespread use of evocative words
such as “black”, “gigantic”, and “menacing” to describe the
cloud (Harris et al. 2012). As a result, statements to the effect
that the ash often seemed “not too bad” but, because it was
caught in a high-pressure system, it was constantly “swirling
around” (The Times, 22 April, p. 71) were likely difficult to
comprehend by the readership. This simply did not match
what they were seeing in the skies above them and on the front
pages in front of them. Readers were instead familiar with the
problems and loss faced by those viewed as “stranded”, this
being the top word used by both The Sun and The Times with a
total word count of 139 (Harris et al. 2012). To use the words
published in the press examined here, they were stranded by

an invisible but “black”, “menacing”, “swirling” mass.

Newspaper reporting of storm Dirk and flooding
of Morlaix

Météo France has a four color warning system for severe weather
and floods running from green (i.e., no warning in place),
through yellow and orange, to red. Orange means “remain very
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vigilant” (Météo France 2011). On 23 December 2013, an article
appeared on page 3 of Ouest France giving an orange weather
warning and stating that strong winds, heavy rain, high
waves and littoral flooding were likely. Although such a wamn-
ing advises “caution ... ... ... above all, next to the sea”, no
inland flood warning was printed. During the night of 23-24
December, the Breton town of Morlaix was flooded up to a
depth of 1.4 m, with flooding beginning around 03:30 am (all
times are local, GMT+1) on 24 December (Ouest France, 26
December, p. 6). Due to confidence in the forecast, many
businesses and households had not implemented flood protec-
tion measures that would otherwise have been installed (Figaro,
27 December, p. 8). As a result, on 25 December, La
Montagne published a back page report entitled “Torrential
flood surprises inhabitants of Morlaix in the heart of the night.”
In the report, it was stated that the flood warning at 02:00 am
on 24 December was still green. Thus, the report continued, the
area had been alerted to the storm, but not to the possibility of
flooding. Flooding was widespread across Brittany during the
night of 23-24 December, but Ouest France (26 December
2010) reported that the town of Quimperlé was still at level
yellow on the evening of 23 December, and only on the mom-
ing of 24 December was the level increased to orange, by
which time the situation was “already at level red.” The alert
was also “late” in Quimper. All of the problems were argued
to result from the fact that the weather forecast was “too
optimistic” in regards to rain fall (Ouest France, 26
December, p. 6).

On 27 December, Le Figaro ran a report entitled, “DIRK:
state services called into question”. Placed on page 8, it stated
that the Breton population was “angry” after being left with-
out information during the storm. The report went on to point
out that the flood warning map had been “erroneous.” On the
same day, Ouest France carried a page 6 report with a similar
title, “Floods: the alert system called into question.” The re-
port pointed out that both Météo France and the regional flood
monitoring agency (Vigicrue) had kept the warning level at
green through 06:00 am on 24 December. The Minister for the
Interior was quoted as saying that it was “necessary to work
on better prevention measures” and to “review the alert sys-
tem for floods.” These sentiments were echoed in Le Monde
where it was claimed that the state services had committed an
“error of appreciation” (Le Monde, 28 December, p. 10).

These are words, phrases, reactions, and expectations not
too dissimilar to those printed during the Eyjafjallajokull erup-
tion. In regard to expectations, there appears to be a belief that
a failsafe warning can be provided in plenty of time, all of the
time; and that if there is no warning—or a poor
forecast occurs- then those who are part of the response sys-
tem become responsible for the event and all losses incurred
(see Part 1). This unquestioning faith in the certainty of the
warning parallels the 1997 Grand Forks flood disaster (USA),
when complete confidence in the ability of flood protection

measures were “transferred into certainty in the National
Weather Service forecast” (Morss 2010). In the case of
Morlaix, uncertainty on the forecast was not given. The result,
though, was the same as for Eyjafjallajokull event, forecasters
(in this case Météo France) working with the natural phenom-
ena were viewed as “dysfunctional” (Ouest France, 27
December, p. 7 & 9).

Michael Fish and the “great storm” of 1987

In many ways, the Morlaix example mimics the famous
“Michael Fish case” of 1987. On 15 October 1987, Fish (a
well-known British Broadcasting Company (BBC) weather-
man) stated, during the BBC 1 lunchtime (12:55 GMT)
weather forecast, that (http://www.youtube.com/watch?v=
ugs1YX{dtGE):

earlier on today apparently a woman rang the BBC and
said she’d heard there was a hurricane on the way. Well,
if you are watching; don’t worry, there isn’t ... ... ...

The next day, the deepest depression to hit the UK in at
least 150 years swept across southern Britain (Burt and
Mansfield 1988). Due to the forecast miscommunication and
the resulting storm impact, on 17 October 1987 The Daily
Mirror ran a front page headline:

Fury at weathermen as 17 people die, WHY DIDN’T
THEY WARN US?

The report began with the line “What’s the point of having
weathermen if they can’t even warn us a hurricane is on the
way?” Subsequently, Houghton (1988) pointed out that warn-
ings based on forecast models were given to the police, fire
service, rail network, and airports (Morris and Gadd 1988).
However, Houghton (1988) also wrote that,

by Sunday, the papers, still looking for a scapegoat to
blame for all the damage, were looking for stories which
concentrated on the personalities involved.

As a result, a well-attended press conference was held at
the London weather center in which the reality of the fore-
casts, uncertainty, and how unusual the storm had been were
pointed out. Subsequently, the “whole tone of the press” be-
came “more favorable” (Houghton 1988).

Newspaper response to forecasts during St. Jude
In the case of St. Jude, a correct forecast was widely

applauded, with The Sun printing (29 October 2013, p. 4)
“The Met Office got this one right.” The response, which
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included a blanket train cancelation, was clearly necessary.
More than 200 trees were removed from railway lines, with
staff shortages meaning there was insufficient man power to
clear the lines quickly, around 40 of which had been blocked
(The Daily Express, 29 October 2013, p. 2-3). South West
trains thus stated (7he Times, 29 October 2013, p. 6), “If we
had gone ahead with normal services, people would have been
stuck on trains, and we would have (had) trains and crews
stranded all over the place.” The chief executive of the rail
customer watchdog added,

It’s too early to tell if the industry made the right call
when cancelling so many services, but the fact that ma-
jor incidents have been avoided is good news.

We even had the headline (7he Times, 29 October 2013, p.
7), “Advance warnings kept storm bill down to estimated £1.5
bn.” However, spread across pages 6 and 7 of the Daily Mail
we still have the banner headline, “Fury of the stranded
commuters.” In this report, we find (Daily Mail, 29 October
2013, p. 6):

Millions suffer as trains and roads are hit by the storm
......... Last night angry commuters said they had not
been given enough warning about the cancellations. Fo-
rums and message boards were flooded with comments,
with some people complaining that rail companies had
been giving confusing and unreliable advice about the
services they were running. Others accused rail bosses
of overreacting by cancelling rail services in sunny parts
of the country.

Note again the expectation that a precise “warning” will be
made well in advance of the event. The report also contained
several quotes from passengers including, “Sitting at the sta-
tion in sunny Leicester and pretty much every train has been
cancelled due to severe weather;” and “Opposite of the British
Bulldog spirit. Flights on. Buses on, but trains all cancelled on
Southern Railways lines. Overcautious!”

This example raises the problem that, during the event,
responding actors may be too busy with their role in the chain
of response to construct and deliver information to those im-
pacted by the event. Unfortunately the result is again a news-
paper frame of “confusion” and “unreliability” for the
responding group. As a result, however good the forecast
and response, we still see claims of “over-caution” and
“overreaction”, to cause “anger”, “fury”, and “accusation.”

What is the popular press response?
In the cases of storm Dirk and Michael Fish, “anger” or “fury”

was the immediate reaction to the two forecasts and the impact
of'the ensuing event. Such a reaction may be expected because
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incorrect forecasts for both events were delivered with an air
of certainty. In contrast, forecasts made during the
Eyjafjallajokull eruption were delivered with a degree of
uncertainty. However, in the word dictionaries created for
Eyjafjallajokull by Harris et al. (2012) from all reports
appearing in The Times and The Sun we find the words
“anger” or “angry” appearing 23 times, with “fury” and
“furious” appearing 14 times: around three “angry” or
“furious” responses per day over the 10 day study period.
Such an “anger emotion family” has been found to be the
reaction associated with an event whose outcome is judged
as unfair or unjust in terms of the impacted stakeholder
(Mikula et al. 1998). Unfortunately, it is an easy emotion to
generate during widespread loss (see Part 1 of this review),
and is a natural response among groups whose goals are
blocked by an external force. The anger emotion family will
thus not necessarily be triggered by reading about “anger” or
“fury” in the newspapers, but, for those not involved in the
event, generation of anger may be exactly what the press
wants. As Curran (2010) argues, a tabloid-driven dynamic
began in the 1970s, and prevailed throughout the 2000s, to
make readers “angry”, “indignant”, or “cross”. This strategy
was designed to win, and keep, readers (Curran 2010).

Uncertainty: filtering and communication

One problem lies in expectation. That is, we need to ask what
each stakeholder expects from the forecast in regard to the
risks each faces. Nelkin (2003) lays the problem out nicely,

People perceive risks through different ‘frames’ that re-
flect their values, world views, and concepts of social
order. These frames can influence definitions of risk,
allocations of responsibility and blame, evaluations of
scientific evidence and ideas about appropriate decision-
making authority. Is risk to be defined as a technical
matter to be resolved by measuring the extent of harm?
A bureaucratic issue of appropriate regulatory mecha-
nisms and jurisdictions? An economic question of allo-
cating costs and benefits? A political issue involving
consumer choice and control? A moral issue involving
questions of social responsibility, religious values, equi-
ty and rights?

A similar disconnect was found by Jardine and Hrude
(1997) who suggested that terminologies used by risk practi-
tioners have different technical and colloquial meanings that
result in mixed “messages.” For example, risk may mean
danger, venture or opportunity colloquially; but hazard, prob-
ability or consequence technically, and chance or uncertainty
for the insurance business. Consequently, a risk forecast will
be interpreted and used differently by each stakeholder. The
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result is what Jardine and Hrude (1997) termed “unnecessary
confusion”.

Thus, we need to understand the language or syntax of
forecast and uncertainty, and then meaning of that language
as used by each stakeholder. There will be several stake-
holders involved in the crisis or emergency, including scien-
tists, forecasters, hazard managers, responsible government
agencies, politicians, businesses, media, and the public. All
will be interacting with each other and each will have their
own expectations. This complex interaction will further influ-
ence the perception and application of uncertainty, potentially
corrupting its use for political or business gain (Cornell and
Jackson 2013). However, to begin to understand the commu-
nication of uncertainty during a crisis, we first need to under-
stand the role of the forecast in the decision-making process.
During emergencies, forecast and uncertainty will pass
through, and be modified by, filters applied during the
decision-making process, especially application of cost-
benefit analysis and precaution.

Filtering the decision I: role of cost-benefit analysis

Cost-benefit analysis (CBA) allows regulators to “tally up the
benefits of regulations and its costs, and choose the approach
that maximizes the net benefits,” so that regulators should
“proceed if the costs exceed the benefits, but not otherwise”
(Sunstein 2005). Sunstein (2005) continues, “if poor people
stand to gain from regulatory protection, such protection
might be worthwhile even if rich people stand to lose some-
what more”, with CBA providing a clearer sense of the
“stakes” involved in enforcing regulation. In terms of such a
CBA-based approach, Arrow and Fisher (1974) pointed out
that, “any discussion of public policy in the face of uncertainty
must come to grips with the problem of determining an ap-
propriate attitude toward risk on the part of the policy maker.”
In their opinion, the expected benefits of an irreversible deci-
sion should be “adjusted to reflect the loss of options it
entails” (Arrow and Fisher 1974). Arrow et al. (1996) follow-
ed up by arguing that CBA has “a potentially important role to
play in helping inform regulatory decision-making”, while
recognizing that “it should not be the sole basis for such de-
cision-making.”

A classic approach applied in economics, as originally pro-
posed by Dupuit (1844), Arrow et al. (1996) argued that the
role of CBA is to compare favorable and unfavorable effects
of policies and should be required for all major regulatory
decisions. Their conclusion was that, “CBA analysis can play
an important role in legislative and regulatory policy debates
on protecting and improving health, safety, and the natural
environment.” CBA has since been endorsed by the
Commission of the European Communities who stated that,
“the protection of health takes precedence over economic
considerations” (European Community 2000). In this sense,

CBA is proposed not on the basis of economic efficiency, but
to assist in accounting for and thinking about risks (Mandel
and Gathii 2006). While Woo (2008), for example, assessed
the ability of CBA to set probabilistic criteria for evacuation
decisions during volcanic crises, Marzocchi and Woo (2007)
explored the potential of CBA in assessing the costs versus
proposed mitigation measures and levels of “acceptable risk”
during a volcanic eruption. Marzocchi and Woo (2009) con-
cluded that their approach “enabled volcanologists to apply all
of their scientific knowledge and observational information to
assist authorities in quantifying the positive and negative risk
implications of any decision.” Sunstein (2005) thus supported
CBA for its ability to “produce useful information” and
“increase the coherence of programs that would otherwise
be a product of some combination of fear, neglect, and interest
group power.”

However, for Mandel and Gathii (2006), consideration of
future benefits and costs raises a temporal quagmire. How, for
example, do we treat deaths? One way is to apply the willing-
ness to pay (WTP) framework which estimates the value of
statistical life (VOSL). This can be derived by taking into ac-
count individuals’ own WTP for a reduction in the risk of death
(Covey 2001). Within this architecture, if an ash cloud encoun-
ter caused an Airbus A320-200 to go down, at maximum ca-
pacity, we could lose 180 passengers, plus four crew members.
If we use a VOSL value of US$ 200,000, as used by Arrow
et al. (1996), then this amounts to a WTP of US$ 37 million for
one incident. If we use the VOSL value used by the US
Environmental Protection Agency of US$ 6.1 million
(Sunstein 2005) then this increases to US$ 1.1 billion. These
estimates compare with the US$ 693 million cost estimated by
Cavka and Cokorilo (2012) for catastrophic loss of an Airbus
A320. The Cavka and Cokorilo (2012) estimate also includes
costs of loss of aircraft, delay and closure, staff investment,
baggage and increased insurance, as well as search and rescue,
site clear-up, investigation costs, and loss of investment
income. Brownbill (1984) estimated that the total cost of air-
craft accidents in Australia in 1980 was approximately US$ 27
million. These values compare with the US$ 2.4 billion loss to
the airline industry due to the airspace closures forced by
Eyjafjallajokull’s eruption during April and May 2010, plus a
USS$ 4.1 billion loss in market value (Ragnao et al. 2011). We
can add to this financial loss experienced by passengers which
were likely between US$ 0.3 and 8 billion (Harris et al. 2012).
Then there is the US$ 640 million per day of economic losses
due to reduced productivity because of stranded workforce
(Harris et al. 2012), which over the 6 days of airspace closure
amounts to US$ 3.8 billion. Such financial losses by airlines
were covered at length on a daily basis in the newspapers, as
were human interest stories of individual personal financial loss
(Harris et al. 2012). However, the cost of a single airliner loss
was not. The question is thus, was the role of CBA appropri-
ately communicated during the events reviewed here?
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As Arrow et al. (1996) suggested that “benefits and costs of
proposed policies should be quantified wherever possible—
best estimates should be presented along with a description of
the uncertainty.” They added that favorable and unfavorable
effects of policies must be considered. However, during
Eyjafjallajokull and Dirk, costs were covered by the press in
terms of financial loss to businesses and individuals. Only for
St. Jude were benefits covered. One of the few statements of
benefit I could find during Eyjafjallajokull was in a letter that
appeared in The Sun on 21 April 2010 (p. 47) in which the
writer argued that people should not complain because if a
plane went down “they’d all be dead,” so for once we should
applaud the Government for “doing their job right”. A com-
munication blueprint that ensures that the costs and benefits of
the action are clearly stated, ideally in numeric terms, thus
seems a logical action during an environmental disaster.

Filtering the decision II: the precautionary principle

The precautionary principle (PP) has a long history in
influencing policy and decision-making in the UK and
Europe, having entered the language of environmental policy
in Britain in the mid-1980s (Haigh 1994). Sunstein (2005)
opens his book with the following definition of PP:

All over the world, there is increasing interest in a sim-
ple idea for the regulation of risk: In case of doubt,
follow the Precautionary Principle. Avoid steps that
will create a risk of harm. Until safety is established,
be cautious ... ... ... In a catchphrase: Better safe than

SOITY.

Thus Sachs (2011) argues that PP “can provide a valuable
framework for preventing harm to human health and the
environment.” As such, PP can be used in many domains includ-
ing business, health, and hazard (e.g., Raffensperger and Jackson
1999; Faunce et al. 2008). It requires any precautionary action to
be “cost effective” and is applied to risks where there is a “lack
of full scientific certainty” (Marchant et al. 2013). However,
there is much ambiguity over the definition of PP, there being
dozens of different definitions and differences in the understand-
ing of the intended purpose and status of PP (Marchant et al.
2013). Adams (2002) concurs that PP is “vague and ill-defined”,
but suggests that there are six main ingredients to its application;
where PP should be applied if:

A causal link to effects is unclear;

Scientific evidence does not yet exist;

There is no scientific evidence;

Cost is a factor;

The scale of the threat is a factor;

There are a diversity of situations to be accounted for.

AN o e
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Adams (2002) adds that “the unifying factor is that the han-
dling of inconclusive knowledge, i.e. uncertainty, is central to
PP.” Peel (2005) adds that, at the heart of PP is a concern wheth-
er uncertain scientific knowledge can be to “describe compre-
hensively, and predict accurately, threats to human health and the
environment.” Van den Belt (2003) and Ricci et al (2003) at-
tempt to clarify PP in the context of dealing with environmental
hazards by taking the text from the Rio Declaration on environ-
ment and development of 1992 (Article 15):

The precautionary approach shall be widely applied by
states according to their capabilities. Where there are
threats of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for post-
poning cost-effective measures to prevent environmen-
tal degradation (http://www.unep.org/Documents.
multilingual/Default.asp?DocumentID=78& ArticleID=
1163).

Andorno (2004) went on to argue that,

The greatest merit of the precautionary principle is that it
has succeeded to reflect the current public concern about
the need to favor the protection of the public health and
the environment over short term commercial interests.

Judging what is an “acceptable” level of threat to society is
an eminently political responsibility (Graham and Hsia 2002).
As a result, in 2000, the Commission of the European
Communities issued a communication to clarify its approach
in using PP and to establish guidelines for its application
(European Community 2000). The document, applauded by
Foster et al. (2000) because it stated how science rests in the
decision-making process, argued that PP should be applied if
preliminary objective scientific evaluation indicates reason-
able grounds for concern over potentially dangerous effects
on human health. Relevantly, the document stated,

The precautionary principle, which is essentially used
by decision-makers in the management of risk, should
not be confused with the element of caution that scien-
tists apply in their assessment of scientific data;

but,

Recourse to the precautionary principle presupposes
that potentially dangerous effects deriving from a phe-
nomenon, product or process have been identified, and
that scientific evaluation does not allow the risk to be
determined with sufficient certainty.

The European Community (2000) thus argued that,

when there are reasonable grounds for concern that po-
tential hazards may affect the environment or human,
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animal and plant health, and when at the same time the
available data preclude a detailed risk evaluation, the
precautionary principle has been politically accepted as
a risk management strategy.

Similar sentiments have been laid out by, for example, the
Intergovernmental Panel on Climate Change (Pachauri et al.
2000), the UK Government (ILGRA 2002) and UNESCO
(COMSET 2005). As modified from circulars from
European Community (2000) and Foster et al. (2000), the
PP guidelines reduce to:

1. Proportionality: measures must not be disproportionate to
the desired level of protection, but cannot aim at zero risk;

2. Nondiscrimination: comparable situations cannot be treat-
ed differently and different situations cannot be treated in
the same way;

3. Consistency: measures should be comparable in nature
and scope with measures already taken in equivalent areas
in which all the scientific data are available

4. CBA: examination of the benefits or cost of action, or lack
of action, should include a cost-benefit analysis;

5. Scientific developments: initial assessments must be
viewed as provisional in nature, pending availability of
more reliable data, instrument deployment, analysis, in-
terpretation, and reporting so as to obtain a more complete
and updated assessment.

Clearly, within this approach, the scientist and forecaster
has no responsibility for making any decision. Their role is
purely supportive and advisory in the decision-making pro-
cess. As Andorno (2004) writes:

Although the precautionary principle operates in the
context of scientific uncertainty, it should be applied
only when, on the basis of the best scientific advice
available, there is good reason to believe that harmful
effects might occur to public health or to the
environment.

Within this framework, Gollier et al. (2000) argued that
greater levels of uncertainty should induce the decision-
maker to favor more conservative measures today, but to then
reconsider options in the future. Thus, decisions made even in
the recent past should not influence the current response.

PP is not without its detractors (Sandin et al. 2002). Sunstein
(2002) argued that the “problem with PP is not that it leads in
the wrong direction, but that—if taken for all it is worth—it
leads in no direction at all.” Van den Belt (2003) also argued
that, because the “slightest indication that a particular product
or activity might possibly produce some harm to human health
or the environment will suffice to invoke the principle”, the
principle reduces to an “absurdity”. Mandel and Gathii (2006)
pointed out that forms of PP range from relatively “weak”

constructions (e.g., a lack of decisive evidence of harm should
not be grounds for “refusing to regulate”) to “strong” (e.g.,
action should be taken to correct a problem as soon as there is
evidence that harm may occur). Sunstein (2005) concluded that
both forms are useless. While weak forms simply state a truism
where governments cannot require absolute certainty that harm
will occur, the strong form prohibits all actions and so is totally
paralyzing. Hahn and Sunstien (2005) added to these senti-
ments, writing, “taken seriously, it can be paralyzing, providing
no direction at all.” At the same time, Andorno (2004) pointed
out that, “the line between a reasonable precaution and an ex-
cessive precaution is very thin and allows a wide margin of
appreciation to decision makers.”

Ricci et al. (2003) added a question regarding legal, scien-
tific, and probabilistic implications of updating past informa-
tion when the state of information increases “because a failure
to update can result in regretting past choices.” Goldstein and
Carruth (2004) went further, arguing that PP can inherently
restrict obtaining and using science so that, if we are to max-
imize the value of PP, “it is crucial that its impact does not
adversely affect the potent preventive role of science and
technology.” Thus, Cameron (2006) listed the seven most
frequent criticisms of PP as being:

Excessive discretion;

Reversal of the burden of proof;

Distortion of regulatory priorities;

Stifling of technological innovation and paralysis of

development;

5. Costs of precautionary measures, while discounting the
benefits;

6. Misuse as a protectionist barrier;

7. Perverse consequences from precautionary measures;

B

To sum up, PP causes governments to err on the side of
caution in decision-making, especially when uncertainties are
large (Goldstein and Carruth 2004). Chakraborty (2011) ar-
gued that during the Eyjafjallajokull eruption “the Civil
Aviation Authority applied a zero-tolerance policy in regards
to aircraft operations through volcanic ash.” Indeed, PP has
emerged as one of the main regulatory tools of European
Union environmental and health policy with important rami-
fications for member state policies (Lofstedt 2002; Wiener and
Rogers 2002; Balzano and Sheppard 2002).

CBA and PP: operational constraints

CBA and PP are the frameworks and constraints within which
scientists and forecasters have to operate and communicate
during times of crisis. There is an immense amount of uncer-
tainty on any forecast, so that PP—being uncertainty driven—
will always be applied. This explains the widespread use of

the words “cautious”, “overcautious”, and “too cautious” in
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the word dictionaries created for The Times and The Sun dur-
ing Eyjafjallajokull’s eruption by Harris et al. (2012), in which
the word “cautious” appears at least 20 times. In contrast, the
word “uncertainty” appears just once (in 7he Sun dictionary).
Even the report of an aircraft ash encounter in The Sun, as
cited above, ended with the quote “it’s fair to say we’ve been
too cautious.” The conclusion of Viens (2011) here seems
appropriate,

given the level and extent of normative uncertainty dur-
ing times of emergency, risk regulation should devote
more attention to the question: what one ought to do
when one does not know what to do?

Because there will always be uncertainty, more flexible ap-
proaches in forecast provision and communication of the risks
involved with the associated hazard have been advocated. In
terms of uncertainty and application of PP, Funtowicz and
Ravetz (1990) set up the problem by stating that “the traditional
assumption of the certainty of all quantitative information”
needs to be recognized as “unrealistic and counterproductive.”
They argued that the problem originates from an inappropriate
conception and meaning of numbers in relation to the natural
and social worlds, where “an uncertain quantity” can be con-
ceived as an “incorrect fact”. However, care needs to be taken
because data expressed as a string of digits presents a spurious
appearance of accuracy (Funtowicz and Ravetz 1990).
Ruckelshaus (1984) added that risk calculations must be
expressed as distributions of estimates or ranges of probability.
But, results also need to be put into perspective, and provision
of “magic numbers” that can be “manipulated without regard to
what they really mean” (Ruckelshaus 1984) needs to be
avoided. This is a well-recognized problem, where the “red
book” produced by the Committee on the Institutional Means
for Assessment of Risks to Public Health (CIMARPH 1983)
stated that “when scientific uncertainty is encountered in the
risk assessment process, inferential bridges are needed to allow
the process to continue.”

Meaning and language of uncertainty during emergencies

To the scientist, uncertainty on a measurement stems from
many components which Taylor and Kuyatt (1994) group into
“those which (can be) evaluated by statistical methods” and
“those which (can be) evaluated by other means”, so as to
cause random and systematic errors. Taylor and Kuyatt
(1994) go on to state that “the nature of an uncertainty com-
ponent is conditioned by the use made of the corresponding
quantity.” Taylor and Kuyatt (1994) argue that uncertainty is
also conditioned by “how the quantity appears in the mathe-
matical process that describes the measurement process.”
Thus, in science, uncertainty is a quantitative error statement
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which may be expressed using statistical assessments of var-
iation in a measurement (e.g., Grabe 2001). Consequently, the
measurement, result, projection, or forecast can be expressed
in terms of (Grabe 2005):

Estimator + measurement of uncertainty (1)

This defines “the result of a measurement” which is
“required to localize the true value” of the quantity
being measured (Grabe 2005). In support of this defini-
tion, Taylor (1997) writes, “error analysis is the study
and evaluation of uncertainty in measurement.
Experience has shown that no measurement, however
carefully made, can be completely free of uncertainties.”
However, such simple definitions of uncertainty can on-
ly apply to a single measurement made in isolation and
then interpreted by the scientist who made them.
Uncertainty on model results and forecasts supplied to
decision-making chains are more complex (Fig. 2).

Definition and application of uncertainty
during the decision-making process

Walker et al. (2003) defined uncertainty as “any deviation
from the unachievable ideal of completely deterministic
knowledge of the relevant system.” Moss and Schneider
(2000) argued,

The term ‘uncertainty’ can range in implication from a
lack of absolute sureness to such vagueness as to pre-
clude anything more than informed guesses or specula-
tion. Sometimes uncertainty results from a lack of infor-
mation, and on other occasions it is caused by disagree-
ment about what is known or even knowable. Some
categories of uncertainty are amenable to quantification,
while other kinds cannot be sensibly expressed in terms
of probabilities.

In terms of the decision-making process for a population at
risk, the European Community (2000) is more specific, stating:

Scientific uncertainty results usually from five charac-
teristics of the scientific method: (i) the variable chosen,
(i1) the measurements made, (iii) the samples drawn, (iv)
the models used and (v) the causal relationship
employed.

The same document also points out that scientific uncer-
tainty may also arise from controversy. Uncertainty may thus
relate to both qualitative and quantitative elements of the
analysis. Within this system, Wynne (1992) defined four dif-
ferent kinds of uncertainty, which increase in scale as we
move down the list:
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Fig.2 The uncertainty cascade: an attempt to define the processing chain
between event occurrence and forecast delivery. While the top row gives
the objects of the chain, the second lists some of the uncertainties
impinging on each object [following Wynne (1992) and Spiegelhalter
and Riesch (2011)]. An external (to the official response chain) feedback
into the uncertainty process is indeterminacy. This may be introduced by
the press and other actors impacted by the forecast. There will also be
those involved in the uncertainty trough, these being alienated parties
(Shackley and Wynne 1995). These two effects may not always apply,
so are linked with dashed lines. At the bottom, I qualitatively assess the
integrated uncertainty on the forecast in terms of multiplication of the

1. RISK—where we know the odds;

2. UNCERTAINTY—where we do not know the odds, but
may know the main parameters which can be used to
reduce uncertainty;

3. IGNORANCE—complete ignorance—where we just
“don’t know what we don’t know”, and

4. INDETERMINACY—which are causal chains and open
networks that produce results and feed backs that cannot
be predicted.

In terms of forecasting, Shubik (1954) made the pertinent
point that “the more and the better are one’s data on the past,
the more chance one has of picking a good law for predicting
the future.” Following Shubik (1954), we may add that the
amount of information regarding the future state of factors
influencing event progression will decrease as the time period
separating the forecast from the event becomes more distant,
meaning that ignorance, and hence also, uncertainty will
increase with forecast time period. Epstein (1980) makes this
point well stating that “typically a decision must be made in

uncertainty objects defined in the top row, these being: (i) unpredictability
of the event (UCO 1); (ii) model input limits (UCO 2a), and the result of
feeding unreliable results from one model to the next (UCO 2b); (iii)
inadequacy in knowledge and ability to make basic measurements
(UCO 3); and (iv) the impact of unexpected events (UCO 4). The latter
effect may not always come into play, so is depicted as a top row detour.
The press and industrial or business influences (UCO A), as well as
maverick and rival scientific influences (UCO B), may also contribute
to the uncertainty of the forecast. The result is a complex and hard to
quantify uncertainty value on the forecast

period 1 subject to uncertainty about the environment that will
prevail in period 2.” At the start of period 2, the state of the
environment becomes known. Epstein (1980) argues that such
a logical temporal progression appropriate for a situation
where n>1 decisions have to be made simultaneously during
an event when the decisions actually need to be made sequen-
tially subject to improving information is impossible. The
same problem will be true for events for which we have little
past experience. Stirling (2007) sums up well, pointing out
that, due to ignorance, “neither probabilities nor outcomes
can be fully characterized”, especially for events that are
new and have no precedent. This was very much the case
for Eyjafjallajokull.

In terms of indeterminacy, actors in the chain may intercede
in an attempt to change the forecast or its basis. Shubik (1954)
provides another good example,

stock market prediction published in the newspaper may

influence many people to change their intended actions
and thus help to make the forecast a reality.
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Indeterminacy may also result from the choice of words
used to present uncertainty, subjective judgments and scien-
tific disagreement in public (Moss and Schneider 2000), plus
detrimental comments, and actions, of impacted stakeholders.
This then reduces confidence in the forecast, thereby introduc-
ing a form of “qualitative uncertainty.” An example of such an
instance can be found during the Eyjafjallajokull eruption
when a report in The Times on 20 April 2010 cited the
International Air Transport Association as criticizing a
“reliance” on “theoretical modeling”. There were many other
such comments from airline industry stakeholders which con-
tributed to qualitative indeterminacy.

These multiple and complex components of uncertainty in-
volved when communicating modeling and forecasting results
during environmental disasters will all be overlain on each other.
The range of uncertainty will span small, if just risk is involved,
through large if we have complete ignorance and high degrees of
indeterminacy (Wynne 1992; Funtowicz and Ravetz 1990).
Forecasting involves all of the uncertainty types listed above.
Thus, uncertainty on a cloud forecast—whether it be volcanic
or meteorological—is, by definition, as large as it possibly can
be. Spiegelhalter and Riesch (2011) add to the problem. They
identified five objects on which there will be uncertainty when
conducting a model-based risk analysis:

1. The event, which is essentially unpredictable;

2. Parameters within models, which suffer from limitations
in terms of input information, availability of real-time data
and ability to physically parameterize the natural process;

3. Alternative model structures, that may reveal limitations
in the formalized, accepted or mandated knowledge, or
which may provide contradictory or conflicting
information;

4. Model inadequacy due to known limitations in under-
standing of the modeled system, counter-lobbies (i.e., oth-
er ideas and approaches), and other sources of
indeterminacy;

5. Effects of model inadequacy due to unspecified sources,
ignorance of anomalies and unexpected events, and other
unknown limitations to our knowledge when modeling a
highly dynamic and chaotic natural system.

There is also the issue of ambiguity whereby a claim or fore-
cast cannot be definitively resolved or proved. When there is
ambiguity Stirling (2007) argues that reduction to a single “sound
scientific” picture is neither rigorous nor rational. During the
Eyjafjallajokull eruption this was a particularly pressing problem,
which was set against airline industry claims that there was no
ash where it had been predicted to be. For example, on 19 April
2010, The Times lead with a dominant page 1 report. Occupying
78 % of the front page and entitled “Brown under pressure to get
Britain flying”, the caption to the picture accompanying the re-
port read “A test flight carrying the BA chief executive, Willie
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Walsh, leaves Heathrow yesterday.” The report also stated that
test flights had been carried out and no damage was reported so
that airline authorities were calling for restrictions to be lifted.
Within the uncertainty system, there will be cascading un-
certainty (e.g., Pappenberger et al. 2005). In such a cascade,
uncertainties will multiply rapidly as we move through the
chain from measurement, through data processing to model-
ing, to forecast production and delivery (Fig. 2). The complex
uncertainty cascade associated with the resulting forecast will
be almost impossible to describe in a clear and succinct way.
Some of these uncertainties may also not be easy to quantify.
Take, for example, the problem of the “uncertainty trough”
(e.g., Shackley and Wynne 1995). This is the situation where
perceived uncertainty is high among those directly involved in
knowledge production, low among users and managers, and
then high again by those alienated from the source research
program or institute. Lobbying by “alienated” parties may
result in further uncertainty in the official forecast. A good
example of this problem can be found on The Independent
on 20 April 2010 in which the following line was printed,

The main criticism is that European watchdogs are using
computer models of theoretical volcanic output and lo-
cal wind speeds to estimate affected area, and then ban-
ning all flights.

In other words, a qualitative criticism of the forecast pro-
cess added uncertainty to the result. Such indeterminacy will
then feedback to reduce confidence in the forecasting process.
Within the framework of Fig. 2, such qualitative uncertainty
appraisals cannot be quantified, and are not helpful from the
scientific perspective.

Donovan et al. (2012a) and Stirling (2007) collapsed these
ideas into diagrams that charted the ways in which different types
of knowledge regarding risk, ambiguity and ignorance can be
combined in an attempt to at least understand the complex
interplay of the uncertainty components that feed into the
newspaper-published forecast. I have attempted to combine and
build on these frameworks in Fig. 3. During a volcanic crisis,
there will be many sources of uncertainty to add to the cascade,
including “instrument error, model error, choice of models, pro-
cessing error, interpretative error, population behavior, unknown
unknowns and language issues” (Donovan et al. 2012a).
Uncertainty thus not only results from error on measurement
but also from ignorance—especially if there is no past experience
to go on. Uncertainty is then multiplied by subjective judgments,
model choice and parameterization, data collection limits, lack of
validation opportunities, publication of results from rival models,
presentation format of the forecast itself and randomness of the
event, as well as criticism, public debate and argument. The end
product that arrives in the newspaper is a highly complex der-
ivation of all precedent steps (Fig. 3). This is the product that
the readership is subject to.
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Fig. 3 Attempt to place the heritage of, and complexity behind,
newspaper-published event forecasts within the information-flow frame-
works of Stirling (2007) and Donovan et al. (2012a). The basis of the flow
is a square whose corners are defined by the four main components of
uncertainty that impinge on the forecast. These uncertainty sources be-
come less problematic toward the top left-hand corner of the uncertainty

These complexities make clear communication of the
forecast and its uncertainty to, and through, the newspaper a
complicated issue. As Kasperson and Palmlund (1989) point-
ed out, “the simple fact of the matter is that we know relatively
little about how best to communicate complex risk issues.”
Risk communication being, itself, a “highly uncertain activity
with high visibility and political stakes” (Kasperson and
Palmlund 1989). Communication thus requires carefully con-
structed syntax. Information contained in a report appearing
on page 5 of The Times on 21 April 2010, entitled “Flying into
the unknown”, was the best blueprint for such a statement that
I could find. The article considered the model used by the Met.
Office to help forecast the cloud, stating that the model used
was called ‘Name’ (Nuclear Accident Model). The report de-
scried how estimates of ash volume being ejected into atmo-
sphere were fed into the model to be coupled with wind speed
and structure forecasts to give the best estimate of ash loca-
tion. The report pointed out that all weather models were
based on probabilities rather than “fact” and added that im-
perfect knowledge of the plume nature and atmospheric con-
ditions meant that predictions inevitably would not be “to the
nearest inch”, but that physical measurements suggested that

square. While #hin lines link the components of the scientific preparation
of a forecast, thick lines link the uncertainty chain. Unfortunately, the
popular perception resulting from viewing the forecast as presented by
the newspaper finds itself toward the bottom right corner of this scheme.
That is, close to the ignorance component of uncertainty and thus in the
most problematic corner of the scheme

the Met. Office predictions were “pretty close.” However, the
same report was careful to point out that airlines thought that
scientists made “overcautious interpretations based on proba-
bilistic models and very limited empirical evidence.” This
actually seems to be an instance of a recognized component
of the uncertainty cascade being used as evidence against the
forecast. In such situations, we need more statements that
clarify the forecasting process and uncertainty problem, even
if we cannot avoid statements from other stakeholders that
frame uncertainty in a negative way.

Uncertainty in the business world

In the business world, uncertainty is defined in a similar, but
less quantitative, way. The BusinessDictionary.com defines
uncertainty as,

a situation where the current state of knowledge is such
that (1) the order or nature of things is unknown, (2) the
consequences, extent, or magnitude of circumstances,
conditions, or events is unpredictable, and (3) credible
probabilities to possible outcomes cannot be assigned.
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(http://www.businessdictionary.com/definition/
uncertainty.html, downloaded 01/02/2014 20:56:22)

BusinessDictionary.com adds that, “too much uncertainty is
undesirable; (but) manageable uncertainty provides the freedom
to make creative decisions.” As a result, in business, uncertainty
can be used to the advantage of certain business interests to frame
arguments in favor of self-interest. For an individualist market
system, Douglas and Wildavsky (1982) wrote that, in terms of an
entrepreneur seeking to “optimize at the margins of all his
transactions”, the behavior that works best in this environment
“does not ignore or regret uncertainties; on the contrary, uncer-
tainties are opportunities.” This business definition of uncertainty
thus means that scientific statements of uncertainty can be con-
verted into creative statements to the advantage of the corporate
strategist. This appears to have been the case with the “no-risk”
argument constructed by the airlines in the press during the
Eyjafjallajokull eruption. One, of many, statements printed to
support this premise was summed up in a widely cited statement
from one airline actor that read (The Independent, 20 April 2010,
p. 42-43),

The analysis we have done so far, alongside that from
other airlines’ trial flights, provides fresh evidence that
the current blanket restrictions on airspace are unneces-
sary. We believe airlines are best positioned to assess all
available information and determine what, if any, risk
exists to aircraft, crew and passengers.

This is consistent with Zehr’s (1999) warning that uncer-
tainty can be managed by a spokesperson to achieve a specific
goal. Using a series of case studies from environmental de-
bates, Zehr (1999) argued that,

if non-scientists fail to become aware of how uncertainty
works, they open themselves to manipulation by scien-
tists and other groups and organizations that use science
(and uncertainty) to their own benefit.

Although Stocking (1999) found that the newspaper typical-
ly gives equal weight to scientists and nonscientists when han-
dling scientific issues involving uncertainty, in the case of
Eyjafjallajokull far more weight was given to nonscientists
(see Part 1 of this review). Such a factor enhances corporate
use of uncertainty to frame a situation to their advantage. This
runs into the problem presented by Kasper (1980) who argued
that disparity between objective (real) and subjective
(imaginary) risks creates difficulties for decision-makers and
regulators due to:

1. Potential presentation by government, industry and tech-
nical experts that certain estimates are valid, to result in,

2. Erosion of trust between scientific experts and the public,
which is complicated by,
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3. The process of setting priorities by governmental and cor-
porate actors, to result in

4. A challenge for the decision-makers to explain uncer-
tainties about the effects of their actions.

Such issues seem to have helped fuel the framing of a “crisis”
situation during the Eyjafjallajokull eruption. In Part 1 of this
review, I used the word “crisis” 25 times. However, Macrae
(2011) argued that, during the Eyjafjallajokull eruption, “one of
the most amazing aspects of this crisis was that there was a crisis
at all” because “there was already regulation in place with an
emphasis on safety throughout the aviation industry.” Macrae
(2011) went on to argue that airlines “recognized that the first
carrier to send up an airliner that then crashed would go the way
of Pan Am after the Lockerbie bombing: the market would kill
the company as passengers shifted to “safer” airlines.” The prob-
lem was, “the image of catastrophic engine failure that captured
the imaginations in the first two days soon faded as millions of
lesser disasters and conveniences surfaced,” these being the
stories of suffering among the stranded (see Part 1 of this review).
Thus, the Eyjafjallajokull event “was a remarkable instance of the
possibility of a severe loss being set against the certainty of mul-
tiple lesser losses, a risk equation that is always difficult to
manage” (Macrae 2011). As argued in Part 1, individual blame
logic, as commonly applied in business, can then result in the
forecasts and their uncertainty being blamed for all losses associ-
ated with the event.

Uncertainty: the popular view

For the colloquial meaning of uncertainty the problem is well
stated by Gigerenzer (2002). The second chapter of his book,
“The illusion of certainty”, opens with the statement (p. 9),

The creation of certainty seems to be a fundamental
tendency of human minds. The perception of simple
visual objects reflects this tendency. At an unconscious
level, our perceptual systems automatically transform
uncertainty into certainty.

Peel (2005) adds:

For a generation growing up with television programs
like ‘CSI: Crime Scene Investigation’, ‘scientific certain-
ty’ may well seem an achievable reality, rather than an
elusive fiction. Claims of scientific ‘proof” in the media
suggest that knowledge about a particular phenomenon is
indisputable and universally accepted by scientists.

That the uncertainty versus certainty problem is commonly
transformed into a black and white decision—unknown ver-
sus known; “yes” or “no”—is borne out in various online
definitions of uncertainty. For example, the British English
Dictionary and Thesaurus defines uncertainty as (http://
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dictionary.cambridge.org/dictionary/british/uncertainty,
downloaded 01/02/2014 21:02:43),

a situation in which something is not known, or some-
thing that is not known or certain: Nothing is ever decid-
ed,and ... ... ... uncertainty is very bad for staff morale.

The last part of this definition is of extreme concern. Such a
meaning is implicit in the following line published during the
second air space closure due to continued activity at
Eyjafjallajokull in May 2010 (The Daily Telegraph, 10 May
2010, p. 14):

Thousands of travellers are facing uncertainty after an-
other cloud of volcanic ash crippled services to parts of
Europe and America over the weekend

This colloquial—not decided—association with uncertainty,
and expectation of a black or white answer, explains the multiple
calls for “fact” found in the press during the Eyjafjallajokull
eruption. Indeed, journalists themselves have been found to
transform provisional findings into certain findings, so as to pres-
ent science as more solid and certain than it really is, dropping
many of the caveats used in scientific writing (Stocking 1999).

Dictionary definitions of uncertainty

The Concise Oxford Dictionary includes a definition of uncer-
tainty that reads “not to be depended on.” This popular percep-
tion of uncertainty is further revealed by an analysis of Roget’s
Thesaurus (Dutch 1966). Results are collated in Table 1 and
begin with word roots such as “doubtful”, “vague”, and
“obscure” and move through “distrust” and “mistrust” to end
with “nothing to go on” and “anybody’s guess”, before re-
referencing “uncertainty.” These dictionary associations with un-
certainty are implicit in the following line taken from a report that
appeared on the front page of the Daily Mail on 20 April 2010,

An estimated 150,000 Britons stranded abroad by the
aviation shutdown could face two more weeks of chaos
and uncertainty.

Given these definitions, scientifically rigorous attempts to
quantify and communicate uncertainty can be viewed, by the
public, as “guesswork” based on “no science” (see Table 1).
Take the following headline appearing at the head of page 2 of
The Daily Telegraph on 20 April 2010:

Flights grounded by guesswork.

This may explain why the newspaper readership perception
of uncertainty can result in the scientist being labeled “mad”
or a “nerd” (Gregory and Miller 1998). The definition of

uncertainty thus has different meanings for different recipient
groups and may trigger several different responses. These re-
sponses include “suffering” (see, for example, Fields 2011, p.
29) and feelings of “fright”, “frustration”, or being
“overwhelmed” (see, for example, Eoyang and Holladay
2013, p. 8-9).

Dictionary definitions of forecast

The semantic disconnect between uncertainty and forecast is
exacerbated by the dictionary definition of the forecast itself.
As a verb, to forecast can be defined as to “predict or estimate
a future event or trend” (http://www.oxforddictionaries.com).
With this definition we already begin to run into a problem in
that to predict is also defined as to “say or estimate that (a
specified thing) will happen in the future.” Here, the proviso
“will” adds an element of certainty to the delivery. In effect,
the use of “will” expresses, “a strong intention or assertion
about the future” and suggests that we await “inevitable
events.” Thereby, forecasting becomes (http://en.wikipedia.
org/wiki/Forecasting):

the process of making statements about events whose
actual outcomes have not yet been observed. A com-
monplace example might be estimation of some variable
of interest at some specified future date.

In turn, prediction becomes “a statement about the way
things will happen in the future.” In this regard, examine the
title to the newspaper-printed forecast of Fig. 4d.

Uncertain, inaccurate, or vague?

Within such a popular definition, error may connote
inaccurate (Morris and Peng 1994) rather than uncertain.
Following a national questionnaire survey of US National
Weather service forecasters, Murphy and Winkler (1974)
found that,

the fact the forecasters perceive some confusion on the
part of the public with regards to (the forecast) ... ... ...
suggests that some confusion undoubtedly exists among
members of the general public.

There are other unfortunate disconnects in the popular per-
ception of words used in the uncertainty cascade. For exam-
ple, colloquial word associations with the word “ignorance”
include “bewilderment”, “blindness”, “dumbness”, “empty-
headedness”, “lack of education”, “mental incapacity”,
“unscholarliness”, and “vagueness” (Kipfer 1993). In addi-
tion, the word “ambiguity” can be associated with vagueness,
doubtfulness, and dubiousness (Kipfer 1993), which may re-
sult in the scientific communication of ignorance and ambigu-
ity not being received as intended. Miles and Frewer (2003)
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Word associations given for “uncertainty” by Roget’s Thesaurus

474 Uncertainty 474 — ctd. Adjective Uncertainty (p. 689)
(p. 177) dubiety Uncertain Doubt (474 n) Ignorance (491 n)
un-verifiability incertitude unsure half belief unknowing
doubtfulness doubt doubtful critical attitude no science
dubiousness open mind dubious hesitation lack of news
ambiguity suspense unverifiable uncertainty no word of
518 n. equivocalness; Indecision insecure misgiving unawareness
vagueness irresolution insecure distrust unconsciousness
haziness perplexity chancy mistrust 375 n. insensibility
obscurity bewilderment risky suspiciousness incomprehension
418 n. darkness; bafflement 661 adj. unsafe; skepticism obscurantism
mist nonplus treacherous pyrrhonism superstition
haze quandary fluid reservation 495 n error
fog dilemma 152 adj unstable scruple lack of knowledge
355 n. cloud; enigma unpredictable no science
indeterminacy unforeseeable Entry 474 uneducation
borderline case Entry 474 508 adj. unexpected Ignorance (491 n) no schools
query unreliability indeterminate nothing to go on untaught state
459 n. question fallibility undefined anybody’s guess blankness
open question 495 n error random blank mind
anybody’s guess insecurity 61 adj orderless unacquaintance

guesswork precariousness indecisive unfamiliarity
512 n. conjecture touch and go undecided inexperience
gamble 691 n. danger open inexpertness
618 n. gambling; untrustworthy in suspense 695 n unskillfulness;
leap in the dark treacherous moot innocence
pig in a poke fluidity questionable simplicity
blind date 152 n changeable arguable nalveté
unpredictable debatable 699 n artlessness
fickle disputable nothing to go on

604 n caprice

slipperiness

controversial

anybody’s guess

474 n uncertainty

highlight this disconnect. Encouragingly, they found that
people responded uniformly to different types of uncer-
tainty. However, under circumstances where people feel

they have little personal control over their exposure to a
particular hazard, and when institutions that are per-
ceived to be in control of protecting the public from
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Fig. 4 Maps for the 2010 Eyjafjallajokull cloud and no-fly zone location
given in a The Times on 16 April 2010 (© The Times 16 Apr 2010), b The
Times on 19 April 2010 (© The Times 19 Apr 2010), and ¢ The Mail
Online 17 May 2010. This final map was published during the second

the hazard indicate that there is uncertainty associated
with risk estimates, the hazard may appear to be ‘out of
control’ (Miles and Frewer 2003).

Sources of confusion in forecast interpretation by a
newspaper readership can be related to disconnect be-
tween the delivery of a forecast that contains uncertain-
ty and the newspaper need for, and public expectation,
of “better facts” and “solid risk analysis” (The Sun, 20
April 2010, p. 19). How many times do we look in the
newspaper on Wednesday and see sunny weather fore-
cast for Saturday; and then are disappointed when it
rains all weekend?

The newspaper need for fact

News stories require six facts (Gregory and Miller 1998;
Harcup 2009): (i) who, (ii) what, (iii) where, (iv) when, (V)

[Fat Eyjafjallokull

Source: MET Office
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period of air space closure in May 2010. Note how, in ¢ the forecast,
attributed to the Met. Office, is termed a “prediction” and has the title
“where the cloud will go”, thus conveying an element of certainty in the
forecast. In a we have “how the ash cloud spread”

why, and (vi) how. The journalistic need-for-fact problem is
inherent in the following lines that appeared on the front page
of The Daily Telegraph on 20 April 2010,

The government agency (the Met Office) was ac-
cused of using a scientific model based on ‘prob-
ability’ rather than fact to forecast the spread of
the volcanic ash cloud that made Europe a no-fly
zone and ruined the plans of more than 2.5 million
travellers in and out of Britain.

Burgess (2011) backs this view up by concluding that the
media failed “to engage with, let alone explain, the uncertainty
at the heart” of the problem in hand, remaining “firmly wedded
to making a story from conflict and certainty.” During the
Eyjafjallajokull eruption, clarification was thus required as to
what, scientifically, was meant by “understanding of facts”
(The Sun, 20 April 2010, p. 19), while emphasizing that there
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was no clear “boundary somewhere between clear skies and
cloud” (Macrae 2011). In this regard, although Macrae (2011)
argued that “this graduated approach was adopted”, it was never
really adopted by, or successfully delivered to, the newspaper
(see Fig. 4).

The disconnect

The gulf between forecaster and popular expectations of un-
certainty is summed up by the following statement that ap-
peared on page 2 of The Daily Telegraph on 20 April 2010,

Air traffic authorities should not have relied on a single
source of scientific evidence ... ... ... (it is based on) a
mathematical model that runs on mathematical projections.
It is probability rather than actual things happening.

Walker and Marchau (2003) pointed out that the fact that
uncertainties exist in practically all policy making situations is
generally understood by policy makers. However, they argued
that there is “little appreciation for the fact that there are many
different types of uncertainty, and there is a lack of under-
standing about their relative magnitudes and the different tools
that are appropriate to use for dealing with the different
(uncertainty) types.” As Walker and Marchau (2003) stated,
“most uncertainties cannot be eliminated; but they must be
accepted, understood, and managed.”

Spiegelhalter and Riesch (2011) argued that, when working
with policy makers and policy communicators, “it is important to
avoid the attrition of uncertainty in the face of an inappropriate
demand for certainty.” However, our problem is the way this
uncertainty is then framed and communicated by the press, to
then be received, interpreted, and used by other actors in the
chain. The scientific forecast process offers a powerful suite of
methods to assess environmental risk. However, following the
argument of Stirling (2007), precise “black and white” projec-
tions are not applicable under conditions of uncertainty, ambigu-
ity, and ignorance, so that expectation of provision of an idealis-
tic, error-free, science-based forecast is “irrational, unscientific
and potentially misleading”. Thus, Marchau and Walker (2003)
argue that, when large uncertainties exist, a flexible or adaptive
policy needs to be adopted that “takes some actions right away
and creates a framework for future actions that allow for adapta-
tions over time” as knowledge accumulates and critical events
take place. This view is supported by Harremoés (2003) who
argued that,

uncertainty has to be accounted for in order to prevent
surprises. In cases of recognized ignorance, solutions have
to be flexible and robust, especially in situations involving
irreversibility of the consequences of the decision. When
recognizing uncertainty and ignorance, the empirical itera-
tive approach has its virtue as adaptive management.
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It is possible that the “real options” approach proposed
by de Neufville (2003) may help with such an adaptive
and flexible approach to forecasting whereby the response
system is consciously designed so that it can easily change
from one input to another or from one product to another.

Same language, different language

Disconnects between scientists and media were documented
by Peterson (1988) who tabulated the main sources of friction
between scientists and journalists during the 1980 eruption of
Mount Saint Helens. While the table revealed that scientists
complained that “we get misquoted in news stories” and that
“reporters are too poorly prepared; they know nothing about
the subject”; journalists commented that “scientists talk in
jargon that no one else can understand” and that “scientists
expect us to be experts in their subject.” Peterson (1988) also
pointed out that journalists found that

scientists are too long-winded; they talk all around the
subject and never get to the point; they do not under-
stand that we need to use straightforward, simple state-
ments; we have to convert the complicated discourses to
words that people can read.

As argued above, we may also be using two different lan-
guages. Thirty-five years later, the language disconnects be-
tween scientists and the public seems in no way resolved. One
source of confusion lies in the different words used by
different groups to convey, or define, forecast and
uncertainty. In examining public understanding of forecasts
in rural areas of Brazil, Pennesi (2007) concluded that,

forecasts should be presented in the language commonly
used by the target audience, but with attention given to
potential conceptual differences between scientific and
lay audiences.

But, Pennesi (2007) also warned that “good communica-
tion does not necessarily lead to use of the information in the
way the forecaster intended.” These conclusions were echoed
by Demuth et al. (2012) who quoted one member of the media
as explaining,

sometimes scientists speak like scientists and not like peo-
ple......... you know, some people don’t know what low
pressure means, what high pressure means, and some peo-
ple don’t know and don’t care what millibars are.

Stocking (1999) argued that the problem is compounded by
the variety of expressions used to communicate uncertainty to
the scientific journalist, including variation in usage of:
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e Words and phrases.

» Caveats specifying limits to the knowledge at hand.

» Simple ascertains or claims that knowledge is preliminary
or uncertain.

She concluded that we need to systematically examine the
content of both scientific and public discourse to see how
various actors characterize uncertainty and how they perceive
and act on such characterizations.

How best to communicate uncertainty in forecasts?
Hopkins (2010) argued that,

platitudes and generalities roll off the human under-
standing like water from a duck. They leave no impres-
sion whatever. To say, ‘Best in the world,” ‘Lowest
prices in existence,” etc., are at best simply claiming
the expected. But superlatives of that sort are usually
damaging. They suggest looseness of expression, a ten-
dency to exaggerate, a careless truth. They lead readers
to discount all the statements that you make.

Instead,

a definite statement is usually accepted. Actual figures
are generally not discounted.

So that,

A dealer may say, ‘Our prices have been reduced’ with-
out creating a marked impression. But when he says,
‘Our prices have been reduced 25%’ he gets full value
of his announcement.

Hopkins (2010) concludes,

No generality has any weight whatever. It is like saying,
‘How do you do?” when you have no intention of in-
quiring about one’s health. But specific claims when
made in print are taken at their value.

In other words, plainly worded value terms have the
greatest impact.

Forecast terminology: semantic

Qualitative uncertainty descriptors for uncertainty that ap-
peared in the review by Politi et al. (2007) included

“substantial”, “moderate”, “poor”, “zero/negative”, “good”,
9% ¢

“fair” and “poor.” The words “unlikely”, “possible”, “almost
certain” and “rare”, with modifiers such as “very”,
2 &

“somewhat”, “equally” and “very” being those appearing in
the review of health risk communication formats by Lipkus

(2007). Based on such studies, Gill (2008) argued that an
effective way to convey uncertainty was to use objective nu-
merical measures (such as probabilities) coupled with “plain
language that is clearly defined.” The use of such qualitative
statements of uncertainty has a number of advantages. Politi
et al. (2007) argued that,

words such as ‘highly uncertain’ have the advantage that
people think they understand what is being said ... ...
... use of numbers to depict uncertainty and ambiguity
potentially allows for more precision and avoids vari-
able interpretation.

There are other advantages to probabilistic statements. For
example, because no probabilistic forecast can be wrong, we
will always be right (Ayton 1988). But, some degree of coher-
ence between numerical and verbal association of probability
needs to be defined and made widely known to both scientists,
decision-makers, the media and the public.

Differences between word usage for uncertainty terms be-
tween scientists and the public will occur (Table 2). When
testing the meanings of probability phrases between individ-
uals Dhami and Wallsten (2005) found that “individual differ-
ences in linguistic probabilities may simply be explained by
the phrases people use at each rank.” As Karelitz and Budescu
(2004) pointed out, “when forecasters and decision-makers
describe uncertain events using verbal probability terms there
is a risk of miscommunication because people use different
probability phrases and interpret them in different ways.”
There are, in fact, considerable differences between actors in
the relative meaning of qualitative descriptions of value terms
such as “a good chance”, “a fair chance”, “a slight chance”,
“probable”, or “doubtful” (Ayton 1988) and the range of
probabilities associated with each value term (Table 3).
Thus, Lipkus (2007) wrote,

a potential weakness of probability phrases, especially if
the goal is to achieve precision in risk estimates, is the
high degree of variability in interpretation. A term used
by one individual to represent risk may not be
interpreted similarly by another, e.g., although some
may interpret the term likely as representing 60 %, other
people may view it as meaning 80 %.

Doyle et al (2011) cited the work of Brun and Teigen
(1988) to illustrate the same disconnects between verbal and
numeric communications of uncertainty, writing:

The term ‘likely’ can be translated to a numerical prob-
ability of p=0.67 with a standard deviation of 0.16, and
this mean value can change to 0.71 or 0.59 depending
on the experimental context. Thus, one person may view
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Table2 Differences between scientific and public interpretation of uncertainty terms and probability assigned to each verbal uncertainty phrase by 475
members of the general public (collated from Sink 1995)

NWS phrase Meteorologist response Public response Range (%) Mean (%) Std. dev. (%) Doyle range %
No chance® No chance No chance 0-100 2 12 0-25
Very unlikely Very unlikely Unlikely 0-100 14 25 0-30
Unlikely Unlikely Very unlikely 0-100 11 12 0-50
Possible Slight chance Slight chance 0-100 37 17

Slight chance Possible Chance 0-70 17 10

Chance” Chance Possible 0-100 36 16 50-55
Probable Probable Likely 10-100 59 20 60-75
Good chance Good chance Probable 20-100 67 14

Likely Likely Good chance 10-100 56 20

Very likely® Very likely Very likely 0-100 75 16 75-90

In Question 18 of Sink (1995) subjects were asked to circle the percent probability they associated with ten verbal phrases used by the National Weather
Service (NWS) to describe the likelihood of an event. These ten phrases are listed in column 1. Numerical means corresponding to correct association of
numerical probability and verbal phrase were then used to rank both the meteorologist’s and public’s responses in columns 2 and 3. There is a good match
between NWS Phrase and the meteorologist’s choice, but a very poor match with the public choice. The range, mean, and standard deviation of the
results are given in the following columns, the results being the probability the public group assigned to each phrase. Approximate ranges of numeric
probability assigned by “non-scientists” to each ofthe same (or similar) phrases found by Doyle et al. (2011) are given in the column final column headed
“Doyle Range”, and are somewhat tighter

# Extremely unlikely was the term tested by Doyle et al. (2011)
°Medium likelihood was the term tested by Doyle et al. (2011)

“Doyle et al. (2011) also tested the term “virtually certain™ for which the numeric association was 90 % to close to 100 %

‘likely’ to represent a probability as low as 51 % and Kandlikar (2007) reviewed the Intergovernmental Panel on
another as high as 83 %. Climate Change fourth assessment’s (AR4) guidance on repre-
sentation of uncertainty. For likelihood, that is, a probabilistic

The studies conducted by Doyle et al. (2011) bore this out  assessment of the occurrence of some well-defined outcome,
showing wide ranges in numeric associations with verbal state- Risbey and Kandlikar (2007) recommended seven terms each
ments of uncertainty, as collated in Table 2. Risbey and  of which can be linked to a likelihood of occurrence. These were:

Table 3  Uncertainty phrases and associated probability ranges from tests of Wallsten et al. (1986b), with “Plain language” terminology protocols for
delivery of uncertainty appraisals as recommended by Gill (2008)

Wallsten Probability Gill (2008)  Probability of event Modifications of Patt Cooke (1906)

et al. (1986b) occurrence (IPCC) and Schrag (2003)
Almost 8599 %  Virtually >99 % Virtually certain “We may rely on this with utmost certainty”
certain certain
Probable 50-95 %  Very likely  >90 % Very likely “We may rely on this with tolerable certainty,
Likely 60-90 % but may be wrong one in 10 times”
Good chance 40-85 %  Likely >66 % Likely
Tossup 45-55 %  “Aslikely as  33-66 % Medium likelihood “Very doubtful. More likely right than wrong, but
Possible 0-85 % not” (as low as 10 %) probably wrong about four times in ten”
Unlikely 0-30 % Unlikely <33 % Unlikely (as low as
Improbable  0-25 % 10-15 %)
Doubtful 2-20 %
Almost 0-8 % Very unlikely <10 % Very unlikely® “Just possible, but not likely”
impossible Exceptionally <1 % Exceptionally unlikely ~ “The barest possibility. Not at all likely”
unlikely

Gill’s terminology is based on the Intergovernmental Panel on Climate Change (IPCC) guidelines. Modifications to these guidelines were made
following Patt and Schrag (2003). I also attempt to place the original recommendations for descriptions of uncertainty, as made by Cooke (1906),
within this scheme

Less than 15 % for low magnitude events (e.g., snow); less than 5 % for high magnitude events (e.g., hurricane)
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virtually certain (>99 % chance); very likely (>90 % chance);
likely (>66 % chance); about as likely as not (33—66 % chance);
unlikely (>33 % chance); very unlikely (<10 % chance); excep-
tionally unlikely (<1 % chance). In terms of level of confidence,
that is, a measure of the degree of understanding in the expert
community, AR4 recommended usage of five terms: very high
confidence (9 out of 10 chance of being correct); high confidence
(8 out of 10 chance of being correct); medium confidence (5 out
of 10 chance of being correct); low confidence (2 out of 10
chance of being correct); very low confidence (1 out of 10 chance
of being correct). But, Dhami and Wallsten (2005) found extreme
heterogeneity in such linguistic probability terms used by indi-
viduals. This finding is supported by tests of Karelitz and
Budescu (2004) who gave 18 participants a lexicon of words
and semantic operators (modifiers, quantifiers, negators, intensi-
fiers, etc.) and asked for creation of a list of 6-11 phrases that
spanned the whole probability range. The result was 71 different
phrases. Forty were chosen by only one participant and 28 were
shared by two. “Very unlikely” was chosen five times and then, a
long way ahead, was “certain”, “even odds” and “impossible”.
Each of these phrases was chosen 18 times. These results indicate
consensus only for phrases to be used to describe the ends, and
the middle, of the quantitative probability scale, with extreme
divergence in between. However, in spite of this language het-
erogeneity, Dhami and Wallsten (2005) found that there was
agreement between phrase meaning and the associated numeric
probability associated with that phrase between people.

Rowe and Wright (2001) argued that there is currently not
enough information to draw any conclusions as to whether,
and how, experts view risk judgments and their quality differ-
ently from members of the general public. Thus, following
experiments which indicated that interpretation of non-
numerical probability or frequency expressions generally
depended on perceived base rate, or perceived prior probabil-
ity, Wallsten et al. (1986a) argued in favor of creating a “base
line” mentality of the event being described. This would in-
volve training audiences in the interpretation of uncertainty
syntax and the exact quantitative meaning of each qualitative
phrase, so that the recipient knows that “a 75 % chance of ash
in the air” means that ash presence is “likely”, but we cannot
be sure. Forecasts then need to be delivered and explained in a
format and language that the host audience will correctly
understand. In this regard, Windschitl and Weber (1999) ar-
gued that interpretation of a probabilistic statement depends
on the context within which they are presented:

imagine a doctor who informs the patient that there is a
70 % chance of a full recovery from a knee surgery.
Although the patient may accept that numeric probabil-
ity as an appropriate forecast, the doctor might have also
communicated information that could affect the pa-
tient’s more associatively based thoughts and feelings
about the possibility of recovery. If the doctor

mentioned positive reasons for why there is a 70 %
chance of a full recovery, the patient might have a great-
er feeling of optimism about the surgery than if the doc-
tor mentioned negative reasons for the 70 % estimate.

The experiments of Teigen and Brun (1999) revealed that
individuals who had their chances of achieving successful out-
comes communicated in positive terms made different decisions
compared with individuals who received equivalent but nega-
tively formulated phrases. Teigen and Brun (1999) also found
that negative phrases led to fewer conjunction errors in probabi-
listic reasoning than did positive phrases. They found that ex-
pressions such as “occasionally” resulted in a positive reaction, it
being a word that points to the fact that the target event could
indeed happen from time to time. Instead, negative expressions
such as “seldom” and “rarely” suggests that the target event
occurred less frequently than might have been expected. Thus,
Teigen and Brun (1999) concluded that “verbal probabilistic
phrases differ from numerical probabilities not primarily by be-
ing more “vague” but by also suggesting more clearly the kind of
inferences that should be drawn.” In essence, further and appro-
priately worded information must be provided to allow the audi-
ence to understand the quantitative and/or qualitative assessment
of the “chance” that something may, or may not, happen.
Ambiguity must thus be minimized. To aid with this, we can
begin to categorize words that should, and should not, be used
in the delivery of forecasts and uncertainty (e.g., Table 4).

Forecast terminology: numeric

Means of expressing weather forecast uncertainty in terms of
probabilities or odds have been under development for at least
200 years (Murphy 1998). Adoption of probabilistic forecasting
approaches was supported by the surveys of Morss et al. (2008)
who showed that “a significant majority of respondents” pre-
ferred uncertainty forecasts as opposed to deterministic (black
or white) forecasts. According to Morgan et al. (2009), when
trying to communicate uncertainty to non-technical audiences,
“the real issue is to frame things in familiar and understandable
terms.” Granger Morgan (2003) argued that,

the standard way to describe uncertainty is with a prob-
ability density function or its integral, the cumulative
distribution function. This can be done using a
frequentist approach when adequate data are available
......... More typically, data are incomplete, and it is
necessary to seek the considered judgment of experts
using a subjectivist approach in which probability dis-
tributions become statements of ‘degree of belief”.

Other studies have found there to be less confusion in
forecast uncertainty among the audience when just a
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Table 4 Good and bad word groups for use in forecast and uncertainty delivery (collation from Roget’s Thesaurus)

Bad word groups Good word groups

Definite Impossible Indefinite Possible

Truth No chance Improbable/probable Chance

Right Ruled out Unlikely/likely 0dds®

Fact Out of the question Doubt/doubtful Probable

Actual Exclude Perplexing/difficult Potentially

Valid Chance in a million Unpredictable Credible

Real Implausible Uncertain May

No lie Might

Guarantee Loss of confidence Within the limits of our: Likely

Reliable Don’t know (i) Data® Likelihood

Accurate No idea (ii) Understanding® credible

Exact Clueless (iil) Knowledge® risk of

Precise Unsure (iv) Capacity/ability® not excluded
Unforeseeable

Certain Unexpected Conditional Confidence

Certainty Undecided “Improbable, but ... ... ... ” Reason to believe®

Certitude Open “Unlikely, but ... ... ... ? Our data suggest

Inevitable Questionable “Doubtful, but ... ... ... ? Our enquiries suggest

Sure Debatable “Not impossible, but ...” Our models indicate

Without a doubt Unable to say “Probable, but ... ... ... ? We have confidence

Out of the question Guess “Likely, but ... ... ... ? We can postulate

Don’t worry Ataloss L It follows that

Categorical statements: Probable statements:

“Yes” “No” “Maybe” “Maybe not”

“Will” “Will not” “Could” “Could possibly”

“Is” “Is not” “Probably” “Possibly”

#In terms of funding, technology, model capability, resources, response capability or forecast ability, this may involve a statement along the lines:

“within the limits of our current “(a)”, we can say that it is likely that ash will be present in the airspace over AIRPORT sometime during the next XX
hours. It is difficult to say when and how much, and it will likely not be a visible amount; but the risk is credible and likely harmful to air traffic

operations.”

The phrase to be inserted for (a) could read “measurements”, “data”, “understanding”, “knowledge”, “modeling capabilities” ... ... ...

*“The odds are ... ... ... ” (see Le Blancq 2012)—the problem with the use of “odds” is that it invokes gambling connotations

¢ As in the classic Police statement “we have reason to believe ... ... ...”. Take, for example, the statement put out by the Boston Police Commissioner

Ed Davis at a news conference following the April 2014 bombing of the Boston Marathon:
“We have reason to believe, based upon the evidence that was found” (http:/edition.cnn.com/2013/04/21/us/boston-attack/, April 22, 2013—Updated

0246 GMT)

The same applies to most investigative uncertainties, e.g.,

......... we may terminate this agreement ... ... ... (if) we have reason to believe that there has been unauthorized use of your PIN.” (http:/ig.

libertyonline.net/ImageGallery/Custom/cul 092/PDFs/ATMVIS ADisclosures.pdf, January 27, 2014)

quantitative statement is given, such as “there is a 70 %
chance of ...” (Ayton 1988; Joslyn et al. 2007). Joslyn
and Nichols (2009) showed that recipients better under-
stood wind forecasts when they were presented in proba-
bility format (i.e., 90 %) rather than frequency format (i.e.,
nine times out of ten). Joslyn and Nichols (2009) sug-
gested that the frequency expression of uncertainty was
difficult for people to understand, arguing that “perhaps
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when participants are given a frequency expression it ...
...... requires a specific explanation to make sense, oth-
erwise, people may be left wondering: 1 in 10 what?” Le
Blancq (2012) further developed the notion of delivery of
uncertainty using well-known quantities arguing that,

perhaps the problem lies with using the word “uncertain-
ty’ o would ‘risk’ be more appropriate for the
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general user, or ‘odds’ as in the betting world and more
generally understood by the public?

Morss et al. (2008) also found that “respondents liked fore-
casts that included a concise explanation of the weather situ-
ation creating the forecast uncertainty.” Murphy et al. (1980)
found that probabilistic forecasts were well understood and
preferred, but that ambiguity in the definition of the event to
which the probabilities related was a frequent source of
confusion.

Problems with the numeric format

The difficulty of providing value statements of uncertainty
when delivering a forecast is apparent in a quote appearing
in a La Montagne article reviewing Météo-France weather
forecasting operations at the Aulnat (Clermont Ferrand) bu-
reau. The quote, from the bureau director, read (La Montagne,
2 May 2014, p. 9),

To give you an idea, he (the forecaster) must not be
wrong in predicting 30 mm of water (rain) in the Sancy,
but he will not be able to say whether it will be as much
as 50 on one side or as little as 10 on the other.

Bruine de Bruin et al. (2000) found that respondents more
frequently assigned a 50 % chance to events with lower per-
ceived control, so that assignment of “50” was used as an
“escape” strategy in order to avoid contemplating negative
and uncontrollable events. Bruine de Bruin et al. (2000) con-
cluded that “phrasing probability questions in a distributional
format (asking about risks as a percentage in a population)
rather than in a singular format (asking about risks to an indi-
vidual) reduced the use of 50.” In addition, Kunreuther (1992)
pointed out that while motorists often exhibit an optimism bias
by taking the attitude “it can’t happen to me”, individuals also
ignore low-probability events by assuming that they are below
a threshold worth worrying about. To avoid such escapism,
the nature of the hazard also needs to be well stated and con-
cisely explained in a language that is accessible by the audi-
ence, a contention supported by Morgan et al. (2009). On the
basis of their studies, Morgan et al. (2009) provided the fol-
lowing advice,

1. Use of odds and probabilities can work, if they are used
consistently across many presentations;

2. If you want people to understand one fact, in isolation,
present the result both in terms of odds and probabilities;

3. In many cases, there is probably more confusion about
what is meant by the specific events being discussed than
about the numbers attached to them.

All of these studies were completed in the USA where audi-
ences are more used to quantitative and probabilistic forecasts.

When comparing responses among pedestrians in Amsterdam,
Athens, Berlin, Milan, and New York, Gigerenzer et al. (2005)
found that only in New York could the audience provide the true
meteorological interpretation of “there is a 30 % chance of rain
tomorrow.” Such unfamiliarity with quantitative forecasts in
Europe was supported by the findings of Rowe et al. (2000)
who, in examining newspaper reporting of hazards in UK and
Sweden, found that “reports about hazards tended to be alarmist
rather than reassuring and rarely used statistics to express degrees
of risk.” This problem seems to be at the root of the results of
experiments carried out by Joslyn et al. (2009) whereby students
read sentences expressing the likelihood that wind speeds or
temperatures would cross a given threshold. Participants were
asked to rate the likelihood of the event on an unmarked linear
analogue scale and then decide whether to post a warning based
on the information in the sentence. Findings revealed a mismatch
between the uncertainty phrase and the relevant numeric
threshold. Summing up, Joslyn et al. (2009) suggested that par-
ticipants may have posted too many advisories in the low wind
situation because they were unsure that they understood the un-
certainty phrase and decided to err on the side of caution.

In the medical community, probabilities frequently have to
be used when communicating health problems between the
practitioner and the patient where, again, the problem can be
expressed numerically, verbally or both. Take Spiegelhalter’s
(2008) example,

Is my 8 % risk epistemological (i.e., it is essentially
already decided whether I am going to have a stroke, |
just don’t know the answer), or aleatory (the situation is
analogous to drawing an ace from a pack of cards)?

The situation in medicine is usually different to a cloud
forecast because the practitioner is typically in a one-on-one
situation with the recipient, allowing extended and detailed
explanation, discussion, clarification, and question-and-an-
swer. But there are still some useful conclusions that can apply
to delivery of a forecast. Spiegelhalter (2008), for example,
concluded:

It should be no wonder that clear recommenda-
tions for risk communication are not forthcoming,
as every representation carries its own connota-
tions and biases that may vary according to the
individual’s perspective concerning the way the
world works. A consequence is that the message
can be varied to maximize the impact on behavior.
My personal feeling is to acknowledge there is no
correct answer and pursue multiple representations,
telling multiple stories, each with their own capac-
ity to influence. The aim should be to communi-
cate what are reasonable betting odds for this in-
dividual, using current available knowledge, and
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possibly making appropriate analogies with games
of chance.

Application of prospect theory and the problem
of adjustment

A forecast model based on prospect theory involves (Tversky
and Kahneman 1992)

(1) Value functions are concave for gains and convex for
losses;

(2) The function is steeper for losses than for gains, and

(3) There is a nonlinear probability scale which exaggerates
small probabilities and underweights moderate and high
probabilities. This is because, there is a temptation to
dismiss numbers close to zero are as representing no risk
(Lipkus 2007).

In support of such a forecast delivery approach, Tversky and
Kahneman (1992) gave two arguments. First, the outcome of a
risky prospect is NOT linear in respect to outcome probabilities.
Allais (1953), for example, showed that “the difference between
probabilities of 0.99 and 1.00 has more impact on preferences
than the difference between 0.10 and 0.11.” Second, willingness
to bet on an uncertain event depends not only on the degree of
uncertainty but also on its source. Ellsberg (1961), for example,
observed that people preferred “to bet on an urn containing equal
numbers of red and green balls, rather than on an urn that
contained red and green balls in unknown proportions.”

Adjustment and anchoring

Tversky and Kahneman (1974) highlighted the issue of adjust-
ment. In many situations people may make estimates by starting
from an initial value that is then adjusted to yield a final answer.
This a problem which applies to perceptions of numeric proba-
bility when the value is poorly known or imprecisely defined
upon first communication. Different starting points will yield
different recipient estimates that are biased toward the initial
value received. This is anchoring. Tversky and Kahneman
(1974) demonstrated this effect by showing a sample group a
number between 0 and 100. The subject was then asked to esti-
mate the percentage of African countries in the United Nations.
The numbers shown to the subject before the question had a
marked effect on resulting estimates, the median estimates being
25 % for those who had ten as a starting point and 65 % for those
who had 45 as the starting point. Thus, if the initial value of
uncertainty is set too high a readership can be anchored to a
preference to over-estimate probability. If set too low, an under-
estimate may occur. Care thus needs to be taken when commu-
nicating the first, or initial, uncertainty statement.

@ Springer

Terminology: linking syntax, numeric probability,
and prospect theory

The challenge is to align syntax, numeric probability, and
perceived probability so as to attain an understanding of un-
certainty among the audience tallies with that delivered by the
forecaster. In the light of all of the above evidence I have tried,
in Table 5, to express uncertainty in a system whereby: (1)
there is a chance that the forecast is wrong, (2) more thought is
put into the syntax of statements at the higher end of the
probability scale, while stressing that “chance” still means
not impossible, and (3) phrases are constructed in a language
that is accessible to the recipient.

Colors, pictures, and uncertainty

Imagery plays a powerful framing role. In a study by Smith
and Joffe (2012), 56 members of a London-based 2008 public
were asked to draw or write four spontaneous first feelings
about global warming. Results mirrored images used by the
British press to depict global warming visually, focusing on
ice melting. Imagery can also influence the picture of the
forecast and uncertainty creator. For example, Christidou
and Kouvatas (2011) analyzed 971 photos of Greek scientists
appearing in the relevant institutions’ website. They found
that Greek scientists tend to be depicted wearing glasses and
surrounded by knowledge symbols, concluding that “Greek
scientists still have much improvement to do in their popular
self-images and the images of the disciplines they promote to
the public in order to counterbalance the overwhelmingly ste-
reotypic and conservative popular image of science”

Table 5  An attempt to collapse Table 2 into the framework of prospect
theory

Phrase Range of Uncertainty Possible syntax?
uncertainty mid-point (%)
(%)
Chance 0-15 5 We have little reason to
believe that ... ... ...
Unlikely  10-30 20 We have some reason to
believe that ... ... ...
Possible  20-50 35 We have reason to believe
that ... ... ...
Likely 40-75 60 There is some possibility
that ... ... ...
Good 50-95 70 There is a possibility that
chance L.
Very 60-95 80 There is a strong possibility
likely that ... ... ...
Extremely 80-100 90 There is a very strong
likely possibility that ... ... ...
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(Christidou and Kouvatas 2011). In terms of delivering the
forecast and uncertainty product visually Le Blancq (2012)
argued in favor of using appropriate, natural, actually-
observed colors for meteorological clouds on forecast maps.
In criticizing the weather forecasts televised by BBC news, Le
Blancq (2012) wrote,

clouds, white or shades of grey on satellite images, are
cowpat brown on land ... ... ... on leaving the coast
clouds—I think they are clouds—turn dark blue, a color
that depicts deep water in an atlas.

A similar problem was found when depicting the spread of
the 1987 radioactivity cloud from Chernobyl. When Naples
school children were asked to draw a radioactive cloud a few
days after the event, it was invariably colored gray or pink,
pink being the color used to track the spread of the cloud using
cartoon maps on Italian television news (Galli and Nigro
1987). In the case of a distal volcanic cloud, which may be
an extremely dilute mixture of particles, aerosols and gas, use
of nuances of blue would be better in designing maps intended
to forecast cloud extent, as opposed to the red or gray colors

used by all newspapers during Eyjafjallajokull’s eruption
(Harris et al. 2012).

Pictures, schematics, and maps are eye-catching and evoc-
ative ways to deliver a frame, usually being the first item to
which the eye is drawn (e.g., Fig. 4). It is interesting to com-
pare the newspaper-printed maps of cloud extent during
Eyjafjallajokull with those actually issued by the London
Volcanic Ash Advisory Centre (VAAC), as based at the Met.
Office in Exeter (UK). A selection of these are given in Fig. 5.
During the Eyjafjallajokull eruption, the London VAAC is-
sued four forecasts per day. On 19 April, these were posted
on http://www.metoffice.gov.uk/aviation/vaac/vaacuk vag.
html at 00:52 (for the 00:00 update), 06:37 (for the 06:00
update), 12:33 (for the 12:00 update), and 18:28 (for the
18:00 update). Updated every 6 h, the maps showed the
likely extent of the cloud in four 6 h steps throughout each
day. Forecasts were made for three flight levels, using red,
green, and blue boundaries with no fill (Fig. 5). Compare
these with those appearing in the press as given in Fig. 4, in
which the flight level advisory zones forecast by the VAAC
have been turned into areas of “ash cloud” and “no-fly zone”.
There are also discrepancies between the limits of zones
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Green: Land Red boundaries: forecast for ash at flight level SFC/FL200 (between 0 and 20 000 feet = 0 to 6000 m )
Legend White: Water Dashed green boundaries: forecast for ash at flight level FL200/FL350 (between 20 000 and 35 000 feet = 6000 to 11 000 m)
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(vertical & horizontal black lines are lat/long markers) ~ SFC indicates that the segment begins at the surface; FL = Flight Level

Fig.5 Forecasts for cloud location at three flight levels on a 15-16 April,
b 16 April, ¢ 19 April and d 17 May 2010 (as downloaded from the
London Volcanic Ash Advisory (VAAC)—*“issued graphics site”:
http://www.metoffice.gov.uk/aviation/vaac/vaacuk vag.html). These are

the VAAC equivalents of the maps published in the newspapers of Fig. 4
and are given to allow comparison (note—no fill to the boundaries is
used)
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marked on the newspaper maps and those provided by the
London VAAC (c.f. Figs. 4 and 5).

Pictorial reporting of an event in the newspaper, when
placed with negatively worded captions, can be used as a
powerful and evocative means to frame an event against the
forecaster; or to even change the meaning and intent of an
advisory so as to create stigma (Ferreira et al. 2001). Thus,
much care needs to be put into this element of forecast deliv-
ery. But, the potential that the newspaper may then change, for
example, the interpretative legend, colors and limits of the
delivered cloud forecast map, needs also to be borne in mind.

An aggressive, reactive solution?

During the Eyjafjallajokull eruption, the day after a page 11
headline reading,

We won’t pay compensation, Ryanair boss says,

appeared in The Daily Telegraph (22 April 2010), Ryan Air
placed a full-page advert on page 9 of the same newspaper
(The Daily Telegraph, 23 April 2010) reading:

THE DUST HAS SETTLED...
EXPLOSIVE RYANAIR SALE

3 MILLION SEATS

£3 ONE WAY

BOOK TIL MIDNIGHT MONDAY
TRAVEL MAY-JUNE

On the following page, the reader was presented with the
headline (The Daily Telegraph, 23 April 2010, p. 10), “Ash
cloud passengers face delay in claiming back costs.” On 24
April 2010, a quarter of the back page of The Daily Telegraph
was devoted to a Brittany Ferries advert with the title,

Spain without the plane (cruise overnight from Ports-
mouth with your car).

It is of note here that many British travelers became
stuck in Spain, some being brought back by the Royal
Navy and cruise ships. The advert also appeared just
before the travel supplement which had a front page
photo montage including a tired boy slumped over a
bag on an airport floor, a bored lady leaning over her
baggage trolley, and a picture of the plume rising above
Eyjafjallajokull.

Possibly, the first company to place an appropriately
placed advert during the Eyjafjallajokull eruption was
East Coast rail (UK). On 20 April 2010 they placed a
quarter page advert on page 3 of The Daily Telegraph.
Facing a page of Eyjafjallajokull-related news and enti-
tled “Until the dust settles,” the advert read:
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At this difficult time for travellers, we’re doing our best
to lift the cloud. We’ve added more trains and increased
capacity on our existing services. And as always we’re
offering fully refundable, flexible fares to give you even
more peace of mind when travelling.

The last sentence plays well on the frame of the compen-
sation row and financial loss among passengers that devel-
oped during the air space closure (see Part 1 of this review).

This is a classic market research and advertising approach
(e.g., Hopkins 2010; Sissors and Baron 2010; Sylvian 2011);
but could it be of use to the misrepresented scientist? Such a
reactive response would follow the basic rules of market re-
search and advertising, and would involve:

1. Tracking the press to identify any negative or damaging
frames, to then

2. Deliver an appropriately headlined, worded, timed and
targeted press release that responds to, or uses, any devel-
oping frame.

3. Lobbying is then required to ensure that the release is
placed in the appropriate section of the appropriate news-
paper, this being the newspaper that had generated the
frame on the previous day.

4. Finally, the statement needs to be placed in an appropriate
page position within a newspaper with the desired cover-
age and audience (Sissors and Baron 2010), and next to
news to which the target audience will be drawn.

In regard to the last point, placement depends on the
best page location deemed necessary to obtain maximum
impact and to reach the readership profile with which we
wish to communicate. The question is thus, do we need to
read the statement after, during, or before the report to
which our target audience is drawn? What, for example,
would industrial and commercial stakeholders have done
in response to the headline (The Daily Telegraph, 20
April 2010, p. 1) “Met Office got it wrong over ban on
flights”? The Ryanair advert was preemptive, appearing
before a negative headline, but in response to an extremely
damaging headline of the previous day. Placement of the
Brittany Ferries advert used all of the bad press generated
in regards to air travel in all precedent reports within the
newspaper to maximize the impact of their back page ar-
gument to travel by boat. Finally, appearing at the top of
the front page of La Montagne (24 August 2014), next to a
front page flag to an internal report entitled “air traffic
forbidden above an Icelandic volcano (Bardarbunga)”,
was an advert for Vulcania. This is volcano theme park,
located in the French Chaine des Puys, thus placed their
advert at the same time and page location as the relevant
report to reach the relevant readership.
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Preparation and timing of the response statement

Perception that there is no adequate emergency response plan has
an extremely powerful impact in decreasing trust (Slovic 2001).
Thus, Viehrig (2008) recommended preparation of statements in,
and responses to, media content before the event or emergency
takes place. However, Viehrig (2008) warned,

There is no such thing as a secure ‘media strategy’. An
emergency means that things are out of control, whereas
a ‘strategy’ suggests that an institution can maintain
control of events.

In this regard, Viehrig (2008) stressed that media operations
should be prepared in “good” times, i.e., before the event occurs.
Viehrig (2008) also recommended training all members of an
organization, not just a single spokesperson, in delivering such
information, so that all are able to reply and deliver the same
information in the same way. Such a “one voice” advocacy is
generally recognized as being the best medium of communica-
tion during a volcanic crisis (Fiske 1984; Peterson 1988; Tilling
and Punongbayan 1989; IAVCEI 1999).

In cases where framing goes against the forecaster, careful-
ly worded press releases and/or press conferences should be
implemented as part of the follow-up when damage is done by
a developing blame frame (see Part 1 of this review). Fast and
Tiedens (2010) suggested that a blame contagion could be
moderated by self-affirmation—that is, implementation of ac-
tions that protect the image of the actors in terms of morality
and adequacy. This may involve issuing of appropriately
worded press releases or holding of press conferences to re-
spond to a developing blame frame (e.g., Houghton 1988). In
terms of negative political advertising, Sonner (1998) found
that negative advertisements generated a backlash against the
sponsor when the target of the attack responded quickly and
forcefully, but were very successful when the target did not
respond. The success of the Met. Office Press conference after
the Great Storm of 1987 has already been described. Such a
response has since been condoned by the Better Regulation
Commission (Cabinet Office, London). During the outbreak
of avian flu in the UK the Better Regulation Commission
(2006) noted how various scientific stakeholders held a series
of meetings with the editors of national newspapers “to inform
a reasonably calm approach to the issue of avian flu”, adding
that “we need to see many more successful initiatives like
these.” In the context of a more reactive stance, the statement
from the rail customer watchdog during the St. Jude storm is
one that should have been delivered during the
Eyjafjallajokull eruption. It is one that deserves repetition:

It’s too early to tell if the industry made the right call
when cancelling so many services, but the fact that ma-
jor incidents have been avoided is good news.

Manheim (1994), however, warns that such an approach
should be implemented carefully, distinguishing two dimen-
sions of media coverage: visibility and valence. Both of which
should be applied. If an actor faces high visibility coupled
with negative reporting, the actor should not immediately
“spin” the media coverage into positive reporting. That might
well be perceived as propaganda and rejected by the public.
Instead, Manheim (1994) recommended lowering media vis-
ibility of the actor, so as to remove the actor from the focus of
attention. Once the point of low visibility is reached, then
positive messages should be sent out which attempt to elevate
positive media visibility little by little (Viehrig 2008).

Take the following example. On 15 February 2014 Ouest
France reported that 100,000 households were without elec-
tricity due to the passage of a storm (named Ulla). By 17
February, 30,000 households were still affected and a picture
appeared on page 5 showing teams from the French electricity
company (EDF) repairing electricity lines. On 20 February an
advert was placed, of the same size and page position as the 17
February report, by a Brittany-based electric generator com-
pany. Set against a picture of huge waves crashing against the
sea front of a Breton village, similar to those images that had
appeared in the 15 February issue, the advert read: “You can
do nothing against the weather. But you can protect yourselfin
case of an Electricity failure”.

Communications with the media during emergencies

Johnson and Jeunemaitre (2011) concluded that, during the
Eyjafjallajokull eruption, “scientific uncertainty, opaque
decision-making process and poor communication mecha-
nisms impaired a coordinated response”, to result in
undermining of “public and political confidence in the deci-
sion to close many European airspace.” Thus, my focus here
has been on how best to achieve clear(er) communication of
forecast and uncertainty between scientists and journalists. All
observations collated next are based on both parts of this re-
view, but many have already been stated in a number of key
texts that provide recommendations regarding communication
during crises:

1. Recognize that words and phrases may be changed and
rephrased, even fabricated. We need to use appropriate
language that “help the media to understand the
message” (Bonfils and Bosi 2012) and which allow min-
imal scope for misinterpretation or misrepresentation.

2. Avoid jargon and overly technical terms. Instead, we
need to use straightforward and simply worded state-
ments that can be understood by the journalist and news-
paper readership (Peterson 1988; De la Cruz-Reyna and
Tilling 2008).
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10.

I1.

12.

13.

14.

15.

16.

17.

Remember that the journalist is not an expert in the sub-
ject (Peterson 1988).

Be familiar with, and sensitive to the needs, methods and
time limits of the journalist, as well as the work pressure
the reporter is under (see Part 1 of this review).
Understand that maps and schematics will be redrawn,
recolored, and dumbed down.

Percent-based probability statements seem preferable to
odds or frequency based statements.

Do not just give a probabilistic statement but also ex-
plain the reasons behind the conclusion reached, and the
nature and potential impact of the event to which the
probability and forecast relates. We need to explain the
concept of probability and uncertainty, because forecast-
ing “always includes probabilities” (Bonfils
and Bosi 2012), and to avoid giving “magic
numbers” (Ruckelshaus 1984).

Track the press for developing frames against the fore-
cast and its uncertainty.

Track the press for opportunities to support the forecast:
The 21 April 2010 ash cloud encounter by a commercial
aircraft as reported in 7The Sun would have been a perfect
opportunity for such affirmative action.

Time, target, and place the press release appropri-
ately. Press office-led packages, conferences, and
releases can also be organized when appropriate
or even made on a daily basis during a rapidly
evolving crisis. Release can also be timed opportu-
nistically to attain maximum effect.

Identify problematic issues raised by business and polit-
ical interests, as well as “scientists from other fields”,
“volcanologists working in isolation, either on-site or
far from the volcano in question” and “pseudo-
scientists” (IAVCEI 1999).

Exaggeration and false, but more spectacular-than-
reality pictures and descriptions, may be used to illus-
trate the event to result in increased readership stress
(Cardona 1997). These should be identified and
responded to.

Avoid sloppy argument, off-the-cuff comments and ca-
sual errors (Aspinall 2011), as well as "off-the-record"
remarks (see Part 1 of this review).

Avoid exaggerated statements or overly reassuring state-
ments about safety when significant risk exists (IAVCEI
1999).

Make a record, written or recorded, of the information
provided (Aspinall 2011).

Provide evidence in writing that remains within your
domain of expertise (Tilling and Punongbayan 1989)
while “citing evidence that is robust under peer review
and law” (Aspinall 2011)

Avoid emphasis on the part of the story that is the spe-
cialty of the interviewee (Fiske 1984).
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18. Do not refuse to work with the news media or hesitate to
release “worrisome information” (IAVCEI 1999); coop-
erate and tell the “whole story” (Peterson 1988). Never
hide information, and if information is not available ex-
plain why this is the case and when it may be available
(Bonfils and Bosi 2012), and if it cannot be obtained—
explain why not. As Cardona (1997) pointed out, situa-
tions can be created by silence from those responsible for
tracking the volcanic event, which can result in “doubt
and speculation that something has been hidden from the
population.”

19. Establish a permanent and collaborative agreement with
the media. This may involve, for example, regular up-
dates as to the activity and operational aspects (Bonfils
and Bosi 2012).

20. Share and discuss communication strategy with the en-
tire group (Bonfils and Bosi 2012), so that if any mem-
ber is contacted they speak with the same voice. Use a
single voice for all media statements that gives a simple,
consistent, agreed, and pre-prepared message (Fiske
1984; Peterson 1988; Tilling and Punongbayan 1989;
TIAVCEI 1999).

21. Do not allow journalists to attend meetings or field trips
which involve free scientific discussion, debate, and dis-
agreement among those charged with the forecast (Fiske
1984). Instead, give journalists well-prepared press
briefs, presentations and demonstrations, and let them
know that these will be delivered well before their “to
press” deadline. Public conflict makes for a good news
story ... ... ... from the perspective of the jounalist.

For the aftermath of the 1976 Guadeloupe debacle, the final
point is particularly pertinent. Fiske (1984) pointed out that
there was no harm in debate between those responsible for
monitoring and forecasting Guadeloupe’s volcanic activity,
but when communication between the conflicting groups
broke down they offered differing opinions to the press so that
disjointed, conflicting, and negatively framed media coverage
resulted. Such heated debate and argument among scientists
engaged in tracking ongoing crisis is great news ... ... ... for
the press. In terms of the “one voice” approach, Bertolaso
et al. (2009) sums up well in terms of the Italian Department
of Civil Protection (CDP) response to Stromboli’s 2007 erup-
tion crisis:

Civil protection information was delivered with a single
“official voice” coordinated by CDP. Following well-
established protocol, TV interviews were first officially
requested and then authorized by the DPCs “Press
Office” which also coordinated the content related to
civil protection and DPC personnel. During the inter-
views simple and unequivocal terminology was used
to reduce misunderstanding, especially in the sense of
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exaggerating scenarios, which unnecessarily raise anxi-
ety in the local population.

Peterson (1988) added, “when a crisis reaches major pro-
portions, an information scientist should be designated to in-
teract with the news media with the full concurrence of the
chief scientist” and the group as a whole. In terms of risk
communication in general, Fischhoff (1995) sums up stating
“all of the following” should be borne in mind:

(a) Get the numbers right;

(b) Tell the public the numbers;

(c) Explain what we mean by the numbers;

(d) Show that the public has accepted (and experienced)
similar risks in the past;

(e) Show the public that it is a “good deal” for them;

(f) “Treat them nice”;

(g) Make them partners.

A note on education

As Peterson and Tilling (1993) pointed out, “scientists can
help their cause by preparing general-interest publications,
films, videotapes and by giving public lectures on the nature
of volcanic hazards.” Bonfils et al. (2012) added that,

scientists, civil protection authorities and more generally
authorities responsible for public education, should dis-
seminate the concept of ‘probability/uncertainty’, to
make people aware about it.

For response plans, Walker et al. (1999) added that there
should be “public consultation and testing of emergency
plans.” This further helps with the public education process.
Such initiatives help educate the audience so as to improve
understanding of the nature of the forecasted event, the ba-
sis—and need for—the forecast itself and the underlying un-
certainty. Making well-produced, concise, well-illustrated and
widely available hand-outs that describe the nature of the haz-
ard in plain words (e.g., Heliker 1992; Johnson et al. 2000),
and then referring enquiring parties to them, can only help.

Conclusions

As discussed in Part 1 of this review, media framing is the key
problem when communicating forecast and uncertainty for a
far-reacing environmental disaster, and there is no failsafe way
to communicate such issues through the newspaper. The me-
dia and other stakeholders will always have motives that will
frame the forecast and its results in the way they need.
Although this issue cannot be avoided, it can definitely be
anticipated, identified, tracked, understood, and responded

to. On paper, the task seems simple. First, quantify the uncer-
tainty in future outcomes. Then, communicate the quantified
uncertainties. However, both of these steps entail overcoming
significant challenges (Webster 2003). The public ingestion of
a forecast can be the net result of a complex, convoluted and
opaque process (see Figs. 2 and 3). Thus, ILGRA (2002)
pointed out that,

Intuitively, precaution should be easy—the proverbial
‘better safe than sorry’. However, for regulators precau-
tion is often controversial, with no simple answers.

The role of forecast and uncertainty during an emergency is
just one small part of the decision-making and communication
chain, each step of which is subject to various paradigms and
influences. In Fig. 6, I attempt to link together all stakeholders,
and the key influences impinging upon each during an
environmental emergency. By the time the forecast has been
communicated through to the media, it is a long way from that
initially put together by the forecaster as part of their formal
response duties. Thus, however well the forecast and
its uncertainty is delivered, this initial communication will
be subject to extreme modification, even complete
distortion. Thus, as Donovan et al. (2012b) pointed out, “it
is imperative that extensive and clear explanation be given of
the scientific reasoning behind a result.” Donovan et al.
(2012b) added that experiences on Montserrat and elsewhere
have showed that scientific advice is often blamed for the
decisions made by political leaders. This added filter makes
the language and format in which forecasts and uncertainties
are delivered by the scientist extremely important.

In terms of communication etiquette, bias can be intro-
duced into the delivery of probability through language choice
of the deliverer and the actual understanding of the words
ingested by the recipient (Patt and Schrag 2003). Word mean-
ings will vary between science, government, business, media
and public stakeholders (e.g., Manning 2003) so that the final
message may be perceived and interpreted in an entirely dif-
ferent way to which the broadcaster intended. For example,
while a student asked in an exam to define conditional prob-
ability answered “maybe, maybe not?” (Benson 2011), some
stakeholders may expect the answer to be “yes” or “no”,
others may interpret the result to favor their preconditioned
expectations (Tversky and Kahneman 1974). The language
that should be used will thus depend on whether the audience
has been trained to work with qualitative or quantitative fore-
casts (Patt and Schrag 2003), what audience is being reached
(Jardine and Hrude 1997), and many other factors, including
audience education (Eden 2011). Delivery syntax must thus
square the quantitative meaning of uncertainty used by the
forecaster with the qualitative syntax recognized and used by
the audience. Table 5 is thus intended as a first step toward
adopting “formal numerical and verbal probability translation
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Fig. 6 Attempt to group and link
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tables that are specific to volcanology,” as called for by Doyle
et al. (2011). For each probability case, strict links between
numerical and verbal terminology must be defined and kept
consistent. Then, to aid with the education problem, the reason
for uncertainly must be clearly explained (Morss et al. 2008),
as must be the nature of the hazard and measurement
problems. We cannot assume that the audience will
understand that the forecast is the best that can be made
within the limits of our ability to parameterize or model
complex natural processes whose physics are poorly
constrained and whose properties are inherently difficult to
measure. Risbey and Kandlikar (2007) thus concluded that,
“one has to defend the choice of level of precision” by
“explaining reasoning (behind the choice), outlining assump-
tions, and evaluating the robustness of the choice.” Statements
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also need to be correctly timed, and delivered to the appropri-
ate source. During the St. Jude storm, which was well fore-
casted, rail companies became overwhelmed by line block-
ages due to tree blow-down. Immediate delivery of a series
of preconstructed and appropriated worded warnings and an-
nouncements to the media (as well as passengers stranded on
platforms) could have avoided a negative frame.

Summation

Statements of uncertainty need to be delivered in such a way
that they cannot be used to generate a perception of
“confusion” or “ignorance.” The media and the public expect
black and white answers. They need “facts.” Errors on quan-
tities that are apparently obvious, such as time and location,
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Fig. 7 Precaution in the context of an environmental disaster (after
O’Riordan and Cameron 1994). a The /lefi-hand y-axis represents
increasing magnitude of impact and geographical extent of the disaster.
The right-hand y-axis represents increasing impact of the disaster on
society and economic activities. Along the x-axis we have the
newspaper frame of the event, which ranges from negative to positive.
Placed within this framework is an assessment of (i) the need for forecast,
(i1) the need for intervention, and (iii) the need for action from the
decision-making system of Fig. 1. b Placement of (i) the impact of each
event considered here (red ellipses), (ii) level of response and intervention

are simply not comprehensible. As a letter writer to The Sun
on 20 April 2010 pointed out, “facts” and “solid analysis” are
expected. Such a popular reaction to uncertainty is implicit in
the words of Taylor (1997),

In science, the word error does not carry the usual con-
notations of the terms mistake or blunder. Error in a
scientific measurement means the inevitable uncertainty

(orange ellipses), and (iii) the newspaper frame (green bars) for each
event within the framework of a. The four events are (i) for the 2010
Eyjafjallajokull eruption (E), (ii) Storm Dirk (D), (iii) the “great storm” of
1987 (87), and (iv) the St. Jude’s Day storm (SJ). Only the St. Jude’s Day
storm received a positive newspaper frame, due to the success of the
forecast and response. The great storm of 1987 received an extremely
negative newspaper frame due to the paucity of the forecast delivery
coupled with the extent of the damage; likewise storm Dirk. The
Eyjafjallajokull eruption frame was broader, but weighted toward nega-
tive (see part 1 of this review)

that attends all measurements. As such, errors are not
mistakes; you cannot eliminate them by being very care-
ful. The best you can hope to ensure is that errors are as
small as reasonably possible and to have a reliable esti-
mate of how large they are.

By scientific definition, uncertainty implies ignorance.
However, dislocation between the scientific and popular
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views as to what uncertainty, ignorance, and forecasting really
are means that descriptions of forecasts must be made with the
various definitions of “uncertainty” in mind. Given the skew
that these definitions can have on the interpretation and abuse
of uncertainty and forecast, it is too easy for a forecast to be
framed in a negative way. In Fig. 7a, I have attempted to
provide a framework to assess the media-based communica-
tion of forecast and response in terms of event magnitude and
impact. In Fig. 7b, I have placed each of the events considered
here into the framework of Fig. 7a. Of the events considered
here, only the St. Jude’s Day storm received a positive news-
paper frame in terms of forecast and response, but was one of
the smaller events in terms of magnitude and impact.

It is easy for the ignorance associated with uncertainty to
result in loss of credibility (Zehr 1999). It is equally easy for
uncertainty to become ammunition for counter arguments by
stakeholders impacted by fall out from our forecasts. Morgan
et al (2009) argued that an environment exists “in which there
is high probability that the many statements a scientist makes
about uncertainties will immediately be seized upon by advo-
cates in an ongoing public debate.” Ramifications of this en-
vironment are profound, and can result in the forecast being
viewed as “absurd”, “confused”, “shambolic”, and
“dysfunctional” to result in a “frightened”, “frustrated”, and
“angry” audience. In delivering uncertainty, we must be care-
ful to frame our ignorance in a positive way that cannot be
used to engender a perception that allows the recipient to
become “bewildered”, “hesitant”, or “mystified.”
Uncertainty may then associate the forecaster with being “on
thin ice” or “undecided”, or that science the science behind
the forecast is “up in the air” (Princeton Language Institute
1993).
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Appendix
A negative frame that sides with an industrial stakeholder

The following is transcribed from the opening paragraph of
Marley (2010). It aptly sums up the situation as regards pop-
ular perception of the Eyjafjallajokull ash cloud problem as of
May 2010.

“With the benefit of hindsight we might ask—what was
it that initially paralyzed the aviation system of North-
West Europe for a number of days in April this year?
Volcanic ash? Not at all—it was evidence, or rather lack
of'it. For days on end aircraft were grounded all because
of a prevailing and unquestioning paradigm view

@ Springer

regarding safety. Until April it had been widely assumed
that aircraft should never fly through ash, yet the actual
evidence supporting such a view (which may or may not
be true) was found to be inadequate, if not absent. Inad-
equate or not, the assumed view prevailed and aircraft
were grounded. Hundreds of thousands of people can
testify to confusion, dashed hopes, missed opportunity
and sheer misery all because they were unable to reach
their destination. People reported being grounded with-
out adequate support and in many cases became fright-
ened and vulnerable, increasingly unable to help them-
selves from their dwindling personal resources. Moti-
vated by a complex mixture of ‘need to know’, evapo-
rating finances, increasing liability for stranded passen-
gers and a desperation to get flying, airlines carried out
tests, the results of which were sufficient to persuade
authorities (to) open the skies once again. When faced
with loss and a threat to their survival, the airline pur-
sued evidence with single-minded determination, prov-
ing that when a strong social and commercial will exists
then heaven and earth can literally be moved to ensure
change. Of course it remains to be seen if the test results
are valid, reliable or capable of safe generalization.”
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