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Abstract We live on a dynamic planet that changes continuously. Most of the times, we are unaware of its
restless motion, so slow that only satellites capture it. But the calm is only apparent, and we appreciate the
entire magnitude of the forces at play when natural disasters strike. Earth Science explores how and when
the quiet breaks, but we do not have access to the interior of the planet. We rely on indirect information to
constrain complex processes that we cannot observe or reproduce in our laboratories. As a result, our
knowledge is incomplete and our assessments are burden with unavoidable uncertainty. Should we not talk
about it?

1. Introduction

I was thinking about writing this commentary when Etna, one of the Italian active volcanoes, suddenly
decided to blow off some steam, injuring 10 people (including a BBC crew, who then reported on it: http://
www.bbc.com/news/world-europe-39293086). The accident caught the bystanders, who were enjoying the
view of what appeared to be a rather harmless lava flow, from a supposedly safe distance. It was the final kick
that set me going, as Etna just gave me a tangible representation of my thoughts.

There is no mystery about what happened on top of the biggest volcano in Europe: a batch of snow was
turned into vapor by the contact with hot lava. The quick vapor expansion that followed fragmented the
hot rocks, launching debris far enough to hit the people nearby. The engine of the explosion in this case
was the interaction between water and magma, a well-known phenomenon capable of triggering what we
call “phreatomagmatic eruptions.” Similar events occurred in the past, both at Etna and at other volcanoes
around the world.

Yet not every time a lava flow propagates on a snow-covered volcano this interaction becomes explosive: the
Internet is full of great images taken just a few days before the explosion by tourists who could stand in front
of the same lava flow, without consequences. This episode illustrates something that is very common in Earth
Sciences: a natural phenomenon hits society, and while scientists are not surprised at all, they do not seem to
be capable of issuing a timely warning to contain the damages.

We know that the interaction between lava and snow is explosive only under particular conditions; specific
amounts of snow and lava are needed: too much snow will solidify the molten rock, but too little will not
release enough energy when turned into vapor; the way in which the interaction takes place also matters:
heat transfer is favored if snow and lava are vigorously mixed, as it may happen when lava stumbles and rolls
down a steep, snow-covered slope. The explosion results from the combination of several different circum-
stances, and even though we know the phenomenon well in theory, it cannot be predicted in practice.
The list of the processes that we know but cannot predict is very long in Earth Sciences.

We know the boundaries of our tectonic plates, we evenmeasure the rate at which theymove, we track down
the active faults, and reconstruct their seismic history; from all this information we know where future earth-
quakes are bound to happen. And yet, we cannot say exactly where, when, and how much the ground will
shake again: we know, and we do not know, at the same time.

The common thread of this apparent contradiction is tightly interwoven in the events that followed the 2009
L’Aquila earthquake, in Italy, when more than 300 people were killed. In the aftermath of the disaster,
scientists and public officials who provided an expert advice on the seismic sequence were charged with
involuntary manslaughter [Cocco et al., 2015; Bretton et al., 2015]. As the trial unfolded, the statement that
earthquakes cannot be predicted was paired with the accusation that complete, accurate, and clear informa-
tion on the impending danger was not timely provided to the public. Convicted at the end of the first
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instance trial, six out of seven defendants were then acquitted on appeal, which also reduced the sentence of
the only convicted person. Regardless of its final outcome, the occurrence of the trial itself poses the
question of the responsibility of science, when it deals with unpredictable phenomena. The accountability
of those who provide expert advice is an open issue in modern (and especially western) societies, where an
increasing exposure to natural hazards combines with a reduced propensity to accept the associated losses
[Meyer, 2010].

The legitimate request for public scrutiny is pushing the scientific community toward the establishment
of transparent procedures and protocols, defining the roles and duties of the scientists who are in charge of
assisting the decision-making process. International organizations, such the IAVCEI (International Association
of Volcanology and Chemistry of the Earth’s Interiors) are providing useful indications toward this goal
[International Association of Volcanology and Chemistry of the Earth’s Interiors (IAVCEI), 1999, 2016], as advised
by the United Nations (United Nations International Strategy for Disaster Risk Reduction, UNISDR, 2015). The
identification of “acceptable practices” [Bretton et al., 2015] improves our ability to respond to natural
hazards, but it also warrants a fair scrutiny, in which the professional conduct of scientists can be assessed
without charging them with unreasonable requests or allegations. However, the establishment of best
practices and their introduction into the appropriate legal framework are slow processes, during which a
certain degree of ambiguity remains about the actual responsibility of scientists.

To add to this ambiguity, scientists also display a wide range of opinions regarding their personal contribu-
tion and role in society. In this regard, it is important to realize that beside our personal view of the problem,
there is a public perception about what science can or cannot do for society. This perception is formed
regardless of what scientists think about it: it is produced by the public discourse about science, it reflects
the specific cultures and societal structures, and it incorporates not only facts but also wishes, fears, or pop-
ular beliefs. When scientists do not speak out, and loud enough, the collective imagination about sciencemay
significantly depart from the understanding and intention of scientists. When this is the case, scientists may
find themselves facing either unattainable expectations or total distrust.

This consideration highlights, once again, the need for scientists to acquire good communication skills. If we
want scientific knowledge to serve the society, we need effective ways to share it with the largest possible
audience. Nowadays, the importance of science communication and of public outreach is well known and
openly acknowledged at all levels, so that dissemination of scientific results is commonly a compulsory
requirement for many founding agencies, starting from EU.

The problem is that our outreach activities often focus on what we know well, especially when we are not
facing an imminent threat. We provide interesting representations of how our planet works, and we may
add detailed descriptions of all sorts of hazardous phenomena, often assuming the role of those who own
and thus dispense knowledge. There is nothing wrong about it: knowledge is in the etymology of the word
“science” itself. However, the things we know and understand are just a part of our work. We call ourselves
“researchers” because, by definition, we search for missing knowledge, and our work becomes interesting
when we approach something we do not fully understand.

As scientists, we deal with the intrinsic unpredictability of chaotic systems, with the uncertainty associated
with nonlinear interactions among dynamic processes; we cope with the inaccuracy of our measurements,
and with the limitations of our models. We tackle problems that are well beyond our reach and feel comfor-
table about it because the scientific method is a powerful tool. We are used to the lack of knowledge and
have the necessary cultural and technical skills to handle it. And yet, this is hardly emphasized in our outreach
activities, where we seldom discuss how we approach the many sources of uncertainty that we encounter in
our work. And even when we try, we often fail to provide an adequate, understandable depiction of uncer-
tainty [Spiegelhalter et al., 2011; Doyle et al., 2014].

We may be afraid that people without a solid scientific background could misunderstand our words and fear
that spelling out these uncertainties could damage our credibility and competence. But we should remember
that the exploration of the unknown is a very typical trait of humans. Venturing into unexplored realms is
what got us out of the caves, and every living person on the planet experiences every day the challenge of
making decisions, when relevant information is missing and the outcome remains uncertain. Experience
gained before, during, and after emergencies has shown that people may cope with uncertain information
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much better than scientists may expect [IAVCEI, 1999; Newhall and Solidum, 2017], especially when uncer-
tainty is framed in a positive way [Morton et al., 2011].

We know that communication works best when is based on mutual trust. Perhaps it is time that we consider
the full meaning of the adjective “mutual” and begin to trust the public of our outreach events as capable of
handling unpleasant information and understanding the implications of uncertainties in Earth Science. As
mentioned earlier, when it comes to the study of natural phenomena, we know and we do not know, at
the same time. Let our outreach activities start telling about what we do not know, what we dowhenwe enter
unexplored territories, and how we cope with missing information. Let us find better ways to express the
different kinds of uncertainty that limit our understanding of natural phenomena and their evolution. The
picture we draw in our outreach activities will gain depth of field if we add shadows and perspective, by giving
more emphasis on what we do not know. And as we highlight what we miss, and list those features that we
cannot secure, we also emphasize all the information we have and place them into a much wider context.

The open discussion on the limitations of scientific knowledge— and how we handle them—may also
reinforce the trust in the scientific method that, unfortunately, we cannot take for granted. Speaking about
uncertainty will help us challenge the perception that our knowledge is a perfect representation of reality,
and science is a salvific recipe that will grant all the answers, sparing us the troubles and responsibilities that
come with choices. When we speak about uncertainty, we clarify that science cannot identify or prescribe the
“right” path to follow.

Science can provide excellent tools to compare different options, to balance pros and cons, and to assess the
probability of future events. Science may guide our choices by providing ways to analyze them. In spite of its
limits, science lays down the rational, evidence-based elements that can inform the public discussion about
natural hazards, and may facilitate the agreement on mitigation strategies, promoting the necessary public
involvement in the proposed actions. But society needs to be fully aware that the best possible decision,
made at the best of our knowledge and based on all available information, may still be the wrong one, as this
is all what uncertainty is about. There is no way around this unpleasant feature of reality, even though our
self-confident, technological culture tends to deny and aims to suppress our vulnerability. The sore
awareness of our vulnerability has kept us alive on the planet for millennia: when we feel vulnerable, we
establish connections and we share resources and responsibilities. Our collective consciousness grows
stronger, and the societal capacity to respond to threats increases. In this sense, the recognition and accep-
tance of our vulnerability is a powerful resource.

This is why it is so important that when it comes to natural hazards, all information is broadly circulated and
all decisions are thoroughly discussed and agreed upon, among all stakeholders [Newhall and Solidum, 2017].
And even if the communities involved do not participate to the decision-making process directly, but only
through their representatives or public officials, it is important that they fully understand the broad implica-
tions of the choices that will be made in their names. A better understanding of scientific uncertainty and its
consequences would empower the communities, increasing their awareness. Awareness promotes the public
involvement in the decision-making process, fosters the compliance with the mitigation actions, and
strengthen the community resilience [Paton et al., 2001, 2008].

The scientific method and the democratic participation are two of the highest achievements of our cultural
development. We need to embrace them both and stand up for them, speaking publicly about science and
uncertainty, setting the conditions for a wider and better understanding of natural phenomena that may hit
our communities, and accepting to jump into the dark, with and as everybody else, but bringing with us the
light of rational thinking. We will need it, as we wade through these troubled times.
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